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although slightly more (NSD) Army service was observed in case fathers
of each series. A suggestion of more chromosome aberrancy in radar
exposed fathers of the Combined Series must be interpreted with caution.
Whether the apparent association indicates greater chromosome fragility
with microwave exposure or is otherwise biologically meaningful , or is
just spurious, requires more definitive , longitudinal studies.
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SU?QIARY

PARENTAL RADIATION ANT) I)OWN ’S SYNI*tS’4P
WITH PARTICULAR ATTENTION TO IONI”INt RAI’IAT I )N A.., ’ kAIbAM

To confirm or reject previous findings suggest ~ng an assoc i ation

of Down ’s syndrome not only with maternal exposurc~ to fluoroscopic and

therapeutic radiation but also possibly with paternal radar exposure,

replication of the original study was undertaken on parents of 300

“Current Series” cases and controls born in 1962-1968 and 1945. In

addition , validation of military service and radar exposure through

search of govertunent records on all Original and Current Series fathers

(involving 791 cases, controls, and new matches) and a chromosome

study of 162 radar exposed and unexposed fathers (159 with successful

cultures) of both series were carried out. The findings in the Current

Series (a) confirmed the maternal age effect and lack of an advanced

paternal age effect in Down’s syndrome, but , (b) in contrast to the

Original Series, showed no difference in medical radiation between

case and control mothers (or fathers), fewer pregnancies and some-

what more fetal loss prior to the index child in mothers of Current

Series cases, and no difference in radar exposure between case and

control fathers. Even when the two series were combined , no signifi-

cant differences were observed between case and control fathers in

radar exposure or in military service, although there appeared to be

• slightly more Army service in case fathers in each series and a

borderline (p<.OS3) excess in Marine service of Original Series case

fathers , with the opposite trend in the Current Series. A suggestion of
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rnoi~~ chroutosotne aberrancy in radar exposed than unexpoaed fathers of

the Combined Series ta provocative but puzzling, in view of the t ype

ot  deviants in excess (gaps and single chromatid breaks - usua l ly

• considered to be due to technical error~ . Despite the possibility

that  the cytogenetic f ind i ngs may Indicate  greater chromosome f r a g i l i t y

associated with microwave exposure or be otherwise biolog ically meaningful ,

they may he spurious. Caut ion is needed In their interpretat i on and

more definitive , preferab l y, longitudinal studies arc required for

confirmation or rejection.
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FOREWORD

This repor t deals pr imari ly ,  but not exclusively, with the parents

of a series of white Down’s syndrome cases and matched con trols born

October 1, 1962 through December 31, 1968 and anytime durin g 1945 ,

referred to as the “Current Series”. The Current Series constitutes

the study population ascertained for a “replication ” study of the

initial investigation based on the “Ori gina l Series ”. The Original

Series comprised white cases and controls born January 1946 - September

30, 1962: its basic findings were reported in publications #2 - #5

attached as Appendix B for reference purposes. Supplementary , updated ,

and/or unreported iata on the Original Series are presented for certain

pertinent aspects, including all aspects specified in the itemized

scope of work of the Contractor ’s Proposals. Where feasible, comparisons

are made with the Original Series and tabula tions on the Combined Series

(comprising the Original Series + the Current Series) given.  All data

pertaining to the validation of mi l i t a ry  service and radar exposure ,

and to the chromosome studies are presented for fathers of the

Original Series as well as fathers of the Current Series.
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INTR ODUCTION

Format of Report

This final report on Contrac t No. DADA 17-69-9154 and Contrac t

Nos. DAMn l7-75-M-5883 and DAMI) 17-76-M-5883(ainended and extended to

complete the provisions of the aforementioned Contrac t DADA 17-69-9154’) is

presented In accordance with the Contractor ’s agreement “to conduc t

studies on research project entitled PARENTAL RADIATION AND DOWN’S

SYNDROME (MONGOLISM), WITH I ’ART IC LIIAR ATFENT I ON TO IONIZIN G RADIAT I ON

ANt) RADAR” . For the purpose of clarity, the expanded Specific Aims

and Scope of Work , as designated by the contractor in the extens ion

proposal of 1 June 1970, previde the outline of presentation of the

study findings. For reference purposc~ . therefore , the f o l l o w i n g  are

attached in Appendix A:

a. Proposal for initiation of current study submitted
Spr i ng l969~

b. Proposal for extensi rn ol current stud y submitted Winter
l969-l970x

The stated purposes of “a” and “Li” ar e :

a. As stated in the Spr i ng 1969 proposal : “To determine

whether parents of Mongols diff er from parents of matc h ed

normal controls with regard to exposure to radar and/or

ionizing radiation and to examine the chromosomes of those

radar exposed parents and correspond ing parents from

matched series for any discernible differences and/or

abnormalities”.

X NOTE: Support of the initial study (i .e., Original Series) of “Parental
Radiation and Down ’s Syndrome” , as well as partial support [or the
“current study”and its ramifications , was received from the Bureau of
Radiological Health.

a‘1 13
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Li . As stated in the extension proposal W I n t e r  1969—7 0 :  “To

extend the investigat ion o’ ( I ~ radar and/or  i on i~~it ~g

radiation exposure oI parents ot Mongols and paren t s ot

their Matched Controls , and t 2 ’ ) possib le chromo somal

aberra t tons among I ath ers radar exposed and unexpost’d

by includin g a series approximately ‘0,, l a rger  than

or i g i n a l l y  es t imated” .

The’ Spec i t  Ic Al ma , i n add I t ton  1 o be I ng at tat’ lied I n Append I x A ,

are ’ g i ven  at th e’ beg inning oI the respective sect tons pe’rt~ L ning to

the m.

~yg~ n i .~~ I I
Th is report is organ I zeti as follows:

i, I ‘I Background and purpose’ o ( th I s Invest I gat ion.

(it ) Method study dss1gn~procedure, study subjects , sample

ascerta i nment and desct ’ ip t  ion , dt’t In tl ions , criteria , and

c lass I (teat t ons , etc.

( ( i t )  R e s u l t s

a. Observat ions pert  i nent  to t he’ Spec t I L e  A t  ma under

prt’iposeel Scope ot Wot’k.

Ii • Eu I t  I I Intent ot  i t  em I e’d tasks unele ’t Si ’ 0~~I’ ot Weirk

~iv) l)i scuaston , Conclusions , anti Overv i ew

(v) Narrative: Sunmtarv ot I ) t tti - oitgh ~iv at ’ov , ’ w i t  It i ’tii ph~~s i s

on stoat pertinent I (ne t I flgs , t n t ’ h u t  I %tp~ .1 CII ~~~ C I  ~‘ t O l l  i , i . I
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( I .’) IIACKc.ROUNI) AN!) PURPOSE

The’ background and purpose of this investigation are suninarized

In a series of publicat ions ~ l-5.~~ A review of the epidemiologioal

studies of I)own’s syndrome (mongolism), prior to and in the tirst
(6)

years a f t e r  I t s  chroniosoina l basis was established , indicated some of

the unanswered questions on Down ’s syndrome, providing the bas is  for

this i nvestigation ~l’)~ The origina l investigation was desi gned to

study, by interview techni que and medical record anal ys i s , a popula-

tion of parents of white children with Down ’s syndrome and parents of con-

trol children for exposure to certain environmental agents or health

hazards postulated to cause nondisjunction or to increase the risk of

the chromosomal abnormality of I)own ’ s in their  o f f sp r i ng through some

mechanism . Included among its fundamental objectives was the examina-

tion of the possible role of the father , as well as the mother , in

the pathogenesis of the defect. For this purpose , the Original Series of

of 216 white Down’s syndrome cases (born January 1, 1946 through September

30, 1962) and 216 controls matched on maternal age, hospital of birth , race ,

(2-5)
sex, and date of birth was ascertained .

The findings on the role of parental age ~~‘ ‘ )
, radiation exposure

reproductive and marital history 
(4’~, as well as other pertinent epi-

detniological aspects of that Original Series were suimnarized in the

Annals of the New York Academy of Sciences , Sep tember 24 , 1970 ~~~~~~
, as

follows:

a. The well documented association of Down’s syndrome with mater-

nal age was confirmed, but no association with paternal age was observed.

Publications #1 through #5 are attached as Appendix B.
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b. The mothers of Down ’s children had received significantl y

more radiation , particular ly fluoroscopy and therapeutic radiat ion,

than the mothers of contro l children. In fact , for combined radiation

from one or more diagnostic , fluoroscopic and therapeutic sources ,

the frequency of mothers of Down’s children who had undergone such

procedures was seven times that of control mothers. Of additional

interest was the observation that significantly more mothers of cases

were employed in professional or technical occupations In the medical

field. The consistency of these relationships was noteworthy.

c. Another associat ion of interest was the higher frequency

of multiple marriages among the mothers of the l)own’s children as com-

pared to the controls. Although broken marriages might be expected

following the birth of a defective child , they were not as easily

explained when they occur before the birth. It seemed possible ,

however , that in a study in which a great many factors are examined ,

one or more chance associations would appear. Whether this multip le

marriage associat i on was a chance finding remained to be determined.

d. With respect to pregnancy wastage , fertility, and menstrual

irregularities , the mothers of the Down’s children did not differ from

the control mothers nor did they show a higher frequency of other off-

spring with congenital abnormalities.

e. The radiation history of the fathers provided a contrast to

that of the mothers. There was a marked similarity in the history of

radiation exposure reported by the fathers of Down’s and of controls ,

except for the suggested relationship between Down’s syndrome and

paternal radar exposure. Al though it seemed possible that this finding

16
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was a chance observa tion due to the small numbers available , this

suggested r e l a t ionsh i p appeared worthy of addi t ional  i nvesti ga t ion .

The voluminous literature cOncerning postulated etiological

factors in l)own ’ s syndrome that had preceded the recognition of the

chrotnosomal basis of Down ’ s Syndrome~
6
~ and continued to accumu-

late after 1959 did not clarif y the agents or mechanisms responsible

for the chromosomal defec t nor provide an insight into the observa-

tions “a” through “a” above. (See Table 1.)

In view of the need to c o n f i r m  the positive findings , the

original Hopkins study was extended , beg inning in June 1969 , to In-

d ude additional Down ’s syndrome children X born from October 1962

through [)ecetnber 1968. The latter extension is essent ia l ly an inde-

pendent replication of the previous study . The current 5tudy also added two

other features: (1) a validation of military service and radar exposure, and

(2) a chromosome study of radar-exposed fathers and unexpo9ed fathers0

of matched controls. Finally, in June 1970 the study was extended

further to include a larger samp le , when it  became apparent that more

cases could be ascertained than originally estimated .

Because of th e increased number of sou rces of ascer tainment , as

well as more sensitive diagnostic procedures and case finding tech-

niques among physicians , private and public agencies , and possibly

also improved searching techniques , it was possible , to obtain a

larger study series than previously anticipated : 150 white cases and 150

controls rather than the 95 of each previously estimated were ascertained ,

x 
Appendix C-i containe Criteria for classification of Down ’s synd r ome in
the Currant Series.
Appendix C—2 contains Radar exposure categories of fathers.

17



yielding 128 matched pairs of confirmed cases and matched controls. The

remaining 22 cases included addi t ional  or unmatched cases and a few

questionable cases. The additional 22 controls were unmatched controls.

On the tabulations presented for comparison of Down’s and controls and!

or parents of cases and controls , it is specified , as to whether “matched

pairs~ are being cons idered or pooled cases and pooled controls - the

“pooled” including the additiona l , questionable , and unmatched.

With regard to the chromosome studies , in the previously pub-

lished 
(3) 

series , 18 fathers of children with Down’s syndrome and

seven fathers of control children reported definite radar exposure with

several additional fathers having probable or questionable exposure.

Thus 25 to 33 fathers and the 25 to 33 fathers of children matched to

those cases and controls  from the Original  Series were to be located

and blood drawn for chromosome anal ysis.

It was then estimated that the Current Series (based on study of

95 cases born October 1 , 1962 to January 1, 1969 and 1945 in the Baltimore area)

wou ld yield at least 11 additional exposed fathers and 11 matched unexposed

f a t h e r s , maki ng a to t a l  ol 72-80 fathers on whom chromosome studies

wou ld be’ carried out. That estimate assumed that the rate of Down’s

syndrome, ascertainment , and radar exposure wou ld be similar for the years

to be stud ied to those years already studied . With the subsequent

recognition that a larger Current Series would be available and includ-

ing those who had worked “near” radar , the estimate was revised to 60

to 70 fathers “radar exposed” . Thus , with the matched unexposed

fa thers , the estimated number of persons on whom chromosome studies

would be performed increased to approximately 120 to 140. With deaths

18
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and refusals , a conservative estimate of 110 to 120 was considered

plausibie. (See Appendix A). In the final samp le there were 162 fathers

with chromosome studies : 55 matched pairs of 55 exposed and 55 matched

unexposed fathers, 7 matched pai r s of 7 near exposed and 7 matched unexposed

fathers, and 38 unmatched fathers (26 exposed and 12 unexposed). The

derivation of these subjects for the Chromosome Study is discussed further

below under Methods and Results. NOTE: No attempt was made to determine

directly whether radar caused damage to the germ cells; instead the objec-

tive of this study was to examine possible microwave associated effects on

somatic cell chromosomes (of the periphera l blood) as an indirect indicator

of likelihood of deleterious e f fec t s  on chromosomes of the germ cells as

well as persisting effects on somatic chromosomes.

In this report, the data derived from the original study of Down’s

children are referred to as the “Original Series” (born January 1, 1946 -

September 30, 1962), and those from the replication study (born October 1,

1962 - December 31, 1968), referred to as the “Current Series”. It should

be noted however, that a few Down’s cases who had been born in the “Original

Series” time period were ascertained with the Current Series; and , as they

had not been in the previous series, they were included for study in the

Current Series along with their matched controls. Also , the Current Series

ascertained as many Down ’s syndrome cases born in 1945 as avai1able~ a1ong

with matched controls for them, in order to complete, insofar as possible ,

the study series encompassing the years 1945 through 1968.

As noted above , publications pertaining to the Original Series and

its background (references 1 through 5) are attached in Appendix B, both to

provide the background of the current investigation and for reference

purposes (since many of the same tabulations have been carried out for
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the “Current Series”). Consequently, the original findings will not be

reviewed in detail here nor will the tables be presented again, except

where there are supplementary , updated , or different types of tabulations.

I
i
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l~i i )  METHOD

The design of the’ overall investigation is outlined below , ana

the specific methods of procedure considered .

STITIVt’ DES ICN :

As shown in Figure 1, the overall plan of the investi gation con-

sists of two main aspects:

I. Role of parental factors in Down’s syndrome: in particular,

radiation exposure, but also other factors

11. Chromosome studies of radar exposed and unexposed fathers

The f i rst aspect of this  inves t iga t ion  ( I .  Role of parental

facto rs) encompasses both the original st ud1, which involved the

Original Series Down ’s cases and controls born through September l 9(i2.

( 2 — 5 )
the findings of which have been reported and the subsequent or

“current” study, which inc luded the following:

(a) ascertainment of the Current Series born October 1962 through

December 1968, and collection of information on parents , index children ,

etc., on this series similar to that obtained for the Original Series , in order

to enlarge the sample and to replicate the original study; (b) collec-

tion of supplementary information concerning possible exposure to

radar and/or other sources 01 microwave in the Current Series, as well

as follow up on the fathers in the Original Series for similar informa-

tion ; and (c) validation of military service and radar exposure insofar

as possible by arrangement with the National Academy of Sciences (NAS)

to carry out an independent “blind”~~~

~-
‘
~ “Biind” - The list submitted to NAS did not allow identification of
case-control status of subjects; therefore, searchers did not have
this information when searching for records or recording observations.

21
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search on all fathers in the study (both Original Series and Current

Series) to obtain information on their military service, if any , (includ-

ing length of time and date of service , and military occupational classi-

fications) to determine likelihood of radar exposure.

The second aspect (II. The Chromosome Studies) involved exainin-

ing the chromosomes of radar exposed and unexposed fathers of Down’s

cases, of controls , and of “new matches” from both the Original and

Current Series.

The initiation point of study in the Origina l Series was ascer-

taininent of the index case with Down ’s syndrome. To each Down’s index

case, a control child of the same sex and race born in the same hos-

pital , to a mother of the same age, at the nearest date, was matched

by birth certificate. Thus, the ascertained white Down ’s syndrome

cases plus the controls matched to them comprised the index children.

The parents of the index cases and controls thus became part of the

study sample and , in fact , the main study individuals. A similar pro-

cedure was used for the Current Series.

As shown in Figure 1, the Original Series involved the parents

of Down ’ s cases born January 1946 through September 1962 and the parents

of their matched controls: as reported , the parents of 216 Down’s

cases and of 216 matched control~~ 
5
~he Current Series involved Down’s

,,.ases born October 1962 through December 31 , 1968, plus as many Down’s

cases born in 1945 as could be ascertained and whose parents were

available for interview, as well as a few children born in the time

period of the Origina l Series , but not ascertained until the Current

Series was obtained . Along with these Current Series cases were the

controls matched to them.

22
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while certain basic information concerning the index cai~es of

Down’s and their controls has been collected , the main orientat ion of

data collection and analysis pertains to p~~~ntal factors. For

Aspec t I , the’ data are primaril y from the interview of case and control

parents and the NAS search of military records, with some data derired from

medical records and other sources.

In the second, aspect of the investigation (II. The Chromosome

Studies) as shown in ~~gure 1, comparisons were made between chromosomes

ol radar exposed and unexposed fa thers  i r respect ive of whether they were

fathers of cases , controls, or new matches. The “unexposed” comp rised

fathers for whom, from interv i ew and NAS search , there was no evidence

of any exposure to radar other than whatever exposure is found in the

general population . The basic plan was to study (1’) radar exposed

fathers of Down’s cases vs. fathers of their matched controls , pro-

vided the latter were unexposed ; and (2 radar exposed fathers of

matched controls versus fathers of the Down’s cases to which they

were matched , provided the latter were unexposed . However , additional

fathers~ designated “new matches”, had to be obtained ro complete the

study design where “ an unexposed father ” was not available from the

“matched pair” yielding the exposed father . “New matches” wer e also

required where both fathers in a matched pai r were “ expo sed” or where

the father matched to the exposed father was deceased , living out of

the area, not located , or unable , or unwilling to participate. As a

result , five different derivation combinations o “exposed” and

“unexposed” fathers were used for “matched pair” comparisons in the Chromosome

Studies , as shown in Figure 1,. The distribution , total numbers ,

method of ascertainment and other factors concerning those combinations
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are discussed further in the “ Mt ’thod c’t Pr~ e- e’du Fe” , “Result s” , and o the r

~o Ilowing sections where’ pertinent.

METHOD OF PROC EIU IRE

‘rhe spec i t i c  method of procedure t or  case se’ I e’c t ion , c o n t r o l

m a t c h in ~~, in t er v i ew , and record data collect ion b u o y e d  in  the o r i g i n a l

studs’ .s Jesi r ihed in the’ puh i  i cat i on s  t; 2— ) bound in Append ix i~.

For t he  Cu r r e n t  Ser ic ’ s , the  procedu re’ t or subjec t ascer ta  i rnnent and

in t e rv i ew was e s s e n t i a l ly  s im i l a r  to tha t  followe~ in th e ori g i nal

stud y ,  w i t h  minor  adj us tme ’n t s  r e l a t e d  t~ d i f f e r e n c e s  in f a c i l i t ie s ,

t ime  per iod , e tc .

STUDY SUBJECT S :

I ndex ch i l d r en :

A s c e r t a in m e n t  ~ t index cases of Down ’s syndrome f o r  the  Curren t

Ser ies  involved mu l t i p le sources , as fo r the Or ig ina l Ser ies  ~~~~~~~~ The

sources of ascer ta inment  inc luded the  f o l l o w i n g :

Heal th  Depa rtment - Bal t imore  City ~~~~~i t al s
Handicapped Ch i ld ren  B a l t i m o r e  C i t y
Department of Biostatistics Hon Se’cours

( B i r t h  C e r t if i c a t e s)  Church Home
F r a n k l i n  Square

Baltimore Association for Retarded Children Creater H.i~~~imo r e ~le ’d ical
C e n t e r

Schools and Tra in ing  Centers Johns Hop k i n s
B a t t l e  Monument l u th er a n
Chimes Activity Mary land Ceneral
Claremont  ~k-’rcv
Rid ge St .  Agnes
R o l l i n g  Road St .  Joseph’ s
Rosewood Sina i
St. Francis South Baltimore Ceneral
Seerchl ight Union Memorial

U n i v e r s i ty  ct  Maryland
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Children with a diagnosis of Down ’ s syndrome meeting the

cr i ter ia  described below and in Appendix C and born in the greater

Baltimore area between 1/1/45 and 12/31/45 and also those born 10/1/62

through 12/31/68 wer e included , p lus a few bo rn in the Original

Series time period but not ascertained therein.

Index Case Documentation:

Objective criteria were established for verification of a diag-

nosis of each presumptive Down’ s case as a case eligible for inclusion

in the study series. The criteria for the Original Series have been

described (p. 633-4 , J. Pediatrics 1965 (2)
) •  For the Current Series ,

only a few minor modifications were necessary. The diagnostic criteria

for case eligibility in the Current Series were as follows: 5 or more

stigmata ind i cated on hospital or physician ’s records from among the

following: chromosomal evidence, brachycephaly, slanted palpebral

fissures, epicanthic folds , palmar simian lines , malformed ears ,

broad and/or short neck , malformed finger s and/or hand s , nasal abnor-

mality, hypertelorisin, abnormal palate , furrowed tongue, abnormal

handprints and/or footprints, Brushfield spots, abnormal hip angles,

broad and/or short t runk , congenital heart condition. (See Appendix C-U

Exceptions to the requisite of 5 stigmata for elgibility

as cases included : 1) A deceased child with 3 sti gmata documented

plus mention of mongolism (or Down’s) etc.) on death certificate, or

on hospital record, or with physician ’s confirmation; 2) A living

child with fewer than 5 stigmata listed on records but with chromosome

studies done and Trisomy 21 confirmed.
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The physical characteristics (sti~ nata) in t)own’s syndrome

c4st ’s o I the (‘t,i’rent Se’ r u ’ s  are’ tahu tat e’d I ci both matched e ase’s and

poo l e’~ cases (Tab l e’ It— I ) . For eases from the’ matched pairs , documented

pIty s t e a l  t b u d  bugs inc lud e : brachycep ha I - v  i 47 , a !  ant ed pa I pebra I

I s surCa ( -7 I , ep ic auth bi ’ I o I d  ~ ‘77 , ~ i tit i au lint ’s 1) 1 ‘) , IU~i I —

I oflhle’J eats ..~~ , broad a n d/ o r  shott  neck “ii) .) , hand mal l orutat i ens

‘70 .) , h vp er t e  t o r i  am ( ~ f , ) , abnormal p a l a t e ’ I ~e”+ ’/.) , I tit’rowed tongue

t I ~ , Bruah t i c i d  spots  I, Dl 1 , hip abnormal i t  lea  ( I i  ‘u • broad—

short  t runk , 1 2 - , and c ongen i t at  heai’ t r’ond i t  ion ~t 
‘I . For t o t a l

cases in the poo led group 01 1 ‘SO , 128 or 8 . o I w h i c h  ar e ’ matched

pairs , the’ elt at r (hut ton ot st ( gmat a 1 a vi’ rv s i m i l a r  . As e’xpe’c t eel , the ’

‘‘ ~l~~~5t ionab 1 es’’ had fewer at i gmata , wIt t i e  the ’ ‘‘ add I t tonal’’ mongols do

not differ marked l~’ from matched pair cases , as their status Is due ,

in most instances , to failure to obtain either parental data or an

appropr ia te  matched cont ro l , r a ther  than f a i l u r e  to meet criter ia.

Table B— 2 R g ives t he d I at  r (hu t  I on o t number of at (gmat a (‘or e’ as e a

in matched pairs. For those’ i i  w i t h  fewer than ‘ at  i ginata, the sub-

jects are listed : 7 were deceased and had the requisite ’ 3+ i” had ‘t

and 2 had 4 sti~ nata each); 2 ot the living were chromosomallv documented

as Down ’ a syndrome, while the I others each had 4 sti gutata p lus a phy s ic !  an ’ a

con i i  nna t ion in one case , and two h oap i t  a I records and a hi t’ t Ii i t ’ r. i t i e  a t e’

not lug ‘‘mongol’’ In the other .

Si ’ lee lion ci control stilt .‘e t a .\s in the  Ori g Ina l Sor t  os , birth

t’ert I t  tcates ci the  ch i  lette ’u wt  t l u  t~e’Wfl ‘ a svnelre~ue In  the ’ Current  Series

were located , and the i r  p l f le ’e’ ci  h i  r th  and Ot h e r  v i t a l  t n t  ofluat i on

y en t I e d . Cont ro l  sub lee I s  we re at ’ I e ’~
- t e’d by ri giel iv mat t’htng. in a

systematIc’ manner, each e ase with another certificate Icr (1) hosp i t a l
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of birth (or at home), (2) sex and race of child , (3) maternal age at

t ime ct birth ot child and (6) date of birth .

In each case the “best control” was a child whose birth date

was e’losest to that of the Down ’s child of the’ same sex, born in the’

sant e hosp i t a l  to a mother of the same age. It the “best control” on

the basis of established criteria either had left the’ state or could

not be located , the next best contro l was selected (e.g., with sIi ght1~’

grea ter d i f fe rence  in b i r t h  dates) , the other criteria remaining the

same.

The hospital records as well as b i r t h  c e r t i t i e ’ates of all con-

trol c h i l d r e n  were exami ned to be ce r t a in  that  the “normal” contro l

group contains no cases of 1)own ’s syndrome.

The fina l composition of the’ study groups of index children

(cases and controls) for the Current Series and Or ig ina l Ser ies , as well

as the New Matches is given In  Table B-3. The Current Series comprised

128 matched pairs ([28 I)own’s cases and 128 controls  matched to them)

p lus 13 a d d i t i o na l  cases and 9 questIonable cases as We’t l  as 22 add!—

tlonal controls thus y ielding 150 “pooled cases” and 150 “ poo l ed

controls”. Parental factors were studied similar ly but tabulated separately for

comparisons involving the’ matched pairs and for those 01 the pooled groups ,

respectively.

In  the Original Serle ’ s , the reported comparisons of paren ta l  [actors

in  Down ’s cases and controls were l imited to the 216 matched pairs o n ly

(216 Down ’s cases and 216 matched controls). The fa thers  o t  an add i-

tional 6 cases and 5 controls have been included In the-’ chromosome

s tudy ,  although they were not included in the original study . “New
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Match” children were ascertained f or comp l eting e’oniparison sets of

fathers in the chromosome study only. In total there’ were 37 new

matches for the Orig inal Series and 11 for the’ Current Series. Because

some of the fathers of these “New Matches” were later found to have

been radar exposed and/or because of later unavai lability ot their match or

in e l i g i b i l i t y ,  of either , e tc . ,  some of the “N ew Match” t~’ithe rs were also

ul timately “unmatched”.

Paren ts of cases and controls:

Whereas the index children provide the initiat i on point for study ,

parents are the principal subjects being studied .

The parental age distributions for Down ’s cases and controls

0 the Original Series have been described 
1,2’i~ The Current Series

shows patterns similar to the Original. The results of matching on

maternal age, are indicated by the almost identical maternal age dis-

tributions for eases and controls. Matched pairs are shown i n Table

A-1~ pooled, includ i ng the unmatched cases and controls respectivel y,

are shown in Table A-2 ; and comparison with total Baltimore City live

births and state of Mary land live births [or the specified time period ,

in Table A-3. In  the matched pairs , 4.7~. of case , and the same per-

centage of control mothers were under 20 , with 18.0’Z. 01 case mothers

and l8.8~. of control mothers respectively over 40 years ot age. When

compared with total Baltimore City live births and Maryland state liv e

births , the age distribution of mothers of cases (and consequently that

of mothers of controls matched on materna l age) appears mark edl y shifted

to the older age groups, as shown in Figure A-l , thus indicating the

clear maternal age association observed in other studies of Down ’s syndrome’.
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Doubtless , as a consequence of both the correlation of husbands ’

ages with that ci their wives and of the age-matching of case and con-

tro l mothers , the age distributions ot case and contro l fathers were

also considerably shitted to the older groups as compared to the fathers of

all white children horn during the same time period in Baltimore City .

It is ot’ interest , however , that given case and contro l fathers

whose spouses were age-matched and who were consequently also similar

in age distribut ion , whatever age difference , if any , appears between

them tends toward a negative association with l)own’s. That is , Current

Series, like Orig ina l Series , case fathers tend to be younger than

control fathers; in fact the dit’ferenc e attains statistical signifi-

cance (p- . .05) in the Current Series. Somewhat fewer contro l fathers

than case fathers were under 24 and more were over 40, including some

over 50. (30.5’X of case fathers as compared to 36.7~ of control

fathers were over 40.) Thus , the absence of an associat i on of

(~
)

advanced paternal age with L)own’s, noted in the Original Series

was confirmed.

ln addition to age , various sociobiolog ical characteristics of

parents were examined. These are discussed below with Specific Aim 3,

constituting part o the “Results” section.

Data collected:

While some of the information collected pertained to the index

children , the major portion of the data involved the parents of the

index cases ‘md controls.

Records: Birth records (certificate and hospital) and other

available hospital and medical records on parents and children were

examined for pertinent information , as well as paternal military

29—
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service records discussed below.

Interviews: The interview data collected on the Current Series

were of the same type as on the Original Series ,except that some

supplementary detailed questions concerning experience with radar ,

microwave, and military service were added . In addition , the fathers

from the Original Series were recontacted and given a short form follow

up interview with regard to those supplementary data. (See ~pp~ndix

D.) In some cases where fat iers were not available , their spouses pro-

vided the necessary information. A. in the Original Series, Current

Series mothers and fathers were individually interviewed to obtain

the required information. Where mothers or fathers were deceased , in-

formation was obtained insofar as possible from the surviving parent.

Where both parents were deceased , the subject was excluded from the

matched series, although included in the pooled group ~ if s u f f i c i e n t

data were available.

Interview data in the Current Series interview include:

1. Complete names and addresses of each parent , index child

and sibs.

2. Child’ s sex, place of birth , physician , and history of hos-

pitalizat ions and medical condition8.

3. Mothers’ education ; religion ; and histories of residence,

occupation,and marriage, medical data includ ing: histories of illnesses;

menstruation , pregnancy, hospitalization and details of radiation

exposure insofar ~s possible - diagnostic X-ray, radiat ion therapy,

fluoroscopy , and injection or ingestion of radioactive substances.

4. - Fathers ’ education ; religion; residence; occupational history with

detailed information about military service; marital history ; number of off-

spring ; illnesses ; medical and hospitalization histories ; etc.
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5. Other pertinent epidemiologic , demographic , and sociobiological

data.

The mother and father were usually interviewed independently at

home. The approach to both the families of the mongols and controls was

uniform. The interviewers were not informed which were cases and controls

and could not make the distinction between families until the

actual interview was conducted , if then. Questions about radar and radia-

tion exposure, medical conditions , and occupation were phrased without

reference to the birth of the index child. Insofar as possible , dates

of exposure were obtained , however, so that the time-relationships rela-

tive to the index child could be examined in the analysis.

Validation of findings derived from interview data was attempted

by independent and simultaneous examination of several characteristics

of the parents of mongols and of controls as well as through independent

search of medical , military and other records.

Validation of Military Service and Radar-Microwave Exposure: Validation

procedures for military service/radar exposure include the independent

ascertainment of data through search of military files on all fathers,

irrespective of whether they reported such service/exposure or not. In

addition to responses to questions regarding radar and microwave ex-

posure incorporated in the Current Series interview and a follow-up

interview of the Original Series using the same questions, to obtain

objective information on military service, radar exposure, etc., an

independent search of US. Government military service records was also

carried out.
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An arrangement was made with the National Academy of Sciences

(NAS) Follow Up Agency to perform the search of military service records

and occupational classifications at the National Personnel Record Center -

Military Records - in St. Louis , Missouri. A list of the names of all

fathers of cases, of controls , of new matches , etc., (irrespective of

whether any service history was known) was submitted to NAS without

identification of case-control status or interview responses on exposure.

Therefore , searchers did not have this prior information when looking

for records or reporting observations. Classificat i on of military jobs,

e.g., MOS (MLlitary Occupational Specialty), numbers and job titles ,

with regard to exposure was determined independent ly by Army and Navy

consultants.

Def in i t ion of what consti~ uted exposure to radar, and thus classi-

fication of fathers  as “exposed ” or “unexposed” turned out to be com-

plicated , even after consultation. Therefore, separate tabulations

are presented for the findings from interview only, from NAS search only,

and from the combined data. Categorizations for each differs slightly

because of the variation in types of information available, In the

classification based on interview report only, i.e., where subjects

are categorized on the basis of response to interview questions), a sub-

group that reported having been “near” radar or radar installations

but not having worked “wi th” radar was classified as “near exposure”.

Another categorization was based on NAS report of military jobs held

and the classification of those military jobs with regard to exposure,

as determined by Army and Navy consultants. Still another categorization
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was based on combined information from NAS and interview .

These are described further with the discussion of the respective

tabulation in the Results section below . The criteria for the classilica-

tions of radar exposure are listed in Appendix C-2,as previously indicated

above.

P The radar exposure categorization ot fathers in the Chromosome

Study was based on a combina t ion  of in te rv i ew responses , m i l i t a r y  service

records and consultants ’ classification of MOS and job titles. Three

classes were used “exposed ,” “near exposure ,” (e.g., for fathers who

worked near radar equipment but not with it) and “unexposed”.

Chromosome Studies

Sub lects in the Chromosome Study:

For the “chromosome study”, all fathers of’ Original and Current

Series  subjects “exposed” to radar (according to established criteria

of “exposure” X
) and available for study, and “unexposed” fathers matched

to them (through the established criteria for matching of index children)

and available for study were inc luded . As indicated above, the basic

plan was to examine and compare the chromosomes of (1) radar exposed

fathers of r~ wn ’s cases and the unexposed fathers of their matched con-

trols and ~2) radar exposed t a t h e r s  ot controls and the unexposed fathers

of the cases to whom the~’ were’ m t t c h e d . Onl y a limited number of such

combinat ions were availabl e , however , necessitat i ng the use of “new

matches”.

For examp le , ii the’ fa t h e r s  ot controls in (I) , or Down’s cases

in (2), were exposed or unavailable Icr s tudy ,  the index c h i l d  ci  the

exposed father was matched by sex , race, hospital of birth , maternal

X 
See Appendix C.
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age, etc. (i .e. by all the criteria used for the original matched pai rs)

and the father derived from the cesultant match became a “new match” .

Thus the new-matched fathers were ascertained for a comparison series

and were matched either to exposed fathers of Down ’s cases or exposed

fathers of controls. To be eligible , however , the “new matched” father

also had to have been unexposed to radar and therefore was subjected to

the screening interv iew. In those cases where the new match turned out

to have been exposed , another new match was identified ; new matches were

sequentiall y selected until an unexposed “new match” available for study

was obtained . Wherever possible , “exposed” new matches were also included

in the study. A “new match” pair was derived if an unexposed new match

could be obtained for a compar i son. Thus there are the 5 matched pair

comparison comb inations for chromosome s tudies  as indicated in Figure 1.

These include:

(1) Exposed Down ’ s fathers vs. Unexposed Control fathers

(2) Exposed Control fathers vs. Unexposed Down ’s fathers ‘1
(3) Exposed Down ’s fathers vs. Unexposed New Matches

(4) Exposed Control fathers vs. Unexposed New Matches

(Y) Exposed New Matches fathers vs. Unexposed New Matches

Separating “exposed” into “definitely exposed” and “near exposure”

c las ses ,  there are , in fact , 10 different types of matched pairs ,

although none of the pairs on which chromosome studies were done were

in the last category (i.e. new match fathers near exposure with un-

exposed new tratches . (See Table CS-l).

An attempt to obtain blood samples, culture chromosomes and

complete chromosome analyses on all such eli gibles were made. There
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were , nevertheless , several problems.

As noted above, definition of what activities and/or locations

constituted exposure to radar , and thus the complexity of classificat i on

of fathers as “exposed” or “unexposed” even after consultation necessitated

the use of multip le sets of categorizat i ons, and the derivat ion of a

combined categorization for the Chromosome Study.

Besides exposure classification , another difficulty was that

not all fathers were available for study - e.g., some were deceased ,

li ved out of the area, refused , could not be located , or were unavai l-

able for other reasons. Finally, of those available and c l a s s i f i e d ,

some had unsat isfactory blood samples , chromosome cultures that failed

to grow, or other technical problems. Wherever possible , resamp ling was

done if the problems were only technical and fathers were still avail-

able for study.

Method of Chromosome Analysis:

Chromosome culture: Samples of venous blood were obtained from

available eligible “exposed” and unexposed fathers in vacutainers.

The whole blood culture techni que was followed . Lymphocytes were

stimulated to grow in vitro in the presence of phytoheinagglutinin for

about 69 hours at 37.4°C. Colchicine was added for 2 1/2 hours (0.025

to 0.03 ml of 20 ug/tn l ) .  Ce l l s  were treated wi th  a hypotonic solution

of Sodium Citrate (0.7’~) for 20 minutes  at 37.4°C. The cells were then

fixed in 3:1 absolute alcohol: glacial acetic acid. After one change

of this freshly prepared fixative they were refrigerated overnight

to a period of two days. Microscope slides were prepared after three

changes of fixative. The cells were splashed on to the ice cold water-

wetted slides from a length of about 12—18” and blown 1w mouth. They

were stained with Giansa stain and analyzed.
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Microscopic study: Search for analyzable metaphases was first con-

ducted with a lOX objective. When suitable metaphase plates were ascertained ,

a detailed chromosome analysis was done wi th a 90X oil innuersion objective.

Ve ry infrequent l y metaphases were rejected at this stage for inclusion

i n the f ina l  count ; and then onl y because the re was small number of

chromosomes , i.e., broken cells , overlapping of chromosomes, fuzzy

appearance, insufficient staining , etc. As a quality control measure ,

a number of abnormal i t ies  were reexamined by another investigator . The

F observers and all the laboratory staff had no knowledge of the radiation

exposu re s tatus of the subjects when conducting their examinations.
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(iii) RESULTS

The findings are presented in terms of: tl~e specif ic  aims and

the scope of work indicated in the project plan of the Contractor ’s

Proposal submi t ted  W i n t e r-Spring 1969-1970.

I t  is stated in the Contractor ’ s Proposal for the extension of

the projec t that the Specific Aims would remain the same as previously

specified but were to encompass investigation of approximately

140 or more cases of Down ’ s syndrome and an equal number of f a m i l i e s

of control subjects ,instead of the ori ginal estimate of 95 cases and

95 controls. As discussed above and indicated in Table B-3, the Current

Series did encompass 150 cases and 150 controls  in the pooled group

which includes 128 matched pa i r s  inc luding  128 documented Down’s

cases and 128 controls matched to them. The Down’ s cases in the

matched pairs comprise only definite cages meeting the established

c r i t e r i a .  The comparisons presented in the tabu lations and discussed

in the text are concerned primarily with the matched pairs , although

some data are presented on pool~3 groups as well . It should be noted

that many unmatched cases (i.e., those listed as additional cases)

meet all the necessary criteria but might have failed to become a

member of a matched pair because no appropriate control child could

be matched w i th in  a reasonable time period or because one of the

parents of a case or control refused , could not be located , etc.
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OBSERVATIONS PERTiNENT TO SPECIFIC A IMS

SPECIFIC AIM 1

1. To compare the parents of mongols with those of controls

with regard to reported radar exposure , occupat ions invo lv ing  radar

exposure , or exposure to any occupational  or m i l i t a ry  sources of

r ad ioac t i ve  substances  or r a d i a t i o n .

Radar-Microwave Exposure (and other Radiation) from Milita ry or
Occupat ional  A c t i v i t i e s  

-

Below is a sunnnary of the  f i n d i n g s  based on (1) the incorporation

of more d e t a i l e d  ques t ions  regarding radar and microwave exposure in

the Current  Series in terview and a fol low-up interview of the Orig inal

Series using the same ques t ions , p lus (2)  the search of mil i tary service

records by NASX , wi th c l a s s i f i c a t i o n  by Army and Navy consul tants  of

• m i l i t a r y  job t i t l e s  as to exposure.

Radar exposure reported on interview was classified as follows :

a) no evidence of exposure prior to conception of index child ind ica ted

in any of the responses to interview queries; b) probably no exposure -

some equivocal response but no real exposure l ikely  other than that

received by the general popula t ion ; c) probably some exposure - exposure

l ikely in excess of that received by the coimnunity in general: e .g . ,

worked in industry where radar was used , mobile radar in h is unit ,

radar on his ship, stationed at a radar park , etc ; and d) exposed -

occupation or service definitely involving radar / microwave operations ,
I

thug likely in excess of general population exposure.
—1•
X 

t~s already noted , to obtain objective information on military service ,
r adar exposu r e , e tc . ,  names of a l l  fathers were searched for past
military history and all occupational classifications , via an arrange-
ment made with NAS to perform this search . No identification as to
whether name belonged to a father of mongol, control, new match , etc.
was given when the list of n~~ies was submitted to NAS .
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Table R-l suninarizes, from interview data only, the radar-microwave

exposu re history of fathers of cases and controls in matched pai rs and

pooled groups (including unmatched fathers). Time relative to con-

ception is not considered in this tabulation ; thus, the exposed fathers

whose exposure may not have been prior to the conc eption of the index

child are included . Limited to matched pairs only, a smaller percentage

of case than control fathers reported some type of exposure in the

Current Series (17.37,, vs. 21.37.), a larger percentage in the Original

Series (22.67. vs. 16.17.), with the counterbalanced effect in the Combined

• Series (20.57. vs. 18.17.) observed. Including those with”probab ly some

exposure ”(27 .57.  vs. 29. 27. in the Current , 25. 2% vs. 16.67. in the Original ,

and 26.17. vs. 21.4% in the Combined Series), the excess in case fathers

clearly derives from the Original Series , as was the pattern using only the

“Exposed”.

Tables R-2 ,, R-3. and R-4 contain data as to whether fathers had any

radar exposure before conception of the index child irrespective of whether

such exposure extended into the period following conception or not.~
C

Table R-2 sun!narizes, from interview data, paternal radar exposure

r epor ted to have occu rr ed prior to conception of the index child ,’~ classif ying

exposure in categories of “no exposure ” , ”probab ly some expo sure” ,~-1-td “exposed” . As

observed in Table R-l (which disregarded time relative to conception of index)

and in contrast to the Original Series ,
X 
NOTE: In all tabulations of radar exposure, military service, etc., where

time re la t ive  to the conception of the index child is indicated ,
• priority is given to “time” before or “prior” to conception of the

index. Therefore , if exposure extended over a period of time which
overlapped , encompassed or included any time prior to index conception,
even if the proportion of the prior exposure was very small relative
to the total exposure , the exposure is, nevertheless, coded as “Prior”.
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Table R-2 shows Current Series control fathers to have rates of definite

exposure (omitting “probably some”) almost 507, higher than case fathers (but NSD):

8.37, in case fathers vs. 12.67. of control fathers from matched pairs (p = .61) .

Combining the t’probably some” with those definitely exposed (21.6% vs.

• 23.5°!, for matched pairs), the trend is still in the opposite direction

from that of the Ori g inal Series. While the reevaluated Original Series

continues to show an excess of case fathers reporting exposure (13.87.

versus 11.57. for m-~tched pair control fathers), the difference is not

significant and tl.e margin is narrower than previously assumed from

initial review. Ao~ing in the “probably some” group gives 18.67, of

matched pair case fathers exposed as compared to 13.47. of control fathers (p .27).

When the Original Series is combined with the Current Series, the

differences previously, reported are counterbalanced and all but disappear:

for those with definite exposure 11.5% case fathers vs. 12 .07, control

fathers of matched pairs;  and when inc luding those with “ some exposure” :

19.8°!, vs. 17.87, (P .62).

Table R-3 deals with paternal radar exposure before conception of

the index child , u t i l iz ing NAS inforn’ ition onl y and using onl y two t ate-

• gories of exposure “Not exposed” and “Exposed” . Here where the cat egories are

limited to exposed , not exposed , and unknown, the patterns remain the

same as those in the interview data. In the Current Series , evidence

for radar exposure was documented in 8.87, of case fathers and 11.9% of

control fathers when limited to matched pairs only; in the Original

Series , 10.37. vs. 8.27, for case and control fathers respectively in

the matched pair8. Thus , as with the interview data, the slight devia-

tions of the two series in opposite directions tend to counterbalance
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and the Combined Series yieldSalmost identical exposure rates for case

and control fathers of matched pairs (9.8/.• vs. 9.6%) .

Table R-4 suuinarizes paterna l radar exposure before conception of

index child from comb i ned interview and/or NAS , recording exposure in terms

of probability of exposure prior to the concept i on of the index child in

the following categories: “Nty exposure’ definitel y prior” ; “Probably no

exposure” , “Probably some’ exposure”, and “Exposed” . For Current Series

matched pa irs , exactl y the same percentage of ease and control fathers

(71.77.) showed “no exposure” in the period def~”t~ elv prior to concep-

tion of the index child , although a somewhat smaller proportion of case

than control fa thers( 15.77.  vs. 21.3’ ) appear definitel y to have been

exposed . If the exposed are combined wi th those probably having some

exposure , the difference is not so marked (25 .9-:” vs. 28.4Vi . In the

Original Ser ies , the devi a t i on was consistently (though not marked l y)

in the opposite direction : exposed (19.6’;~. vs. 15.7%), including pro-

babies , 21,7% vs. 16.2%; with those having definitely nor’t’ prior to con-

ception also deviating slightly (78.4% vs. 83.8%). As a result , there

was counterbalanc ing in the Combined Series, with the larger Original

Series t ipping that balance onl y when probables were included or when

those with definitel y no exposure prior to the conc eption o index were

considered . For the simple , definitel y “exposed” category the frequency

among case fathers (18.17) was almost identical to that for control fathers

(17.8%). None of these differences was statistically significant.

Table R-5 presents history of paternal radar exposure as reported

on interv iew, with exposure tabulated relative to probable date of con-

• ception of the index child , includ ing not only “before” conception but

~~~~ 41 
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also “during ” year of conception , and “after” conception. For this tabu-

lat i on, degree and type of exposure are disregarded . Those with “definite” and

“probab ly” some’ exposure are considered “exposed”. For matched pairs, 18,3/. of

case tatht~rs , as compared to 21 ,0’;’, of contro l fathers reported expos’~re

before the conception of the index , and 21 .6/ vs. 23.5/., includi~tg those

whose exposure was not only before , but also after. This is in contrast

t o  Origina l Set os matched pairs: 18.6% for case fathers vs. 12.8% for

control tethers. The two series result in a counterbalancing effect,

more markedl y influenced by the larger Original ,to yield , for the Com-

bined Series , l9 .S’~ vs. 17.4% for matched pairs and 19.4/, vs. 17.97,, for

pooled case fathers vs. pooled control fathers for preconception ex-

posures. Very little occurred in the post conception period .

It should be noted that there are a few differences between the

sum of “before” , “before , during , after” and “before and after” tabu-

lated here and the “before” in Table R-4, even though the latter refers

to all t~,me combinations that include “before”. Table R-4 includes

NAS reporting in addition to interview information; and , therefore,

more individuals might be listed as having exposure from the two sources.

Thus, the sum of “before” , “before , during , after” and “before and after”,

of Table R-5 yields smaller numbers than “exposed” p lus “probably some”

of ~~~j 
although not smaller than the “exposed” only of Table R-4, as

the “before” category of R-4 includes some individuals who, on interview ,

claim exposure, but who , on the basis of further NAS data, may have

been classified as “probably” rather than definitely “exposed” .

Table R-6 describes time of radar exposure of fathers (time

relative to conception of index child) using NAS information only.
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For the Combined Series, Matched Pairs, the percentage of Combined

Series case and control fathers for whom there is no evidence of exposure

is similar whether based on percentage known (90.2% vs. 90.5%), or

total (83.1/ vs. 82.6%). There are a few more unknowns among case

than control fathers in the Current Series (14 vs. 10 fathers) and

the opposite in the Original Series (13 vs. 20 fathers classified as

unknown from NAS data). The reported exposure is low and the differ-

ences are small throughout, however , even for exposure in the specifically

• “before” conception category (8.8% vs. 11.9% for Current , 9.97, vs.

8.2% for Original, resulting in 9.5% vs. 9.6% for the Combined Series)~
In comparing the data from interview only (Table R-5) and NAS only

(Tab J,e R-~), it is not unexpected that interview reporting would yield a

higher frequency of exposure as it includes non-military sources.

The possibility of over-reporting of military exposure and/or report-

ing of military sources not documented or discernible from military

records must also be considered. As for the proportion of fathers

classified as unknown, it is also not surprising that the proportion

is by far the highest for the data based on interview only for the

Original Series (from Table R-5, 22.77. for case and 27.87. for control

fathers) as recall would be more difficult with the longer time interval

involved for follow up interview of that series. Accordingly, it is

not inconsistent that for NAS reporting from record search (not depending

on individual momory and reporting) there is no real difference between

the Current and Original Series frequency
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o unknowns (from Table R-6 : io~~ ’;; and 7.8/: for case and contro l f a t h e r s

respectivel y in the Current Series; as compared to  6. 0/ and 9~~3’/ r e s p e c t i v e ly

in the Original Series).

Tables R- 7 and R-8 gi ve numerical cross tabulat i ons of graded i l k e l i  - -

h ood of paternal radar exposure by the time of that exposure r e l a t i v e

to concept i on of the index ch i ld .  Table R-7 pertains to fathers of

matched pairs  and R-8 to fathers  of pooled ( i nc lud ing  unmatched ) index

children . Both tables use combined interview and NAS informat ion. As

shown in Table R-7, from the 128 Current Series matched pairs with only

1 unknown among case fathers and 1 among control fathers, 33 of the

35 case fathers  with definite or probable exposure had at least some

exposure prior to the birth of the index child , as compared to 36 control

fathers  wi th  exposure , all  of whom had some prior to conception of the

index. In the Original Series , there were 21 case’ fathers and 11 con-

trol fathers whose exposure status was unknown. Of the 48 case fathers

with definite or probable exposure , at least 42 had some prior to

conception ; of the 34 probably exposed control fathers , 32 had some

prior to conception. Thus, the excess in the case fathers of the

Original Series is apparent in the Combined Series tabu l ation , in

which 75 of the 83 probably and definitely exposed case fathers and 68 01

the 70 probab ly and definitel y exposed control fathers had some exposure

prior to conception of the index child .
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As shown in Table R-8, among 150 Current Series pooled case and

contro l fathers , 2 of 150 case fathers and 7 of 150 control fathers

were unknown as to exposure status. Of the 39 case fathers wi th defin-

rte or probable exposure, all but 2 had some exposure before conception

of index ; of 39 control  fa thers  exposed , al l ’had some of their  exposure

prior  to index conception .

In the Original Series , of 50 exposed or probab ly exposed case

fathers , 42 were exposed prior ; of 37 control fathers of the same ex-

posure types , 34 were exposed prior. Thus the excess of case fathers

exposed shown in the Combined Series derives ent irely from the Original

• Ser i es when pooled groups are tabulated , as well as when matched pairs

only were considered in Table R-7.

Table R-9 tabulates interview responses regarding fathers ’ service

on shipboard relat ive to t ime of conception of the index ch i ld .  Although

there was no differenc e in the Original Series matched pairs, for the

Current Series matched pair and pooled fathers respectively, there was

a very sl ight , but consistently higher , f r equency of case fa ther s than

control fathers who reported having served below deck prior to concep-

t ion  of the index chi ld ;  thus for Combined Series , 5.4% vs. 4. 2 7 .  On

the other hand , s l ight ly  but consistently fewer case than control

fathers reported shipboard service above deck: for Combined Series

matched pairs, 107. of case fathers versus 13.6% of control fathers.

Table R-1O sunmiarizes interview responses concerning paternal

work (by type) with radar in the military service relative to time of

conception of the index child. For all categories of radar contact

(repair , mainta in , operate and test) , except for “ other” unspeci f ied

operations, there was a lower frequency of case fathers than control
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fathers in the Current Series matched pairs , but a higher frequency of case

than contro] fathers in the Original Series matched pairs reporting such

activities prior to the conception of the index child. As a resul t , the Combined

Series showed an in t e rmed ia te  pat tern , taki ng the d i rec t ion  of the

larger Original Series ,except for the category of “operating radar”,

where 4.6 of case fathers vs. 5.4~. of control fathers from the’ matched

pairs reported having done that type of work. A marked deviat i on

in the same direction was observed among Current Series pooled as well as

matched fathers. Also , for other operations the magnitude as well

as the pat tern o f d i f f e r e n c e was similar for Current Series matched

pairs and pooled fathers.

Table R-ll , in the same t abu l a t i on  format as R - lO , p e r t a i n s  to

responses to questions indicat ing “microwave” rather than “radar”. The

frequencies of affirmative report~. are extremely low for both the

Current  and the Ori g ina l  Series , w i th  onl y the l a t te r  showing a con-

sistentl y higher frequency among matched pair case fathers than con-

trol fathers occurring prior to index conception , thus yielding a

similar pattern in the Combined Series matched pairs. With a large

proport i on of the comparison cel ls  (a l l  of those for control fa thers)

containing fewer than 5 individuals , it is clearly i nappropriate to

extrapolate as to any implications .

Table R-l2 deals with paternal work with unspecified electronic

products in mi l i t a ry  service based on interview data and using the

same format as R-10 and R-l1 . The pattern of findings is s imi l a r  to

those of Tables R- lO and R - l l .  For a l l  aspects of t h i s  type of work

prior to conception of the index child , there were higher frequencies

among matched pair control than case fa thers  in the Current  Ser i es
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(except for “other” work) ; and the Original Series showed hig h er frequencies

in case than control fathers. The pattern of the Origina l Series is

ref lected in the C ombined Series matched pairs  f or repair , mai nta in

and other work , but not for operating and testing electronic products

in which more control than case fathers were involved in the Comb ined

Series as in the Current Series. The tabulation for pooled fathers

of the Current Series reflects the pattern of the matched pairs of

that series , except for “repairing” electronic products 1 for

which the case and control fathers showed identical frequencies.

Table R-l3 is based on interv i ew responses to questions concern-

ing fathers ’ work with cadio coimminications gear relative to time of

index conception , again in the same format as the’ preceding tables.

For both the  Current  and t ) r i ~~ina ~ Ser i es matched pa i rs  the re was a

larger percentage cit case fa t h e r s  th . in  control fathers who reported

having repaired , maintain ed , operate-I ~ ‘i  tested such equipment. Although

the overall  f requencies  were lciw , nev r t he ’l e s s , there was over a twofo ld

difference in the otnhined Series matched pairs for repairing (6.6’:

fo r case fa the r s  vs. 1.2 ~~ contro l t a t h e r s ) , m a i n t a i n i n g  (8. 1- ’ : vs.

3.5~-~,) and testing (4.4 vs. 2 .1 ) , w i t h  L’.I,, vs. 5.1 reported for

operating and no difference (1 .1 for case and contro l fathers) i n other

work with radio cosmunicati cins gear. Current Series pooled fathers

showed the same pattern.

Table R- l4  compares case and control fathers with regard to history

of work at special sites and/or involving mobile radar, as reported on

interview. In the Combined Series larger percentages of case than
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control matched pair fathers reported having been stationed at an air

field (18.1 vs. 15 .9’), at a radar park (5.6’;. vs. 3.6/), or at a

missile site (1.8’ vs. 0.4’), and/or having been in military units

using mobile radar (6.9’ vs. 5 .5 / ) .  For each series the deviation

was in the same direction , with two exceptions : in the Original Series,

no fathers (neither case nor control) reported having been stationed

at a missile site; and in the Current Series 7.6: case vs. 9.4X con-

trol matched pair fathers reported having been in units that used mobile

radar. Current Series pooled fathers reflect the pattern of the matched

pairs in each of the operations but show sonewhat smaller differences.

Table R-l5 presents a suamary of interview responses to questions

concerning paterna l history of work in and/or near radar , microwave

and/or x-ray , “in military service”, and “outside the military” (Table R-l5A)~

and “in and/or out of the military ” (Table R-15B). prior to conc eption

ot the index case. Except for the tabulations involving exposure

“outside th~’ military ” (and Original Series responses to with/near

x-ray), there was a pattern of more case than cont ro l f a t h e r s  report-

ing e’~ p os t lr e .  For Combined Series matched p a i r s , ex posu r e prior to

cone~pt~ cin of index was reported as tol lows : nea. radar installation

in the m i l i t a r y , 7. 4 :  case fat hers vs. 4.8’ ci ’.it rol t a t he r s ;  in and/or

out of military near/around radar , ~~~~~~~~ vs. 1 . 1 ; w hi l e  w i t h / n e a r  x-ray

showed a cou n te rba lanc ing  e f f e c t  (3. 9 vs. 3.8 t r e s u l t i n g  from the

Current Series and the Origina l Series deviating in opposite directions.

The with/near “other radiation” also showed very s i m i l ar values for

cases and controls but did not involve opposing deviat ions (2.4/ vs.

1.51). Reported exposure outside the military was very low , especially

for case fathers.

As the most l ike l y sour ce cit paternal radar exposure (at least
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for the time period of the Original Series) was in the militar y service

and the origina l study ’s findings had suggested both an excess of radar

exposure and of m i l i t a r y  service for case fathers in comparison with

control t’athers~
3’5~ , a study objective was to investi gate further not

onl y the  h i s t o r y  of paternal  radar-microwave exposure , but  a l so  m i l i t a r y

service , incorporating , insofar as possible . procedures ~. o’ a l i d a t i n g

the data.

The documentation of the mil i tary service history (part icu l ar l y

pr ior  to conception of the index chi ld)  is pe r t inen t  both to S p e c i f i c

Aim I (stated above and in Appendix A) in terms of comparing parents

“with regard to any occupational or military sources of radioactive

substances or radiation” as well as items I and V I I I  of the Sununary

of Workscope outlined in the Winter 1969-1970 proposa l ( See Appendix A).

“Origina l Series

I. To locate the fathers of cases and controls in the original
January 1, 1946 to October 1, 1962 series and bring their  records up
to date , obtaining more detailed information on military service and
radar exposure as well as their experience since our last contact...
and

Both Series

VIII. To validate paternal military/radar history by independent
search of government mil i tary  f i l e s ~-n all fathers irrespective of service!
radar report”.

Thus , the observations wi th  regard to Mi l i ta ry  Service presented

in this section pertain not onl y to Spec i f i c  Aim I herewith being

reported hut also to I and VIII of the itemized aims of the Workscope .

Mi l i t a ry  Service of Fathers: As discussed above under Method .

detailed questions on mi l i ta ry  service were added to the Current Series

interview, and a follow-up interview of the Otig inal Series fathers

carried out. In addition , as also indicated previously and referred to in
the tables on Radar  , there was the independent search of service record s
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on a l l  f a the r s  of both  ser ies  carried out at the  Nat iona l  Personnel

Record Center—Military Records in St. Louis , Missouri (where the Nationa l

Archives and Records Service , General Services Administration records

are located). This search was done by s t a ff  personnel oil the Follow

Up Agency of Nat iona l  Academy of Sciences (NAS) ,  experienced in  t h i s

type of investigation. As previously indicated , neither MAS nor its

staff personnel or any of those engaged in the search were given any

in format ion  as to which names belonged to f a the r s  of cases and which

to cont ro ls .  As a r e su l t  of t h i s  search , an independent source of

m i l i t a r y  service informat ion and radar exposure was made ava i lab le  to

supp lement and compare with the interview response data.

I t is also no teworthy that military service reporting on initial

in te rview and/or fo l low-up interview was almost comp lete.  While there

were many fathers who had not served in the military , there were very

few abou t whom information , in the aff irmative or negative , was no t

obtained . Thus, in the Combined Series matched pairs , only 1.5/ of

case fathers and 0.6/ of control fathers had an unknown military history .

The paternal military service data from interview and NAS

search are presented in Tables MS-i through MS-9. No attemp t was made

to obtain military service records or history on mothers.

Tables MS-l through MS-4 are based on interview data onl y.

Table MS-l gi ves the h i s to ry  of mi l i t a ry  service o fathers derived

from their interview responses and tabulated to inc lude total reported

servicc irrespective of time relative to birth of index child. While

in the Original Series a larger proportion of case than control fathers

reported military service (63.57~ vs. 57.0~~) , in the Current Series
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matched p a i r s , although t h e  ove ra l l  f r equency  was s l i g ht  l v  h ighe r , the

percentage c i t  case  f a t h e r s  who reported h a v i n g  be en in service was

v e r y  s i m i l a r  t o  t ha t  of  con t ro l  f a t h e r s  72 . 7 ’  vs .  71 .1 . Thus, for

Combined Series , matched p a i r s , the  excess cif case f a t h e r s  observed

vs. t 2 , 3 was a lmost  e n t i r e l y  due to the  O r i g i n a l Se r ies .

Table M S—2 g ives  the  history of m i l i t a ry  service oil Cu r r en t

Ser ies  matched pai r  f a the r s  b y branch of service and by time rela-

t i v e  to concept ion c i t  the  index c h i l d , based on in te rv i ew data only .

Only for the Army was t he r e  a larger percen tage o f case than con-

t rol  fa the rs  serving p r i o r  to the concep t i o n  cit the index  c h i l d , 37 . 5

vs.  30. 5 , and when i n c l u d i n g  s e r v i c e  d u r i n g  the  ~‘ear of  conc e p t i o n .

t i m e  unknown , 38 .3 1 vs. 3O .~ . N o r ea l  excess c i t  case over con-

t rol  f a t h e r s  was reported in  Nav y , M a r in e  Corps .  A i r  Corps , Coast

Guard • Nat i cina I Guard , or any service h i  st c irv .

A t a b u l a t i on comparabli . to Table MS—2 is  p re sen ted  fo r  O r i g i n a l

Scir ii ’ :’ ~~ tched pa i r  f a the r s  in Table MS—i . In that sei i es . at so , there

was a h i g h e r  pe rcen tage  of case than contro l f a t her s  repor t  ir e  Army

se r v i c e  p r ior  X to the  index conc ept i on (3 2 .2 vs. 2 8 . 0 ’) .  ~‘hr  ets t

s l i ght excess  of case f a the r s  r epor t ing  Marine  Corps se r v i c e  p r i o r  to

index concept i on a l s o  was reported , the numbers were s m a l l  and do not

vary more than the slight variation in absolute percentages noted

for  Navy or Coast Guard service.

Table MS-4 presents the interview-based history of military

service by branch and t ime of service for the Combined Series matched

NOTE : As noted above, in all tabulations of military service , radar
exposu re , etc. , where time relative to the conception of the
index chi ld  is indicated , p r io r i ty  is given to “ t ime ” before
or “prior to” conception of the index. Therefore , if exposure
extended over a period of t ime which  overlapped , encompassed
or included any time prior to index conception , even if the
proportion of the prior exposure was very small relative to
the total exposure , the exposure is, nevertheless, coded as

“Prior ” . 51

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _



pai rs .  As both the Or ig ina l  and Current Series had indicated that

more case fathers than contro l faLhers had served in the Army prior

to conception of the index ch i ld , t h i s  pattern was clear ly apparent

in the total combined tabulation (34.27. vs. 29 ,07,) .

Military service as reported from the NAS record search is

presented in Tables MS-5 through MS-8, with an overall sununary in

Table MS-9, which gives a comparison of the interview and NAS-based

information.

Table MS-5 (based on NAS data) suninarizes record of military

service of fat hers reported b y NAS in  comparison w i t h  in terv iew report-

ing , irrespective of time r e l a t i v e  to conc eption of the index c h i l d

and branch of service. Militar y service was ven t ied by NAS for a

sl igh t l y larger percentage of case than  ~cintr~~I t a t ill r~ in the Coin—

bined Series matched pa i r s  ( 6 2 . 5 ’  vs. t . l ~~) , w it i~ t u e  excess more

marked in the Original Ser ies  ( 5 9 . 7/  vs. 50. 9 than in the  Cur ren t

Series (67. 2 / ~ vs. 64 .8Z) .  Curren t  Series  pooled fi t h e r s  r e f l e c t e d  the

same pattern as the Current Series matched pa i rs  ~ wh ich  c o n s t i t u t e

most of the pooled subjects.  In the C ombined Series matched p a i r s ,

there were slightly fewer fathers of cases than of controls with no

record from NAS and no service reported on interview (32.9% vs. 37.8/-),

the d i f f e r e n c e  deriving mainly from the Ori ginal Series (35.67. vs.

42.6%), rather than the Current Series where the frequencies were

very similar (28.1% vs. 29.7%). As for the proportion for whom there

was no record found by NAS but for whom service was reported on

interview (4.77. vs. 6.1% in Combined Series), the trend was in the

same direction , although no real difference was noted for either the
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the index cii i l i i , derived almost ent i rel y front t he  O r i g i n a l  Series

c~63.5/ vs. 57.0% ) ra ther  than from the Current  Series  (72 .7/  vs.

71. 11) .  in the Current Series matched pa i r s, 93 of the 128 case

fathers and 91 of 128 contro l f a the r s  served in  soiute branch of the

S cry i i,’ e.

When military service was examined relative to the  probable

date cii conception of the index child , almost all of the service was

reported to have overlapped into a t ime period prior to concept i on, the

time period 01’ interest w i t h  r eword to possible etiological or r i s k

factors i n  Down ’s syndrome (Table MS-9) . For paternal military

service prior to conception c i i  the index ch i ld , by branch of service

for the matched pairs of the Current , Ori g ina l  and Combined Ser ies ,

the data derived from (I) reporting ci t respondents at interview and

(2) NAS reports tabotlated separatt’iy revealed no striking patterns.

No s i z a b l e  d i ft e r e n e t ’ s were observed between case and contro l

fathers. The only suggestion c i t  a d e v i a t i o n  appeared in the higher

percentage of cast ’ t i t an c ’ont~’c i l  fa t her s  in the Army p r i o r  to concep-

t ion of the index clii Id , antI t hat  was not s t a t i s t i c a l ly si g n i f i c a n t .

En the Current Ser ies , 18 . I ’ vs .  ‘ 101 , 5” , for  case and control  f a the rs ,

respectivel y, on interview (p .19), and 37• 5/ , vs.  34.4/ -  from NAS

(p = .61) were noted. The trend in the Origina l Series was similar

to the Current  Ser ies  with  regard to Army service , except that the

larger deviation between case and control fathers appeared in the NAS

report rather titan in the interview data, (31.5/ for case fathers vs.

27.sl for contro l fathers on interview , 37.0/ . vs. 29 . 71 front NAS) .

For Marine  Corps service , the deviat i ons in  the Current S er i e s  and
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Original Series were in opposite directions . The Current Series showed

a slight ly 1ow.’~ proportion of case than contro l fathers in the Marines

(3.9 vs. 7.0” on interv iew ; 3.1/ vs. 6.3% on NAS report), whereas

the Original Series showed more case than control fathers in the Marines

(3.7% vs. 1.4/ from interview ; 3.7% vs. 0.9% from NAS report approach-

ing significance only in the latter situation,p = .052) result-

ing in a counterbalancing in the Combined Series (3.8% vs. 3.57. on inter-

view; 3.5/ vs. 2.9’7,, from NAS). None of the other services showed any

case control differences in the Original or Current Series, and con-

sequently only the deviation in the Army service remained in the Com-

bined Series: 34.0”!, case fathers vs. 28.8% control fathers on inter-

view (p = .14); 37.2/ vs. 31.1% on NAS report (p = .09). With all

branches of the service considered together , there was a slightly

higher frequency of case fathers than control fathers with a history

of military service in the Combined Series (from interview , 64.2% vs.

61.3% , p = .61; from NAS , 61.3% vs. 54.6%, p = .13). Most of the

difference derived from the Original Series (on interview , 60.2% vs.

56.5%, p = .61; from NAS , 58.8% vs. 49.5%, p = .11), rather than the

Current Series (on interview, 71.1% vs. 69.5%, p = .89; from NAS

65.6% vs. 63.3%, p = .78). Thus the larger percentage of case fathers

with military service prior to conception of the Down ’s cases suggested

in the Original Series was not as apparent in the Current Series ; and the

Combined Series did not show any marked difference betweGn case and

control fathers in military history.

This was of particular interest since in contrast to the sugges-

tion noted previously in the Original Series ~~~ the Current Series

did not yield evidence of any kind suggesting that case fathers had

an excess of radar-microwave (or other radiation) exposure from any
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sources inside or outside the military , as compared to controls.

Maternal Occupational Radar-Microwave and Other Radiation Exposure History

As for mothers ’ responses to questions concerning radar-microwave

and/or other radiation exposure , there were very few affirmative replies.

Consequently, no tabulations are presented here. Instead , the data

are suninarized below. No Current Series mothers (case, control ,

matched pairs or pooled groups) reported having worked with radar or

microwaves of any type. Two case mothers (of 149 for whom information

was known ) reported having worked near radar installations, but no

control mothers.

It should be noted that the radar questions had not been included

in the interviews of mothers in the original study , and that the follow-

up contact of fathers for radar-microwave and military service infor-

mation did not include re-interview of mothers , except by happenstance

when fathers were being traced . In terms of cos t -benef i t  considera-

tions , the logistics and likely product ivi ty  d early did not warrant

further exploration along those lines , in view of the paucity of

maternal occupational and/or military exposures indicated in the

Current Series interview, which did include more detailed questioning

on such exposures.

Consequently, there was also no attempt to document maternal

military service or to carry out an independent search of maternal

service records.

Nevertheless, maternal occupational exposures or potential

exposures to radiation sources were examined insofar as possible from

the interview responses to occupational history as well as the direct
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radar-microwave-radiation questions . Also , in addition to the general

classification of maternal occupations into the standard categories

used for socioeconomic indexes (shown in Table SO-l), responses were

scrutinized in regard to possible exposure risk occupations.

As for direct responses in the Current Series indicating occupa-

tional x-ray exposure prior to conception of the index child , there

was no difference between case and control mothers in the matched

pairs or in the pooled groups. From matched pairs , 5 of 125 case

mothers about whom information was known and 5 of 126 control mothers

with known information , and from mothers of pooled 2ases) 6 of 147, as

compared to 5 of 147 mothers of pooled controls, reported occupational

x-ray exposure. With regard to work near “other radiation” , 2 case

mothers (of 128 in matched pairs and of 149 in pooled groups)among

the mothers with known history reported such exposure , but there was

no known exposure among corresponding mothers of controls.

With regard to responses to radar and radiation questions , there

was insufficient evidence of any definite exposure prior to conception

of the index child to make any inferences. Among the matched pairs ,

2 case mothers (1.6%) and no control mothers reported having worked with

or near radiation. Occupational history was unknown for 2 of the con-

trol mothers. Among additional/”unmatched” mothers, one control mother had

an unknown history of exposure and no case mothers reported exposure.

From the general maternal occupational history obtained in the

Original Series initial interview, some maternal occupational exposure

was suggested : 7.9% of case mothers and 3.3% of control mothers had

worked in a professional or technical capacity , with 8 case and 3 control
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mothers giving actual histor y of x-ray and/or fluoroscop ic exposures.

Perusal 01’ 
~~~ - ‘rv i t ’w responses of mot her s of the Curr ent Ser ies

regard i ng t h e i r  cit- c ’ , ~~ ‘ ‘at h i s t o r y  y i e l d e d  the following: Among

the mothers  01 Cur ren t  Ser i e s  Down ’ s cases providing informative responses ,

there were 13 nurses anti nurses ’ aides (10 and 3 respectively)

as compared to 7 nurses  and 3 medical and/or laboratory technicians

among mothers of Current Series controls. Six case mothers worked at

Bendix and/or Westinghouse as compared to 5 contro l mothers; one case

mother reported m i l i t a r y  service.  In all , 20 case mothers and 15 control

mothers from the Current Series had occupations in paramedical , military ,

or industrial fields that might have involved radiation exposur’~.

