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ABSTRACT whether malnutrition predisposes to diarrhea, a weight-for-age
Background: In the developing world, children are often ob- z-score of <-2 standard deviations was associated with in-
served to have both diarrhea and malnutrition. This observation creased incidence of diarrhea (RR = 1.7, P < 0.01) but not
has led many researchers to speculate that diarrhea may pro- height-for-age or weight-for-height, Diarrhea itself was associ-
duce malnutrition and that malnutrition may predispose to di- ated with a subsequent attack of diarrhea (RR = 2.1, P <
arrhea. In this study, the interrelationship between diarrhea and 0.001). During short intervals of follow-up (approximately 3
malnutrition was investigated among 143 Egyptian children months), an association was detected between diarrhea epi-
less than 3 years of age. sodes and growth faltering for height-for-age z-score (-0.16, P
Methods: For 22 months, children were followed for diarrhea < 0.05). This association was reduced, however, when analyzed
at twice weekly home visits and measured for nutritional status during 6-month intervals, if no diarrhea was reported in either
at approximately 3-month intervals. Nutritional measurements the first or second half of this interval.
were converted to z-scores based on the National Center for Conclusions: In a population with moderate malnutrition, both
Health Statistics/World Health Organization (NCHSWHO) low weight-for-age and diarrhea itself are associated with in-
reference population. creased diarrhea risk. Diarrhea alone does not appear to con-
Results: Three hundred fifty-eight diarrheal episodes were re- tribute substantially to malnutrition when children have diar-
ported with only 1% of episodes lasting 14 days or more. rhea-free time for catch-up growth. JPGN 32:189-196, 2001.
Stunting, wasting, and low weight-for-age were found in 19%, Key Words: Children-Diarrhea--Growth-Malnutrition. ©
3%, and 7%, of these children, respectively. When testing 2001 Lippincott Williams & Wilkins, Inc.

For children in developing countries, the average es- problem with prevalence rates estimated to range from
timated incidence of diarrhea is 2.6 episodes per year, 4% to 46% with 1% to 10% severely malnourished (2).
resulting in 2.2 million deaths annually (1). In the same Based on the coexistence of these two diseases, the in-
population segment, malnutrition is a considerable health terrelationship of diarrhea and malnutrition has been the

subject of intensive investigation, particularly in relation

Dr. Mourad is deceased (1996). to the direction of causality.
Received February 10, 2000; revised August 23, 2000; accepted Findings from several analytical studies have sug-

September 8, 2000. gested that diarrhea contributes to malnutrition (3-8). In
The opinions and assertions contained herein are the private ones of young Gambian children, weight deficit was shown to

the authors and are not to be construed as official or as reflecting the correlate directly with the percentage of days of diarrhea
views of the Navy Department, Department of Defense, the U. S.
Government, or the Egyptian Ministry of Health. during the fist year of life (3,4). In a cohort of Colom-

Copyright Statement: Some of the authors of this manuscript are bian children observed from birth to 36 months of age,
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work was prepared as part of their official duties. Title 17 U.S.C. 105 ated with attained height (5).
provides that "Copyright protection under this title is not available for Without denying that diarrhea may contribute to fal-
any work of the United States Government." Title 17 U.S.C. 101 de-
fines a United States Government work as "a work prepared by a tering growth in some circumstances, a few investigators
military service member or employee of their U.S. government as part have questioned the clinical significance of this effect
of that person's official duties." (9-13). It has been suggested that catch-up growth may
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190 T. F. WIERZBA ET AL

criticized, because the effect of subsequent accelerated or variables and household features pertaining to hygiene, water
catch-up growth is disregarded. In addition, the biologi- use, and defecation practices. Next, children less than 24
cal plausibility of the diarrhea-to-malnutrition paradigm months of age were evaluated for eligibility. Newborns were
has been questioned (9,11), and few studies have clearly excluded if a major congenital anomaly or history of severe
established that diarrhea precedes growth retardation. illness was identified. Children enrolled beyond the first month

