~t

NAMRL - 1235

THE EFFECT OF CAFFEINE ON HUMAN DARK

ADAPTATION

Tommy R. Morrison, LT MSC USN
and

erald M. Long, LT MSC USNR

DDC

NI ey

i
|

AUG 25 1977

April 1977

9. . . . . . i R

" peNsacoUa FLORIDA

/NAVEL AEROSPACE. ME@CA‘L%RE&.EAR-CH" LABORATORY"

»

e

Approved for public release; distribution unlimited.

s

PreRei PO YL B R




ApIIg ww0S-poY

E sproysay] uondNIg

-uonEIdepE HIEP L0 FUHLED 10 IDAYS [IUALLAIP € 10} PUND, SRM DUIPIAS ON

34821 20O-Pa: AR BuMO|I0) LonEdEPE J.8P Jo uonsod 3yt Buunp Ajue ncﬂc_cua e

we 4380 SY1 “SPIOY P SIMO] L GG
U eoﬁa :_ntn. UIAIM :oaBn-v- x.uv mc::u ploysaIg

3 uodn WISHED O 5393338 AP RebL CETE 95 u:uatn

] IYbiu I 58 SO SUOITIW 2D uoc!:..otvn :oﬁ o1 soud ootou UNTUod UARNJO

Ae1g 3u0d-poY

sploysaiy |, uoRsAaQ

uonEIdepe X1eP UO HIBLED 10 133333 (RIUIUILDIP € 305 PUNDJ SEM UIPIAS ON

*3ea4q F00-pau 2 Buimoj(cy uonexdepe x:ep 30 vonod 3 Bulng Ajuo Juedyubis sem

199339 JURLUDUBYUSI JUIFYED 3Y ]| "SPIOYSIILL LORDBIIP JIMO] U PIs;Rsas UORAWNTUCS
autapped RIAGRS YIELIO UM “uonerdege xsep Buunp sploysang voLDXIp ANOSQE
a1t uodn aualeD JO NOaYS A Nebasasul 01 paubisep sm sTUBWILIIAAT OM JusaId

Yy y6IU 1T HIFE IO SUDKSTILI J0 PVULLLOLAD 11 01 1oud 3IPCI AUNTUD UILO

i uonndepy peq $IFALP PUR ‘SIFPURISYOIEM ‘URUMBID LR ‘ONd “seinonsed Uy JuInbIY PUE SASUNXD B uonmdepy jieq SIIALIP PUR “SIFPUEISYOIEM ‘UsLuMIIIIte ‘slopd “seinoiued U) uanbay pue aasUAX3 51
v AU [RUCHIEIICO AP U | d |easu A SUIRHED JO LORDLINEICS AL UFWUOIIALR [EUONLFI0 2 Ul Prucssad [BaBU AQ Jute3ed 30 voRdwasuod 3y}
wiye) surye)
] L61 Udy "AI01e10qET LRIEISIY (DIPAN 2eds0Isy RAEN 19OSZE SPLOL] “RlOOeSUId 2261 mdy A Qe 4 H 1E31papy 30eds0IIY [EARN Q0GZE TPLO|J "B|OJRSLUIY
UOISIA GEZL THWYN "NOLLYLJVAY AYV3 NYANH NO INI3J44VvD 30 193443 3HL uotsIA SEZ1 THWYN "NOILVLIVAY FHVA NYWNH NO 3NI3J4¥2 37 103443 FHL
HNSN ISW 11 "5uoT W presed HNSN OSW 11 "6uo "W PIessn
L6l NSN ISW L1 'Y Awwoy ‘uosiion LL6Y NSN ISW 17 Y Awwo ] "uosluoN
‘LORMOEPE WIRP UO JUIIHED JO 193})2 |EUILLIP B 1O} PUND) SEM DUIPIAZ ON “UORELGEPE XIEP U0 FUIBPED JO IDIYS [TUFWLAIP © JO} PUNOJ SeM 3OUIPIAI ON
“essq IO-POI MR BULMO[|O) LOBTIGEPE YIEP 30 UOLIOE 240 Buunp AJuo Jueaubis sem *Xraq 2uad-poJ 3 Buwmo|io} uonRdepe yiep 30 vonod AP Bulnp Ajuo Juedytubis sem
Neaug auoo-poy 15849 WIWRULYUI FUIILED Y| "SP|OYSAIN UORINIP JZMO| U pANsII uondwnsua ATIP JU0-POY 103349 IPWIDULYUS JUIRYRD FYL “SPIOYFAI UORDALAP 1aMO| U payynsas vonduinsued
IR VIHGNS UINLIT VIYLIM nedepe yoep Suunp sploysaip IW1aEd NGNS WINIP LM "uoueidepe dJep Buunp sploysay
PIOYsAIY Y UoRIANI] 3 uodn SuIRIIED O 333539 a arebnsIAL) 01 pUbISIp amM ncch&Z -\»u u:ﬂ»..n sproysaly | vordAg a1 vodn auiey3ed J0 N33R AR Mebuseaur ol PALbISIP B33M ncuE:o.uxo o.su ucunu.a
L TYB I DI S0 SUOKSIW JO WURWL0LIE 119 01 10t 32300 HUEUOD L0 Iyt 1y6IU 17 HISEL JO SLOISIL JO IPURWIOLA 121N 01 101 33300 FWNTVOI U0
uoneidepy 3ueQ SIBALP PUE ‘TIFPUTISUOIEM “URUMIIIIR ‘QO[id ‘arjronaed u) .u:o:vEm PuUR IABUAXD 51 uogedepy 35eg SIPALIP PUR “SIIPUEISUOIEM ‘URUMAIDIIE ‘S20JI0 “JRIrOfIed U] UINDAY PUR FAISUAXD 51
LUSIVOIIAUD [RUORRIIDO A U § d fearu AQ JUIaLED JO UOL syl 1UIAWUOIAUD [RUORRIFHO AR UY PUUCS:3d [eARU Aq U1a3ED Jo uoRdINSUGD Ay
wlapye) Rl e
L1£61 NSy "X qe y H {$1poR 30RUS0IIY [BARN “90SZE EPLI0I ‘BlodRTUad LL61 WDy "AI01BIOqET YOIBIEIY |IIPIY I0edSOIRY [RARN 1B0GTE EPLIOLY "ej0desuay
UOIRIA GEZL THWYN "NOLLVY14VAY NEVA NYWNH NO INI344vD 40 193443 3HL vorsIA SEZL THWVYN "‘NOLLVLIdVAY NYVYA NVWNH NO INIFIIVWD JO 103443 IHL