Taken together , it is estimated that in the Combined Series ,

37 case mothers (20 from Current and 17 from Original Series) and 22

control mothers (15 front Current and 7 from Original Series ) had worked

in medical or technical occupations and/or indicated x-ray and/or

fluoroscopic exposures. The pattern is suggestive and interesting , but

no attempt at further validation on a retrospective basis was considered

feasible for mothers, as this exposure was not traceable primaril y to

any one industry , place of employment or source , but rather to a wide

range of private employers, including physicians and some short-term

emp loyment sources. It was clearly unl ike  the si tuation w i t h  fa thers ,

where mi l i ta ry  exposure was by far  the major source , making a systematic

search of government records a feasible, although enormous undertaking.

SPECIFIC AIM 2.

To compare parents of Down’s syndrome cases with parents of

matched controls with regard to medical radiation exposure (diagnostic



r~ : 

‘ ‘

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

and/or therapeutic): e.g., individual x-ray photographs, fluoroscopic

radiation ; ingestion or injection of radioactive substances, such as

l3l i 32 P , etc ; imp lantation of radon seeds; cobalt radiation ; and any

other diagnostic or therapeutic procedures involving ionizing radiation.

Parental Medical Radiation. Among the finding. of particular interest in

the Original Series was parental exposure to radiation prior to the

conception of the index child. The exposure of Current Series mothers

and fathers , respectively ,  to medical radiation is summarized in Table

MED-lA for the period prior to conception of the index child ; and in

Table~~~p-l B for the period including first month of pregnancy as well

as defi ’itel y prior conception. In contrast to the Original Series ,

wh ich showed a significant difference in the percentage of case and

control mothers who reported having no medical radiation prior to the

index child’ s birth (50/ vs. 59.9%), there appeared to be no difference

in the Current Series between the percentage of case and control

mothers of matched pairs reporting “no radiation” of arty type pr ier to

conception of index ch i ld  (64 . 57 - case mothers vs. 62 .8% control mothers ,

p = .79) .  That the percentage reporting diagnostic radiation is exactly

the same for Current Series cases and coatrols (19%) is not inconsistent

with the lack of a case-control difference in diagnostic radiation in

the Original Series. In regard to other types of radiation , whereas in

the Original Series case mothers had significantly increased exposure both

to fluoroscopy and to therapeutic radiation prior to the birth of the

index child , the pattern was not consistent in the Current Series and

did not reach statistical significance for either. More Current Series

case than control mothers indicated “therapeutic radiation only (7.4% versus
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3.3%); and , summing over the pooled categories (i.e., therapeutic

alone or with either or both diagnostic and/or fluoroscopic),

the apparent difference decreases only slightly (9.17. versus 5.8%,

p = .67, still NSD). On the’ other hand , in summed categories for

fluoroscopy , more control mothers than case mothers of matched pairs

(13.2% versus 8.3% , p = .21 , NSD) appear to have had such exposure

prior to conception of index chi ld .  Inc luding  exposure during the

first month of pregnancy, as shown in Table NED-lB , the patterns are

similar to those for “prior to pregnancy” except for - iuch more overall

exposure to both case and control mothers, thus a decr~~’v~ in those report-

ing none and an increase in those with diagnostic proceoures only and in

combination. The excess of case mothers reporting therapeutic radiation

remained : for “ therapeutic only” category (5.6”!. for case vs. 0. 8/ for

control mothers of the matched pa i r s ) ,  though in total combinations involv-

ing therapeutic radiation, the difference did not increase.

Thus, while the Original Series showed significantly increased

medical radiation of mothers of Down ’ s cases prior to the ind ex birth ,

with most of the exposure difference mainly from fluoroscopic and thera-

peutic radiation and combinations thereof, the findings in the Current

Series are much less clear . Not only is there no d i f fe rence  between

case and control mothers of the Current Series reporting medical tadia-

tion prior to conception and through the first month of pregrancy, but

there also appears to be a contrasting pattern in therapeutic and

f1uoroscop~c radiation, i.e., Current Series case mothers have slightly,

but not significantly (p = .67), more therapeutic radiation than

control mothers, while Current Series control mothers have more

fluoroscopic radiation than case mothers (NSD). Nor does it appear

that the difference in tabulation base between the Original and Current
61



Series could account for the discrepancy in the findings for the two

series: i.e., the Ori ginal Series computations are based on exposure

prior to the birth of the index c h i l d , the Current Series computations

deal with exposure prior to conception and/or during the first month

of pregnancy.

Tables MED -2A and MEI)-2B summarize maternal and pa ternal

diagnostic x—ray exposures by s i t e  of exposure for  Current  gen es.

Table ~~D-2A gives the d i s t r i b u t i o n  b y s i te  for  x-rays known to have

occurred prior to conception of index child; Table MEI)-2B gives the

d i s t r ibu t ion  by s i te  not onl y for those x-rays known to have been

d e f i n i t e ly prior , but  a l so  inc ludes those taken dur ing  the year of

conc eption ( i . e . ,  thus including those wh ich  may have occurred prior

to conception but for wh ich exact dating is uncertain).

Table MED-2A shows a larger percentage of control than case mothers

(pooled and matched pai rs)  with x-rays at each s i te  (except ches t -pooled ) ,

gallbladder , kidney . including IVP , stomach-intestinal-abdominal , and other

organs. A similar pattern appears when fathers of matched cases and con-

t ro l s  were examined , except for  chest x-rays.  Among pooled case and con-

trol fathers , there is a s l igh t  deviat i on in the  opposite d i r e c t i o n  for

most sites , but non~ of the differences approach statistica) significance.

Table MED-2B, which includes the extra, less specific time period

(i.e., exposure during the year of conc eption as wel l  as pr ior  to con-
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ception), shows a pattern similar to th~ tabulat i on for prior only, both

for mothers of matched pairs of eases and controls and for pooled mothers.

Otherwise , the tabulation for fathers (matched pa irs and poole (I) for the

extended time period yields trends similar t o t hose observed in the tabu-

lation limited to exposures prior to concept i on only, including the

directional differences (particularly f or poo l ed fa th ers wit h case f a the r s

exceeding control fathers in frequency of chest and gall bladder radiation).

As none of these “differencest’ attain statistical significance , the

findings may be spurious and no causal inferences can be made .

Table MED-3A concerns maternal Iluoroscopic exposure prior

to conception of the index child and Table MED-3B the “pr ior ”

period p lus unspec i f i ed  t imes during the pregnancy year. There is no

evidence of any greater exposure among mothers of cases as compared to

mothers of controls; and , in fact , more case mothers than control

mothers report no chest , abdominal , or other fluoroscopic exposures.

The pa t t e rn  i s  almost ident ica l , whether tabula t ion is l imited to

exposures d e f i n i t e l y  prior to conception (Table ME D—3 A ) or whether

i t  also inc ludes  the  year of pregnancy,  when specific date is unknc~wn

(Table MED-3B).

Table MED-4 summarizes maternal  therapeutic radiat ion for Current

Series matched pairs by s i te  of exposure (and/cr condit ion involved ) and

time of exposure (prior to cor.ception of index child and a f t e r  the b i r th

of the index child respectively) . Reported 
~‘x~~~~t1rt ’ is extremely low

both for the en t i r e  period prier to conception and af t e r w a r d . The only
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site ,~nd it ion involvin g more t h a n 2 mothers is the skin—w arts—birthmark

~;i oupitig , t ~‘i which e case mothers and 5 cont rol mothers received therapeutic

a~1iat ton , ~
- er t  a inly no discernible di ffert ’nce

t i t ~1e M E [)—5 A l a n d i i  q iv o - -~ nirmber of t l I ~oro icoj ) ic  ~~~~sic’n s pr ior to

can~~’ ion for cast - ,t.,~~ control mothers (matched I-airs and pooled ) by maternal

,tqe a t c~~t i c ep t  ion of index child . It is of interest tha t a lower f r e —

~ueriey of ease than  control  mo ther s in the matched pa i r s  ( 8 . 2 %  vs. 15 .0% )

reported any fluoroscopy . When unmatche cases and controls were included ,

the numbe r of case and control  mothers was almost ident ica l : 20 case

mother s as compared to 21 control mothers (14.1% vs. 14.9%).

Table MED-5B provides the same type of tabulation prior to birth

rather than prior to conception of the index child . Still the pattern is

the same , a lower frequency for case than control mothers of matched pairs

(8.2% vs. 17.1%) and also for pooled (7 . 7% vs. 16 .7 % ) .

Radioactive Substances Ingested or Inj ec t ed .

From the in terview responses to questions on in jected  r a di o a c t i v e

materials , neither the Current Series nor Original Series ~‘ie lded any

report of an injection of radioactive substances prior to concep t ion  of

the index child among the mothers of cases. On the other hand , one

mother of a Current Series matched control reported having an injection

of a radioactive material prior to conception of index child; and an o the t

Current Series matched control mother reported having an injection dur-

ing the year of pregnancy. No unknowns were recorded on interview

among Current Series case mott~ ’rs , whereas among Current Series control

mothers , one matched control and one addit ional  control mother were

recorded as unknown. In the Orig inal .  Series one matched pair case mother

•“Iinmatched” parents refer to mothers and fathers of “additional” and
“ quest ionable ” t)own ’s cases and “ a d d i t i o n a l ”  controls who are not in
any of the matched pairs. “Pooled” includes “unmatched’t as well as
members of matched p a i r s .  64



had an injection of a radioactive substance at an unknown time , seven

case mothers ( s ix  from matched pairs and one mother of a questionable

Down ’s case ) were recorded as “unknown ” for radioactive injectiont ,

and two control mothers were listed as unknown .

As for the ingestion of radioactive materials , 1 of 128 Current

Series case mothers and 2 of 128 Current Series control mothers from

among the matched pairs reported drinking radioactive materials at some

time prior to conception of the index child . In the Original Series,

1 of 216 case mothers but none of the matched control mothers reported

ingesting radioactive mater ia ls  prior to the bir th of the index. However ,

after the index birth , four case mothers and four control mothers reported

having drunk radioactive materials , and one control mother did so at an

unknown time. Six Original Series case mothers (5 from matched pairs

and one mother of a questionable Down ’s case) and 3 control mothers were

listed as unknown with regard to ingestion of such substances.

Fathers: With regard to radioactive materials injected , one con-

trol father and no case fathers in the Current Series matched pairs re-

ported such an injection prior to the birth of the index , while 1 matched

pair case fa ther and 1 “additional” control father reported an injection

after the index birth and 1 matched cr ntrol father , during the year of

the index birth. In the Original Series 1 case father had an injection at

an unknown time and no control fathers reported injections , wi th 7 case

fathers and 2 control fathers of that series recorded as unknown.

Ingestion of radioactive materials pr ior to the bir th of the index

subject was repor ted for 1 case fa ther and 2 control fa thers from the

Curren t Ser ies matched pairs , and 1 case father but no control fathers
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from the Original Series matched pairs: thus for the Combined Series

2 case fathers vs. 2 control fathers. Two contro~ fathers from the

Current Series matched pairs and 4 each of case and control fathers

from Original Series matched lair s ~ad drunk radioactive materials at

some time after the index birth. In the Combined Series , 11 fathers were

recorded as unknown : 2 from Current Series controls , 6 from Original

Series cases and 3 from Original Series controls.

It is thus apparent that there are no discernible differences

between parents of cases and parents of controls either from the Current

Series or the Original Series as to injection or ingestion of radioactive

substances; and that total reported exposure for all categories is extremely

low. Whether these observation~ result from gross underreporting

(intentional , or due to lack of knowledge of medical use of these sub-

stances, or recall failure) or whether there is actually a very low

level of exposure , remains to be determined .

SPECIFIC AIM 3

To compare the parents of Down ’s cases and of controls with regard

to other factors (socioeconomic status, religion , menstrual and medical

history , marital history, etc.) recognized or suspected to be associated

with the occurrence of Down ’s syndrome and to examine the possible inter-

action of such fac tors with radar and ionizing rad iation exposure .

In an attempt to delineate clues as to maternal and/or paternal

fac tors of etiolog ica]. significance in Down ’s, a number of sociobio logical

characteristics were examined in the Curren t as well as the Orig inal Ser ies .
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‘
~~s’re also seemed to be relatively more craftsmen among case than control

fathers (34.1% vs. 25.4%) and fewer operatives (15.1% vs. 19.8%). However ,

all of these slight deviations are within the reasonable expectancy of

normal variation .

As for mothers ’ occupations , most Current Series mothers reported

“none” , with a tendency toward a slightly larqer percentage among mothers

of cases: 62.5% vs. 55.2% for matched pairs ; 62.0% vs. 56.2% for pooled .

There appeared to be somewhat fewer operatives (blue collar and indus-

trial workers) and possibly service workers among mothers of cases than of

controls (Table SO-l).

Occupations considered with regard to possible exposure to radia-

tion (radar—microwave , ionizing radiation , radioactive substances , etc.)

have been discussed above. The number of subjects involved , however , is so

small that no tabulations are presented with regard to types of occupations

involving exposures. Responses to questions concerning paternal work

with microwave , radar and other radiation in the military as well in

civilian occupations are tabulated above (See R Series Tables , including

Tables RlO—l5).

Religion of parents. Another social parameter of interest is

relig ion . In the Current Series , tabulation of religious preference

showed the patterns for parents of cases and control.~ t o  be not sig-

nificantly different , although some minor variation Wa: :  s ’ts ’;etved . Among

mothers (Table S—2) , none of the control met tiers •tt;,t ori 1~’ 1 . ~— 1 . u-:- ol

the mothers of cases reported “ Ito ri -I igioti ” . A slightly t , I l s h s ’ r  proportion of

case than control mothers wei ,’ Roman Cathol i5 ’ (53. 1% of match ed  pa i r

and 51.3% of pooled case mothers as compared to 46.9% and 47.0% respectively
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of control mothers) , and ,i si ightly smaller proport jolt of case t h an

con t r o l mothers were Jewish (1.6% and 1.3% for matched and pooled ca;;e

mother ;;  respect i vo ly  vs. 3.9% and 3 . 4 %  of control  mothers)  in cout  t . t ; ; t

to t h e  Ori g inal Series , where there  was a h igher  frequency of Jewish

as well as Catholic parents.  The trends were similar for fathers

(Table S-2), except that the slight variation between case and control

mothers was even less apparent- f o r  fathers , although the directiona l

pa t t e rns  were the same for case versus control  l’.~rs’nt S i n  r e p o r t  in q

no religion , Roman Catholic, and J ewis h  affil jut ions . Thus , the suqq( ’st ed

4 larger proportion of Catholic and Jewish mothers  and f a the r s  of cases t han  s i t

controls observed in the Original Series was not confirmed in ti’0

Current Series. While the Cui l~~ nt  Sen e;; C l i  ~l have more Ca t  ito l 1. ’

mothers of cases titan of controls , the difference was not :; i s u n i  I i citi t

and hardly discernible in fathers; the trend was in the op p o s i l  e d’ ~ & ‘ct  ton

for Jewish parents of cases and controls.

Reproductive (Pre3naiicy, Obstetrical and Menst rua l) am id M a r i t a l

Experience of Mothers of Cases and Controls . The reproduct ive I~.it t eril:;

and marital history of mothers were examined in some detail for the

Current Series — the former, investigated because of the contradict oty

reports in the l i t e r a t u r e  ( 4 6 — 7 7 ) ,  desp i te  the lack of si gn i f icance  i n the

Original Series; the latter , because of marked differences noted between

case and control mothers in the Original Series.

Current Series maternal marital history before  m a r r i ag e  to the

father of index child is g iven in Table M R — I  for matched pa i r ;; of

cases and control s, while Table MR—2 summarizes  t o ta l  ma tern a l  m a r i t a l

history irrts;~’ective of whether before or after t tie i ndex hi i t i i .  l’resiit ,imls ’y

69

- . . 
~~~~~ - — -- - -

~~ 
—

~~~~
-- 

~~
- —



_____________________________

history and fetal wastage prior to and subsequent to the index birth are

presented in Tables MR— 3 (Matched I’.iirs) and MR—4 (Pooled Groups). Menstrua l

his to ry  is given in Table MR-S.

The man I .il hi st  or v  of mothers ot s,i .-;e ; and con t r ols is of in te res t

since the Oriq itta i ~
;, ‘r 10:;  :;Itowed that 1 5 1 . ’; it icant ly higher percentage of

case mothers had been Imim it’d more t h.~~ o n c e .  Table MR— i summarizes

for the Current ~~~~‘ i i : the mar t .i hi :1 o i \ ’  l ’r  io i -  to the father of the

index for mothers ot cases and of ccitt rols, tabulated by maternal radia-

tion exposure pr ior  to concept ts)u and/or during the first month of pregnancy .

Rasliat i on was titikitsswii 1 oi . es- and ~ control not hers among t he 128

mat ~~t io~l pa t t  :- . Ct t hi t ot a l  128 c l :; s  ,iii.1 l.~H control not 1101. ;)

20 case mothers (15.e%) and 17 control mothers (13.3%) had been married

more than once prior to their marriage to the father of the index child

(not significantly different). In view of the association of Down ’s

with maternal medical radiation exposure observed in the Original Series ,

it appeared desirable to examine the maternal marital history , con-

trolling on radiation in tha i SerieS , consequently, this was also done

in the Current Series for cotlp.lr i son pi ’ pose s . Among those mothers

reporting any type of medica l ru~~i ~ L O l l , a larger percentage of mothers

of contro i ;; (14.5%) t han  of cases (11%) had been married prior to marriage

to the father of the index child . Moreover, it is of interest that (1)

thin difference derived primarily from mothers who had diagnostic

x-ray rat hi r than fluoroscopic or therapeutic procedures , which involve

h i qh er  sls s:; tsies and (2) that the only hint of an excess of multi ple

m a t  r t . iqes among case mother ;; did not appear in those with radiat ion

( ‘ X} ’ S . i t ’ , hut r ather  in those report ing a nega t ive  radiat  ion h i s to ry
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(20 .9% case vs. 11.9% control mothers with multiple marriages prior to

utdex c h i l d , p .26 , NSD ) . Thus , in  the Current  Series there was not

a s i g n i fi c a n t  excess of mu l t i p l e  marr iages  prior to the b i r th  of the

index child among mothers of Down ’s cases; and , whatever deviations

did appear were not positively correlated with maternal radiation exposure

prior to conception of the Down ’ s case . F i n a l l y ,  considering total

mar i t a l  history and disregarding re l a t ionsh ip to time of index bi rth ,

(Table M R -2 ) ,  19 control mothers as compared to 20 case mothers had mul-

t iple  marriages , i . e . ,  clearly no d i f fe rence  in marital history  of case

and control mothers , prior  to the index child or at any per iod.

As for pregnancy history and wastage , in the Current S e r i e s  matc ied

pairs (Table MR—3 ) and pooled groups (Table_ M R - 4 ) ,  there was a suggestion

of some deviations not found in the Original  Series. Mothers of t)owmt ’ s

ca;;i ;; had fewer pregnancies prior t o  the hi rth of the index ‘hi Id t han

mothers of matched controls ( ~e4 vs. 418 preimianc to: ; , p = . 0~~~ ) . There

also appeared to be a s l ight ly  higher rate of feta l loss prior to the

b i r th  of the index child , ( 16. 2% vs. 14.8% , p = .67 , N S D ) .  The d i ffe r e n c e

in fetal  loss seemed even more marked a f t e r  th b i r t h  of the index c h i ld , 
S

when case mothers appeared to have sli g h t l y  more pregnancies than con-

trol mothers (58 vs. 51 in matched p a i r s) ;  the f e t a l  loss ra tes  in cast ’

mothers being almost double that  in control  mothers , a l though not

reaching statistical significance (L’ .8% vs .  17. 6% , p ‘
~‘. l O) . In the

Original Ser ies  the total j’mI .’ s ; m l i t n ’ u ’s 01 mothers of Do~~u ‘s cases deviated

slightly in the opposite direction f r om :  sh e  p a t ter n  shown in the Current

Series both prior and subsequent to’ the i ndex cii i Id , w i thou t  any excess

of fetal loss subsequent t o  the index I . i t  i t .  The poss ib i l i ty  t ha t  the

seemingly high rate of fetal wast,uqt ’ f o l l o w i ng the b i r t h  of the Down ’ s
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case in the Current  Series might  be an a r t i f a c t  must be considered , i. e.,

resul t ing from induced abort ions which were less l ike ly  to have occurred

and/or be reported in the earlier period . It , therefore , seemed pos s ib l e

that  the excess of fe ta l  loss in case mothers following the index c h i l d

is not of etiological s ignif icance, especially in view of the Ih ; ; , l lL - s - o f

any such d i f f e r ence  prior to the index b i r th .  Combining the f i n d i n g s  ott

matched pairs of the Original and Current  Series tended t i ~s ~- ou;;t -m I s i I ~i m - ~~

any minor case-control deviations that were suggested when the two ser i e s

were examined separately. No real d i f f e r e nc e s  remained between ca;s- am id

control mothers other than a slightly smaller number of pregnancies pr ior

to the index child among case mothers. The pattern in pools ’Ll ca~ &

and control mothers (Table MR-4) was similar  to tha t  observed in the  m , i t~ - l ; ; d

pairs.

The menstrual history of mothers from the ma tched pairs of the

Current Series is given in Table MR-5. As in the Original Series , the

mothers of cases and controls were s t r i k i n g l y  simi lar in age at  menarche ,

duration of and intervals between periols , as well as regularity of

menstrual periods . While mothers of Down ’ s children reported a very

similar mean age at menopause , of those in menopause , slightly fewer

case than control mothers indicated operative menopause . As well  over 85%

of mothers were still menstruating at the time of interview , i~ is certainly

not realistic to speculate as to the poss ib i l i ty  of d i f f e r e n c e s  wi th  such

a markedly truncated dis t r ibut ion.

In all ,  case and control met li t ’ r~~ w i l t - n o t  t ema m k i t ’ Iy d i ffort’nt in

their menstrual and reproductive h i s t o r y .  A tt ittiusiti some of the deviations

at ta ined borderline s i g n i f  i c i sc , - , n i l ; ’  may h~ ~ 
:1 to llS 1 a l t i f a c tu a l

( e . g . ,  increased abortions subSesiut ’nt to ‘ ‘wi ’ s s , i ; ’t ’S ) .  Whe re pa t te rns
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in the Ori ginal and Current Series do not show similar deviations

(number of pregnancies prior to index pregnancy; maternal age distribution

during prior pregnancies, mar ital history), caution is needed in interpre-

tation to avoid overspeculation.

Me :lical History: In addition to maternal menstrual and reproductive

( f er t i l i t y ,  obstetrical, e t c . )  factors suggested by a number of investigators

as possible correlates of Down ’ s , most prominent among factors in

medical history considered as possible putative agents have been maternal

thyroid disorders (77—89 , 71 , 7 5 ) .  Interview information , indicating

possible thyroid dysfunction and aberrancies~ was examined and is summ..rized

in Table T—l, which is limited to thyroid history prior to conception

of the index child , and Table T-2, which includes the year of conception

as well as the period def in i te ly  prior to conception . The mothers

of Down’s cases and controls were strikingly similar in regard to all

evidence of thyroid problems. No mothers of either cases or controls

from matched pairs of the Current Series reported having thyroid

surgery prior to conception of the index. While the sante number of

Current Series case and control mothers from matched pairs reported

having taken thyroid medication (10 of 128), only 2 of 128 case

mothers and 5 of 128 control mothers reported thyroid treatment .

Only one of the 128 case mothers and 2 of the matched control mothers

reported having thyroid tests. The sante pattern appeared in Table T-2.

While the Original Series had not revealed any differences

between case and control mothers in medical history , the published

l i t e ra ture  has suggested an association of not only thyroid aberrancy

but also other materna l medical conditions with Down’s syndrome.

(See Table 1). Therefore , the interview responses of mothers were
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I

examined not only as to evidence of thyroid conditions (thyroid

disease , thyroid medication , diagnostic and therapeutic thyroid x-

irradiation , and 
131

k ingestion) but also pogitive replies concerning

diseases of the adrenals , liver , or kidneys; hypertension ; rheumatic

heart disease; diabetes; tuberculosis; leukemia; anemia; cancer of any

type; non-malignant tumors~ convulsive disorders , epilepsy ; hearing

or visual defects; and infectious and/or childhood diseases such as
)

chicken pox , mumps , poliomyelitis , etc. (Tables MI-I-I through MH-15) . There

was a low rate of positive responses for all but childhood diseases. No

discernible differences between case and control mothers appeared, except for

nephritis (7.8%, 10/128 case mothers vs. 3.9% , 5/128 control mothers)

and for anemia and other blood disorders (20.3%, 26/128 vs. I3.3~- , 17/128).

While these few differences could have occurred by chance, especially

considering a large number of conditions , they are, nevertheless ,

worthy of further investigation in other series.

SPECIFIC AIM 4

To examine the chromosomes of the fathers with a history of

exposure to radar and unexposed fathers  of children matched to them, and

to compare findings .Q

Chromosome Stud ies. Chromosome studies were ca r r i ed  out on

radar exposed fathers and the unexposed fathers matched to them.

“Matching”, as for the study of parental factors in the Original and

Current Series , refers to matching the index child by hospital of

birth , sex, race , maternal age , and date o 1 birth. Note, however .

that the matched pa rs for comparison here were not necessarily fathers

of Down ’s versus fathers of controls , but rather radar-microwave exposed

fathers versus unexposed fathers of matched children , irrespective of whether

0As noted above, effects observed in paternal peripheral blood are being
used as an indirect indicator of likelihood of microwave associated
effects on chromosomes of the germ cells as well as somatic cells.
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the child was case, control , or “new match”. The different sources of

matched pairs are listed in Figure 1 and Table CS-i, with the numbers

of subjects in each combination given in the latter. Fifty-five matched

pairs composed of definitely radar exposed and unexposed fathers, 7 pairs

of fathers who had worked near radar and their unexposed controls ,

and 38 unmatched exposed , near exposed , and unexposed , fathers comprise

a total of 162 fathers for chromosome study (Table CS-l).

The chromosome findings were classified into 4 groups - A , B,

C , and D:

A group includes long #2 chromosomes, long short arm on C chromo-

some, secondary constriction #1 or uncoiled #1, secondary

constriction #9, fragile #16, prominent satellite on D, etc.,

i.e., cytological abnormalities likely of heritable type.

B group includes quadriradials, endoreduplication , fragmented

chromosome(s), dicentric(s), double chromatid breaks , iso

chromatid breaks , strands betweep chromosomes , and other

abnormalities which may be due to mutagens or unknown cause.

C group includes gaps, single chromatid breaks , and various

abnormalities which may be due to technical error and/or

have occurred in the previous 72 hours.

D group indicates “normality”, i.e., no detected abnormalities,

deviations , or aberrancies of karyotype such as those of A ,

B, or C type.

Illustrations of some of the types of chromosome aberrancy

observed in the fathers studied are shown in the composite photomicrographs

of Figure 2 and in Figure 3, endoreduplication.

Table CS-2 suimnarizes the chromosome findings not only on exposed

fathers and fathers “near” exposure as compared to the unexposed fathers

matched to them , but also on unmatched exposed and
75
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unexposed fathers studied. The distributions of mutually exclusive

individual and combination categories are given in Table CS-2A: “B”

meaning only “B” type deviations ; AB , BC , ABC indicating B with A ,

with C , and with both , respectively, etc . Table CS-2B presents var-

b u s  sunluary overlapping (not mutuall y exclusive) categories. For

examp le , “any B” includes B only, AB , BC , and ABC, thus B occurring

alone or in coml inat ion with any other deviation. Although there are no

strikin1 differences between exposed and unexposed fathers , there are

some findings of interest and some consistent , though not all statistically

significant , trends. In the 55 pairs of exposed and unexposed fathers,

fewer of the exposed fa thers  were found to be without any detectable

chromosome deviations : 22/55 (4O.O~.) exposed vs. 25/54 (46.3~~) unexposed

fathers , p .64. Inc luding unmatched fathers , the frequencies were

39.l~ (27/69 )  of the exposed vs. 48.4~ (31/64) unexposed ; differences

still appear but are still not significant (p .63). For those “near”

exposure , 42. 9~ . (3 /7)  were classified in the D group (normal) versus

7 1.4Y , (5/7 )  of their unexposed matches so classified (p = .60). Thus,

40.9:. (36/88’t of fathers with definite or possible exposure vs. 5O.7~..

(36/71) of unexposed fathers had negative chromo8otnal find ings (p .28).

The most noteworthy difference was observed in type “C” abnor-

malities. For aberrancies in the “C only” category (although not

statistically significant), there was almost a two-fold difference

between the exposed fathers and their unexposed matches: 2O’~.. (11/55) as

compared to 11. 17 (6/54 ) (p .31). With “near exposure” matched

pairs included , the frequencies of the exposed were greater than twice

the unexposed: 22,6% (14/62) versus 9.8%, (6/61), (p = .09).

Limiting comparisons to definitely exposed matched and unmatched fa thers
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only (excluding “near radar” groups), the difference was only sli ghtly

reduced (l8.i~ . vs. l2.5~-, p = .55), and with all exposed matched and

unmatched groups , inc luding all degrees of exposare , the  d i f f e r e n c e

(20.57. vs. 11.3;:.) is similar to that for the matched pairs of exposed

versus unexposed fathers (p = .20).

When a l l  C type aberrancies are considered , irrespective of

whether A or B types occur also , significantl y more of exposed matched

pa i r  f a t h e r s  ( i n c l u d i n g  both d e f i n i t e l y  “exposed” and “near exposure”

in the exposed class) than their unexposed matches showed chromosomal

defects: 40.37. (25/62’t of the exposed fathers versus 2l .~~- (13/61) of

the unexposed fathers matched to them , p = .04 , or compared to a l l

unexposed fathers , 21.1% (15/71) of whom had C aberrancies,  p = .03.

The differences , though still marked in absolute values , did not reach

statistical significanc e when “near exposure” categories were omitted .

Considering only matched pairs , 38.21- (21/55) of exposed fathers versus

only 24.l-;~. (13/54) of unexposed fa thers showed the “defec t ” (p = .16);

including unmatched fathers , still over 1/3 of the exposed (34.87 , 24/69)

vs. less than 1/4 of the unexposed fathers (23.47- , 15/64). p = .21 , or

compared to all unexposed , 21.17. (15/71), p .11 , had the aberrancy

detected .

Moreover , when considering A and/or  C combinat ions , pooled exposed

and”near exposure”fathers from matched pairs had a s i g n i f i c a n tly  h igher

rate of defects than pooled unexposed (43.5.- vs. 22 .~-i~~, p =

Including unmatched fathers as well as all types of exposure, 39.81 exposed

vs. 22 .57 unexposed fathers showed these defects ~p 
= <.03) . Clearl y ,

significant differences noted here der i ved largely from differences in
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the frequency of C type aberrancies in exposed as compared to unexposed

fathers , even though the differences in the “C only” category did not

reach the .05 level of significance. These observations thus raise

the question whether chromosome fragility or other effects of radar

exposure are involved, or whether the observed C type deviations are ,

in fact , due entirely to technical error or artifacts.

As for B abnormalit ies , clearly the matched pa rs did not show

any di fferences in “B only” or “any B”. On the other hand , when var i ous

combinations of any two abnormalities (AB, AC , or BC) were exam i ned ,

the exposed fathers showed a higher frequency than the corresponding

unexposed , excep t f or BC in exposed unmatched fathers. Furthermore ,

the combination of al l  3 types of aberrancies (ABC) appeared to be

more frequent in exposed than unexposed fathers , although the numbers

were extremely small.

When pooling all types of deviations (A and/or B and/or C), exposed

fathers did appear to show higher frequencies not only in the matched

pairs (60.0% of exposed fathers versus 53.7%) , but also when unmatched

fathers are examined separately (64.3% vs. 40.0%) or pooled with the

matched (42/69 , 60.9% , vs. 33/64 , 51.6%). Moreover , even when the near

exposure matched groups are considered separately (57.1% vs. 28.67), or

when all exposure groups - matched and unmatched , def inite and near -

are pooled (52/88 59.1%) and compared to all unexposed subcategories

(35/71 = 49.37.), more exposed fathers than unexposed fathers showed one

or more deviations.

Tabulations of detailed findings on chromosome studies are given

in Tables CS-3 - CS-8. Among the 162 fa thers  whose chromosomes were

78

_ _  - --~~~~~~~- - - --— - - - --~~~~~~



s t u d i e d , 3 had cultures that failed to grow. All these failures occurred

among unexposed fathers: one uncxposed matched to an exposed father; two

others ,  unmatched unexposed fathers.

Chromosoma l variants classified in the A C at c g ’r v  arc g i ven  in

Tab le CS— 3: Long ~2 ‘s , Fragile 7
~16 , Long Shor t Arm C , Secondary Con-

striction of #1 or Uncoiled ~l , Secondary Constriction ~q , and Promi nen t

0 S a t e l l i t e .  Considered by individual type of chromosome vari ation ,

the ntunbers of deviants are very small .

Long #2 chromo somes: Two fa thers had long ~2 chromosomes. It

is  of in terest that bo th fathers w i t h  th i s  variant  were exposed f a the r s

from the matched pairs.

Fra gi le wib: Two f a the r s  showed f r a g i l e  ~ l6 chromosomes , one

exposed unmatched fa ther  and one unexposed fa the r  matched to an exposed

father.

Long short arm C: The only father with a long short arm C was

an exposed father from one of the matched pairs. This aberrancy appeared

to occur in a l l  ce l l s  insofar  as could be determined.

Secondary Cons t r i c t ion  #1/Uncoiled #1: Two f a t h e r s,  both exposed

k c ~iber s from matched pairs , had a secondary c o n s t r i c t i o n  on chromosome

~ l or an uncoiled i~l. This appeared to occur in all cultured cells

in one of these fathers but was observed in only one of the tw~ success-

ful cultures obtained on the other father.

Secondary cons tr ict ion on #9: Onl y I father (an exposed from a

matched pair) had a secondary constriction on a’). Th i s was found in

more than one cell but not discernible in a l l  c e l l s  examined .

Prominent 0 satellite: Two fathers had prom inent 0 satellites

and these were detectable in all successful cultures. While one father
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was an exposed member of one of the  matched pa i r s , the  other was an uncxp osed

member of a matched pair .

The distributions of Type B abnormalit ies are given in Tables

CS-4 and CS-5. Except for  fragmented chromosomes and endoredup li c a t i o n ,

the numbers in individual  ca tegor ies  are small.

Strands between chromosomes: One exposed fa ther  from a matched

pa i r  had strands between chromosomes. T h i s  abnormal i ty , c l a s s i f i e d  as

a B type , was presumed to be pre sent in a l l  succes s fu l  c u l t u r e s , a l t hough

not always visible .

Quadriradials: Two fathers had quadriradials :  One father , an

exposed member of one of the matched pairs , had the  quadr i rad ia l  in

onl y one ce l l  of any c u l t u r e ;  the other fa ther , an unexposed f a the r

from a matched pa i r , had the quadr i rad ial  in successfu l cu l tu re s  in

one ce l l  onl y ,  a lso.

Dicen t r ics :  Five fa thers  had d icentr ics .  Two exposed fa the rs

from matched pa i r s  and one exposed unmatched fa ther  had the d i cen t r i c s

in onl y 1 ce l l  of any 1 c u l t u r e .  Two fa thers  (unexposed members of

matched pa i r s)  had d icent r ics  in one cell only in al l  s u c c e s s f u l

cul tures  done .

Fragmented chrou~~somes: Twenty-seven fathers  had fragmented

chromosomes. Three exposed fa the rs  (2 f rom matched pairs  and I unmatched )

had the fragmented chromosomes in more than 1 cell , but not all cells,

in a l l  successfu l c u l t u r e s .  Twenty-two fa thers  (3  exposed f a t h e r s  from

matched p a i r s ,  5 unmatched exposed fa the rs , and 2 unmatched near exposed

as w e l l  as 11 unexposed matched f a the r s  and 1 unexposed unmatched ,

respect ively) had them in onl y one ce l l  of the i r  c u l t u r e s , but in a l l

successful  cul tures  done. Two fa thers  (one an exposed unmatched fa ther

and one an unexposed father from a matched pair ) had fragmented chromo-

somes found in onl y 1 cel l  of any c u l t u r e.
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Double chromat i~ itcaks : The d i s t r i b u t i o n  of 17 f a t h e r s  with double

chromatid breaks is  a lso  shown in Table CS—4. Three f a t h e r s  had double

chro mat id  breaks  in more than I c e l l :  2 exposed f a t her s  and I ‘n ~..~xposed 2

fa t h e r  from iiiatched pa i r~~. Th i r teen f a the r s  had t h i s  abnorma l i ty in  1

ce l l  o n ly  per c u l t u r e  but  in a l l  s u cc e s s f u l  c u l t u r e s :  5 exposed f a t h e r s

and I near expos ed fa the r  from matched pairs , and 3 near exposed

unmatched , as well as 4 unexposed matched pair f a the r s .  One exposed

matched pair fa ther  had t h i s  de fec t i n  only I ce l l  of 1 c u l t u re .

lsochroma ti d breaks: One matched pair father who had been near

exposure showed an i soch ’omat  id  break in  one ce l l  ol~ h i s  successfu l

culture (s).

Endoredup i ic at  ion: Ta l ’lc  C S— 5 g i ves the distribution of 22 f a t h e rs

whose chromosomes showed cndoi-edup l I cat ion. Two matched pa i r  f a the r s  (one

exposed and one unexpo ~ e l )  showed endoredup i i  cat ion in  more than one c e l l

although not in  a l l  c e l l s , i n  a l l  success u1 c u l t u re s .  N i n e t e e n  f a ther s

showed endor edup l icat ion i n  I c e l l  onl y ,  bu t  in a l l  s t iccc ss fu  I c u l t u r e s :

6 exposed and 10 unexposcd fathers from matched p a i r s , a~ w e l l  as 1 unmatched

exposed , I unmatched near exposed , and I unmatched unexposed t at h i ’r  • One

exposed matched pa i r father from a matched pai r had endoredup I I cat  i on I n

only 1 cell but not in al l  c u L t u re s .

Chromosome f i n d i n g s  showing C type dev i an t s , gaps and s i ng le

chromat id  breaks , are t abu la t ed  in  Table CS.~~~

~~~~s: Table CS— 6 g ives  the d i s t r i b u t i o n  of !i f a t h e r s  with chro—

mosomal gaps. There were 6 fathers wi th more than 1 c c l i  show i ng gap~;

i n  a l l  successful cultures: 2 exposed matched and I near exposed matched

as wet I as 3 unexposecl matched f a t h e r s .  M~ong the 27 f a t h e r s  wi th gaps

i n  a l l  surcess fu I cu l tures hut  in I cell o n ly  , 14 were exposed fathers
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t rout matched p a i r s  and I n a t  exposure  from matched pa i rs  , I an unmatched

exp ose l t a t  her  .rrid 2 unmatched lather s near exp osu i e as w e l l  as 6 unexposed

fat l i t  t r out  t he  i t a t  c I t ed  p a i r s  and 1 unexposed unmatched I tither. ‘l’wo

other tat l i c u  s showed gaps i n  at l ea s t  one c e I 1: one ~~~~ ~et m a t  cited

I at  t i e r  and one t ine  ~i’~~s l  matched t athei-

st  ng I ~‘hromuat I I  b reaks:  Tab Ic  CS—6 .11 s m  g ives th e di t r i bitt ion

01 _‘ I at lie is w i h s I ng Ic  ehromat I i  breaks . l’hree t at hers , .‘ exposed

and I tint’xpose l from the  mat cited pair s , had single eltromat Id b r eaks

in more t I t a n  1 ccl I . ~) t  t he  l~ who had them in  a l l  successfu l en 1 t tmr ~~

b~r t  i i i  I cc I I only , there  were 7 expo ed , 1 near exposed , and

unt’xpose’d t atliers from matched pal rs , as w e l l  as I exposed , I near

expo~;ci , ant I irnexposed fathers who were it n imur t  cited . In at~l I t I ‘n ,

imue xp m se&l t at t r o t - I r our a matched pa it  I i .r l 1 - cl 1 only wi t lt  a sing I~

elm r iuhi t Id h t a I ~

In add i t  ion to these Iot a  I l~’t  I i  ~t i - i  b i t t  on.; c t t V~~ O~~ o t  dev i ants

t ahu  Lit el on the  bus i s  o t tad I v i  dna I t a t  li - i s , ~I i s I t - i  bu t  ions  wet ’ a I so

exam i ned on the has i s  o I number o I dcv i ant ~ ci Is I ot 1 at l i , i s wi th

I i f t  e rent  typos ‘f e x p o s u r e  and match i n~~~~~; t a t i m

Tabit ’ CS—7 g i v e s  titi ’ ~l i  s tr  ibut ton o t  number ot  abnormal - e l  I s

per  I at  li i- by exjx’s m re and matchin g st a t  us o t I attic r . 1 t i s 01 1 at cr est

that , c t 6 f a t h e r s  w i t h  ahnorma l i t  l o s  in  a t  I c e l l s , ‘ wet ’ exposed , .i n i  1

.111 ii ut’xpose(I I at t m e t  t rout a matched pa i r

Tab l e CS—li g ives  the  d i  st  r i hut ion o t chromosome t I nd i ngs tA . ii • C and I)

t ypes , and comb i nut i ‘us there ’ 1) by spec imen sequence , paternal exposure —

mat -hi ng status , .in i cat ego i-v m l dev i ant , Tab I e CS —SIt presents  f (ad i ngs

on fathers in itratched p a its i n v o l v i n g  119 s t i e c t s s l ’ m l  c u l t u r e s :  ) /  f i r s t

spec imons , I ~t second spec linens , ‘ thIrd spec i umens , I I mti rth spec lum ens

arid I I I I th sl. ’t’ im en . Table  CS —811 p r es en t s  Ii ad i ags on IS St i t (’ t ’SS I i i  I c u t  —

I ttrt’~ t rour u nmatched tat lierti : ) () t I ~ 6 seç.ond • and 1 th  I rd ~poc linens,
SI
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In overview , with regard to the chromo some s tudies  of exposed and

unexposed fa thers , there appear to be more de t ec t ab l e  dev ia t i ons  from

“normal ity” in the chromo somes of f a t h e r s  w i t h  a h i s t o r y  of radar and/or

microwave exposure than in f a t h e r s  w i t h  no known exposure , and t h i s

d i f f e r e n c e between exposed and unexposed fa thers  der ives  primari ly from

“C type” de fec t s .  Wi th  the  large number of comparisons examined and

the small samp le s ize , the  observed d i f f e r e n c e s  might  very possibly be

spurious.  On the  other hand , desp i t e  the  small  numbers in subcategories

and d i f f i c u l t y  in in terpre ta t ion of types  of d e v i a t i o n s  in terms of

a b n o r m a l i ty , these f i nd ings  are of in teres t  and deserve fu r the r  stud y.

As the blood samp les were coded to avoid any i d e n t i f i c a t i o n  in the

laboratory of exposure status , these d i f fe rences  cannot be a t t r ibu ted

to conscious or unconscious observer bias.

The above (pages 37-83) presents the findings derived from

extending the scope of the investigation of “Parental Radiation and

Down ’s Syndrome (Mongolism)” , and examination of the  data pertinent

to the 4 SPECIFIC AIMS c i ted . These are summarized and their imp lica-

tions considered in the Discussion section below.

ITEMIZED TASKS UNDER SCOPE OF WORK

With regard to the specific items included in the project plan as

indicated in the Contractor ’s Proposal~~~ each has been 
carried out and

comp leted . Delineated by item proposed , they arc as fo l lows :

“ORIGINAL S~ RIE~

11. To locate the fa thers  of cases and controls  in the o r i g inal
January 1, 1946 to October 1, 1962 series and bring thei r  records
up to date , obtaining more detailed information on military
service and radar exposure as wel l  as their experience sinc e
our last contact.”

See Appendix A for copy of Contractor ’s Proposals. Items here dis-
cussed are found on pp. 11-12 , of b. Contractor ’s Proposal for
Extension of Current Study , Winter 1969-70 extension .
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An attempt was made to contact the fami l ies  of a l l  216 matched

pairs of eases and controls (432 families) to obtain follow—up interview

on military service, radar exposure , etc . This effort was completed

after extensive tracing , and as indicated in Table MS-l, information

was obtained on all except 5 of the 216 fathers of cases and all except

2 of the 216 fathers of matched controls of the Original Series.

“ I I.  To obtain from the radar exposed fathers  of cases and
controls and the unexposed fathers matched to the radar exposed
subjects blood samp les for chromosome studies and to carry out com-
plete chromosome analysis on these fathers in the Original
Series~”

After radar exposure status was determined by interview and/or

record search , “ exposed” fa thers  were contacted , blood specimens obtained ,

and chromosome anal ys is  carried out .  As indicated in Table CS-i ,  32

exposed Original Series fathers (29 who becam e members of matched pa i rs

and 3 who remained unmatched wi th  an unexposed fa ther ) and 12 Or ig inal

Series fa thers  reported to have been “near radar exposure” were in the

f ina l  chromosome study group , in  addi t ion  to 21 unexposed matches

iden t i f i ed  from the Original Series and 35 new matches obtained for

that series , providing 56 more fathers in those var iou s ca tegor ies :

a total of 100 fathers from the Original Series per se or involving new

matches to that series.

“CURRENT SERIES

I I I .  To i den t i f y end trace parents of children with Down ’s
syndrome born in  the  Bal t imore  area from October 1 , 1962 to
January 1 , 1969 as we l l  as from January 1 , l94 ’~ to l)ec einber
31 , 1945 and :

A. Verif y diagnoses.”

As discussed abovc(in the section on Method) , the procedure

for identification and tracing ot~ parents was similar to that followed

in the Original  Ser i e s  (2-5)
, the i n i t i a t i on poin t  be ing  the  iden t i f ica -

t i o n  o
t the index ch i ld  (see above p . 2 2  and f f )  fo l lowed  by verification

of d iagnosis .  The procedure for  index  case documenta t ion , inc l uding

search of hosp i t a l  records , b i r t h  c e r t i f i c a t e s , e t c . ,  Is d i s c u ss e d  above
84
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(pp. 25-28) and in Appendix C-i. For the Current Series , 150 Down ’ s cases

were thus finally Identified , of whom 128 meeting all the criteria

became members of matched pairs , 22 others were unnmatchtd but included

in the pooled series: 13 carried as additional cases although unmatched

and 9 not meeting all the requisites for inclusion also carried in the

pooled series only and unmatched. Table B-3 gives distribution of the

study group of index children.

“B. Search birth certificates on these affected children.”

Birth certificates were searched on all of the 150 Down’s cases

(including unmatched) that comprised the study group of the Current

Series plus others who were rejected because they did not meet criteria ,

they could not be traced, their parents were unavailable for participa-

tion in the study, or there were other reasons f or exclusion.

“C. Select controls matched I. cases on hospital of birth ,
date of birth , maternal age , race and sex of infant .”

Control children were matched by the procedure designated , and

their hospital (delivery , birth and other) records and birth certificates

searched (See pp. 26—27 and references #2-5). For the Current Series

150 controls were included for final analysis and of these,128 were

matched to 128 Down’s cases, i.e., 128 controls in the “matched pairs”

group.

“IV. To carry out interviews of parents of Down’s cases of
Current Series .“

Instead of the originally estimated 95 cases and 95 controls ,

the Current Series was extended to include families of 150 Down ’s

cases of which 128 were in matched pairs of cases and controls.

Tracing, interviewing of mothers and fathers,and data collection
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were comp leted on this number. It should be noted that , to complete

this sample, tracing of a much larger number 
~~s required . After

eliminating those rejected because of failure of cases to meet the pre—

established criteria and/or parental unavailability, interview data

were obtained on the mothers and fathers of 150 cases~ Of those, 128

had matched controls on whom parental interviews were also obtained ,

thus completing the 128 matched pairs.

“V. To trace the matched controls of the Current Series and
interview their parents.”

Of over 150 controls whose parents were traced and interviewed ,

128 were matched to documented Down ’s cases meeting the study criteria.

These 128 constituted the controls referred to when the “matched pairs”

are considered . lnterview data for both mothers and fathers of those

matched controls were obtained .

“VI. To validate selected portions of the data obtained by
interview against medical records in Current Series.”

Validation of data on the index cases and their matched controls

through birth certificate , hospital and other medical records available

was carried out ; and , in addition,validation of interview data on

parental radiation and other interview questions . as feasib1e~was

also undertaken. These attempts at verification of collected informa-

tion were made in addition to the extensive validation of military

service and military occupational history performed on both the

Current and Original Series by search of government records

arranged through NAS. (See also VIII below.)
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“VII. To obtain blood samples and carry out chromosome analysis
on all fathers reporting radar exposure and on the corresponding
fathers of children matched to those whose parents were exposed
in the Current Series.”

Blood collection and chromosome cultures were completed on 162

fathers , including 62 matched pairs of exposed and unexposed fathers , and

38 unmatched fathers , derived from the Original Series and new matches,

as well as the Current Series. Because ot~ culture failures on 3 fathers,

chromosome analysis was completed on 159 of the 162 fathers.

(See Tables CS-i through 8). Of the matched paIrs , 16 pairs were exposed

fathers of Down’s cases and their matched control fathers who were unexposed

(8 Original  Series pairs  and 8 Current  Series pa i r s ) ;  3 pairs  were

f a the r s  of Down ’ s cases c l a s s i f i e d  as “near exposed” and unexposed

fathers from their matched controls (2 Orig inal Series pairs and 1

Current Series pair’). Matched pairs of exposed control fathers and

the unexposed fathers of cases to whom they had been matched comprised

13 pairs involving definite exposure (4 from the Original and 9 from

the Current Series), and 1 pair from the Current Series involving

near exposure. In addition , there were 23 exposed fathers: 9 Down’s

(6 from Origina l and 3 from the Current Series’) and 14 Controls (11

from the Original and 3 from the Current ’) in pairs with new matches , as

well as 3 near exposed fathers (I Down ’s and 2 Contro ls) from the Orig ina l

Series paired with new matches. Three pairs consisted of exposed and

unexposed new matches. Among unmatched fa thers  there were I Original

and 2 Current Series ex”~msed I)own ’ s, 4 Current Series exposed control

fathers, 2 near exposed Original Serie8 Down ’s fathers, S near exposed

fathers of Original S e r i e s  control s , 1 unexposed Current Series Down’~

and 7 unexposed Original Series contro l fathers. Blood was collected on

all of these fathers , after interviews concerning microwave exposure
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status were completed . As noted above , this group of 100 Original Series

and 62 Current Series fathers on whom blood was collected involves fathers

not onl y of cases and of controls  but a lso  23 new matches .  The new

matches comprise those matched to exposed fa the rs  (to 6 Original

Series and 3 Current Series exposed Down’s and to 11 Original Series

and 3 Current Series exposed Control fathers), 3 pairs of new match

exposed fathers and new match unexposed fathers selected initiall y for

the Original Series, and 2 new matches to Original Series Near Exposed

Control fathers and on one for an Original Series near exposed case

father. Among unmatched fathers there were 5 Exposed New Matches (3

Original , 2 Current), 5 Near Exposed New Matches (4 Original and 1

Current) and 4 Unexposed New Matches (2 Original and 2 Current Series)

on whom bloods were collected for chromosome studies.

In summary , chromosome analyses were completed on 159 of the 162

fathers distributed as indicated above in Table CS-l. Where blood

cultures failed to grow, an attempt was made to obtain additional

specimens , until a satisfactory culture was available or further

attempts were no longer feasible , and/or father was no longer available

While initially, additional specimens were to be sought when an

abnormality was detected , that plan became too expensive and was dis-

continued , since in terms of cost-benefit analysis , it was more practicable

Table CS-8 gives the distribution of chromosome results by specimen
and paternal matching and exposure status.
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to concentrate available effort , time and funds on obtaining at least

one satisfactory culture per father selected for study. Thus in the

final chromosome study group, at least one successful culture had been

obtained on 159 fathers. (See Tpbles C5-2 through CS-8.)

“BOTH SERIES

VI II .  To val idate  paternal mi l i ta ry/ radar  h i s tory  b y independent
search of government mi l i t a ry  f i l e s  on all  fa thers  i r respect ive
of service/radar report, (as well as carry out chromosome studies
indicated above under II and VII respectively).”

As discussed in the section on Method of Study, an arrangement was

made with the National Academy of Sciences Follow Up Agency to search

military, records on fathers of all Down ’s cases and fathers of their

matched controls (as well as new matches). The records were searched

(by the NAS staff) in the National Personnel Records Center - Military

Records , in St. Louis, Missouri , a repository maintained by the Nationa~,

Archives and Record Service of the General Services Administration.

Tabulations based on the findings are included in tables on military

service and radar exposure (See MS and R Tables). Note in particular

Table MS-5 Status of Record of Military Service Received From NAS.
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(iv) DISCUSSION, CONCLUSIONS AND OV E RVIEW

While some of the findings of the original Hopkins study of

parental factors and Down’s syndrome U S ’)were confirmed in the current

study, this was not true of all. On the other hand , some new observa-

tions are quite provocative and require further investigation.

• The maternal age effect in Down ’s syndrome clearly remains

unchallenged ; and the previously reported lack of an effect of advanced

paternal age in Down’s syndrome was confirmed in the Current Series.

The menstrual and reproductive experience of mothers of cases and

controls remains unremarkable , except for the suggestion in the Current

Series (not found in the Original Series) of a possibly smaller

number of pregnancies prior to the birth of the index child in mothers

of Down’s syndrome cases than among controls (p = .055’). Examination

of reported thyroid disease, medication , and/or other indicators of thyroid

~ind other significant conditions in medical history (e.g., diabetes;

tuberculosis; rheumatic heart disease , chicken pox , measles, mumps,

poliomyelitis; hypertension ; diseases of the adrenal glands or

liver ; leukemia, cancer of any type; non-malignant tumors; convulsions

and/or epilepsy ; and visual or hearing defects) also revealed no differences

between mothers of Down’s cases and of controls. 
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(‘lear Iv not confirmed in the Current Sei i es was the  excess ot

multi p le marriages prior to the index birth observed in the Original

Series suggesting , as conjectured at the t ime it was reported initiall y ,

that the find ing in the Original Series was probably fortuitous.

01 particular interest is the absence of a differenc e in

mcd i ca l  rad i at ion his to  rv between case and contro l parents  , shown

not only in t a t h e r s  of the  Current Series (consi stent  with the

observat  ions  on the  fa thers ~ f the Or i i  nal Series ’) t~u t  also in

mothers  of the Current Series  (in contras t  to the  f i n d i n g s  in

mothers  of  the  Or i~ m a  I Sci’ ies ’) . Exact  lv the same P~~
’e t ’i lt  ~t c, c o l

Current Series case and con t ro l  m o t h e r s  ~ 1 ~
)‘ . ‘)  reported on i uterv

that they had had “no radiation” prior to  concept i on of the  index

child. Nor were there any significant differences between cast’ &ad contro l

mothers in the various types of r a d i a t i o n . — the o n ly  s u g g e s t i v e  d c v i a t ~~on

occurring in therapeutic radiation (still NSD). Unlike the Ori g ina l Ser ies , in

wh ich there was an excess of both  t he r apeu t i c  and fluoroscopic

radiation in case mothers compared to contro l mothers, t he  Current

S e r i e s  d i d  not show such a p a t t e r n  in f luoroscopv . One may specu la t e

as to whether there has been an i n c r e a s i n g  awareness in the medi cal

communi ty  concerning the health hazards of ionizing radiation to

women p r i o r  to c h i l d — h e a r i n g , r e s u l t i n g  in much more r e s t r i c t e d

r a d i a t i o n  exposure in  the more recent period oi  t h e  Current

Series (l’)62—$) — except as required for therapeutic purposes — than

11



in the years preceding the birth of the Original Series children

(1946-62). If so, i t  is not surprising that the only suggested case-

control difference (still not statistically significant) occurred in

the therapeutic radiation category and in combinations involving

therapeutic radiation. As therapeutic radiation is less a matter of

choice than necessity, reduction in usage is not as readily accomplished .

Also to be taken into account is that the radiation history based on

interview information is subject to problems of biased re- all. Although

hospital checking was carried out , x-rays taken in private physicians ’

offices were not screened. Moreover , not all Baltimore hosp itals were

screened for years prior to the index birth , and no out-of-city hos-

pitals were included.

Also of particular interest is the lack of confirmation in the

Current Series of a higher frequency of paternal radar-microwave

exposure among fathers of Down’s cases suggested in the Original

Series. The replication study, using both interview data and an

independent search of military records , not only found no excess of

radar exposure in fathers of Current Series cases, but , in fact ,

showed a slightly higher frequency in control fathers which ccunter-

balanced the Original Series differences , to yield almost identical

frequencies in cases and controls in the Combined Series. This

similarity in frequencies was also clearly apparent when consideration

was limited to record search data from NAS only. As the military

record search was carried out without the searchers ’ knowledge of which

subjects were parents of Down’s syndrome cases, the problem of possible

biased reporting by respondents was controlled .

92



With regard to m i l i t a r y  service , more fa thers  of cases than of

controls in the Current Series indicated Army service prior to b i r t h

of the index child , a pattern similar to that found in Original Series

fathers. However , there was no excess of Marine Corps service for

Current Series case fathers, as was observed in the Original Series

case fathers. Consequently, in total military service (all branches

combined , i.e., any branch), Original Series case fathers showed a

greater excess over control fathers (60.2/ vs. 56.5/ from interview

• and 58.8/ vs. 49.5/~ from NAS) than observed in the Current Series

(7l. l’~ vs. 69.5/ from interview and 65.6/, vs. 63.3/ from NAS).

Although , for the Combined Series pooled military service, (i.e.,

any branch), there was still a discernible difference remaining , more

marked from NAS record search (61.3/ vs. 54.6/) than from interview

• (64.2/’ for case fathers vs. 61.3’ for control fathers’), none of the

differences were statistically significant .

The implication as to etiology of Down’s syndrome of an excess

of military service among fathers of cases in the absence of any dis-

cernible excess of radar-microwave exposure could pose a dilemma. On

the one hand , the suggested (though NSD) variation in military service ,

is most heavily influenced by the Orig inal Series deviation ; on the

other hand , unlike the radar , there appears to be slightly (although

still not significantly) more military service in case fathers of the

Current Series.
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Examination of the chromosome findings suggests that a larger

proportion of the cultures from radar exposed than from unexposed fathers

had discernibl y deviant chromosomes. The classification of detectable

chromosomal deviations from so called normality is necessarily a very

general one, It might be postulated that (I) damage from extrinsic

agents (such as radiation and chemical mutagens) might be expected

to result in the “B” type aberrancies , (2) that the “C” type might

tend to be attributable , at least in some instances , to technical

errors and/or to have occurred within the previous 72 hours , and (3’)

that the “A” type might involve heritable aberrations , transmitted

through the germ line over generations. Since the categorization of

chroulosomal changes may be somewhat artificial , the distribution of

observations was examined in several ways: by “A” , “B” , “C”, “D”

type deviations , by combinations of A-B-C types , and by individual

aberrations withiii the ‘A” , “B”, “C” classes (e.g., secondary con-

striction #9; fragmented chromosome ,gaps, etc.). Moreover , in view

of the uncertain nature of what constitutes “near exposure ,” the

chromosomal effects were examined not only for fathers classified as

“exposed” as compared to “unexposed ,” (and mainly for the matched

pairs),but also for others of the various combinations of exposure

status , pooled groups , etc e It is of interest that there appeared

to be a consistent association of chromosomal aberrancy with expo -.ure .

even “near exposed” ; and that the aberrancy was attributable prima ril~

to “C” type defects. Differences between radar exposed (includln.g th~- -
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near-exposure as well as definitely exposed) and unexposed fathers attained

statistical significance for “any C” defects and for “A and/or C” defects

at the .02 and .03 level depending on specific comparisons. Whether the

apparent excess of variants in radar exposed fathers was due to artifact,

technical error, or was spurious, or, whether the observed variants did ,

in fact, indicate poorer ability to grow in culture, increased fragility

of chromosomes or nuclear material, or some other direct or indirect

effect of exposure, remains to be determined. Meanwhile, these chromosomal

findings can only be regarded as suggestive, and warranting further, more

refined types of studies. Clearly, they must be interpreted with caution,

in view of the small numbers in subcategories and the difficulty in

interpretation of types of deviations in terms of “abnormality”.

In overview, it appears that neither the chromosome studies nor

findings with regard to reported radar exposure differences yield defini-

tive conclusions. Although the Current Series did not confirm the

suggested excess of paternal radar-microwave exposure in fathers of

Down ’s syndrome cases, the possible relationship of such exposure

to increased risk of Down’s offspring cannot be completely ruled out

on the basis of these observations.

A number of problems were encountered in the study: some, of

methodological nature, and others, in theoretical aspects of the approach.

One of the most challenging methodological problems of the

investigation was the definition of radar “exposure”. Since classi-

fication of fathers as “exposed” or “unexposed” proved to be quite com-

plex, several sets of categories were used. Classification was based

on interview report only, on National Academy of Sciences (NAS) search of

military records with regard to exposure, and on combined information
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from NAS and interv iew. The appropriate method for classification of

chromosomal deviations from normality as well as the implications of

the deviations also provided some difficulty in interpretation.

Unavailability of fathers selected for study posed still another pro-

blem in the chromosome investigation : a number of fathers either were

deceased , lived out of the area, refused to participate, could not be

located , or were not available for other reasons. Finally, some of the

blood samples obtained were unsatisfactory , failed to grow, and/or for

technical reasons, an adequate chromosome analysis could not be made.

Wherever possible, resampling was carried out , until a satisfactory

chromosome analysis was obtained.

The conduct of a study that is sound in theory and rationale

and at the same time logistically realistic and economically feasible

was not prac ticab le, Therefore, it was necessary to use an indirect

approach to the problem. The examination of parental factors in

Down’s, utilizing a series of retrospectively ascertained Down’s

cases, is less than ideal. In view of the well established maternal

age association and the recognized significant role of maternal factors

in Down’s, it would be expected that such factors would account for by far

the major portion of the cases in a retrospectively ascertained series,

masking any paternal factors. Moreover , the most severely affected

radar exposed males (i.e., those with damage to germinal tissue) would be

not only the ones with the highest risk of abnormal offspring , but

also the most likely to have had somatic tissue damage with resultant

poorer survivorship, eliminating them from the group ascertained

through Down’s offspring and alive for interview. Consequently, even

if paternal exposure did actually increase the relative risk
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significantly, this effect would be diff icult to detect in a

retrospective study of Down’s cases and controls. Should a paternal

relationship be discernible in such a study, it would suggest a very

marked attributable risk and be a matter of considerable concern.

That the Original Series did suggest a relationship may have been

fortuitous. On the other hand , the observation requ i res definitive

confirmation or rejection .

With regard to the Chromosome Studies , the observations,

although also inconclusive, do suggest some effects of radar exposure

and clear ly warrant further investigation. Like the exaininatiun of

paternal radar exposure in a series of retrospectively ascertained

Down’s cases , the study o1 chromosomes in the peripheral blood of radar

exposed and unexposed fathers is not a sensitive approach to the study

of radar effects on chromosomal aberrations in offspring , and Is sub-

ject to the same pitfall: the likelihood of selective eliminat i on

from observation of the most severely affected . U radar exposure

produces chromosomal damage, those with the most marked effects In

the germ line would also have the most significant somatic etfect~

and be the least likely to survive to ascertainment in a retrospective

investigation. Even among those who did not have germinal damage but

only somatic effects , those in whom the defective chromosomes persisted

would have the highest mortality. Thus, those who are ascertained

would be more likely to be those in whom the normal cells have selec-

tively survived and the abnormal had been selectively eliminated , possibly

making any original damage undetectable , Another unavoidable problem
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would be the inability to detec t abnormalities in the peripheral blood

of individuals in whom only germinal damage withou t somatic damage

had occurred. On the other hand , if chromosomal •~ffects were observed

in the peripheral blood of fathers after radar exposure, this would

suggest long term and marked chromosomal damage, persisting from one

to over 20 years after exposure. With such demonstrable somatic

effects, the likelihood of accompanying genetic damage wo’~ld warrant

serious attention. Whereas not find ing these effects in a retrospective study

would not indicate that radar exposure has no deleterious effects on chromo-

somes in the germinal tissue or on the somatic tissue,obearving persistent

chromosomal mani festations clearly warrants further investigation.

in view of the suggestive findings o the Original Series with

regard to a possible radar association , it was certainty necessary to

investigate this question further. The initial steps were taken. A

replication study was the simplest , l east expensive, immediate approach.

Supplementing it with the independent search of service records

added an objective index , eliminating any possible differential

In parental responses. The chromosome studies provided an additional

type of information. Even if they did not offer a very sensitive means

of obtaining evidence of microwave-induced chromosome effects , they

did constitute another objective indicator that again was simpler and

less expensive than a prospective study. These methods having been

attempted with inconclusive findings , it is now necessary to look to

the prospective, longitudinal , surveillance studies to resolve the

issue.
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T V  R DISTRIBUTION OF D(II4N’S CASES• TAZ B-2 
~BY NUMBER OF STI(~IATA

Current Series

Stigmata Coded ‘ Yes” Stigmata Coded “Questionable”
Total 

________________ ____________ _______________ _____________________

Number Matched Pooled Matched Pooled
of

St i ~~ ata 
-

No. of No. of No. of No. of
______— Subjects Subjects 

• •• Sublects ° Sublects
O 0 0 2 1.33 106 82.81 124 82.66
1 0 0 2 1.33 21 16.40 74 16.00
2 1 0.78 2 1.33 0 0 1 0.66
1 5 3.90 6 4.00 1 0.78 1 O.ô6
4 3.90 6 4.00
5 16 12.50 19 12.66
6 15 11.71 17 11.33
7 12 9.37 13 8.66
8 14 10.93 17 11.33
9 20 15.62 20 13.33
10 8 6.25 ii 7.33 •

11 10 7.81 10 6.66
12 12 9.37 14 9.33
13 7 5.46 7 4.66
14 3 2 .34  3 2.00
15 0 0 1 0.66

Tota l 128 150 128 150

Pooled includes additiona l and questionable mongols as well as matched pa~ rs.
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TABLE R-1

PATERNAL RADAR - MICR(X~1AVE EXPOSU RE HISTORY IRRESPECTIVE OF DATE OF CO
Current, Original and Combined Series

Matchell Pairs 
________

Exposure Status - Down ’s Controls

CURRENT SERIES 7. Kn. 7. Tot. # 7. Kn. 7. Tot.
No Exposure 39 30.7 30.5 34 26.8 26.6 43
Probably No Exp. 53 41.7 41.4 56 44.1 43.8 66
Probably Some Exp. 13 10.2 10.2 10 7,9 7.8 • 14Exposed 22 17.3 17.2 27 21.3 21.1 25
Known Exp. Status 127 99.9 99.3 127 100.1 99.3 148 1’
Unk. Exp. Status 1 0.8 1 0.8 2

Total m d .  Unknown 128 100.1 128 100.1 150

ORIGINAL SERIES
No Exposure 30 15.4 13.9 25 12.2 11.6 30Probably No Exp. 116 59.5 53.7 146 71.2 67.6 1200 Probably Some Exp. 5 2.6 2.3 1 0.5 0.5 6Exposed 44 22.6 20.4 33 16~1 15.3 45Known Exp. Status 

- 195 100.0 90.3 205 100.0 95.0 201Unk. Exp. Status 21 9.7 11 5.1 21Total m ci. Unk. 216 100.0 216 100.1 222

COMBINED SERIES
No Exposure 69 21.4 20.1 59 17.8 17.2 73
Probably No Exp. 169 52.5 49.1 202 60.8 58.7 186 5
Probably Some Exp. 18 5.6 5.2 11 3.3 3.2 20
Exposed 66 20.5 19.2 60 18.1 17.4 70 2
Known Exp. Status 322 100.0 93,6 332 100.0 96,5 349 IC
Unk. Exp. Status 22 6.4 12 3.5 23

Total Inci. Unk. 344 100.0 344 • 
100.0 372

+ Includes fa thers of additiona l and questionable Down ’s cases and fathers of add itional c

o
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PAVE EXPOSU RE HISTORY IRRESPECTIVE OF DATE OF CONCEPTION (FR(~4 INTERVIEW )
Curren t, Original and Combined Series 

Ma tchec’ Ppira Pooled4 ____________________________

~wn ’s Controls Down ’s Controls

~ 
7. Tot. 7. Ku. /.. Tot. # 7.. Ku. 7. Tot. # 7. Kn~ 7. Tote
30.5 3~ 26.8 26.6 43 29.1 28.7 42 29.4 28.041.4 56 44.1 43.8 66 44.6 44.0 61 42 .7 40.7
10.2 10 7.9 7.8 14 9.5 ~•3 11 7.7 7.3
17.2 27 21.3 21.1 25 16.9 16.7 29 20.3 19.3
99.3 127 100.1 99.3 148 100.1 98.7 143 100,1 95~30.8 1 0.8 2 1.3 7 47
100.1 128 100.1 150 100.0 150 100.0

13.9 25 12.2 11.6 30 14.9 13.5 25 12.0 11.3
53.7 146 71.2 67.6 120 59.7 54.0 148 70.5 67.02.3 1. 0.5 0.5 6 3.0 2.7 1 0.5 0.520.4 33 16.1 15.3 45 22.4 20.3 36 17.1 16.3
90.3 205 100.0 95.0 201 100.0 90.5 210 100.1 95.1
97 11 5.1 21 9.5 11 5.0

100.0 216 100.1 222 100.0 221 100.1

20.1 59 17.8 17.2 73 20.9 19.6 67 19.0 18.1
49.1 202 60.8 58.7 186 53.3 50.0 209 59.2 56.3
5.2 11 3.3 3.2 20 ~.7 5.4 12 3.4 3.2
19.2 60 18.1 17.4 70 20.1 18.8 65 18.4 17.5

• 93.6 332 100.0 96.5 349 100.0 93.8 353 100.0 95.1
6.4 12 3,5 23 6.2 18 4.9

100.0 344 • 100.0 372 100.0 371 100.0

onable Down’s cases and fathers of additional controls, as well as matched pairs.

• 
.
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TABLE R-2

PATERNAL RADAR EX POSU RE BEFORE CONCE PTION OF INDE X CHILD (FROM IN

Current, Original, and Combined Series

Matched Pairs 
__________

Down ’s Cases 
- 

Contro ls  Down1
Exposure Status No. 7. Known % Total Nc -. 7. Known 7. Total No. 7.

CURRENT SERIES
No Exposure Definitely Prior 94 78.3 73.4 91 76.5 71.1 113 8
Probably Some Exposure 16 13.3 12.5 13 10.9 10.2 18 1.
Exposed 10 8.3 7.8 15 12.6 11.7 10
Known Exposure Status 120 99.9 93.8 119 100.0 93.0 141 IC
Unknown Exposure or Time 8 6.2 9 7.0 9

Total Irici. Unk. Exp. or Time 128 100 .0 128 100.0 150

— ORIGINAL SERIES
No Exposure Definitely Prior 136 81.4 63.0 135 86.5 62 .5 140 8
Probably Some Exposure 8 4.8 3.7 3 1.9 1.4 9
Exoosed 23 13.8 10.6 18 11.5 8.3 24
Known Exposure Status 167 100.0 77.3 156 999 72.2 173 10
Unknown Exposure or Time 49 22 .7 60 27.8 49

Total IncI. Unk. Exp. or Time 216 100.0 216 100.0 222

COMB INE D SERIES
No Exposure Definitely Prior 230 80.1 66.9 226 82.2 65.7 253 8
Probably Some Exposure 24 8.3 7.0 16 5.8 4.7 27
Exposed 33 1L5 9.6 33 12.0 9.6 _ 34 1.
Known Exposure Status 287 999 83.4 275 100.0 79.9 314 10
Unknown Exposure or Time 57 16.6 69 20.0 58

Total Inci. Unk. Exp. or Time 344 100.0 344 99.9 372

0 Includes fathers of additional and questionable Down’s cases and fathers of additional controls , a~



RADAR EXPOSURE BEFORE CONCE PTION OF INDE X CHILD (FROM INTERVIEW ) • 
-

Current, Original, and Combined Series

Matched Pairs PooledQ
~~ Cases Controls ~~~~~~ Cases Controls 

• 
-

nown 7. Total No. 7. Known 7. Total No. 7. Known 7. Total No. 7. Known 7. Total

8.3 73.4 91 76.5 71.1 113 80.1 75.3 106 77.9 70.7
3.3 12.5 13 10.9 10.2 18 12 .8 12.0 14 10.3 9.3
8.3 7.8 15 12.6 11.7 10 7 .1 6.7 16 11.8 10.7
9.9 93.8 119 100.0 93 .0 141 100.0 94.0 136 100 .0 90.7

6.2 9 7.0 9 6 .0 14 9.3
100 .0 128 100.0 150 100.0 150 100.0

1.4 63.0 135 86.5 62.5 140 80.9 63.1 137 85.1 62.0
4.8 3.7 3 1.9 1.4 9 5 .2  4.1 3 1.9 1.4
3.8 10.6 18 11.5 8.3 24 13.9 10.8 21 13.0 9.5
0.0 77.3 156 99.9 7 2 . 2  173 100.0 77.9  161 100.0 72 .8

22 .7 60 27.8 49 22 .1 60 27.1
100.0 216 100 .0 222 100. 0 221 99.9

0.1 66.9 226 82 .2  65.7 253 80.6 68.0 243 81.8 65.5
8.3 7.0 16 5.8 4.7 27 8.6 7.3 17 5 7  4.6
1.5 9.6 33 12.0 9.6 34 10.8 9.1 37 12.5 10.0
3.9 83.4 275 100.0 79.9 314 100.0 84. 4 297 100.0 80.1

16.6 69 20.0 58 15.6 74 19.9
100.0 344 99.9 372 100.0 371 100.0

•ble Down ’s cases and fathers of additional controls , as well as matched pairs. 
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PATERNAL RADAR EXPOSURE BEFORE CONCEPTION OF INDEX CHILD (Fl

Current , Original , and Combined Series

Matched Pairs 
_____________

Down ’s Cases Controls Dowr
p.
.xPosure Status No. 7. Known 7. Total No. T’ Known 7. Total No. 7, K

c ;R ~ ENT SERIES
Not Exposed X 104 91.2 81.3 104 88.1 81.3 121 9
Lxposed 10 8.8 7.8 14 11.9 10.9 12
Known Exposure Status 114 100.0 89.1 118 100.0 92.2 133 10
Unknown Exposure Status 14 10.9 10 7.8 17

Total m c i . Unknown Exp. 128 100.0 128 100.0 150

ORIGINAL SERIES

• Not ExposedX 182 89.7 84.3 180 91.8 83.3 185 8
~ Exposed 21 10.3 9.7 16 8.2 7.4 22 1

• Known Exposure Status 203 100.0 94.0 196 100.0 90.7 207 10
Unknown Exposure 13 6.0 20 9.3 15

Total m c i . Unknown Exp. 216 100.0 216 100.0 222

COMBINED SERIES
Not ExposedX 286 90.2 83.1 284 90.4 82.6 306 9
Exposed 31 9 .8 9.0 30 9.6 8.7 34 1
Known Exposure Status 317 100.0 92.2 314 100.0 91.3 340 10
Unknown Exposure 27 7.8 30 8.7 32

Total IncI. Unknown Exp. 344 100.0 344 100.0 372

Includes fathers of additional and questionable Down ’s cases and fathers of additional controls , a~

x None reported as definitely prior 



p.i

~L RADA R EXPO SURE BEFORE CONCEPT 3O N OF I N DI: X ClI1 I , 1 )  ( FROM NAS )

Current, Original , and Combined Series

~atc  t ed I’.~i L r s  Poo 1ed~~~
i c a ~~~~s (:oii t rol s Down ’s Cascs Controls

to t a l  No . Kn own 7. To t a l  No. 7 Known 7. loLal No . 7. Known 7. ‘Iota 1

2 8 1 .3  104 88 . 1 81.3 121 91.0 80.7 118 88 .7 7 8.7
8 7. 8 14 11. 9 10 .9 17 9.0 8.0 iS 11.3 10 .0

89.1 118 100 .0 92 .2 13 3 100 .0 88. 7 133 100 .0 88. 7
10.9 10 7 .8 17 11.3 17 11.3
100.0 1:~ 100.0 150 100.0 150 100.0

7 84.3 180 9 1. 8 8 1 .3 185 89 .4 83,, 3 183 92 .0 82.8
3 9~ 7 lb 8.2 7.4 22 10 .6 9.9 16 8.0 7.7

96. () 196 100.0 90.7 207 100.0 93.2 199 100.0 90.0
6.0 20 9.3 15 6.8 22 10.0

100.0 716 100.0 222 100.0 221 100.0

2 83.1 284 90.4 87.6 306 90.0 82. 1 301 90.7 81.1
8 9.0 30 9.6 8.7 34 10.0 9.1 31 9.3 8.6

92.2 314 100.0 91 .3 340 100.0 91.4 332 100.0 89.5
7.8 30 8.7 32 $ .~~ 39 10.5

100.0 144 100 .0 172 100 .0 371 100.0

b le Du wn ‘ , , t : , ’ s  nid itt Itt’t ~ ; ol’ odd it- i oti.i I . ‘ . i t t  t.~ 1 ~; , to  Wt ’ I I  a~ inatohod poi r o .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE R-4

PATERNAL RADAR EXPOSURE BEFORE CONCEPTION OF INDEX CHILD (FROM INTERI

• Current, Original, and Combined Series

Matched Pairs 
________

Down ’s Cases Controls Dowi
E xposure Status  No. 7. Known 7, Total No . 7. Known 7. Total No. 7. 1

CURRE NE SERIES
No Exp. Defini tely Pr ior~

C 91 71.7 71.1 91 71.7 71.1 105
Probably No Exposure 3 2.4 2.3 0 0 0 5
Probabl y Some Exposure 13 10.2 10.2 9 7.1 7.0 14

- 
Exposed 20 15 .7 15.6 27 2 1.3 21.1 23
Known Exposure Status 127 100.0 99.2 127 100.1 99.2 147
Unknown Exposure Status 1 0.8 1 0.8 3

Tot a l Inc i . Unknown Exp . 128 128 150
I 

-

______________________________ ____________________________ ___________

-‘~ ORIGINAL SERIES
No Exp . Definitely Prior ’~ 

152 78.4 70.4 166 83.8 76.9 156

Pr obabl y No Exposu re 0 0 0 0 0 0 0
Probably Some Exposure 4 2 .1 1.9 1 0.5 0 .5 5
Exposed 38 19.6 17.6 31 15.7 14.4 39

Known Exposure Status 194 100.1 89.9 198 100 .0 91.8 200
Unknown Exposure Status 22 10.2 18 8.3 22

Total Inci. Unknown Exp. 216 216 222

COMBINED SERIES
No Exp. Def ini te ly  Prior x 243 75.7 70.6 257 79.1 74.7  261
Probabl y No Exposure 3 0.9 0.9 0 0 0 5
Probably Some Exposure 17 5.3 4.9 10 3.1 2 .9 19
Exposed 58 18.1 16.9 58 17.8 16.9 62
Known Exposure Status 321 100.0 93.3 325 100.0 94.5 347
Unknown Exposure Sta tus  23 6.7 19 5.5 25

Total m ci. Unk nown Exp . 344 344 372

Includes fathers of additional and questionable Down’s cases and fathers of additional con tro is3~

x None reported as definitely prior.