Stronger empirical evidence indicates that malnutri- of life were excluded when evidence of a chronic illness (any
illness that required repeated hospital admission) was obtained

tion predisposes to diarrhea (11). Nevertheless, studies on screening history or examination.
supporting such an association have been criticized be- Each child was visited in the home twice weekly until the
cause of methodologic flaws and inconsistent findings third birthday or until study termination in September 1995. At
between studies (14). Specific criticisms have included each visit, a trained interviewer asked about any loose or wa-
no controlling for confounders, inadequate adjustment tery stools since the last visit. If one or more loose or watery
for repeated measures on the same individual, collection stools was reported, the mother was queried about the fre-
of anthropometric data after diarrheal episodes, and in- quency of stools, presence of blood in stool, fever, vomiting,
adequate attention to the changing nutritional status of and other clinical characteristics of the child. Oral rehydration
children over time. therapy was provided. Medical referrals were made for children

who needed intravenous fluids, treatment of chronic illnessesIn a longitudinal, community-based study of diarrheal anoteacecndinsadfrdagsicndugcl
and other acute conditions, and for diagnostic and surgical

diseases in children less than 3 years of age living in rural evaluations.
lower Egypt, periodic anthropometric data were col- Height and weight measurements were taken every 3 months
lected to assess the interrelationship between diarrhea in a village clinic. For children less than 2 years of age, length
and malnutrition in this population. This study was de- was measured with a length board. A height stick was used for
signed to measure the prevalence of malnutrition in this older children. Both the length board and the height stick were
population and to ascertain whether malnutrition predis- calibrated in millimeters. Measurements were recorded to the
poses to an increased incidence of diarrhea and whether nearest 0.1 cm. Weights were taken using calibrated floor
diarrhea itself predisposes to subsequent diarrheal ill- scales. The difference between the weight of a mother alone
ness, potentially explaining part of the relationship be- and a mother with her unclothed or lightly clothed child was

tween malnutrition and diarrhea. recorded to the nearest 100 g.

Conversely, the study was designed to ascertain
whether diarrhea is associated with malnutrition when Definitions
allowing for catch-up growth during diarrhea-free time. A "diarrheal day" was defined as the occurrence of at least
This is the first study in which these issues have been three unformed stools (or at least one, if bloody) in a 24-hour
investigated in Egyptian children, period. For breast-fed infants, the mother also was asked to

indicate increased frequency or decreased consistency of stools
from the normal defecation pattern. An episode of diarrhea

MATERIALS AND METHODS began on the first diarrheal day after at least three consecutive
nondiarrheal days and ended on the last diarrheal day to be

Study Approval, Location, and Time followed by at least three consecutive nondiarrheal days.
A household latrine with disposal of waste into a sealed pit

This study was approved by the human subjects committees or local sewage system was considered a sanitary latrine. Ex-
of United States Naval Medical Research Unit 3 (NAMRU-3), clusive breast-feeding was defined as receipt of only breast
Cairo, Egypt, and the Naval Medical Research Center, milk from a mother or wet nurse and no other liquids or solids
Bethesda, Maryland, U.S.A. Written informed consent was ob- with the exception of drops or syrups consisting of vitamins,
tained from a parent or guardian of each enrolled subject. mineral supplements, or medicines (15). Exclusive breast-

The study population was drawn from three periurban, ag- feeding was ascertained during monthly surveys. A child, who
ricultural villages located 10 km southwest of Alexandria, was recorded as exclusively breast-feeding at the first but not
Egypt. During the study period of November 1993 through the subsequent monthly survey, was listed as having discontin-
September 1995, at least one full year of diarrheal disease ued exclusive breast-feeding halfway between the two surveys.
surveillance and periodic anthropometry were performed in Education consisted of any secular schooling completed at a
these villages for each child. government or private school. Because educational attainment

was limited in adults, mothers were categorized as having any
or no education. Socioeconomic status was expressed as a score

Population and Procedures ranging from 0 to 28 points and based on a sum of the number
of expensive items found in the household (washing machine,

