
870

Am. J. Trop. Med. Hyg., 84(6), 2011, pp. 870–877
doi:10.4269/ajtmh.2011.10-0364
Copyright © 2011 by The American Society of Tropical Medicine and Hygiene

     INTRODUCTION 

 Diarrhea is an important global health problem accounting 
for an estimated 1.9 million child deaths per year. 1  Childhood 
diarrhea is also associated with impaired growth and cognitive 
development. 2,  3  Sound measurements of the community bur-
den of childhood diarrhea allow evaluation of trends, study 
of the relationship between diarrhea and predisposing factors, 
and assessment of the effectiveness of interventions. 

 Diarrhea burden in populations is often assessed with a sin-
gle cross-sectional measurement. 4,  5  Indeed, this is the approach 
used by demographic and health surveys that draw a nation-
ally representative population sample from an entire country 
and estimate the proportion of children < 5 years of age with 
diarrhea in the preceding 2 weeks. 6  These nationally represen-
tative samples become benchmarks for evaluating progress in 
diarrheal prevention, and are used to compare the diarrhea 
burden in one country with another. 6,  7  

 Longitudinal studies of diarrhea, suggest that diarrhea prev-
alence in a community varies over time, especially by season. 8–  11  
Thus, the appropriateness of single measures of diarrhea inci-
dence has been questioned. 12  However, few population-based 
long-term longitudinal data are available to assess the magni-
tude of this variability over time. Without an appreciation of 
the degree of this variability, we risk misinterpreting differ-
ences in diarrhea prevalence. 

 We conducted a series of studies in squatter settlements 
in central Karachi, Pakistan over 4 years that included active 
community-based surveillance for diarrhea in control house-
holds that were receiving no intervention. 13–  15  During these 
studies, the neighborhood water and sanitary infrastructure 
and food supply remained largely constant. We combined data 
from these separate studies to quantify the variation in diar-
rhea prevalence over time. 

   METHODS 

  Study population.   Karachi is the largest city in Pakistan. 
Over 4 million Karachi residents live in squatter settlements, 16  
where neither people living in the area, nor those constructing 
dwellings have legal title to the land, and where water and 

sanitary infrastructure are limited. Throughout the series 
of studies combined for this analysis, all of the participating 
households were located in one of several multiethnic squatter 
settlements in central Karachi. All of the communities were 
located within 6 kilometers of each other. 

 We conducted two controlled intervention studies and one 
follow-up study from 2002 through 2006. Intervention commu-
nities received supplies and a behavior change intervention to 
encourage regular hand washing with soap and/or treatment 
of household drinking water. Each study enrolled a non-inter-
vention control group who received a regular supply of chil-
dren’s books, notebooks, pens, and pencils to help with their 
children’s education, but no intervention to improve water 
or hygiene. Only households that included at least one child 
< 5 years of age, and had sufficient water supply for children to 
bathe daily, were eligible for enrollment. 

 Details on the enrollment and household selection for the 
studies have been previously reported. 13–  15  Briefly summariz-
ing, in April 2002 we initiated the Soap Health intervention 
trial in Manzoor Colony and nearby communities. 13  Field work-
ers identified 42 candidate neighborhoods separated from one 
another by a street or market area, and enrolled 1,040 eligible 
households. Eleven of the candidate neighborhoods were ran-
domly assigned to the control group. This control population 
was followed through March 2003. In April 2003 we initiated 
a new study, the Floc Health Study. 14  Field workers identified 
49 candidate neighborhoods, separated from one another by 
a street or market area; nine neighborhoods were randomly 
assigned to the control group. This control group was followed 
through December 2003. In 2004 no studies including weekly 
diarrheal surveillance were conducted. In July 2005 field 
workers revisited each of the households that had participated 
in the 2003 study and sought consent for re-enrollment and 
continued follow-up through December 2006 (The Long Term 
Practices Study). 15  