~~~~~~~~~~~~•--~ 
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~AR EXPOSURE BEFORE CONCEPTION OF INDEX CHILD (FROM INTERVIEW AND/OR NA S)

Current, Original, and Combined Series

Matched Pairs Poo led
it’s Cases Controls Down’s Cases Controls

Known 7, Total No. 7 Known 7, Total No. 7, Known 7. Total No . 7, Known 7. Tota l

71.7 71.1 91 71.7 71.1 105 71.4 70.0 104 72.7 69.3
2 .4 2.3 0 0 0 5 3.4 3.3 0 0 0
10.2 10.2 9 7.1 7.0 14 9.5 9.3 10 7.0 6.7
15.7 15.6 27 21.3 — 

21.1 23 15.6 15.3 29 20 .3 19.3
D0.O 99. 2 127 100.1 99.2 147 99.9 98.0 143 100 .0 95.3

0.8 1 0.8 3 2.0 7 4 .7
128 150 150

8.4 70.4 166 83.8 76.9 156 78.0 70 .3 168 82.8 76.0
0 0 0 0 0 0 0 0 0 0 0
2.1 1.9 1 0.5 0.5 5 2.5 2.3 1 0 .5 0.5
9.6 17.6 31 15.7 14.4 39 19.5 17.6 34 16.7 15.4
0.1 89.9 198 100.0 91.8 200 100.0 90.2 203 100.0 91.9

10.2 18 8.3 22 9.9 18 8.1
216 222 22 1

5.7 70.6 257 79.1 74.7 261 75 .2 70 .2 272 78.6 73.3

0.9 0.9 0 0 0 5 1.4 1.3 0 0 0
5.3 4.9 10 3.1 2 .9 19 5.5 5.1 11 3.2 3.0

18.1 16.9 58 17.8 16.9 62 17.9 16.7 63 18.2 17.0
0.0 93.3 325 100.0 94.5 347 100.0 93.3 

- 

346 100 .0 93.3
6.7 19 5.5 25 6.7 25 6.7

344 372 371

t~able Down’s cases and fathers of additional controls)as well as matched pairs.

IL 
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TAB LE R-5 TIME OF PATERNAL RADAR EXPOSURE ~ (FROM INT ERV.

Matched Pairs

Down ’s Cases Controls

~1. 7. 7. 7.
Time of Radar Exposure ~~~~ . Known Tota l ~~~~ . Known Total
Relative to Conception

CURRENT SERIES

None 91 75.8 71.1 90 75,6 70.3
Before 22 18.3 17.2 25 21.0 19.5
Be f ore , During, A f t e r  4 3.3 3. 1 3 2.5 2 .3
After  3 2 .5  2 .3 1 0.8 0.8
Not De f initely Befo r e~~ 0 0 0 0 0 0
Before and After 0 0 0 0 0 0
Total Kn own 120 99.9 93 .7 119 99.9 93.0
Unknown 8 6.3 9 7 .0
Total 128 100.0 128 100.0

ORIGINA L SERIES

None 129 77.2 59.7 133 85.3 61.6
Before 28 16.8 13.0 18 11.5 8.3
Before , During, Af te r  3 1.8 1.4 2 1.3 0.9
Af te r  6 3. 6 2 .8  2 1.3 0.9
Not Definitely Befo r e~~ 1 0. 6 0. 5 0 0 0
Before and Afte r 0 0 0 1 0.6 0.5
Total Known 167 100. 0 77.3 156 100.0 72.2
Unknown 49 22 .7  60 27 .8

— 
Total 216 100.0 216 100.0

COMBINED SERIES

None 220 76.7 64.0 223 81.1 64.8
Before 50 17.4 14.5 43 15.6 12.5
Before , During, After 7 2 .4  2 .0  5 1.8 1.5
After 9 3.1 2 .6  3 1.1 0.9
Not Definitely Before~~ 1 0.3 0.3 0 0 0
Befo re and After  0 0 0 1 0.4 0.3
Total Known 287 99.9 83.4 275 100.0 80.0
Unknown 57 16.6 69 20.1
Total 344 100.0 344 100.1

- 

a~ Considered definite and probably some exposure. 
-_____________________

~“Inc1udes fathers of additional and questionable Down’s cases and fathers of additional cc
ØNot definitely before - During year of conception , exact date unknown, but not definitely 

- -
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I
TIME OF PATERNA L RADAR EXPOSURE ° (FROM INTE RV IEW)

Matched Pai rs Poo lec~~
Down ’s Cases 

- 
Controls Down ’ s Cases Cont rols

7. 7. 7 0/ 7 7. 7 7
j~~. Known Tota l ~~~~ . Known Tota l ~~ Known Total ~~~~ . Known Total

91 75.8 71.1 90 75,6 70.3 110 78.0 73.3 105 77.2 70.0
22 18.3 17.2 25 21 .0 19.5 24 17.0 16.0 27 19.9 18.0
4 3.3 3.1 3 2.5 2.3 4 2.8 2.7 3 2.2 Z.0
3 2 .5  2 .3 1 0.8 0.8 3 2.1 2.0 1 0.7 0.7
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0

120 99.9 93.7 119 99.9 93.0 141 99.9 94.0 136 100.0 90.7
8 6.3 9 7 .0  9 6 .0 14 9.3

-

— 

128 100.0 128 100.0 150 100.0 150 100.0 
-

129 77.2  59.7 133 85.3 61.6 133 76.9 59.9 135 83.9 61.1
28 16.8 13.0 18 11.5 8.3 30 17.3 13.5 21 13.0 9.5

3 1.8 1.4 2 1.3 0.9 3 1.7 1.4 2 1.2 0.9
6 3.6 2.8 2 1.3 0 .9 6 3.5 2 .7  2 1.2 0.9
1 0.6 0.5 0 0 0 1 0.6 0.5 0 0 0
0 0 0 1 0.6 0.5 0 0 0 1 0.6 0.5

167 100.0 77.3 
- 

156 100.0 72.2 173 100.0 78.0 161 99.9 72.9
49 22 .7  60 27 .8  49 22 .1  60 27 .1

216 100.0 216 100.0 222 100 .1 221 lOO M

220 76.7 64.0 223 81.1 64.8 243 77.4 65.3 240 80.8 64.7
50 17.4 14.5 43 15.6 12.5 54 17.2 14.5 48 16.2 12.9
7 2.4 2.0 5 1.8 1.5 7 2.2 1.9 5 1.7 1.3
9 3.1 2 .6  3 1.1 0.9 9 2 .9  2 .4 3 1.0 0 .8
1 0.3 0.3 0 0 0 1 0.3 0.3 0 0 0
0 0 0 1 0.4 0.3 0 0 0 1 0 .3 0 , 3

287 99.9 83.4 
- 

275 100.0 80.0 314 100.0 84.4 297 100.0 80.1
57 16.6 69 20.1 58 15.6 74 19.9
344 100.0 344 100.1 _ 372 100.0 371 100.0

exposure.
.stionable Down’s cases and fathers of additiona l controls , as well as matched pairs .
if conception , exact date unknown, but not definitely before conception . 
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TAB LE R-6

TIME OF PATERNAL RADAR EXPOSURED (FROM NAS)
Current , Original , and Combined Series

MATCHE D PAI1~~ — — - . ______

Down ’ s Cont rols  
__________

7. 7, 7, 7, 7.
TIME OF RADAR EXPOSURE No. Known Total No. Known Total No . Knc

CU RRENT SERIES
None 104 91.2 81.3 104 88.1 81 .3 121 91~
Before Conception 10 8.8 7.8 14 11.9 10.9 12 9~
Before-During-After Concep . 0 0 0 0 0 0 0
After Conception 0 0 0 0 0 0 0
Not Definitely Before~~ 0 0 0 0 0 0 0
Total Known 114 100.0 89.1 118 100.0 92.2 133 100.
Unknown 14 10.9 ~0 7.8 17
Total 128 100.0 128 100.0 150

ORIGINAL SERIES 
—________

None 182 89.7 84.3 180 91.8 83.3 185 89
Befo re Conception 20 9 .9  9.3 16 8.2 7 .4  21 10
Before-Dur ing-Af te r Concep . 1 0 .5  - 0 .5 0 0 0 1 0
A f t e r  Conception 0 0 0 0 0 0 0
Not Defin itely BeforeO 0 0 0 0 0 0 0
Total Known 203 100.0 94.0 196 100.0 90.7 207 100
Unknown 13 6.0 20 9.3 1.5
Total 216 100.0 216 100.0 222

COMBINED SERIES
None 286 90.2 83.1 284 90.5 82 .6 306 90
Befo re Conception 30 9.5 8.7 30 9. 6 8.7 33 9
Before-Dur ing-Af te r Concep . 1 0.3 0.3 0 0 0 1 0
After Conception 0 0 0 0 0 0 0
Not De f i n i t e ly Before  0 0 0 0 0 0 0 0
Tota l Known 317 100.0 92 .2  314 100.0 91.3 340 lOG
Unknown 27 7.8 30 8.7 32
Total 344 100.0 344 100.0 372

Consider ed de f in i t e ly exposed .
Includes f a t hers of additional and quest ionable Down ’s cases and fathers of additional contz
Not d e f i n i t e ly be fo re - During year of conception , exact date u nknown , b u t  not  d e f i n i t e ly b~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  S

- 
j
~1

TIME OF PATERNAL RADAR EXPOSURES (FROM NAS)
Current , Original , and Combined Series

MATCHED PA ~~ - - POOLED
Down ’s Controls Down ’p •.C~ntrols7. 7, 7, 7. 70 7. - 7. 7.
Known Total No. Known Total No. Known Total ~~~~ Known Total

91 .2 81.3 104 88.1 81.3 121 91.0 80.7 118 88.7 78.7
8.8 7 .8  14 11.9 10.9 12 9 .0  8.0 15 11.3 10.0

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
O 0 0 0 0 0 0 0 0 0 0

100.0 89.1 118 100 .0 92 .2 133 100 .0 88.7 133 100.0 88.7
10.9 *0 7.8 17 11.3 17 11.3

100.0 128 100.0 150 100.0 150 100.0

89.7 84.3 180 91.8 83.3 I 185 89.4 83.3 183 92.0  82.8
9 .9  9.3 16 8.2 7 .4  21 10.1 9.5 16 8.0 7 .2
0 .5  0.5 0 0 0 1 0.5 0.5 0 0 0

0 0 0 0 0 0 0 0 0 0 0
O 0 0 0 0 0 0 0 0 0 0

100.0 94 .0 196 100.0 90.7 207 100.0 93.2 199 100.0 90.0
6.0 20 9.3 15 6.8 22 10.0

100.0 216 100.0 222 100.0 221 100.0

90.2 83.1 284 90.5 82.6 306 90.0 82.3 301 90.7 81.1
9.5 8.7 30 9 .6  8.7 33 9 . 7  8.9 31 9.3  8.4
0.3 0.3 0 0 0 1 0.0 0.0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

100.0 92 .2  314 100.0 91.3 340 100.0 91.4 332 100.0 89.5
7.8 30 8.7 32 8.6 39 10.5

100.0 344 100.0 372 100.0 371 100.0

questionable Down ’s cases and fathers of additional controls, as well as matched pairs .
of concept ion , exact date unknown , but not def in i t e l y be fo re con cept ion

__________
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TAB LE R-9 PA1~~~~ L HISTORY OF MILITARY SERVICE ON SHIPB OARD (FROM INTERV

Matched Pairs 
______________________

Time Relative to Down ’s Controls Down’s
Index Conception No. 7. Known 7. Total No. 7. Known 7. Total No. 7. Known 7. To~
CURREN T SERIES -

Prior
Above Deck 14 11.2 10.9 21 17.2 16.4 16 11.0 10.7
Below Deck 10 8.0 7.8 7 5.7 5.5 11 7.5 7.3

Other Times Only
Above Deck 0 0 0 0 0 0 0 0 0
Below Deck 1 0.8 0.8 0 0 0 1 0.7 0.7

No Service on Ship0 100 80.0 78.1 94 77.0 73.4 118 80.0 78.7
Total Known 125 97 .7 122 95.3 146 97.3
Unknown Time

Above Deck 0 0 1 0.8 0 0
Below Deck 0 0 0 0 0 0

Unknown 3 2.3 5 3.9 4 2.7
Total 128 128 150

ORIGINAL SERIES
Prior

Above Deck 14 9.1 6.5 18 10.9 8.3
Below Deck 5 3.2 2.3 5 3.0 2.3

Other Times Only
Above Deck 0 0 0 0 0 0
Below Deck 0 0 0 1 0.6 0.5

No Service on Ship O 135 87.7 62.5 141 85.5 65.3
Total Known 154 71.3 165 76.4
Unknown Time

Above Deck 0 0 0 0
Bejow Deck 0 0 0 0

Unknown 62 28.7 51 23.6
Total 216 216

COMB INE D SER1~SPr i or
Above Deck 28 10.0 8.1 39 13.6 11.3
Below Deck 15 5,4 4.4 12 4.2 3.5

Other Times Only
Above Deck 0 0 1 0.3 0.3
Below Deck ‘ 0.4 0.3 0 0 0

No Service on Ship O 235 84.2 68.3 235 81.9 68.3
Total Known 279 81.1 287 83.4

Unknown Time 3
Above Deck 0 0 0.3
Below Deck 0 0 0 0

Unknown 65 18.9 56 16.3
Total 344 344

~ Includes those with no reported military service

~~ Includes fathers of additional and questionable Down’s cases and fathers of additional control
NOTE : Time of radar exposure referred to as “before” ,”after”,”prior” etc.refers to time relative

child in all tabulation..

___ - - — - . -~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — — - - - — - - -~~~~~.~~~~~~~~~~~~ : 



_ _ _ _ _ _ _ _  
_____________

~~1~ERNAL HISTORY OF MILiTARY Skt’VNLO N SH 1Pb~~ R D ( FROM IN T E RV I EW ) 

M~ tch d Pairs Pooled
bin’s Controls Do~n ’~ Controls
Jnown 7. Total No. 7. Known 7. To~~1 No. ‘7. Known ‘I. Total No . known •7 Total

1.2 10.9 21 17.2 16.4 lb 11 .0 10.7 23 16.5 15.3
1.0 7.8 7 5.7 5.5 11 7 .5  7.3 9 b .5  6.0

0 0 0 0 0 0 0 0 0 0
1.8 0.8 0 0 0 1 0.7 0.7 0 o 0

78.1 94 77 .0  73.4 118 80.0 78.7 107 7 7 . 0  71.3
97.7  122 95.3 146 97 .3  139 92 .7

- 0 1 0.8 0 0 1 0.7o 0 0 0 0 0 0
2.3 5 3•9 4 2.7 10 6.7

- 128 150 150

Li 6.5 18 10.9 8.3
1.2 2.3 s 3.0 2.3

O 0 0 0
0 1 0.6 0.5

62 .5 141 85.5 65.3
- 71.3 165 76 .4

0 0 0
0 0 0

28.7  51 23 .6
216

8.1 39 13.6 11.3
4.4 12 4.2 3.5

o 1 0.3 0.3
0.3 0 0 0

68.3 235 81.9 68.3
81.1 287 83.4

o 4. 0.3
o 0 0

18.9 I 56 16.3

______________L 

~~~~~~~

Litary service
questionable Down’s cases and fathers of additiona l controls , as well as matched pairs.
to as “before”,”after”,”prior” etc.refers to time relative to conception of index

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _  - - - -- ..-~~ - - - - -~~~~~~~~~~~~~~~~~~~~~~~



I
TAB LE R-lO

PATERNAL HISTORY OF WORK WITH RADAi~
Matched Pairs of Current, O~Pooled Fathers o~

SERIE S -
~~ 

______________________________ ________________________________ _____________

Time Relative to Repair Maintain 
_____________

Index Conception Cases Controls Cases Controls Cases 
—

7. 7. 7. 7. 70 7~~I 7.
____________________ 

No. Known Tota No. Known Tota No. Known Tota l1 No. Known Tota: No. Known To
MATCHED PAIRS

CURRENT SERIES
Prior 3~~ 2 .4 2 .3 6~ 4. 9 4.7 3~ 2 .4 2.3 !ø 4.1 3.9 7€~ 5. 6 5
Other Timea 0nly~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
None 0 

- 121 97.6 94.5 17 95. 1 91.4 121 97. 6 94.5 18 95.9 92 .2 117 94.4 91,
Tota l Known 124 96 .9 23 96 .1 124 96.9 123 96.1 124 96 ,
Unknown 4 3.1 5 3.9 4 3.1 5 3.9 4 3,
Total 128 28 128 128 128

ORIGINAL SERIES
Pr ior 5~ 2.5 2.3 1 0.5 0.5 6~~ 3.0 2.8 2 1.0 0.9 4.0 3
Other Tines Only 1® 0.5 0 ,5  0 0 0 0.5 0.5 0 0 0 1~~ 0 .5  0
None 0 192 97.0  88.9 209 99.5 96.8 191 96.5 88.4 208 99.0 96.3 191 95.5  88
Total Known 198 91.7 210 97.2 198 91.7 210 97 . 2 200 92,
Unknown 18 8.3 6 2.8 18 8.3 6 2.8 16 7,
Total 216 216 216 216 216

COMB INE D SERIES
Prior ~~~2 . 5  2.3 7~~ 2 , 1  2.0 2 .8 2 .6 2 .1 2 ,0  15~ 4. 6 4
Other Tiiie~ Only 1~’ O. 3 0 ,3  0 0 0 1”-’ 0.3  0.3 0 0 0 1~’ 0 .3 0
None 0 313 97.2 91.0 326i~97 .9 94.8 312 96 .9 90.7 326 97.9 94.8 308 95.1 89
Total Known 322 93.6 333 96.8 322 93.6 333 96.8 324 94,
Unknown 22 6.4 11 3.2 22 6.4 11 3.2 20 5,
Total 344 344 344 344 344

E’OOLED FATHERS
CURRENT SERIES

Prior i’~’ 2 .1  2 ,0 6~
’ 4.3 4.0 3~

-’ 2 .1 2.0 5~~ 3. 6 3.3 7€~ 4.8 4

Other Times Onl’ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
None 0 142 97 .9  94.7 134 95.7 89.3 142 97.9  94,7 135 96 .4. 90.0 138 95. 2 92
Total Known 145 96.7 140 93.3 145 96 .7 140 93.3 145 96~
Unk nown 5 3.3 10 - 6.7 5 33.3 10 6 .7 5 3~
Total 150 150 150 150 150

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -

~~ Includes those with no reported military service.

~~ Includes those with exact type of work undefined.

~~ Includes fathers of additional and questionable Down ’s cas’es and fathers of addition~ i c~ntro1s , i

L _______________  ~~~~~



WORK WITH RADAR IN MILITARY SERVICE (FROM INTERVIEW)
~irs of Current , Ori ginal , and Comb ined Ser ies
- Pooled Fathers of Current Series

— _ _ _ _ _ _ _ _

____ Operate Ii Test Other Work

Cases Contro1~~~[ Cases Controls Cases ~~~~~~ - 
Controls

- 7. 7. 7. 7. Q 7. 7. 7. 7. 7. 70 7.

ota No. Known Total No. Known Tota1~ No. Known Total No. Known Total No, Known Total No. Known Total

3.9 ~€) 5.6 5.5 i~~~ 8.9 8.6 5€’ 4.0 3.9 6~~ 4 .9 4.7 2 1 .6 1.6 0 0 0

0 0  0 0 0  0 1 0.8 0.8 0 ~ 0 0 0  0 0 0  0
.2 - 117 94.4 91.4 112 91.1 87.5 118 95.2 92.2 117 9 .l 91.4 122 98.4 95.3 123 100.0 96.1
.1 1 124 96 .9 123 96 .1 124 96.9 123 96.1 124 96 .9 12 3 96 .1
.9 4 3.1 5 3.9 4 3 . 1  5 3 . 9  - 4 3 . 1 5 3.9

J 128 ~l2 8 128 128 128 128

.9 
- 

4.0 3.7 7 3.3  3. 2 5~ 2 .5 2 .3 ~l 0 . 5  0. 5 2 . 5  2 .3  1 0 .5  0.5
1 0 .5  0.5 2~~ 1.0 0.9 1 0.5 ~~~~ 

0 0 0 1 0.5 0.5 0 0 0
•3 191 95.5 88.4 1201 ~5.7 93.1 19: 97J~ 88.9 1209 9 9 . 5  96.8 194 97.0 89.8 :09 qg~~s 96.8
.2 200 92.6 210 97.2 198 91 .7 210 97.2 20 0 92 .6 210 97.2
.8 16 7 .4  6 2 . 8  18 8.3 6 2 .8 16 7.4~ 6 2 .8

216 2 16 216 216 216 216

.0 15~~ 4.6 4.4 1~~~ 5 4 5.2 10~~ 3.1 2.9 7@ 2 .1 2.0 7® 2. 2 2.0 ~
- 1 0~ 3 0.3

0 .3 0.3 2’~’ 0. 6 0.6 2~~ 0 .6 0.6 0 o 0 0.3 0.3 0 0 0
8 308 95.1 89.5 313 94.0 91.0 310 p6 .3 90.1 326 97 .9  94. 8 31b 9 7 5  91.9 332 99 . 7 96.5
8 324 94.2 333 96.8 322 93. 6 333 96.8 324 94. 2~ 333 96 .8
2 20 5 .8  i i  3. 2 22 6 .4 ii  3. 2 20 5 .8~ ii 3.2

344 344 344 344 344 ~344

3 7~ 4.8 4.7 U® 8.6 8.0 5~ 3 4 3 3  6~ 4.3 4.0 2 1.4 1.3 0 0 0
0 0  0 0 0  0 1 0.7 0.7 0 Q 0 0  0 0 0  0

0 138 95. 2 92.0 128 91.4 85.3 139 95 .9 92 .7 134 95 .7  89.3 143 98. 6 95,3 140 100. 0 93.3
3 145 96.7 ~l40 93.3 - 145 %,7 140 93.3 145 ~6.7 140 93.3
7 5 3 3  10 6.7 5 3.3 10 6.7 5 3.3 10 0 .7

ISO 150 150 150 150 150

~ionei c~ntro1s, a~ well as matched pairs.

—- - - - - - - - -  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ — —--- 4



I

TAB!~’R .ll

PATE RNAL HISTORY OF WORK WITh MICROWAVE I

SERIES Repa i r  Maincain __________

Time Relative to Cases Controls Cases Controls Cas~jIndex Conception - 

7 ‘I 7 7 7 
— 

7, 7.
____________________ No. Known Tota l  No. Known Total No. Known Tota l No. Known Total No. Known

‘1 NATC MED PAIRS
CURRENT SERIES

Prior 1 0.8 0.8 2 1.6 1.6 1 0.8 0.8 1 0.8 0.8 1.6
Other Times Only o 0 0 0 0 0 0 0 0 0 o 0 0 0
None 0 122 99.2 95.3 121 98.4 94.5 122 99.2 95.3 122 99.2 95.3 121 98.4
Tota l Known 123 96.1 123 96.1 123 96.1 123 96.1 123
Unknown 5 3.9 5 3.9 5 3.9 5 3.9 5
Total 128 128 128 128 128

ORIGINAL SERIES 
2.0 1.9 1 0.5 0.5 4€) 2.0 1.9 1 0.5 0.5 3~ 1.5Prior

Other Times Onl.y 0 0 0 0 0 0 0 0 0 0 0 0 0 0
None 0 194 98.0 89.8 207 99,5 95.8 194 98.0 89.8 207 99.5 95.8 195 98.5
Total Known 198 91.7 208 96.3 198 91.7 208 96.3 198

t~3 Unknown 18 8.3 8 3.7 18 8.3 8 3.7 18

Total 216 216 216 216 216

COMB INE D SERIES 
1.6 1.4 3 0.9 0.9 1.6 1.4 2 0.6 0.6 5® 1.6Prior

Other TimeS Only 0 0 0 0 0 0 o o o 0 0 0 0 0
None 0 316 98.4 91.9 328 99.1 95.4 316 98.4 91.9 329 99 .4 95.6 316 98.4
Total Known 321 93.3 331 96.2 321 93.3 331 96.2 321

23 6.7 13 3.8 23 6.7 13 3.8 23Unknown
344 344 344 344 344To tal 

_________________ ________________ _________________ ________________

POOLED FATHERS
CURRENT SERIES 

0.7 0.7 2 1.4 1.3 1 0.7 0.7 1 0.7 0.7 2~~ 1.4 

-

Prior
Other Times Only e 0 0 0 0 0 0 o 0 o 0 0 0 0

None 
43 99.3 95.3 138 98.6 92.0 143 99.3 95.~ 139 99.3 92.7 142 98.6

144 96.0 140 93.3 144 96 .0 140 93.3 144Total Known
6 4.0 10 6.7 6 4.0 10 6.7 6Unknown 150 150 150 150 150Total -

‘~ Includes those with no reported milita.y service.
Includes those with exact type of work undefined .
Inc ludes fa thers of additiona l dud questi onable Down ’-s cases and fathers of *dditional controls, 

~~~~~~~~~~~~~ —- -- -----.— . - -



“ I

11TH MICROWAVE IN MILITARY SERVICE (FROM INTERV iEW)

Qpera te Ic 
_____________ 

Other Work
Cases Controls Cases 

— 
Con trol s  Ca~;i~s Controls

7. 7.. 7. 7. 7. ‘I. 7. 7. 7. 7. 70 70

~~j No. Knpwn Total No, Known Total No. Known Tota l No. Known Total. No. Known 1~~~ J~ No. Known Total

0.8 1 .o 1.6 0 0 0 i.o 1.6 1 0.8 0.8 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5.3 1 1  98.4 94.5 123 100.0 96.1 121 98.4 94.5 122 99 .2  95.3 123 100.0 96.1 123 100.0 96. 1
6.1 123 90.1 123 96.1 123 96.1 123 90.1 123 90.1 123 90 .1
3.9 5 3.9 5 3.9 5 3.9 5 3.9 5 3.9 5 3.9

128 128 128 128 128 128

0.5 3~ 1.5 1.4 1 0 . 5  0 . 5  
- 3@ 1.5 1.4 Q 0 0 2~~ 1.0 0.9 0 0 0

o 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 o
5.8 195 98.5 90.3 206 99.5 95.4 195 98.5 90.3 208 100.0 96.3 196 99.0 90.7 207 100.0 96.3
6.3 198 91.7 207 95.8 198 91.7 208 96.3 198 91.7 207 90.3
3.7 18 8.3 9 4.2 18 8.3 8 3.7 18 8.3 9 3.7

2 16 2 16 - 216 216 216 216

D.6 S® 1.6 1,4 1 0.3 0.3 S® 1.6 1.4 1 0.3 0.3 2~~ o.o 0.6 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5.6 316 98.4 91.9 329 99 .7 95.6 316 98.4 91.9 330 99 .7  95.9 319 99.4 92 .7 330 100.0 95.9
6 .2 321 93.3 330 95. 9~ 32 1 93 .3 331 96. 2 32 1 93 .3 330 95.9
5.8 23 6.7 14 4.1 1 23 6.7 13 3.8 23 6.7 14 4.1

- 344 344 344 344 344 344

).7 2~~ 1.4 1,3 0 0 0 1.4 1.3 1 0.7 0.7 0 0 o 0 0 0
) o o 0 0 0 0 0 0 o .0 0 0 0 0 o 0 0 0
L7 142 98.6 94.7 140 100.0 93.3 142 98.6 94.7 139 99.3 92.7 144 100.0 96.0 140 100.0 93,3
.3 144 96,0 140 93.3 144 96.0 140 93.3 144 96.0 140 93.3

6 4,0 10 6.7 6 4.0 10 6.7 6 4.0 10 0. 7
150 150 150 150 150 150

Lona l controls , as well as matched pairs.

- . - —  -- ~~~~~~~~~~ - -~~-- ~~~~~~ --~~~~ ---~~~~~~~~~ - -- - - —-~~~~~~~~~~- - - - —- -- .-~~~~ 
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TABLE R-12

PATERNAL HISTORY OF WORK WITH ELECTRONIC P

SERIES Repair  Maintain 
_ _ _ _ _ _ _

Tini ’ Relative to Cases 
— 

Controls Cases Controls C
Ind ex Conception 7, 7. 7. 7. 7. 7. 7. 7.

MATCHED PAIRE No. Known Total No. Known Total No. Known Tota l No. Known Tota l No. Kni
CURRENT SERIES

Prior 
4.2 3.9 6® 4.9 4.7 4~ 3.3 3.1 6~ 4.9 4.7 4~Other Times Only

None O 
0 0 0 0 0 0 0 0 0 0 0 0 0

115 95.8 89.8 117 95.1 91.4 116 96 .7 90.6 117 95.1 91.4 116 9Tota l Known 120 93.8 123 96.1 120 93.8 123 96.1 120Unknown 8 6.2 5 3.9 8 6,2 5 3.9 8Tota l 128 128 128 128 128

ORIGINAL SERIES
Pr ior 6~ 5.8 2.8 1 0.8 0.4 6.7 3.2 3 2.4 1.4Other Times~On1y o o o u 0 0 0 0 0 0 0 0 0I I None 0 98 94.2 45.3 125 99.2 57.9 97 93.3 44.9 123 97.6 56.9 97 9~

~ Total Known 104 48.1 126 58.3 104 48.1 126 58.3 104
Unknown 112 51.9 90 41.7 112 51.9 90 41.7 112
Total 216 216 216 216 216

COMB INE D SERIES
Prior 1l~ 4.9 3.2 7~ 2 .8  2.0 li® 4.9 3.2 9~ 3.6 2.6 11~Other Times Only o o o o o 0 0 0 0 0 0 0 0
None ‘ 213 95.1 61.9 242 97.2 70.3 213 95.1 61.9 240 96.4 69.8 213 9.
Total Known 224 65.1 249 72.4 224 65.1 249 72.4 224
Unknown 120 34.9 95 27.6 120 34.9 95 27.6 120
Total 344 344 344 344 344

POOLED FATHERS
CURRENT SERIES 6~ 4.3 4.0 4.3 4.0 4 2.8 2.7 4.3 4.0 4€)

Prior o 0 0 o 0 0 0 0 0 0 0 0 0
Other Tiipes Only 135 95.7 90.0 134 95.7 89.3 137 97.2 91.3 134 95.7 89.3 137 9
None 0 141 94.0 140 93.3 141 94.0 140 93.3 141
Total Known 9 6.0 10 6.7 9 6.0 10 6.7 9
Unknown iso 150 150 150 150
Total

r~ Includes those with no reported military service.
Includes those with exact type of work undefined.
Includes fathers of additiona l and questionable Down’s cases and f.tbere of adlitional centro

~

-- - - - - - -  
--

.-J- -- - —— ---— -—- - - . - -~~~~~--~~~~.- —  



rRONIC PRODUCTS IN MILITARY SERV1~E (FROM INTERVIEW)

Operate 
- 

Test_____________ Ot her Work
Cases Controls Cases Controls Cases Cc~niro1s
7. 7. 7, 0/, 7, 7, ‘1. ‘I, ‘/, 7. ‘

/0 /.

~ No. Known Total No. Known Total No. Known Tota l No. Known Tota l No, Known Total No. Known Total

4~ 3.3 3.1 7.3 7.0 2~ 1.7 1.6 6~ 4.9 4.7 1 0.8 0.8 lQ~ 0.8 0.8
0 0 0 0 0 o 0 0  o l 0.8 0.8 0 0  0 0 0  o

- 116 96.7 90.6 114 93.7 89.1 118 98.3 92.2 116 94,3 90.6 119 99.2 93.0 122 99.2 95.3
120 93.8 123 96.1 120 93.8 123 96.1 120 93.8 123 96.1
8 6.2 5 3.9 8 6.2 5 3.9 8 6.2 5 3.9

128 128 128 128 128 128

6.7 3.2 5 4.0 2 ,3 4€) 3.8 1.9 1 0.8 0.4 3~ 2 .9  1.4 0 0 0
0 0  0 0 0  o 0 0  o o o 0 0 0  0 î 0 o
97 93.3 44.9 121 96.0 56.0 100 96.2 46.3 125 99.2 57.9 101 97.1 £~6.8 126 100.0 58.3
104 48.1 126 58.3 104 48.1 12€ 58.3 104 46.1 126 58.3
112 51.9 90 41.7 112 51.9 90 41.7 112 51.9 90 41.7
216 216 216 216 216 216

1i~ 4,9 3.2 i4~ 5.6 4.1 6® 2.7 1.7 7€) 2.8 2.0 4~ 1.8 1.2 1~ 0.4 0.3
0 0  0 0 0  0 0 0  o 1 0.4 0,3 0 0  0 0 0  0

213 95.1 61.9 235 94.4 68.3 218 97.3 63.4 241 96.8 70.1 220 98.2 64.0 248 99.b 72.1
224 65.1 249 72.* 224 65,1 249 72.4 224 65.1 249 72.4
120 34.9 95 27.~ 120 34.9 95 27.6 120 34.9 95 27.6
344 344 344 344 344 344

4€) 2.8 2.7 9€) 6.4 6,0 1.4 1.3 6~ 4,3 4.0 1 0.7 0.7 l~ 0.7 0.7
0 0  0 0 0  0 0 8  0 1 0.7 0.7 0 0  0 0 0  0

137 97.2 91.3 131 93.6 87,3 139 98.6 92.7 133 95.0 88.7 140 99.3 93.3 139 99.3 92.7
141 94.0 140 93.3 141 94.0 140 93.3 141 94.0 140 93.3
9 6.0 10 6.7 9 6.0 10 6.7 9 6.0 10 6.7

150 150 150 150 150 150

-
, controls , as well as matched-pairs. 

---—-— -~~~-~~~~~--~~~~-- — --—--—  -— -------- -—~~ All4
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TABLE R-13
— 

PATERNAL HISTORY OF WORK WITh RADIO COMMU

Repa i r  Maintai n 
-

SERIES Cases Contro s Cases Controls — Case~
Tine &e1.ative to 7. 7. 7. 7. 7. 70 7. 7o

Index Conception No. Known Tota l  No. Known Total No. Known Total ~o. Known Total No. (nown
MATCHED PAIRS —

CURRENT SERIES
Prior id~ 8.1 7.8 5 4, 1 3.9 l2~ 9.8 9.4 5 4.1 3.9 2~~ 16.3
Other TImeS Only 0 0 0 0 0 0 0 0 0 0 0 0 1 0.8
None 0 113 91.9 88.3 118 95.9 92.2 111 90.2 86.7 118 95,9 92.2 102 82.9
To tal Known 123 96.1 123 96.1 123 96.1 123 96.1 123

Unknown 3.9 ~ ~~~ 5 3.9 5 3.9 5

Total 128 128 1~ 8 128 128

ORIGINAL SERIES
Prior 5.4 3. 7 4~ 2.5 1.8 [0~ 6.8 4.6 3.1 2.3 10 8.7
Other Times Only 1 0.7 0.5 o 0 0 1 0.7 0,5 0 0 0 1 0.7
None 0 139 93.9 64.4 158 97.5 73.2 ‘.37 92.6 63.4 157 9 6 ~~~9 72.7 135 90,6

~ To&~al Known 148 68.5 162 75.0 148 68.5 162 75.0 149
“~ Unknown 68 31.5 54 25.’J 68 31.5 54 25.0 67

Total 216 216 216 216 216

C~~~INE D SERIES ..
Prior 1~~ 6.6 5.2 3.2 2.6 2~~ 8.1 6.4 l~~ 3.5 2.9 33 12.1
Other Times Only 1 0 4  0,3 

~ 0 0 1 0 4 0.3 0 0 0 2 0.8
None 252 93.0 73.3 276 96.8 80.2 248 91:5 72.1 275 96.5 79.9 237 87.1
Total Known 271 78.8 285 82.-~ 271 78.8 285 82.8 !72

Unknown 73 2 1.2 59 17.2 73 21.2 59 17.2 72

Total 344 344 344 344 ~44

POOLED FATHERS
CURRENT SERIES

Prior ll’~’ 7.6 7.3 5 3.6 3.~ 12® 8.3 8.0 5 3.6 3.3 21€~14.1
Other Times Only 0 0 0 0 0 0 0 0 0 0 0 0 1 0.1
None 0 133 92.4 88.7 135 96.4 90.c 132 91.7 88.0 135 96.4 90.0 122 84.1
Total Known 144 96.0 140 93. 144 96.0 140 93.3 144

J Unknown 6 4.0 10 6.~ 6 4.0 10 6.7 6
Total 150 150 150 150 150

(‘) Includes those ~dth no reported military service.
Inc ludes those with exact type of work undefined .

(f) Includes fa th er s of additional and questionable Down ’S cases and fathers of addi tional controls, ~

I

- .— ~~— ~~~~~- .—~~~~ 
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Pt

~Th RADIO COMMUNICATIONS GEAR IN MILITARY SERVICE (FROM INTERVIEW )

Opera te Test —_____ Other Work
Cases Cont ro 1~_ Cases Co n t r p iQ _  Ca~ t~ — Cont r o l s

7, I 7. 70 ‘1. 7. 7. 7. 70 7. 7.
~~~~ ~Jo. Know n Total  No. Known Total  No. Known Tota l No. Known To ta l  To. Know r. To ta l  To. Kno~r~~ ota 1.

3.9 2~~ 16.3 15.6 13 10.6 10.2 7~ 5.7 ~.S 3 2.4 2.3 I o 0 0 0. 0 0
o 1 0.8 0.8 o o 0 0 ~ 0 0 0 0 0 0 0 0
32.2 102 82.9 79.7 110 89.4 85.9 116 943 90.6 120 97.6 93.8 123 100.0 96.1 123 100.0 96.1
)6.1 123 96.1 123 96.1 123 96.1 123 96.1 123 96.1 123 96.1
3.9 5 3.9 5 3.9 5 3.9 5 3.9 5 3.9 5 3.9

128 128 128 128 128 128

~~~ l~~~ 6,2 4.6 1.9 1.4 1 3~~ 2.0 1.4 3€) 1.9 1,4

72.7 135 90.6 62.5 152 93.8 70.4 142 95.9 65.7 159 98.1 73.6 146 98.0 67.6 159 98.1 73.6
75.0 149 69.0 162 75.0 148 68.5 162 75.0 149 69.0 162 75.0
25.0 67 31.0 54 25.0 68 31.5 54 25.0 67 31.0 54 25.0

216 216 216 16 216 216

2.9 33~ 12.1 9.6 23€) 8.1 6.7 12~ 4.4 3.5 2.1 1.7 3€) 1.1 0.9 3@ 1.1 0.9
0 2 0.8 0,6 0 0 0 1 0.4 0.3 0 0 0 - -o 0 0 0 0 0
79.9 237 87.1 68.9 262 91.9 76.2 ~58 95.2 75.0279 97,9 81.1 269 98.9 78.2 282 98.9 82.(
82.8 ‘72 79.1 285 82.8 ‘.71 78.8285 82.8 272 79.1~285 82 .8
17.2 72 20.9 59 17.2 73 21.2 59 17.2 72 20.9 59 17,2

144 344 344 ~344 344 344

3.3 21€~14.6 14,0 13 9.3 8.7 7~ ~~~ 4.7~ 3 2.1 2.01 0 0 0 0 0 0
o i 0.7 0.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0

~O,O 122 84.7 81.3 127 90.7 ~~~~~~~~~ 137 95.1 91.3 137 97.9 91.3 144 100.0 96.0 140 100.0 93.:
93.3 144 96.0 140 93.3 144 96.0 140 93.3 - 144 96.0 140 93.:
6.7 6 4.0 10 6.7 6 4.0 10 6.7~ 6 4.0 10 6:

150 150 150 150 150 150
-
_ _ _ _  

- - -~~~~~~~~~~~~~~~ 
_L - -

_ _ _ _

~~1 controls, as well as matched pairs.

_________  _~ i~~ ~~~~~~~~--— - —- — - --— -- -  - - - --
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- TABLE R-14 PATERNAL HISTORY OF WORK INVOLVING SPECIAL SITES AND/OR EQUIPME~T IN MILJTARY ~

Ever stationed at Ever stationed at Ei
air field? radar parl? 

____________

Down ’s Controls Down ’ s Contr ols Down’~
7, 7, 7. 7.. 7. 7. 7.. 7. ‘1.

- No. Known Total No. Known Total No. Known Tota l No. Known Total _No. Known T~MATCHED PAIRS
CU RRENT SERIES

Yes 26 21.1 20.3 23 18.7 18.0 8 6.6 6.3 7 5.8 5.5 5 4.0
No 0 97 78.9 75.7 tOO 81.3 78.1 114 93.4 89.1 114 94.2 89.1 119~ 96.0 9~Total Known 123 96. 1 123 96.1 122 95.3 121 94.5 124 91
Unknown 5 3.9 5 3 .9 6 4 .7  7 5.5 4
Total 128 128 128 128 128

ORIGINA L SERIES
Yes - 24 15.7 11.1 22 13.8 10.2 7 4.8 3.2 3 1.9 1.4 0 0
No0 129 84.3 59,7 138 86.2 63.9 140 95.2 64.8 157 98.1 72.7 153 100.0 7
Total  Known 153 70.8 160 74.1 147 68.1 160 74.1 153 7
Unknown 63 29.2 56 25.9 69 31.9 56 25.9 63 2
Total 216 216 216 216 216

1-3

COMBINE D SERIES
Yes 50 18.1 14.5 45 15.9 13,1 15 5.6 4,4 10 3.6 2,9 5 1.8
NoO 226 81.9 65.7 238 84.1 69.2 254 94.4 73.8 271 96.4 78.8 272 98.2 7
Total Known 276 80,2 283 82.3 269 78.2 281 81.7 277 8
Unknown 68 19.8 61 17.7 75 21.8 63 18.3 67 1
Total 344 344 344 344 344

POOLED FATHERS ~~ 
-

CURRENT SERIES
Yes 30 21.0 20.0 27 19.3 18.0 8 5.6 5.3 7 5.1 4,7 5 3.4
NoO 113 79.0 75.3 113 80.7 75,3 135 94.4 90.0 131 94.9 87.3 140 96.6 9~
Total Known 143 95.3 140 93.3 143 95.3 138 92.0 145
Unknown 7 4.7 10 6.7 7 4.7 12 8.0 5
Total 150 150 150 150 150

_ _ _ _ _ _ _ _  - ________  _ _ _ _ _ _ _  _ _ _ _ _ _

Q Includes those with no reported military service.
Includes fathers of additional and questionable Down ’s cases and father s of additiona l contro’

_ _ _  - - — - - - 
--

~~~~~~~

- --
~~~~~~~

- --- - 
- —  -~~~~ — —  - -



I SPECIAL SITES AND/OR EQUIPMENT IN MILITARY SERVICE (FROM INTERV IEW )

Ever stationed at Ever stationed at Did m i l i t ar y units use 
radar paric? ptissile site? mobile radar? 

Dow n ’s Contro ls  Down ’s Controls Down ’ s 
— 

COntr9is__

7. 7. 7. 7. 7. 70 7. 7. 7.

~p. Known Total No. Known ‘l’ot a] No. ~~ own Total No. Known Total No. Known iota No. Known T~iiiL

8 6.6 6.3 7 5.8 5.5 5 4.0 3,9 1 0.8 0.8 9 7 .6  7.0 11 9 .4 8.6
114 93.4 89.1 114 94.2 89.1 119.. 96.0 93.0 122 99.2 95.3 109 92.4 85.2 106 90.6 82.8
122 95.3 121 94.5 124 96.9 123 96.1 118 92. 2 117 Y 1 . 4
6 4.7 7 5.5 4 3.1 5 3.9 10 7.8 11 8.6

128 128 128 128 128 128

7 4.8 3.2 3 1.9 1.4 0 0 o 0 0 0 9 6.3 4.2 4 2. 6 1.9
10 9 5. 2 64.8 157 98.1 72 .7 153 100.0 70.8 161 100.0 74.5 133 93.7  61.6 150 97.4  69. 4
17 68.1 160 74.1 153 70.8 161 74.5 142 65 .7  154 71 .3
69 31.9 56 25 .9  63 2 9 . 2  55 25 .5  74 ~4 .3 6 ’ 2 8 . 7
16 2 16 216 2 1o 216 21’

L5 5.6 !~ 4 10 3.6 2.9 5 1.8 1.4 1 0.4 0.3 18 6.9 5.2 15 5.5 44

~4 94.4 73.8 271 96.4 78.8 272 98.2 79.1 283 99.6 82 .3 242 93.1 70.4 256 94.5 74,4
19 78.2 281 81.7 277 80.5 284 82.6 260 75.6 271 78.8
15 ~1.8 63 18.3 67 19.5 60 17.4 84 24.4 73 2 1 . 2
14 344 344 344 344 344

8 5.b 5.3 7 5.1 4,7 5 3.4 3.3 2 1.4 1.3 Il 8.0 7.3 11 8.3 7~3
~5 94.4 90.0 131 94.9 87.3 140 96 .6 93.3 138 98.6 92.0 127 92 .0  84.7 121 91 .7 80.7
3 95.3 138 92.0 145 96 .7  140 93.3 138 92.0  132 88.0
7 4.7 12 8.0 5 3.3 10 6.7 12 8.0 18 12 .0
O 150 150 150 150 150

in’s cases and fathers of additional controls, as well as matched pairs.
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TABLE 145-2 HISTORY OF MILITARY SERVICE OF FATHERS BY BRANCH OF SERVICE (F’R~4 INT
Matched Pairs Current Series

ARMY NAVY MARINE CORPS

Time Relative in 7.. in % in
7. in this 7. in thisTo Conception

Of Index Child — No.Know~~ ServLc~~ Bran~~~ No. Known Service Branch No. Known Service Branch No.

Prior

Down ’s Cases 48 37.5 51.6 96.0 25 19.5 26.9 100.0 5 3.9 5.4 100.0 13
Controls 39 30.5 42.9 97.5 25 19.5 27.5 100.0 9 7.0 9.9 100.0 12

During Year~~

Down’s Cases 1 0.8 1.1 2 .0  0 0 0 0 0 0 0 0 0
Cont r o l s 0 0 0 0 0 0 0 0 0 0 0 0 0

Prior + During

Down’s Cases 49 38.3 52 .7 98.0 25 19.5 26.9 100.0 5 3.9 5.4 100.0 13
Controls  39 30.5 42 .9  97.5 25 19.5 27.5 100.0 9 7.0 9.9 100.0 12 -

A’ter

Dow&sCases 0 0 0 0 0 0 0 0 0 0 0 0 0
Cont rols 0 0 0 0 0 0 0 0 0 0 0 0 0 -

In Service , -

Per iod U nknown

Down’s Cases 1 0.8 1.1 2.0 0 0 0 0 0 0 0 0 0
Controls 1 0.8 1.1 2.5 0 0 0 0 0 0 0 0 0

Total Known to be
in this Branch

Down’s Cases 50 39.1 53.8 100.0 25 19.5 26. ’. 9 100. 1 5 3 .9  5,4 100.0 13
Controls 40 31.3 44,0 100.1 25 19.5 27.5 100.1 9 7.0 9.9 100.0 

- 

12

Not in this Branch

Down ’s Ca’es 43 33.6 46.2 68 53.1 73.1 88 68.8 94.6 80
Contro) 51 39.8 56.0 66 51.6 72.5 82 64.1 90.1 79 --

~~~ 
)~ilit~’.l.~~~~Down s Cc... 35 35 35 33-~Controls 37 37 37 37

Grand Total
wn ’ s Cases 128 128 128 128

Controls 128 128 128 128

No fathers are of unknown military service status
F—)
-.4

~ During ye-i r of concept ion , ex a ct da te  unknown , either prior to or after conception of index child.

7 K - in thi~ branch  i r -’. spec i f i e d  time period 
_______________ _____________flown- —

~~~~~~~~~~
___________________ __________ — ________—

LOta ~ with known service s tat u s  , Down ’ s C~’.ses = 128 , Con trols  128

~~ 7. in Service ~~th this branch in specified time period ________________ ____________

iotal known to be in any branch of service , Down ’s Cases 93 , Controls 91

S 7. in this Bran,:h # in t h i s branch in specified time period_ 
__________________ ______

total known to be in this branch of serv4.ce , e.g. Army : Down ’.’. Cases , Control. 3 
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Curren t Series

li&~INE CORPS ~~ R CORPS COAST GUARD k~KrI0NAL GUARD
7. 7,

‘I . in 7. in 7. in 7, in
in this 7. in this 7. in this 7. in this -

Service Branch No .Known Service Branch No. Known Service Branch No ,Known Service Branch—I------ -

5.4 100.0 13 10.2 14.0 100.0 0 0 0 0 2 1.6 2 . 2  66. 7
9.9 100.0 12 9 .4 13.2 100.0 2 1.6 2 . 2  100.0 3 2 . 3  3.3 100.0 -

0 0 o 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

5.4 100.0 13 10.2 14.0 100.0 0 0 0 0 2 1. 6 2 .2 66. 7
9.9 100.0 12 9 .4  13.2 100.0 2 1. 6 2 . 2  100.0 3 2 .3  3. 3 100.0

O 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 o 0 0 0 0 1 0.8 1.1 3.3
0 0 0 0 0 0 0 0 0 0 0 0 0 0

5.4 100.0 13 10.2 14.0 100.0 0 0 0 0 .3 2.3 3.3 100.0
9.9 100.0 

- 
12 9.4 13.2 100.0 2 1.6 2.2 100.0 3 2.3 3,3 100.0

94.6 80 62.5 86.2 93 72 .7  100.0 90 70.3 96.8
90.1 79 61 . 7 86.8 89 69.5 97.8 88 68.8 96. 7

35 35 537 37 37

128 128 128128 128 128

~ary service status 
—

of index child.

1 128

a 91

Cases 50, Controla 40; Navy : Down ’s Cas es 25 , Controls 25, etc.

- -



TABLE MS-3 HISTORY OF MILITARY SERVICE OF FATHERS BY BRANCH OF SERVICE (FROM INTERVI

Matched Pairs Original Series

ARMY 
_________ 

NAVY _______ 
MARINE COR~~

0/ 0/ 7.

Time Relative 70 in 70 in 7.