In November 1993, children from the first village were en- car or truck, radio, television) and home ownership. Using the
rolled, followed by enrollment of children from the second index, households in the lowest tertile of the score were cat-
village in January 1994. Children in the third village were egorized as poor relative to other families in the village.
enrolled in July 1994. Staggered enrollment reduced supervi-
sion and management problems associated with too fast an Nutritional Indices and Use of z-Scores
accrual of children. Before enrollment, villages were mapped
and a house-to-house census was performed. Each household To indicate a child's nutritional status, anthropometric indi-
was characterized according to selected sociodemographic ces (height-for-age, weight-for-height, weight-for-age) were
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MALNUTRITION AND DIARRHEA IN EGYPT 191

expressed as z-scores (16). A z-score is the departure in stan- survey. We then used a Pearson product correlation coefficient
dard deviation (SD) units of a weight and/or height measure- (22) to test for any statistically significant correlations between
ment from the mean of an age- and sex-specific reference popu- the residuals of two consecutive surveys.
lation. Anthropometric data from reference populations pub- To assess whether catch-up growth was sufficient to remove
lished by the National Center for Health Statistics (NCHS) and an association between diarrhea and malnutrition, we compared
the United States Centers for Disease Control were used as the mean change in z-scores during a 6-month interval between
standards (17,18). Anthropometric measures were converted to two groups of children. The first group consisted of children
z-scores using the EPINUT component of the EPI-INFO com- who had diarrhea during the first or second half of the interval,
puter program (19). but not both halves. The second group comprised children who

The z-score cutoff used to classify moderate malnutrition had no diarrhea during the entire 6-month period. To evaluate
was SDs below the reference median (<-2 SD). The cutoff for the effect of repeated diarrheal episodes on growth, we also
severe malnutrition was considered SDs below the median compared children who had at least one diarrhea episode in
(<-3 SD). each half of the 6-month interval with children experiencing no

diarrhea during the 6 months. Comparisons were made using
Student's t-test (22).

Statistical Analysis To control for confounding by age during these comparisons,
a second analysis was completed using the autoregressive
model with nutritional status as the outcome variable and age,

To determine whether malnutrition predisposes to diarrhea, categorized by years, as a confounder. The frequency of diar-
follow-up intervals starting at one anthropometric survey and rhea during the interval was treated as a single ordinal variable
ending with the next consecutive survey were constructed. We where children were categorized as having diarrhea in both
then used Poisson regression, first, to model diarrhea incidence halves of the 6 months, diarrhea in the first 3 months only,
(episodes/person days of follow-up) during the intervals as a diarrhea in the second 3 months only, or no diarrhea for 6
simple function of malnutrition at the beginning of the interval, months. Because this analysis required children to participate in
Second, we modeled diarrhea incidence as a function of mal- three consecutive surveys during 6 months, a subset of the total
nutrition at the beginning of the interval, plus confounders and population was included.
an autoregressive term. The autoregressive term was defined as All analyses were performed by computer (SAS ver. 6.12)
presence or absence of diarrhea during the previous interval or (23).
the 3 months before the first interval. The autoregressive term
was used to adjust for the nonindependence of recurrent diar-
rhea episodes within individual subjects. RESULTS

Because information from the previous interval was required
for the autoregressive term, data for each current interval were Study Population
paired with episode data from the preceding interval. If episode
data were not available from a previous interval because, for The census population in the three villages included in
example, a child had been recently enrolled, the current interval this study was 3111, of whom 50% were male. Of the
was excluded from analysis.

Crude and adjusted relative rates (RR) were calculated from adult population (over 17 years of age), 63% had no

model coefficients, and 95% confidence intervals (CI) and formal education. The most common occupations in-

probabilities were obtained from the standard errors of the co- cluded housewife (40%), farmer-fisherman (25%), and
efficients. Potential confounding variables fit in each model salaried employee (14%), such as teacher, civil servant,
were age, socioeconomic status, mother's education, days of or military serviceman. The proportion of the population
exclusive breast-feeding during the interval, and presence of a less than 5 years of age was 17%.
sanitary latrine. Malnutrition was defined bivariately as <-2 Most families (69%) resided in village houses (brick
SD units or ---2 SD from the NCHS reference median. homes with cement floors), and the remainder lived in

To examine whether the occurrence of diarrhea episodes was apartments of similar construction. Houses within each
associated with worsened nutritional status over short intervals, aparte of slast rcto Ho use h each
we used three separate autoregressive models that related the village were clustered together, to maximize use of sur-
outcome (height-for-age, weight-for-age, or weight-for-height rounding arable land. Most homes had three to four

converted to z-scores) at the end of an interval to diarrhea rooms (60%) and were supplied with electricity (94%).