YNSN JSW LT “BuoT "W presso
1161 NSN OSW 17 Y Awwio] ‘uosLion

R EE e  0 AP

YNSN ISW L7 ‘Buol "W presan
LL61 NSN DSW L1 Y Awwo | ‘UosILIoNn




Approved for public release; distribution unlimited.

THE EFFECT OF CAFFEINE ON HUMAN DARK

ADAPTATION

LT Tommy R. Morrison, MSC, USN
and

LT Gerald M. Long, MSC, USNR

Naval Medical Research and Development Command
MF51.6524.004 2011

Approved by Released by

Ashton Graybiel, M.D.
Assistant for Scientific Programs

6 April 1977

Naval Aerospace Medical Research Laboratory
Naval Air Station
Pensacola, Florida 32508

T
P A G T N S
£ N SR R S I S YR i

B VN,

Captain R. E. Mitchel, MC, USN
Commanding Officer

RSN PR r




S e Rt o

SUMMARY PAGE i

PROBLEM

The consumption of caffeine by naval personne! in the operational environ-
ment is extensive and frequent. In particular, pilots, aircrewmen, watch-
standers, and drivers often consume coftee prior to their performance of missions
or tasks at night. The present two experiments were dcsigned to investigais

E’ 5 the effects of caffeine upon the absolute detection thresholds during dark adap- 4
% tation. i
o
A FINDINGS ;
8
551 Within certain subjects caffeine consumption resulted in lower detection }
4 thresholds. The caffeine enhancement effect was significant only during the %
i portion of dark adaptation following the rod-ccne break. No evidence was found g
b for a detrimental eifect of caffeine on dark adaptation. !
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INTRODUCTION

The influence of caffeine or caffeine derivatives on human and sub-human
behavior has been investigated in numerous studies in the last 40 years. These
have looked at such diverse phenomena as the effects of the drug on olfactory sen-
sitivity in dogs (20), sexual performance and maze learning retention in rats
(31), (21), prolonged driving performance in an automobile simulator (23), pro-
longed visual monitoring (2), (12), general attention in man (24), prolonged
simultaneous monitoring and tracking performance in a simulated avintion trainer
(22), (10), and other assorted physiological or behavioral measures both in man
and the lower animals (5), (17), (30), (24), (26), (28). Pharmacology hand-
books categorize caffeine as a central nervous system stimulant (14), (27). In
the previous studies in which the drug has been reported to produce an effect,
the effect has been described as that of a central stimulant which increases
alartness and shortens reaction time. Caffeine has consistently resulted in
improved performance in prolonged tasks; ¢.g.., 4 hour task (2), 6 hour task

(10), 7 hour task (22), and a 90 minute task (23).

There is considerable electrophysiological evidence that caffeine affects
physiological correlates of psychological states of alertness. Caffeine has been
rported to affect the EEG response (9) and the recruiting response (8). Maiti
£, Domino (15) found caffeine to produce a prolonged afterdischarge following
electrical stimulation of isolated cortical tissue from dogs.

In the area of human visual perception, previous studies have demon-
strated a marked effect due to rather mild doses of caffeine. Xleman, Diamond,
and Smith (13) reported caffeine administration (3 grains) to reduce the normal
enhancement effect in simultaneous contrast. Diamond & Cole (6) obtained pro-
gressively lower mean absolute detection thresholds with increasing amounts of

caffeine ingestion (0, 1.5, and 3.0 grains) .