   Data collection.   Each of these studies was implemented by 
Health Oriented Preventive Education (HOPE), a local non-
governmental organization that operates health services and 
educational and community development initiatives in the 
area. For each of the studies trained fieldworkers attempted 
to visit enrolled non-intervention households twice per week. 
Field workers asked the child’s primary caregiver the same 
question for each of the studies. The English translation is 
“During how many days since my last visit has the child had 
diarrhea (3 or more loose stools in 24 hours)?” If fieldworkers 
successfully completed two field visits in a week, they added 

             The Variability of Childhood Diarrhea in Karachi, Pakistan, 2002–2006    

    Stephen P.   Luby   ,*      Mubina   Agboatwalla   , and    Robert M.   Hoekstra   
 Centers for Disease Control and Prevention, Atlanta, Georgia; Health Oriented Preventive Education, Karachi, Pakistan                  

  Abstract.   Diarrhea burden is often estimated using cross-sectional surveys. We measured variability in diarrhea preva-
lence among children < 5 years of age living in squatter settlements in central Karachi, Pakistan. We pooled data from non-
intervention control households from studies conducted from 2002 through 2006. The prevalence of diarrhea varied on 
average by 29% from one week to the next, by 37% from one month to the next, and during peak diarrhea season by 32% 
from one year to the next. During 24 months when the same nine neighborhoods were under surveillance, each month the 
prevalence of diarrhea varied by at least an order of magnitude from the lowest to the highest prevalence neighborhood, 
and each neighborhood recorded the highest diarrhea prevalence during at least one month. Cross-sectional surveys are 
unreliable measures of diarrhea prevalence.  

 * Address correspondence to Stephen P. Luby, ICDDR, B: Interna-
tional Centre for Diarrheal Disease Research, Bangladesh, GPO 
Box 128, Dhaka-1000, Bangladesh. E-mail:  sluby@icddrb.org  



871VARIABILITY OF CHILDHOOD DIARRHEA

the number of days with diarrhea reported during the two 
field visits and recorded the number of days in the week with 
diarrhea. If, because a family was temporarily unavailable, 
more than 1 week had elapsed since the prior visit, the field 
worker then inquired only about diarrhea in the prior week. 

   Data management.   Responses were marked on paper forms 
aggregated by week and double entered into an electronic 
database. The databases from all weeks of data collection from 
the separate studies were merged into a single data base for 
analysis. Because different studies used different strategies to 
collect data from persons > 5 years of age, this analysis was 
restricted to all children in the household who were < 5 years 
of age at the time of the weekly interview. Children born 
into households after initial enrollment were added into the 
population under surveillance. The experience of children once 
they reached 5 years of age was excluded from the analysis. 

   Pakistan Demographic and Health Survey.   To evaluate if 
the patterns identified in the Karachi longitudinal studies were 
also seen in the large national cross-sectional Demographic 
and Health Surveys, we downloaded the data sets for the 
two completed Pakistan Demographic and Health Surveys, 
one conducted in 1991/2 and the second in 2006/7 ( www
.measuredhs.com ). Both surveys identified the youngest child 
in the household and asked “Has (name of the child) had 
diarrhea in the last 2 weeks?” 

   Statistics.   The primary outcome measure was daily 
longitudinal prevalence of diarrhea, 17  i.e., the number of 
days reported with diarrhea divided by the number of days 
of observation. This was first calculated per person, and then 
summed for the various analyses. We assessed the relative 
change in the magnitude of diarrhea longitudinal prevalence 
using the following formula: 

  LPD  
D
  = |( LPD  2  –  LPD  1 )/ LPD  2 | 

 where 

  LPD  
D
  - Relative change in longitudinal prevalence of diarrhea, 

  LPD  1  - Longitudinal prevalence of diarrhea during time period 1, 
  LPD  2  - Longitudinal prevalence of diarrhea during time period 2. 