incidence, conditioning on z-score at the beginning of the in- Most homes were equipped with radios (71%), televi-
terval (20). A modification of this model, based on nonlinear sions (77%), and washing machines (57%). About 99%
regression that allows for unequal times between surveys, was of households received water from the municipal water
used (21). The use of z-scores as the dependent variable means supply. Sanitary latrines were found in 45% of house-
that population changes in nutritional status were modeled, holds, and 62% had a garbage container either in or
rather than population changes in heights or weights. Because outside the dwelling.
the frequency of diarrhea episodes was not normally distrib- Seven anthropometric surveys were completed. A
uted, the number of diarrhea episodes was consistently treated
as a categorical variable with none versus one or more. Only single planned survey was missed in one village because
multivariate models including potential confounders and inci- of concurrent changes in field staff. For implemented

dence of diarrhea were fit. To test whether this autoregressive surveys, 97% of planned measurements were obtained.

analysis removed the correlation between repeated measure- There were 496 paired anthropometric measurements, of

ments on the same child, the residuals were calculated for each which 14 were excluded because seven z-scores were

J Pediatr Gastroenterol Nutr, VoL 32, No. 2, February 2001



192 T. F. WIERZBA ET AL

greater than or less than 6 SD units from the reference per year for children ---2 SD above the reference me-
median. Of the remaining 482 paired measurements or dian. The adjusted relative rate was 1.2 (95% CI: 0.9-
intervals, the median time between measurements was 1.6, P = 0.36) and was similar to that of the crude
3.0 months (interquartile range: 2.7-4.0). relative rate (RRC = 1.0, 95% CI:0.8-1.4, P = 0.84).

The number of children in each survey varied from 61 For weight for height, the incidence of diarrhea in chil-
(February 1994) to 135 (March-April 1995). Differences dren with moderate or severe wasting (<-2 SD) was 2.3
with passing time in the sample size were due to sequen- (21 episodes) compared with 2.5 (304 episodes) per year
tial village enrollment, in- and out-migrations, births, and in those without wasting. The crude relative rate was 0.9
censoring due to advanced age (>35 months). One hun- (95% CI: 0.6-1.4, P = 0.67), and the adjusted relative
dred forty-three children were included in at least two rate was 0.7 (95% CI: 0.5-1.1, P = 0.13).
nutrition surveys.

Ninety-one percent of semiweekly visits for diarrheal
disease surveillance were completed in the three villages. Interrelationship Between Diarrhea
There were 358 episodes of diarrhea reported in the co- and Malnutrition
hort over the 22-month study period, corresponding to an
incidence rate of 2.6 episodes per child year. The median In multivariate analyses, variables were tested as pre-

length of these episodes was 2 days and approximately dictors of change for the three nutritional indices over

1% were longer than or equal to 14 days. The incidence intervals of approximately 3 months (Table 2). For each

of diarrhea was inversely related to age. In the first, of the three models, the residuals were calculated at each

second, and third years of life, children experienced 3.5, survey, and no statistically significant correlations were

2.5, and 1.2 diarrhea episodes per year during 33.4, 74.8, detected.

and 45.3 child-years of follow-up, respectively. During Considering height-for-age, both age and the occur-

the 482 follow-up intervals, children were diarrhea free rence of one or more episodes of diarrhea during an

throughout 280 (58%) intervals, had one episode during interval were predictive variables. Diarrhea was associ-

124 (26%) intervals, and had two to eight episodes dur- ated with a reduction in z-scores of -0.16 (P < 0.05). No

ing 78 (16%) intervals, variables were predictive of changes in weight-for-age.