Only one study was found which investigated the effects of caffeine on dark
adaptation in the human eye. In this short suinmary article, Ditchburn § Power
Steele (7) reported mixed effects due to caffeine upon foveal thresholds obtained
during the first minute of dark adaptation for two Ss.

Due to the extensive and frequent use of coffec by naval personnel in the
operational environment; e.g., prior to and during night flights, watchstand-
ing, and night driving, the present investigators were interested in examining
the effects of caffeine on dark adaptation. The present investigation was
designed to examine the effects of caffeine upon dark adaptation during approxi-
mately the first 30 minutes of exposure to darkness.

EXPERIMENT I

The first experiment employed caffeine in capsulated form.
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METHOD

Subjects. Three Ss (ages 25-26 years) employed in this investigation were
staff members of the Naval Aerospace Medical Researcli Laboratory. Two

Ss were slightly near-sighted (corrected to 20/20), wi.ile the other was 20/20
uncorrected. Near-sighted Ss performed the experimental task with corrective
lenses. Ss' weights ranged from 170 - 185 pounds. While one S was a
relatively heavy coffee drinker (5-8 cups/day), the other two Ss were moderate

coffee drinkers (2-4 cups/day). Two of the Ss also served as the experimenters.

Apparatus. AGoldman-Weekers Adaptometer manufactured by Haag-Streit Co.
(Model No. H6501) was employed. The circular test stimulus was 5.5° in
diameter and presented 11° below a small, red fixetion light. The maximum
luminance of the test stimulus was measured to be 0.78 ft. -L by employing
a calibrated Spectra Brightness Spot Meter (Model UB - 1/4°) manufactured
by Photo-Research Corp. According to the adaptometer's specifications, the
test stimulus luminance can be reduced over 7 log units by means of a
calibrated wedge filter. The recording of extrafoveal threshold brightness
throughout each experimental session was accomplished using a constantly
revolving recording drum on which E was able to mark the position of the
wedge filter by a slight lateral pull of the wedge contrul knob.

Measurements of the test stimulus luminance were made with the Spot
Meter at every 0.2 log increment over the upper log unit interval (log 0 -
log -1) . These were the lowermost luminances which lie within the Spot
Meter's "calibrated" range of measurements where accuracy is specified as being
within 5 percent. A linear-log relationship was found to exist within this inter-
val between the adaptometer log intensity settings and the obtained luminance
intensities of the test stimulus; e.g., log 0 setting = 0.78 ft. -L and log-1 set-
ting = 0.078 ft. -L.

Procedure. Each § was run for 12 experimental sessions, one per day, during
a 3-4 week period. The three treatment conditions which were randomly mixed
over the 12 sessions (four each) consisted of a lactose placebo condition, a 100
mg caffeine condition, and a 300 mg caffeine condition. The latter two condi-
tions were equivalent to the average amount of caffeine in one and three cups of
brewed coffee respectively (16). A double-blind design was used so that, for
any given session, neither S nor E knew whether the identical looking gelatin
capsules contained the placebo or caffeine. All sessions were run at approxi-
mately the same time of day in the early morning, and Ss were instructed to
neither eat nor drink anything in the morning, prior to the experimental run.
The experiment was performed in an air-conditioned dark room and the tempera-
ture was maintained at a comfortable level.

Prior to the beginning of the experiment, all Ss were familiarized with
the apparatus and given at least one 29 minute practice session on the absolute
detection task. The 29 minute dark adaptation run was the same for all sessions
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and Ss. The session was begun 15-20 minutes following the ingestion of *he
gelatin capsule assigned for that day. For the entire session, S performed his
task monocularly, his left eye being nccluded by an eye patch. § was initially
light-adapted at a luminance of 1000 ft-1I. for a 2 minute period. Immediately
following the termination of this pre-adapting light, E steadily increased the
brightness of the extrafoveal circular target until S reported its presence by
depressing a signal buzzer. This stimulus value was then immediately marked
on the recording drum by E. Next, E quickly reduced the intensity of the test
stimulus and then began increasing the intensity until § responded again. Dur-
ing the first 4 minutes following the termination of the pre-adapting light, detec-
tion responses were obtained every 5-7 seconds in order to track the very rapid
rate of change in S's absolute threshold at this time. S's responses obtained
during each 30-second interval were averaged to provide eight threshold esti-
mates over the initial 4-minutes of dark adaptation. During the 5-29 minute
period of dark adaptation, 4 threshold measures were taken every other minute
and averaged to provide 13 dark adaptation threshold estimates during this time
period. This procedvre was developed during earlier pilot work and proved
adequate for describing the progression of Ss dark adaptation.
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RESULTS OF EXPERIMENT I

O N R Ay

For each treatment condition, corresponding thresh»ld estimates were
averaged across sessions. These mean threshold estimates fer the individual
Ss are presented in Figures 1, 2 and 3, and in Tabl= Al (Appendix A). Aver-
age threshold estimates for all 3 Ss are presented in Figure 4.