We measured variability by calculating the standard devia-
tion and coefficient of variation of the weekly and monthly 
means of diarrhea prevalence within each of the longitudinal 
studies in Karachi. For the Pakistan Demographic and Health 
Survey data we measured the mean, standard deviation, and 
coefficient of variation of the reported prevalence over the 
preceding 2 weeks. We calculated the expected standard devi-
ation based on sampling error of a binomial distribution for 
both weekly and monthly diarrhea prevalence within each lon-
gitudinal study and for the preceding 2 weeks for the Pakistan 
Demographic and Health Survey using the formula 18 :

WeeklyEsd =  MeanWDia * (1−MeanWDia) / 7, 

MonthlyEsd =   MeanMDia * (1 − MeanMDia) / 30.4375,

BiWeeklyEsd =   MeanBiWDia * (1 −  MeanBiWDia) / 14,

 where 

  WeeklyEsd  - weekly expected standard deviation, 
  MeanWDia  - mean weekly diarrhea prevalence, 
  MonthlyEsd  - monthly expected standard deviation, 
  MeanMDia  - mean monthly diarrhea prevalence, 
  BiWeeklyEsd  - Two weekly expected standard deviation, 
  MeanBiWDia  - mean two weekly diarrhea prevalence. 

 We stratified the data by study because the studies had dif-
ferent numbers of subjects. For the monthly calculation we only 
included child months with at least four weekly assessments. 

 Figure 1.    Enrollment and follow-up by year, Karachi squatter settlements.    
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 The variability of diarrhea prevalence in the population 
can arise through variability of prevalence among different 
children and/or through variability that occurs within each 
child over time. We separately evaluated intra-child variabil-
ity by identifying the children who had at least 10 weekly 
measurements of diarrhea. Within each study, for each child 
we calculated his/her average diarrhea prevalence, standard 
deviation, expected standard deviation, and the proportion of 
the observed standard deviation that was caused by sampling 
error. We excluded children without any reported diarrhea 
from this analysis, because the zero value for the measured 
standard deviation of prevalence would render the propor-
tion of observed standard deviation caused by sampling error 
undefined. 

   Ethics.   Heads of households provided informed consent. Ill 
children in each of the studies were assessed by field workers 
and referred to the appropriate level of care. All participants 
in the study were eligible for clinical care at HOPE facilities 
at no charge. Study protocols for each of the studies were 
approved by local and international human subject protection 
committees. 

    RESULTS 

 A total of 53,068 child-weeks of data were included in the 
analysis. The number of children < 5 years of age that initially 
enrolled varied from a low of 281 in 2006 to a high of 535 in 
2002 ( Figure 1 ). The percentage of potential child-weeks with 
completed follow-up ranged from 89% in 2002 to 95% in 2003. 
The households under surveillance between 2002 and 2006 
were of similar size with a similar number of children < 5 years 
of age and < 2 years of age ( Table 1 ). They had similar lev-
els of parental literacy, a similar occupational profile for the 
father of the household, and similar household sanitary infra-
structure. Households participating in 2005 and 2006 were less 
likely to report a monthly household income less than 3,000 
rupees and more likely to own a refrigerator than in prior 
years ( Table 1 ). 

       The mean longitudinal prevalence of diarrhea varied mark-
edly from week to week. Among 145 evaluable weeks with a 
mean of 360 children evaluated each week, the weekly longi-
tudinal prevalence of diarrhea varied by an average relative 
magnitude of 29%.  Figure 2  illustrates an example of weekly 
variation from April 2002 through March 2003 when the larg-
est number of children was under surveillance and the weekly 
mean longitudinal prevalence differed from the preceding 
week by an average relative magnitude of 24%. 

  There was a marked seasonal pattern to diarrhea in 
these Karachi squatter settlements. Overall, diarrhea prev-
alence was lowest December through March, and peaked 
in July through October. The average rates in August were 
2.6 times higher than rates in December through February 
( Figure 3 )   . Additionally, the peak month and the rela-
tive height of the peak for any given year varied consider-
ably ( Figure 4  ). During the 4 years of observation diarrhea 
prevalence peaked twice in August, once in September and 
once in October   . Overall, the monthly mean longitudinal prev-
alence differed from the preceding month by an average rela-
tive magnitude of 37%. 