At the time of the fourth anthropometric survey (No- Poverty was the only predictive variable for change in

vember 1994), when the children of all three villages weight-for-height associated with a 0.27 decline (P <

were enrolled in the study (n = 110), moderate and 0.05) in the corresponding z-score.

severe stunting (low height-for-age) was recorded in
14% and 5% of children, respectively. Moderate and Catch-up Growth
severe malnutrition by weight-for-age was documented
in 5% and 2% of children, respectively. By weight for When changes in height-for-age were examined, the
height, 3% of children had moderate wasting and none age-adjusted analysis did not reveal any differences be-
had severe wasting. tween those who were free of diarrhea for 3 months,

either in the beginning (-0.27, P = 0.37) or end of the
interval (-0.58, P = 0.09), and those who were diarrhea
free for 6 months (Table 3). A marked reduction oc-
curred during 6 months in both the crude analysis (-0.66,

When we considered whether malnutrition is respon- P = 0.02) and age-adjusted analysis (-0.53, P = 0.07)
sible for an increased incidence of diarrhea, weight-for- when children had diarrhea during both halves of the
age was a statistically significant predictor of diarrhea intervals. However children experiencing at least one
(Table 1). The adjusted relative rate (RRa) and 95% con- episode of diarrhea in the second half of the 6-month
fidence intervals (95% CI) for diarrhea among malnour- interval showed a decrease in height-for-age z-scores
ished children from these families was 1.7 (95% CI: (-0.58, P = 0.09) similar to a comparison group with
1.2-2.3, P < 0.01). In the same model, age and presence repeated episodes throughout the interval (-0.53, P =

of a sanitary latrine were associated with diarrheal inci- 0.07).
dence. The presence of a sanitary latrine was responsible
for almost a 40% reduction in the relative rate of disease
(RRa = 0.6, 95% CI: 0.5-0.8, P < 0.01). Occurrence of DISCUSSION
diarrhea in the preceding interval was itself associated
with an increased incidence of disease (RRa = 2.1, 95% Most studies relating diarrhea and malnutrition have
CI: 1.6-2.7, P < 0.001). No interactions were detected. been conducted in economically marginal regions, where

Deficits in height-for-age and weight-for-height were young children have high rates of diarrheal diseases and
not associated with an increased incidence of diarrheal severely faltering growth. The present cohort study was
episodes. Children with stunted growth (<-2 SD) had an conducted in an agricultural rural community in the Nile
incidence of 2.6 (49 episodes) versus 2.5 (276 episodes) delta. The population, although relatively uneducated,

J Pediatr Gastroenterol Nutr, Vol. 32, No. 2, February 2001



MALNUTRITION AND DIARRHEA IN EGYPT 193

TABLE 1. Incidence, crude, and adjusted relative rate of diarrhea by demographic variables
and malnutrition by weight-for-age' in a cohort of Egyptian children in Abees, Egypt, November

1993 to September 1995

Crude Adjusted
Variables IR (episodes) b  RR (95% Cl) c  RR (95% CI)

Diarrhea during previous interval
d

Present 3.5 (243)" 2.7 (2.0, 3 .4 )f 2.1 (1.6, 2 .7 )f
Absent 1.3 (82) 1 1

Age in months
0-11 4.1 (86) 3.4 (2.4, 4 .8 )f  2.6 (1.8, 3 .9 )f
12-23 2.8 (185) 2.3 (1.7, 3 . 1)f 2.0 (1.4, 2 .7 )f
24-35 1.2 (54) 1 1

Gender
Female 2.4 (160) 0.9 (0.7, 1.2) 1.0 (0.8, 1.3)
Male 2.6 (165) 1 1

Socioeconomic status
Poor 2.9 (143) 1.3 (1.0, 1.6) g  1.3 (1.0, 1.6)9
Non-poor 2.3 (182) 1 1

Mother's education
Any education 2.4 (60) 0.9 (0.7, 1.2) 1.1 (0.8, 1.5)
None 2.5 (265) 1

Sanitary latrine
Present 2.0 (154) 0.6 (0.5, 0 .8 )' 0.6 (0.5, 0 .8)r
Absent 3.2 (171) 1 1

Days exclusive breast-fed during intervalsh

Per day increase from day 0 nai 1.004 (1.003, 1.006)' 1.002 (0.999, 1.004)
Low weight-for-age

Yes 4.2 (51) 1.8 (1.3-2.4)/ 1.7 (1.2, 2.3)
No 2.3 (274) 1 1

"Malnutrition by weight-for-age was defined as <-2 standard deviation units from the NCHS median by age
and sex.

b IR = incidence rate per child-year of follow up.
C Relative rate (95% confience intervals).
" An autoregressive term (diarrhea present or absent in previous interval) was included in this model to

account for the non-independence of recurrent episodes in the same children. The incidence rates presented are
for those children with (present) and without (absent) diarrhea in the previous child-interval of follow up.