For each S, the sign test (two-tailed) was used to make the following
between treatment comparisons: (1) placebo with 100 mg caffeine, (2) placebo
with 300 mg caffeine, and {3) 160 with 300 mg caffeine. For each §, mean thre-
shold estimates for one treatment were paired with the appropriate mean threshold
estinates of another condition with respect to time. The mean log threshold esti-
msates presented in Table A1 (Appendix A) were used in the sign tests.

The results of the sign tests are presented in Table 1. As shown in
Table 1, for § T.M., mean threshold estimates for 300 mg and 100 mg caffeine
were lower than those for placebo (p < .005). S8 T.M.'s mean log threshold
estimates were averaged within each treatment condition and resultad in the
following mean mean log threshold estimates: (1) -3.40 for placebo, (2) -3.48
for 100 mg caffeine, and (3) -3.53 for 300 mg caffeine. On the average, then,
mean mean log threshold estimates for 300 mg were 0.13 and 0.05 log units lower
than that for placebo and 100 mg, respectively, while the mean mean threshold
estimate for 100 mg caffeine was 0.08 log unit lower than that for placebo.

o

ST AT N

For § G.L., wean lng threshold estimates for 300 mg and 100 mg caffeine
were lower than those for placebo (p. € .005 and p € .05, respectively). S
G.L.'s mean log threshold estimdtes were averaged within each treatment condi-
tion and resulted in the following mean mean log threshold estimates: (1) -3.39
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for placebo, (2) -3.42 for 100 mg caffeine, and (3) -3.46 for 300 mg caffeine. g.!
The mean mean log threshold estimate for 300 mg was 0.07 and 0.04 log units
lower than that for placebo and 100 mg, respectively, while the mean mean
threshold estimate for 100 mg caffeine was 0.03 log unit lower than that for
placebo.

el abaioasTaEan n

R e 2

For 8 S.H., mean log threshold estimates for 100 mg caffeine were lower
than those for placebo (p < .058); however, mean log threshold estimates for 300
mg caffeine were not lower than those for placebo. S S.H.'s mean log threshold
estimates were averaged within each treatment condition to produce the follow-
ing mean mean log threshold estimates: (1) -3.87 for placebo, (2} -3.90 for 100
mg caffeine, and (3) -3.90 for 300 mg caffeine.

By visually examining each raw data sheet, the rod-cone break was found
to have occurred consistently at approximately the end of the fourth minute follow-
ing exposure to darkness. However, due to the present method of averaging
threshold estimates within 30 second intervals during the first 4 minutes of dark
adaptation, the plotted mean log threshold estimates (see Figures 1, 2, 3 and 4)
do not reflect the rod-cone break apparent in the raw data, The sign test (two
tailed) was used to compare differences between the three conditions for each S
during the initial four minutes of dark adaptation. No differences between condi-
tions were obtained during this period of dark adaptation.

Next, the sign test (two-tailed) was used to compare differences between
conditiong for each S during the 5-29 minute portion of dark adaptation and these
results rre prescnted in Table 2. For 8§ T.M., mean log threshold estimates for
both 300 mg and 100 mg caffeine were lower than those for placebo (p <« .005).

For § G.L., mean log threshold estimates for the 300 mg and 100 mg caffeine
conditions were lower than those for placebo (p < .005 and p € .05, respectively) .
With 8 S.H., only the 100 mg threshold estimates were lower than those for

placebo (p. € .005).
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Table 1

Results of Sign Tests for Experiment I Somputed
Over the Full 29-min. of Dark Adaptation

Number of Times Number of Times Number of Times
S 300 mg .< Placebo 300 mg.< 100 mg. 100 mg .< Placebo

T.M. 19%* 14 (2 ties) 18 (1 tie)**
G.L. 17 (2 tieg)** 13 (3 ties) 16*

S.H. 11 (2 ties) 7 15 (1 tie)*

*»* p < .005

Table 2

Results of Sign Tests tor Experiment I Computed
Over the 5 ~ 29 min. Period of Dark Adap'ation

Number of Times Number ¢t Times Number of Times
S 300 mg.< Placebo 300 mg.< 100 mg. 100 mg . < Placebo

T.M. 13** 9 L3k*
G.L. 11 (2 ties)** 10 11%*

S.H. 3 (1 tie) 4 13%*
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EXPERIMENT II

The analysis of Experiment I indicated that caffeine consumption in cap-
sulated form resulted in lower threshold measures during the first 29 minutes of
dark adaptation. Due to the prevalent consumption of coffee among naval per-
sonnel, often prior to and during night operatir aal tasks, it was of interest to
determine whether lower dark adaptation thr ssholds would result from caffeine
consumption in the form of coffee. Experi.nent II was undertak:n to answer this
question.

METHOD

Subjects. Three Ss were employed in this investigation. Two Ss (ages 24 and
43 years) were staff members at the Naval Aerospace Medical Research Labora-
tory, while the other S (age 24) was a Naval Flight Officer Candidate currently
in training at the Naval Air Station, Pensacola, Florida, All Ss' vision was
20/20 uncorrected, and Ss' weights were 145, 165, and 175 pounds. § J.§,
and § D.V., usually drank approximately 6 cups of coffee per day, while S
B.F. drank 3 cups per day.