To Conception 7. in this 70 in this 7, in this

Of Index Child No. Known Servic? Branch No. Known Service Bunch No. Known Service Branch

Prior -

Down ’s Cas es 6~ 32.2 50.7 95.8 37 17.5 27.6 100.0 8 3.8 6 .0 100.0
Cont rols 60 28 .0  49.2 100.0 36 16.8 2 9 . 5  100.0 3 1.4 2 .5 100.0

During YearA

Down’s Cases 0 0 0 0 0 0 0 0 0 0 0 0
Controls  0 0 0 0 0 0 0 0 0 0 0 0

Prior + During

Down ’s Cases 68 32 .2 50.7 95.8 37 17.5 27.6 100.0 8 3.8 6.0 100 .0
Controls 60 28.0 0 100.0 36 16.8 2 9 .5  100.0 3 1.4 2 . 5 100.0

After

Down ’ s Cases 3 1.4 2.2 4.2 0 0 0 0 0 0 0 0
Controls 0 0 0 0 0 0 0 0 0 0 0 0

In Service ,
Period Unk nown

Down ’s Cases 0 0 0 0 0 0 0 0 0 0 0 0
Controls 0 0 0 0 0 0 0 0 0 0 0 0

Total Known to be
in this Branch

Down ’s Cases 71 33.6 53.0 100.0 37 17.5 27 .6  100.0 8 3.8 6.0  100.0
Controls 60 28.0 49.2 100.0 36 16.8 29.5 100.0 3 1.4 2.5 100.0

Not in this Branch

Down ’ s Cases 63 29 .9  47 .0  97 46 .0 72 .4 126 59.7 94.0
Controls 62 29.0 50.8 86 40.2 70.5 119 55.6 97.5

Yilit.Serv.
c--J’.’ s Ca se s 77 77 77Ccr trols 92 92 92

~~~~~ To tal
‘ 1

~~~
.
~~~~~~~~~

’
~~~~~S 216 216 216

C:~~tr~ 1s 216 216 216
5 case fathers ~nd 2 control fathers are

~ During year of conception , exact date unknown , either prior to or after conception of irtde:
# in this branch in specified time period

~~ 7 . Known
to .al with known service st a tu s  ‘ (5 case fathers & 2 con t ro l  fa t h e r s  ci

i~ Service ~~ ir~~t~i~~ b r an c h  i n~~p c c i f i c d  t ime pc ri~~_ ____________________ ____________

total known-to be in any branch  of service~ Dewn ’s Cases = 134 k Con trols -
~~

# in this br~
-’n ch in specified tim,~~perind ______________€~ 7. in this Branch 

~ j t i~~~~~~~~ Q b e t h  this hranc~~~~~ servicc 1~~~j~.~~ Ar~y ; 1)own’s~~~ s- ---— - -~



_ _ _ _ _ _ _ _ _ _  ______  -—----5— --

~ginaI Series

MAR~~~~~~ RP 

~n 

‘

~n 

— 
COAST GUARD ~~~~A 1Iu~AL ~~~U~~~ KD~~~~~~~~~~~ 

-

7. in this % in th i s  70 th1’~ ~/. in this

lawn Service Branch No. Known Service Branch No. Known Service Branch No . Known Serv ice  Branch

3.8 6.0 100.0 19 9.0 14.2 100.0 1 0.5 0.8 100.0 0 0 0 0
2 .5 100.0 18 8.4 14.8 100.0 5 2 . 3  4 . 1  100.0 1 0 .5  0 .8  100 . 0

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.8 6 .0  100.0 19 9 .0  14.2 100.0 1 0 .5  0.8 100.0 0 0 0 0
1.4 2 .5 100.0 18 8. 4 14.8 100.0 5 2 . 3  4 . 1  100.0 i o.s 0.8 100.0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

O 0 0 0 0 0 0 0 0 0 0 1 0.5 0.7 100.0
0 0 0 0 0 0 0 0 0 0 0 1 0  0 0 0

3.8 6.0 100.0 19 9.0 14.2 100.0 1 0.5 0.8 100.0 1 0.5 0.7 100.0

1.4 2.5 100.0 18 8.4 14.8 100.0 5 2 .3  4 . 1  100. 0 1 0.5 0.8 100 .0

— —.- — I
j9 .7  94.0 115 54.5 85.8 133 63.0 99 3 133 63.0 99 ~p5.6 97.5  

- 
104 48.6 85.2 117 5~ . , ~~~~~ 1) 1  5b . - )

77
92 92 92

216

~~ trol fathers are ~ ~unknown military status 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 216.~~ ______

ter conception of index child.

& 2 control fathers are of unknown military status) ’7 ses =Tji t~~~~~~

Bes 134 k Controls 122

,,  Army : Down ’ s Cases 71 , Con trols  ~~60 Navy : Down ’s Cascs . - 3 7 , 
i~~~~7Ts 36 etc. 

— -—- .—- --5— 
- - — -  _ _ _ _ _  —- ___



TABLE MS-4 HISTORY OF MILITARY SERVICE OF FATHERS BY BRANCH OF ~
Matched Pairs Current & Orij

ARMY NAVY MARINE CORPS AIR
70 70 70

Time Relative 70 in 70 in °/

to Concept. of 7, in thi~~ 
01. in this 7~ in this 01.

Index Child No. Known Servic~~Branc’~ Nn Known Service Branch NO. Knowa Service Branch No .Known Se~

Pr ior
- l Down ’s Cases 116 34.2 51.1 95. 9 62 18.3 27.3 100.0 13 3. 8 5.7 100.0 32 9.4

Controls 99 29.0 46.5 99.0 61 17.8 28. 6 100.0 12 3.5 5.6 100.0 30 8. 8

During Yr.
Down ’s Cases 1 0.3 0.4 0. 8 0 0 0 0 0 0 0 0 0 0
Controls 0 0 0 0 0  0 0 0 0  0 0 0 0 0

Prior & During
Down ’s Cases 117 34.5 51.5 96.7 62 18.3 27.3 100.0 13 3.8 5.7 100.0 32 9.4
Controls 99 29.0 46.5 99.0 61 17. 8 28.6 100.0 12 3.5 5.6 100.0 30 8.8

After
Down ’s Cases 3 0.9 1.3 2.5 0 0 0 0 0 0 0 0 0 0
Controls 0 0 0 0 0 0 0 0 0  0 0 0 0 0

In Service,
Period Unknown

Down ’s Cases 1 0.3 0.4 0.8 0 0 0 0 0 0 0 0 0 0
Controls 1 0.3 0.5 1.0 0 0 0 0 0 0 0 0 0 0

Total Known
in this Branch

Down ’s Cases 121 35.7 53.3 100.0 62 18.3 27 .3 100.0 13 3.8 5.7 100.0 32 9.4
Controls 100 29. 2 46.9 100.0 61 17.8 28. 6 100.0 12 3.5 5.6 100.0 30 8.8

Not in this Br
Down ’s Cases 106 31.3 46.7 165 48.7 72.7 214 63. 1 94.3 195 57.5
Controls 113 33.0 53. 1 152 44.4 71.4 201 58. 8 94.4 183 53.5

Unknown Serv.
Status

Down ’s Cases 5 5 5 5
Controls 2 2 2 2

No Milit.Serv.
Down ’s Casesl112 112 112 112
Controls 129 129 129 129

Grand Total
Down ’s Cases 1344
Controls 3’~ 344 

- ___________

~ During year of conception, exact date unknown,either prior to or after concepti
0 70 Known # in this branch in specified time period __________________

total with known service status ~ Down’s Cases a 339,
70 in Service = # in this branch in specified time period 

____________

total known to be in any branch of service, Down’s Cases ~
70 in this Branch = # in this branch in specified time period

Total known to be in this branch of service, e.g. Army: Do~

_ _ _ _ _ _ _ _ _ _ _ _  
_ _  — - --

—-5
~~~~

- — --



It
RY SERV ICE OF FATHERS BY BRANCH OF SERV ICE (FROM INTERVIEW )

bed Pairs Current & Ori&inal Series Combined ________________________-
MARINE CORPS AIR CORPS COAST GUARD NATIONA L GUARD

7. 7. 70 10
7. in 70 in ‘/. in 7. in

7, it0 this 70 in this 7. in this 7, in this

~~~~~~~ Service Branch No.Known Service Branch Nn Kno~in Service Branch No. Known Service Branch

13 3.8 5.7 100.0 32 9.4 14.1 100.0 1 0.3 0.4 100.0 2 0.6 0.9 50.0
12 3.5 5.6 100.0 30 8.8 14.1 100.0 7 2.0 3.3 100.0 4 1.2 1.9 100.0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0

13 3.8 5.7 100. 0 32 9.4 14.1 100.0 1 0.3 0.4 100.0 2 0.6 0.9 50.0
12 3.5 5.6 100.0 30 8.8 14.1 100 .0 7 2 .0 3.3 100.0 4 1.2 1.9 100.0

O 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0
O 0 0 0 0 0 0 0 0  0 0 0 0  0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 2 0.6 0,9 50.0
O 0 0 0 0  0 0 0 0  0 0 0 0  0 0 0

13 3. 8 5.7 100.0 32 9.4 14.1 100.0 1 0.3 0.4 100.0 4 1.2 1.8 100. 0
12 3.5 5.6 100 .0 30 8.8 14.1 100.0 7 2.0 3.3 100.0 4 1.2 1.9 100.0

14 63. 1 94.3 195 57.5 85.9 226 66.7 99.6 223 65.8 98.2
01 58.8 94.4 183 53.5 85.9 206 60.2 96.7 209 61.1 98.1

5 5 5 5
2 2 2 2

12 112 112 112
19 129 129 129

344 344 344
344 344 344

~n,either prior to or after conception of index childme period 
___________________ ______________

Is ,, Down ’s Cases a 339, Controls a 342
Led t ime period 

________________  ____________

branch of service, Down ’s Cases 227~ Controls a 213
~ified time period __________________ ______________ __________________

Is branch of service, e.g. Army: Down’s Cases 121 , Controls 100; Navy : Down ’s Cases ‘ 62~,
Controls 61, etc.

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ __ _ _  _ _ _ _
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I~BLE 11$L
HISTORY OF MIL ITARY SERVICE OF FATHERS BY BRANCH I

Matched Pairs Curret

ARMY NAVY MARINE CORPS AIR CORPS

Time Relative 7. Knowr~~ 7. Known 7. Known 7. Known
to Conception in this 7. in this 7. in this 70 in this 7.
of Index Child No. Branch Total No. Branch Total I.~~ Branch Total No. Branch Total

Prior
Down’s Cases 48 100.0 37.5 25 100.0 19.5 4 100.0 3.1 7 100.0 5.5
Controls 44 100.0 34.4 20 100.0 15.6 8 100.0 6.3 6 100.0 4.7

During Yr~~~
Down ’s Cases 0 0 0 0 0 0 0 0 0 0 0 0
Controls 0 0 0 0 0 0 0  0 0 0  0 0

Prior & During
Down ’s Cases 48 100.0 37.5 25 100.0 19.5 4 100.0 3.1 7 100.0 5.5
Controls 44 100.0 34.4 20 100.0 15.6 8 100.0 6.3 6 100.0 4.7

Af ter
,_ 

Down’s Cases 0 0 0 0 0 0 0  0 0 0 0 0
Controls 0 0 0 0 0 0 0 0 0 0 - 0 0

In Service,
Period Unknown
Down’s Cases 0 0 0 0 0 0 0 0 0 0 0 0
Controls 0 0 0 0 0 0 0 0 0 0 0 0

Tot. Known
in this Branch

Down’s Cases 48 100.0 37.5 25 100.0 19.5 4 100.0 3.1 7 100.0 5.5
Controls 44 100.0 34.4 20 100.0 15.6 8 100.0 6.3 6 100.0 4.7

No Record of
Service,
This Branch
Down’s Cases 80 62.5 103 80.5 124 96.9 121 94.5
Controls 84 65.6 108 84.4 120 93.8 122 95.3 -

Total
Down ’s Cases .28 100.0 128 100,0 128 100.0 128 100.0
Controls .28 100.0 128 100,0 128 100.0 128 100.0

•During year of conception, exact date unknown, either prior to or after conception of index

~~ Calculated using as the denominator the number of fathers whose service in a particular bra

- -5—--- -5- —---- - —~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

HISTORY OF MILITARY SERVICE OF FATHERS BY BRANCH OF SERVICE (FROM NAS)
Matched Pairs Current Series 

NAVY MARINE CORPS AIR CORPS COAST GUARD NATIONAL GUARD

Known 7. Known 7. Known 7. Known 70 Known

~ this 70 in this 7. in this 7. in this 70 in this 7.
ranch Total *,. Branch Total No. Branch Total No. Branch TotAl No. Branch Tota:

.00.0 19.5 4 100.0 3.1 7 100.0 5.5 0 0 0 2 100.0 1.6

.00.0 15.6 8 100 .0 6.3 6 100.0 4.7 2 100.0 1.6 2 100.0 1.6

O 0 0  0 0 0  0 0 0 0 0 0  0 0
O 0 0  0 0 0  0 0 0  0 0 0  0 0

00.0 19.5 4 100.0 3.1 7 100.0 5.5 0 0 0 2 100.0 1.6
00.0 15.6 8 100.0 6.3 6 100.0 4.7 2 100.0 1.6 2 100.0 1.6

0 0 0  0 0 0 0 0 0  0 0 0  0 0

- 
0 0 0  0 0 0  0 0 0  0 0 0 0 0

0 0 0  0 0 0 0 0 0  0 0 0  0 0
0 0 0  0 0 0  0 0 0  0 0 0  0 0

00.0 19.5 4 100.0 3.1 7 100.0 5.5 0 0 0 2 100.0 1.6
00.0 15.6 8 100.0 6.3 6 100.0 4.7 2 100.0 1.6 2 100.0 1.6

80.5 124 96.9 121 94.5 128 100.0 126 98.4
84.4 120 93.8 122 95.3 126 98.4 126 98.4

100.0 128 100.0 128 100.0 128 100.0 128 100.0
100.0 128 100.0 128 100.0 128 100.0 128 100.0

known, either prior to or after conception of index child.
nomber of fathers whose service in a particular branch of the military was verified by NAS.

_ _ _  ~~~~ -~~~-5 
-5-5
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TABLE MS-7 HISTORY OF MILI TARY SERVICE OF FATHERS BY BRANCH OF SERVICE
- Matched Pairs Original Series

—U

- J~RMY NAVY MARINE CORPS AIR CORPS 
—

Time Relative to 7. KnowiP 7. Known 7.. Known 70 Known
Conception of in this 7. in this 7. in this 7. in this 70
Index Child ~~~Branch Total Ko.Branch Total No. Branch Total No. Branch Total Na

Prior
Down’s Cases 80 97.6 37.0 35 100.0 16.2 8 100.0 3.7 4 100.0 1.9 1
Controls 63 98.4 29.2 31 100.0 14.4 2 100.0 0.9 7 100.0 3.2 4

During Yr.
Down ’s Cases 0 0 0 0 0 0 0  0 0 0  0 0 C
Controls 0 0 0 0  0 0 0  0 0 0 0 0 (

Prior & During
Down’s Cases 80 97~6 37.0 35 100.0 16,2 8 100.0 3.7 4 100.0 1.9 1
Controls 63 98.4 29.2 31 100.0 14.4 2 100.0 0.9 7 100.0 3.2 4

Af ter
Down ’s Cases 1 1.2 0.5 0 0 0 0 0 0 0 0 0 0
Controls 1 1.6 0.5 0 0 0 0  0 0 0  0 0 0

In Service
Period Unknown

Down ’s Cases 1 1.2 0.5 0 0 0 0 0 0 0 0 0
Controls 0 0 0 0 0 0 0 0 0 0 0 0 I

Total Known
in this Branch

Down’s Cases 82 100.0 38.0 35 100.0 16.2 8 100.0 3,7 4 100.0 1,9
Controls 64 100.0 29.6 31 100.0 14.4 2 100.0 0.9 7 100.0 3.2 4

No Record of
Service.
This Branch

Down’s Cases 134 62.1 181 83.8 208 96.3 212 98.2 2l~
Controls 152 70.4 185 85.7 214 99.1 209 96.8 2l~

Total
Down’s Cases 216 100.0 216 100.0 216 100.0 216 100.0 2l(
Controls 216 100.0 216 100.0 216 100.0 216 100.0 2U

® During year of conception, exact date unknown, either prior to or after conception of index chil
0 Calculated using as the denominator the number of fathers whose service in a particular branch i

- - —- -— S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-5- -5-- - - --- —----- - - - - -- -- -- - —. ~~~~ _ ._~_
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OF MILITARY SERVICE OF FATHERS BY BRANCH OF SERVICE (FROM NAS )
Matched Pairs Original Series

_________ 
MARINE CORPS AIR CORPS COAST GUAB~ NATIONA L GUARD

7. Known 70 Known 7. Known 7. Known
is 7, in this 7, in this 7. in this ‘I. in this 7,

Total No. Branch Total No. Branch Total No. Branch Total No. Branch Total

),0 16.2 8 100.0 3.7 4 100.0 1.9 1 100.0 0.5 0 0 0

~.0 14.4 2 100.0 0. 9 7 100.0 3.2 4 100 .0 1.9 1 100.0 0.5

0 0  0 0 0  0 0 0  0 0 0  0 0
0 0 0  0 0 0  0 0 0  0 0 0  0 0

.0 16. 2 8 100.0 3.7 4 100.0 1.9 I 100.0 0.5 0 0 0

.0 14.4 2 100.0 0. 9 7 100.0 3.2 4 100. 0 1.9 1 100.0 0.5

0 0 0  0 0 0  0 0 0 0 0 0 0 0
- O 0 0  0 0 0  0 0 0  0 0 0  0 0

0 0 0  0 0 0  0 0 0  0 0 0  0 0
0 0 0  0 0 0  0 0 0  0 0 0  0 0

0.0 16.2 8 100.0 3.7 4 100.0 1,9 1 100.0 0.5 0 0 0
0.0 14.4 2 100.0 0. 9 7 100.0 3.2 4 100.0 1.9 1 100.0 0.5

83.8 208 96.3 212 98.2 215 99.5 216 , 100.0
85.7 214 99.1 209 96.8 212 98.2 215 - 99.5

100.0 216 100.0 216 100.0 216 100.0 216 100.0
100.0 216 100.0 216 100.0 216 100.0 216 100.0

mown, either prior to or after conception of index child,
umb er of fathers whose service in a particular branch of the military was verified by NAS.

_ _  

-— --- --- - - - ---.--- -5 - - -5- - - - - -5- --- 



TABLE MS-8 HISTORY OF MILITARY SERVICE OF FATHERS BY BRANCH OF SERVII
Matched Pairs Current & Original Series Comb i

ARMY NAVY 
— 

MARINE CORPS 
- 

AIR CORPS
Time Relative to 70 Known 7, Known ‘I. Known 7, Known
Birth c -f Index in this, 70 in this 7, in this 7.. in this 7.
Ch ild j~~~~~. Branch” Total No. Branch Tota: No. Branch Total NQ Branch Total NO

Prior
Down ’s Cases 128 98.5 37. 2 60 100.0 17.4 12 100.0 3,5 11 100.0 3. 2 1
Controls 107 99.1 31.1 51 100.0 14.8 10 100.0 2.9 13 100.0 3.8 ~

During Yr .® 
-Down ’s Cases 0 0 0 0 0 0 0 0 0 0 0 0 ~Controls 0 0 0 0  0 0 0 0 0 0  0 0 d

Prior & During
Down ’s Cases 128 98.5 37. 2 60 100.0 17.4 12 1OC 3,5 11 100.0 3. 2 1
Controls 107 99.1 31.1 51 100.0 14.8 10 1OO .~. 2.9 13 100.0 3.8

- ‘ - Af ter
Down ’s Cases 1 0.8 0.3 0 0 0 0 0 0 0 0 o a

Controls 1 0.9 0.3 0 0 0 0 0 0 0 0 0 a

In Service,
Period Unknown
Down’s Cases 1 0.8 0.3 0 0 0 0 0 0 0 0 0 I
Controls 0 0 0 0 0 0 0 0 0 0  0 0 I

Total Known in
this Branch
Down’s Cases 130 100.0 37.8 60 100.0 17.4 12 100.0 3.5 11 100.0 3.2
Controls 108 100.0 31.4 51 100.0 14.8 10 100.0 2.9 13 100.0 3.8 I

No Record of
Service,
This Branch

Down’s Cases 214 62.2 284 82.6 332 96.5 333 96.8 34
Controls 236 68.6 293 85.2 334 97.1 331 96.2 331

Total
Down ’s Cases 344 100.0 344 100.0 344 100,0 344 100.0 344
Controls 344 100.0 344 100.0 344 100.0 344 100.0 344

~J During year of conception , exact date unknown , either prior to or after conception of index ciT
0 Calculated using as the denominator the number of fathers whose service in a particular branch a

.

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -
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IT OF MILITARY SERVICE OF FATHERS BY BRANCH OF SERVICE (FROM NAS)
- Matched Pairs Current & Original Series Combined

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ______________ -5—- - -

________ 
MARINE CORPS AIR CORPS COAST GUARD NATIONAL GUARD

____________________ _____________________ ________ -5—-—- . - -

un 7. Known 7. Known 7, Known 7. Known
its 7. in this 7. in this 7, in this 70 in th i s  7.

Total No. Branch Total Na Branch Total No. Branch Total No. Branch Total

~0 17.4 12 100.0 3.5 11 100.0 3.2 1 100.0 0.3 2 100.0 0.6
~0 14.8 10 100.0 2. 9 13 100.0 3.8 6 100.0 1.7 3 100.0 0.9

0 0 0 0 0 0  0 0 0 0 0 0 0 0
O 0 0 0 0 0  0 0 0 0 0 0 0 0

,0 17.4 12 100.0 3.5 11 100.0 3. 2 1 100.0 0.3 2 100.0 0.6
,0 14.8 10 100.0 2. 9 13 100.0 3.8 6 100.0 1.7 3 100.0 0.9

0 0 0 0 0 0  0 0 0 0 0 0 0 0
0 0 0 0 0 0  0 0 0 0 0 0 0 0

0 0 0 0 0 0  0 0 0 0 0 0 0 0
0 0 0 0 0 0  0 0 0 0 0 0 0 0

.0 17.4 12 100.0 3.5 11 100.0 3. 2 1 100.0 0.3 2 100.0 0.6

.0 14.8 10 100.0 2. 9 13 100.0 3.8 6 100.0 1.7 3 100.0 0.9

82.6 332 96.5 333 96.8 343 99.7 342 99.4
85.2 334 97.1 331 96.2 338 98.3 341 99.1

100.0 344 100.0 344 100.0 344 100.0 344 100.0
100,0 344 100.0 344 100.0 344 100.0 344 100.0

own, either prior to or after conceptt~..r of index child.
mber of fathers whose service in a particul&r branch of the military was verified by NA5. 
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[AB LE MS-9
SUMMARY OF HISTORY OF MILITARY SERVICE ~

Matched Pairs - Current, OriginS
-5- —

ARNY NAVY MARINE CORPS AIR CORPS

I 
L imt~ Ke~!ative
,_ ,. ~ t~~~.~ )t iOfl Interview NA~ Interview NAS Interview NAS Interview

~)t 1~ id~~x Ch i l d  No . ‘I— Tot, No . 0/ l O t ,  N c , . ‘I. Tot. ~~~~~~ 7. 1 ( ) ~~~. No . ‘/
~ Tot.  N o . ‘I. Tot. No . 7. Tot. No.  

,
,- 

-
-~

t-~rt or
Downs Cases 49* 38.3 48 37.5 25 19 .5 25 19 .5 5 3.9 4 3.1 13 10.2 7~
~~. n t r . 1 s  39 30 .5  44 3~~+ . 4 25 1~~.5 JO 1 5.b  9 7 .0 8 6.3 12 9 .4  6

~)ther Times O n l y
Down ’ s C ~is es 1 0.8 0 0 0 0 0 0 0 0 0 0 0 0 0
L~) f l t r o 1 S  1 0.8 0 0 0 0 0 0 0 0 0 o o o o

L’nkn ~ wn UDown ’ s Cases 0 0 42a 32 .8 0 0 ~.: 3. .~~~ 0 0 42 32 .8 0 0 42
Controls 0 0 46~~~ 35.9 0 0 ~~~~ 3S. 9 0 0 46~~ 35 .9 0 0 46

Total
Down ’s Cases 128 128 128 128 128 128 128 128
Controls 128 128 128 128 128 128 128 128

ORIGINA L SERIES 
-

Pri or +
Down ’s Cases 68 31.5 80 37.0 37 17.1 35 16.2 8 3.7 8 3.7 19 8.8 4
C o n t r o l s  60 2 7 . 8  63 29. 2 36 16.7 31 14.4 3 1.4 2 0.9 18 8.3 7

Other Times Only
Down ’s Cases 3 1.4 2 0.9 0 0 0 0 0 0 0 0 0 0 0
Controls 0 0 1 0.4 0 0 0 0 0 0 0 0 0 0 0

Unknown
Down ’s C a s e s  5 2.3 86~ 39.8 5 2 . 3  86a39,8 5 2 .3 86~~ 3g.8 5 2 .3 86
( .nt rc~1s 2 0 .9 107~~ 49.5 2 0.9 107~~ 4c.5 2 0.9 107~~ 49.5 2 0.9 107

I Ot a 1
Down ’s Cases 216 216 216 216 216 216 21 6 2 16

~n t r o 1s  216  216 216 216 216 216 2 16 216
- ~~b I ~LD S~~k I E 5

- ‘~~i .~r 4
. . w n ’ s ‘ ,~st- s 117k 34.0 128 37.2 62 18.0 60 17.4 13 3.8 12 3.5 32 9.3 11

n t r -~1s 99 28.8 107 31.1 61 17.7 51 14.8 12 3.5 10 2 .9  30 8.7 13

~~~iL J!~~$~QaL1 —

Down ’s ( . a s€- s 4 1.2 2 0.6 0 0 0 0 0 0 0 0 0 0
C-rn trols 1 0.3 1 0.3 0 0 0 0 0 0 0 0 0 0 0

Unknown
Døwn ’s Cases 5 1.5 128D 37.2 5 1.5 128~ 37.2 5 1.5 128w 37.2 5 1.5 126
C. ntro ls 2 0.6 153D ~~~~ 2 0.6 l53~~44.5 2 0.6 153~~~44.5  2 0 .6 153

Tota l -~

Down ’s Cases 344 344 344 344 344 344 344 344

[_~~ontro1s 344 344 344 344 344 3_~~

+ Including all fathers who served in the military prior to conception of index child and who may a l so hay

* Incl uding I f a t h e r  ind ica t ing  service during year of concept ion , exac t  da te  unknown . ma’. Iiav been prior

o “Unknown ” here no record of military service from NAS , and includes , t } ere t - -r ’ . t~~th rs w it h i.~ m i l i t i

Not i.icluding I father who served in a foreign military service

-5 — -w ___ — - -
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ARY SERVICE OF FATHERS (FROM INTERVIEW AND NAS )
Tent , Original and C~~~ined Series
— — _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

— 
A I ~~~ ( : o R F ’~~. COAST GUARD ~ NATIONAL GUARD ANY BRANCH OF SERVICE

~~~~~~~~~~ ~.1_ It i tt rvt ew NAS Interview NAS Inte~~iew NAS
~~— - - - 

~~
. ‘ - 

- ±-~i~ ~~~~~~~ 
‘/. Tot. ~No . 7~ ‘[ot~ No . 7 0 Tot. No .~~~~Tot~ No . ~ Tot. No . 7~ Tot.

13 10.2 7 5.5 0 0 0 0 2 1.6 2 1.6 9J,..-.~ 71 . 1  84 65. 6
12 ° . -~. .7 2 1 .6  2 1 . 6 3 2.3 2 1.6 8~~’ 69 . 5  81 63 .3

o 0 0 0 0 0 0 0 1 0.8 0 0 2 1 .6 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 0.8 0 0

0 ~ 32 .N 0 0 42~ 32.8 0 0 32.8 0 0 9~~ 7.0
O 0 4-~~ 35.9 0 0 35.9 0 0 46a 

~~~~ 0 0 9~~ 7.0

128 128 128 128 128 128 100.0 128 100.0 
128 128 128 12 8 128 128 100.0 128 100.0

19 8.8 4 1.8 1 0. 4 1 0 .4  o 0 0 0 130 60.2 12? 58.8
18 8.3 7 3.2 5 2 .3 4 1.8 1 0.4 1 0.4 122 56.5 107 49.5

0 0 0 0 0 0 0 0 1 0.4 0 0 4 1.9 2 0.9
O 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.5

5 2.3 5 2 . 3 86~~~39 .8 5 2.3 86~~ 39.8 5 2.3 100 4.6
2 0 .9  lO7~~ 49 .S 2 0.9 107a49•5 2 0.9 lO7~~ 49.5 2 0 .9 16~~ 7 .4

L6 21 6 216 216 216 216 216 100.0 216 100.0
6 216 21 6 216 216 216 216 100.0 216 100.0

9.3 11 3.2 1 0.3 1 0.3 2 0.6 2 0.6 221 64.2 211 61 .3
) 8.7 13 3.8 7 2.0 6 1.7 4 1.2 3 0.9 211 61.3 188 54.6

O 0 0 0 0 0 0 2 0 .6 0 0 6 1 •7  2 O o
0 0 0 0 0 0 0 0 0 0 0 1 0.3 1 0.3

1.5 128037. 2 5 1.5 l28~~ 37 .2 5 1.5 1280 37.2 5 1.5 19 a 
~~~

- 0.6 153q 4 4 5  2 0 .6 153044.5 2 0.6 1530 44.5 2 0.6 25 a 
~~~

344 344 344 
- 

344 344 344 100.0 344 100.0
344 344 344 344 344 344 100.0 344 100.0

may also have served any other t imes

been prio r to conception of index child

Ith no milita ry service , as well as fathers  of unknown mi l i t a ry  s tatu s

- . - --5— -~~~~~~- -—-- - -5-i _J4



TABLE MED- lA

SUMMARY OF PARENTAL MEDICAL RAI)IATION EXPOSURE PRIOR TO CONCEPTION OF 1111

Current Series

Type of Radiation Mothers of
Down ’a 

— 

Controls DO1

MATCHED PAIRS No. 7. No. 70 No. 
—

No radiation 78 64.5 76 62 .8 38

Radiation
Diagnostic only 23 19.0 23 19.0 63
F luoroscop ic onl y 7 5.8 9 7.4 0
Therapeutic only 9 7.4 4 3.3 0
Diagnostic and Fluoroscopic 2 1.7 6 5.0 20
Di agnostic and Therapeutic 1 0.8 2 1.7 4
Fluoroscopic and Therapeutic 0 0 0 0 0
Diag. ,  Fluo ro , ,  and Therap . 1 0.8 1 0.8 0 

Krij Thi~5i~5ic5pTc ‘11~ 
- 

8 • 3 16 - - - f3 .2 20
Any Therapeutic 11 9.1 7 5.8 4

Number Known 121 (94.5) 121 (94.5) 125

Number Unknown 7 (5.5) 7 (5.5) 3

Total 128 128 128

U’
POOLED

No radiation 92 65.2 93 65.5 43

Radiation
Diagnostic only 27 19.1 24 16.9 75
Fluoroscopic on ly 8 5.7 11 7.7 0
Therapeutic only 10 7.1 4 2 .8 0
Diagnostic and Fluoroscopic 2 1.4 6 4. 2 23
Diagnostic and Therapeutic 1 0.7 2 1.4 4
Fluoroscopic and Therapeutic 0 0 I 0 .7 0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 2  
Any Fluoroscopic 11 7.8 19 13. 4 23
Any Therapeutic 12 8.5 8 5.6 4

Number Known 141 (94.0) 142 (94.7) 145

Number Unknown 9 (6.0) 8 (5.3) 5

Total 150 150 150

7. Percent known
( ) = Percent total

= Includes mothers and fathers of additional and questionable mongols and mothers and father~
as well as matched pairs.

-— - --5- -5 - -. — - - — - - — - 5 - —
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IL MEDICA L RADIATION EXPOSURE PRIOR TO CONCEPTION OF IND EX CHILD

Current Series

Mothers of Fathers of

- 

Down’s Controls Down ’ s Controls

No. 7. No. 7~ No. 7. No. 7.
- 5 - -  

_ _ _ _ _ _

- 7 8  64.5 76 62 .8 38 30.4 35 28.5

23 19.0 23 19.0 63 50 .4 61 49.6
7 5.8 9 7. 4 0 0 2 1.6
9 7.4 4 3.3 0 0 1 0.8
2 1.7 6 5.0 20 16.0 17 13.8
1 0.8 2 1.7 4 3.2 4 3.2
O 0 0 0 0 0 0 0
1 0.8 1 0.8 0 0 3 2.4 

8.3 16 13. 2 20 16 .0 22 17.9
11 9.1 7 5.8 4 3.2 8 6.5

~21 (94.5) 121 (94.5) 125 (97.7) 123 (96.1)

7 (5.5) 7 (5 .5 1  3 (2 .3) 5 (3.9)_ -
128 128 128 128

92 65.2 93 65.5 43 29.7 43 30.7

27 19.1 24 16.9 75 51 .7 68 48.6
8 5,7  Il  7 . 7  0 0 2 1.4
10 7.1 4 2, 0 0 1 0.7

2 1.4 6 4.2 23 15. 9 18 12 .9
1 0.7 2 1.4 4 2 .8 5 3.6
0 0 1 0.7 0 0 0 0 

.0 .3 2.4. .
11 7.8 19 13.4 23 15.9 23 16.4
12 8.5 8 5.6 4 2 .8 9 6.4

141 (94.0) 142 (94.7) 145 (96.7) 140 (93.3)

9 (6.0) 8 (5.3) 5 (3.3) 10 (6.7 1

150 150 150 150

fttional and questionable mongols and mothers and fathers of additional controls ,

-- ~~~~~---—--~~~~~~-- —---.— --~~~~~ 
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TABLE MED-2A

PAR ENTAL DIAGNOSTIC X-RAY EXPOSURE :
SITE OF EXPOSURE PRIOR TO CONCEPTION OF I NI)EX CH1L.L)

Current Series

______ 
Mothers of: F’ather~ of: 

- —-

Type
0

of 
________ 

Contiols ( as ia  ( on tro l s

- 
diag nostic x-ray 

- - - 
Number Percent Num ercent Number Percent  Number I’ercent

MATCHED PAIRS
Chest x- ray 43 33.6 45 35. 2 54 42 . 2 49 38.3
Gallbladder series 6 4.7 11 8.6 2 1.6 3 2 .3
Kidney , inc luding IVP 7 5.5 8 6.2 4 3.1 10 7.8
Sto-Int-Abd 9 7.0 13 10.2 24 18.8 25 19. 5
Other organs 29 22 .7 31 24.2 52 40.6 61 4 7 . 7

Total 128 128 128 128

j OOLED
Chest x - ray  50 33.3 49 32 .7  60 40.0 52 34.7
Gallbladder series 6 4.0 12 8.0 6 4.0 3 2.0
Kidney, including IVP 7 4 .7  9 6.0 7 4.7 10 6 .7
Sto-Int-Abd 9 6.0 15 10.0 32 21.3 28 18.7
Other organs 33 22.0 34 22 .7 62 41.3 67 44.7

Total 150 150 150 190

Includes mothers and fa thers  of addi t ional  and ques t ionable  mongols and mothe rs
and fathers of additional controls , as well as matched pa i r s .

0 Types of diagnostic x-ray flstcd are not m u t u a l l y  ex c l u s i v e .

137
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TA B LE MED .2B

PARENTA L DIAGNOSTIC X-RA Y EXPOSURES : S ITE OF EXPOSURE X

Current Series

Mothers of:_ 
_______  ________  

Fathers of:
Type of Cases Controls Cases Controls

diagnostic x—ray Number Percent Number Pe rcent Number Percent Number Percent
MATCHED PAIRS
Chest x-ray 48 37.5 51 39.8 55 43.0 52 40 .6
Gallbladder series 6 4 .7  14 10.9 2 1.6 2 . 3

Kidney, including IVP 9 7.0 9 7.0 5 3.9 10 7.8
Sto-Int-Abd 11 8.6 16 12.5 24 18.8 26 20.3

Other organs 32 25.0 35 27.3 61 47.7 62 48.4

Total 128 128 128 128

POOLEti~
Chest x - ray  58 38.7 59 39.3 61 40.7 57 38.0
Gallbladder series 6 4.0 15 10.0 6 4.0 3 2 .0
Kidney, inc luding IVP 9 6.0 13 8.7 8 5.3 10 6.7
St ,-Int-Abd 11 7.3 18 12.0 32 21.3 29 19.3

Other organs 36 24.0 39 26.0 71 47.3 69 46.0

Total 150 150 150 150

~Prior to conception of index p lus during year of conception , exact date unknown -

could have been prior to or after conception of index child .

~~~nc1udes mothers and fathers of additiona l and questionable mongols and mothers
and fathers of ad d i t i o n a l controls , as well as matched pairs.
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I
I TABLE T-1

MATERNAL THYROID HISTORY PRIOR TO CONCEPTION OF

Current Series

Thyroid Medication Thyroid Surgery Thyroid Treatment
Down’ s Down’ s Down’ s
Cases Controls Cases Controls Cases Controls Ca

Moth er s of :
Matched Pairs

No 118 118 128 128 126 123 1
Yes 10 10 0 0 2 5

Total Known 128 128 128 128 128 128 1
Total Unknown 0 0 0 0 0 0
Total 128 128 128 128 128 128 1

~1 ~ 
Pooled

- .~~‘ No 139 137 150 149 148 143 1
C

’ Yes 11 12 0 0 2 6

~ 
Total Known 150 149 150 149 150 149 1

~ 
Total Unknown 0 1 0 1 0 1

4 Total 150 150 150 150 150 150 1

! ~ 
Includes mothers of additional and questionable mongols and mothers of additional controls , a

t

t-

~ -4

~~~ 1~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  -
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MATERNAL THYROID HISTORY PR iOR TO CONCEPTION OF iNDEX Cliii.!)

Current Series

Th~’roid Surgery Thyroid Treatment Thyroid Tests Thyroid flisease
Down ’s Down ’s )own’s Down ’s
Cases Controls Cases Controls ~ases Controls Cases Controls

128 128 126 123 127 126 121 122
0 0 2 5 1 2 7 5

128 128 128 128 128 128 128 127
:- 0 0 0 0 0 0 0 1

128 128 128 128 128 128 128 128

150 149 148 143 149 147 142 141
0 0 2 6 1 2 7 7

150 149 150 149 150 149 149 148
0 1 0 1 0 1 1 2

150 150 150 150 150 150 150 150

-tonable mongols and mothers of additional controls , as well as matched pairs.,

~~~~~ - -- - - - - - - -~~~—-~~~~~~~~~ —- - —~~~~~~~~~~~~~~~~~~~~~
- - ---
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——
~

-- - - --_ - --—---5 -------—- --—~~~~~
-5 — — - -

~~~~~~
-— - 5 — --- - -—-- ---—-,---— - - - -

n~-

I

TABLE T-2

MATERNAL THYROID HISTORY’~

Current Series

Thyroid Medication T1jyroid Surgery Thyro id Trea tment
Down ’ s Down ’ s Down ’ s Do
Cases ~ Controls Cases Controls Cases Controls Ca

Mot hers o f :
Matched Pairs

No 117 117 128 128 t26 123
Yes 11 11 0 0 2 5

Total Known 128 128 128 128 128 128 1
Total Unknown 0 0 0 0 0 0
Total 128 128 128 128 128 128 1

-4
C-C,
U)

Pooled ~
No 137 135 150 149 148 143 14
Yes 13 14 0 0 2 6

Total Known 150 149 150 149 150 149 1~Total Unknown 0 1 0 1. 0 1
Total 150 150 150 150 150 150

x Thyroid history prior to conception plus during year of concep tion , exact date unknown , could
index child .

~~! Includes mothers of additional and quest ionable mongols and mothers of additional controls , ai

- -5  
_ _ _ _ _ _ _
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MAT~RNAL TIiS~ROID ILI STORY X

Current Series

Thyroid Surgery Thyroid Treatment Thyroid Tests Thyroid I)isease
)wn’s Down ’s Down ’s Down ’s
ises Controls Cases Controls Cases Controls Cases Controls

L28 128 126 12 3 12 7 125 12 0 122
0 0 2 5 1 3 ~ 5

L28 128 128 128 128 128 128 12 7
0 0 0 0 0 0 0 1

128 128 128 128 128 128 128 128

150 149 148 143 149 146 141 140
0 0 2 6 1 3 8 8

L50 149 150 149 150 149 149 148
0 1 0 1 0 1 1 2

150 150 150 150 150 150 150 150

.ng year of conception . exact date unknown , could have been before or after conception of

~1e mongols and mothers of additional controls , as well as matched pairs.

~~L ~~~~~~~~~~~ — -- -- - - ‘ - ----- - -.---- —~~~~~~~~~~~~~ 
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MATERNAL MEDICAL HISTORY (FROM INTERVIEW )

(Current Series)

Diseases/Conditions by Time Relative to Conception of Index

Note: Tables MH-l through MH-l5 were extracted directly from compu ter
pr intouts , and consequen t ly indicate tabulations only for cel ls
in which there were 1 or more subjects. In addition , the cells
included vary from table to table. The key to the codes used
is given below .

Key to Codes on Tables MH-l - NH-iS

Subjects Mother s of :
CURR CASE Down ’s cases in Current Series
CURR CONT Controls in Current Series
ADDITIONAL Add itional subjects Down’s cases or controls

‘ QUESTIONABLE = Questionable Down ’s cases

Informat ion =

Responses to questions as to this condition and its time relative to
conception of index child

0 = Never or not mentioned
1 Yes , prior to conception of index child
2 = Yes , during year of conception , exact date unknown , could have been

before or after conception of index child
3 = Yes, after conception of index child , but during pregn~ 1cy
4 = \‘ - s, after birth of index child
S = Yes, time unknown
9 = Unknown

NOTE : Tables derived from direct reproduction of printouts with identify-
ins labelling for clarity.
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L - -~1A8LE W~~l.MA i’i RN.\L I I I STO RY OF DIAPETE.S ~~~ i~ .~~~~~~~~~ ... CU RENI R E 5 ~~.~~

—-—-- - - 
I POOLED ! ‘!-~A~~C H E D  P A I R S ’  A D DIT I O NA L .9U T 1P N~~~~

B L E
~~~~~~~~~~~~~~~

S 

~ ~ ~00 256 35 
‘ 

S 
~~~ ~ ‘ 9 ~ ~ ~ ~ 

- 

- -

CASES I ~ 
:- - - 

- - :-- 
: 

- 
- 

- -

:—Ndii~~
--- - - — -  5 .

-i 
“

149 ~~~~~~~ 127 ~ ~ 13 . ~ 

----
~~~

-— — —- ----

Prior to Conception ) I 1 - -

- 
_ 

T O T A L-  I 150 1 2 8  ~ 
- 13 5 9 -

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
- ‘ 

None I 148 1 2 7  - 21 ‘ - -
- 

— 
-  

- 
- 

C

Prior to Concep tion 
~ 

- I 1 - : - 
- - 

~ :
U b ~~ i~

_ _ _ _- _ - -- -5- i_ _ _ _ __
1

_ _ _ _  -- -i-- -  ‘--5. -—-t- ----— -—---—- -----
~-

-
- 

T OIA L  I 150 128 
, 

- - 

22 - - - -

See Key to NI! Tables 
____________

— —~-=-z
_-=- —-- —:=--~ -::=..4- :;. -.-~~~~

- —_ _-,.-_- — ~~~~~~~~~~~ ~~ ~ ~~~
, .. ., 2~~- -,,~-~ -’~~~ — o ~~ ~~~ ~~~ “ - - — —i— —-— - —

: - 
-T A B 1 E~~~~f I 3  2. ~~~ \ T ER N A L H I S T O R Y  OF D I S O R D E R S  OF A D R E N A L  CLAN~~~~~ ~~ C1~~~~~~~~~ NT SERIE S~~~~~~~~~~

: - I POOLED)’MATCHED PAIRS’ ADDITIONAL QUEST1ON~ BLE

i 
- .: 300 - 

~ 256 - 
-3_ 5 - - -  

. 9 
- 

~~~~~ .~~~ ~ 
- -

CASES 
_____ 

I 
_____

~~~~~~~~~ 
-5 - - - - I - --

~~~
’
i:5~~~~ 

— 

l2~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l3 -

~~~~

—-5--------

~~

——

CONTROLS I - -  . 
- - - 

- 
-

None I 149 128 21 : —
— -U Vt:k~Lt0~lO — I 

~ 
1 ‘ 

T O T A L  I 150 128 22 —

~: ~~~~~~~~~~~~ Kc~ to~~ f lt T i h lt c  ~

~~~~~ ! ~~~~~~
1

~~~~~~~~~~~ WfE~~~ NAL HIST ORY OF LIV ER DISEA SE ~ - S

—-- 

I POOLED ‘MATCHED PAIRS’ A 1)DITIONAL QUESTIONABLE 
S

I 300 256 3 5 - _ - 
- 

I -  9 -
.

CASES I - - 
- ~ 

. 

- 
: 

~
,, 

~ 
- 

-

None I 14? ~ ~ 126 1’! - 9 -

Prior to Conception 
~ 2 , 1 1 - —

- Time Unknown I I 1 — — - -

- TOTAL I 150 128 13 9 5

CONTROLS I - . 
- 

-

None - 1  ‘ 145 126 21 - —

1si~~oi~~to Cot~~epticn~ ~~ 2 2 — — ‘ 

After Birth I 1 1 — —
Unknown I 2 1 1 

- 

T O T A L I ~i~;o ‘ 12-d ?2

~~~~~ _ ~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
MlI T n b l c B  

- 

~~~~~~~~~~~ I. ~~ ~ ~~~~~~~~~~~~~~ 

- --- —--— -• 
-5
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-5 W -~ ~~ - ~--5~~-5~~~~~~~~~~~~ -5 ~~~~~~~~ -- - -~~~~-~~~~ --~~ ~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~-.-~~~~~~~~-- ~~~~-- -- - - - - S

:_. _._ —
S

- -  ~ ~ ~~~ ~ ~ • ~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ r: : r :r1~.5 ~ :?r- — . _—=:-T--:— -:5 . S 
~ ~ 

; _ _ s s .~~~~

~~~~~~~~~~~ ~~~~~ jL
Iu~~~~~~~ ~~~~~~~~~~~~ 

NE PURITIS ~~ L ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

- -

CASES I - - - 
-

-
- I 4 - :

~~~
-- - :. - ‘:‘-H”5 -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ -5- —--— - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~T T
Prior to Conception ~ fl 10 ~ - - 1 — - 

S

Exact Date Unknown 
~ 1 1 — —

Att~~~t6ñ~epti5n 
‘- 

3~ 
“ 2 1  

“

~~~~~~~~~
— 

~~~ 
1~~~~~~~~~~~~~~~~~

After Bn~th I 5 5 — —
___  

T O T A L  I 150  • 128 - - 
~

- 
~ . 13 , - - 

~~~~~~~ ~ : • ~~~9 - -- • -

~~N~~ OLS- ~~~~~~~~~~~~~~ 

— — - — — -- 5  - - - - 5  — - 

~
‘
~~ T~~~

-5-5 
~~~~~~~~~

None I ~ 132 114 ~ 18 - —

Prior to Conception 7  5 - 
~ 2 • - 

• . —

~~~~~~~~~~~~~~~~~~~~~~ 2 1 
‘ 

~~~~~~ 1 —

After Birth 
~ 

S - 7 ~ 7 - . . 
C 

~ ~~ ~ ~ : 
- - -

~~~~~ :: 
— 

- - -
Unknown I - 2 1 •

~~~~~~ - 1 - - ~~~~~~~~~~~~~~~~~~~~ :
—:-

~~~
— 

~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~  2~~~~~~~~~~~~~~~~ -

~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . -  ~~~~~~~~ 

-

~~~~~~ , ~ - .5 ~ • S 
• ‘ S 

~~~ ~
- 
~~~~~ S 

:- : . : . 
-:~~~~~

- 
- -

~ ~‘ 
• 

- ‘: : - - !

: . •
~~~~~~~~~~8LE r4u5. ~~~~~ T ER N A 1S  H I S T O R Y  OF T U B E R C U L O S I S  ! C UR R E N T~~~~~ ERIES :~ 

:-.. 
-

- 
‘

-

—
~~~~~~~~~~

— - -  -5 
I POOLED \~‘M A T C H E D  P A I R S  ‘ APD I  T 1O N A L  Q UEST ION~~~LE

I 300 256 -
‘

. 35 - 
.

CASES I 
‘ 

S , 
~ 

- 
S •~ ~ S ~ ‘ ~ 

‘ 
~ ~ “ 

‘ 

- 
S 

~

~~~~~~~~ 
— i~~~~i’49 I�7~ ~~~~13 ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

Prior to Conception I I 1 — 
-

S

- S 

~ ~ TOTAL I 150 
• 

128 13 . 9 -

CONTROLS ~~~~~~~~~ 

5_ ’ __
I ~~~

‘ “  

~ 

‘

~~~~~
-

Non e I 14 8  - 127 21 
‘

~~ ~ 

,
— - 

S

Prior to Concltpt ion ~ 1 1 — 
S 

~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

—
- 5 -

- ~~
- :- - - - - ‘ -

i ,

- - - - - --— 

T O T A L  I 150 128 22 , —

See Key to MI! Tables
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TA Bl E Mil o. MATERNAL HISTORY OF REPRODUCTIVE ORGAN DISORDERS JCURRENT SERIF~

I POOLED ‘MATCHED PAIRS’ ADDITIONAL QUESTIONABLE

CASES 300 25 6 35 9

i~~~~~1~12~~~~~~~~~ 
.-9r5-. .-..- ‘.—. - -

~~

•~rior to Conception I 22 20 2 —

After Conception I. 1 1 — - -

After B].rth — 

~1~
- 14 - 

—_______ ____ ____

Unknown 1 1 —

TOTAL 150 128 13 9
___________________ —---. - -. --——.---—-

CONTROLS . .

None 109 9]. 18 —

Prior to Conception 19 -18 1 —

~~ 2 2~~~~~~” - -
After Birth I 19 17 2 ..
Unknown 1 1 — 1 —

O1AL 1 T5O . •

~$se Key to NH T~ble~_~. - 

. 
-

— 
.- . — —7 ,- .— — :. — .  — : — - — — — — ? — —  — —  — - _—~ .

— _ - •—r —— ~~~- — -  - . — ? — .~ .V fl t4~~~ - - —. .

~TA BLE H Hi. MATERNAL HISTORY OF RHE UMATIC HEART DISEASE 
- \~~~ RE~ T S ~ RTES . 

I POOLED ’MATCHED PAIRS’ ADDIT!ONAI OUESTIONABLE ~~

CASES I 300 256 35 9

I i ~ 7 - 

~~~~~~~~~~~~~~~~~~
Prior to Conception I 2 2 — . —

• Unknown I 1 -1 -

— — TOTAL T 150 128 
— — 13 - _____

CONTROLS I
None I 142 121 

- — - 
21 —

Prior to Conce~ tion I 4 - - 4~ 
— 

—

After Birth I I - 1
Unknown I 3 2 1 — 

TOTAL 150 - 128”~ 
“
~~~~~22

See Key to MR Tables
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. JABLE M11~, MA1~ RNAL HISTORY •9~~C~~4ç~~• . ~~~~~~~~. . .i.~.. __~U NT~~~ R ~~~~~~~~~~~ ... _~~~~~

I P OO LE D I ’ M A T C H E D  P A I R S ’  ADDI T~ ONAL OUES1IONAaLF 
-

. 
-

.

CASEs I . 300 256 • 

~~~~~ 
~5 .~~~. ~~~~~~:: ~‘ :~

~Nbi~e ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
After Birth 2 2 — . .

• Unknown ) 1 . 1 —

— _____ - TO~ A L I  1~ o~~ 128~~~ 13
CONTROLS
None 145 124 . ~ 21 -

Pri ó n~ e~~~Uon 1 
After Conception 1 1 — • 

• 
—

After Birth 1 .1 —
—____ - —  

2 
- 1 - —— 1 -

TOTAL 150 128 22 —

See Key 1o MR Tables

‘TA ~~L M!I1LMATERNAL HISTORY OF NON-MALIGNANT TLJ~~RS CURRFNIt~~~~~~L

POOLED 1MATCHEO PAIRS ADDITIONA L QUESTIONABLE J
CASES . t - 300 256 .

~. • •
: 

•
~~~~~~~~‘

- . • • S 

Prior to Conception I 21 20 1 
• 

. . —

Exact Date Unknown I 2 2 — 
. 

—

~~[t Cencepufon . • - •  

~~~

• • • • • I 1 -

After BIrth 9 2 : ‘ 

~~ 

. 
.

Tine Unkn own • 1 1  ~~
. 

. 
—

ttflICflSwfl 
. _ • •

~~

_ —

~~~

•_ • • • •

~~~~~ ~~~~~~~~~~~~~ 

TOTAL 150  128 13 9
CONTROLS 

• - -

~~~

-

~ 108 
Prior to Conception I 23 • 21 . 2 . ~

. 
:_ ~~~~

After Conception 2 2 — 
• 

.
,
‘
~~~ 

- -

ATt~r i1fith 14 11
Time Unknown 1 1 — • —

Unknown 2 ‘— 2 —
TOTAL 150 128 22” 

-

See Key to MR Ta ble s
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MATFRNAL HISTORY OF ~~ 1H~IOOD D1S ASES 1 C ~RR~~~

. L POOLED\.~•~~~J~~H FO ~~~~~~~~~~~~~~~~~~~~~~~~~~
CASES I 300 256 

.-— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

Prior to Conc eption I 
• 125 105 11 

• 
•

• •

• Exact Date Unknown 1 1 1 — —
~~~f~~~~~Ift’h ~~~“I ~~~~~~~~~~~~~ . .-

$
.--

- - ___

Time Unknown I 9 — 

. 

. -  • ‘ .
•~~~~~ 

•

Unknown I 10 8 2 
______

—

• CONTROLS ~~~~TOtAL i 128 

None 
I 

7 
• 6 • 1 • —

WroYtb Conc~ pfio~c ] 121 
- 1O2

Time Unknown I . 10 10 • • — •

Unknown I . 12 • • 
10 2 : ~~ ~~~~~~~~~~ - .

.- 
-—— T O T h i I 1 ~ O~~~~~~~ i28 ~~22 

-------
— -

• 
See Key to NH Tables 

• 

.

~ TABLE )lJh i . MA1F RNAI HISTORY OF AN} MIA & OTHER BLOO D DI SORDFR S ~~~~th~’ S F ~~fl ~ -

I POOLED 1 ‘MATCHED PAIRS’ ADDITIONAL QUESTIONABLE

CASES : 300 • 256 : - ~5
•• •

. - ‘ •-
~~~~~ ‘~:

Prior to Conception I 28 26 1 . 1
Exact Date Unknown . 4 • a I • 

— 
.

XIter Conception I 1 _ • 
• •

After Birth I 6 4 — 2
Unknown • 1  1 • 

~
. — 

•:  . —

~~~~~~~~~~~~~ TOtAt~~I~~~~I~~O ~~~~~
“i28 

CONTROLS I • 

. . 

.
.• 

.

.

None I • 118 103 • 15 ____

?rthT ’tO toftc eptTöñ 20 — - 11 - - — - -.
..

_ - — -
Exact Date Unknown 

I 2 2 
— —

After Conception I  
. 

. • -
~~~: 

— •

fr~Y Ttrth
Time Unknown I 4 

. 

3 1 . —

Unknown I ’  2 1 • 1~~ — ‘

TO TAL I 150 • 128 22 — _ “

~~~

See Key to MR Tables
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— -•- _ _ _

— — .

• .~~~~~~~. 
•
:

V~~~TA 8LE HH 12 .MA T E RN A L HISTORY OF LEUKEMIA 
• 

I •~~~~~ENT SEl t.ES~_:‘~~~~‘ ‘ • .

______  •- .~~~j .. POOLED ’NATCHED PAIRS’ ADDITIONAL Q U E S T I O N A B L E  ~~~~
56 ~~35

_ _ _ _  
I —  1

~~~~~~~~~~~ I~28 . . .:
CONTROLS I ’  . . . 

• 
. .

.

None I . 149 128 21 . 
-:

Unknown I 
- 

I —
~~~~ .,.~ —

TOTAL I 150 128 22 —

-~~~~~~~~~~ -- - - ---  - - - - -
S

See Key to MH Tables
- • 4 . . 

. . 
‘ •

.
—
. • t~~~~~•

.
.• • . • - .

TABLEMA13. MATERNAl HISTORY OF HYPERTENSION 
- •J &~~ J~ EL~~J.. — ____

POOLED ‘MATCHED PAIRS ’ ADDITIONAL QUESTIONABLE
• . —— 

•

CASES I 299 256 35 8
I _  _  

l
~~~~~~~~~JNone -- 1 5  

. 

~~~
•
~~

•_•
~~ 3 .

prior to Conception I 3 • — 
. —

After Conception • 1 1 • — .
. 

—

A t ~Y B L ~ tic I 
S_
i

- - -  7 - ___

Unknown 
. I ‘ .. 3 . 3 •: — • • 

~
. • . 

—

____ 
TOTAL I 149 • 128 13 ;; .• 

.

~

CDNTROLS ~

—-- — --- -- - - - - - —

~~

— - -

~~

• -—— —:.None 136 115 • 21 •
Prior to Conception 4 4 — — .

~~~~ t Dat~~ tTkkn~~n T 1 — 1 - — — 
—

After Birth 5 ‘ 5 “ — —
Time Unknown . 1 1 — :.. • • . ~~~~

.• 
•

h1~ñ~~i ~~~~~~~ 3~~~~~~~~~ 2 i . -
TOTAL I . 

-150 128 22 . —

See ~(ey to NH Tables . S • •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~CURRENT SERIk S~~

-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
JONABLE •

CASES ‘299 . 256 . •~~ •35. , . ~ . 8 ~ . ,:

— Diii--. F6i~~~~~~~
T1 

‘

~~ ~~
——-

~~ :. : 
~~~~~~~~~~~ 

:--
~
•-- —‘

Prior to Conception 3 3 — -

After Birth I 2 ‘ 1 •  •1 
- 

— 
.

Un1 k~~n 
- 

~ T
’”1 - 1-__--..._ 

T~ - .

TOTAL I .149 128 • 13 . . ., 8 . ,  • .

CoNTROLS •  
•

~~~~
. 

- 
‘ 

• 
. . . -

- 

Prior to Conception I 6 5 • 1 . 
•

After Birth I I 1 
-- 

— • —

i~ w~i 
-— I 1 — — 

— 1 -

TOTAL I 150 128 22 • 
•

See Key to MR Tables - 
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-

- ~~~~~~~~~ ... ~~~ • • - • - •
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:~~
- TA B L eMHt 5. MATE1~NAL HISTORY OF VISUA L & HEARIN G i) E ’.FS R~NT SER1E ~

I POOLED ‘MATCHED PAIRS ’  ADDITION AL 0UFSJ IONA I~L E

CASES :~~ 299 256 . as • : .8 -
•

I . - • S~~ • t .. S 

• 
. .• 

•

~~~Nbne
Prior to Conception f • 5 4 a . • 

—

A~ter Birth 
• 

2 2 — — . 

~~~

• - . -

~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TOTAL 149 128 . 13 8 .