  Diarrhea prevalence varied markedly year to year ( Figure 4 ). 
When the analysis was restricted to only those observations 
during peak diarrhea season, i.e., July through October, the 

average annual change in the relative magnitude of preva-
lence was 32% ( Table 2 ). 

      The mean, the observed standard deviation, and the coef-
ficient of variation of diarrhea prevalence were different for 
each of the three different studies ( Table 3 ). The coefficient of 
variation ranged from 158% to 372%. The expected standard 
deviation based on sampling error of a binomial distribution 
accounted for 45–46% of the observed standard deviation in 
the weekly measurements and 33–38% in the monthly mea-
surements ( Table 3 ). 

      In the child-oriented weekly analysis, which separately cal-
culated the mean diarrhea prevalence and standard deviation 

 Table 1 
  Comparison of household characteristics across time  

2002 
( N  = 305)

2003 
( N  = 282) * 

2005 
( N  = 158)

2006 
( N  = 138)

Baseline
Mean
 Persons per household 9.1 9.0 10.1 10.2
 Children < 5 years of age 

per household
1.8 1.9 1.8 1.8

 Children < 2 years of age 
per household

0.6 0.7 0.7 0.6

 Mean age of children 
< 5 at enrollment

2.7 2.5 2.2 2.6

Percent (%) of
 Mother of the youngest 

child is literate
98 (32) 105 (37) 60 (38) 52 (38)

 Father of the youngest 
child is literate

196 (64) 175 (62) 96 (63) ‡ 83 (66) § 

 Monthly household 
income < 3,000 rupees † 

151 (43) 123 (44) 26 (16) 22 (16)

 Father’s occupation
 Salaried employee 166 (55) 137 (49) 83 (54) ‡ 76 (57) § 
 Works for daily wages 127 (42) 118 (42) 56 (37) ‡ 46 (35) § 
 Other 12 (4) 23 (8) 14 (9) ‡ 11 (8) § 
 Owns refrigerator 116 (38) 66 (23) 71 (45) 61 (44)
Primary drinking water source
 Municipal supply 

within the house
29 (10) 91 (33) 48 (30) 41 (30)

 Municipal supply at a 
community tap

45 (15) 104 (37) 15 (9) 14 (10)

 Tanker truck 189 (62) 33 (12) 64 (41) 56 (41)
 Water bearer 31 (10) 37 (13) 11 (7) 10 (6)
 Tube well 9 (3) 15 (5) 4 (3) 3 (2)
 Toilet without flush tank 

in the home
300 (99.7) 271 (96) 150 (98) ‡ 131(99) § 

  *   Information from the new households enrolled in 2003.  
  †   3,000 rupees ranged from US$58 in April 2000 to $50 in July 2005.  
  ‡   Information from 153 households.  
  §   Information from 133 households.  

 Figure 2.    Mean diarrhea longitudinal prevalence by week among 
489 children < 5 years of age, Karachi squatter settlements Apr 2002–
Apr 2003.    
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for each child throughout the course of the study, the expected 
standard deviation based on sampling error of a binomial dis-
tribution accounted for 49% of the observed standard devi-
ation (50% for children followed in the Soap Health Study, 
49% for children in the Floc Health Study and 49% for chil-
dren enrolled in the Long Term Practices Study). 

 Younger children had more diarrhea, but when we restricted 
the analysis by age < 2 and age 2–5 years, the magnitude 
of weekly, monthly, and annual variability was not reduced 
( Table 4 ). Further narrowing the age groups also did not 
reduce vari ability (data not shown). 

      Diarrhea prevalence also varied markedly by neighborhood. 
For 9 months in 2003 and again during 15 months in 2005 and 
2006 the same nine neighborhoods were under regular surveil-
lance. The mean longitudinal prevalence for all the children 
< 5 years of age in these neighborhoods during the 24 months of 
observation was 6.6%. The neighborhood means ranged from 
5.4% to 8.4%. For any given month the prevalence of diarrhea 
varied by at least an order of magnitude from the neighbor-
hood with the lowest prevalence to the neighborhood with the 
highest prevalence ( Figure 5 ). The mean number of observa-
tions per neighborhood per month was 151 (range 34–332). 
Specific neighborhoods had neither consistently low nor con-
sistently high prevalence. During the 24 months of observation, 
each neighborhood recorded the highest diarrhea prevalence 
during at least 1 month. 