Apparatus. The Goldman-Weekers Adaptometer configured identically as in
Experiment I was employed.

Procedure. The two treatment conditions consisted of consumption of either

3 cups of caffeirated or 2 cups of decaffeinated coffee. The order of treatment
administration was block randomized over eight sessions such that within two
tlocks each treatment condition occurred twice with neither condition having
been presented more than twice in succession. Ss J.S. and D.V. received the
complete two blocks; however, 8 B.F., due to his flight training obligations,
was unable to perform the fourth expenmental session under decaffeinated
coffee. Therefore, for S B.F., the data from the fourth caffeinated session were
not included in the analysis.

A double blind design was again employed. Each S received a schedule
in accordance with which he prepared either 3 cups of caffeinated coffee, or 3
cups of decaffeinaced coffee for each daily session. The method of coffee pre-
paration was identical for both coffees. In preparing each cup of coffee S emptied
two vials, each containing 5 grams of coffee, into a new paper filter which was
supported over 1 pot. Next, S poured 6 ounces of steaming water over the
10-grams of coffee and the brewed coffee drained into the pot below (drip brew
method) . The S then consumed this cup of coffee, brewed another cup using a
new filter in the above manner, drank the coffee, then brewed and drank the
third cup of coffee. The 3 cups of coffee for a given session were consumed
within a 40-min. time period.
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Martinek § Wolman (16) reported that the caffeize content of four com-
mercial brands of ground coffee ranged fromn 1.1 to 1.5 percent. In addition
they found that caffrine content varied little (101 to 119 mg/cup) as a function of
method of brewing coffee (percolator, vacuum, and drip methods) and that vir-
tually all the caffeine was extracted from the ground coffee via these preparation
methods. Therefore, the caffeine content per cup should have approximated 100
mg in the prosent experiment. E was cognizant of neither the type coffee S
brewed and consumed for each session, nor the order of treatment administra-
tion employed during the experiment.

The Ss were requested either to tale breakfast (no coffee, tea, or colas)
every morning or never at all during the morning prior to the experimental

sessions. If S chose to take breakfast he was requested to do so in similar
quantities of the same type food. The reasoning for this prescribed breakfast
habit during the experiment were: (1) absolute thresholds have been found to
increase in glucose deficient Ss (19), (2) absorption rate of drugs in the gastro-
intestinal tract is affected by food, or lack thereof (3), and (3) to examine caf-
feine effects under increasingly realistic conditions. Thus, by strongly request-
ing that each S either always or never consume similar breakfasts prior to each
experimental session, possible differential effects resulting from breakfast con-
sumption on one day but not another for a particular S were considered adequately
controlled within each S. All Ss participated voluntarily and were cooperative
Ss.

Two Ss (ages 24 and 43 years) were smokers, and were requested not to
smoke during the morning prior to the experimental session. Although absolute
thresholds have been found to increase immediately following the smoking of a
single cigarette thresholds returned to their previous normal level after restor-
ation of oxygen supply (18), (25). All Ss normally drank their coffee black,
and did ¢o throughout this experiment.

Prior to the beginning of the experiment, all 8s were familiarized with the
apparatus and given one practice session on the absolute detection task. Each
S rested 15 minutes following the third cup and then began the experimental
session (8:00 a.m.). The 2 minute pre-adapting conditicn and the 29 minute
dark adaptation run were the same for all Ss for all treatment conditions and were
identical to those employed in Experiment I.

RESULTS OF EXPERIMENT II

Log threshold measures were averaged within the time intervals specified
in Experiment I producing a mean log threshold estimate for each of the 21 time
intervals per condition per S (see Table B1, Appendix B). The mean data for
each S are presented in Figures 5, 6 and 7, and the mean data averaged across
Ssare presented in Figure 8.
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The sign test (two-tailed) was emplovyed to test the differences betweea
the pairs of mean log threshold estimates for the caffeinated and decaffeinated
coffee conditions. The dawa presented in Table B1 (Appendix B) were used in
sign test computations. Results of the sign tests are presented in Table 3. For
S B.F., the mean log threshold estimates of the caffeinated condition were lower
than decaffeinated (p < .005). The mean log threshold estimates were averaged
within each treatment condition for each §. The resulting mean mean log
threshold estimates for caffeinated vs decaffeinated conditions were ~3.96 and
-3.92for SD.V., -4.05and -3.94for 8 B.F., and -3.73 and -3.73 for § J.S.,

respectively .

The sign test (two-tailed) was used to compare differences between the
two conditions for esich 8 during the initial four minutes of dark adaptation;
i.e., prior to the rod-cone break. No differences were obtained between the two
conditions. Next, the sign test (two-tailed) was used to compare differences
between conditions during the 5-29 minute period of dark adaptation; i.e.,
following the rod-cone break. For § B.F., threshold estimates for the
caffeinated condition were lower than decaffeinated (1 ¢ .005) during the 5-29
minute portion of dark adaptation.