1lon~~ 
-. I~~~~1~44 

•

~~

Prior to Conception I . 5 4 • 1 . 
•

Unknown I I •  1 . .
~~~~

- TOTAL I 150 12 22
I’ . ~ 

- . 5

• 
. • • 5.’ 4~ \~~

- • - 4 .  • S . • •
•
~ • -

6cc Key to Nil Ta bI t ~~s
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t~b~~ — — -
•

TAB LE~cL-j,

QIROMOS()(E STUDY GROUPS OF RADAR-MICROWAVE EXPOSED AND UNEXPOSED
FATH E RS BY SERIES AND INDEX SOURCE

Fathers
Origina l Current Exposed &

MATQIED PAIRS Series Series Combined Unexoosed

Exepsed fathers of: vs Unexoosed fathers of:

Down ’s vs Controls 8 8 16 Ii
Controls vs Down ’s 4 9 13
Down ’s vs New Matches 6 3 9

Controls vs New Matches 11 3 14

New Matches vs New Matches .~~~~~~ 
p

Total Pairs 32 23 55

Total Fathers 110

Near exposed fathers of: vs Unexposed fathers of:

Down’s vs Con trols 2 1 3

Controls vs Down’s 0 1 1

Down’s vs New Matches 1 0 1

Controls vs New Matches 2 0 2

New Matches vs New Matches _Q _Q C)

Total Pairs 5 2 7
-

• To tal Fa thers 14

U NMAT~~(ED FATHERS OF:

Exposed Down’s 3 2 5
Exposed Controls 0 4 4

Exposed New Matches 3 2 5
Near Exposed Down ’s ‘ 2 0 2

Near Exposed Controls 5 0 5
Near Exposed New Matches 4 1 5

Unexposed Down ’ s 0 1 1

Unexposed Controls 7 0 7

Unexposed New Matches 2 2

Total Unma tched Fa thers 26 12 38 38

GRAND TOTAL 162

Exposed Fathers Unexposed Fa thers
Matched 62 Matched 62

Unma tched Unmatched ..12.
Total 88 Total 74

164



_ _ _ _ _ _ _ _  ___ - —_ _ ---- — -

TABLE CS-2A

SUMMARY OF CHROMOSOMAL FINDINGS ON FATHERS BY RADAR-MICROWAVE EXPOS
Includes Down ’s, Controls, and New Match Fathers from Original and Cu~

Radar - Microwave Status D A B C AB AC BC
_ _ _ _ _ _ _ _ _ _ _ _  

?fr 7~ # 7~ ~ 
0/ # 7. # 7 .  # 7 0  # ~h

TOTALS 71 44.7 2 1.3 37 23.3 26 16.4 2 1,3 1 0.6 16 10.1

Matched Pairs

Exposed 22 40.0 1 1.8 10 18.2 11 20.0 1 1.8 1 1.8 6 10.9

Unexposed 25 46.3 1 1.9 15 27.8 6 11.1 0 0.0 0 0.0 6 11.1

Near Exposure 3 42.9 0 0.0 0 0.0 3 42.9 0 0.0 0 0.0 1 14.3

Unexposed Matches 5 71.4 0 0.0 2 28.6 0 0.0 0 0.0 0 0.0 0 0.0

Unmatched

Exposed 5 35.7 0 0.0 5 35.7 2 14.3 1 7.1 0 0.0 1 7.1

Near Exposure 6 50.0 0 0.0 2 16.7 2 16.7 0 0.0 0 0.0 2 16.7

Unexposed 6 60.0 0 0.0 2 20.0 2 20.0 0 0.0 0 0.0 0 0.0

Pooled Groups

Exposed(Match ÷ Ursnateth ) 27 39.1 1 1.4 15 21.7 13 18.8 2 2.9 1 1.4 7 10.0

Matched Only
Exposed + Near Exp. 25 40.3 1 1.6 10 16.1 14 22.6 1 1.6 1 1.6 7 11.3

All types Exposed+ 36 40.9 1 1.1 17 19.3 18 20.5 2 2.3 1 1.1 10 11.4

All Unexposed 36 50.7 1 1.4 19 26.8 8 11.3 0 0.0 0 0.0 6 8.5

CLASSIFICATION OF CHROMOSOMAL FINDINGS - NORMAL AND VARIANT TYPI

Category D - Normal
Category A - Cytological abnormality or variation including: long #2, long short arm G , secondary c~uncoiled #1, etc.
Category B - Abnormality that may be due to a mutagenic agent including: quadriradials, endoreduplii

dicentric, double chroinatid breaks, etc.
Category C — “Abnormality” that may be due to mechanical or technical error including: gaps or sing~

TABULATION OF IND IVIDUAL CATEGORIES AND COMBIMAT IONS

D ,A , B ,C respectively only the 1 type designated Any A .A only , or
AB ,AC ,BC both the types designated Any B B “ , “
ABC all 3 types A+B+C types Any C ..C “ ,
1 deviant type only..... ......A or B or C Any A and/or B . . . . . . . A  &/or B al~2 types 2 deviant types other than D Any A and/or C.......A or C aloni

(A+B or A+C or B+C) Any B and/or C. B or C
Any 1 type D only or A only or B only or C on1~ A and/or B and/or C..A or B or C

• 
~ Based on number of persons with at least one successfu l cultuse. + Matched , Unmatched , Exposed

Mut~aa l ly  exclusive chromosoma l categor ies. A fa ther  with a successful culture ~s classified in I
an individua l defect  “A only ” , “B only”, or in a combination “AB ” .

- S --



OF CHROMOSOMAL FINDINGS ON FATHERS BY RADAR-MICROWAVE EXPOSURE STATUS
Own’s, Controls, and New Match Fathers from Original and Current Series

3 TYPES CULTURE
A B C AB AC BC ABC FAILURE SUCCESS TOTAL

_ _ _  
# 7. # 7. # 7 0  ± 7 .  # 7. # 7 .  # 7. # 7. _ _ _

1.3 37 23,3 26 16.4 2 1,3 1 0.6 16 10.1 4 2.5 3 1.9 159 98.1 162

1.8 10 18.2 11 20.0 1 1.8 1 1.8 6 10.9 3 5.5 0 0.0 55 100.0 55

1.9 15 27.8 6 11.1 0 0.0 0 0.0 6 11,1 1 1.9 1 1.8 54 98.2 55

V 0.0 0 0.0 3 42 .9 0 0.0 0 0.0 1 14.3 0 0.0 0 0.0 7 100.0 7

0,0 2 28.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 7 100.0 7

0.0 5 35,7 2 14.3 1 7.1 0 0.0 1 7.1 0 0.0 0 0.0 14 100.0 14

I 0.0 2 16.7 2 16.7 0 0.0 0 0.0 2 16.7 0 0.0 0 0.0 12 100.0 12

0.0 2 20.0 2 20.0 0 0.0 0 0.0 0 0.0 0 0.0 2 16.7 10 83.3 12

1.4 15 21.7 13 18.8 2 2.9 1 1.4 7 10.0 3 4.3 0 0.0 69 100.0 69

1.6 10 16.1 14 22 .6 1 1.6 1 1.6 7 11.3 3 4.8 0 0.0 62 100.0 62

1.1 17 19.3 18 20.5 2 2.3 1 1.1 10 11.4 3 3.4 0 0.0 88 100.0 88

1.4 19 26.8 8 11.3 0 0.0 0 0.0 6 8.5 1 1.4 3 4.1 71 95.9 74

BIFICATION OF CHROMOSOMAL FINDINGS - NORMAL AND VARIANT TYPES

Iriation including: long #2, long short arm G, secondary constriction #1, frag ile #16,

~o a rnutagenic agent including: quadriradials , endoreduplication, fragmented chromosomes,
ireaks, etc.
~~ o mechanical or technical error including: gaps or single chromatid breaks.

TABULATION OF INDIVIDUAL CATEGORIES AND COMBIN&TIONS

type designated Any A .A only, or in combination with B and/or C
rpes designated Any B B “ , “ “ “ “ A and/or C
I A+B4-C types Any C ..C “ , “ “ “ “ A and/or B

Any A and/or B.... ...A &/or B alone or in any combination of other types
~ypes other than D Any A and/or C ..A or C alone or itt any combination of other types
or B+C) Any B and/or C B or C “ “ “ “ “ “ “ “

l only or B only or C onl3 A and/or B and/or C..A or B or C alone or in any “ “

~t one successful cu1tu~e. + Matched , Unmatched , Exposed and Near.

jes. A father with a successful cultire is classified in onl y one chromoFonial category - e.g. with
or in a combination “AS”.



SUMMARY OF CHROMOSOMAL FINDINGS ON FAThERS BY RADAR-MICROWAV E
TAB LE CS-28 Includes Down’s, Control8, and New Match Fathers from Original i

ANY 1 TYPE
3 TYPES NO ONE TYPE ONLY-A, ANY ANY ANY

Radar - Microwave Status ABC TYPES - ONLY B. or C A B C
_ _ _ _ _ _ _ _ _ _ _ _ _  # 7 .  # 7. # 7. # 7. # 7. # 7. # 

~~~1TOTALS - 4 2.5 19 11.9 136 85.5 65 40.9 9 5.7 59 37.1 47 29.6 62

Matched Pairs

Exposed 3 5.5 8 14.5 44 80.0 22 40.0 6 10.9 20 36.4 21 38.2 22
Unexposed 1 1.~ 6 11.1 47 87.0 22 40.7 2 3.7 22 40.7 13 24.1 23

Near Exposure 0 0.0 1 14.3 6 85.7 3 42.9 0 0.0 1 14.3 4 57.1 l~
Unexposed Matches o 0.0 0 0.0 7 100.0 2 28.6 0 0.0 2 28.6 0 0.0 2~

Unmatched -

Exposed 0 0.0 2 14.3 12 85.7 7 Ju .0 1 7.1 7 50.0 3 21.4 7

Near Exposure o 0.0 2 16.7 10 83.3 4 33.3 0 0.0 4 33.3 4 33.3 4~
Unexposed 0 0.0 0 0.0 10 100.0 4 40.0 0 0.0 2 20.0 2 20.0 2

Pooled Groups

Exposed(Match + Unmatch 3 4.3 10 14.5 56 81.2 29 42.0 7 10.1 27 39.1 24 34.8 2~

Matched Only
Exposed + Near Exp. 3 4.8 9 14.5 50 80.6 25 40.3 6 9.7 21 33.9 25 40.3 22

All types Exposed + 3 3.4 13 14.8 72 81.8 36 40.1 7 8.0 32 36.4 32 36.4 34

All Unexposed 1 1.4 6 8.5 64 90.1 28 39.4 2 2.8 26 36.6 15 21.1 2~

CLASSIFICATION OF CHROMOSOMAL FINDINGS - NORMAL AND VARIANT TYPE~

Category D - Normal
Category A - Cytological abnormality or variation including: long #2, long short arm G, secondary cc

uncoiled #1, etc.
Category B - Abnormality that may be due to a mutagenic agent including: quadriradials, endoreduplii

dicentric , double chromatid breaks, etc.
Category C - “Abnormality” that may be due to mechanical or technical error including: gaps or sing

TABULATION OF INDIVIDUAL CATEGOR’HS AND COMBINATIONS

D,A ,B,C respec tively only the 1 type designated Any A A only, or i
AB,AC ,BC both the types designated Any B B “ , “

A BC  all 3 types A+B+C types Any C  .C
1 deviant type only A or B or C Any A and/or B A &/or B alo
2 types ..........2 deviant types other than D Any A and/or C A or C alone

(A+B or A+C or B-I-C) Any B and/or C B or C
Any 1 type .D only or A only or B only or C only A and/or B and/or C..A or B or C

7, Based on nwnber of persons with at least one successful culture. + Matched , Unmatched , Exposed -
X Mutually exclusive chromosomal categories. A father with a successful culture is classified in on
an individual defect “A only” , “B only”, or in a combination “AS”. 

~~~~~~~~ ------ - -—- - ~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~ - - ~~-- -----~~~~ 
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I

LINGS ON FATHERS BY RADAR-MICROWAVE EXPOSURE STATUS
m d  New Match Fathers from Original and Current Series

CULTURE
‘A , ANY ANY ANY ANY ANY ANY A&/or

~~ A p C A&/prB A&/orc B&/orC B~JorC FAiLURE SUCCESS TOTAL
- .L._# 7. # 7. # 7. # 7. # 7. # 7. # 7. # 7. # 7. _ _ _

1.9 9 5.7 59 37.1 47 29.6 62 39.0 51 32.1 86 54.1 88 55.3 3 1 . 9 59 98.1 162

6 10.9 20 36.4 21 38.2 22 40.0 23 41.8 32 58.2 33 60.0 0 0.0 55 100.0 55

2 3,7 22 40.7 13 24.1 23 42.6 14 25.9 28 51.9 29 53.7 1 1.8 54 98.2 55

L9 0 0.0 1 14.3 4 57.1 1 14.3 4 57.1 4 57.1. 4 57.1 0 0.0 7 100.0 7

~.6 0 0.0 2 28.6 0 0.0 2 28.6 0 0.0 2 28.6- 2 28.6 0 0.0 7 100.0 7

.0 1 7.1 7 50.0 3 21.4 7 30.0 4 28.6 9 64.3 9 64.3 0 0.0 14 100.0 14

.3 0 0.0 4 33.3 4 33,3 4 33,3 4 33.3 6 50.0 6 50.0 0 0.0 12 100.0 12

.0 0 0,0 2 20.0 2 20.0 2 20.0 2 20.0 4 40.0 4 40.0 2 16.7 10 83.3 12

.0 7 10.1 27 39.1 24 34.8 29 42.0 27 39.1 41 54 .4 42 60.9 0 0.0 69 100.0 69

.3 6 9.7 21 33.9 25 40.3 23 37.1 27 43.5 36 58.1 37 59.7 0 0.0 62 100.0 62

.1 7 8.0 32 36.4 32 36.4 34 38.6 35 39.8 51 58.0 52 59.1 0 0.0 88 100.0 88

.4 2 2.8 26 36.6 15 21.1 27 38.0 16 22.5 34 47.9 35 49.3 3 4.1 71 95.9 76

FINDINGS - NORMAL AND VARIANT TYPES

#2 , long short arm C, secondary constriction #1, fragile #16,

iding: quadriradials, endoredu plication , fragmented chromosomes,

tel error including: gaps or single chromatid breaks.

~ CATEGORIES AND COMBINATIONS

Any A A only, or in combination with B and/or C
Any B B ‘‘ , ‘~ ‘~ A and/or C
Any C C ‘~ , ‘~ ‘‘ “ “ A and/or B
Any A and/or B.......A &/or B alone or in any combination of other types
Any A and/or C A or C alone or in any combination of other types
A fly B and/or C B or C “ “ “ ~‘ ‘‘

A and/or B and/or C..A or B or C alone or in any “ “ “

+ Matched , Unmatched , Exposed and Near.

esful culture is classified in only one chromosomal category - e.g. with

- -~~~=---- -- — --



L\BLE CS3
s~~~1~RY OF CH ROMOSOMA L VAR IANT S IN CATE GORY ~

IAIqY APPEARANCE I

Long #2’s (A) Frag ile #16

Total Failed Code Code Code Code Code Code Code Code Code Code Code C4
Fathers Culturei ‘‘1’’ ‘‘2’’ 11311 114 11 115 11 11611 11711 l Ij i l  ll~~~ll 11311 11411

MATCHED PAIRS
Exposed 55 0 1 0 0 1. 0 0 53 0 0 0 0
Unexposed 55 1 0 0 0 0 0 0 54 0 0 1 0

Near Exposure 7 0 0 0 0 0 0  0 7 0 0 0 0
Unexposed 7 0 0 0 0 0 0  0 7 0 0 0 0

UNMATCHED 
~~~O 0 14 0 0 1 0Exposed 14 0 - 0 0 0 0

Near Exposure 12 0 0 0 0 0 0 0 12 0 0 0 0

unexposed 12 2 0 0 0 0 0 0 10 0 0 0 0

TOTAL 162 3 1 0 0 1 0 0 157 0 0 2 0

Secondary Constriction #1
Uncoiled #1 (A) Secondary Constrict

Total Failed Code Code Code Code Code Code Code Code Code Code Code C
Fathers Cultures lIji? ~l~~lI 11311 114 11 11511 ‘‘ 6’’ 11711 I I] I l  ‘‘2’’ 11311 11411

MATCHED PAIRS
Exposed 55 0 0 1 0 0 0 1 53 0 0 1 0
Unexposed 55 1 0 0 0 0 0 0 54 0 0 0 0

Near Exposure 7 0 0 0 0 0 0 0 7 0 0 0 0
Unexposed 7 0 0 0 o 0 0 0 7 0 0 0 0

UNMATCHED
Exposed 14 0 0 0 0 0 0 0 14 0 0 0 0

Near Exposure 12 0 0 0 0 0 0 0 12 0 0 0 0

Unexposed 12 2 0 0 0 0 0 0 10 0 0 0 0

TOTAL 162 3 0 1 0 0 0 1 157 0 0 1 0
-l

~
)Category A - Cytological abnormality or variation: including long #2, long short arm C , secon

Code Numbers

1 — yes , in all successful cultures (including just I successful done) in all cells
2 — yes, in all successful cultures (including just 1 successful done) presumed to be in

abnormalities e.g. prominent satellite) or not counted just noted
3 = yes, in all successf ul cultures (includ ing just 1 successf ul done) in >1 cell , not al4 yes , in all successful  cultures ( including ju st 1 successful done~ in 1 cell only
5 yes , in 1 or more successful cultures , but not in all cultures , found in —.1 cell of 0
6 = yes, in 1 or more successf u l cu ltures , but not in all cultures , found in only 1 cell7 — no , in all successful cultures

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~ - - ~~~~~~~~ — • •-—- _ _---- 
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DSOMA I. \ ‘A R i A N ~~S IN C A l  ;ORY ‘A’~~~~Y AP I ’EA RANCE is b LOOD 

(A) Fr a g i l e  ~ l 6 (A~ Long ~h~ ’~t A rm (; (A)

~e Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code
114 11 1 1 5 1 1  ‘‘6’’ 11711  ~1•~ II ’ )? l  1 13 1 1  1 14 1 1  1 15 ?  ‘ ‘‘6’’ ’’7’’ •~1~ ‘‘2’’ 1 13 1 1  1 14 1 1  1 15 1 1  116 1? 1 1 7 1 1

D 1 0 0 53 0 0 0 0 0 0 55 0 1 0 0 0 0 54
D 0 0 0 54 0 0 1 0 0 0 53 0 0 0 0 0 0 54

D 0 0 0 7 0 0 0 0 0 0 7 0 0 0 0 0 0 7
D 0 0 0 7 0 0 0 0 0 0 7 0 0 0 0 0 0 7

D 0 0 0 14 0 0 1 0 0 0 13 0 0 0 0 0 0 14

D 0 0 0 12 0 0 0 0 0 0 12 0 0 0 0 0 0 12

D 0 0 0 10 0 0 0 0 0 0 10 0 0 0 0 0 0 10

1 0 0 157 0 0 2 0 0 0 157 0 1 0 0 0 O l ~~ 
— -~~ — ________________________________________________________________

Constriction #1
led #1 (A) Secondary Constriction ~9(A ~ Prominent 0 Sa t e l l i t e  (A)

Code Code Code Code Cod e Code Code Code Code Code Code Code Code Code Code Code Code Code
114 11 1 15 1 1  h 1 6 1  1 I7 11  1’’ ‘‘2’’ 1 13 1 1  1 14 1 1  115 11  I16 11 17 1 ?  ‘‘1’’ I2 ~ 1 1 3 1 1  114 1? 1 1 5 1 1  ‘‘6’’ 1 1 7 1 1

0 0 1 53 0 0 1 0 0 0 54 0 i 0 0 0 0 54
O 0 0 54 0 0 0 0 0 0 54 0 1 0 0 0 0 53

0 0 0 7 0 0 0 0 0 0 7 0 0 0 0 0 0 7
O 0 0 7 0 0 0 0 0 0 7 0 0 0 0 0 0 7

O 0 0 14 0 0 0 0 0 0 14 0 0 0 0 0 0 14

0 0 0 12 0 0 0 0 0 0 12 0 0 0 0 0 0 12

0 0 0 10 0 0 0 0 0 0 10 0 0 0 0 0 0 10

0 0 1 157 0 0 1 0 0 0 158 0 2 0 0 0 0 157

i n c l u d i n g  long ~2 , long short arm C , secondary c o n s t r ic t i o n  ~i , f r a g i l e  ; l ( - , , u n coi l ed ~l , etc .
Cod e Numbe rs

g ust I successfu l done) in all cells

~ just I successfu l done) presumed to be in all cells but not always visible (as in Ar not cou n t ed ju st noted

~ 
just 1 successful done) in 1 cell , not all

I just I successful done) in I cell only
~ not in all cultures , found in -I cell of one culture , or - 1 cell  of — l c u l t u r enot in all cultures , found in only I cell of an~ cu l tu r e  

- - -~~~~~~~ -~~~~- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TABLE CS4

SUMMARY OF CHROMOS(L”IAL ABNORMALITIES IN CATEGORY “B” BY APP

(exc luding Endoredupl icat ion)  
I

Strands Between Chromosomes (B) Quadriri

Total Failed Code Code Code Code Code Code Code Code Code Code ’
Fathers  Cultures I ll? l~~~ll l I3I~ 11411 11511 ~~~~~~ 117 l1 1,111 

~~~~ 131? -

MATCHED PAIRS
Exposed 55 0 0 1 0 0 0 0 5 4  0 0 0
Unexposed 55 1 0 0 0 0 0 0 5 4  0 0 0

Near Exposure 7 0 0 0 0 0 0 0 7 0 0 0 
-

Unexposed 7 0 0 0 0 0 0 0 7 0 0 0

UNMATCHED
Exposed 14 0 0 0 0 0 0 0 14 0 0 0

Near Exposure 12 0 0 0 0 0 0 0 12 0 0 0

Unexposed 12 2 0 0 0 0 0 0 10 0 0 0

TOTAL 162 3 0 1 0 0 0 0 158 0 0 0

Fragmented (B) Double Chi
Total Failed Code Code Code Code Code Code Code Code Code CodeF’a.thers Cultures ‘‘1’’ ~~~~~ 113 11 114 11 1 1 5 1 ?  ‘‘6’’ 1 17 ? ?  ‘1’’ ‘‘2’’ I?31l

I-

MATCHED PAIRS
Exposed 55 0 0 0 2 3 0 0 50 0 0 2iJnexposed 55 1 0 0 0 11 0 1 42 0 0 1
Near Exposure 7 0 0 0 0 0 0 0 7 0 0 0 ~Unexposed 7 0 0 0 0 0 0 0 7 0 0 0 1

UNMATCHED
Exposed 14 0 0 0 1 5 0 1 7 0 0 0
Near Exposure 12 0 0 0 0 2 0 0 10 0 0 0

t Unexposed 12 2 0 0 0 1 0 0 9 0 0 0
-I7rOTAL 162 

— 

3 0 0 3 22 0 2 132 0 0 3

_ _ _ _  _ _  _ _  _ _ _ _ _ _- 1-
OCategory B - Abnormality tha~L~~ L~~e due to a mutagenic 4g~!i:~~ 

including quadriradial4
breaks , etc .

Code Numb er s 1
1 = yes , in all successful cultures (including just 1 successful done) in ~
2 — yes , in iLl successful cultures (including just 1 successful done) prel

abnormalities e.g. prominent satellite or not counted just noted

3 yes , in all successful cultures (including just I successful done) in ~
4 = yes , in all successful cultures ( including just  1 successful done) in I
5 — yes , in 1 or more successful cultures , but not in all cultures , found

6 — yes , in 1 or more successful cultures , but not in all cultures , found

7 no , in all successful cultures

I
I
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~N0RMALITIES IN CATEGORY “B” 
0BY APPEARANCE IN BLOOD CULTURES

( ex c l u d i n g  Endoredupl ica t ion )

~bromosomes (B) Quadriradials (B) Dicentr ics (B)

Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code
115 1? “6” 117 1? ~~~~~~~ “2” 113?? 114 ?? 11 5 ?? •~6~ 1 1 7 ? ?  •~ lI~ “ 2” 1 13 ? ?  t ?4 11  1 15 1 ?  “ 6” 1 17 1 1

0 0 5 4  0 0 0 0 0 1 54 0 0 0 1 0 1 53
0 0 54 0 0 0 1 0 0 53 0 0 0 2 0 0 52

0 0 7 0 0 0 0 0 0 7 0 0 0 0 0 0 7
0 0 7 0 0 0 0 0 0 7 0 0 0 0 0 0 7

0 0 14 0 0 0 0 0 0 14 0 0 0 0 0 1 13

0 0 12 0 0 0 0 0 0 12 0 0 0 0 0 0 12

O 0 10 0 0 0 0 0 0 10 0 0 0 0 0 0 10

0 0 158 0 0 0 1 0 1 157 0 0 0 3 0 2 154

(B) Double Chromatid Breaks (B) Isoebroinatid Breaks (B)

Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code Code1151? ‘ ‘6’’ 117 11 1’’ ~~2hI 11311 114 ??  l ? 5 1 ?  ‘‘6’’ l ? 7 1 ?  

— ‘‘ 1’’ ‘‘2’’ 11311 1141? ?? 5 ?? ‘‘6’’ 117??

0 0 50 0 0 2 5 0 1 47 0 0 0 0 0 0 550 1 42 0 0 1 3 0 0 5 0  0 0 0 0 0 0 54

0 0 7 0 0 0 1 0 0 6 0 0 0 1 0 0 60 0 7 I 0 0 0 1 0 0 6 0 0 0 0 0 0 7

0 1 7 0 0 0 0 0 0 14 0 0 0 0 0 0 14

O 0 10 0 0 0 3 0 0 9 0 0 0 0 0 0 12

- O  0 9 0 0 0 0 0 0 10 0 0 0 0 0 0 10

- 0  2 132 0 0 3 13 0 1 142 0 0 0 1 0 0 158

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~enic agent: 
including quadriradial , endoreduplication , fragmen ted , dicentric , double chromatid

break8, etc.

Code Numbers

ncluding just I successful done) in all cells
ncluding just I successful done) presumed to be in all cel ls  but not always visible (as in A

li te or not counted just noted
ncluding just  1 successful done) in -.l cell , not all
ncluding just 1 successful done) in I cell only
Ires, but not in all cultures , found in —.l cell of one culture , or —.l cell of ‘~l culture

ires, but not in all cultures , found in only 1 cell of any culture
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TABLE CS-S

END OREDU PLI~ AT 1ON (B CATEGORY VARIANT)

Tota l 7. Code 7. Code 7. Code 7. Code 7. Cod et ’ather s  ~ai 1ures Tot .  “1” Sue .  “2” Suc.  “ 3” Suc.  “ 4” Suc . “5”

MATCHED PAIRS
Exposed 55 0 0 0 0 0 0 1 1.8 6 10.9 0
Unexposed 55 1 1.8 0 0 0 0 1 1.9 9 16.7 0

Near Exposed 7 0 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 1 14.3 0Unexposed

UNMATCHED
Exposed 14 0 0 0 0 0 0 0 0 1 7.1 0

Near Exposed 12 0 0 0 0 0 0 0 0 1 8.3 0

Unexposed 12 2 16.7 0 0 0 0 0 0 1 10.0 0

TOTA L 162 3 1.9 0 0 0 0 2 1.3 19 11.9 0

Code Numbers

1 yes , in ~JJ. successful cu ltures (including just 1 successful done) in all cells
2 = yes , in ~jj successful cultures (including just 1 successful done) presumed to be in all

abnormalities e.g. prominent satellite) or not counted just noted
3 = yes , in ~jJ.. 

successful cultures (including just 1 successful done) in ~-l cell , not all
4 = yes , in ~JJ.. successfu l cultures (including just 1 successful done) in 1 cell only
5 = yes , in 1 or more successful cultures , but not in all cultures , found in >1 cell of one et

= yes , in 1 or more successful cultures , but not in all cultures , found in only 1 cell of at
7 no~~in all successful cultures - -.____________________________ ________ _______

4,1



EN DORI’ 1)1’ I ’L l CA l’ ION (14 CA I’I~COR~ VAR IANT

I,. -
— ~~~~ ~ . ‘~‘dt ’ ‘

. ~‘ 1l1 I ( ’ ‘

~

_ 1$211 .~~~~~~. ‘‘ C’ S,, , .  “ ‘ ‘  
~‘ I IC.  11511 S,~ ’ . ‘ n ’’ Sui’ . II~~ SLII. ’ .

O 1) I I 8 ~ ID . 0 0 1 1 . 8 -~7 8 ’~. S N — ‘. S

O 0 1 Q I,, . / 0 1) 0 0 ~~~~ SI 1 N = ‘.4

O 0 0 0 0 0 0 0 0 7 lOU D N 7
- 0 0 0 0 1 14 . 1 U 0 0 0 t~ 85. 7 N — 7

0 0 0 . 0 I 7 .  1 0 0 0 1) 13 ~) ‘  . ~) N 14

O 0 0 0 I 8 . I 0 0 1) 0 I 1 ~ 1 .7 N

0 0 0 0 I 10 . 0 U U U 0 9 90. 0 N JO

U -‘ I . I I ~ I I . ‘~ 0 U 1 0. t. 1 47 8h ...~ N 159

Code Numb ~‘rs
I—

Ust I ; te ’ e’ t~s s t U l ~Iont ’) t o  a l l  ~‘~‘1 Is
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ot ~ oun t t’d ) us 1 not e’d
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TABLE C

SUMMARY OF CHROMOSOMAL ABNORMALITIES IN CATEGORY “C”°BY APPEARA1’X~E

Gaps (C)

To tal Failed Code Code Code Code Code Code Code
Fathers Cultures “1” 11 2 ?? 113?? 11411 “5” 116?? l~ 7??

MATCHED PAIRS
Exposed 55 0 0 0 2 14 0 1 38
Unexposed 55 1 0 0 3 6 0 I 44

Near Exposure 7 0 0 0 1 3 0 0 3
Unexposed 7 0 0 0 0 0 0 0 7

UNMATCHED
Exposed 14 0 0 0 0 1 0 0 13

Near Exposure 12 0 0 0 0 2 0 0 10
-.1

Unexposed 12 2 0 0 0 1 0 0 9

TOTAL 162 3 0 0 6 27 0 2 124

0 Category C - “Abnormality” that may be due to mechanical or technical error: including gaps

Code Numbers

1 — yes, in succ essf ul cultures (including just I successf ul done) in all cells
2 — yes, in all successful cultures (including just 1 successful done) presumed to be in all

abnormalities e.g. prominent satellite) or not counted just noted
3 — yes, in all successful cultures (including just 1 successful done) in >1 cell , not all
4 — yes , in all successful cultures ( including just I successful done) in 1 cell only
S — yes, in I or more successful cultures, but not in all cultures, found in ‘-‘I cell of one c
6 — yes, in I or more successful cultures , but not in all cultures , found in only I cell of I
7 — no, in all successful cultures



-

~~~~~~~~~~~~~~

RMALITIES IN CATEGORY ??C??O BY APPEARANCE IN BLOOD CULTURES

Gaps (C) S ingle Chronatid Breaks ( C ’)

Code Code Code Code Code Code Code Code Cod e Cod e Code Code Code Code
1’’ 112?? ~?3 ?? 1141? 1 15 ? ?  ‘ ‘6 ’ ’  ? 1 7 ? ?  1’’ ‘‘2’’ ~? 3?? ?? 4 ?? 5?? ~~~~~~ 1 7 ? ?

O 0 2 14 0 1 38 0 0 2 7 0 0 46
O 0 3 6 0 1 44 0 0 1 5 0 1 47

0 0 1 3 0 0 3 0 0 0 1 0 0 6
O 0 0 0 0 0 7 0 0 0 0 0 0 7

O 0 0 1 0 0 9 0 0 0 2 0 0 8

O 0 6 27 0 2 124 0 0 3 19 0 136

ical or technical error: including gaps or single chromatid breaks

Code Numbers

1 successfu l done) in all cells
I successful done) presumed to he in all cells hut  not always visible (as In  A
ounted lust noted
1 successful done) In ~l cell , not all
I successfu l done) in I cell only
n a l l  cul tures , found in “-1 cell of one culture , or “I cell of ~l culture
~t a l l  cul tures , found in only l c= I l  of any cu l tu re

j•.

I
- 

-
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N U M BER OF ABNORMAl. CEI SI .S 14? EXP O SURE-MAT ci1 l N(~ STATUS OF Fl

Number of Abnorma l Cel
None Led .

Total Fa ilures 1 2 3 4
Fathers ’j~ ‘

~~ No. 7. ’ No. 7. ‘N~~~ 7. No, 7.

MATCHED PAIRS
Exposed 55 22 40.0 14 25.5 8 14.5 2 3.6 2 3.6
Unexposed 55 24 43.6 13 23.6 7 12.7 4 7.3 3 5.5 1
Near Exposed 7 3 42.9 1 14.3 2 28,6 1 14,3 0 0
UflCXpo..d 7 5 71 .4 2 28.6 0 0 0 0 0 0

UNMATCHED
Exposed 14 5 35.7 4 28.6 4 28.6 0 0 0 0

Near Exposed 12 6 50.0 4 33.3 0 0 2 16.7 0 0
—
-J
‘ Unexposed 12 8 66.7 3 25.0 1 8.3 0 0 0 0

TOTAL 162 72 44.4 41 25.3 23 14.2 9 5.6 5 3.1

I. 
-



________ - - - -~~- - .
~~ ‘— ,— - ‘ “-‘-

~ 
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F ABNORMA L CELLS BY EXPOSURE-MATC}41N (, STATUS OF FATHERS

Number of Abnorma l Ce l l s

Abn . in2 3 4 5 6 7+ All Cel1~No. 7. Nó~~~~ 7.~~ ~~~~~~~~~~~ 
- 

No. %~~ ~~~~~~~~~~ , 
- 

No. 7,

8 14.5 2 3.6 2 3.6 1 1.8 0 0 1 1.8 5 9.17 12.7 4 7.3 3 5.5 0 0 0 0 3 5.5 1 1.8

.3 2 28.6 1 14.3 0 0 0 0 0 0 0 0 0 00 0  0 0  0 0  0 0 0 0  0 0  0 0

4 28.6 0 0 0 0 1 7.1 0 0 0 0 0 0

3 0 0  2 16.7 0 0  0 0  0 0  0 0  0 0

1 8.3 0 0 0 0 0 0 0 0 0 0  0 0

23 14.2 
- 

9 5 .6  5 3.1 2 1.2 0 0 4 2 .5 6 3.7



100.0 0 ~4
78.2 12 15 34.9
66.7 5 4 40.0
60.0 2 3 0
100.0 0 0 0

O 0 0 0
75.6 19 22 37.3

98.2 1
76.4 13 20 47.6
73.3 4 3 27.3
66.7 1 1 50.0

0 1 0 0
100.0 0 0 100.0

74.7 19 25 44.6

100.0 0
85.7 1 3 50.0
100.0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0

87.5 1 3 42.9



7, ‘1. A l l
- Suc . C Suc , B Suc .

11.6 6 14.0 20 46.5
O 5 50.0 0 0
O 0 0 0 0

66.7 1 33.3 2 66 .7
O 0 0 0 0
11.9 12 20.3 23 40.0

11 .9 5 11.9 14 33.3
9.1 1 9.1 8 72.7
O 0 0 1 50.0
0 0 0 0 0
O 0 0 0 0

10.7 6 10.7 23 41.1

16.7 2 33,3 1 16.7
0 1 100.0 0 1
O 0 0 0 0
0 0 0 0 0
0 0 0 0 0
14.3 3 42.9 1 14.3



TA B LE CS-8B -

DISTRIBUTION OF CHROMOSOME RESULTS BY SPECIMEN AND PAT~Unmatched Father

Successful 7. - 7. — — 7 — —
Total ~ulturee Total Failures D Suc . A Suc . AB Suc. AC Suc. Al

— — — — —

UNMATCHED
Exçposed
Total Subjects 14 14 100.0 0

1st Specimen 14 10 71.4 4 2 20.0 1 10.0 0 0 0 0 0
2nd Specimen 6 3 I 50.0 3 2 6 6 . 7  0 0 1 33.3 0 0 0
3rd Specimen 3 3 100.0 0 1 33.3 0 0 0 0 0 0 0
4th Spec imen 0 0 0 0 0 0 0 0 0 0 0 0 0
5th Spec imen 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Spec imens 23 16 69,6 7 5 31.3 1 6.3 1 6.3 0 0 0

— __ - — — — —Near Exposed
Total Subjects 1? 12 100.0 0

1st Specimen 12 Il 91.7 1 6 0 0 0 0 0 0 0 0
2nd Specimen 1 1 100.0 0 0 0 0 0 0 0 0 0 0
3rd Specimen 0 0 0 0 0 0 0 0 0 0 0 0 0
4th Specimen 0 0 0 0 0 0 0 0 0 0 0 0 0
5th Spec ime~ 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Specimens 13 12 92.3 1 6 50.0 0 0 0 0 0 0 0

Unexposed — _____ —

Total Subjects 12 10 83.3 2
1st Specimen 12 8 66.7 4 5 27.8 0 0 0 0 0 0 0
2nd Specimen 2 2 100.0 0 1 50.0 0 0 0 0 0 0 0
3rd Specimen 0 0 0 0 0 0 0 0 0 0 0 0 0
4th Spe.~imen 0 0 0 0 0 0 0 0 0 0 0 0 0
5th Specimen 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Specimens 14 10 

— 
71.4 4 6 60.0 0 0 0 0 

- 
0 0 0

0 Categories D, A , B, C, AB , AC , BC and ABC are mutually exclusive (as in Ti
Categories “all B”, “all A” , “all C” are respectively synonymous with l?~~~~~

and are not mutually exclusive, i.e., cultures showing multiple defects ai
example, cultures with both A and B defects would be counted in “any A” ax

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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®
$ BY SPECiMEN AND PATERNAL EXPOSURE-MATCHING STATUS AND CATEGORY

Unmatched Fathers

— - — — — — — —
7. 7. 7. All ‘I, All 7. All 7,

Suc. AC Suc. ABC Suc. B Suc. BC Sue. C Sue. B Suc . A Sue. C Suc .

0 0 0 0 0 5 50.0 1 10.0 1 10.0 6 60.0 1 10.0 2 20.0
33.3 0 0 0 0 0 0 0 0 0 0 1 33.3 0 0 0 0
o o 0 0 0 1 33.3 0 0 1 33.3 1 33.3 0 0 1 33.3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6.3 0 0 0 0 6 37.5 1 6.3 2 12.5 8 50.0 2 12 .5 3 18.8

— — — — — S — —

O 0 0 0 0 1 9.1 2 18.2 2 18.2 3 27 .3  0 0 4 36.4
0 0 0 0 0 1 100.0 0 0 0 0 1 100.0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o o 0 0 0 2 16.7 2 16.7 2 16.7 4 33.3 0 0 4 33.3

O 0 0 0 0 1 12 .5 0 0 2 25.0 1 0 0 0 2 25.0
O 0 0 0 0 1 50.0 0 0 0 0 1 50.0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 2 20.0 0 0 2 20.0 2 20.0 0 0 2 20.0

j - — — — — —
~ ua1ly exclusive (as in Table CS-2A).

~vely synonymous with “any B”, “any A” , and “any C” respectively of Table CS’-2B
mowing multip le defects are counted in any and all categor ies appl icable, for
~d be counted in “any A” and again in “any B”.

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FIGURE 2 Some Types of Chromosome Aberrancy Observed
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FICURE 3 Endoredup licaticn
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abnormalities e.g. prominent satellite or not counted just no~ eu

3 yes in all successful cultures (including just I successful done) in

4 yes, in all successful cultures (including just I successful 
done) ~n

5 — yes , in b r  more successful cultures , but not in all cultures , found

6 — yes, in 1 or more successful cultures , but not in all cultures , found

7 = no , in all successful cultures
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APPENDIX A
Par t a

CONTRACTOR ’S PROPOSAL FOR CURRENT STUDY SPRING , 1969

Parental Radiation Exposure and Down’s Syndrome , wi th Particular

Attention to Ionizing Radiation and Radar

(Revised 4/25/69 - Confined to Baltimore Metropolitan Area)

Purpose: To determine whether the parents ol mongols differ from the parents of

matched normal controls with regard to exposure to radar and/or

ionizing radiation and to examine the chromosomes of those radar-exposed

parents and corresponding parents from the matched series for any

discernible differences and/or abnormalities.

Specific Aims:

1. To compare the parents of mongols with those of controls with regard to

reported radar exposure , occupations involving radar exposure or exposure

to any sources of radioactive substances or radiation.

2. To compare mothers and fathers of Down’s syndrome cases with mothers and

fathers of matched controls with regard to medical radiation (diagnostic

and/or therapeutic) exposure.

3. To compare the parents of mongols and of controls with regard to other

factors (socioeconomic status , religion , menstrual and medical history ,

marital history etc.) recognized or suspected to be associated with the

occurrence of Down ’s syndrome and to examine their possible interaction

with radar and/or ionizing radiat i on exposure.

4. To examine the chromosomes of the fathers (or mothers) wi th a history of

exposure to radar and the fathers (or mothers) of children matched to

them , and to compare them.

Method of Procedure

I. Subjects

Selection of cases. Children with a diagnosis of mongolism and born

• 191
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• af ter Januar y 1, 1945 In the greater Baltimore area ascertained from the Mary land

State Training School , other special institutions for the retarded in the Baltimore

Metropolitan area including special private , county, parochial , and public schools ,

Baltimore area hospitals and private physicians.

Since a similar previous study has been carr i ed out in the Baltimore area ,

the interview sample will he confined to those cases not ascertained In the previous

study. From 1 i/194h to 10/1/1962, 421 cases were collected in the previous

Baltimore area study , with 288 meeting the study requir ement s and 2lt. available for

interview . At the same rate of 1.4 per month meeting requirements and 1.07 per

month available for interview , It is estimated that approximately 105 additional

• mongols may be obtained for the Baltimore area from 10 i t ~2 - i l l  b’l (with at least

• 80 available for final study). If 1945 is added approximately . il -l b more cases

would be available.

i)iagnostic criteria: The following set of physical criteria for Down ’s syndrome

based on cons istently observed findings (See Table I) as p rev iousl~’ reported will

be considered “primary” criteria:

Bra chv cepha ly
Slanted palpebral f i ssures
Epicanthic folds
Palmer simian lines
Malformed ears
Broad and/or short neck
Malf ormed f ingers and/ or hand s
Nasal abnormal it y
Hyparte Ion sm
Abnorma l pala te
Brushf ield spot s
Broad and/or shor t trunk
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TABLE I

• Phys ical f indings in cases of Down’s syndrome (from S igler ,

Lilienfeld , Cohen , Westlak e, 1965)

Phys ical
signs present

Physical signs No. 7.

Bra~hycepha1y 169 87.1
Slanted pal pebral fissures 177 91.2
Epicanthic folds 155 79.9
Palmar simian lines 126 64.9
Malformed ear s 160 82. 5
Broad and/or short neck 147 75.8
Malformed fingers and/or hands 156 80.4
Nasal abnormality 177 91.2
Hypertelorism 186 95.9
Abnormal palate 164 84.5
Brushfield spots 107 55.2
Broad and/or short trunk 159 82.0
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Selec t ion o f cont rol subject s: The birth certificates of the children with l)own’s

syndrome w ill be located and their place o f birth and other v it al information

verified . Control subjects will then be selected by rigidly matching , in a

systematic manner , each case wit h another cer t if ica te for (I ) hospi tal of bi r th

(or at home~ ; (2) sex of child (3) maternal age at time of birth of child and

(4) date of birth .

In each case the best control would be a child whose birth date was closest

to that of the Down ’s child of the same sex born in the same hospital to a mother

of the same age. If the best control on the basis of established criteria either

has left the state or cannot be loca ted , the next best control will be selected -

i.e. with slightly greater difference in birth dates - the other criteria remaining

the same.

The hospital records as well as birth certificates of all control children

will be examined to be certain that the “normal” control group contains no cases

of Down ’s syndrome.

II. Data to be Collected:

A. Hospi tal , medical and vital records

Birth records - cer ti f ica te and hospital and other available hospital

and medical records will be examined for pertinent information .

B. Interviews

Mothers , and , wherever possible , fathers , will be interviewed to obtain

further Information. Where mothers or fathers are deceased , information will he

obtained insofar as possible from the surviving parent. Where both parents are

deceased , the subject will be excluded from the matched series but analyzed In a

spec ial study series.
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1. Interview data will include:

Complete names and addresses of each parent , index child and sibs.

Child ’s sex , place of birth , physician and history of hospitalization

and medical conditions.

Mother ’s residence, occupation , education & religion , marital , menstrual ,

pregnancy, medical and other pertinent data inc luding hospitalization

• history and detailed information about radiation exposure: diagnostic

including parts of body x-rayed , radiation therapy for a list of conditions ,

fluoroscopy, injection or ingestion of radioactive substances, medication .

Father ’s residence , occupation ‘~istory (with more detailed information

about radiation and radar exposure and military service), marital history ,

number of offspring , illness , medical and hospitalization history and

• other pertinent data.

2 , Method of interviewing

The mother and father will usually be interviewed independently at home.

The approach to both the families of the mongols and controls will be

uniform; the interviewers will not be informed which are cases and controls

and recognition of the Mongol’s family will usuall y not be known until the

actual interview is conducted , if then . Questions about radar and radiation

exposure , medical conditions , occupation will be phrased without reference to

the birth of the index child , though approximate dates will be obtained so

that the t ime re’ationships relative to the index child can be examined in

the analysis.

3. Validation of findings derived from interview data will be attempted by

independent and simultaneous examination of several characteristics of

parents of mongols and of controls through an independent search of

hos p ital records. A list of every parental name in the study (married

and maiden) will he submitted to every Baltimore and Washington area
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hospital to obtain documentation of those characteristics independentl y

and Irrespective of information obtained on interview . If any records

at the hospitals are available for these persons, the char ts wi l l  be

rev i ewed for medical diagnosis during outpatient visits and Inpatient

stays , surgical procedures and x-ray and other radiation exposure. The

interview and the hospital record findings will then be compared .

C. Chromosome studies

The chromosomes of fathers who reported a history of radar exposure will

be examined to determine whether any aberrations - an.uploldv , breaks , etc. - are

noted . As a comparison group the chromosomes of fathers of the children matched to

those whose fathers Indicated radar exposure will also he studied .

In the series already published (Sigler . Lilienfeld , Cohen ~\ Westlake)

18 fathers of children with Down ’s syndrome and 7 fathers of control children reported

definite radar exposure with several additional fathers (8) having questionable exposure.

These 25-33 fathers and the 25-33 fathers of children matched to those cases and

controls will be located and bloods drawn for chromosome analysis. It is estimated

that the similar study p l anned to collect cases from l O /1’ t~2 - I /I (~9 In the Baltimore

area wit h the inclusion of 1945 should y ie l d at least II additional exposed fathers and

11 matched fathers or a total of 72-80 fathers on whom chromosome studies will be

carried out. This estimate assumes that the rate of i)own ’s syndrome , radar exposure

and ascertainment will be similar for the years to he studied in compar i son with

those years already examined .
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The numbers involved are indicated on the accompanying table. There

is an additional small number , from the previous samples , who indicated that they

had worked near radar or had had some radar exposure which was judged questionable

and therefore not included in the original series judged to be definitely radar

exposed. It would be desirable , if possible , to study this group of “possible

or questionable exposures” to determine whether they differ in any way from the

non-exposed persons.

ii
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In surmnarv , the funds requested will be used to:

1. Locate the fathers of cases and controls who had reported radar

exposure in the 1/1/46 - 10/1/62 series and :

A. Bring their records up to date obtaining more detailed

information of exposure and their experience since our

last contact.

B. Obtain blood samples for chromosome studies.

C. Carry out complete chromosome analysis on these fathers.

• 2. Locate the fathers of cases and controls matched to the radar

• exposed subjects and carry out the same procedures (A, B, AND

C indicated above) for these fathers.

3. Identify and trace children with Down ’ s syndrome born in the

Baltimore area from 10/1/62 to 1/ 1/69 as well as 1/1/45 -

12 /31/45 and:

A. Verify diagnosis

B. Search b i r th  c er t i f i c a t e s  on these affected children

C. Select controls matched to ascertained cases by hospital ,

date of birth , maternal age, race and sex of infant ,

4. Carry out interviews of parents of Down’s cases.

5. Trace selected matched controls and similarly interview

their parents.

6. Obtain blood samples and carry out chromosome analysis on all

fathers (or mothers) reporting radar exposure and on the corresponding

fathers (or mothers) of children matched to those whose parents were

exposed .
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APPENDIX Z\
Part h

• CONTRACTOR’S PROPOSAL FOR EXTENSION OF CURRENT STUDY WINTER 1969-197()

PARENTAl. RAD I AT~ ON EXPOS URE ANI) DOWN ’ S SYNI)ROME (MONI.a)I. I SM ’! WI TI!
PARTICULAR ATTENTION TO I0NIZlNi.~ RADIAT1ON AN1) RADAR

Purpose:

To extend the investigation of (l~ radar and/or ionizing radiat i on exposure

of parents of mongols and of parents of t he i r  matched con t ro l s  and (2’! possible

chromosomal aberrations among fathers radar exposed and unexposed b~ including a

series approximately ‘0 l arger than originally estimated .

The Specific Aims indicated below , remain the same as previousl y specified

but are now to encompass investi gation of approximatel y 140 or more cases ~f

• Down ’s s ndrome and an equal number of families of matched control stth l ects instead

of the original estimate of 95 cases and • 5 controls:

I. To compare the parents of mongols with those of controls with regard to

reported radar exposure, occupations involving radar exposure , or exposure to any

occupational or militar y sources of radioactive substances or radiation .

2. To compare parents of Down’s syndrome cases with parents of matched

controls with regard to medical radiation exposure (diagnostic and or therapeutic ’!:

e.g. individual x-ray photographs , fluoroscop ic radiation , ingest i on or injection

131 32of rad i oactive substances such as 1 , P etc.; imp l antation of radon seeds;

cobalt radiation , and any other diagnostic or therapeutic procedures i nvolving

ionizing radiation .

3. To compare the parents of mongols and of controls with regard to other

factors (socioeconomic status, reli gion , menstrual and medical history , marital

history , etc.) recognized or suspected to he associated with the occurrenc e ~f

Down ’s syndrome and to examine the possible interaction of such factors with radar

and ionizing radiation exposure.

4. To examine the chromosomes ~1 the fathers with a history of exposure to

radar and the fathers of children matched to them , and to compare findings .
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UNDERLYING RATIONALE AND BACKGROUND OF STUDY:

In an epidetniological studs’ of the parents of children with Down’s syndrome

born from January 1 , 1946 to September 30, 1962 and parents of matched control

children , a significantl y larger percentage of fathers of Down ’s cases reported

radar exposure than control fathers9’~ Moreover , a larger percentage of the

fathers of Down ’ s cases reported having been in militar y service (63.1 percent

versu s 56.6 percent for control fathers’!, but this difference was not statistically

significant . Because of the possible implications of these findings with regard

to the risk of Down ’s syndrome and possibly other genetic damage to progeny , as

wel l  as somatic damage in exposed individuals , further studies of the effects of

exposure to radar have been undertaken ,

Tn addition , since the initiation of this presently ongoing phase on June 1 ,

1969 , certain opportunities to extend the scope of this investigation have become

apparent : firstly in regard to obtaining more objective validation of the

• military service and radar exposure on all fathers - original and current series -

irresp.~ctive of reported service and/or exposure; and second 1~ in regard to

increasing the size of the current studs’ series.

Val idation of military service and exposure:

• Through consultation on procedures for checking military service and radar

$ exposure from government military files , a plan has been desi gned for documentat ion

of militar y service and radar exposure. This is to be carried out along with

supplemental interview information by partial follow-up reinterv i ew of the ori ginal

series. Moreover , even in the absence of available reinterview data validation

procedures will be applied . Thus the search of government records on fathers will

he entirely independent on whether or not service or radar exposure was reported .
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c ’.uat cl’.ed p a i r  I eu (cit a’’. V I ew . ion t hccs e ’ ‘.incccat e’l’.ed radar exp’.’ cued I at  li ens t, cucun at c - l i  i’d

t i c  t lie’ I cit e’rv I e’w ser I i’s”. a new ‘.cice’xp’.’.st’d ~‘.gt i- Lu I cc h i t ’ I h g ol’t a I neil I eu cli rec’.uosc’ci’.e

ac i a l v a l  a .

ME TIIOI ) S ‘.~l- ’ l’RtR’iJ ’.ltI-~r

Tlce c ’.ceth co d o I proc d une I o Il ows t Ic ’ . ’  o v e r a l l  ete~ i gil propose’.! acid approved Ic ’.i -

• the pro a”.- t i n  pnogrt ’ss , w it !’ . (lie siipp I eiiiccc’.t any aspi’c t a cud ! ~ at ‘.‘d above.
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I . Stchtects

Select ion of cases: Ch i l d r e n  w i t h  a d iagnos is  of m o n g o l i s m  meet i ng t h e  c r i t e r i a

a l ready  described for the “ori g i n a l ”  series (1’! and horn in  the  greater Baltimore area

between’. I / 1 45 and 12 /31  /45 acid al so those born 10/I  /h 2  through 12/3 1 ~h8 are inc luded .

Sources of ascertainment  for the  o r i g i n a l  series and for the currecit series have been
( l , 2’c

indicated .

The current iccterv l ew sacicp le  i s b e i n g  cocc f ined to those years for wh ich  cases

were not ascer ta ined  in  the ori g in al se r ies,  i n  th at prev i ous stud y ,  421 cases born

frcucic .lanuarv 1 , 1946 to October 1 , I ‘.)( ‘.2 were col lec ted , wi t lc 288 mee t ing  the  studs’

requ iren cents  acid 216 available for i cctervlew . At the sam e rate of 1.4 per month

meeting requireiccents and 1.07 per ‘.ccontlc a v a i l a b l e  for  interview , i t  was es t imated

th at approximately 105 a d d i t i o n a l  ‘.ccongol a would be found icc the  B a l t im o r e  area from

October 1 , 1962 to .lantiarv 1 , Ph’.’.) , w i t h  at least 80 a v a i l a b l e  for f i n a l  s tc idv .  I I

194 5 were added , 13 to 16 more cases would lie available , tlcus approxincatelv 95 cases

in  a l l .

Because of t he  increased ‘.ccincber of sou rces of ascer ta inment  as wel l  as bet ter

di agnos t ic  procedures and case f i n d i n g  t echn i ques among ph y s i c i a n s ,  p r i v a t e  and pub l i c

agecc c ie s , and po s s i b l y  ala ’ . ’.  improved searelcing t ec h cn i q cues ,  it has been p o s s i b l e , as

stated above , to obtain a larger study series th an previousl y antici pated , i .e. abou t

142 cases of Down ’s syndrome and an equal number of matched controls rather than the

95 of each prev i ously estimated .
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Diagnostic criteria

The following physical findings in Down ’s syndrome, based on previously

reported findings are considered “primary” criteria for diagnosis:

I. Brachycephal y

2. Slanted palpebral fissures

3. Epicanthic folds

4. Palcciar simian lines

5. Malformed ears

6. Broad and/or short neck

7. Malformed fingers and/or hands

8. Nasal abnormality

9. Hypertelorism

10. Abnormal palate

11. Brushfield spots

12. Broad and/or short trunk



_ _ _-• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 7 -

Selection of control subjects. Birth certificates of the children with Down ’s

syndrome are being located , and their place of birth and other vital information

verified . Control subjects are selected by rigidly matching , in a systematic

manner, each case with another certificate for (I) hospital of birth (or at home),

(2)  sex and race of ch i ld , (3) maternal age at time of b i r th  of child and

(4) date of bir th .

In each case the best control is a child whose birth date was closest to

that of the Down ’s child of the same sex born in the same hospital to a mother

of the same age. If the best control on the basis of established criterik~

either has left the state or cannot be located , the next best control is

selected (i.e., with slightly greater difference in birth dates), the other

cr it eria remain ing the same .

The hospital records as wel l as birth certi f icates of a l l  contro l chi ldren

are examined to be certain that the “ normal” control group contains no case;

of Down’s syndrome.

11. Data to be Collected

Records. Bir th records ( ce r t i f i c a t e  and h o s p i t a l)  and other available

hospital and medical records are examined for pertinent Information .

Interviews. Mothers, and fa thers , are being Interviewed to obtain

fur ther  information . Where mothers or fathers are deceased , Inform at ion  is

obtained insofar as possible from the surviving parent . Where both parent s

are deceased , the subject is exc ltcd ed from the matched series but analyzed in

a special study series.
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IntervIew data include:

1. Complete names and addresses of each parent , index child and sibs.

2. Child’ s sex, place of birth , physician , and history of hospitali-

zations and medical conditions.

• 3. Mothers ’ education; religion; and histories of residence , occupation

and marriage. Medical data will include hi’.tories of menstruation , pregnancy ,

• hospitalization and details of radiation exposure. The latter will include

diagnostic X-ray , radiation therapy , fluoroscopy , and injection or ingestion

of radioactive substances ,

4. Fathers ’ residence; occupational history with detailed information

about military service; marital history ; nu mber of offspring; illnesses : medical

and hospitalization histories; and other pertinent data.

The mother and father are usually interviewed independently at home.

The approach to both the famil ies  of the mongols and controls~’.unifornc ; the

interviewers are not informed which are cases and controls  and recognit ion of

the mongol ’s family is usually not known until the actual interv i ew is conducted ,

if then. Questions about radar and radiation exposure , medical conditions , and

occupation are phrased without reference to the birth of the index child.

Insofar as poss ibl e , dates of exposure are obtained , however , so that the time-

relationships relative to the index child can be examined in the analysis.

Validation of findings derived from interview data is being attempted

by independent and simultaneous examination of several characteristics of the

parents of mongols and of controls as well as through independent search of

hospital records.
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Validat i on procedures for military service/radar exposure include the above

described independent ascertainment of data through search of military files on

all fathers , irrespective of whether they reported such service/exposure or not .

Chromosome S t u d i e s :

The chromosomes of fathers who report a history of radar exposure are being

examined to determine whether any aberrations, such as aneuploidy, translocations ,

dicentrics or other aberrations or evidence of breaks, etc., are observed . As a

comparison group , the chromosomes of unexposed fathers of the children matched

to those whose fathers indicated radar exposure are also being stud i ed .

In the series already published ~~~~~ 18 fathers of children with Down’s syndrome

and seven fathers of control children reported definite radar exposure with several

additional fathers (plus or minus eight) having questionable exposure. These 25

to 33 fathers and the 25 to 33 fathers of children matched to those cases and

controls are being located and blood drawn for chromosome analysis.

It was estimated that the current study series (based on cases born Oct.

1, 1962 to Jan. 1 , 1969 and 1945 in the Baltimore area) would yield at least II

additional exposed fathers and 11 matched fathers, making a total of 72-80 fathers

on whom chromosome studies would be carried out. That estimate assumed that the

rate of Down’s syndrome, ascertainment , and radar exposure would be similar for

years to be studied with those years already studied . With the larger current

study series available and including those who had worked near radar, it is now

estimated that 60 to 70 fathers may be found to be “radar exposed”. Thus , with

the matched unexposed fathers, the estimated number of persons on whom chromosome

studies will be performed has now increased to about 120 to 140. With deaths and

refusals, a conservative estimate of 110 to 120 is more plausible.
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Significance of this Research

It is important to determine whether the previous interview findings of

higher frequencies of military service and radar exposure among fathers of children

with Down’s syndrome are confirmed by an independent replication of the original

study , and by record validation of both the original and current study series.

It is also essential to determine whether there is a real difference in military

service history between cases and controls other than that which is associated with

the increased radar exposure. If the reported associations are confirmed , and

a relationship between radar expc ure or military service and Down’s syndrome

in offspring examined and est~ l ished , the implications would be far reaching .

Such associations would suggest that there may be other chromosomal aberrations

and other types of genetic defects in offspring , and possibly somatic damage to

the exposed fathers. At a time when military and industrial uses of radar and

microwaves , and even household exposures to microwaves, are continually expanding ,

the significance of this problem must not be underestimated . It is pertinent not

only to the health of a broad segment of the present population , but as genetic

damage, also to that of succeeding generations.
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Sumtccarv

The project p l a n thus includes  the fo l lowing:

ORIGINAL SERIES

I. To locate the fathers of cases and controls In the original January 1 , 1946

to Obtober 1 , 1962 series and bring their records up to date, obtaining more

detailed information on militar y service and radar exposure as well as their

exper i ence since our last contact.

i i .  To obtain from the radar exposed fathers of cases and controls and the

unexposed fa thers matched to the radar exposed subjects blood ..icnples for

chrocnosonc e s tudies  and to carry out complete chromosome analys~ these fathers

in the  o r ig ina l  series.

CURRENT SERIES

III. To identify and trace pa :ents of children with Down ’s syndrome born in the

Baltimore area from October 1, 1962 to January 1 , 1969 as wel l as from January 1, 1945

to December 31, 1945 and:

A . Verify diagnoses.

B. Search birth certificates on these affected children .

C. Select controls matched to cases on hospital of birth , date of birth ,

maternal age , race and sex of infant .

IV. To carry out interviews of parents of Down ’ s cases of current series.

V. To trace the matched controls of the current series and interview their

paren ts.

VI. To validate selected portions of the data obtained by interview against

medical records in current series.

VII. To obtain blood samples and carry cnct chromosome analysis on all fathers

reporting radar exposure and on the corresponding fa th ers of children matched to

those whose parents were exposed in the current series.

2.1
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BOTH SERIES

V I I I .  To validate paternal military/radar history by independent search of

government military files on all fathers irrespective of service/radar report,

(as wel l as carry out chromosome studies indicated above under II and VII respec-

tivel’:l.
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The authors review epidentiolog ical investigations of mongolism, indicate
the t’. nanswered questions that still exist, and point out what they consider
frui tfu l  areas for  future ep idemiological studies of this problem.

SOME EPIDEMIOLOGICAL ASPECTS OF

MONGOLISM: A REVIEW

Bern ice H. Cohen , Ph.D., M P H . ;  Abr aham M. Lil ienfeld, M.D., M.P.H., F.A.P.H.4.; and
•4rnotd T. Sigler , M.D.

S INI E 1866 when Langdon.Down first somes is 46 or 23 pairs . Each pair has
described Mongolism, or Down’s Syn . one representative derived from each

drome, numerous epidemiological obser. parent. Of the 23 pairs , 22 are called
vations have been made in attempts to autosomes and the 23rd pair are the sex
determine etiological factors. Less than chromosomes consisting of an X and Y in
three years ago Lejeune and co.workers 1 the male and 2 X’s in the female. The

• demonstrated the presence of an extra numerical order specified is in accord.
chromosome in cultured connective tissue ance with the international standard sys.
cells of mongols, thereb y strong ly sug. tern of nomenclature adopted at the
gesting a chromosomal abnormality as Denver Conference. I960.~
the basic defect in this condition. These Figure 2 presents the chromosomes of
rcsults have been confirmed by many a mongoloid child. 7 Note that there are
other worker s.2~

4 It is, therefore. desir. 47 chromosomes with an extra member
able at this time to evaluate the past epi. of one of the small acrocentric pairs of
demiolog ical observations in the light of autosomes, probabl y the pair designated
these recent cytogenetic findings and to as number 21 or 22. This condition in
determine the most profitable directions which there is an extra member of a pair
o’ further epidemiolog ical studies. We is known as trisomy and has been the
shall first discuss briefl y the cytogenetic most frequent chromosomal abnormality
developments , then review the epidemio. found in mongolism. More recently, how.
logical studies and finall y in dicate  pos. ever , mongols with 46 chromosomes
sible future areas of research. Limitations have been reported. In each of these
of space permit only a selective general mongols there is at least one aberrant
review rather than an intensive exhaus. chromosome with a postulated transloca-
tive one. tion involving an extra portion of the

Fi gure 1 presents a photomicrograp h number 21 or 22 chromosome attached
of normal human cells.5 The portion on to another chromosome. It has been
the left shows chromosomes at metaphase suggested that this unbalanced state, or
in the dividing cells of a normal human extra dose of chromatin , is nearly
male. On the ri ght these same chromo. equivalent to that produced in the tn-
somes are shown sorted and matched in somic conditio nc. 8
homologous pairs. In normal adults and Trisonc y is probabl y the end result of a
children the modal number of chromo- process called nondisjunction, which is
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Figure 1—Photomicrograph of Chromosomes at Meta phase in the Onid isig Cells of chrom ~

a Normal Human Male. (Courtesy of Barr and Carr , Canadian Medieal Ass oc iation location
Journ al.5) wide

maize,
man’~~the failure of m embers of a chromosome mi ght take place at the goncnal stage of 15, 17-is

pair to separate and which most likel y the gamete or at the first cleavage divi -
occurs at th e first or second meiotic divi . -ion of the fertilized ovum or zygote. mosonni

sion in the formation of either the on-tim F igure 3 illu~trates diagrammatical ly structul

or sperm. Lcs’ likely, although theo- the difference between a n ormal and a a~ents

reticall y possible . the nondisjunction nondi sjncnctiona l divi sion. 5 The ti pper
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Figure 2—Chromosomes of a Mongoloid Cicild . Note that there are 47 chromosomes Figure
wit h an ex tra small acro centr ic clt ron wsome. (Cou rt ess- of Hir schh oi’n and Cooper, (Mod
Amer ican J ournal of Mcclicine .~ ) -
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EPIDEMIOLOGICAL ASPECTS OF MONGOLISM

portion of this diagram shows the orienta amr i corcia vap or.  o - 1&m ~~~ There is evi-
• tion of tim ,- -lirumnosonces on the t ’t i ima ( ori a i  d , ’ a i i -  t ! i : t t  -.1s’t m lic ~eit,- ~ may ais ; affect

htl ale follttns -ti lv — - I c i r a t i ni of rimernil ,’r.. tlir- frequency of no ni di sju n ct i on c .’t In
of tim ’ i -Icr’ ‘ii ,  —i r n ’  irs ~ t h at each addition. interactioct s between agents have
daughtn’ r cell ha .. a r m  i ’ p m a i  t in  richer of been show ii to have au effect, For ex—
cltr orcc,~ onnies In time lower portio nc . one amp le. I xvgen amid cyanide influence the
tnt-nm her of t h e  pa i r  ii, -

~ ii , i t .., -j vi rat , ’ effect of radiation on the frequency of
f tgi  fro m ~~~ 11cr; and cot se qnm et i t l  v .  one tow1 i~ jim ro t ion . 10 , 25, 20 a rid in Drosop h ila ,

a d a ima ) i t , ’r  ,-ell l iz t ~ ar c extra chroncosome ctz incg  of the females enhances both radia-
rt’prt-s~-ntative ~siiile t he other is deficient t i o n -  arid Co.,-induced effects.24 - 27

wi th respect to tha t  one clcromo~orne. ‘l’} i - ~ ’ vt~~n-n eti c fi i cd ii as strongl y
W)ct ’nc a gnn cete ovunc , or sperm carrY- ~ugg ’st that, if there are any environ-
ing the extra -lironicosome is fertilized by. mental factors producing the sequence of
or fertilizes a normal gamete from the events leading to the chromosomal defects
other parent. the resultant embryo, if inc n cong olism. t i n - v  must be acting on
viable, is trisomic. J)~ ren1tal r1 anh ’t(’s or on the fertilized ovum

N i m r i d i . . j u m m c t i o r c  t - a ( l i n i i ~ to tr isomv. and riot later than several day s after lerti liza-
v idin g ella of cltroncosonmic l breaks r es l l l t inc g in t ra i t s -  t ion .  Th is timing of events has a hearing

*1 4ssociatio ~ locat ion .., lcave been demoflstrated itt a l i l t  the evaluation of various hypathesea
wide rarcge of organ isms , including arid on the selection of areas for further
maize. Droscphila . the house mouse and investi gation.

- man”~~
4 and in both sexes as welI.~~”3 The incidence of moni~olinm has been

gon tm a l  -I.tCe of . . . .
- - 

iS.i748 Nondisjunction and other chro. estimated hr numerous cnvesttgator s .dean ace d mvi-  - - -  . - 
‘ ‘ 28 42• mosoncal ab n orma lmt m e s in behavior and The~’ are sicncncarized in Table 1. -

or ,~ _ ote, structure have been proditced by such The periods of study extend as far back
grann ma tmca llv . - . - - -

- agents as ionizing radiation. CoO, and as 192.~ amid a re as recent as the latenorm a l  and a
The upper

~~~
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aicron loson ies Fi gure 3—Diagr a mmat ic Representation of a Nor icmal and a Nond iajunctiona l Div ision.
and Looper, (Modified by permi ssi on of Soh ,al, Amer ican Journa l of Medic ine.0)
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Table 1—Sun imnary of Estimat es of Incidenc e Ratea of Mongolism

Ref. No. of l’oji iilac ion In ci dence Per Tinie Period
lm i %e. .m i g a m o I  No . Mongols No . is-pr  Frequency 1,000 of Study Source of l) aca

• i.’’ikin’- (1933 ) 213 6 3,818’ 1/636 1,57 19263l in t ’l, t ni ce d SlaI,’s ( hi i&m g o l’re..liyte riani
I lo’qiiia i

Mal pa~ ~~‘t t ; i  29 18 l3 ,964~ 1/ 776 129 1923-32 ,-ai Brita in - I iser ~ioo l Maternity
Hosp it al

Keller l938 30 23 11,OO0~ 1/478 2.9 •‘t hout 10 yrs

B , ’tdli ’ii,an (19-15 I 31 48 1 1.000f 1/292 3.42 l931-41 Uni i ed Stales - Ro snot i I .yin g ln Hosm ’iial

I . a i , d i u im a n n  I 1918 1 32 4 3,593t 1/898 I I I  1945-48 E g l ~i i l  t i  t. ’r~ i i v  ~~dI. ’g~- Ilosp iia l .
I _ oi , dn n

• ~ I , ,  , ‘: i -.,,, i ,  ~~o Ic ’ester , 29.02-If
It ,- ( I9S(fl 33 15 i,,,’l, 787 1/19 .35 0.5 1930 11 t • tiled Stales - Boston lying- In llosp iial

- .i i lIl , ir mlms

32 2 .’tS I • i /873 1,15 Jan -  I ‘39- , , i I , l Stales Gallinger M u n i c i pal
I’ ,,,,, I ‘151)) 34 3 W 2.905’ 1 /968 1,03 I ),-,- . 3V43( I I c r — p i t a i . Wa~i i ing t o n _ I ) . I ..

29 N 25,021,’ 1/863 1.16

130 ),7 ,645f 1/520 192 Switz er land Zt i , i , -l i
h u g  I loS t 35 99 -19,2l8~ 1/107 2,01 1930-1949 St. Calieii

O 31 t8 .427f 1/594 1.68
r - • - -_ — _

~~~~~~~~~~~~~~~~~~~~~ . - ____________ _________________________

UI I i i  ‘ r  11, 1
- 

• i” \ t ,  1 j  il~ I l’ISI 36 100 (s,.3n(,t 1/66o 1.51 t’)43-1918 I- :ng lanil 11) hosp i t a l .  it ,  i .oii dor i
z - - -~~~ —•-—- ~~~~~~~• -~~— — -- • - -~~~~--- -— -- - - - - —

(I- .t,-, I ‘IS , 37 32 39.788’ t/7(,5 1.31 1938-1948 l) , -ntnai k l n i ,e rs i iv  I1o’~pital .
I •openliagei ,

- 
- ii., ,, — anil Jar ,. 1, 194—1- 1 ,it. ,l ~taies St. Ma,~ ’~ Hospita l.