'The child-years at risk and total episodes were reduced for this analysis when 28 follow-up intervals were
dropped because data was not available for the autoregressive term (e.g., presence or absence of diarrhea in
previous quarter).

fP < 0.001.
9 P < 0.05.
"92 children were exclusively breast feeding during one or more intervals.

na = not applicable for continuous results.
3 P < 0.01.

lived well. The villagers frequently owned their small age was moderate compared with that in other develop-
homes or apartments, had access to municipal water, and ing countries, and chronic diarrhea was uncommonly re-
often had modest luxuries such as radios and televisions, ported. Faltering growth affected a minority of children,
The incidence of diarrhea in children less than 3 years of with moderate stunting being the most common mani-

TABLE 2. Multivariate analysis of relationship between one or more episodes of diarrhea and nutritional outcomes (weight for
age, height for age, weight for height) measured in standard deviation units (Z-score) from the NCHS reference median among a

cohort of Egyptian children in Abees, November 1993 to September 1995

Variable Weight-for-age Weight-for-height Height-for-age

Intercept 0.15 (-0.14,0.44)- 0.10 (-0.26, 0.46) -0.07 (-0.30,0.16)
Age <12 vs. 24-35 mos. -0.26 (-0.54, 0.01) -0.11 (-0.46,0.24) -0.30 (-0.52, -0.08) b

Age 12-23 vs. 24-35 mos. -0.02 (-0.23, 0.20) 0.04 (-0.22, 0.32) -0.22 (-0.38, -0.05)c
Some caretaker schooling vs. none 0.00 (-0.20,0.19) 0.09 (-0.15,0.33) -0.02 (-0.17,0.13)
Poor vs. non-poor 0.14 (-0.33, 0.05) -0.27 (-0.52, -0.02) b  0.09 (-0.07, 0.24)
-1 episode vs. none -0.07 (-0.26, 0.12) 0.05 (-0.20, 0.29) -0.16 (-0.31, -0.01)

b

R Coefficient (95% confidence intervals).
b, P < 0.05.
0 P < 0.01.
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TABLE 3. Change in standard deviation units (Z-scores) from the NCHS reference median for
height for age over two three-month quarters by presence or absence of diarrhea in each

three-month quarter

Number of Episodes Mean change
Timing of diarrhea episodes children of diarrhea Mean change adjusted for age

None 26 0 0.09 -

In first quarter only 17 34 -0.25 (p = 0.31) -0.27 (p = 0.37) '

In second quarter only 28 49 -0.52 (p = 0.09) -0.58 (0 = 0.09)
In both quarters 35 162 -0.66 (0 = 0.02) -0.53 (p = 0.07)

"All P values are comparisons between the mean change in Z-score in that stratum vs. mean change in Z-score
in the two quarters with no diarrhea.

festation. In effect, this cohort presented the opportunity this association held up using the second regression
to examine the relationship between diarrhea and mal- model that adjusted for age and considered repeat epi-
nutrition under conditions in which nutritional depriva- sodes during 6-month intervals. Still, this latter associa-
tion was less pronounced than in most previous investi- tion was not much greater than for those children having
gations, yet diarrhea is still a major cause of morbidity diarrhea only during the last 3 months of a 6-month
and mortality (24). interval. This implies that the reduction in height velocity

was due to recent diarrhea episodes and that children
Malnutrition Associated With Diarrhea may exhibit appropriate catch-up growth if sufficient

time elapses without the recurrence of diarrhea. There
was an indication, however, that the periods of catch-upOur first objective was to determine whether malnu- got eelne hn3mnh.Atog o tts

trition predisposes to diarrhea. Our findings imply that growth were longer than 3 months. Although not statis-
morate pr oses tomdanuritio, murefinds imy ght tically significant, children with diarrhea only in the first
moderate to severe malnutrition, measured by weight- 3-month period of the 6-month interval, still demon-
for-age, predisposes to diarrhea. This association is strated reduced growth velocity when compared with
maintained even after controlling for confounders and those children who were diarrhea free for 6-months. We
repeated measurements on the same child. Height-for- found no relationship for weight-for-age which was sur-

age and weight-for-height were not associated with an found givenltht weight-for- all consr-

increased incidence of diarrhea. However, unlike height- prsing, given that weight-for-age is usually considered a

for-gefew hilren ad ow eigh-fo-heiht.The more sensitive indicator of malnutrition. Weight-for-
for-age, few children had low weight-for-height. The height z-scores and diarrhea were not associated. This
small number of children who had low weight-for-height was expected, because wasting was a minor problem in

may have limited our ability to detect an association this population.

between wasting and diarrhea incidence.