DISCUSSION

The results of the above two experiments indicated that within certain Ss
caffeine consumption in moderate dosages resulted in lower threshold measures
during dark adaptation. With capsulated caffeiae, in two of the three Ss, thresh-
olds obtained under 300 mg and 100 mg caffeine conditions were lower than
placebo thresinlds. For the other S, only mean thresholds for 100 mg caffeine
were lower than placebo. With caffeine presented in the form of coffee mean
thresholds for the caffeinated condition were consistently i, wer than thresholds
for the decaffeinated condition in one of three Ss.

When the caffeine enhancement effect occurred, it was found to be signi-
ficant only during the portion of the curve following the rod-cone break. This
portion of the dark adaptation curve is attributable to rod adaptation (11). As
mentioned previously, Diamond & Cole (6) obtained lower foveal detection
thresholds under caffeine than under placebo. Many differences exist between
the precent study and Diamond & Cole (6); e.g., in the present study the test
stimulus was presented at 119 ecruntricity and stimulated few cones relative to
the number of rods stimulated (4). Thereforo, no comparison between Diamond
§ Cole's (1970) results and the present results is made.
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Table 3

Results of Sign Tests for Experiment I Computea Over
the Full 29-min. Dark Adaptation

Number of Times Caffeinated
< Decaffeinated

S
D.V. 14 {1 tie)
B.F. 17 (3 ties)**
J.S. 12 (1 tie)
*»* p <« .005
N = 21

The question arises - what is the practical significance of detecting a target
at -5.50 rather than -5.38 ft. -L, as occurred in § B.F. for the caffeinated and
decaffeinated conditions, respectively after 29 minutes of dark adaptation? Stat-
ing the question differently - how much further away should S B.F. be abls to
detect an anti-collision light at night as a result of consuming 3 cups of caf-
feinated coffse? In order to answer this question, the ft. -L thresholds were
converted to their equivalent ft. -C values with which the inverse-square law
could be used to calculate the distance at which the illuminance from a given light
source equals the illuminance equivalent to the above thresholds for § b.F.

According to Walsh (29) the luminance of a uniform diffuser may be
expressed in terms of flux emitted by it per unit area. If we assume the opal
diffuser of the present test target to be a uniform diffuser, the following conver-
sions can be performed (see (29), p. 137). A uniform diffuser with a lumi-

nance of I cd/ft2 produces an emitted flux of xI lumens/ftz. One ft. -L equals

1/ = cd/ftz; therefore, for a uniform diffuser with a luminance of 1 ft. -L its flux
emitted would equal = (1/ =) lumen/ft'z. or, 1 lumen/ftz. Or.e lumem/ftz equals
1ft. -C. Therefore, for the present example, assuming a uniform diffuser, the
ft.-L threshold values can be converted to equivalent ft. -C values; i.e., -5.50

and -5.38 log ft. -C for the caffeinated and decaffeinated conditions, respectively.

X
A

e

v R T B g R 1

PR

el N i

G S s a7 A




The Grimes lamp # 42895A - 16870 has been used in anti-collision lighting
systems on Navy aircraft. This lamp has a candlepower of 1,237 candelas. By
employirg the inverse-square law, one can calculate the distance from this lamp
at which the illuminance equals that required for detection by § B.F. under
decaffeinated and caffeinated conditions. Ata distance of 3.75 statute miles from
the given lamp the illuminance equsls 3 16228 % . -C (-5.50 log ft. -C); and at
a distance of 3.26 statute miles the illuminance equals 4.1689476 ft, -C (-5.38
log ft. -C). Thus, based on the present results, and excluding other {actors,
e.g., atmospheric conditions, it would be predicted that 8 B.F. would detect
the anti-collision light at 0.49 statute miles further away after consuming 3
cups of caffeinated coffee. This is a 15 percent increase in range of detection
at night for S B.F.

Additional descriptive information is provided in TAble C1 (Appendix
C) in which Ss are grouped according to their previous coffue consumption
and smoking habits.

In summary, the present investigations produced no evidence of any
detrimental effects of caffeine upon dark adaptation thresholds. Where caf-
feine effects were obtained, thsy were in the direction of lowered detection
thresholds, which can be calculated in terms of increased distances at which
target detection should occur at night. It is urcertain as to how long the caf-
feine enhancement effect would persist; however, the biologic half-life of caffeine
in man has been found to be, on the average, 3.5 hours (1).

CONCLUSIONS

1. Within certain Sg caffeine consumption resulted in lower detection thresholds
during dark adaptation. The caffeine enhancement effect was statistically signi-
ficant only during the portion of the dark adaptation curve following the rod-
cone break,

2. Ss who exhibit a caffeine enhancement effect should be able to detect a
given target light source in the dark at a further distance as a result of caffeine
consumption. The increased range of target detection may be of practical
significance.