“a si - ’,l , z  I 1)51 ) 33’ II 8,716’ /702 1.26 I),’,’, 31, 195)) flo,-t,,’..c,’,, Mi,iri.
- - - -•- ~~~~~~~ -~~~~~ — • -~~~~~~- - - -—••--~~~~ —----  ____  - • -----____  _________

“ II’, Sl , h , , tos im,  M e i r , t m
Rii-har,hs . Sanmuels. (hI . 194(i I nit,’,l “rat ,’ -. SInai,,’ I l os i i i la l  forand Bellows (1954 I 39 It 5)164’ * i/512 184 Ma n Ic 1952 iii’ -n , \, ‘w \‘oi- k ( S t y

hte,-,,r,l .in i Smith
11055 1 41) 252 2.31.óI9f 1/919 1.0’) l’)42.1052 I-:rg ltmn,t (:ilv o f l(iiiiiingtlani ,,‘-.iil,’iii’~

86 52,729t 1/613 1.63 1944 1955 ~~~~~~ F u n  ire I , ,  i i i ’ . of
I’leydeli I 957) II 84 52 .727’ 
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EPIDEMIOLOGICAL ASPECTS OF MONGOLISM

fift ies. They emlconnpas.s span s of observa.
lion as brief as six years and as long as

1 20 years. Though the range of incidence
rates extend from 0.5 per 1,000 births to
3.4 per 1.000. 11 oF the 15 studies present
estimates of between 1 500 atcd 1 /9(K)

.2 hjrth~. This is surprisin gly consistent
2 2 when the geographical and tencporal

I 
.

~~~ ~ ~ 
~ , range as well as variabilit y in diagnostic

criteria and meth od of ascertaitctnemct are

~
. .

~
, ~ considered. On tice other hand, the fact

-

~~ 

‘ 

~~

. 

~ 

-~ that  the two most extreme estimates, those
~ .~ 2 of Beidleman 3’ aicd Stevenson,, et a).,33

~~ 
‘
~ ~ ~ were derived from records in the same

— — hospital in an overlapping time period
raises many questions.

Of particular interest are Parker’s esti.
-: mates fo r Negroes amid whites at Gallinger

Munici pal Hospital in Washington. 34 The

~~ 

‘

~~ 
similarity of th e incidence values for

‘‘ wh ites . 1/968. and for Negroes, 1/863,
~ with one another, as well as that of the

!~~ Negro estimate with the over.all range of

~ ~~~~
. Caucasian values should lead one to ques.

• lion the opinion that mongolism is less
common among non-Caucasians. Never-
theless, this represents only a single study

• ~~~ ~~ ‘ ~~~ ~~ ‘ sample; and it is possible th at the number
of eases was not adequate to detect a dif-
ference between Negroes and Caucasians ,

• ,~ if one trul y existed.
It would also he of interest to know

whether the incidence of mongolism has
1 eha nug ed over time , since if radiation cx-

posure of par ents is a maj or factor in pro .
duci ng chromo somal aberrations , one

— et ~ would expect an increase in incidence
rates with increasing exposure of the

a population to medical radiation .43-45 I t

— ,., ‘~~~~ is difficult to eva ltmate reported incidence
~ rates because of the variability in methods

use(i to estimate them in the different
‘~~~~ stt ndies and because of the fact that in

~ most studies onl y crude rates are avail .

~ able. Since there is an, association he-

~ 
- 

~ 
tween increasing materical age and the

~~~ -~ 
~ I ~~~ incidence of mongolism , as will he dis’

~~ 

‘

~~ ~~ — ~ ,~ ~ ~ cussed, the comparison of crude incidence
— ~ ‘~~ ‘a -

~ ° =.5 •
~~ 

‘
~ ~~ 2 ~~ -. rates leaves much to be desired. Better

— l~ -~ ~~ e-t imahes of inceidence rates are needed
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from ten hosp itals in IMn d om u and en- i5~ i&~m t , S
virons. Mothers over 15 vetcr s nf age et iology’ of

g birth to a mongo ! child than do mothers d rogvniv sco

in their twentie s , Je nki u us . 25 in a further lt’Vels 45 iiettq

/ 

have about 100 times the risk of givi ng gested by th

ania lys is of these maternal  age incidence older mother

ra tes, plotted them on log ari thmic paper oI)se r’ia t i o ns

with interesting resumlt ~. The same data time realm of
0 / of Carter and MacCarthv shown in Fig- tuuu st await ft

tire 4 are so plotted in Figure ‘i. We note Mongolism

that up to age 30 the incidetnee rate (1(11’S as on j ated wi

~~~~~~~~~~~~~~~~~ __—~~~~ not change with age. but that after 30 the bi rth of

‘5 ‘° “ “ “ ~~ years of at~e the rates art ’ repres -muI ~’d l v  this relation~
AGE 0F Go~ HE5s Iy~ .,.l -

a strai ght line. This separation of t h e ~~~
. with materni

Figure -I——Incidence Rates of Mongolism cidence rates into two components in, this paternal ag~
by Maternal Age. (Rates from Carter
and MacCarthy.36) manner suggests that there may he two related. it it

types of mongolism , one that is age de- whether the i

penden it and one that is not age depenud- one or the ~~
ent. Such a possibility is cotcsistent with anal~’zed som

fo r cornpar ati se purposes and as a base other types of data. Recently, Penrose8 as indicating

line for future studies . h as  collected the cases of mongolism as- shi p is with

sociated with chromosomal trans locat ion paternal age

Sex Ratio and fotin d a preponderance of younger one. A revi

mothers . Of add itional interest tire the I those of Jenk

There has been mun i ch confl ict ing evi- reports of ages of mothers of children is still mmn settl

dence regarding the sex ratio in mon- ‘with trisomy other than that as,soi’iated further invesi

golism. An excess of males was m di. with mongolism , indicating in a very limi- trol groups .

cated by some investigators and this view ted sample that the maternal ages at-c ott - vance with i

had been generall y held. More recentl y. the whole in the older age range .47 Tit us orient ation.

these findings have been criticized he’ it is postulated that tr isomy may be age have interpre

cause many of t h e  studies were based on dependent . and translocation age incd e- 10 indicate U

instittitionalized populations and possibly- which influer

female mongols are more likel y to he kept 
tudy nnatern

at home than male mongols. The sex ..

~~ 
ternal factors,

ratio at birth should provide the most . 
I 

1, , ” ihil , ’  Patel

satisfactory estimate. On the basis of ~ ‘ i i im nc pli .t , .ly el

statistics available at this time, there is “ “ 
I :lla il a lllm ’ evid

rant sex ratio in mongolism.31 -34 ’35’37 ’40 ~ ii i  fri 1ue ’nc n
certainly no reliable evidence of an al)er- 5 ~ni other ~ms

i - r,’asinug birth

Maternal and Paternal Ages and i , 
suit front , the

Birth Order te r it al  age’ w
-~ j ia r i -mnclv . bird

The most s t r ik im tg  relationshi p that has
heet i ,ih ,ser ved with respect to mongolism
is the increasing incidence rate with  ad. .‘,,—~~

____ ___
~~~~~~~~~~~~~~~~~~~~~~ _ — Maternal Co

s-an cin cg maternal age. This has been ••t  o. ~~~ - Prenatal Fad
reg ularl y reported in all studies. 5 ’ 25 ’38 ’37 - 4 Figure ~~~Incidence Rat,’ . of Mongoli smFi gccre I- i llustrat e s this relationshi p with  1w Maternal Age. (Rat es fr , imn lacier 

I utoulated

data collet-t ed i v  Cart er atcd MacCt, rth y and Macca rchi . - , i ~ ) I f  lnOu, , lII ism
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EPIDEMIOLOGICAL AS PECTS OF MONGOLISM

pe’rtde t tt_ ~‘i mn-ii a d i i ’ l lo t omnv i i i  the h a s  l,e’i’ii nmmmm. ’ ll in mlerrsl itt t Ime m l ,  of ri ca —
arid en’ etiology of nn onigo lisn , In n ice r ~ti - t t ’r m ta l hieztlth. rep rodu u’t iv,’. le i riti ti tm al timc d

rs of zmgr gesti’el by’ the reporte d i i i  ffer e’rm ce i ii  a,, - (‘l)tc st i tu ti oi cn t l  factors, as ~ - ll as h ir l ’ mt t t t  il
of gm s ing iIrogvmi ~ si-ti res45 arid steroid excre’tiout , ‘v ent s , m u  liii ’ fre’ qmt t ’ttu v of t t t o t i u o !i — n t .mothers l,’~- ,’ls°° ht ’t wee ’ii voumm ger nnot liers ati d Siititt . sttid ii’s h t a v,’ rt’p( rt,’d t h a  t rim , ithi a furt lcer older titothers of enonegols . As vet , these of mongols len til  to h a v e  art ,‘acli I ’m a t e  at
Inc uiletlee ,i hi5 ( ’r ~’tt ii ,t i5 ~if l  i i t~ u Ot is }( i , ’i’(’(l ni rtly ’ in nr i , ’nt u tr e ’ hte au t d  l at i n agi ’ of t t t i ’ t l I ( ~( a t t ~ i’ as

pSic mc paper t im , ’ ret))!,, of ‘‘cl imitu ’ al  itm ,pr ess iort s ’’ arid we ’ll ~s ti n i ’xi i’ —~i~ ci’. lo tt g i n u t i ’rva l ut’
Sa u l’’ I n mctis t a wa i t  fur t h er v a l idat ion.  twe er m t im u ’  l i i n lh i  of t h e’ t ri i t t g o l uuu , h t h e ’n itt  F i ., Miitigolisnn also has been I,n tm,d It) lie p re ’v u ( i tm s p ru ’ g tmaiui - v Y ~- t7 - 45 Thi n’ ru i - l in t .
5. ~~ i’ n ote . 

- 
. ‘iin,—ormate’el wit h tim ,’ age of Iii,’ Itctlmi’r at ilurtinug reports i’ot ti ’I ’ r t u u t i g  l i t g ln ’r Ire ’—rat,’ does th, ’ birth of th in ’ affected i ’hill d . ttll h ((ti gh que ’ii i-v of nnlis ( ’itr rt ag i ’s l ir i or  l i i  lit ,’ l , i m t h

aft, r this relationcshi p is t:ot so niitirked as t h at of Il,,’ mntongol~~’37’48 It i~ d i flh i ’ t i l i  t i
‘tct,’d 

- wit l, t , ca tt ’mm ,a I agi ’ . S  ittt’e ncat crrial and e’v aluate these ’ re-ports — i t t i - u ’ m u t : u u u ’ .  l t , t  I i ’of lice I ni • patert c al agi’s art’ ticeunselves hii ghclv cor— l,en-ii t mti ( ’ ( i i i  t rolle’tI or i ita deqeta li ly euuu -nts in t hcu ~ r,’la ted . l~ eu inut e ’r e st to det , ’rr i c in ie t r iu l len i  A s tudy liv I .ttrtnc ~t i r td ii-tt ti -il that
y be I %~ O wheth ci ’r t hi ’ association , is pri nina nil y with , mi c otlte ’rs ~if ntotcgiils (liii mi,il h ave a It , rger

Is ai~i’ C tint , ’ or the otl,e’r . or I i , i t hn . Pi ’n, rose5° h a s  percerut age of ah io r t i i i uu - . pmi ~ r Ii i  tIn,’
amci , l vzed some data ar id i uit e ’rpr e ’t e ’d t in-m c i ru n oni go l lii rtln Ilia nt ti i -ott  I nol gt—o nmp

tent wit niehii’at lu g thti t t u e  p ri nc ct  pal rel at ion - ti ,t ctcht e ’d h ’ .  mn c t t ter i t t i l  age , I however. l i i  iS
• Pent rose - ship is wit), matertial age’ antd th,i,t thie’ was an , I rive st i gat t Oil of I I  7 m n  i u u gill rl, il.

i t s i t i  u s —  p a t enm ca l a gi’ association is a se’u’ oncnhi r v ,l r , ’mt . a t , ut ,clii ’r t ic t c t ntu i g h it l~, I ta (he ’il n it t t e
loi at mon o n e  . A review of th e’s,’ a tca lvses ann ii to detect arc y h int a iccarked d iffe ’remtre .

- 
f oimrcg er those of Jem,k in s25 sciggests th at the isscie Several studies h ave reported a rein-

.t Fe I cc is still un settled arid there ’ is a nce’ed for t i s-ely Ic iglc frequeiti ’v of nun ti-m a I u - omi tf chi ldre n; - further investi gation with adequate cots- plieu’.tions eh,ring the cuonugolRSSOt ~att - trol groups . TI,is point is of some rele. incl u dincg gestationic i hemorr icag ,’. t lnr et ct-
- %e ry mm cc i- vamcce w ith respect to further research e’mu , ’d abortio n , ar id imt er ini ,-  ili s,,r h~rs . ° -~’4

ori er itat ion . I ll  genceral . imn v en t i gators Th ese ii nd in igs as we’ll us h ose’ of at tuits have interpreted th ie ’ mat,’rn ,al ucge e’ffect i ’nnmmmlat i om m t,f illnc,’nse’s artd itt t,’ri-nt rr i ’ mu t
y h~ age to im ,dicate th at , in looking fo r factors in , fe,’tior ,s uc roi itc d th i e ’ t ir cc , ’  of i ’iinui ’t ’p I in t l

age in e— w- h , ich e m d l  ut ’ncce’ n cc om i g olis nc d . (( lie ’ sh o u l d  and d u n  nig time mm i ,, it gol pr e ’gr ma ii i ’. ncu t i~t
st tid y - iciate mna l factors rath ,t ’r h itc h Pr’- tuow be I interpreted l i t  lI ce ’ I ighl of lIce

- t , ’rna l fa( ’tor s. Howe’ver. ‘.vt’ fe-c- I t h cat a ri’eei,t n ’y ’toget iet Ic ohis erv at iotts .37- °5- 5°
- - . I 

~uossi lilt ’ pat e ’rmi .i l in t l l t ie ’nee’ h a s  t in t he’en Mat, v of t h e’s,’ l(re ~i t t htr  I i ’ ,u nmi phie ’a I h u t s  i i i -

• - n ’tlmp lt ’te ’l v ,‘l innit ,a t , ’d on t h e’ I uasis of ,‘urr,’d a Item - ti n ’ h i n cc , ’ t ii ’r iinl it lieu tli,’v
ava ilable ’ evidenci ’ . , i u un l,l liii ’ .-,’ p r o ih t mn , ’ eI  t i n ’ t ’i pi’ i t f  d i rect

A nuo tb ti ’r problem e’ottCe’riis lice increase e f f e ct riee ’e ’s~tt r v f , r  t in , ’  t - hi r i i mtci  si Oi t a  I ~t Ii—
- l i t  freque’ncey of n,ion gohisnn with , In— tm o rt i ctc l i  ty of n, ,I n u g u  ii- . - ‘ I’hue ri’fiire ’. t ilt -se ’

ereucsing hi rthi  orde’n’. Th is appears to re— pre ’gmint ime’v ill ifictilt it ’s n ina v tuu i ’t i’ lv m,’lle’i’t

~iiI t f ro m liii’ st rorcg assoclttt tot, of ma - thi , ’ ,llele- r rica te ’r t ta l  a g u s :  or the ’s r u n  lii’ t,
- t , ’ni ,aI age’ wi th  li irth order; ancd ap- resu lt cii. rath,i’r tha t a et c u s e  of. time’

pa re’ nm t l y. hi rthc order has ico i nelepe’n (lent nm i o t n g ,tl  J n r i ’g u t t i  ui -v -

effe ,t ,t Si .32 Inn ael ol i t io n i  lii t ime ’ 1( 5 . t r i a t t  i t ,u mt u iot te s .
oI li e r e ’t idoe ’ri tn’  iii( h i i i s  l t t i  i ’ l (e ’e’tc 511g.

I Maternal Constitutional and geste’cI tin po~sd’.le’ etiologicuc h fat -tons .

Prenatal Factors The’rn ’ is eouiil t i - l u  uug e’v ntlen ci ’e on tInt’ Ire—
Illic It l y of nc ,ate ’rutnul tinyu- ,iud alitc ornmuuclmlces

ngo lismn S t i ncmun h umh e ’ , l  ‘v th,e mumtirke ’d association, for wliii-h son,,e i i i ’, i ’sI i g z t t i n s  rt’l ii(mt a
( itrio’r (if ncc eu nt gol 1st,, v i  tIc n, ,a t e ’rm ial age. lbce re Iii  cii i mi t - i  dci ue , ’~~ 

45 . ( t (  - ~‘~‘ St it ’In a Ictcd-
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Table 2—CJ,romoaome Anal~’si~ of Fainiliea of Mongol Index Cas,ea

Claisi. Ref. Mongol Cytogenetic Maternal Othet - Relatives with Claisi’ Ref. ~
fication No. Index Case Catego ry Age Abnomnnatitie s ficauj on No. Index C

63 M (46T) Translocation Mother , mat ernal grandmother 66 F 47.
F ( 46T ) 13— 15:21—22 23 and normal F sib with (451)

64 M (46T) Translocation Mother (451)
13— 15:21—22 23 Maternal grandmother (451)

1 male mongol sib 
/C

.2 1 ma le mongol fi rst cousin

~ 65 M (461) ‘ 32 Mother (451) - 66 e
-~~ 2 mongot male silts dead

1 “normal” female sib dead of ‘
~~ 66 M 47.Ii

E leukemia

66 M ( 461) Translocation Mother , mat ernal -.2 (6
E 15:21 22 aunt , maternal

grandmother - -

alt fth M dea4L) one male mongol (451)sib dead _______________
one male mongol 75 M 47

a
to. cousin - _______

-~~ 66 F (dead) 20 Mother (451) 21/22:21/22; one ~~ ~ binr b of Sot mo~~
• = tr i.omy

male mongol sib dead in T = T,.,i.in~.iion

infancy

~ 66 M mosaic Trisomic Father nonmal/tetrasomic 21
C 21/tetrasomic 21 mosaic; one female mongol
0 21 mosaic sib dead h og, if ‘onfcrmed . wol

ticuthar itttere~t since the67 F 47 Trisomy 21/22 23 Mother translocation 13—15/21
M 47 Trisomy 21/22 genetic evidence that

68 M ( 461) Translocation 2 mongol fem ale sibs in crease “stickiness” of I
13—15/21 27 1 mongol maternal aunt and thnt ~ influence nondi

69 F Translocation Mother 15/21 translocation , 1 ten nal diabetes m :’hl itets at
15:21 ? male mongol sib dead abno mn ,a lit ies have al

69 F 46 Translocation Father 45 chromosomes with gested.48 - 49 57 I n a stud
type? translocation as an index of maternal

2 mongol sibs dead 
adrenal funct ion,  no
found hietween mothers -

70 F (461) Translocation 31 Mother ( 45T ) motl ,ers of con itno ls ; bu
71 M (461) “ 24 Mother (451) already indicated , a sigi
72 M (461) “ 28 Mother (451) mean 

- 

andro gyny ~cor
,~~ 73 M (461) “ ? 29 Moth er abnoriciat karyotype moth ers of mongols. I.e.,

with with translocat ion 14? , 1C leukemia minute chromosome in as compared to older on

“n,orma l” nuale sib (45 )
74 M (461) Translocation Father 47 chro m osomes Famil ial  Studies

21/22:21/22 39 tr isomic— 19?
8 M (46T ) Translocatioic Parents not avaitahie While tide inuportan i

21/22:21/22 33 ? studies to determine i
(ex tra metacentric fat-tons in motugo hi sm ana fra gment ~ hasis for genetic coun~8 M (46T ) Translocation Parents n,ot available 

~f mongol ch,hldren has
21/22:2 1/22 39 ? ognized . the cvtogenel

* = q. or blob of lot nioi,fo i M = Moie have added another dii
• uthomy F = Fooi~ui studies.T trn.iscauIou = Unk nown c ond itio n
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lax Cases ‘riMe 2—(Cas~ttnuad )

Relatives with Chiui Ret, Mongol ( yiogenee.c Maternal 
- 

Oi lier Rela misea wi t i n  
-

oriiiat ities ficauion No. Index Case Category Age ,kb uu o nnia l tn i i ’ ,

emnal grandmother 66 F 47a ‘l’i i suuuu k’- -2 1 20 Pare innu . nno r n ~ial
•l F snt 

~±~ i!. I feuni al e in i oung ei l ~i h i  dead inn
in i hini ie v

lndnuiu itlier ( 1ST) j 66 M 47~ ‘l’risonu ic—2 1 
- 

33 Parerd l ut n i o rn i ial  
-- -

Sol ~nb 
- I - I ieisle utio r igo l ,.iti dead iii

r~
cr5t c0n u in 

—
~~~~~~ 

- - - ________ 

in i f a i n ey
) 

• 
‘ ~ 66 M -17 “ —21 .311’ Par eiuis nii iri i i al

~le silts dead i F_mnongol sib dead in in fan c~female sib dead of -
~~~~~ .66 N “ - — j  45 Puni-t ’ti t o non - anal

~~~~ E _________• _________ 
I I” uu iiini it o l silt  dead at ft nnout

at —‘ 66 M 47s -- —21 29 Pari’ uuts n ,urmal
~~ 

________ ____________ ______________ 

I F nnto nn gnl silt dead at 7 yr s

lagol itt 66 M dead ? ? 20’ I’ar enut s  iueii tr i iu l 
-

fl (45’f( I M iui otigol ui i li (Triui onik ’—21 )

7f M 47 Trisui’cy 25’ Otue mongol sit , dead

21/22:2)722’. one • — or bi rt h of Sot mon~ol U

I .ib dead in T - Trn n.uo~oilon Unkno wn cnndiiloo

- tetrasomic 21
female nuongo l - , - .

m ug. if e- eu n , fi mti ued . would hut ’ of par. Results of earli er inus- e sti gat u oni a of fa-

acion l3—15J21 ti cular j ute-rest since the -nt ’ is sonic cyto- milial aggregat ioni were’ e’nt ,tr t cd im’tn ny’ in,

_______________________ gerce ’tic evidence thuct th yroxin may that some invest i ga t i ir s  e)husc ’rs ed n ut , t in-

Ic sibs increase “stickiness” of t he chromosomes usu al familial eet nc e’ , ’n i tra t i i ,n i of r cieuni g o ls ,
mis t  aunt and tb ,uns  in flti ee ice nco icd isjt t nct ion .55 Ma. whereics others did . 5 -~

7 -~’° - 6° Tb ,h~. led to
translocation , 1 te mi cuc l th iah tu ’l es  m e lh i t u ns  as well as adreti al  the study of tic ,’ h t i i s s ih t I t ~ f:t r , i ihi ~ l tiggrega-
sib dead nhir cornc tcl it ie ’s h ave also heenc stig— lion , iii “mit - mo s nui l d t o n d c s ~uf memgoli icc.

mosornes with gested.48-49’57 i nc a study of body’ bt ,ild such its. fis s imre ’d t ui n c gene ’. t rtcnnss’erse

dead as an index of maternal concst ’ctut ’coci nnei paimar crease , nin t h  the’ 
~
s l or d of the

- — — ad r e’t uu , I f e i u t c t i on c . nco differences were pnhnc ar tn r:u di 1 S .li -~~~ Fs- ,’iu tb utuun g Ic sr I
fot nnd lcetweenc mothers of mongols and ,‘xcess frequency of st ne -h t rcuiemo svmupt oms

_________ n iot lner ’i  of controls; hut  there was, as was reported anionug ruor i cc a l I ann ilv menu , -

_____________________ already indicated, a si gmc ifie’aut l y higher hers of moou~ohs. inte ’rprt ’tatio tc of these
- me’anc u tn n d mog ~’nuv scori’ in younger r ,’snilts is di ffic en lt .

ii karyotype niother s of rcioncgols. i c ’ .. t nm cel er 27 Years. M:u n u v  of (he ’ ru ’u’e’n ,t f a nc c i l r  stu dies of
•tlon l4?. I as t’osnpared to oI,ii ’r nne~, mongolism have irc cludeel e -hrouucosornal

Ic ni h (45 ) an ui l y-ses of i n u d i s i e l u n a l  fami l ie s .  A col-

osotiues~~~~~~ Familial Studies lection from the re’ct’nut l i terature ’ is stun,-

7 t marized i n Table ~~~~~~ wh,ich includes :

thaI Wb,hlc ’ t h e  inc po rtaucc e of famil ia l  ( 11 cases of f a t i ci h ial  nc conngo his nn with
stune l ies to det ermi mu e possible genetic fami l ia l  tr ans loeationi (In othcen ahwrma-
fat -tons icc mongolism acid to serve as a tion,s53 65 ; (2 1 f ut n t u ih i u c l  tran c sl o i ’at ion or

‘I - —~ ha’~is for genetic e’oucnseling of parents other chromosome uchu , ’mra tion.  wI th  index
i able of mongol children has hong been rec- motug oh as lice ’ ouch’ diaguin sed n con u g eu l in ,

— 
ogucize el. the cytogenetic obsers-ations the family 5- 70

~~
4 an cd (31 familial  moo-

has-c tndded another dimenc sion to such gohism witb i  no olicer ohlse ’rs ccl i’hcronco ’

~t tn dies. somal a lu en ornialitie ’s nt futn ciilv nicen,-
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hers.”79 These’ reports h m a ce  suggested amcd leukemia , there I da ve been manuv case
familial aggregat ioiu of certain chromo- reports, ancd a few systemnatie studies un-
somal abncorn iahities. particularl y translo- dicating that mongols has’e an increased abdominal x -ravs or
cation, Of considerable interest are 5ev- risk of incurring leuke’mia, 3-’°54 Wald5t pared to 4 per cent~
eral obse’rs-atjon,s of su ch transl oe-ation in and e-o .workers ri-vi e ’u ’eii all tic,’ death , c-er- children and 14
famil y memhuems who are clinicall y tificates in Pennsy lva uc ia du r ing  1955. Th ere are ses’e’ral
n ormal, It has beenc suggested further 1959 ancd observed that (ice ’ inic it he ’tu ce of w ith, bothc studies , ~th iat. as i nc other orgami isms ,’°”7”8 the leukemia in mongols was si gni f ’cca r tt lv still be considered
presen t-i ’ of ( u n i t -  ty pe ’  of ehn-omosornal ab- hi gher than that foun d itt the gen eral f r et for further in

rma litv in a par cuit may influence the population. In Eng land. FIolh~ecd amid Neventhieless, this
ort u rr ,’ne’e of anothe ’r type . s u c h  as the co-wonkers 5

~ fo un ,d the mortalit y from shi ps is pros-ocati~~one leading C i i  mongoli sm.’7- 74 lennk e mia among patie n ts with ,  Dow un S Fi gure 6 along wi
Most rec ently Cart, ’r arid Evan s 78 con- svn dr tme to be’ 20 time ’s greater t h an cx- cussed, The dot

t ’le i ,Ie ’d f r i u r u t  th ,’ir surve y tif families of pectanncv. Moreover , it is of interest t i cat  c-iations based on
61.2 me ngtu ls that mttthn’rs of mongol ci,il- leeikou -ytes of many’ monugol s h ave’ n un quir i u dg confirma
elrenc have ’ a hi gher than e’xpee-ted risk of unusual morp hological patter n : i.e’.. petlv . The solid lines m d i
having a second inoncgo l child. Interest- morphonuchear neutrop h ils with , fewe-r : on several reports
ing l y enoug h. yotm m c ger mothers had a lobes than found in , the genueral P0ldtnla . would judge as
greater exc-e= s risk t h ian i olde’r mothers. t i on . ’T These fi rc t l iuc gs are especially iii dence. Where a
Ch romosome studies of the families with te ’rc ’stinug as a result of recent obtservationis lin,es. direction of
mo re’ than once mongol ch ild ir , this series cii chromosomal ahie’rrati muu ,s in c i n cd iv i d -  gested ; otherwise
of cases revealed chromosomal ahuno m-ma l i- uals with leukemia, For examp le. Jacolts 59 shi p is postulated. -
ties in nonmongol famil y members of reported the presence of a small par- -

three of the ni n e families with multi ple t iall y deleted chromosome (called the 
~~eneraI Comm.mon,c~nls.” At present, these findings on Philadel phia Chromosome90 93 l m u 11 in n - -

familial aggregation must be considered treated cases of chronic niye loid leukemia , 
, Though these

only scuggestive since unknown biases may The abnormal chromosome is thoug ht to as to the etiological
have been i n trod u ced in the selection of be number 21. the same one involved in
cases or evi ’nc groups examin ed. mon golism. The reles-ance of th is f inc di n u g

Twit, studies, too, ha ve stiffened from is uncertain since the leu kemia observed ION IZING RADIAT I

similan methodolog ical tur ohlems, 37 -77 Re’ in mongols is nnsuafl y of thce n ettle variety -~

centl y Allen and Baroff, 78 cognizant of and none of the subjects with mongolism
sunch diffictult ies. attempted a systematic and aceute leukemia who lcave hi m - c -nc -

investi gatio n of a t’ot,seeutive series of studied thus far have the chromosome n h -  -

twins admitted to the New York State normality observed iii chnon it - leukemia,94

se’lcools. They concluded that almost 100 In view of the known biolog ical rela-
per cent of nc000zygotic twins are eon- tio mi shi p of letnkemin to ionizincg radiation -

cordant with  respect to mongolism as and the experimental studies of the rela-
compared to ahoict 1 per cent of dizygotic tionship of ionizing radiation to ebmomo-
twins, These restults are in agreement somal ahu ~rrat i ons. iO ,~ t 2 f l 4~~4S it is cut in-  

/
1

with the cytogenetic expectancy. Also terest to determi n e whether parents of ,‘,,. —
strikingly eonsi~Fcnt with genetic ex- nnor cgoh children has-c had excessive’ cx~ L E U K E M I A . ]pectaney is the observation , e f  four mon- posunre to radiation. lice results of two I

gobs among the eight offspring of mongol ste,dies h,ave lueen, reported. Lui nin ,, 53 in
fem ale’s reported to have reproduced. 1 the stud y mentioned earlier, determined

that the per cent of significant histories
Relationship with Leukemia and of x.ray exposu re of niothers of mongols —

ionizing Radiation was rio d ifferent from that  of mothers of
cou,trols, More recentl y. Uchida 58 re-

Since Ingalls7 first demonstrated the ported that 28 per cent of mothers of
simultaneous occurrence of mongolism mongols were exposed to four or more Figure b—~u Iicma

- 
l)eiui..iioirnleul A
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been manly (‘asS’
nib- -4uj, l ie ’s in.

ye arc inicrease si abdominal x-ray -s or fluoroscopy as corn- some, especiall y those of radiation, with
73.80-54 Walt]55 pared to 1 per cent of niothers of cleft li p mongolism as well as of chromosomal
I ti i ,’ el e- a thi  e-er~ children and 14 per cent of neighbors. aluerrations with leukemia, need further
duri n g U)’.i- There’ are severa l methodologica l faults documentation and clarification , A s  the

thi’ iu t i ieh ’it ci ’ of w ith both steidies . so that the issue must hypothesized pattemni stamcds now, it falls
as si gniifie-auctlv still be considered an open one and a sub- short of a cause and effect relationshi p.
in, thce general jeel for further invest igation. Th eories consistent with t h e  observations

Holland a n ti l  Nes-ertheless, this pattern of relation- can merely postulate the missing steps,
mortality from sh i ps is provocative and is illustrated in, Icu t further cytogenetic and epidemiologi.

wi th ,  l) ownn ’s Fi gure’ 6 along with oth ers alread y dis- cal es-idence is needed for their validation.
eate’m t i nant  i x -  cussed. The dot:ed lines indicate asso- The observations made during the past

of interest tha t  ciations based on a sing le report or me- two to three years appear to have brot ight
ngols hay,’ n un  quiring confirmation for other reasons. ins closer to elucidating tIce ’ cauns e of nu onc-
tern: i i - ., ptcly. The solid lines indicate associations based gohism.95 Yet , interesting as the re’suills
is w it hu fewer on several reports and/or on what one of tlce cytogenetic investi gatioti s nn av he.

-genier a l popnn lzc . would jud ge as being more reliable cvi- it should he emphas ized that cy ogene’tics
e espe ’cialls in,- dence. Where arrowheads are placed on is a very complex fiel d with numerous

oht servatio n s hin,es. direction of association is sug’ technical difficulties . In, addition , the
ma inc in cdiv i t l .  gested; otherwise no cause.effect relation- sampling of individuals and families for
mple. Jae-oh ,s 5° shi p is postulated. cytogenetic examination has been so
a small par- irregu lar that extrapolation of the results

e (c-aIled til e General Comments to a~i v discernible affected group of popu.
~~~~~ mi-, 11 ~~ lation segment is not possible at this time.

em it] leukemia. Though these associations provide cIties h opefully. many of these prohilenis will

is thoug hc t to as to the etiological factors in mongolism. be resolved in the near future.
one involved in
of this f i n cd i ni ~
emia observed ION t Z I NG RAOi AT nO N ,~~ ,,
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romosome’ alu- , 
.
~ — —
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/ 
“

‘

~~~~ 
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results of two
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Parental age in Down’s syndrome (mongolism)

Because of the f l e a’  i ru l i gh i  a f f o r d e d  by recent cytogen et ic  dlscc,; ’eries , the ul eed f o r
f u r t h e r  clarif ication of the parenta l  age ef fec t  in Down ’s s y n d r o m e was apparen t .
A i part  of an epidemiologic : tud y of Down ’.) syndrome in Balt i m ore , M ary land , the
re lati :- e s i tn i f i ca ru c e  of maternal  and paternal  ages as etiolo gi ca l fac tors  was
e;- al u ated .  By compari ng a control g roup  matched by b u r th  c e r t if i c a t e s , p a re r l t a l  age
si - a ;  stu died direct! )- , f i rs t  by cont rolling maternal , and then pa te rna l  ages. There wa-s
no stati :t ica ll y s ignif i cant  as. iociat non betweet ’ pa ternal  age and Down ’i s) . ndror ne ,
but the rela t ion : hnp between Down ’s syn d ro mu ne a nd lnc rea i ed  mate rna l  age re mnna l f l s
urze q uis ’oca l. Ot her obserz-a t ion.c are made about pa r ental age in Do ss -n ’s 5)-uu dr ome
and other trisomic condit ions.

Arnold T. Sigler, M.D.,* Abra ham M. Lilienfeld , M.D., M.P.H., F.A.P.M.H.,**
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Down’t syndrome (mongolism i continlies to Somes and are trisomic for chromosome Xc i .
focus on the significance of maternal and 21 ,  The parents of these children u sIl lill y
paternal ace’. Of great recent significance have no gross observable chroniosonial ab.
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eVi d ( ’nI ( e ’ about t i l t s  condition should be re— t’nts of a child to be eligil,lt- fcir i n l t t ’ t ’. l( ’tt - ‘I’able I. Sclnllmar
evaluated and n e w  investi gations undertak -n . the chIld must  iiavc ’ been! ( I  ,m f  ( . . u ; i m  as I . I u I  - — — - -

Fenrther clarification of the n-e lat ions lt i p be— I’a c; . and (2 I born in g l I ’ a l i - n  ltal t i n iicmn - i’ a f t u ’ l  I

twt-t -n pan -enta l age and niongolisnss is essen— Jan . 1, 1 946, and prior to ( h-t. I , I ‘lt~1 - Mc
t ial  to this ness- or ientat ion,  ‘I’hesc criteria were inniposed to l i nn i i t  I i i , ’  I i . — 1)25

.‘c f : , t e m r i a l  age DoIt  us now well establIshed th at the Incu— call period to more iece’nt es - e l lis , snitl I l l  
g r o u p )  syni

dence of Dosvn’s syndrome increases sharp ly facilita te tile location! of l Io s J u i t a l  n I l  ond’.. 
19

with advancing maternal  age.’’4 In addition , Althoug h no attempt was nitade to ;isi I I  I ;n l n l  ‘(( 4
other I’vkll’ n cl’  indicates that some cases of every mongoloid in fan t  born d ln r i nsg  t i t u s  p ’- - 25-29
Down’s syndrome are in sdependen t of ma— nod , 42 1 cases wI n’s’ collected . . - \ i t e  r c ’ l inn—
t c- rn ia l age. ’ Paternal age, in contras t , has m ating t h ose who did not Inc-c t t l l c ’  study n i ’ - 40—44

always het’n considered etiologically insig— quir ements , 288 child ren with  a d i ; i e u l i I s l - , (if > -45

n ihic’a nt .  yet has never actuall y been studied I)own ’s syndrom e wert- i n i t i a l l y  availahlc’ to 1. own

iw direct nseans, Mo re recently , a small stud y. Of the cases excluded . 17 could not — 
~~~~~~en -cmu lp of translocation cases of type 21—22 be located in the city dirl’cto,n’s. 51 we’n’i- 5s~ :,,e i imie : im of ago , -

has u’ 1)1-en described ins which paternal and definitely not born in Baltiniort- and birth
not ndatern lc t ;iei’ seems to he significant.5 In certificates could not he located for 8. Tai le II , i~I i s  ‘.ica~ad di tion , the re are an increasing number of Thirty-ei ght cast’s wee’ not Caucasian and 17 l)oss-n ’s svnldn’onne
t I ’ports  of other chromosomal aberrations in were too old for th e study. 

- -

which advanced parental age appears to he Selection of control subjects. i’hr birt h
imh ) f )r tant . ’ - ’7 Becacnse of the new insi ght af— certificates of the children with  l) ownu ’s
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M A T E R N A L  A G E S  sponding actual age specific incidence rates l’abJe VII. Th~Down ’s and Con i ,a l  Cases

46
0 all y no change in the incidence of Down s44 0

syndrome until  the age of 30 is exceeded,42

~ 38 0 : 

0 

0 

~ , 

younger age groups . I nstead , thiere is s- ir t t u-  age specific incid

— 0
: 

shown in the age distribution is a statistical 
Materna l  

]

— However, it is possible that the early peak40

48 

7 

(Table V I I )  fail to shsow a 1,eak in the demonstrating t

0 age
~~ 36 0 0  ar t i fact  and reflects the large number of

15-19

0 

births to m others between the ages of 20 andIm1 34 0
1 0 0

29 in the I_S(’nseral l)opulation. Es-en thotigh 20-245 3 2  
~ : 

,

v
: 

n 

tri somv is very low in the younger age groups , 30-34

/ 3 0  0 0 0 the incidence of classical age-dependent 25-29
~~ 28 0 1  8

26 a rehati s-ely large number of cases of DowIl’s ~5’39 - 

- 
-

24 v a 40-44
22 

~ 
~~~~~ 

:0  

0 0 

h i gh birth mate below the age of 30, Sinn i- Total -20 % _syndrolne can be CxI)ected because of tise 45 and over

ala 20 22 24 2’6~~~8 ~O 32 34 36 38 40 42 44 46 48 larl y, translocation and familial Dowis ’s syns- ‘‘
~°‘ri~w ubeoiet i~~1S CONTROL M A T E R N A L  AGE lyeo r sl  dronu se is proh ah hy age independent, and tide sal b at cnnnn the 20-21

lari5t ’st numht,’r of cases can be expected its SAga speemfic inc~
Fig. 5, Scattergram of matched Down ’s syndrome
group and control group maternal agm’s with pa- the younger m aternal age groups where birt h
ternal age CoIStr o lled . rates are the biglsest. al populations.)

‘I’hmis explanation is stretlgtlsened by cx- in the matema
Colbm oni , 8 Stoll er anim ation of the data of other investi gators, births Imas beer
Vict a , lø , Aast,olla The maternal age distributions of over 1,000 grocbp. and in

•Oo a’e Cas.o
cases of I)own’s syndrome gathered by Coil- been placed in I

30- / 0 con cea l  Pop~lotlae bnann anti Stoller~
3 is shown in Fig. 6, Tidis ~)I yi flg t he same/ ‘I

~ 2 5 ’w
I peak, in the 25-29 age group, which is also ort’tical pol)(sIa~
o 2 0 ’  t h it ’  gro np contain sing the most births in the l)ocs’n ’s syt sdr~S

Victoria population , Th us, in : both our own ternal age grou~~ 5 ’z

no 

/
/ .—J\

~ 

distribution also shows a sharp secondary for l)osc’n ’s ~~~

U u~optnl at ion and in Victoria , Australia , t he stilt is th at in
~ 1 0 -U early peak in tide n’uaterial dist : ibution of pb’odllcetl in th&

cases of Downs ’s syndrome corresponds cx- for cases of D

__________________________ 
actl y to the maternal age peak in the gen- responsd exactl~

15:11 20.24 5529 30.34 35-39 4o’4445.49 eral population. The maternal age distribu- retica l p ol)cbI at~
MATERNAL AGE f inn in cases of Down’s syndrome of oth m er Inos ensent of tl~

Fig. 6. Maternal age distributions for all births independent populations reported by øster’ age pc-ak from
and births of infants with Down ’s dyn dron ime in and (Tarter and MacCarth y 3 also demon- 20-24 (‘l’able V~Victoria , Aus nra lia (1942- 19 57).

strate this effect, although less prominently . . It  is inuportaM
It sisould Ix’ eml)hasized , thoug h , that t h e ii.’5sl itsfen’ en’m ce ~

worth y of fur ther  comment, natisely the find- (‘OrreSpondiflg age specific incidence flgtnr t ’s be derived trni~
ing of a smaller peak in the maternal age for each of these populations are very Slhni- ‘ r,cts’s whs ic h i  lfl~
distribution at the younger ages resulting in lar , dronse by nsatell
bimodality. This bimodality has been alluded I’idat the secondary peak (in use yolit di~er tu ’b ’ni,tI .15/I’ di~~
to by Penrose,20 ’ 21 øster ,22 Collnsann and ages) in the ntat ern sa l age distribution is a incidt ’nu ’e ratell
Stoller ,23 and others , More recentl y, it has resun i t  of the m aternal age distribtution of time lions5 of 1,51 ,11 bi~
been attribtnted to the presence of transloca- total births , nh iav  be demonsstrated as follows : I t  is aiaisaret~
tion and other familial chromosomal abnor- two th eoretical , populations of births lm a ’m ’e ii~ tt ln ’ w t t l m i n s  ti
malities .24 However , it is probable that this been des-eloped and the maternal age dis- wit hm t i l t ’  data ~
peak does not represent an excess of cases of tr ihtntions of each are shown in Tablc ’ VII. contr o ls  is vital
Down’s syndrome at all, since the corre- (‘I’hc shape of these curves is similar to actu t -  Fit ’sb , t b ’  mel
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- a i ,u ’ ,m k ins the dc’ nmtc nus tn ’at in m g the nnuusvc ’nlIc ’ tm t cu t h ut ’ ,‘,mr h c - I )osc -ns ’s n n ma t c ’ n’ nsa l smgc ’ 1ac ’ak w i t h  acttn :cl

I , thue ’n’n ’ I — . S - i I - t l b  — age ~I un- e n tic in n ’ ide n me ’ n a I l ’ S  hmc’ld (‘c) t d s t s t t 3 t

~~bd ( ’ e i l l  I Su m c ’, ni ’s - -

3(1 is c’xc ’ m ’ m ’ i  hi’d. _~ ge ip~e if i c  
- .5 ‘5 ~ 1 1/ 1) 1,1 li ‘ lib gene,,, ! .5’,: - 11111/ ~~~‘~c:;u 1:f 

~:: ‘‘ :7 1)1111’,! ’,

t I lt’ m u r k I lu _ I L  u i l cu : / u’,l ’e  pe r  p:IpbIla l n l P i  : -

I I ’ h - I Ma t e ’tn a l  1,15(65 h j , ( / m m f  ( t l u e m l r e t u l ’, l l )  I Il/ I -I 
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fl Is , t  5 .1 Is II .1 
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casI ’ s l I t  l ) cd c c - l u ’s :t5—:19 :1 51 12 ,51515 12,5111 ) ‘14 27,5 44 27,5

bec’,iuusc ’ cut t i l t ’  I l l  14th 2 ,/II ) 7 2 ,397 34 2 1.2 :14 11 :1
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15 s nu u , l  cud -er 2 ) m ,l1 1_ i 22~ I, :1.8 tu /3 ,8
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d i s t r i i u i u t i c m n m  t f  I s n’ c st i mb c ’c’d i l l  h ut ’ n hus mt u ’ n ’nssI  agc- d ist t ’ ib hution s cut llc ’n’ po~)hilsbtmot ls. ‘l’lli s is n’m ’hhi ’(’tc’(l both its
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~cidi-n~cn ’ 1 1 5 / I l l- i’s 151’ chc ’n’ ist ’ d csnl ~’ fn ’ i t n n l  .m gi ’ —s 1 s,’t ’ m t t i ’ i m n ’it ic’ ns c’ I’S- n - n m  t i l t ’  i,/ I ’ t l c ’ t ’ m t  l d l s l ) i u l . s t i c ubm f b - o n m I  cc-ll ic ’h l t h ic’
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I in I’,nh sl , ’ \‘I ~ 

t ui nh Ilnil s t~ si t s mi In s  l Ilt’ s t I l l 1 ’ , u t  P ,~~~5 ’1 1 t 5 n i  . 1 5 / I ’ . ‘ . I l l , t h l l ’l c ’t l t ’c ’h s , I l l  i t l b t ’t i l , t t ’i ’ t l b , i h  u ’ t i , ’ , b s  Ill
sinsii snr Inn ac - I nn— I’m -st . (hu n’ 1111 . 11 5 . 1 5 / u ’  I I I  l u ’  i h I s I n i l d i n h i i s n m  u s i  t i l l s  s i l u c i c , i t t  1) 11 cc 1 1 5  5’, n l c h t u l n t b t ’, hi’



640 ,Sss ,:/I r tI a!. Ocl:: be, ‘II, ’i Vo!unue 67

—‘ Down ’s Cas es act’ , miuakes l
0- — ’O Gene nsl P o p u l o l i on  rt’ lah is-e c50 , -R I h it ’ ntiS

to other
40 s~ sct-iix’d D

51~ / 5 I 1
35 5 s t inn i culate d

— 30 f / nsondisju nc

e~ 25 
/
B5
\ ,

l I 

age : . 7 , 2 6 ,

20 
f _ / ~ t time object~

I 5 / ,,,
/ ‘ ~~ \ \ insstatscu .’, c

~/ ~~~~ , 

\

‘.‘.

I S-  20- 25- 30- 35- 40- 45-9 I S-  20- 25- 30- 35- 40- 45-9 \\ ales in 19
19 24 29 34 39 44 cu er 59 24 29 34 39 44 o e r

hlechit a
MAT ERNOL AGE

, , niondi sJundI’ ig. 7. Tht’orl ’tn’ sm I chis trubu t lo t ls  of genera l pop ,u lat uons A ( l e f t )
ansd B ( r i g h t )  w it l u  co l -ru - spo u sdi lug d i sh r ib l i t i ons  of cast’s of Downs’s syndrom e,
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20—24. ins tin’ co:
Stj t1 ” s hi ’tI
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’. ‘.511 ’ 1111151 I I I ’ 101
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511_ St .. ldd sm kt’ S 
~ ~ Iss i I sl e a h i n c - ct  e’s ss h I m a t  ions ol tim e c) i )S( ’n ’sSm t icflSs oIl I ,tmss ilil c ’ l) imt ( ’t ’ nbsb I st n scj t nut —

n ’ c ’Lc t is ’e u,’ t , i m t n ’ i i > m u t i t rs of &‘ac ’Ii h ) imb ’ t ’ti t , t l ’ i I l . i l  f, mt’t on ’s ,
‘I’m ’ i nl m p li : a t i E m t d s  cuf thuc ’se  t i n m d i n 1 , m s  extc ts t h

‘ - - ‘ _ ,sh. ’ M M A R \ ’  A N t )  Ct ~) N C l , U S l O N S
S to ot hui ’r t’cr u t i ml i I ) ldS ‘ m I S  cc ’t ’I I. I hm c ’ n it ’cs ’Iv (It’—

scu ’ii t’d 1 ) and E tn ’isotddv s c - I l d u - ( l l m m ( ’s hla ’, ’c’ ‘l ime t’t ’Iatj vt ’ sign ilicatx ’c of nstat el’nal sumd
St m m m l i  lait ~t . I mu Ft I it’ r ib d t ( ’b ’(’St i Is tI ut ’ c’t iOIc )g V (I f  1~~~ ’~’~6~ I .15/I ‘S cc t’ n ’ c’ t’s Ss luua t t ’d .m s P.tb’t c-if sm t s
t i t l t l t h i S j l  bd(’ t i d t t l .  ‘ l ’ht u. ’st’ c’onu .h i t  ion s’s Iiavt ’ also t’p idt ’num iolo g ic’ s t ,md ~- of I )osvn s svts d rontuc ’ m m
h) s ’i ’is ac sociatt ’ch cc’i t i m i I l ( ’b’ c’il st’(l II  ISl t E ’ t ’bSilI  B a lt i ullon’ c’ , \ l,tn’s ’h mlsd , By tint ’  1151’ of a t ’ot~—
:15/ s’.” ‘ i” anti wc~im Ith tim u s  ims s - o l c - t’ SOb I It’ of t i’ol gr obmp tllSl t (’hmt’d hsy hi u certificates,
tIn’ objt’ctionts aln’t’adv (h i st’ lisSt ’th. S t l m i t I m .’ (or psmn’ t ’ttt al 511 ,/I’ Sc SI ’  st t ~ hit ’d di i’c’c ’t I ~’ , h i rst h
inms tansc ’t’_ cotumpan ’c’s thur ac’c’t’age ts lalc ’rnua l as / I ’  co t m tm’c ) I l i t i g  nm ism tc’n ’ t i ss l , 111(1 1111 15 lla t t -n bs Sl I  scsi’ ’ ..
of 1)~ atst l 18 hri sonnm i c ’s ( 1  962 - fromui various I’hmt’ i- t’ cca s tic s p c) si t i s t ’  ‘.1:11 i st i c a l  ;lssle ’ i sn t i ts n l
sounm’ ct’s ) to II I I ’  Id mt ~ats age u f  I )osc’td ’s sitid of pa tt ’r lsa I :m L/ r cci t is I )dlcc ’bd ’s s n n h n ’tst i rt ’ . l i l t ’
t’ontt ’ssl 5/ 1059)5 (l’otd) him’ths in England antI n’c’hatiolush tij ) bt’tcc’t’c’n I )own ’s sy nsd m’ot u sc ’ stnsd
\\‘alt’s ins I 9.0) 515 t’ t ’portc’d hm ~’ Pc’ist’ow’, ifl (’b’ c’Sls(’(i t t u s m l t ’ n ’n sal st 5/t’, llOS’,’c ’ ’ , l ’I . t t ’ b h i a m l 5 S

IIc ’c’ i it ann! (‘o— cc ob ’ kc’b’,O cotst ’ luutl t’ t h t i i~t t  l i t s c - q c m i V c ) ( ’a I.
I l on sd l s j h b n l c t i o t d  i l l  t t ’isl)III\ ’ 17—1 8 , as itm 1)05511 ’s ‘I ’I mc ’ t ’strl v St ’t’l lnl t h at ’v 1)c’Sdk hI ’h )l)t ’Iu ’(I lIEd’—
syndu’cut i mt’ , is lh h s c ibslv nt u at t ’n’ n sal _ ht ’c ’ sml l S t ’  t I mc c’iotu siv ins t lu a t t ’n ’nda l 5 1 5 / I ’  distn ’ihiutic’t, m m
t m dc ’an Indt ( ’I ’ tsSs 1 — I t h i d  t t ’t’ bI i l I  ag&’ cl i t lt ’n’t ’t sct ’ for I )occ-n ’s svn sdn ’, 11111 ’ cc ~s a g aits foim nsd , ,i n sc h
l ist t- :mst’s cc’as I ,7 as E’ot lu h s :d I ’c’c h sc ’ it lu 1.5 vu ’ss n s shocc’ts to 1sc’ ssts a r t i f a c t  a n ’ c ’ fh t ’ c t i o mm cuf  l i l t ’

in t itc ’ ~~1tst ml poi~m u lst t ions of ssl I t ‘ ni l c-ti Imig hm fn’ c ’ti iut ’tn’ v of tot~tl h ) i rt Ims stt  thu is b I 151 —

Stat s ’s I ) ir t is s  ill I 960. Hocvc’c - u.’i - , tide m s st ’ an s  tt’rn ial aizc’. Sc’Ic’c’h icsn , mt  t c ’ i i : shs l , ’  (‘0151 n’oI ti,lta

cvi tii a gI’s of 1)1)113 tIlt’ fat I l ( ’ h S  (36.0) stnsd ndot i sc ’n -s in thmc ’ 511 dv 1sf l i l t ’  161 I I I  11511 .15/I’ i’tlc ’(’t - 1101 Is
I 3-1 , 3 of tt’ ms o numics S b b c ~ m t l t n m.’ij  5 / Ic ’Stt er  tit an itt f lown ’s and other 5~~55I,It’0l5tl,’s , \5 ,Ss 551s ’s’.5’1,L

t h m u ’ c’otitn ’o ls ( 29.9 Sl I l d  26,4~ . smtm h lions thirst’ h ut’ sitItS IliSl t ’v of t ’ onm t n ’usl .11,/I’S 115 11 1 Ill t h ur
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378 sIi.LH4 . I.IL.IE~~I-ELD , ( :OIIFN A~~D ~s l-;s I LAKE PAR EN

RE St  ‘i :i s
Rr~idenüa 1 Hisl

1. R( ’~i dp nh ia l  J I i s I o r ~ —1
it  was esseiiti ai to st t id y re sident ial history to I )  evaluate  possible ~l~f1er- 

. 
~~elit es III backgrouil ( i  radia i ion eXposure , 2)  r t i ie  out  t i i f lere i ices iii nI e( iI~ai

CX IM) SIIIC l)ased DU geogra p hi cal p r oximit y t ti  iiiec lica l f a c i l i t i e s , aII (l 3) in-
sure that  t h e  risk of being irradiated in a Balt imore hosp ital was not a l-  

i i~etiine residence SlO( (  birth .~le te(I by (Iifkreilccs iii t lie duration of resulence in Bait in iore. Lif (~t i I Iw residence since I
Sixty -one and ( i l le - te i l t i l  pCi t e i u t  of tIW Ulo t i l e t S  of Mongols and 57.9 younger  

per ( ( l i t  of th e 01111 ol mothei s ts t  I i  hot n in \le t i  opol itan Bait ini oi c \ot lift t i i i u ’~~ n° 
—

5-l. (i per cent of 1)0th the Moil~4ol ant i control fa thers  \V ( I C  hoi n in Ba l t i -  Total reported .

illOiC (x ~~~~ urn <~~ i5t u’~~ y s igni fu um u t ) .  ~~ ~~~~~~ ~~~~~~~~~ ~~~~~~~~ ~~ U nk nown 
other si g n i f i t a i i t  dillerei ices in a reas of b i r t h i—e i t i i e r  wi t  I i i i i  or outside t h e

iota 1 t. nite d States. 
—T h e  length of t iwe 5P CUI ill Balti more prior to t i le  b i r th  of t h e  in dex

child was very s imi lar  for both group s of })al’eIIis and is sunlnu ari ~ed in h ai l  and 62.8 1)e r (‘CIII of
l ab l e  I i .  \Ioiigol iiil ( l control inotluer s n t i i i ibe r i ng respectivel y , 56 .5 P~’ te n t and 30.8 per cen t
cent and 57.0 P~~

’ t ent and 50.5 per cent and 51.7 i er  < c u t of t h e  \f () IigOl reported th at  all the i r  h~
and (‘ontrol fa thers  had spent the i r  en t i re  lives in Metrop ol i tan  Bal t imor e , fi~~

. and seven tenths  f)er
either s tar t ing Iroiti  b i r th  or prior to age 15. l u c r e  were 11(1 si gn i f ican t  trol mothers and 2 1 .6  pe1~
tliffereuices , for  residential history between t im e cases and controls. l” t t r t iwt -  fathers  respective1)’ I-el~~
more, there were no signi ficant differences in t h e  to ta l  number  of years Balt imore or outside of ~
S~~Cii t ill other major areas of ti le Ynited States prior to the bii’! iu of tile si(ie t h e  ci ty were repoll
i n(iex ( ‘li i l ( i .  (x -( -tirrecl t i t i r i ng mi1itar~

.~ naiysis of the type  of I)ai’( ’iita i residence ( lur ing tile five years pnoi to ike ause t h e  hospital u
the index chi i ld s b i r th  deiiio t istra t ecl tha t  there was ilo concentration < i f t ive  <i f t h e  data aC(~ ttited
parents e i the r  iii I lie rura l or I i r I ) a i l  areas dur ing t h i  is period. ~~iiiety -tl i re e the r e 1$)r ti llg and the SW
and one-hal l i~et cent of t h e  Mongoi mothers and 92.1 pci- cent of t u e  Lull ii t’onlp k’t ~on oh the I
control m ot h ers lived il l cit ies dur ing th is  t ime period , while  89.7 per cent Cll( ’CS between ti m e \Ion~
of the Mongol fathers , and 89.0 per ( ‘emi t of t h e  control fa thers  were iii  over or Lln ( Icr _ I -ej x ) r t in g
this same category. p itahi.ations were rcIxnl

There were also 110 imp ortant  differences ill  tile k ind  of construction 110s 1) ita i itat ions for tOn
materials present iii tile parental dwellings during this period. Brick , ~ -i t i i  least i-eliabi lt ty. ‘1
stone , IVOO(i or conhi ) in at  loll type dwellings were reported wi t h  s imilar  greater afliong mothers
fre quency. pract i( ’al lv i(Ici’I I ical. A I

re ’or(ls tha t were h O t  rc
11. I io.m/ n 1a/ i ~~~j~~ control iw~ iicrs. Simila

Since a separate eva luat ion was made of radiation eXpostlre occurrin g })ita fi!ati ons and the co
onl y il l Balt imore h osp itals , it was essential to determi ne whet h er differ-
ences existed iii  the fre q u ency of hospital att endance. Sixty-one and one- I l l .  Radsa .

. \II  pt- r . er tagc di st r ibu t io n s  are ( ‘al ( t i la t ed on th e basis ot tota l known p~~~i~e 01’ 
1 m ) t i l iolu of 

~
t lu

~
t 

~Negati ve resptnis cs. alter ‘‘(  i ikiiown~’’ ha ve xc i i  subi r ac t Cd. ex1x sure s It 1)or t ( 
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.1 ii
I’ :1.— s isa l  l i i i .  ,s l, ,:1(, ’ ’. ’, l’ s , ,  I,: u s$1, I l ’~.h 4 101,1

pi iss i hih i ’  d i lt er-
li t’ s i i i  Ihlt ’ d t 1 ii I ’ i .~~~ -i k ’ ~ : t u .  \I s _ I . 1 , 1— S t

lies , .u iu d :t~
~al n .ts i h i C t  .il-
)l’ t’ , I, : l : l :I::l - I .’ ’  i i :  s — t n ’ ’

- i , : t - t t :  t i l t , i i  ‘C li I ‘ I t i l l  i i ,  l i e  ~I lI I

b’igtils .tiit l ‘7 I , u ts ’ t u u s t , ’ I,sl:ls -iie ’e ’ts: t  I ‘ s i s  s i  

—

~~~ 

. 
s t . i ii gi i ii ’ , . •i _ ‘ ‘ I I  I ’  ii I I I  ‘

II l l . th i i i mi ~ m < . ~~~~ I:l , -e, , , , i ’ i, ’ - i . l t ’u,,’ 1 -l i ii ‘II I - _ I e e  ii ‘ I  I )  ‘I

i i  in  ikul i  ~.
ttit’1 i ’ ~v ( ’ u ( ’  ti < ,  I . : i _ i I  s t s : : i  ui ’ :l ~‘l ‘ I I  ‘. 1  I ‘ C’ )  I ~‘t ) l l ’N , . i~~~~ I i ’  Ill

~. ~~~~~~ ~, 
I ii . i I I

Oh ot i t su t f <’  ihut -
I ., i ,~I .‘I i :

of t h e  iu i t l i ’x
I h h i h I . u i  i,t’ el i l l  -

— — 
hm,ul l . 111 ( 1  b2 . M 11( 1 i’Ill d t i i ’ \l iitgtd , t l h ( l  u i i t t i i  t i u i i h t t ’ts i iltis 311 .1 lit _ i

( ‘~ .

, 

. 4 ( 4  I lev I 
e I I t  .iittl 30.8 pet - (<~im l of t i l e  ~ i t i i i g t i i  .umi tot i mit i l latIn-ms lt ’s~ev’ i n e k .

It \ lO il~~ol I t ’l~~
)I l( ’ (l i kmi  , i i l  t i n - u  ilosp i t ;t h i I . I t i o l l s  ii .td ~e v t  m u i ’u ’ t h  i i i  Ba li inno -e .  l iii , i v

II lt .ili l l hiit lt’ _ p
hI~~ .111 (1 M’\ (’hi ieuiilis l ev’ l ’  t. t il l anti .1 I.~l ~x’i i i i !  .d t in - \loit g til ,uilti t o l l

4 )  s I ..5 i u i f m <  .111 1 t o i l  l I i o t i i t ’ I s  and 2 1 ( 1  per cen t ;ul ld 22.9 per ( ‘CII I ol t h e  \ititmgei l au th o l I t t t l h
ohs . 1 1 11 ihut ’ , .

la l i ui ’ l s  rt ’s iit’ ’li~ t’ Is’ ,( ‘~it ) l  i t - t i  i i i ) s !) t t _ t h t I_ t ( t t l I i S  1<1 lua ~ e tev- t t i i r ed  e i th er i ll
lit t ( C f  \ t ’ . I ) s  h ’.i h l i i m i t i i t ’  ( I t  Ot I ( S id ( ’  I I I  tin’ i l l ’ ,’ . .~t i a igem iilllltlx’l of iios 1~~t .t h i , . , i i t i i i s  o u t
h ut  i i i  i i i  l i i i ’  side t h e  i l y  is’ele repor ted h~ ih mi ’ l a t i n ,  ~~. u l l . t i i l i \  t h u t t ’ i t i  I l l I l ( ’ SS ( S ~s l m u  ii

( I t  ( t i l l  eu <lul l ilIg l i l i h i l . I i v  ‘eu  it I ’ .
,a l s 

~O 101 I i )  il( ’( , t u t s (  th e  i i o s i e i i , l l  I ’ i ’clI luls  i v e l e  seaut ’iied i I l t i ( ’ i ) ( ’ l l th t ’IlI lV  ~t i i u i  i t l c ’% f I ( ’(
rn t l.,tuII hl of l l y e  i i i  t h e  (LILt .U’ ( i L l i I t ’ ( l  t i l l  l i t t e r ’  ir ~ v . t i m e  ,1SM SShl t(’hll ol t ime  a t c u u l . l i  i i i

~ i Iht’t ~ h u t - i- til l - u’e~Io lli I i g  au th t h e  st i l t t~ss ( i i  h e v a l i l I g  i i i e t i i  .tl I t t  t iuils is is 11<11 u u i . t i l t h i i e
(( ‘Ill oh ~~~t t u i i i i i  t ’ t i I I l l ) i t ’ l i t i l I  < ii mi i i ’  ~i t i i l ~ . . \ l l ; u l \ s u s  ih e i m s t s < - ,deth u lti sli 4 lIihut an t t h u l I e ~h ) <’ ~ ( ( ‘ I I I (‘n i t ’s hH’IW (’ ( ’lI t hmt ’ \ Io iug ol  ant i  c t i I l i l ’ 1 ) I  $ ) al ’ t’ui ls  W i t h  1t’Si)i’tl  i t )  e i i h i e i ’  l i l t ’
Cls ms< ’m < - 

leve l’ (Cr 111141Cr le~x i l ’ i i u lg  of i m t i s 1u i a h i / a i i o u i s  ( f aith’ i i  fl, I hit ’ I l l e t l i t  ~t l hios
)eulali/.ll ttIhls were h ( ’ i I I ) l ied s v i i i m  111051 .U(’(l lat 5 .111 (1 iS .1 ,t ’l ,ii i~~’ ill( ’,lSlu I(’,

) i l s i l  lI t 114 ) 11 inis 1 iilah i /aIi uls l tii’ IolIsi Iiet ’loliIV ~t t t d ( I I  t (lt’hltiiti (’(’tO Ihi’ e ’ ~V e l’t’ lepol tt’ti

~ts I , i i i  IC 1., m s ’ i l i l  It’ ~t si t ’ t ’ ij . t lui l i i ~’ l I lc ~ a( ’( ’ l l l , I t  5 ( i i  l t ’~K i l ’ u i h i g .  i h m e t ’ l t im ’ t ’ . 11 ,1 ’ 11111 < h i
t i l l  s l m u l m l . I l  gl’t ’a ie l ’  ~I l l l o h l g  ll tO l i t t ’ l% ih i ,t u i l , l I h i i ’ lS . 1) 11 1 t aM ’ a i i t i  t i b h I l l O l  P’t 1 ’1115 I V ( ’ I ( ’

~i i . u i  Iiuailv i tleuitical. ,~~ i o i ; t i  t i l  2-i hlo sp i m a l u / ~h l iotis wel’e 14 ) 1111 ( 1  t i l l  h l l t ’dl t  i i

l(’tI )t(lS l l i , l t  IVCI’C 11411 Ie i io )l ’ut ’(l hi y \io llgoi lito IliIt’IS .15 Uilll ii, tl ’t’(I I t ) I . ’ f I l l

t ’o i i t i ’ t i i  l l n I I i l c ’I s, S i I n u l a I - i v .  t u e  ~ft ei1gol i . t i h i e t s  f a i l ed  lo m e h i t I t I l Im e  114 ) 5
- (N ( t i l t  l u g  1i11; t h i ,ai i oi,s an t i  l i l t ’  t o n I l o i s  ses t ’Il.
Il~~l i l i I h i ’ t

~h l l ( i  4 ) 11< ’ i i i .  11( Ii!UStIl tll  1 5/ 100 ,1 < ’ I ’ l l e ’ of  ( ) e , i , i  t e rn  e

I ~H l S I t ( ( , ’  I I I  
I ) i s i t  i t i l l I l t i l i  ( i i  l i i i ’  l h l l ’ 1’lI lS .t t ( ’ oi i ’ t h i l l g  1 (1  l I l t ’ S I ) l I i t t ’  ( I I  l i i i ’ I , t t l t . i i%4111

(\l ~~1 5 1il (5 l e f e v i l’I(’tl t Ill i l l I t ’l~ lt’Si .11< ’ sim t ittui i ll 1 , u l i l t  I \ .  h iit ’it ’ 55 .15 , . ig , t t ul ,
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4 ,  , ,,,, 
gueuu l S i l l I i h ~t l  115 i ) t l W ( ’ ( ’ t l  t h i t ’  \ f o i i go i  and c o l l l t l e i  J i .ml ’e l ius  ss’n i l  l ( ’sh)( ’t ’l i t )

0 t h e  i i u m u i h e t  t d  I ) ul l ’ t ’n ls  i e 1 u < i l I i i l g  t i m a t  a l l  l a d i u l t i o e i l  e X 1 i t ) 5 ( I I e S  I ) t t l l u I ( ’( l  i i i

Rah t i l m l o l e  h i o s i i i l . t l s .  Ret , u l l s ( ’ t i l  l i l t ’  m l l . i g l i i l l l d e  t e l  h u t ’ t a sk ,  t h l ( ’u ’e wa s I l l )

— i l l d e 1 i e i l ( I e l l t  5 1 ( 1 ( 1 %  01 ~ e u i f l t ~ l t i t ) I l  of 50( 111 t’ s t i t h i t ’I ’ I i l . l m u  h it ’ il,iitilll t elt ’

I’ o h , - h I l e S 1) i l . t l s . ant i  u l l I u l I s sis  i l l  l i l t ’st’ t a~~ ’s was ( ‘( i i l f i l It’ ( i I t )  t i i t ’  illt( ’l %i (’S%’ (1.1 1.1.

P ~~~~~~~~ ,‘,~ Ii ‘ N- r’~~’•i~ i V. I) , ’.u , i/ I /j e l l  0/ Radhiu l iou,  l ’s / r n .s 01 < ’

- “ i i l i lt’ IIISI CIIS ( CI i l l u l i l l a l u n I  .15 S ( l I l l I u C l r i / t ’(l  l u o m i m  t I n ’  ulllt ’15 n w  a l ld  l i l t ’ ( l l -

- t a l let - lu l l s  is t i i ~ ided i l l l o  t i m t ’  f o l i t u v i l l g  t l iegte l ’ i t ’s :  I t i i u t g i l t i s t I t ~ l.lt i i . i l i t ) i l

—‘ 

- N,, ‘ , (‘xl i l n h l l I g  I f t I o l l I S t  1) 1) 5 . 2 1 h h t t l u t i M  oim t \ p ~~s t 1 I t ’. 3~ 1 ; t t i i a t i ( i l i  101 l i l t ’ l ; l l l \

and l’l ()(  ( ( 1 1 1 , 1 1  j on ah t 1) 111 . 11 1 -

4 it ~~: , :  .4 h u t  I l I t ’ t l l t . l i  l 11 ( I i a l i t ) l l  t I . I t ~I i I l t ’huidt ’  t I m e  t x j i t i s n l t ’s l t oui ~ t o l l l . t t t ~~i l i t

I i  ::: I l i l u s s i t  I _ I l l s  I l l  I l l t ’t l u  j i l t ’ ( l u l l s  ant i  t b  Il t)t illtIIIlit ’ iuIa(lialu eli 11 - 4)111 de uit ists ,

II :  ‘ ‘ I ~ 
t i l i i t ’u ‘“I~~ ~~ 1) i l S % i t  1,1115 . ( i t  1 1 1 ) 1 1 1  lI St ’ I I I  s iu t i t ’  f i t l u l l g  ; t i i h i 4 l l ’ u I i t l S .