Another objective was to test whether a previous epi-
sode of diarrhea is associated with an ensuing episode. It Study Limitations
was found that a child experiencing diarrhea was twice
as likely to have a subsequent episode. This argues that
there may be a "diarrhea-to-diarrhea" cycle operative in In evaluating our findings, several potential limitations
these children. This observation may have important im- should be considered. Morris found that days ill (days ill
plications for vaccines directed against specific entero- with diarrhea/total days of follow-up in period) was a
pathogens. It suggests that one or more pathogen-specific better predictor of weight gain than diarrhea incidence in
vaccines may have a greater impact on the incidence of children in Ghana who frequently experience persistent
all-cause diarrhea then the combined reduction predicted diarrhea (25). In our study, however, the majority of
by the individual vaccines. Unfortunately, we had insuf- diarrhea episodes were of short duration (median, 2 days)
ficient microbiologic data to identify which pathogens and diarrhea incidence and days ill were strongly corre-may redspoe tosubequnt darrealated.
may predispose to subsequent diarrhea. There are an increasing number of investigations ex-

amining the contribution made by subclinical enteric in-
Diarrhea Associated With Malnutrition fections to faltering growth (26,27). This study was lim-

ited to investigating clinical diarrhea, and the effects of
The second objective of this study was to determine asymptomatic infections on growth were not considered.

whether diarrhea affects the nutritional status of young The autoregressive model used for examining whether
Egyptian children. We found that during 3-month inter- diarrhea is associated with an increased risk of faltering
vals, children who experienced diarrhea when compared growth has been applied elsewhere (28), but has been
with those who were diarrhea free showed reduced criticized (29). The statisticians who developed this
height velocity. Although not statistically significant, model answered many of these concerns to our satisfac-
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tion (30). Still, given that standard methods of analysis munization programs for enteric diseases may have a
have not been generally accepted, we suggest that other broader influence on all-cause diarrhea incidence than
statistical methods be used in other studies to corroborate predicted.
these findings. Our data suggest that the prevention of diarrheal dis-

Certain biases may have lead to artifactual associa- eases in this population may not substantially impact the
tions. Interviewer bias may have lead to more intensive prevalence of malnutrition. Diarrhea appears to have
interviewing of poor or malnourished children as well as some transitory effects on height. Given that this popu-
children with a history of diarrhea, leading to a biased lation experiences an incidence of diarrhea lower than
correlation between diarrhea and malnutrition and the many other regions, with few persistent diarrhea epi-
proposed diarrhea-to-diarrhea cycle. This would be un- sodes, it is safe to conclude that these results may not
likely; staff were unaware we would be studying the apply to children experiencing higher incidence rates or
interrelationship of malnutrition and diarrhea and were frequent chronic disease.
supervised during data collection by trained physicians
who were responsible for quality assurance. Recall bias Acknowledgement: This work was supported by the U. S.
or inability to remember stooling patterns by guardians Army Medical Research and Development Command, Fort De-
or missed visits could have led to misclassification of trick, Frederick, Maryland, U.S.A.; the U. S. Naval Medical
disease or exposure status. Nevertheless, this would most Research and Development Command, Bethesda, Maryland,
likely bias the relative rate or regression coefficient to- U.S.A.; work unit No.9000101PIX3270, the Global Pro-
ward unity (31). gramme on Vaccines and Immunization of the World Health

Mismeasurement of weights and heights could have Organization, Geneva, Switzerland; and the National Institute
of Child Health and Human Development of the National In-also biased our results. Such errors would probably be stitutes of Health, Bethesda, Maryland, U.S.A., Interagency

random and would thus bias our coefficients toward Agreement Yl-HD-0026-01.
unity (31). Given that few outliers were detected and
excluded and that we found associations between mal-
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