3. No evidence was found for a detrimental effect of caffeine upon dark adaptation.
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APPENDIX A
Mean Thresholds Obtained in Experiment I

for Each Treatment in Each §
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APPENDIX B
Mean Thresholds Q" taired in Experiment II

for Each Treatment in Each §
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Table C1

Ss Grouped According to Coffee Consumption
and Smoking Habits

Coffee Consumntion (cups/day)

2 - 4 5 - 8

Smoking Habit

Smoker S

T .M *¥ S S.H.*

1]

Non-Smoker

G.L  **

|

B.F .*

|3

* Indicates one occurrence of caffeine enhancement effect.
** Indicates two occurrences of caffeine enhancement effect.

‘n
5
)
3

Se Az 5 TR

Temial

ERSLE S ISR S~ S . VRN

it lais




T A G SR TG TR AT I S AT S Y G e

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
REPORT DOCUMENTATION PAGE BER o o RO &M

= JT REFORY NUWBER 2. GOVT ACCESSION ROJ| 3. % NT'S CATALOG NUMBER
NAMRI-1235 [ j
Mw{ s.\ﬁuﬂm&man:

The Effect of Caffeine on Human Dark Adaptation'-] Interim ]/(ﬂ,[),Zf FS

S R 2 h‘anffc. n:;bm- NW

7._AUTHOR(®) . 3. CONTR
Tommy R./Aorrison ans Gerald M./Long (
PR ekt e LEE A P N wee *
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. FROGRAM ELEMENT PROJECT, TASK
AREA & WORK UNMIT NUMBERS
v Naval Aerospace Medical Research Laboratory MF51.524.004-2011
Naval Air Station
g Pansacola. Florida 32508
T 11, CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATE
. Naval Medical Research and Development Command 6 April -‘?77
National Naval Medical Center 13, NUMBER OF PAGES
Bethesda, Maryland 20034 35

1 MO%I&'“\"N" AGE NS AME AORRESS(I different Irom Controlling Olfice) 18. SECURITY CLASS. (of thts report)

o . ‘ /\/ o M Unclassified
é v / 2 %
Q{I/I-”/N//L ....../ @d \'.)/2 Ta. sugé:é.égalé|cAT|c>NToownanomG
£

16. DISTRIBUTION STATEMENT (ol this Report)

Approved for public release; distribution unlimited.

0D ESL 507 |

o 17, DIST RINAADN-EEATSMENILab UsAbLiEAcl A tod In Block 20, 11 dlifersnt {ram Report)
B e ;

- ,. - oo / 0/ V

( i S L) e Nt ) .

‘wu'[

18, SUPPLEMENTARY NOTES

19. KEY WORDS (Continus on reverse alde ! necessary and identlly by block number)
Caffeine, dark adaptation, detection thresholds, rod-cone break, vision.

\

'

20. ABSTRACT (Continue on reverae elde !l necessary and ldentily by block number) -\\‘}

The consumption of
caffeine by naval personnel in the operational environment is extensive and
frequent. In particular, pilots, alrcrewmen, watchstanders, and drivers often
consume coffee prior to their performance of missions-or tasks at night. The

B present two experiments were designed to investigate the effects of caffeine

upon the absolute detection thresholds during dark adaptation. Within certain
subjects caffeine consumption resulted in lower detection thresholds. The .
caffeine enhancement effect was significant only during the portlon of dark o B

R
DD %%, 1473  eoiTion oF 1 NOV 68 is OBSOLETE Unclassified
S/N 0102~014- 6601 |

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




. . R B T R T R o PR

RS S M R S et bl i Bt

Unclassified

SLULDRITY CLASSIFICATION OF THIS PAGE(When Data Entered)

ﬂT\'20;> adaptation following the rod-cone break, No evidence was found for a
detrimental effect of caffeine on dark adaptation, )

~N i
B
AY
\
\
.

\ i
: i
b

%

3

. rl
‘ Ve -}
- !
v X
N i
- 4
Fh it
3 . . .l
n LA :

o
K
b

TN N G R

SN

-

B CTIESTN

: 1
L
Unclassified ;
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) ‘
£}

3 1 ok
vyl
mﬁmf{ay o

POV I AR




5 S TR AT e R B BRI S a1 TR L T T T DY IR e AT e TR T T R S T £ S T T I I e L A I T ST T 2 TR S S — N —

"LOREIdEPE XIEP UO JUIHED JO IS RILMULLIP § IO} PUDOY SEM DUIDIAS ON “UORKICEPE %ITP U0 MNLED JO 1939 MILUMULAIP § JO) PUNOS SEM BOUSDIAS ON