I I  I 1  I I i  I I  8 Siuu t e a , i a i s s i s  ( CI  h l U S 1) i l i l i  I t ’( 1 ) 1 ( 1 5  55.1% i i t l l i t t ’tl I t )  I % u t l t i l n t n ’ e  l m t ) 5 1 ) u l a l s , t he
I~ t . 4 1  I )  I~ w~ 1 1 ) 1 . 1 1  ex u i o s t u l -s u t ’ i i o u u t ’d oil l l l l ( ’I S i(’W I t ) I  eatl i Lund t~l 1.tti i a ti 0ll iS (11 1 1 -
1 1  ‘.  t )  II I

I 
~~

- s i t l e i , i h l s  l l l l i l t ’ , 1( 11 t ,tt Im g l t ) t l f ) . l i l a l l  S s a S  I t i t u u i t i  i l l  t u e  l i le d i t a l  l ect iI ’ t is

a i ( I I l t ’ . 1 \ i t i t t iel l i l t ’ t o t _ tI  i , t l i l ’ I t i O l l  t ’xp os t l l t  t K ’t i l l l ( ’t l  I I 
~~~~~~~~~~ 

t ) t h l C i  l i u a I l

— 
l i l t i~ . u i t  l i l i l l u  t i l t ) S i ) I l . I l S l .

‘ I  1 1

.~~~. I ) i a i ,~ne .e / u  I i’a , I , tUi i i i i

\ % ( t t l l I l I . I l ~~ t i i  h it’ 1 ( 11.11 \-l ,lS t ’S h ) t i s I i I ’ (’ I tu  ti i .Igulosllt h iu tm - h n i s e s  p1 1<11 ’ t t l

I,, ,,: 
~~~~~~~ l i c e  index , i s t -  h i l i h I  ~ext - i t u i i u I g  f lu t H’ ost - l i l i ~’~ I s 5 1 0 ) 5 5 1 1  i l l  l uu hle  V. h u e

0,,,. 
( 1.1 1 , 1,  I S s h i o S i l l ,  j i l t  I t u t l e  t u e  t o ta l  u l lu lml iee r  oh iu m di s  n l t i ~t i St’SSit )lls 3t ~i’ i m i < ’h

( i j . l g m l osli(  N 1.155 I S e l t ’ i a k t ’ui i- .u l i l t ’ r  t h a n  t he  at m I L t I  u l ( I l m l l i t ’ l  of \ ‘ l , l \  f l i l i l s

t’x1xeseul : l i i i ’  1) 1 ( 1  ise u i u u t i i l w m  ol eX I i I i s t u l ’ t ’s pt’l ’ st s S j t l t i  W as j l m l 1 ) t i s s i I i I e  to

t’S h i l l i a t t ’  I I I  .1 l e t u l I s i e v ’ c t i s t  % t ( l ( i ’l t .  l in t  t hi t ’  t o l a l  I1111111 ) t ’l’ t ) l Sessit i l ls  i t

l~°’ 
It’ d is , I s s l l l l i t ’t i  0)  l ( ’ h ) I ’ t’Si ’I i t  i i  lea st 01 W’ N 1.lV 11 1111  t ’X 1i t iS ( l l ’ t ’ . i lit ’ 1111111

I . it .~i I i  I hit ’l  ( CI  (it  ( , i s j t ) I i S  N I t s ’ . SV( ’l t ’  t ;mk t’ u i  l ) l ’ i t ) l ’  t t )  h it’ bu I l t  of li l t ’ i l td t ’X t i i i l t i  IS IS

17 1 ;-_~ I I ,  
i t n a l t ’d s e p . t i . i l t - l s  11 - 4) 111 bot h h it ’ iiliel ~ ien’ 1111 ( 1 h osp i t a l  l’et ’t i l t l s , i ’iie ,e

l _ ~ it ‘. Si’as a sl ig ii t  ex ( ‘5’. I i i  to tu ti t’xh~~s
h1u ’ l

~’5 It iu’  h i t ’ \ i t ) u I g I ) l  t l l t ) h i lt’ l ’S i’t ’t ’tii’ tlt ’ti .0

- 

I 
i p ,  i I l t e l % i t ’ss  ~i iiu l  ,uls o indept ’ndt ’ u mt I ~’ . 111 ) 111  h l t ) % h ) i l a l  m’ (’oe r(Is. I h t m e ~~’i , u t ,

~ 
nei t her t .151 - is h i t ’ dj lh ’rcun’ t’ s I , t I  151 1c1111\’ si g l li l lt - . t l I t  \~

‘ I I a tu l  
~~

8$ l t’S~K’t ’ t i 5 t ’ l5 ~~, i l l  . I thu i l i t ) l I . t i l t ’  t t n a l  th iu lg l lo s l i t  exliosiuI ’e I t i r  t i l t ’  \1 . t tmgol

- 
I ’  .t u i t t  1) 1 1 1 1 0 1  f . I u h l e l s  is j u a  l i t  .t Ilv i d e u i t i t ’aI a lu l .  t g , l u l l .  l i l t - i t ’  I s  close .ui ~u t - t -

2 i  I ~ “i l I l t ’ I l I  lit ’ I S v t ’t’ll t hit ’ t I l l e r s  j t’ n a u i t l  I i i t ’ t h i t ’ 1 t1 l’t’ t t ) l dS. I t  sl I * ) ( h l t I  lit ’ l u Il t lel ’% tt it ) ti .

1 1, , . t S ~l lI ( ’~It l5’ t ’ \ i ) i . l i l l t ’ t l .  u l l a l < e l l i 5  .1 1 i ( i l ’ l i t i l l  1 ) 1 t In ’  t l i a g l l i i s h i t  l u l t l i a l l t i l l  ex u ev
17  I 1iI ‘i I S t i l t ’  ut - I - tu n ed It  i l . l I l i l I ) t ) l t ’  i l l i S h u i l i l I S .  h h le l ’ c l t i l ’ (’. t h i t ’  t l i . tg t mos hi t  l u I t l i u l I t l i l l

— 

‘ I i  
t ’N h t l s t t u ’ t’ is  t l ) l l5 i ( l t ’ l ~ t i ) I5’  I i ’ . ’ .  111 ,111 th a i  le 1 i t i l ’h t ’ t l  t e l l  I l I l e U  ut _ Si a l l t l  111115 1 lee

— , 
I I  ) I iSl tht ’ l ’ t’ (l as u 5 1 1 1 1 1  i1i i , I nt l  st ’h)ill ’i l t ( ’  l u l ( ’ulSl l i t ’  t d  expis t l u t ’ .

f lit ’ t ou .uI  d iulgllos ti t  t ’Xp ost I l t ’  (t’ Xt ’ i l l ( i i u l g  fl t I ( i u ( i S t t ) I i 5 ’ ~ 5511% I t l I h i I ( ’i , i I i . t

.1,11114
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l yzed according to t ime

exposure f rom ahxloni

~
‘ ‘~~~~~ 
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• 

‘Fhmer was a greateiH

—5 ‘ I 
l)otte (l ( III  intervieW’

-~ 
- : = : compared % v i t h i  colltrc

sidered as sigmiiht’ an t
— 

• . exj )osures reveaied itl

respe(’t (0 t l lUl t t I ) lC (

— 

‘ 
_
‘ A In a u n in g  typ&.s Was ha

—. t able VU suulmmar iU

-~ ~~~~~~~~~~~~~~~~ 
‘
—~~~~ ,~~ stire wi t l I the X~~vaiUe

- , 

-, the  bir t h  Ill  the un tLe~
-
~ ‘ value was t ’akul at ed .

t i le  f a i l u re  ho i’eachm hi
— ol expostire canmiot be

— I m i  all  eases, t ime ex~
: :- w i th iou t  any concemitr~

— 
In addit i on , t ime nti~
acre , bt it t ilere W ere ml

— — — . )
— 

I ) iagu m ost ut  x-ra y ex

:- -~ 

.
~~ also studied , t t s iu l g  on

total m’uun ib er of exp
• were also mn i signihcal

— — 11mg Ike  iumdex t ’ i m u l d ’ s I
5-S S

~~~~~~~
. -_ ,i_ — ~~1
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— 
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I t ime  Mongol moth ers
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This differeuice is si~
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i S ’I t ’( l  at ’ct ) rtf i u l g  t e l  t i l e  t~~~~C ti f t l it ’ x - m a y  1irot ’t ’tf u rt’, I lie i’est i l t s  ~if ~~tI ’el1t ~t I
— - ex1x) st t r e  I r on u a l e v l o u l l i u u a l  111111 in ’ pt ’ls it N - l ay s  are shown il l  Fable \ ‘ f .

- l hm t’ t ’e ssas a gu ’eateu ’ I l I l m o t I l I t  ( i f ab d ouii i m m a l and or p ehvi c ex~uostires It ’ -
— pdu ’lt’tl ( i l l  i i I teI’v iess f or l e v u h i  t i m e  ulothIel’ s an( i  t I l t ’  f a t h e r s  i ) i Molmgols ,ts

t -t ) i ml }xlr (, ’tl ~v i t h t -t i m m t r i e l  par(’fl t S. I linvever . t hc t ’ tiiib.’i’eum t ’t’s ( ‘ittl i lO t h)(~ (‘( I I I ’
— sittt ’i’t’d as sig l l i f lt - a I i l  (P  ~~ - It ) ) .  lk’t ’~mtus t ’ ai l al ysi s ( ii  t lie t t ) l lml  diagt m osi it ’

t’x1uos tul t ’ s l’CS t’ll iCtI l i t  ti t ’ tl ifh ’I’emI t ’(’ bet Wet’il t h e  cases and t’ ( i I i tI’ t ) ls  w i th
— t’esI~ ’t ’t 10 1111111 ip k’ t ’xp<ust n’e &‘pist etk’s , s tat i s t i t ’al eval i ma t iou ol Ihe l’e-

- i l l1 t i l l i i l g  ty f ) e% W I t S  hiased I C I I  t i i t  t ( i l l t i ( i i  01W’ or Illore (‘Xj )t )sli u ’t’ t ’I) i st ) t ie%.
- l able V I I  SUl l I l u l , I r i / ( ’ s t i l t ’  re sults  of enuuuet’ifl tou tel eat-Is type tu t expo-

- 
s t i l t ’  ss’ u m i i  the  

~~ 
salt u. ’ blt se(I 1) 11 t i l t ’  t o t a l  of 01W’ or Inure e1)iSotks p i lot’  It )

— 

- the  I l i r t i l  Of l i m e  index t h i l t f .  ~V fle l ’ e h it’ ( l i f i t ’ I ’ ell( ’ t’ was s-cry su i t a i l , ~~~ x~sa i n t ’ was ca h c t u f a t t ’ t h .  Bt’t -ause i~l in~ hi t h e  scarci ty (if j )t )s i t lS ’ e res uuhi s and
lIl t ’  I l l i h l i r e  t ( i  I’eltt ’ii ht ig h mem’ J )it )h )lIhlIli tV levels , l i l t ’ resu l t s  i l l  l ids  t ategory
( I f  t’xpisuu ’e ( l i u l l l o t  l)e c t ) h m s i t I e l e ( f  to be bev oun i t h e  h i n u i t s  of t ’iuai i ct ’ .

F i i i  I I h I  ( lIst s , t h e  t ’xp (e ’.til’es wel e spmead over a period ( i f  t i t l e  10 21) s t I l l ’ s

w i t h out  a l l y  con( ’ e m m t r a l i t ) u i  i l l  t he  veal - s in i lu le d ia t e l v  pret ’et l i i ig l i l t ’  b i r t h .

- In atf(h it ioll . ti le Ii ( tulll ) (’u’ ( i f  (‘Xl) ost ll ’(’s le l l t led to i l l t ’l’east ’ t i u li lsl i ’ t’ n tim l

li~~t’ , 1) 11 1 I hl t ’ l ’ t ’ SS ( ’ i t ’  I l l )  I l l ~ J i l l ’  th i t l eu - eumt’ es  l)t’tW&’(’II 1 lit’ ISO ) groups.
l) iagml ost k N - l a y  t ’X p OS(I l t ’  l u f f l ) W i u i g  t i l t ’  h d n f m  ( Cf t Ime  int i t ’x (1111(1 SVII ’.

.itsu sti~tlit’d , 51511mg ~siiI ~ ths t -  uners-ww tha ta ,  ‘ l’hei-e was no ditku’ t’nce ii i  t hu t ’
101111 h l l i I I h l ) ( ’ l ’  ( I f  t ’X f it ) s(l l ’(’- e f ) i S( i( it ’S for  t ’i t iuer muo tiler s (Cl’ fa lh er s . ‘h ’ ii eu’ c
ss’eu ’t- a lso n i t  s i g u mtf ut -a um t thitkrcumt’cs ku tun l  wh e u m tin ’ total  exposure fo l l ow-
il ig  th e  illtlt ’S ti iihd ’ s h i i l t l l  WItS l ) u ’ okt ’ll doui i  ks i u u t l i s i t i t i a i  k indS ( CI x l l I ~~s .

II . l ’I us .e t o i <  II/)h( 1’,~ /UJsI11r

- I ‘ hm e iu i a l  i l i . I l t ’r l i l . i  f i t o i m I  “.< up it t’xIxnui’es m’ t ’}it)rted on lu l t e t ’vte ss- .mu’ (’
- I 

s l i l I h l I l I l l  iit’d il l  I I l l i l t ’  \ i  i i  1111( 1 t I l I ) l l i l l t t ’ ( f  act -ou ’t I i m m i . ~ I I )  t h i t ’  l l t m l u l l i t ’ l ’  t e i  St- S

A ‘.~oll ’. ‘lId I I I , I l t ’ I h i I l I  ~I~4t’ I I I  t h e  t U l l e  ( C f  i ) i i ’ t h l  I l l  h it’ <hiM : 17.7 pt ’I ’ t ’ t ’ I l i  ( I f

h it’ \ Iu m ~g it l u I i I ) i h l t ’ I s  111 t h h i l t ’ ( e m  I l i o l t ’  Ifuutn’ost -t i1iit ’ t ’ x a l l h i l i a t  i o ius  prior O e

I ) j I ’ i i l  u I  l i lt ’ j l i ( I t ’x  ( l I s t ’ . ,IS I ( t l i i J % t l ’ t ’(I l i i  ( l u l l s ’  M l  ~it ’l’ (‘t~i l t  t~f h it ’ ( ‘011 1 1 0 k ,

h i l t ’ .  (h it t t ’mt ’Ilt C Is  s u i 4 I I i f H a I I l  , i u  It- ’.’. l i l l u l l  l i l t ’  I i K ’l ’ I t - l i t  les t’1 ~~
$25 , I’ .,,,, Oh , ~ ‘. t x ~~its let l ,  i i i e  Il t u I l l I ) t ’ i ’  1) 1 t ’\I io)s tII’ ( ’s i h l ( ’ l t’II ’.e(l  Ss’i l i i  at l

— 5 I l k  111 4 I i I l t t t ’ I ’ i l l I h  .tgt i l ou t ’s  t I  - t’ % t ’Il l I loug il I hit ’ u I l ( i l i l t ’u ’ S  s% ’ t ’l’t’ i l i l l l t ’hR’t l
11 ) 1 l IllIltIl l It I ,igt . ,‘e8 ,:i  I~

’1 t ’ i i t  of t l,t ’ \ I t u i g l i i  l l l ( i l h l t ’ I S  I ’ ej x i r t i lu g f l t n n - tis-

‘5 l i l i e s  S i t - I t -  ust - i  ~~I S t , I I S  , I l  lI l t’  h i l l i t ’ i d  l I l t ’  1 . 1st I l i l m I l . IS t ’OIIIISII’e (I t i C  13 .8
1 ev’I - ( t -n t l i i  l I l t ’  l u e i l l l h ) l  t i i o t h i e l ’ .

l il t’  lit Sub S .11 (‘ ,l ( N ~~i4 est’il ( l i l t  t ug Ihit C I t  eM l~~~V II’. I ( ‘Ilit t ’t l h i~ t i l t ’  lilt  it l ieu - ’. is

‘.i,us~ I I  i l l  I , uh ih -  I X .  i I l l ’  i a t , 4 t ’ i  , i l m i ( e t l I l l  ( I f  l i u io ru es 
~‘i’’ 

i l l  l i l t ’  \ fungo i

l u l ( I t i i t ’ l  S u’s t i l t s  1 1 1 1 1 1 $  lI lt’ t l I l l I i ) I i I t ’ ( l  t I l t  I’ (’I tsC III  ( ii(’st , a le ( l ( e l l l i tmal  ant i
‘‘ o i i i t ’u 1 5 1 K ” .  I I I  (‘~.i u i I s u l l t ’ . h iut ’ I h I l l i t i ) t t ’ Of ~ ii ei igiei  h i l ( e u i l e l ’S r t ’1xi r t i l lg  ex—
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- -

~ 
Sum

‘ - S - I —  .~ £
/ ~

-. - , S-i -

-
- 

, 

,, - , 

— 

~ Typ~~ot 1)iagnos

- r —  ‘ -~~~~ — .‘ -
/ ~ I S-I

Chest X- ray
-- ‘_ Gallbladder series .

- ‘‘ — Kidney,  including

- - - 
Abdom inal , inc lu

-~ 
‘ ‘ ~~~~~~ A~~ series 

- ~ 
- ; t1ead 

-r .-‘ — .-‘ ‘ Sp ine -

— 4 -
- 

~ ‘ Arm &/or leg 
Other organs ..

/ — Note : ( — I  Minus

-
- 

~~~~~~~~~~ 

N.D. =- No

— ~
‘ ‘  i ,~~E j’ ota ( f nler vu-jt ’ Da

/ 
:1 

- 

Mat erna I kge at lC B1T~

/ ~~~~
“ 

~~~~ 
‘- A~~ l9 or less 

S-i 
~~~~~~ 20—24 

— 
25—29 

— 
— — :t0—34 

— — 35—39 

S ‘~~ — ‘
—

/ - l  45 or more , - . . .~
-~~~

- Total 
- 

- - ‘ , of k nown 

= 8.2 5 P =

- posure of the d

X 256 , A~~
- - ~~ ~~, ~ Because only

- j n the Baltirnol
~ 

‘
~~~~~ . H

— 
- sources), th e ni

5’ 

— Z ~~- H  ~~~i
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‘1.58 1.1- . Vt  I
— Sum,,,,,, o f I) ea t ,’no , l t ,  ,t’— , a~ !~.p. u,, t o, So /S,, th of  In,!.- e (:h,/d

- iF  lut ~rore.’uipi’ I - ~ luded I

- “ -~ St,,I her- . E ither- .

I s  ~w .-r  1), agnastr,  N r i ,  i r r i e r s  u, -’, II ,.s~ ,tu I Res or ts Int er ,  es, I i s r ~ p r I a I  Re,or ,is
— 

± 5
_ 1’ 

~ ‘ I’ s ’ I’ ~ - 1’

t : I s , ’ s m  X-,.tv N I)  * 82 > . M 1  N i ) . N I ) ,
t , i I I l , I , i t t t t r r  s e r ie s  12” > ‘,(( N I )  N I ) , ~ I I  < 0 ’.
Kictne ’. ’. in t ’ Iud i t e , ~ l v i ’, N I) N I) , )4} > 3 0  N I ) .

— _ -~ St , ,t , . , , l l n~( l . i, et ’luc tu , e . ~ t I -

— 
- 

5 . ’ ,  es N I )  N I ) , t I l l  > 2 0  N I ) .
l l e~id N I) . N I ) . (, ‘I > - - 1 ’ ( N . I ) .
Sp ine — 4 81 -~ U ’S N I )  N I ) . l. (ir > 2CC

— -

‘ 
Sr m u x’ or leg 40 > ‘ S o  ( lIlt < 0 ~ 111 > 3 0  — 1 ’ U r > 2(1

—

— 
-~ t ) th t - r  , ug . in s  N I ) . N I )  N I ) . N I ) ,

N . , t , ’ r — \1 t i t u s  sign I - L’m’e~tt l ’i  exp osur , ’ for c , en t ro l s .
N - I )  N. , t ) i t l , ’t - ,’u,- ,’

- ‘~ I’ .~ HI,E V I I I
/ ,, tal !,,i,, - ‘~~~~‘ !~‘~~a I’,., 3 later u,,i l / . lu..rriri ’~/~(, Es/r u ~~~ I’r,,rr I,, !1z~ ih of the If ld e  C/old ht 5 /ak ,  r io!

.1  ~~. at 11cr I/ s of I C art rl .Vu,,, her of !‘/UOr 0 .(0/rI( Sr t r io , :

Number r ut Sr ’s- ro o t 

-

PC Mrrrr g usi ., Controls
Mat,’rn,, l -Sg .’ ,,m m( ~ Ilirti, -

S —
— 

—~~ — — — :, 0 
—

— ‘ i’ * 0 .5 — o r  S _  ~ S
0 ~~‘ S~~ ~~~~ 

-
~ ‘~ 0 ~~~~ SX Z~~ 

-
~

— — / 
~~ ~~ — —

E ‘ I ’ (  or I t - os p , i, ii it I , 6
2 1124 1 1 211 31 ( 1 4  2 I :1 lIt :12 I I I

= I ’S 2 ’) :1 - 1 1’’ l’i I :10 i 1 211 :9) 2 32
10 14 0 0 14 43 -I 17 5 ~. :111 4:1 ‘S 48
1- pt i:t  I 14 4’S ‘i’t 4 c , I  1 2 ‘S ‘SO :s:. 7 6 2  -

‘
1044 - - :1 1 6 27 11 1 :14 2 2 10 :12 :1 1’S

-I ’. ,ir more I I I 2 2 - - -

.12 4 :16 167 203 13 2 1t; 1:1 :1 16 182 198 18 2 1cr
- ‘ ,~~ f known l ’ S l l  1 . 9 17. 7 1t2 , :t 6. 0 6 e .  I . ) 8. 1 91 .9 8.3

,t~ = 112 ’S . I ’ = < .1) 1 .

I slin’ of tIme chest om’ a i ) t i ( i lue m m is alun ost twit ’e tha t  of t i m e t - oumtm - ols . ( ( :hm est
= 2.56, Al)(lomdfl x2 = 2.25 . Other ~ = 269.)
hk ’t’aiuse onl y a small  am u ot mnt  ol the  total  m ’adiat iou i exposul-e tx’cttri’ett

iu u  tIn ’ f lal t im mi on ’ i l t i s l u i t a l s  ( t i m e  maj orit y fr oun ~~~~~~~~ ~hu ys i t - iaums anti other
S( 1III ’t ’t’s). I lit’ I l l l l llh) t’r of fit uo i-osto p ic episodes iii these hosp ita ls  ss’as ver

LL .— 
_

__:- _—~~~~ — ~~~ ~~~~~~~~~~~~~~~~~~ .~~~~~. L.d 4
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I .51311 IX

I ’: t - , : ioZL l ) - u I - u / o ,  l u  pu.  /‘ rp.. ur I’ ru ,u r to !1,,tlr of l,, lr r ( l u / - I  ~‘u  l i/ r e .1,5,1.5 -us C, , .  o( , 5 . u u , e

h l , , t h r r ’  S-i

SI ‘ s i C —  C - ,ut ,o l ,
Nun, ‘r r ..r

~ I . , : . , r,ren ( r r l , - r r I _ ~~ ? ~b. t,r,,r r ’ru r r r l , , r  

—
=N-. N . .  ‘ \ , ,  - - Ysrs - ‘ \ r r  -

‘ ‘ 8  I i  ir  ( 4 8 I 0 7 t . ‘s
‘S I T, I ‘S -I 1 1 1

S-i .5I r , tj l  P ’ ” ~~~’ ‘‘ I 7 12 r —
Non,’ reported 181 1-14 , 7 ‘ C I  ‘13 2 1r ~8 5r 1r 188 ‘14 cc I ’ l l  ‘u , ,  u S C .  ‘“CM

t otal kn.rss n 204 ‘It ’ S ‘)tI ’ ‘151 2 151 Ji rr , ~. 
—

Cnknr r s s n l _’ ‘ S .  I I  ‘ S I  I I  ‘S , I  r , 7 ,4  )~, 7 , ; ) r , 7 3
- 

I r o . , I  J ( r u  J ( r ,  J I r ,  21 1, 21 1,  I I . . 
— 

~“ 
- —
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s em’ i t l t -a t i o l l  t i l l’ t h e  small liu m uib em’ ( i i l iZi l t i I t t ( i1 (’ I lo sl) iIaI & ‘Xp osi mtcs m ’ CI) oi’te d “
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t e m i l  a im t l  .~t
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foun (l  on m edical records liii’ t he  sanmt ’ t immmt ’  h )(’l’i ) KI  was a I M )  ( l 5 ‘ .1111111 1111(1
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C. T/ie? ’ aJ u ’ul? ( J ?Ud i U t I () ij
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presented ill l aI iIe \. Of t hm(’ i l l l ) I I I ( ’ t S  ( I f  \Ioiigols. 1 1,5 p~m t-c tmt m’ elsii’te ( l
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(l im e i i i ’  1111CR’ I l u e l a p t - t i t i t  t ’ x J ) l t s l u i e S  . 1 s t  ( P m I I J ) , I I C ( f  to  ii ii l~ ‘.1 f) t I t - m i t  ss f  ml i e  ~o~ t~’o1 la t l ie t ’ s h a d  sers’ic~
(‘t i m l t m l i l  u m l i l t l l ( ’ l S  a th t i ’ e t - t , i l t t  I ll, i t ’ J s ’ ~\i ’ ( I l h i C l e u l t  Cs 1 s t - m e  u i o t t - c f  Ir r i t he  c i m i l d :  t I me  d it l eu ’e I l t C is 1W

lalln’l s. I t i c ’  l i l t  m e l l S t t f  M t t m u g t t l  u i l l t I t i I l C I l  t ’ x l H t s l i m ( ’  ( ‘ i m I s t i t I i t t ’ s  Cl i i i ’ 4 h I ~ l~”~
’ ceu it  ( C I  the  M oII ~ oI lath

S t C 4 iIiIil  a mit d i t f i .- mt - iu  e . r~~ 111 . 5 1,  I’ — 1  I i i  . . I l ie I I I l I j i i l  P o h m I i ~~i I  of th i s  j im m i i i l i t a i ’y  sem ~ U c  it ’ it i i i n

( l i t fCI t - l l t t’ I’. ( - ( dm1 1 1 i l ~ i t e f hs t i s t ’  I , i m ’ ,~t ’ Iu il IIIc t - m of t’~~p ’tstui ts 10 t i l e  s k i i m  t : I , i I t I .  O u ml y tw o M ( Cl mg ldl  am
l’(’h )( C m I t ’ ( t  h~ til e \ f i , m i t ~, , h  l m i o t f l e m s :  -“ -‘5 h~ ~‘ t ( ’ I u I of t h u t  M l C l l ~ l i I  1 1 1 1 1 1 , ,  - m c -  i m i ~ , t htt ’ t ’ICII( ep i dli t il  the
i cised s k i tm  l m l a ( f i l l t l l C l l  1111( 1 i t i i l s  ‘u pci i c l i m  of h it’ 5 . C I I I I ’ s l s  .1 ( I i f f t ’ m  el it e f a t i m e m ’s  atm ~ l 100 t l , I l t l O l  1~
t f u a t  Is also 51C 4 111111 l I l t  I ~~“ .~~d l 1. 1’ - 

- I l l  ~. 
( I f m be 19 ,\ J s , i i ~~r c 1  u I l o ihlef ’s I W O  )‘(‘lIi’S J)i’i (il’ i i i  t i l e  co:

I C I  (‘i l t ’ d s k i i u  t l I C u C C f ) 5 .  sIN S% tt (’ I I  I . I I I I , l t e ( h  f ’ i m  Cli l Ie . 1w,,  I t i m  t -t / c m ula , t - reased bi t t  IlOt statist ical

f i s t  h ir  sa t Ic ’ iIs (C lht t ’m sk in  t ‘ i l I l h I l I t I m i s , ~m i t f  s i ’s f o m  t l l lsp t ’( i lut -d s i l s( ’ j s t ~5. .~ m m m l y  t l i i m u t m g  t h m i ’ r i m i i h u t a r ~
N ei t h mem ’  at mm e m 1 , ii t ’t / t - m l i a  I s t ’ m t ’  i e f $ t l l C I I  .Is 1 I t - , lSoml  11 Cm s k i i i  i u m a d i a t i o m l  IC y ‘l ’lm -i’ - ss’Ci’t ’ 110 ii l t 1) ( ir t i

the t ’i m m t m i , I  l i m I C I h u t - I S , I he u t ’  Is t I t ’ 1151 , six  t i , i i t i , , l  l l l l l I i i t i S  ss’Iio dud Hot ra d i at i om) exp t )Suu’ es 11Cr th

pet i t s  th i t ’  k im I tI itt (f ISt’ ,I%t’ t~im isii i t Ii  111( 5 I s t i t ’  I I11 4 ( ( L l t e ( l .  ,\s aim a d d i t ion a l  sour (

N o  I l l I j ) I C I I C I I I I  t f l t h ’ I t - l l t  ( 5  i s c ’ l t ’ f ’ l t iml ( t in t h u t -  t i l m i e  u t - i l l m i l i l l s h l i ) ,  ( C f  t u e  i m a t u u ’e, Cl l m i s t l l m ’ v  of m’adar
t ’x}K) surc  t o  m h i t -  1111111 of t i l t ’  I l I ( I t ’ x  1 f o l d ,  l l l l C s l  t t f  t i l t -  s k i l l  i i l a ( f i a l i l i l i  I i i  t~~f f h~ iu m c i ’ease(l a

t i l t ’  \ I i i i m g i i f  u i i t t t f i t ’ m ’~ ‘N  ( t I l t e d  I l l i ’ l C  1 1 1 , 1 1 1  t ’ i ~~ i i t  \ e . l I S  h ) t ’ I ( C i e  l I I t  h C i l i f I  of l at im e m ’s . Eig ilt e( ’t t. or $~7 p
the  t h m i l ( I ,  a u mt l  ses’etm . or ~i.2i pet cc

I i~ - il IiI I lh)t’i of I h i C m . l I t t ’ u u I  Ii t N f NISIII t ’s h i S t t ’ ( i  ill l ilt - imi t ’t l i t  It h i t’s n u t s  t -t dnt at’ t wi t i s  mada m 1)0th i

Wt’ I t ~ (X 1 1 ’ t ’filt ’h t t ’ t s  l l t l ( h  It t - I l ’  ~, ‘r r i s t - f i m l  bi t -  1 l I l l i l 5 s i s, .02) . l ’ imt  u m m i h i t a r v  i-ad

l ime \ Io l IC .~ol m i i o t h u e i s  1st-ic l Is t ’ f lIlli m sI I i ,  i la st -  a si i g hm t , h ;( t t l l ( I t  Si ~~ I I i i I -  m a t l a t  tt ’t ’ i m i i it ’ia lt  ( C m ’  i-ada
( - l imi t  ( N I  ‘Ss ( C f  l i m t ’ l a l ) t - I u m I (  t -x~ s i s t i m t - s  I i c h l t C w i u m g  t i l e  b u i t l i  of t I n -  - I i i l d .  l ’h i c S t i l t ’  iu m t i m e  Mol m g ( i I  t a t i
Iat h i & - m s  .i g a i m t  I a lh t - d  to  m t - se ; i I  si ’,.~u i m f i i  l i m i t  d i t l t - I e m m t t’s h im t h l e r l l 1n , -t i t i t  ex~xi — u m m i l i t a m s  sers’lt l.’,

sure. -

1.. “t I )  I i l l l l ( l l ”i’ of 1’ \/ IOSiS

1). ()~ ( 11/ H1IlO?iO1 /~ ~/ u ;c 
~~~~~ ‘~ stunluhi ll” t a l  )t l l a t lO

l ime (C ( ( ( I f ) i l t l l p l l l l l  i l l S t ( C i ’ l t ’ s ( if  l i l t ’  
~~~~~~~~~~~~~~ 

1s t - m e  Mi’ t l t i l l i / t ’ ( l  I c t i  i i u ( I i t ’a- ~e~~
ut ’ an t i  iu t thm0s t o ) P 1C

t i t U ls ( i f  possi ble CX I$CSLim’ (’ to ra(h i a t i lill tim ’ o th i t - r  ( ‘ l l ( ’ i ~~ V s s i t i m  t-s . Seseim 1111(1 1 a ~~ lmt5 s s i t i m  ( l e f l i m i t e  “Y~
m m im ie - l ( ’ l mt h I s  per I t - I l l  ( i f  mhi t -  \ l o t mgi i l  I l l o I I I t ’ i s  1111(1 L~ ~ t .m’ ( (‘lit ( C f  t t it- t l ) m l t u I C I  t eumt ol t ime Moumg o l imm oti

r m i i , t h i e r s S% ’OI’ke(f i l l  II ~) i l i f ( ’ 5 5 i 0 m t l t l I ’ m  let i l m u i t a i  I 
~~~ 

i l ’t i m m  l i l t -dR al f i t - Id s .  j )e l’ t en t  ( CI the cotmtroi II

I hi s (hllf el’Cl)( e is s i g n i f n - a m m t  a; tilt’ S per c u t  les el. \ lor igoi I m i o t i l c I  5 1111111’  P < ~~~ il t ispm ta l  t. t

bering M 2 . I hw m’ t e n t  were eI l m J) l t )v ed liii’ iito~~- t h t a i u  ol . t-  seam ’  i ll  m i l e ( I i l  Il l goi itiot lit ’i ’s had urn m-ad

Imel ds . F ig h I l  \ I l sml g ol  un ot imers  and thr et -  t ’ o i mt r t i i  n m o t lme r s  ‘,~;lS e at t u a l  Il ls-  t ime  (x
t ( C m I C s  ot N . i a ~ 1111 (1 ‘‘1 f l t ior i is t - t mp it - t ’xh KCstI r es  i l l  all ts’pes of occt i p at i ol is  ex 1)t ) sture ~ I ti

pi’m~~r to t i m e  iu l ( feX i l i l ( I ,  
, mainl y a re su lt ol iluoTl

- 

‘[he experi eu lt -e of t I m e  hath er s  p r i i i i ’  to t ime  inde - x case 1m m s a r io tu s  I Ct~~Li~~ll- g 
aum d ouiI ~ ti

lions was ~ers s i i m l i l a r , excep t for  aIm t’ X( t’ss ( C I  n m i l i t a r v  sers ’it ’e 11Cr t h e  ~ m’ imlore eat ’lm t ) t  t I ua ~~

fathers ( Cf t - h ui ldr t ’um wi t i 1  M om ig o l  ismmi ,  I hiere were om u ls ’  tour ha t  im er s hm’ i in m t Iiff ere m~t e w lm i~’Im is St

ea cim g r o tm 1)  w h o  had lx ’emm i l l s  ois’cd i l l  P rofessional um’ tet ’hm im ica l  III irk iii ~ Imo s 1nta l i- atl iat toil e~

time  nme(Ilt  al f ields pi’it ir to t Im e  ( I I  i l d.  fluor oscopuc t im ’ t imerap

Because 1)1 t’X l e i t s i ~ c history of i at erimal iims’ols’eimm&’,it i l l  the  Il l -mitt - t I  anmtnl t l l  ol dia gum o st ic e

services , aim a mm a lvs is  i i i  m m m i l i i a m ’ v  experienc e ms’as t arr ied otu t .  l ’ l m i s  m el  e~thed 1101 sta t t st1 t ’a~ ) sl gt)tft(

that b3. I 
~~~~~ 

t e nt  of t lit’ \ louu gol fat It em’ s as ( ‘I Cttil)ar (’tl Iii 56,6 I~ ’m ’ ed I t oh the 
l ime Moimgol fat Imers
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~
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~ i~C 4~’~ - I t I m i l d :  t h l t ’  d i l I t ’ u t ’ m m t  C is 1 1 1 , 1  s l l l l i s t l t  11115 s i C 4 u I l t l t  11111 . F k ’ S t I l  1111(1 ( C I l e - l I l t I t

~ 
~~~~~ 

( ( ‘Il l i d  t i l t  \ l u C l l C 4 o I  I , I l i t t ’ m s  .111 ( 1 7 , 1) 
~~~ 

t ( l i t  ( I I  t l m t ’  t i t l I t l o l  I a t h i t - m s  I s t l e

— — 

I US I l l  1 1 1 1 1  l t l l t ’s  s I l l  l i t ’  It 1111 1 11 l I t - I t  (‘ (Is f l u 1111 t I C I lit- l I t i t h i t  iu i~m u l  t i l t ’  m l m ( I e x
‘‘~‘ ~~ lt1 t h i l t h ,  I ) l i l s  l I s t i  \ h I  I I I’ ,,~t tl 1111( 1 1 l S l  ( t l l t t i ( t I  I l l I h I t i s  1111( 1 l l l l l i t l l S  ( h i l t s  b l I h I l s ’-

~~‘- m .tr . 
~~~~~ - - ‘ -e i ~~~ u l i t -  t I ~~ ~‘i’~ 

It C I I  i i f  I l it’ I l I t l t ’ \  1 1 1 1 ( 1 ,  ( ) u t t ’  h i i t t t t l u t t l  a io I  f t  C L I I  ~S 1C C I l ’4 C I

SIC I a t l l t - m s  111111 1(H) t i l I l I l i t l  L I l l i t I s  I ma t l  t i l l _ u i  l t I i l l t . t i  S (‘‘sf)(’i it ’II( I’ m l l ( t m t  t I I I I I I
~~~~~ ‘~ 7I~ - (  I s  I I I ’ ’  s I l l s  111 11 1 l I t  I f i t ’  ( C l l ( t ’ I ) t i ( t t i  (If t i lt ’ i m u h t - x  h i l I t h ,  I ht’u’t’ 15115 CIII ill —

I S / F  C i  I C t ’CiS t ’ (L h u t 11 , 11  s i , l t i s t l t  .1115 s i g l l j l l t . l i lt  l l t l l l l i i ( ’ l  u t t  \I i im g il f a t l c t ’ i ’. I l l  t i l t
- 

“ -‘“c’- ~ l It IS’ ( l i i i  i m t g  t i l l s  I l l i l u I a l  5 -.e l  s u e .
i~ _ - - C 11 I i t & ’ i t ’  l % C i ( ’  1 1 ( 1  i l l I f ) I t u l t l l t  t l l f h t ’ l ( ’ m l t  t s Ill t itt ~ 1 ) m ( I l t ’ ’~S I I C l t . l I  ( C i ’  i m t ( t u l s l I ’ L t l

1kM 
- i C I t t i C I l i l i l l  C\h iulsttl (’S f in ‘ f i t ’  I ; l t l t e i s  ~iu i~ iu i t i  t f m t’ l i i i  I I I  ut f th it iim tlex i l l l ( i .
- .~.s 11mm lI t l (I it i * C Illlh ~t l l I I (  t’ ‘I f I . uu i a t i I ) t u  C I i t ’l ~~ 5 . t i l ( i t i g li I o C i m — i o i m i / i m l g  j i m

~ iC l l a t t i m c _ .1 h l i - r t l , m s l C f i l l ( L I I  (‘‘spu i s t l l t , WItS t i l t  i ted h i u i m m  l I l t ’  ~;it I i e ms ,  ~ s i g i m i f m —

~~~~ - ,,~~C - qi I ’ ’  . i t i t l v  i l l s  m ( ’ClS ( ’ ( f  C l m i i ( ’ t l l l t  S i t  111( 1111 t ’X f ) l C S u I I ’ t’ 11 115 C ) I ) L l l m ) C ( l  t u o m u m  t I l t ’  ~S f ( i m l g l i I
- - t t l ’ ’ ~~I 4 - - 

f .lIIl (’i s. I’ ig hmt t ’ e im .  ‘‘I ~~~ I)t~
’ t e l l t .  t t l  t i l e  f l m l l m e m ’s  of t - I i l l d l ’ emm ‘ t v i t l m  ~I o i m g t d i s t m u

amid  s t - s C u m ,  ~ii :t , ;~ P~’t t emit . of t Ime I t t i u c i s  c i t  t ’ut m tu’nls  m e h ) u i I l t ’( i i l t t i u m l a t c
Iii. i . n ’  ~~~~~ ( l l m t l t t  I ~s’ i t h i  madam’ I i t i t t l  l I t  1111(1 ( I l I l s i t l e  ~if t lt t- l l m l mm e ( l  h i t i t e s  

~ 
5,17. I’

-i 
~~ ( I ~ C .  l’I mt ’ I l l i h i l l i  S 111(110 ( I t I l l a t  t ux ’( ’( I m’t’ (’( l ls’Il ( ’li t in’ f l l t I I e i ’  ~sa5 eit lm t ’r  a
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gardiug t i m e  m m t h m u m b e r  of R ah t in more  Imosp i ta l iz a t  i i n ms re 1)o>rted . t emmded to ) cx— fr o lm l  t i m e  Rifle (C f hi m ’tl m , t
elude t hte  biased reco lle( ’ti o) li (Cf sei’ious illnesses as a~u exp l a i m a t  iom m for  d i i -  froni t I m e  saimle (Cl ’ t ij i terent
1c-rciwes ill radia tion expo)suu’e ill t l m i s  s tud y. goh ism ss’ i t l m adv a imt ’ed mtiat

By far t ime best Immeasure of t ime accuracy of t i l t  i l l te rv i e l s ’ (lata ah l ( l  time t i Ol )  t’9’cct ,
absence of any  signiI i t’ant retrospet ’t ive bias f r oC l I l  t ime  \ fo l mg of  j ) ar dlm ts Most it otefl’o r thly is thu

hear l y came frotmm the actua l  s’erifit ’ation ( C f t ime  Imo sp i ta l iza t iomu It istor y .  t i me  I t l (t t im e l ’s  oh ’ Mongols
There were no si gnifican t diflerent ’es betweeim t i l e  Mongol aum d coum tro l  pet t ed to 1)r (iI’ i( le lam ’gc- d
paren ts wi th  respect to )  e i t h l e r  t I m e  os’er (Cr under-rep ort i tmg of I mo u s p i ta l iza- a desc i’ipt iolm ( C E t ime type
twtms ,  1m m fact , t i m e  Monool )arents forgot to report niore hosp i ta l iza t ions  dosages within wit le m’afll
tha t  h a d  actual l y occurretl t hman did t h e cot i tr ol ls,  Es’en itm t i m e  oilder aoe exposlhr e dento mt strated I
gro ups , t h ere ss’as Imo itme it i ory  a( ls’ammtage demonstrated for thm e parents of ss’as fl(K st a t i S l i t ’ah l y si gn1
Mon gols , f u r t h er e l i m i t i m u a t i n g  any differences 1mm recall , as is sohlm et i u mmes  Il l” - 5(’oC1)li and t l mer a l ) eu t i t ’ Sc

n
geste(l as a source ( Cf bias imm in t e r v i e w  studies, 5~ ’0PR’ sessions was report

Finall y, there  was I to evi(Ient ’e 0) 1 an iltt ’reased ss’ i l l in gmm ess ol tIme paremitS the  abdoimmen aIl(l t ’lmcs t C
of the Mongols to cooperate in t im e  s tud y since t ime  re fusa l rates were et ’y each eXposllre was immm p O s
s imilar  in bothm groLm~)s. \Vlmen a refusal did occur, the matchmed case or Cull-  i l t l ( i r ( iS( ’Oi)i( ’ 1)m’t it ’etlt lres I
trol ls’as all%-ays e l im ui t mate ( i ,  t m s e l t m I  ( ( C r  coi u lm 1) a r i sol l m.

From this  preli t iminar y examinat ion to ascertai lm t im e  val idi ty  of tIme coil- 1’hmerapetmtic rad ia t ion
lected data and evaluate any J)o)ssil)le bias, it therefore scenms reasonab le to m’ t ime  greater ex i)ostIte
to assLmtllc that  ms ’hma te s- ’er rela tionsh ips are observed in t imis  case-control years prior to )  the index C

study would not r estlht from any artifact introducc(i th roug h t ime sources, lttg it’ (‘oiildiliofls t’u)imtribti
selectioml , coitip le teness (Cr mode 0)1 collection of the data. fllot liers of Mongols and
Time tabulated r eSt l i ts  alread y described in detail , clearl y indicate t hm at  etry 1s’as available , i t  Ii

the mothers ol Mongoloid ch i ldren received si gnif icant l y more radiation ciall y from sott l’t ’eS tlsed I
(in par t icular , f lu i orost’opy and th m era p etut ic  radiat ion) t h m a n  t ime mo t h ers of over miut’h o~f t i m e  bod~

I 
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( )I a t l t h i t i u nal  i,m teu’e st Is’as t ime  ICI ) se l’val lo ll tha t  s igm ui l l o - a l u t  t v m l lo u t ’  t ’th l t t i les  fi’(Cl
m il o i th lers  ( CI Moumg ois 1s’erc e t m m p kiyed ium 1) r oifess iu )na l  oir  tet - I l I l i t - a l  i , 4 (  I l l  ~‘ on ti’se oi l  xi
t io ,us  I t t  t i l e  It le t l it ’aI (id ol Pt’io)u’ to t I l e  1)0(11 oil t h e  ittolex t - tii h ti. Abt lm (Cug il persistent-c 0
h o C  greater m’adia t ion expoisurt ’ 1s’as m’e 1)orted by these l l lo (I l t ’ m’s, t t ie p_ u ssi nnir - t ime fti

h ) I l  it ‘,‘ ( C l i h i i t f i ) Cti ’ t’ m it oir C it o id elm t ai  t’xpo isure is l ike l y , cant iv 1mm so1
‘l’Iic ra t l iat ioum ll i s to u r s’  u ,b thit’ t a t  iit ’i ’s of t h e  \ l o i h l g s u b ’ u  pro is’ides a l l l a r kes t  1,om’ted (‘lIrol

t’oilutu’a st to ) t ha t  of th te lu l o i t imers ,  I fmc ’re 1s’as st m ’ i k i m t g  s i l l h i l a l ’ i t s ’  1111(1 i h i  soIlle t h e y  Il-crc li~1

cases z mll l i ost i ( k mm t ic a i  m 1Ie(lit ’aI l’a(iia t i o lm exposure m e 1) o i r t e ol  by t I l d  la t l ie l ’ s ( :imCmOSC

of M u mm g ui f s  and od the  c l i n tm ’oCI s ,  Onl y 1111111C r  dif f ’erct i( CS ~s-em - e t’epot’ted (sit diagnostic fl
d i ag l lo i s t i o - , f lu oi r (C s co Cp ic  111101 t imer a lx -u t i t -  exposures. l- xt ept lom’ m m~o ir e madam sur i lwd tIme
exposure to t ime f a t h tem’s  oh Mo ) m i g o ) Is  al ou m g ~ ‘ i t l m  m l m oire u n i h i t a r y  sen-j o-c Illicit’ little as 0.8 i
t l mis  cxp ostirc occurred , there was u loi  es’ideimce I’o ir  a l ly  asso it - l a t  i olm betls ’eell t i t t o o t  uscoipy ,

h >ater fla l u -radiation alm d Mom i gol i sm im . _‘sl oireovet’ t imer e Is-as no imi t li t -at i t Ch of rat loit i s  i t t  ea
a tm y incrcase (i expo isui’e ( Cf tltt- fat h ers of Momtgoi s imt  t ime pem io(1 lIr oul It i  t i l t -  ( l ( C I I I I I I a I  flu
t inue oil t ’onc epti o) lm oil t I m e  ab mmom ’nt al  child.  i f m i s  s i m m m i l a r i t y  oil t h e  m’ a ( f i a t io u l l  I t  is t h l ~ fl

ex p ous t tm e oil tati lel’s 0) 1 Mou tgo i l s  ant I  0)1 t ’o u t it ro l s  is also t ot l s i s tehu t  lIlt Ii t i mt -  l i m a l i t  ies (~~~
fa i lu re  to ) t l em m uo it i s t ra te  a t -oit ’ re i a t i om i  i )et l l’ecn .~ f s C m m g o C l l s lml  a u md p~1t em ’1ma f agt- diagnostic I
1111(1 pr~1 i(1es additional el idclk’e aga i mmst  t i le  preselmt:e 0) 1 amm y bias i l l  re galml c toigefle
po r t i ng  of retro)sf)ective data imt  d m i s  stud y (28). fet ’ts of i’adi

Ever 5111cc tIme discovery ant i  conlir tu ation 0) 1 t I l e  existellce of a t ’i l l ’ o l l t l ( C -  t ’o iu lsi s t cmk ’y

sonmal abt io r itm al i ty  ill Mong-olisort ~~ t—~l3~ it has bc-eu cleat’ th a t  wllaCes’cr pe ’ted biol
emlvir oi tmtm len t a h agents mm ua y lead to t h at cimr omiuos ’Clm lal defect 111(1st CUt ~~ I nt-reased
parental gcr tm h cehis prior to )  ( ‘( Ctt (’ epr iofm (Cr , i l l  t are cases, o i t t  15-”t o)(es I l ( i (  k -o t .  Fs’ide~
la ter t h m a m m  several days af ter  fe r t i l i z a t ioum.  age t i m ere  ii

It  i.s ~s-ehi es tablish ed ott t i l e  basis of el’idelmce i l l  exp cm ’iu ien t ai  OI ’gauismuls I Hilt anti 0~
t imat  radiation caim cause non -d i sju nc t iomm (1—5 , 34—39) as well as (‘ i m r l i m m l o i -  S t - t i ’ S recent
sornal breaks leading’ to various types of ah ) erra l ionm s (3 8—4 2 ) , l i i  e s e is  o H i ( \i t’s in F
plan t and atmi m nal  species a( leqtuat el y inves ti ga t ed , lo i f l i z i l i g rat liat  iou h a s  1-u m al  l y, i
proven to be mtmt agen io’  w i th  flo) kno1s’mt threshold (lose Ifl SI t idies tha t  h~i~~e iW I l% ’edIl M
carried tIme t oCtal (losage down to 5 m’ (38—49 ), u ’t’vt-aletI th

While there are no direct exp er imemit a l  data r t ’ l a l iu u g ei ther s~)e( ’i fn’a l i% in Imum ans
toi  tIme radiosensi t iv i ty  of im t u m a n  f e t m u a l e  germ cells ill t ime  dit’tyotcuic stage 1 1 0 1 1 1  imas he
or specificall y to tm (C fl - ( l iSj Llt lc t ioul a I  c-vents i i i  i m t m m m i a u u  iemllales . there J i o C l I ’ ~~~~~~ ‘ lflCI
exis ts riot onl y subs tan t ia l  support Irons a 11-ide range oil o th er oi r ga u l i smi l s ~ tOI l t i’t i l s ra
t ) t t t  also a gro wIng i)o(I y of data from imm amnma l s  (‘tC m ) o ’ern ing t ime  v l l r io iums  to )  t i m e  kno
types of daismagc to ) germ cells (37 , 51—( 12) , Rap idl y accunm m l a t i m m g  (bala h ave iIoiWl _ ’~’t’r, t
also demonstrated chromosonmal aberra tj t i tms in t ime  sonuat ic t e l l s  oi h i u i m u ans  l a th m cr s  of I
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t t4 i i t V iu ,ist.t ~ o’, ‘I hel m’ s u i t s ’  no si g m t i t t c a m t t  d ii— Menstrual history. Slightl y fe sver nmot l icr s marriages in the c
t’t ’r t ’im s ’s i t1  t in’ miu m mi b t ’ r  of pm s’gIsa r Is Is’s , ah mn — of the children uvj t i i  I )ous’n ’s sy ii dromt ie 5 5 ( 1  ‘ it u l i t  tent (Jr dj vss ~~-i’
tu s)r t s , or st i l lbj n th i s  citl ,t ’r before cut at  t i-i  t ite  s t i l l  z tn ’t tst t -ua I t  mii , ~ at the t i ium e of i t i t i ’ t  vn’ss- contro l iou j s Ho~i
bj rt hi suE the i m t h ex child , l’nini  to t he Ij i i t h t  titt’ m ean alit’  at ilii ’liopause for die r is othe m s the tota l semis’s of i

of the i i i s ls ’x  -h ih d , 1.7 pt’r s s ’ i : t  of this ’ ~~~
‘t

~~~
— ss f  t in ’ .it h s’ete ’d ch i ld r en us-as loss-er t it an that of the reproductive

h a m us ts ’s of tin ’ mmio thi s ’i - s  of tilt’ 1)owit ’ s g i t  up  s i t  tin ’ m t i o t h t t ’m s  of th te  oot t t r ols . I hissu s’ ’, s ’ i . ss’h u o is ‘ is ’  di vs,m-cs’d
ant I 2. “i ~

it— i’ ccitt of t h i s ’  mtu ot he’rs of the con— t nest’ uIihlo ’i -t ’i ic es art ’ m i s  st stat i st n - ah lv  su t i n i f  m — veal di ll’e,-u’nces in
t rol t~m’oup emn li’d ii i  st i l ih im thi . uvl tc m s ’as 14 .2 cant  -l aide 11 . ‘l ’ite t ~o l s I m n h l m  a lso preg n a r s y  us as~ a i i s - ,

ccitt of the pI s ’i~iu.u i tc i o ’ s of t I t e  ,mmo t l t o ’ms  shims-i ’d no d iul eno ’t uss ’ s  u s i t h i  t s ’ sps ’i t to i t i ( ’ l s —  ‘I ’Ii s’ d i f i s ’ i s ’ us - s ’  in
of t I n’ l)o~i r t ’s s l tj lohno ’n eitdi’d i i i  ahnc ’cm on i as s t i s i ~ l ii -n ’gular - it it ’s , sucit as a s hang *’ in d l i— < ‘is of the c l mj l d rs ’n
s i  s i i t p~t ri ’oh to 1 2 2  Pt-I’ se nt of t I n ’  mmto th i i ’ i  s of t’at iolt of ntts’nses or i i i  tius ’ it  i ter s-al het~ss-s ’i
ti n— s s s i i t i * s l s , F’ollo us- i i ig this ’ hi m t h t  of t u e  ir td i ’x m i is ’ i tss ’ s . F i t , - th t t ’ rnm ioi s ’ , t ltere uuas  t in  iru u ’ass’
(‘I t i h d . tito’ i r tc idcrn - c of st il ibj i - t h i s  suas  ~~ V’ l i t  ans’ tv ps ’ ui m t i e m ts t rua l  i t r e g t t l a i - i t v  j t t st

- 
. , . ‘ fable II. M( ’nstru s

(‘t’fit t ft t ’aclt I u s i i p  cut t r l o t h t&’ i s , us h it  It ’ 1 4.8 bet out ’  t in’ bt j i l t  of t im e  t n lex t h u  1(1. 1-I o~u —
- - . , ‘ ‘ coi it io l clii idren

Ix’r (‘s’mi t m st this ’ xu ts t h i s ’ u  s of t ito’ umil  o’cti’d i - It ,  l~ s’s s r. sligh tly t m u i s i  o’ i i  i otht t ’m’ s of i - l i t  l dr t ’ i t  ss’t t lu
drt ’rt and I ~ -4 Iso’!’ cent s 51 t I me ii moth ers of th i s ’  1) o ssiu ’s svmn ht ’o t m t e reported hmavi ius!  to is f lu —

t’s,ntrols h a d  aborti (,ns , In addition , t lts ’m’ t ’ su it a jih tys id ia r t  at soutte tune d i t r i ru i ,’ t h ei m _____________________________

ss’s’rc ito su~ u it t n - u t i u t  diflel’u ’utc es for either lives for “mnens t rua i diff i culties ’’ usota l lv M a r  age at meni
Mean ass’ at otenshtrt h or P t ’~ tunis

- u- om-o ho’ r of the ,r ,dr ’x ch t lk h , nn emi orrhia g ta .
- - Stil l  rnen ut rua t m l

Sim ilarl y, th -re si-crc no inlpom’tant differ— Marital history . jts sili u u t I i c u i i I t ~v gn-a t s’ t  Oper ative imienop u
cnn’s i i i  the imtt erv a l of tir t le betss’eers tile tire— number of mul t ip le nn a r iuaee s  hx’fure t in ’  •~ 1ss ,m vs regular pa

Consu lt ine ph ysicn’dlrtg pregnancy and the birth of time itt dex birth of the index child was recorded for tin - _ 
-- ‘ .uean ouratiorm 0

ch ild , or in t h e  interval of tim e following this ’ rnothe i’s of the children with l)ouvn ’s svn— Mean interval bet
it ~ 1ex child ’s h irt im ar id subsequent preg— drome, i ’hiem’e svei’e 16.2 iscr cent of the
nancies, The nu ,t t l ) er of neonatal deaths and mothers of affected children who us-err t s ia r-
of deaths du ring later childhood occurring rit ’d t~u’o or ,iiore t imes , as cont pared to only
in th is ’ siblings of t ite ntongo loid children and 6.9 per cent of the mothers of the contm ’ols Table Ill. Marital
contro ls was also very s i i t m i l a r :  95.6 per ccitt (.0 1 > p > .001) (Table I I I ) .  Of the mu l-  syndrome and of com
of the sj l : I t t igs  of the children with mon- ti ple mri a rn ia g e s ,  6 in the case grootp and 5 in
golisni and 95.2 per cent of those of time con- the control group re lt iarried because of the
tro ls uu’ere still alive at time of interv iew, death of the previous mate: in addition 28 Married twice or more

Married once or more
Median number of yea
Median number of yea
Median inters ’ah betwet

Table I. Pregnancy us’astage in mothers of children with Doss’n’s sysidroitte and in child
mothers of controls by maternal age and by time relationshi p to index child

Prior to index child J Subs equent  to index child

Abort ions and Abort ions  and Table l’s’. Fu ’eqomen *
s t nl l bj r ths * s’tillbir (hsj’ Itj stor’s’ of mothers

Maternal age Total pregnancies  (%) Total pregnancies  ( % )  
____________________

groups Down’s I Controls Down’s Controls Down’s Controls Down’s Controls All

15-19 1 4 100.0 0 10 16 10.0 0 irre spec tl

20-24 32 36 25 .0 19.9 52 64 11.5 18.8 h

25-29 43 57 16.3 17. 6 41 47 9.7 23.4 Known
30-34 127 105 15 ,8 14.3 44 32 20.5 9,4 marital
35-39 185 167 15.7 14.4 28 24 28.6 12.5 his tory
40-4+ 135 148 1 3,3 13.6 1 5 0 40.0 iv
45-49 4 0 25 .0 0 0 0 0 0 (. °‘
50+ 0 0 0 0 0 0 0 0 Mon gols 2 15

Total 527 517 15 .9 14. 7 176 188 15.9 16.5 — -
~~~~~~ -‘- -- ----

~~-~-~~--—Total mother’. treiui
For per cent of stillbirth ’., p > ,30. For per cent of abortions, p > .30, w ith unknown m.as-iiai hi

f For per rent of stillbirths, no difference. For per cent of abortions, p > 80 tlnciisdin~ all ri pe’. ol

- -  
~~~-
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Slightl y ft ’uvt ’m i l iotliers tna rr iages ii i  tin’ case group ended by an— contro ls was pui-il ing. Since mothers of cliii .
~~wnt ’s s tud ro m mic were tsu l ine nt or dii nic e as t’t t t i t p ared to ~l i i i  t h u r  dre n s v i t hu nu tongo l is nim has-c been shown also
he t imims ’  of int ei s it’w : u’omutr ol group. I lowever uss ui-as obst ’rs s d I I I  to b ia s-c more m-a diati on titan imiot lt t ’rs of con—
pa use for t i i t ’  i mtother s t lit’ i t:t l si r -irs of nnoti to ’t -s , I l t u ’  exult m um u tt in! t t ml i i ,  ildm ’ s ’ im . ’ tt ss ’ s ’mt mt ’ d wort itwlttl e to (h e—
n si-as losu -e m’ t i i ait that su f t ime rs’pt ’oducti s ’s’ hu ist oi ’i s ’s tf t h e  i i mt t t ln ’ i ’s tc r m n t i n t e  si-I i s ’th icr t l t o ’ greatt ’m’ m m i tni t ht ’ r  of r t i u l —
te comuti - ols , I IOsuo ’Vs ’i , su’lt () is-err dis-s m m ( ‘(‘(I 01’ separated fa il s ’d ts s m ’s’ — t i j de m mla l - r iass ’s for c:t ss’ nt ot imt ’r s ii  i i g it t  ho’

~ ot stat i sticall y sm g m i ii  i— s-ca l ( lj fh ’ert’lt(’( ’s i i i  fe r t i l i t y  s ir  os s m , m i u ’ m n ’ t ’ t u l d im s ’ to ss i i i  me fac’tom ’ n’ t’h a tt ’u h to both n ’a ( lm atm on
[‘he Isso u s i l l  is ,t Iss I t i eg  ru t lmt ’V 5 i , tS t i i li5’- cx Pt >5t ’ is ’  a l l ’  i t  t t  ri t~il ( I i5Ss sI iii ion. F’mo m n l aNe

S i l t  i i  i s ’ s  P<’° ’t 15 5 lml t ’ I  — ‘I ’lts ’ d ill ’s’rcncc itt r nut i’i tal Ii is toi -s- of u n  t i l i— I \‘. it  is a ppal ’s ’ut t t hat a ii t tn  ui ~ t host ’ mod n’m’s
cli as us (‘liii i t i.i’’ mi t  d t i — ‘i-s of th us ’ ciii 1dm -rn su ’it lm m m to r t g t  s1 ism i t  at id of wit h no reported Ii m st s sr -v (if r -adm a t mom s , t In ’
ri t lut ’ i iuto ’i ’val hs’tu s. 5 5 1  m

- t h t i s  is .ts i t t )  iit t ’ ru’ .Ist’

itru :u I i r r egt i la mits -  j tis t .
- ‘ 

‘ fable II. Nte t is t r t i a l  h istory of ri tot hiers of s ’ imi k iremi ss’t th m I )o\s’li S svnu d m ’om t ie and ofhe i nuui ’ ’ x t h u d , linu s —  ‘ 
- -

t ’onitr o l i l  m tldi ’eru
)t iit - I s  (it  s - In Id icr t si’m t h 

— — — - -

lortct I l~ai-i I I5~ tO t’s)ii— D ozvn ‘.s (:on t so! s P

~nic t in t ut ’  du r i mu g  their Data  ‘u’ — 216 .V 216 z- a (ue

- d i ff ic uti t i e s’’ otsu a lls - Ms ’ a mu act’ at tnemia rm ’he (\ ‘ears) 13, 56 13-1 4 4 12
Mt ’anm age at r ims ’ito p ,uu se ( years~ 4 5 2 1  45, 93 .27 6
Sti l l  l mts’ r s s t r u a m i s l g  ( <-  70, 60 77.60 .10 1

s ngm t i f ; :  ~~s n t V  greater Operati ve rmte n op aus e ( ~ 39, 30 38.3() . 91)7
marr ~uges bt ’fs) rt ’ thit ’  .-\ Iwuty s rs ’gsil: sr Period ( ‘~ - )  87.50 87 .trO .878

Cons t t ltii tg physi s’ian for menstrllal difficulty ( % )  17 . 10 10 .7 0 060d uvas m’ u’corded for the Mean duration of mttt ’i m str u a l period (day s 5. 72 5.54 .204
ren with I)ous’mt ’s syn_ Mean inis ’rva l Itetw een lierio ds (days)  28.96 28 90 7-1 1
16.2 ~er ccitt of t ite
iih( lis ’i i ui ’ho sv o ’me niar—

s, as <‘otis pa red to only
totltt ’rs of the controls Tabte Ill. Marital and reprodttctis-c histor y of inothem’s of t ’hi ldrt ’ii si’itIi Dosi’n ’s

~bls- III) , Of the mt i l— sv mtc lroimt e and of control children
he case group and 5 in 

~~J D ~~~~~~~~~~~~~~~~~~~~~ t ro 1s  P
narried becasise of the Data N 216 N 216 i ’alu e
I mate: in addition 28 Married twice sir m ore befssre birth of index child (‘ -

~
- 16.2 6.9 < -01

Marr ied once or more following birt h of index child ( ‘~ 1. 4 0.5 > .30
Median number of years marr ied  before bir th of index child 8, 13 8,48 > .30
Median number of years married before fi rs t pr s ’gnutncy ended 1,93 1.99 > .50
Media n inters-al between previous pregnancy and birth of index 2.93 3.21 > .50

Ottte and in chil d
child

it to index child

Table IV. Frequency of rts u t li p le nrar t ’iages ar id/ or alliances according to radiation
st i l lb i r thsf  Iti story of mothers of clti ldrei, uvit it Down’s syndro itue and of controls

( / o)  
____ __________________  ____________  ____________

Down ’s Controls  All mothers Irrad iated mothers

100 0 irrespecti r ’e of radiation Mothers  not f luros copi c and/or

11 .5 18.8 hi.story * irradiated I r radia ted  ,nother .cj’ therap eu t ic

9.7 23 .4 Known With Known With Known With Known With
205 9.4 marital multiple martial multiple marital multiple marital multiple
28 .6 12.5 history m arr iages h i s to ry  marriage .s h is tory  marriages history marriages

(1 40.0 
—_______ 

(No.)  (No,) I ( 5 )~~~~ (No .)  (No .) I  (~/r) ( N o .)  ( N o.) I  (%) (No.)  (No . ) I  (t’~.)

0 Mongols 215 35 16.3 104 15 14.4 104 19 18.3 54 10 18.5
I ~~~~~~~~~~ 

Controls 2 15 15 7.0 124 
-~~~~~ 7 5.6 83 8 9.6 27 3 11. 1 4- T n l n o t h r r u  including thisse wilh unknown radialion history, hut exriuding I ease nitsiher and I control moii~ r

with unknown marital hisiosy ,
Includin all type’. “1 radiation: diagnostic , t herapeu tic , and/s’r tlsioross opic,

-~~ ~~~. -— -~~~~~- . — — ~~~~~~~~~~~~~~~~ 
- - 

— - - - -~~~~~~~~ — 
—.-—— -,- —
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~-



—~~ --- — - - ‘~~~~~
- -