%8930 2U00-p0y M BuIMON0) Lo IEpE AP 30 VORIOd 3 BuLnp Ajuo Eﬂc_._?. sem e 3uco-poa M Bulmolo} uonrdeps 3iep Jo LORIOD Hf Sulnp Ajuo Euc_.aa o
NEBIG IVOI-POY 309413 LUMUROURYUS UL Y| 3P P J2M0[ Ul PITY AwArg POy I949 IUAUROUBYUI JUIAPED Y[ POy P JIMO] Ul P
UIBLIED 3OS LITLIED LRI cou!n-un vtuv ucr:.._u proysaLy USRI IIAGNS UIKID UM dog a._-«. wcr:.v
sproysay] uonsMaQ ap uodn UK 30 1Oy I BeBOEAU; 03 PIUbLEIP M Quawusdxs om wasad proysay ) vodNIQ 2 LOdn IR J0 DA AR BESAIAUL 03 PbP wam nEcE:-axa o!u Jusasasd
Y1 4B 18 DR IO SUOKSIW JO IOUBWIOHID 21NP 01 2002d 333AD HUNFLED BIYO Yyg 2YSIU I8 DA IO SUOKTILL JO VUL JIHE 01 JoUud JRHOD FUNTUCO BIYO
uonndepy Req SIBALP PUR “SIIPUTISIPIEM ‘uRumaDLE ‘00j1d “ronied vy Juanbiy pue sasunxe B vonmdepy xieg RIGALP PUR ‘SIIPUBISIPIEM ‘UMUMIBIIR ‘0O[d Jejronied U] Juanbiy pur Asunxe 1
It L a*p U1y jeaRy Aq usagied JO VORDUIIEIOD MY JUMUUCIIALS FRUOREIAEO KR UI (RILCEIA [BARY AQ JUIRLED 0 LORKRUNIVCD Ay Y
Ragad 2] PR
LLBL mdy K qe J IEIpoy WOLUSCINY RAEN SOGZE PPUOIS RHODRSURY LL61 by A o |EIPaY SoedstIaY RARN T9OGZE TPHOL] “TOdEsURY
vOIsIA, SEZL THAYN ‘NOLLVYIJVGY XEYQA NYRNH NO INIZS4vD 30 13443 IHL vom, SEZL THWVN zo_k<._,n_<0< NHVYA NYWNH NO 3NIFJ5vD 40 133443 3 L
YNSN JSW 17 "5uoT W preseg : YNSN ISW L1 BuoT N PRRY
F71.18 NSN ISW 17 Y Awwo) ‘uonuow ! et NSN OSW 11 "y Awwo | ‘uostuopy
3
!
do.uﬂunvn RP UO ac.utﬂ 3o BYN gEﬁuv ® 30} PUNDJ SEM DVUIPAI ON "UONTIGEPE XITP UG FUIRLED O IDRYI (KIUIWLDIP T 10} PUNO) SBM DUIPIAS ON
“awRIq UCO-pos iy Bu T pe x1ep 30 VORI0d AR SuLNP A[O JuedgUbE sem “FeRaq PUCO-pos 3 SULMO]|0} UORTIGEDE XIEP JO BONIOD M Buunp AJtD Tuedipubes Tem
g wuco-poy 198)33 LRWIBDURYUD uSutB ) sproy; 1 J0MO0§ Ul P Werag UCO-pOY 359139 JUAUROUEHUS FUILHED 2§ “SPIOYSMIY UOL P 13MO| UL PR
ausagyed 13qrs UM UNRIM conﬂncn- x._nu PE:_. Is I TGRS URUIT UNBIM conﬂbnv- Aep uc::v PIOYSAIL UOL o WNLOKY
proysesy | uonsneg 217 vodn 3UIRED O 113333 M Neb @ pauEisap sm L5 guclﬁn SpoysuY |, uonoueg AR vodn UL JO I3 MR o p ct d
YL TYSU IE ST JO SUOSILL JO B:nﬁ.o*ﬂnu.uﬁnpﬁ_& 224309 AUNTUVOD UTJO gy dﬁ::uxaaﬂo.ﬂ.ﬁﬁﬂcgot& :oﬁ B 8_& uatoo !.:acon. unyo
vonmdepy xreq SIAALP PUE “LIPUBSYIIEM “UAUMIIIIE ‘ROJIT “sejnonaed v} 2uenbayy pue JABUANXI § uonnoepy XRQ SIALP PUT ‘LIIPURSIEITM ‘UNIMRIIITE ‘SIONd “arjnanaed U] Juenbay pus sasumxs 0
JUFURIOIAUD {EUORRIFOD A Ul PULOLIA [RaBU AQ 2u1agied 30 vonduInsuod 2y URUUOIIAUS [RUOTEISA0 N Ul [SULOLIM [eARU AG U 3O uonduwnsued |
auaje) unRpE)
L£61 1udy A G LPIEIssY (IO 30EUSOINY [RAEN GOSTE FPLOI “BcOTsUaY LL6L Iudy A dsosey [RASN (BOSZE PPUOL] “BI0OETLYY
voImA SEZL THWVYN “NOILVIIVOY NHVQ NYWNH NO 3NI344VD 30 123443 3HL UOISIA SEZL TBWVYN ZOF(......?Q( xm(o NYWNH zo INIS4V¥D 30 123443 P
YNSN ISW L1 "B W PR3 HNSN OSW L1 BT W P
LLst NSN OSW 171 Y Auswoy ‘uostuop LLBl NSN JSW 1] Y Aunuol “uosuow