~~~~~
---

~~~~~~~~~~
_-  ~~~~~~‘ ‘ -

6 I 2 Sig ls ’r s -I a!, ‘1/ic J s s u m n s u f of Pt-d m ,.j t sm o
.-l~ i s m /  1 967 t ’olumm,e 7 ( m

5’.i ’ u,sm ber 4

tt t ot hs ’m ’s of clti ldren si-ids J)osi’n ’s syn drome to 6.~ per c c i t t  of t u e  i) arct its of thus ’  con—
i uad a si gnu i t i t ’amt t l v  h t igi t t ’r  f i s’sjue ’i tcv of n t u l — tm’ols , a ‘‘chance ’’ lioidin~
ti p le t u t a r m i a g s ’ s  t i tan u t io t h t c i s  of t h e  co iu tr ’ol h mu s-it’ui’ of th e hig l uem ’ frcquo ’nucv m l  mu m u l — remuiaim ts to be det~~
cit i l drrts  h~ < .05 . :~ltIsost g I s t lus ’re svas also t i pk’ nn ua t r i a i ie% ai m in g t sso t lus’ns of tin ’ c,u ~ s’s . Pregnancy ss’asta
a his .~bts ’ r ft ’eqtts’ncv of n i ts i l t i p lu ’ n tta t r i au , i s ’ s for sue t i to iunJ t t  it  si’Oilld hi’ of in terest to de ter ’ irregularities have

ir radiat s ’s.l m i mo t i t t ’ i ’s of children us -hi t tw i t  u — st u n s’ t hur  m r l i ’,iioit s distributions t) f this sss ’ s i n  s ti t — qUt’nt Commtniis5 nt iX

gsdis mt s _ th us ’ d it b r -cites ’ is not statisticall y si g — em s u s- itt ) ita d I t t u l t i p ls’ t t uarria gt ’s . 0! s mu t  it drome . Unfortu~~
m ti hi t ’ant (.10 > p > .05 , \\‘iten or t l v  flu— r mt s ) t i m t ’ r s  , 38 per (‘( ‘Ott  of the cast ’ m m u m s t h m e ’ m  dealing with repm

om ’oscotpi s’ a r t d  thu c t a l te t t t i ( ’  irradi atiom i sv em s ’ svs’ts ’ ( atlt oiit’ and 12 per ct ’m u t Js’si - i sh ,  as m ade either with L

s -o nsids ’i ’o’cl , dm s ’ t rends u s e r s ’ s i t i t i l a r bt i t  t ime ior mt 1>a i ’t ’d to 13 per cci tt  arid 0 pt’r n ’n mt for no controls at all.
chifl ’ t ’rs’nc’t’s si-t’r’t’ sti l l  riot sign ihic: uri t  

~l’ > t his ’  on tm ’ol n m m o t i t s ’ m  s : th t s ’so ’ di fr t ’n’t ’nu (- (’s %s - s’ro’ tnothers of ch ildrem
- 
. l ’hiu s th ur h i ig h ue ’ r  f i e q sm ei uc s -  ~sf mo u l t i p is ’ riot statist ic -ally s’tg nif i cant .  an abortion freque

i t I ~1m’l’ h t L is ’S it riol’ to b i t t i t  of the insd s ’x c i t i ld S i m tmi l a r  (‘d t t cat ioita l  haek2 t -ound s uu’ere m e ’ — compared this fl gtii
: tm m io t ig  east’ r n t o t h i ( ’ r s  as cort i l )ared to coistrol 1)s)i’ t ( ’(l by c tt ’it giou~) of par ents: 77.8 pr ’, for the genera l ~~

tr t ot h uem s ca mun ot  lie att r i l si. mts ’d to an associ— s’eist of this ’ on t otit en ’s of t it e affected s’ i uikir - s ’t s  including Murphy,4

atiois us-jtii l’a ( i i zt t ion .  hut rat h er :sppt’am’S to ar id ‘, 6.9 ~~ ‘i ccitt of t h e  ruu ot i i e r s  of thus ’  con— also reported that

rs ’pr s ’sentt an it]de ps’ ns (Ieti t l ’elat ioni s it i l ) , tm ’ols lta ( l  no t ’( lu catio ns folloss-ing iti gi t  sch ool , Doss’n’s syndroine I
Religion and education. A lam-get’ pt ’opor- svhile 67 , 1 Pt ’c cent ari d 72.2 pen’ cs ’mit ssf  time abortion rate, Doi

t ionl of both ( :athohj c arid Jesvish p arents s -ase and m-ontro l fathto- rs , n’espectis-elv , h a d  no and Engler6 also
uu ’ere f o u n d  it t  the group of chi ldm’ ens svi tb u l u t i s t  m ight  sch ool edimcat iois . nancy—free interval

snongobsus. but the dihI’erences from t h e  par- affected child was I
DISCUSSION

ents of the cotttrols am - c not stat isticall y <i~ — of these studies, ho
ni f ic arst  (‘I’abk’ V) , Of time ’ parents of this ’  \ V i thu  this ’ use of controls matched for ri ta— account the impor

children sv’tt h Dosu’n’s svlsdl-onle , 24.5 Pet’ terna l ag-c at the t ’tnie of birth of the index terna l age when de
cent su’ere of dill’ering reli gions , as cornpa m’ed child , d ate of hii ’th , sex, and hospital of productive fac tors .

to 19.2 per cent of the parents of ths’ co l t— h i n d u  of die index child.  t h is study det i tot s— reported hi gher a~
trols. In the cast’ group , 13, 9 per cent of the str’ ated th at the re p rodtmctiss ’ , menstrual , and of childre n with t

marriages invols’ed a Catholic moth er arid a reli giou t s experience of iitothers of ch ildm ’en tro ls and made am
fa ther  of some other re li gion , as co ni m pared ssi tit J)o’.iri ’s svri droi rme si-as h o t  difft ’m ’eitt materna l age, but -

to 9.7 per cent of the controls, Cons’ersels’. fr o z mt that of mn mot l ts ’ rs  of con trol s .  trol niothers led to

.5.6 per ccitt of the marriages of parents ~ni Of partic ular intem ’est is the significantl y and younger contrc

the case series ins ’ohs ’ed a Cath olic father greatt ’c n s itnh & ’ r of multi ple titarriage s d&i s’ ~ 
Similarl . Coppen

and a mother of another reli gious prefer- - separation an( l dis’orce prior t~ t h e  birt h of served that of 93 1
ence , svhj le t i t is sante cor tthin atio ni app lied the index child found in s the mothers of ti le mothers. 31 pet’ ct

I)o~s’mi ’s children as compared to mothers of stillbirth. Hoss’evem
controls. Altho otg h broken nmm arriages n it ight Philbrook t° found
he expected following the birth of a ds’ft’ctive rate in mothers of

Table V. Reli gious preferences of pam’ents of child , t hey are not as easil y ex plained be fore  in the controls. In

child ren with Down ’s svndt ’orne and of the birth . This increase in mul t i ple rsuarriag es that 9.7 per cee

control children is notesi’ortl-t y since the frequency of Jews of Down’s niothet

arid Catholics , known for their low dis’orce abortion, and muor
M others * I Fa mh ersj ’ rates , is relativel y higher in the Down ’s no difference in

D own ’s, J Controls , N = 212 Controls ,
I N = 2 1 4 ~ N 215~N 206k’ = 212 

group, although this difference is not s t a t is t i -  rate of abortions i

Relig ion I (%) I (%) I (%) (~/e)  
call y significant. The etiologic basis of a com pared to ag

Catholic 50.9 43.3 44.7 ~~~~~~~~~~ 
relationshi p between multi pl e marr iages and Glasgow.

Jewish 8,4 6.5 8.7 5.7 the occurrence of Down ’s syndrome in ~~~~ - 
Since the itscm’eas

Pr otes- 38,8 48.8 44,7 50.9
t~~tt  

spring is riot clear , It is quite possible th at is at l east in Part

Other 1.9 1 .4 1. 9 2 ,4 i n examining a great num ber of factors , one tert ial age,’3 and s

. 5  4~~~ > ~ or more 5t chance” associations may appear . in different Populi

= 2.64 ; p > 30, \\ ‘hi ether this multiple marriage association is modes of data coIl
an adequate coitipu
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f t huu ’  coi t—
a ‘ s h i a t u s ” ’ l u m m d u i i g  en a mi ’.j I i ’m ’ , t l t i ’m e’kii i ’ . i, iat . ’rmsal age t’amu ttot he overemphasized. The

cv of rmn i l — n c i i l a i lus to Ix’ d u ’t r r n mi mn t . ’ t I , f i m t d i m t g  in t it is  stud y that niioth ers of t’huld rezt
this’ cast’s l’i’eit n amtt ~ us .u ~m a g t ’ , let t i l t t ~ , ar id i mu r i u s t i e u a l  with mmton golisns shosi’ ito hi gher frequency
to) d u ’ ru ’ r  - irregu lar ities huts t’ ht’t ’tt this’ suih )jt ’ct of l i - i’— of aborti etits . stillbirths , or other offspring

t i ’ ,s’ n i t u t t i .  qut ’itt - e u n m u m l i e l t t  in st ud mu ’ s il l I )osu- mt ’
’. svn— with s-ou g emti t a l abm iorm tm alities , suggests thtat

Of such dromne , U m t i u t i t u t m i a t e ’ l y . mii ost s. suir tp .sliso mi’. tift’iotic muo t s disjunct ion occur’s in relativel y
n m u o t h u u ’ r  dealiiig u ith re p r (mmltu( ’tiu t’ i i ist ors’ have been fcss ’ viable os-a in any one female during a

Jesvj s lt , .t~~ 
niu ad e either us h i t  unsuitable coittrols sir  ss - itht  hi fr ’t imt te.

r (‘emit for ito controls at all. Bt ’mtda ’ f oumi o l h i s  group of

net ’s su et ’s’ I miie )tlt ers of ch il dm cmi with nmong ohistii to h as-i’ St St M A R Y
- an ahortiots freclotet scv of :t 1.2 per cent amid An t’pidetrtiolog ic stud y of the families of

- 
s svere r e— compared this figure to that of 1 0.6 per cent 2 1 6 children whit I)osi’ts’s syndrome and 2 16

77.8 Ps’r for the general population. Other authors , control children mnatchte d OH t h e  basis of

chi ldrt ’it including Murp hy ,4 Beidletnan ,5 and Eng ler m aternal age at the ti m e of the child’s births

of the con- also reported that tttothsers of children with s detnonstrated iso difference in abortions , still-
‘ght school , 1)own ’s syndrotne have an abtsormall y hi ghs bi rths, congenital abnormalities , or increased

cent of tii • abortion rate. Down,5 Beidleman ,’ Benida ,3 sibling deaths from acquired causes in the

ly, htad nto 
- 

and Eng ler 6 also indicated that the preg- case group as compared with the control
isancy-free interval prior to the birth of the group. Fertility in the mothers of affected
affected child was longer than normal. Each children , both before and after the birth of
of these studies , however , failed to take into the child , was similar to that of the controls,

d for ma- account the importance of controlling ma- No significant diffe rence in maternal men-

the index tert ial age when dealing with age-related re- strual history was found. These data suggest
ospital of productive factors . Sm ith and Record’ also that its families containing a child with

- 

y demiton- reported hi gher abortion rates for mothers Down’s syn drome. except wh ere the m o t h er
- - 

trual , att ol 
- of children with mongolism than for con- is young at the ti m e of birth of the affected

of children trols and made an attempt to contr ol for chsi ld , the risk of having a subsequent preg-
different m aternal age, but the scarcity of older con- naticy end its abortion, stillbirth , anot h er

- trol mmtothers led to the selection of a smaller child with niongolisns, or any other con-
ifican t lv  and younger control gro omp. genital abnormality is largel y related to the

es due to Similam -l y, Coppen and Cowie’ in 1960 ob- risk associated with the niaternal age at that

e birt h of served that of 93 pregnancies in 55 Doss’n’s time, rather than svith the Downs’s syndrome

em’s of the mothers , 31 per cent ended in abortion or itself,

mothers of stillbirth, However, Ingalls, Babbott , and Th e  significantl y hi gher iticidence of mul-
es might Phti lbrook ’° found a 15.5 per cent abortion ti ple marriages prio n’ to the birth of the index

a defective rate i n mothers of cases versus 9.4 per cent child observed in mothers of Down ’s children
ed befor e  in the controls. In contrast , østerht reported as compared to control mothers is note-

marriages that  9.7 per cent of 1,523 pregnancies worth y and requires further stud y.
of J ews of Down ’s m others ended in stillbirt h or
divorce abortion , and more recentl y Lunn ’2 found We wish to acknowled ge the contribution s of

e Down’s no difference in fertility and no higher Mrs . Susan Baker who was responsible for the

not statisti- rate of abortions in Down ’s mothers when computer program m ing, and of Drs, Robert

basis of a compar ed to age matched controls in Cooke, Barton Child,, and Simon Abraham,, and
- ‘ d Glasgow. 

‘ Mrs. Charlotte Benesc’h for their hel pf tml sugges.
ages an 

,‘ , . tions. lii addition , generous cooperation and su p-
c in off- Since the increased frequenc y of abortions .

- 
, . ‘ . port were given by Mr . Sidney Norton of the

ible that is at least in part related to advancing ma- Depar tment of V iu al Statistics by the Baltimore
tom’s, one ternal age,ii and since the frequency varies Society for Retarded Children, the princi pals of

y appear. in different populat ons and with different the many school., for the retarded, and the ad’
j ation ~ 

modes of data collection , the importan ce of ministra tors and medical records personnel of the
an adequate comparison group controlled by Baltimore hosp itals .
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THE EPIDEMIOLOGICAL STUDY OF MONGOLISM Coh
IN BALTIMORE *

tematicall y matched ~
of birth , or birth at h~Bernice H. Cohen, Ph.D., M.P .H ., t and
child , and ( 4 )  date of~Abraham M. Lil ienfeld , M.D.,  M.P.H 4 

Each eligible child~
Depar tment of Chronic Diseases cian. A set of ph ysi~~

The Johns H opki ns University School of Hygiene and P ublic Health the child should be ~~
Baltimore, Md .  were eliminated from ~

the absence of diagna
refusal to cooperate , iiq

The epidemiological study of mongolism in Baltimore was initiated primaril y quate interview , Coi~~
The interviewing 4to determine whether there was a relationship between parental exposure to ioniz-

well-qualified women.ing radiation and the occurrence of mongolism among offspring. The principal 
which were controls; ~stimuli for this inquiry were the known relationshi p between ionizing radiation

and chromosomal aberrations, the association of leukemia and mongolism , and it usually occur unt i l  them
lion exposure were a1~the leukemogenic effect of radiation , In addition to collecting data for this major child. In addition , n~objective , information was obtained and analyzed concerning other factors ,
viewed with regard to~such as parental age and maternal reproductive patterns , which might be asso- 
dently of the interview.:ciated with chromosomal aberrations. In this  repo r t , we shall summarize the

study results and briefl y describe the procedures of a supplementary investi-
gation undertaken this year and currentl y in progress. -

METHOD
A summary of the ~A detailed description of the methods used in the original stud y has alrea dy and controls is presen~been reported and will, therefore, be reviewed only briefly here. The na mes of answers for radiatio n

42 1 children with a diagnosis of mongolism were made available from several radiation as compared lBaltimore sources. To be eligible for inclusion in the study, the child had to be statisticall y si gnificantCauc asian and born in the greater Baltimore area between January I , 1946 , exposure history of rnand September 30, 1962. Those who did not meet these requirements were and therapeutic radiatieliminated from the study (5 1 not born in Baltimore . 38 not Caucasian , 17 too In contrast to the mothold , 17 whose familie s could not be located in the city directories , and 8 whose
greater exposure to ra dbirth certificates could not be located). This left 288 with an initial diagnosis a somewhat smaller piof mongolism. The b irth certificates of all the 288 eligible children were then 

d a slig h tl y large r peanobtained. To select control subjects , the birth certificate of each case was sys-
of controls , none of th~
no differences in the ci

The or igi nal st u di es were su ppo rted i n part by the United States Public Health tion were included.
Service , Research Bra nch , Division of Radiological Health Contract No. SAph In an attempt to tie
76367 . and in part by Na t iona l  Cancer Inst i tute  Contract No, Cl’ 5085 and National exposure to radiationHeart Insti tute Contract No . HE 5297, The current studies are being supported reviewed: 7.9% of iij oint ly by the Advanced Research Project Agency of the Department of Defe n se mothers , had worked iunder Contract No, DA DA l7-69-C-9 154 , and by the Environmental Control Ad- 

( P < 0 5)  Eight moniminis t ra t ion . Con sumer Protection and Envi ronmenta l  Health Service , Public Health
Service . Department of Heal th , Education and Welfare , Contract No, CPE-R ~69-24 , h istories of definite x-n

Recipient of Research Career Development Award No, K3-GM-5590 from the lions , prior to the conce
National ln s n u tu m e of General Medical Sciences, No differences wen

1 Reci p ie n t of Research Career Award No , K6-GM-13 ,901 from the National and the controls , excepiI n sm i iute  of General Medical Sciences,
of rnongol children—6

320 additio n, a history of ii
cated that 8.7% of the

- —
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t ematic al l v matched wi th  another  b i r t h  cer t i f icat e  on the basis ~ I ( I )  hosp ital
and ~~ bir th , or b i r th  at home , ( 2 ( sex , I -~ I maternal  age at the t i m e of birth of the

~~ * 
child , and ( 4 )  date of b i r th .

Each eli gible child r”ported to have mongolism was examined by a pediatri-
cian , A set of phy s ica l  c r i te r i a  b r  mongo lism ss as used to determine wheth er

~ d Publi c flea/ i/n the child should he accepted as .i case . 1 hosc ~ ho did not meet these criteria
were elimina ted I ron s  the stud y,  01 the 288 cases , IS were excluded because ob
the absence of diagnostic cr i ter ia , and 54 cases were eliminated because of
refusal to cooperate . i n a b i l i t y  to locate the f ami l ~ , or inab i l i t y  to obtain an ade—

was ini t ia ted pr imari l y  quate int er s  iew . (‘s” i scqu ent lv . 2 1o cases were .es a i lah le  for the final anal y sis ,
Intal exposure to ionjz ’- The inters iewing of the case and cont i-ol lami h ie s  was performed by five

ring 1 h~ princi al well-qualified ssomen. ln t c r v newer s  were not inlormed sshn ch were cases and

~~en ionizing radiation which were controls : re cogniti on of the f ami l y  ss oh l)own ’s syndrome did not

~ and mongolism , and I t lS Li mtl l \  occur u n t i l  the actual  in t e rv i e~ was conducted. Questions about radia-
bug data for this major nion exposure sscrc always phrased ss nthout  re lcrence to th c bi r th  of the index

~~rn in g other factors , child. In addition , medical records -in c luding obstetrical records—were re-
which might  he asso- iewed with regard to reproducti ve historie s and radi a t ion exposure indepen-

~ shall summmsr i , e the dent l~ of the interview.
pplemcntary inv est i-

REsL i TS

Radiation E xposure

A summary of the histories of radiation exposure of the mothers of the cases
al study has alread y and controls is presented in T A H I F  I .  For mothers wi th  definite “s~’s” or “no”
here. The nanses of answers for radiat ion exposure . 50” of the mothers of mongols reported no

vaslahle from seser .il radiation as compared to 59 .9”~ of the control mothers — -a difference which is
the child had to he statist icall y si gnificant ( P  ~. .05). It is clear front this ‘l’AI u i- tha t  the increasedn January I . I ~~~~~ exposure ~1ist ory of mothers of the mongols is mainl y  a resul t of fluoro scop icrequire ments s-s crc m i nd therapeuti c radiation or of con ihin mi ti on s of mt t l t i p le sources 01’ radiat ion.(a uc mis i an . 17 too In contrast  to the mothers , the fa thers  of the mongols did not have signif i cantl yctoru cs . and 8 whose  - . -

- - - - greater exposure to radiation than did the contr ol fathers I, T~ isi t- 2 ) .  Althoughan ini tial diagnosis . - -a somewhat smaller  proportion of fathers of mongols reported no radiation.cn u ,u r en were tn efl . - - - -
~ f each case was ~~~~

. and a slig ht l y  larger proportion had diagnostic radiat ion as ct’mparcd to lather s
- ol controls , none of these differences s-sas s t a t i s t i ca l l y  si gnificant , and there were

no differences in the categories in which therapeutic mind or fluoroscopic radia-
States Publi c Health lion were included,
Contr act No. SAph In an at tempt to determine whether there were any additional differences in

5085 and N ational exposure to radiation or other energ~ sources , occupational histories were
are being supported reviewed: 7.9~’i. of the mothers of mongols . hut  only 3.3~~- of th e controlartm cnt  of Defense mot h ers , had worked in a professional or technical capacity in medical fieldsmental  ( ontro l Ad- . - -

rvice Publi c Health (P < .05) . t i g ht mongol mother s . in cont rast to three control mothers , gave
- 
c t No . (‘PE.R .b9 .2 4 . 

, 

histories of definite x-ra y m end / or  fluoroscop ic exposures in all types of occupmi-
- 

-GM-55 90 fro m the lions , prior to the conception of the index child.
No dilf erences were fo u nd en the occupations of the fathers of the mongols

I front the National an d t he controls , except for a hi gher frequency of m i l i t a r y  service for the fathers
of niongol ch ildr en—b 3 , I ~ - a-s cot iipm ered ss ith Sb, (Y’ - for control fathers . In
additio n , a histor y of radar exposure s-s as obtained Iron s thc fa thers , s-shich indi-
cated th at  8.7 C . of the fa th en s  of the ch i ldren  wi th  mongolism and 3.3 ‘~~ of

_
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l A B1, i: I Rep
SUMMARY op MAT ERNAL RADiATiON EXI ’cisi gi - PR I OR TO BnTh OF INDEX CHiLD

An analysis of the h f— - - - - —— - - - ~~~~~~~~~~~~ - -— 

ties in menstrual history,Mothe rs of of both the cases and co
Mongols Controls number of pregnancies , aI ype of Radiation ( ‘~ ) (% I i ndex child, No statistic

- the pregnancy order or biNo radiatio n 50 .0 59 ,9 the preceding pregnancyRadiation subsequent b irths , MorDiagnostic only 24 .0 27. 1 deaths among siblings ofFluoroscopic only 3.4 
~~~~- the controls. ITherapeutic only 3.3 1 .4

Diagnostic mind fluoroscop ic 6.7 3,9
Diagn ostic and therapeutic 3.4 2.9Fluoroscopic and therapeut ic 1.0 0.5
Diagnostic , fluorosco p ic. mind therap eutic 6.3 0.9Unknown 3.7 

- 

4 .2 
COMPUTATION OF RELA

M ater nal -the control fa thers  h~d had contact with radar, both in and outside of the armed R adiatio nforces— - a diff erenc e which is of borderline statistica l si gni ficance (P < . 0 2 ) ,  HistoryT~~o measures of the degree of relationshi p between maternal radiation
exposures and mongolism were computed from the data.  TABLE 3 shows that No radiatio nthe estimated rel ative risk is 1.5 , t hm it is , mothers exposed to radiation had a Radiation5Ø e~ greater chance of having  an offspring afflicted with Down’s synd rome.From this rel ative risk , it was also possible to determine the attributable risk .that  is , the estimated proportion of mongols in the population associated with
maternal radiation exposure , using the method proposed by Levin : this was Estimated relative risk=computed to be l7~~ , It should be understood that this percentage reflects not
onl y the relative risk hut  also the frequency of radiation exposure in the general -

population and will , t herefore , differ in various population groups.

TABLE 2 -
SUMMARY OF PAT ERNAL RADtAT ION EXPOSURE PRIOR TO BIRTh OF INDEX CHILD A signi t i c ant l~ greate r ~

___________________ 
-~~~~~~~~~~~~~~~~~~~~~ - the index child s-s m es recorded!

of mothers of affected chil~Fathers of 
pared to onl y 6.9~~ of moth

Mongols Controls case group and 5 in the colTy pe of Radia t ion ( % )  ( % )  the previous spouse: howe~
annulment  or divorce as conNo radiation 43 .7 50.0 Because of the hi gher frKad~ation 
mongols , i t 55 as consideredDiagnostic only 31 .5 25.5

Fluoroscopic only 5.6 ¶ 4  were also associated with ii
Thera peutic only 2.0 1.9 of mult ip le marriages amo~Diagnostic and fluoroscopic 8.6 10.3 higher frequency of radiatiiDiagnostic and therapeutic 5.6 4,9 marriages. However , an aniFluoroscopic and therapeutic 1.0 1.0 related to mongolisni ( TAMDiagnostic, fluoroscop ic, and therapeutic 2.0 1.0 

ated . 14 4 ’ of mothers ofUnknown 8.8 5.6
multiple marr eages (P < .05),

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~
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Rep r. ic/I41 iii, and Me nstrua l I l ls tori-
lTD OF l xii i  S CHILD - - -
— - 

.~~is m en alss i s of the l i fe t im e  epis ’d e i ct is c  histori es showed e~tr ik t ng simi lari-
ties in menstrual h ist oi~ , l ’r r t i l i ts  experienc e , a nd pregnancy wastage in mothers

Mothers of of both the Cases .end controls . - No sign i ficant diflerence s ~-ere noted i n the
~~ls Controls number ot pue gi ’ . i n i e i e s  . .ihori ions s , or s t i l lb i r ths  he lo ic  or a l te r  the birth of the

% ) index child. No s t . i t u s i i c . t t R  s ign i f i c . i n n  d i f l ere n ~~es s- seie obsersed ~ it h regard to
-— ~- - - the prcgnanc s order or ‘ir ih otder eel the inde x child . in terva l  o t t inse be t ween

59 ,9 the prec eding p i egn ane % attd b i r th  ot the index child , or fron t th e latter to
subsequent b i r ths  ~sIo i cos ci . the t re quc i ses of ne onatal deaths at id childhood

27. 1 deaths among sibl in g s ~si the mongoloid children s mes s imil ar  to those amonga 5 ,4 the contro ls3 1. 4 I
3 .9

4 2 q
0 o~3 09 1ABII S

7 ‘~ ( o S tI’t i i i e ix  ot R I  i AIlS ! Risks i OR M A l I  RN A i  RA D iATi ON EXPOSUR E

Mmetcrnal Moihcis of
OUtside ot the .irn sed R. idij t i on
Icance (P  ~: . 0 2 )   f l i s tor s  Mongols (‘ontiol s

matern. el radi at i on - - - - — - - — — — -

I’ARI i 3 shows that  No radiation 104 124
to r adiation had ma Radiation t04 83
Do~ n ’s s~ ndro me. 

~07at t r ibutable  risk. —

‘on .assocn m at e d with - - - - -  -

~~ l.cx’in ; ‘ this Was “ Estimat ed re l at is c ri sk- -~ 
1.4 \ 104 

“.1.5
~centage reflects not ~~ \ 104

~ surc in the general
ipx.

Marital History

OF lun~x (‘itn .n A signi ficant l~ greater nunsher of mul t i ple marriages before the bir th of

~~~ 

the index child was recorded for  the mothers of the mongols. There were lte .2’~
of mothers of affected children ~sho were t ism arri e d tw O or more tin t es , as cons-Fathers of pared to only 6.9”~- of mothers of controls . Of the t isult iple niarri ages. Ic in the

a Controls case group and 5 in the control group had rensarri ed because of the death 01
- 

1% ) the previous spouse: however . 2$ mmirria gcs in the case group had ended in

— 

- - annulment or divorce mis compared to only 9 in the control group.
ii 50.0 Because of the higher frequency of radiat aion exposttr e among mothers of

~ 
mongols , it wm as considered desirahie to determine whether mult i ple marriages
were also associated ~-s- it h radiati on exposure . Perh ap s. the hig her freqtt ency

1. 9 of nsu lti p le marriages among mothers of mongols is tsserelv a reflection of me
10 .3 higher frequency ~f radiat i on exposure amotig those who hase  had t isult ip le

~ 4.~ marriages. However , an anal y si s  indicated thm it these t55o were und ep ende n ib~
related to mongolisni ( fAt e! I 4) . Among mothers who had not been irradi-
ated . I 4~4 ‘~~ of mothers of mongols hut onl~ S u 01’ control mothers had

- - - - _ multipl e marriages (P  .05) . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ , ~~~~~~ - --
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Other Factors

The cases and con trols were compared with regard to several other variables , MATCHED PAIR
including residential history,~ religion ,3 and educational background.~ No
statistically significant diffe rences between the two groups were observed in —

thes.’~ factors. Pa ternal Age
Grou p

Maternal and Patern al Ages 20—24

The relationship of mongolism to maternal age has been well substantiated ,
and did not require any addition al confirmation in this study. In fact , the con- 40-44t rols were matched to the mongol children by maternal age , thereby eliminating 45 +t he possibility of analyzing these pairs for a maternal age effect. All casesWe were , however , interested in the possibility of a paternal age eff ect , si nce _______

* Mongol mat e
TABLE 4

FREQUENCY OF MULTIPLE MARRIAGES AMONG STUDY MOTHERS mean differenceswrnt KNOWN MAR I -IAL AND RADIATIoN His’roRtEs 
years . Thc group
small size , although

Mothers of are pooled , the m
Mongols Controts On the other

— - with maternal age
Multiple Multip le one mater nal age

Marriages Marriages younger than the fRadiation History Total ( % )  Total ( % )  ble in the fathers.
l imitations withNo reported history of radiation 104 14.4 124 5.6 however , that theReported history of radiation 104 18.3 83 9.6 prohabl ‘ eliminatesReported history of fluoroscopic

and/or therapeutic radiation 54 18 .5 27 11 .1 a smaller paternal

there was a suggestion from some recent studies that such an effect might exist,
and we were also not satisfied that  earlier studies had completely excluded such MATCHFD PAIR AN
a possi bih i ty .~’ - The difficulty in analyzing data for a paternal age effect stems
fron’i the high correlation of paternal with maternal ages. The approach in the
present study, however, permitted the examination of the effects of maternal and Mate rna l  Agepaternal ages independentl y, in a separate analysis. GroupIn this study, the matching of the birth certificate of each mongol with that of 

-a subsequent birth with respect to maternal age , permitted us to determine 15— 19whether there were differences with respect to paternal age distributions. Then • 20—24a different series of controls was obtained by selecting another set of birth certifi- 25—29cates matched to the certificates of the mongol cases with respect to paternal 30—34
age to determine whether there were differences in maternal age distributions , 35—3 9

The results of this analysis clearly indicated the presence of a maternal age 40+
effe ct but no paternal age effect, TABLE 5 shows the maternal age effect with All cases
paternal age controlled. Note that in every paternal age group except the - -‘~~

youngest , the mothers of the mongols were older than those of the controls , the * Mongol paternal 

- - -
- 

--- ~
_ 
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TABLE 5

t variables MAT CHED PAIR ANAL SAIS OF MATi KNAL AGE wiTh PATERNAL AG E (‘ONTlOLLED

mnd.3 No (PAIRI-D t l i - si I

*served ~n -- 
- - -

~~ 

- - 
-

Paternal Age No. of Mean
Grou p Mo t hers Differences * t P

20—24 22 —0.09 0 1 4  NS
25 - 29 4(1 0.73 1. 03 NS

~stan tiated 30- 34 4 1 3 .4 3.09 .01
• 35— 39 ‘3 2 1 te 28 ~..tlO ICt , the con- 40—44 39 4 U 6 21) ~ 001elimi nat ing - 45 20 • 0 $  c i  NS

All cases 2 15 2 5 6 (15 001
iflect , since  - —

Mongol maternal age ne in e is  control maternal .age

mean differences a t t a in ing  sI.i ti sticai significance in th e eeltkr age groups , 30—4 5
~‘ears . The group over 45 sca r s  ot .agc is ttot s ig i i i t i c . i i i l  p ioh.it ’ls h~causc of i t s

- — small sire , although the dit icrence is in th~ n .i i i a  d i e  cciie ’u i \% i~ i i  a l l  age groups
are pooled , t he maternal age difference is s i . i t i s t i c a l l s  si gn i t i e . iu i t  .11 bc .00 1 level.

mtrols On the other hand , as shown in l Ail l i e’ ~ hen p.a terii.t l .age ssas examined
with matern a l age controll ed , ther e s-s ci c flt~ sign itk.ant •I itle rct sces . except tou

Mult ip le one maternal age group ( 3 0— 34  c,irs in wh ich the ‘ .iiee 01 mongols wer e
Marr iages younger than the tm ith e r s  of control s I h a is . no cor ,ist ent  age’ pattern is discerni-

I ble in thc fathers . N , i t i i r . i l l ~ - in 51Kb a studs , the ne iinht ’t esi ..iscs i mposes
- Ii nut ations 55 ith reg mi id  to t h e  detect eon .1 .i sna.a l I cIt c~ t I t  ~ ould .Ippe.aI

however , that th e .ihsccecc of .i signif icant  f inding s iih r cg . i t d  to pa te r n m al  .agc
probably cl t min .i ; s ’s .e t least me nKxk ’rmele effec t ol p mile rn . i t  .eg - I be detection of

11 .1 a smaller paternal age effect oaild require a larger see cs ot c,ase s

might exist , I cal i Is

duded such MAT CIIELS PA IR AN si  5515 0! P Ail  R N A 1  ~ i . i  ~ inc M sn  R N - s t  ~~~~~ 
( i1N1Roi l e n

effect StCIi’iS l’A i R i  is I l i s t  i
oach in the - -

iaternal and Ma ternm a l  Age No. 01 Mean
Group 1-a thers l) itTcienc ~ • t I’with that of - - - - — - -

determine 15— 19 6 0 1) NSsons. Then 20-24 34 (1 (1
birth certifi 25—29 30 —0.07 0.07 NS
to pater n al 30—34 46 —3.07 3. 79 .. 001

htr th unonc. 35 — 39 62 0 45  11. 61, NS

~at crna l age 40+ 37 4 1 . 1 1 .05 NS
effect wi th All cases 2 15 — ( 1 .34 (1 . 79 N S
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~ ntrols . the * Mongo l patern al mige minus control pma t e rnm al age.
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DIscussioN 60—70 radar-exposed fal
anaI~ ses 55111 he perforim

The results of this stud y indicate that  the mothers of mongol children ilius , the inves t i gatic
res~eived significantly more radiation , par t icular ly  fluoroscopy and therapeutic rep licat ion of the earl~
radiation , than the mothers of control children. In fact , for combined radiation service histories as well
from one or more diagnostic . fluoroscop ic and therapeut ic  sources , the fre- the current  phase 55- ill be
quency of mothers of mongol children that had such procedures was seven times
that of control mothers . Of additional interest was the observation that signifi
cantly more mothers of mongols were emp loyed in professional or technical
occupations in the medical field. The consistency of these relationshi ps is notable ,

The onl y other two associations that appeared in the anal ysis were the well- An epidemiolog ical i

documen ted association of mongolism with maternal age , and the higher fre- and n ime t ched control d
quency of multi ple marriages among the mothers of the mongol children as firmed the well-d ocu me
compared to the controls , Although broken marriages mig ht he expected fol- indicated that  thc moth
lowing the birth of a defective child , they are not as easil y explained when they rm e d aa ti on . par t icular l y  if
occur before the birth.  It is quite possible , however , that in a st ud y in which a of control children. Mi
great many  fm i ctors  are examined , one or more chance associations will appear. rim iges among the mothe
Whether this  mult i p le marriage association is a chance finding remains to be (independent ot th e rad
determined. Wi th  respect to pregnancy 55-astage, fer t i l i ty ,  and menstrual irregu- ml chance f inding.
larities , the mothers of the mongol childre n did not differ from the control Althoug h there wen
mothers nor did they show a higher frequency of other offspring with congenital radiation histo ries of fa
abnormalities , relat ionship of neongolisi

The radiation history of the fathers provided a contrast to that of the In order to confirm
mothers . There was a marked similarity in the history of radiation exposure mongols horn October I
repor ted by the fathers of mongols and of the controls , except f or  the suggested The current studs is an
rela tionshi p between mongolism and paternal radar exposure. Although , with added features:  ( I )  a
the small numbers available , it is possible that this  finding may be a chance (2 )  a chromosome stex
observation , it clearly appears worthy of additional investi gation , especially matched controls.
since recent studies have also indicated that a small amount of ionizing radia-
tion may he involved in hig h voltage radar eq ui pment.

In view of the need to confirm the positive findings , the ori ginal stud y was
extended , begin ning i n June 1969, t o include additional mongol children born , - -

from October 1 962 throug h December 1968. We estimate that it will he possible l~ SIuLER . .A . T.. A M.
- . , , rental  age in Downto obtai n an additional 140 cases. The procedures for control selection and 2. SIGLE R . A . T , A . M. I

in terviewing in the current  stud y are essentiall y the same. Howes-er . two lion exposure in I
features are being added: a validation of ri t i l i tary service history and a chromo- Bull . Johns Hopkins
some study . 3. Sio~ t ie , A . T., A . M.

All  of ‘the names of the fathers of the cases and controls wil l  he checked HI- rzNi kFR , 1967.
- . . - dren Ni th  Down s Iagainst armed forces records to determine whether they , i n fact, had been to 4 L~v~ Ni I 19S3 -

mil i tary  service and the branch of service. Moreover , in format ion  will  he oh- Contra Cancrurn 9
ta m ed on the MOS ( Military Occupation Specialty ) cla ssification of fathers S. PENROSE . I . S. & 0. 1

and , insofar as is discernible from records . whether  they worked wi th  radar or . Boston, Mass.

at a radar ins t a l l a t ion .  6. MAN n- I . N. & C. R, Si

The chromosome studies are being carried out on all fathers who reported 7 A M ~~~a history of radmir  exposure in the ori ginal series as s- sell as on those reporting ‘ 
Johns Hopk ins Pre~such exposure in the current  series , in order to determine whether any aberra-

tions (such as aneup loidv , t ran slocat ions . dic entrics or other aberrations or evi-
dence of br eaks ) are observed. For a comparison group, the chromosomes of
unexposed fm athcrs of the children matched to the exposed fathers  are also being
studied As a re sult of these additions , both series together wil l  probabl y y ield

18775
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APPE N I)  IX (‘ “ 1

l)OWN ’ S SYN I ) R ~~ I f ’ CR1TER [A

l~eqi. t I rt ’men t zm f o r  I n c  I t m r m i on  In Cu rn  en t Sot ’ i i’s eo m t C , i , r t ’ of I)o~~~ i ~ yn t l  rotor’
( M o n g ol i s m)

Down ’ s Syndrome Cases - 5 s t l g m a t m ’e or more f rom le osp i t . s l  01’ p h y s i c i . t n ’ .~
records .  ‘I ’lio~ e art’ 1 i st  ed on t h e  hoop i t  .11 abs t r’ , et’ t cheek  l i s t  mmd
coded on Card 9 — Col.  1q t h r l t  36.

F .xct’pt i ons :

if  deceased — 3 s t i g m a t a  p ist s m e nt i on  of Mongol i sm ( Down ’ s , (‘tc .~ on death
cer t i f i c a t e  or on hosp i ta l  r ecord  or c on f i r me d  b y p hy s i c  i m i t t .

I f  a l ive — less  tt san r~ St I gnat  a w i t h  chromosome s t u d ie s  done mmd Tr i somy 21
con I irmed.

1.1ST 01” sTICMA ’I’~’s FOR E 1 I G I i ~I L l ’r Y  AS A DOWN ’S SYNDROME CASE

lI t it i iv ~~c ’l i ~e , i l  V
I an t  i’d p .t l  pt’br .e I i i  :15Cm t i ’’;

F p i e .’ m r n r t h L e  t o l e i t ;

}‘mt 1 n.e t in  I .-. r  l in t ’; :
Na I f o r t rnoe l  cm a r s
I h i - o  ,ad and / or  s h o r t  neck
Web neck
N .t 1 formed I i irge 1’ :t m i n d / t n  e hand :;
N ar ’e .i I cibnoe’ rnua I I t y
Hype r t e to  r i
Abno t’tna I pa 1, 1 t C

Abnortnn l or fu r rowed  t oeio, emc ’
Abon r m n m a  I f ootp  t i n ts  I hand p i- i re t S

Br s t s h f  b i d  f i 1,o t s
Abnorma l h i p an g le s
Broad a n d/ o r  sl to  r t  t runk
Con g e n i ta l  he m i t t  cond I L ion

‘1
~.o I
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I n d ex  Cases w~~~h I e w i ’r th ;m F i v o~~~t i j 2ii .e t a

::t I ‘~ i i i . i t  a

I - i . ’. ‘ i t )  — Vt- j : ; t ’ ; l tv  .‘ 1 (l)r • 
‘I — Hear t  Coted I t I

:m t  j ‘~ r n , i t  a

I 4~~i ( )  — Nu ’ot ’ t ’ C l i n i c  — chroittosome s tud y and dermal og lyp lt ics , pa lim ia r
;; i m i e l n  l ines , b r u s h fi c l d  spot: ; .

I n  ‘e ( c O  — S l a n t e d  pal pebral  f i s s u r e s , ep ican thic  fo lds , pa itnar  s imian
l i ne s , abnormal pa la te .

Deceased Mongols

14010 - Palmar s imian l i t re :; , abnormal tongu e , congenital hear t  d isease.

35010 — Ep i than t i .c folds , brushfield spots , h ear t  cond i t ion.

~SO4O — Br a chycep l ia t y ,  s l an ted  pal p ebra l  f i ssures , mal.fortned ears .

35510 - Palmar s imian  l ines , abnorma l h i p  ang les , heart  condi t ion .

35530 — Epicanthie folds, cleft palate , heart condition .

4 s t i gma ta

35190 — Slan ted  pal pebral f i s su re s , pa lmar  s imian  l ines , ma l formed thumb s ,
hear t  condi t ion.

35230 — Slanted pal pebral f i s su res , mal formed  h ands , nasal a b n o r m al i t y ,
abnormal tongue.

35520 — Slanted eyes , malformed f i n ger , p r o t r u d i n g  tongue , hear t  d i sease .
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APPENDIX C2

RADAR EXPOS U RE CRI TERIA

In t e rv i ew  Exposu r e  C l a s s l l i c a t it ’n

C la s s i f i c a t i o n  as exposed or d e f i n i te l y exposed was assi gned [or

any f a the r  who ind icated on i n t e r v ie w  tha t  he d e f in i t e l y worked w i t h  or

icear radar in m i l i t a r y  service or i n d u s t r y .

C las s i f i ca t ion  as ques t i onab l e  exposure or probabl y some exposure

was assigned for  any father  who indicated tha t  he hail Soist’ more remote

connection with radar , e . g . ,  mobi le  radar was used I n  h i s  u nit in

military service, radar was used ore h is  shi p, he was s t a t i oned  at a

radar park, he worked in industry where radar was used or manufactured

but did not work directly with it. “Questionable ” here does not r efer

to doubtfu l but rather to probabl y some exposure or a greater  likelihood

than the general populat ion of h av ing  some exposure.

- 
NAS Exposure Class i f i ca t ion

Classi f icat ion of fa thers  as to exposure in m i l i t a r y  services

was determined by military consultants from the Army and Navy who

screened MOS numbers and job descriptions and assessed these as to ri sk

of microwave exposure.

On Army , Air Force, and National Guard lists , those job classifi-

cations considered a~; involving exposure were so indicated by a desi gnation

symbol , in some cases with added exp lanatory material. See attached .

On Navy, Coast Guard , and M~rtne Corps lists , jo bs were evaluated

for risk as follows:

No or none,

Maybe low ,

Low,

Moderate ,

111gb . air t l

, , ‘, I I
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/ 
C l a s s i f i c a t i o n  as “mayb e low ,” “low ,” “moderate ,” and “ h i gh”

r 

wer e consider ed exposed in this study.

Combinat ion  of I n t e r v i e w  and NAS
Exposure Classification

In combining exposure status as determined from interview informa-

tion and from NAS information , the’ following sununary classifications

were established :

(1) None, being no on both records

(2) Probably none, being no on either interview or NAS and unknown

on the other

(3) Questionable or probably low exposure if any ,  being questionable

or probably some exposure on either interview or NAS

( 4 )  Probable exposure, being yes at risk on either interview or

NAS but not verified by both

(5) D e f i n i t e  exposure , being de f in i t e  on both records

(6) High exposure (definite) by both interview and NAS (e.g.,

high on NAS , definite on interview

Chromosome Study  C l a s sif i c a t i o n

Fathers included in this study and considered at risk to microwave

exposure were c lass i f ied as “exposed” and “near exposed .” Exposed fathers

included those who were found to be exposed or definitely exposed on

interview or on lists of NOS numbers or job descriptions evaluated by tI~c

mil i ta ry  service officers or both. Near exposed fathers included those

whose exposure was determined to be “ questionable” or “2!.nbably some

exposure on interv i ew.”

~89
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L _ _ _ _

~OS ~ Job Ti tle Years

O%.00 l3asic Training 1955 , 1957—61

013 Au to~ otivo ~tcchanic 1966

014 Autom obile Ncchanic 1941-46 *

050 Carpenter, Construc tion 1942-43

051.10 Interned . Speech Radio Opr. 1955

052 Ch ief Clerk 1944

052.10 Svc. Sch. - Radio Opr. 1954

055 Clerk - general 1942-4 5

056 Mail Clerk 1943-44

060 Cook 1943, 1945-47

081 En~ incrmn , Operating 1944

097 Instructor - Repair T&T
Ccrdral Office Tech. 1942, 1945

/ 1 /  Rifleman (U.S. Reserves) 1955

111.00 Rifleman
L5gbt Weapons Infantryman 1954, 1959

111.10 Autonatic Rifleman 1956—7, 1960-62

112.00 Heavy Weapons Infantryman 1955

112.10 Advanced m div , ThB; Gunner 1959

112.70 Squad Leader 1956

114 Machinist; Artillery Mechanic 1942

120.00 Advanced m div. I~g. 1960

121.00 Cotmbat Coust. Sp~ci~1ist 
- 

1960

128 Duplicating Machine Opr. 1943

137 Projectionist Motion Picturo 1944

140.00 Connonc4r 1961

161 Anti—aircraft cannoneer 1955

162 Juatt-aircraft artillery
gun crovnan 1935
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Jc~h TiL~ c

~2.1 Mv. m div . The. 1955

164 P1ur~ber 1944

164.10 Heavy truck driver 1959

166 Poverman 1944, 1951

170 Technical Aide 1947

174 Radio Repairman 1944

187 Repeateruan , Telephon e 1944

188 Armo Sec., Wnrehouscman ; 1947, 1949—50
Duty Soldier It

~ t ,n ainr~an , Surveying 194 7
194 Sa1va~eman 1943

201 Sheet ~cta1 Worker 194 3, 1945

2.8  Surv~yor (~ Instrument Opr . 1940

230 Thp~ .Surveyor 1946

32 Installer T&T; Switchboard Inst. 1941, 1944

237 Teletypewriter Opr. 1942, 1944,
1947

238 Lineman - T&T 1942-44

239 Toictypa Mechanic 1947

242 
- Tool Room Keeper 1944-45

245 Truck Driver , h eavy 194346

252 Porcman Warehouse 1943

263 Accountant 1944

275 Class. Specialist 1944

283 Athletic Instructor 1943

301 Investigator 3.946

303 h ospital Orderly 1943

309 Switchboard Opr. 1943

311 .10 TC (IJSAR-fldy) Radio Mach. 1960

I

_ _ _  
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Jo~ T i t l e  Years

322 flc(rigcrator Mechanic 1946

324 Stock Clerk 194 3

331.10 Svc . Sch. Nan . Ccn . 0. Rep . 1957

344 Chau~~cur 1942

345 Autom~oti vc Et~ui p. Opr. ; Driver, 194146;
/tnbulnaco and Truck; )Iet1. Cr4. 1943

343 Auto Parts Clerk 1943, 1946

355 File Clerk 1943

368 Personnel Clerk 1943

383 Fire Fighter 1943

400 . Tabulating Machine Opr . - 1942 *

405 Clark Typist 194 3, 1945,
1946, 1949

409 Medical Technician 194345

410 Dispatcher , Motor 1944

432 ]3andcnuin, Clarinet 1943

439 Bandsman, S~xaphono 1943

443.10 Marine Div. Machinist 3.954

467 Mr Compressor Opr. 1944

501 Clerk 1943

502 Admin . l~C0; Ch. Clrk ; Aast, 1943,
Forc~an roccssLng~ 194546

504 ium~munit ion l earor 1943

505 .~ r~unition NCO 1947

510.00 Conctruction fllpr . ; Mv. m div.
Tug; Info, Ccii. Opr. 1953-54

511 Small Arms Repairman; txmorer 1943-44

513.10 Mason 1953

51.5 Filtering 
- 1943

L 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~
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~~~~~~~~~~~~~~~~ 
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Jc~’ Tit 1 ’
c21 l3aslc Tng., ~;on-SpocialLst 194 3—4 6, 1948-4 9

522 Duty Soldier; Cuard 1943-45

526 Crcwm.~m 1943

529 Wrecker Driver 1944

531 Cannoneer 1943-44

539 Chief of Station; Asat. Scc.Ch. 1943-44

- 540.00 Cannoneer 1955

542 Cot~~&inicat ions Tech. , I~asLc
Radio Opr . 1943, 1949

555 Airplane Sheet Metal Wrkor . 1944

560.00 Tc USAR Rdy Radio Mccli. 1959

55 2.60 TC (USAR-Rdy) Coxswain 1962

566 Duty MCO; ~~~~~~~~~~ •
-
~~~~. 194 344, 1946

573 P-Aircraft Welder 1945

Jo0 Remote Control Turret Mach.Cnr. 1944

590 Basic; Laborer; Day Rm. .Ordrly,
Duty Soldier 1942, 194446

Acat. Gunner ; AW Crewn~an 1944, 1946

603 Cunner 1943

604 Light Machine Gun Crcw~an lti45

605 Heavy Machine Gunner (F) 1945

606 Anti-aircraft Nachingun Crw~imi. 1944

607 Mortar NCO - Light Mortar 194445

609 Leather & Canvas Worker 194 6

610 Anti-Tank Gun Crewman ; Cnr.Tnk . 1943-45

611 Aerial Cunnor 1943, 1946

632 Airplane Arsw~~/ Gunnor 1946

Lineman 1943

620 Parachute Rigger & Rpri~i. 1944

2~ 4

~~~IIlI... ~~~~~~~~~ ~~-- ..-. - - —
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Job Ti t i c’. Ye’r~i

622 Fthai~co ~cchnical Cik . 1944—45

629 Student ; Studen t Officer 1943-44 , 1946

631.10 Wheel Vdiicle Mechanic 1961

624 Fuol & Eic~c. Sys. flprman . 1955

633 Installer, Repair 1942

640.00 Lt. Vehicle Driver 1954

641 Field Lineman 1942-43

648 flcdio Repair 1943

650 Switchboard Opr. 1943-44

651 Platoon Sgt. 1943

652 Sec. Sgt., Sec. Ldr. -Cun 1942-43

653 Squad tAr. 1944

655 Duty ~C0 1964

657 Litter Bearer; 1-icd. Aiciman 1944-45

659 Special Svc. Sch. Instructor 1946

667 Message Can. Clerk 1944-45

670 Master Gunner 1943

673 Medical NCO 1946

675 l~esscnger 1942 , 1944

677 Military Police; Provost Sgt. 1937 , 1943-44 ,
1946

633 Bombsight Mechanic 1945

684 Op. Pow. Pit. Mccli. 1944

695 Orderly & Driver 
- 

1943

710.00 Clerk ; Mv. m div. Tug. 1958

710.10 Svc. Sch. Clerk 1954

711 Clerk Typist 1955

711.10 Clerk Typist 1954, 1960

295
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____________ 
Job Ti t i c ’

6.00 Pcr~o~ncI Spo cialis t  1955 , 1959

716.10 Co:~pany Clcrk 1954

717 Ad~in. ~pccia1ict 1954

72~) Pioncer T~asic Eng ineer 1944

7~4 H a lf - t r a c k  Driver 1943

73G Driver; Mati. Guard 1943, 1944

73~ Intercept , h igh Speed 1944

740 Radio 1~C0 194 7

745 Rifleman ; Squ ad tAr. 1941-46 , 1952

746 Automatic Rifleman 1944

747 Airplane & tug. Mechanic 194 3-45

Airplane Mccli. Gunner 1946

750 AIrplane Crc~ C hf ;
Airplane Fligh t Chief 1944-45

754 Radio Mechanic - 1942-4 3, 194 5

756 Radio Opr. Mach. 1943-44 , 1940

757 Radio O’pr. Mccli.; tOM Gunner 194 1, 1943-44,
1.947

7(1 Scout ; Liaison 194243

762 Airplane Engine Mccli. 1943

762-6 Engine Mechanic 194 3

766 Radio Opr. , High Spd. Manual 1944

768.10 General Supply Spec . 1957

773.10 Ord . Parts Spec . 1957

776 Radio Opr. 1943-44

786 Toxic Cas Handler 194 3

795 Messenger 1945

- I.
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.T& Titi c’

Cr t o~ r~’phic }Lachiuc Maint . 194 6

303 tugt~-r 1939 , 1943

305 Cr pto~raph t c Tcch. 1944

307 Cryptogrzi Ther 1943

309 Dccontcir .iinating Equi p. Opr. 1944

810.03 Draftct~~n (Plans) 1955

811.10 Conat. Draftsman (Plans) 
- 

1956

812 Heavy Weapons NCO l943~44

013 Motor Transport NCO 1943

821 Supply MCO 1942, 1944—45
1951

835 Supply Clerk; Shipping Clerk 196346 ,
1949~ 1951

844 Chief of Sec., Cannoneer;
Gun Crewman , Lgt. Artillery 1945, 1948

843 ~Parta Clerk, Armament 1945

855 Dental Technician 1942

858 Medical Lab . Technician 1942

861 Sur gt cai Tech. 1943-44, 1946

864 Cun Crewman , Mcd. Artillery 1945

903 Small Arms Weapons Mccli. 1946

904 Machine Gun , Mach. 1943

911 Aircraft Armorer 1944, 1946

914 Artillery Mach. Ivy. - 1944

931 Truck Driver Uvy. 1944-45

932 Special Vchiclo Opr. 1945

937 Rifl eman Instructor 1.942

50.00 Security Guard ; Interior Grd . 1955-56 , 1961

- 297
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~5l . OJ ~~i~;ic .‘;i~~
-
. ;  ~ i1i~~v:y Polic o 1956

.3 P.~c :  Cr~~- -~an I otoi~i::cd 1944

~C 5 Auto 2~cch.’mic 1944

97’1 Chet~ical WarCaro ~Lm Ccncral 1966

03J6 Studc’nt O~Cicer; Basic lug. 1951, 1953,
1957 , 1959

0007 X~aaic Coldicr 1951

0521 Basic Tug. 1950

0629 Student 1951

0641 Lineman 1950

0835 Clerk Supp ly 1949

1014 Chief Wheel Vehicle Mccli. 1943, 1953

1025 Studcnt 1953

1172 MS - 1942

1180 Platoon Leader 1960

1187 flcpoate~~an 1951, 1955

1290 Personnel Mgmt. S~~t~c. 1954

1323 Platoon Co.a~andor; AdJutant 1940

1331 Platoon En~r.,Unit Co~~ indcr 19.~445

1400 Machine Accounting Spec. 1953

1502 Adwinistrative NCO (Clerk) 1954

1521 Basic Tug. 1950

1524-9 AT Platoon tAr. ,  luf. 194 3

1542 Infantry Officer ;  luf. Unit Cmdr.l9/~2—

1605 Heavy Weapons Crew~ian 1944

1607 Ien~o tearer; 81 Mortar 194 6

1709 Radio Traffic Anal. 1952

1729 Comb. C~’~ itruction ~pcc. 1953

1745 Basic Tug. , Lgt. Wpnn . Infiuan . 1952—53
p
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s ‘l . :n ~.~~ 1952 , 1954

- - I ~ 4 l u f .  ~~~~ ‘ ~
- ~n t I ~~~~i ~ m t. Spec. 1954

~~~~ ~~~~~ 1951—52

1 ~ - ‘.4 C n ~~~ ’cr (C~ nv ert ed) 1952

2162 Ar o  ~ ~.t ~ l~e~ tt~ental 8— 3 (Sup er—
virt~ O~ n . cC) ; Opas. & Tug.
S tn f f  0C~~eor 194 5

2157 Student 1951

2200 Vorcounol Officer — Military 1944

2260 Acu L~ t an t  S-3 1954

2320 Liairon O ff ic e r 1942

2356 Latorcr 1950

2600 Adr~in. tu~st. 1943

2601 Cutt Cr~~ Antiaircraft;C~~~ .ueor Anti ‘rCi .  Arti l lery 1943—44

2622 Unit  Of f i ct ’r , Tug. Con .
(Asu t .  8—3) 1951

2700 Student Off icer ; Student 194 0, 1~’42,1944 . 1951

273~ Med . Tank Crc~~an 1945

- 
- 

274 1 Orientation ~~~~~ 1946
- 

-
~ 2750 Aerial Engineer 1946

3060 Conk 1949, 1952

3078 Electrician 1953

3164 P1u~.ther 1951

3166 Student 1951

3290 Pors. )1~int. ~;i’~e. 1951

3333 Dispensary Tech. 1950

J5i31. Clerk Ai,r~o. 1.950

, ‘ ) ‘ )  .

~I. I 
- ~~~~~~~~. — ~~... .. - -  

.

- -—--.5-5 -5-— -  N



4f-n~~

10
~~~~~~~ - 

.Tn5 T i t i  e Yea r n

1~O 3 ic ir craft  Cannoneer 1952

3:49 Student 1952

~ 3729 C o -~~ t Conot. Spec. 1952

3C3S Supp ly Eccord s Clerk 1951

3C44 Cannoneer 1951

3912 Auto Fuel & Bloc . Rcpma. 1952

4000 Supp ly Ordnance, Cencral 1944

4113 MTO Supp ly Officer; Ness Supply
& Traitcp . Officer l944~45

4121 General Utilities Rprmn . 1951
1; 

. Light Vehicle Driver 1952, 1954

4405 . Clerk Typist 1951, 1953—54

4451 Center Comsander 1945

.505 At~ o Supply Spec. 1951

4512 Ordnance Officer 1943

4514 Artillery Radar Opr. 1949

4532 Aviation Orclnanco 1944

4(~41 Field Wircnan 1950

4745 Basic Tug., Rifleman (Lgt .  Wpna) 195 1-52

4612 fivy. Weapons, Infantry 1950

4844 Cannoneer 1950

4030 Executive Ofc., Finance Officer (data not shovu)

5356 Fircr5on, Furnaco 1950

5832 Supply Handler 1951

6000 Basic Tug. 1952

7010 As~~. Div. Engineer 1946 
-

7110 Construction Engr. 1945

_ _ t  
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________________ 
t ic  Ycnrn

7120 Co.~pany Off icer ;  Ut i l i t ies  01cr. 19414, 1950

7130 Company Officer, roat Engr. 194 2 , 1945

7360 Anal. Chemical 1942

7360 Chemical Munitionc Dcv. Officer 1943

7610 Antitank Gun Crcw~nan 1946

7745 Rifleman 1944 -

7335 Supply Clerk 1947

8103 Assi~tont Judge Advocato 3.944

9301 S-2 1945

- 9312 ltcconnaisoaxicc Officer 1944

9316 ~~1., m t .  Field 1945

• None Given Acting S-4 1944
I’ Adjutant 1944

Acrial Gunnery 1943
II 

~ Acst . Division Engineer None given
“ “ Mat. S—3 1944
~ Cannoneer 1943
“ “ Engiro Mechanic 194 2

‘ “ Executive Officer 1964
“ U Flicht - Leader 1945
“ 1-2-; 105 Now. Crc~~an 1943
U U Innpcctor cml . Warfare (Officer) 1945
U Pilot 1945
It II Platoon Coc~ andor l942~43
II Platoon Officer 

- 

1944

“ “ Stock C1k. (Arplno. & Auto ?rta) 1943

‘
I
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VOS # Job Title Ycar3

000.10 Basic Tug. 1955. 1957-58,
1961

059 Construction Tech. ;
Unit Foreman 1945

177 Rad io &epairman 1942

275.6 Radio Opr. Mech. 1942

320.10 Stud ent 1961

322.31 F Stud cnt 2 962

322.51 F Weapon. Cont . Sys. lIech. 1962

324.30 Precisica Mo-a. Equipt. Spec. 1959

431.31 A App . Aj~rcraft Mec~hanic 1956

631.31 B Aircraft Mechanic (Student) 1955

431.51 A/C Ilechanic Not given

-431.51 B A/C Mechanic (Over 2 Engi.)) 1956

460.10 Studen t 1958

462.30 A Student ; ipr. Weapons MocK. 1958-59

462.50 Weapons llechanic 1959

674 )Iessenge.r Center Chief 1942

682.3 Apr. Mach. Ace. 1955

705 Switchboard Operator 1942

760 Radio Operator 1945

771.30 Security Guard flelper 1958

771.50 Air Policeman 1954, 1961.

791 Air Operation s Specialist 1944

816 Mm. Technician 1947

826 MP Supply Technician 1945-51

901 Nunitona Handler 1944

902.32 Stud ent (Cr.. AER 90232) 1962

302
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90 2.52 Operating Room Spec. Not givca

953 Rnd ar Repairman 1948

960 I CT Mechrni’ (Remote Con.Tur.) 1947

0001 Can. l’aticnt (no duty asagned) 1942, 1949 , 1960

0003 Patient 3 946

0141 Electronics Officer 1943

0200 Conmand ing Off icer, Sq. Corn.
O f f . ,  Proccss/Lv./Tv1. C.O.,
Casual, Redeployment C.O. 1946-4 5

0205 Mst. Gp. Conitnun. Officer 1951

0251 Sr. Radar Mechanic - 1950

0600 Basic Tug, Base Mtr. Officer 1943, 1950

1042 Personnel Equipt. Offic er 1945

1051 Pilot 1942, 1945

z 054 Pilot, Single Engine 1944

1055 Ftr. Pilot , Single Eng. 194 3

2110 Cp . Adjut ant  (Hoap.) 1947

2120 Exec. Off. Airdrome Cp. 1947

2136 Co. Officer (Commander) 1941

2756 Radio Opr. Mach .. - 1944~ 1946

:1.054 ‘Mat,  Gp. Coninun . Officer 1952

40i.0 (S-i.) Aircraft Maint. 1948

4805 Motor Maint . Officer 1941, 1944

4823 Aircraft Engineering Off. 1942

7536 Tech. m ap., Mat. Suprv. Acft. 1964-45

00010 Ba~ic Airman 1955; 1957.58, 1961

X7130 Airplane Air Opus. Spec. 1.953

29230 Airplane Crypto~~pr. 1953

303 
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.loh Tit le  Yearn
29370 Radio Opr. Supv. 1951

30100 Mat. Cp. Cor.~un. Officer 1951 -

32320 P/App. Tr. System Noch. 1946—58

42330 A/C Elec. Rcpairm.an 1955

60150 Sr. Air Tran. Spec. 1954

60330 App. Vehicle Opr. 1955

60350 Vehicle Opr. 1955

64010 Supply Helper 1957 5

64131 App. Org. Sup. Spec. 1957

90010 Student 1962

90232 Student (Cra. AER 90232) 1962

90252 Oprtng. Rm. Spec . (Ned . Wrd .),
Corpsman (OB Wrd.) , Opr . Rm.Spoc.19&2 , 1964

Not given Radio Instructor 1943

Not given Student - 1941

- 

304
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MOS # Job Title Year.

015.30 ElI~ctri cal Engr.  As.t. 1957

123 Nurse Male 1944

127 Battery Aid 1944

309.30 Elec t r i ca l  Engr. Asst. 1962

527 A A Fire Director  Opor .  1943

528 A irp lane Hydraulic Mach. 1944

555.70 Platoon Sgt . 1956

693 Ins tr .  Oper. 1944

719 Oxygen Generation Plant Oper.

755 A A F Radio Oper. & Mech . 1944

768 .70 Gen . Sup. Spec. 
- 

1952

0(~01 Casual 
- 1954 , 1958

0055 Clerk S4 1949

0745 S. D. Off .  Club 
- 

1949 
-

1359 Count .  Mach. Supv . 1950

1441 Section Leader 1946

1495 Parachutist 3943

1641 Wire Trainee 1953

1740 Radio Trainee - 1953

1821 Unit Supply Spec. 1951

2120 Admin . Aest . 1954

2745 
- 

Sq. Leader 
-

, 
1949

2756 A .H.F. Radio Mech. - 1944

3174 Field Radio 1’tech. 1953

~ 
11 Asphalt Mach. Oper 1951

- - 305
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AR ~~’t’ (Con tinued )

~ OS # Jo b T i t le  Years

3648 Field Radio Repa irman 1951
0

3885 Asat. Salvage NCO 1951

7539 Ord . P r o f f .  O f f .  Fire Con Br 1954

7601 Elcc. Eng . Engr. & Dex.Teat. 1954
Sec . F.C. Br.

11107 Riflcrnan 1964

55451 Sr. Conat. Equip. Opr. 1951

RAD Repairman 1943

AIR FORCE

>~OS # Job Ti t le Years

1092 Combat Crew Training 1943

21 6 1 Sqdn Leader 1944

9~~ O Flying Safety Cfficer 1946

- 

S 
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~ 31 ~ ~~ -~~ i~~o1

- . . \r ~~-~~ ‘r ~~~~~~~~~-i 1 s
~~~~~~~~~ A ii.’~:~ii-~

A~~ro , . ~~ t - ~ c 3rd c l a s s  1~)33

II 19-’~) , 1951—2 , 19~ 7

4: 1 A~~r Concrol : :~~a ~\i :~~~i 1c4S

Air  Co n t r o 1 n~~ ’. 3rd C I .  1949

I ’  A~~r~~~a A~~~~~n t i c c  lO.’e i ~, 1950— 5 1 , 1956

P u  I I  A i r~:~~n — Appr.  ~-: 1cc . 1952

‘‘ Av L aL ion Boat ~~~~~~~ ~~ 
‘ y~. 1946

It  
~ .\vi .~~io.1 L~ ~ t~,~ -ai: i ’ s ~-~aL c

(Arr. C~~ar & B~.r .)  2n~. CL 1946-

U I A v i a t i o n  Boat swain t s 1~1~~L~
3/ C (P1-i) 1945

H Aviation Cnde i

“ “ Aviation 1cc .’~ ~-:ato 2 /C 1945 N .R.

“ “ Aviation d1~~~. ’ s ~~~~~~t L ’ 3/C 1944 N .R .

“ “ Aviation Fir.~ Coi r~~L~nn 2/C  1945

‘ P Avi~~r ion ~~~~~ ~~~~ 1’~~1

II I I vL.~i ion Xz~ch . n~c/Ai.~a. 1951—2

“ ‘‘ A v iat i on  ~i nch .
Air.nan Appren tico  195 1—2

I I  I I  \\r j~~~j~~1 Yich. ~aLc  2 / C

Pu H .‘~vi a t i o n  Na ch .  ~~~~ 3/C 1 ~)43 , 195.~
H Avia t ion ~

) u.incc ~‘:.~a 3/ C  1043

.\v L i e n  ~~id n.~~-~ ~‘:~~n ~;2 / C  19~ 1, 1 ~.!,

~\v~~~~ion Ord -~~~~’~ ~~~~ :;3/ C
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‘ 
~:a~~ ~.S.\) ~f)

U ~~~~~~~~~~~~~ y • ~~~ j /~~ 10 4 - 3

~~~~~~~~~~~~~~~~ n~~ 2/C 104 3, 1045

u p  1 
~~~~~ ~ - - : i n ’ ~~a tc  3/C 195 0— 1

1033

I I  I I  C.~ L’~~a L ) I L . Ass ’ ~ ( a dd it  to.~~.1 d a L y )  101 1

H Cai ~ -mtcr ’ s Nat o  3/C 10- ’ 3 , 1945

- Ca r ~~~at o r ’ s Nn t ~’ 2/C lOb

I I  P u C. cn~~3r ‘ s N a t e  3/C (T) (.~ 
(~~~~) 1014

H Cu.~::n ssdry  3/C

( 
I I  C a , _ ~..:nicat ~ an~; • 3 / ’  1933 , 1960

U Ca . : c i ~~a~ 1.ntch CL
( D..ty)  1944 — 46

Ca an i ca t ion s  Tochhician ~~~~~~~~ 1052 , 1957

I I  I t ConsL ~u ct i onmnn 1957 —o 3

II Coxs~-.ain 10 4 2 — 3 , 191:

I I  H C~’SX 037

CT 3 194k)

D~’c~ ~ atcii  0 ~i ~ ioer (Duty)  1012 , ni so not 5t~~tcd

I I  

~ 3co~ .~u ci~ ( D u ty )  1040

“ H 3 i s b u r s i n~ Clark  1949 N . R .

t ~ . o Cl~’rk 194 .

I I  .- :i~-c t r i c i a :~/2
H . . a ~~r i a i n a / 3  1943 , 1 3 - ,

I I  -. \ -  —a..’ • . .

I .  I I  
~:~~cc.  - -.~~ a 3/C 101- 3 , k 0 ~~2
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“ I’ El~~~~~~~~ic~ 
‘
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’C . .’C .  3/C  l0:~0 , i ’i :> 3

‘ I  I I  t:-
~~- , ~~~~~~ Of i cc :  1 0-’,3

- t n ~ or 0 fL i : c~ (A~~.5 ...3

I I  I I  Cnsi 3n 10- 0-41 , lObs- I -’,- , ~95~
- 

P t  I I  C’2 SN 1951

P t  Cx. . : :LnLn f ,  Soard

• I t  I t  t-’i rc CanLi .’a ’. :_ . n  1/C ~~~ 1012

I I  I I  1~i ra Ca:L ~:a1~~~n 2 ,- C 1 0.’~2 , 1014

t I  I I  i-’ iro  Canf ra i . . .aa  2/ C (~ ) 1013

• ‘~~. :\ “ ~‘ -‘irc  C :ai:n..:n 3/C 10. 1

I, U • -  . .
•\ 

~ 
..- •. : L’.

I t  I I  Cir. .-:.ni 1 ,-C 1013-6 , 10./I ~ .R. , 1953

I I  H 

~“ir ~~::.~n 2/ C 1012-3 , 1944 ~ .R.  •

II II Ci:a .,~an 3/ C 19,3 , 191 3 N .R.
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