   Demographic and Health Survey (DHS).   Of the 6,428 
households surveyed in the 1991/2 Pakistan DHS, 5,956 (93%) 

were collected from December 1991 through March 1992. 
The remaining 472 households were interviewed from April 
through July 1992. We restricted this analysis to the 5,852 
households interviewed from December 1991 through March 
1992 who had answered the question whether their youngest 
child who was < 5 years of age and lived in the household had 
diarrhea in the preceding 2 weeks. In the 2006/7 Pakistan DHS 
all but four households were interviewed from September 
2006 through February 2007. We restricted the analysis to the 
8,391 households interviewed from September 2006 through 
February 2007 who had answered the question whether 
their youngest child who is < 5 years of age and lived in the 
household had diarrhea in the preceding 2 weeks. 

 The differences reported in diarrhea prevalence varied by 
25% per month in the 1991/2 survey and by 14% per month 
in the 2006/7 survey. The changes in the proportion of moth-
ers who were uneducated, the age of the assessed child, and 
the wealth ranking of the households varied much less month 
to month ( Table 5 )   . The magnitude of the coefficient of vari-
ation of these diarrhea measurements was similar in the 
Demographic and Health Survey and in the longitudinal mea-
surements in Karachi ( Table 4 ). The expected sampling error 
only accounted for 27% of the observed standard deviation in 
the Demographic and Health Survey data. 

         DISCUSSION 

 In squatter settlements in central Karachi where the same 
children living in the same households were repeatedly 
assessed, the prevalence of diarrhea varied remarkably. The 
prevalence of diarrhea varied on average by 29% from one 
week to the next, by 37% from one month to the next, and by 
32% from one year to the next. The coefficients of variation 
ranged from 158% to 372% confirming measures as highly 
variable. 

 Sampling error accounted for 33–46% of the weekly and 
monthly variability suggesting that the majority of the vari-
ability did not arise from sampling error, but from other fac-
tors causing episodic diarrhea. Age, the largest predictor of 
diarrhea in these data, 13–  15  varied only trivially between weeks, 
when there were large changes in diarrhea prevalence. When 
the analysis was stratified by age there was no reduction in 
the magnitude of variability. Households were followed lon-
gitudinally, therefore household level infrastructure and 
characteristics were quite stable during the repeated assess-
ments, and would not explain the variability. In a child-based 
analysis, that combined all of the measurements for a single 
child during the study, the expected variability within each 
child accounted for just less than half of the observed vari-
ability. This suggests that this variability, which exceeded 
expected sampling variability, did not result from inter-child 

 Figure 4.    Longitudinal prevalence of diarrhea among children 
< 5 years of age by month and year, Mansoor, Mujahid, and Bilal 
Colonies, Karachi, Pakistan 2002–2006   .    

 Table 2 
  Mean diarrhea prevalence July through October by year  

Longitudinal prevalence 
of diarrhea (%)

Relative % change from 
preceding year * 

2002 7.17 –
2003 10.57 +47
2005 † 6.30 −40
2006 6.80 +8

  *   Percent (%) change = (Year 2 − Year 1)/(Year 1).  
  †   2005 was compared with 2003, because no data from 2004 was available.  

 Figure 3.    Longitudinal prevalence of diarrhea among children 
< 5 years of age by month, Mansoor, Mujahid, and Bilal Colonies, 
Karachi, Pakistan 2002–2006   .    
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differences, but from high levels of variability within measure-
ments from the same child. 

 Taken together, these results suggest the high variability of 
diarrhea was not caused by sampling variation, household char-
acteristics, age, or other interpersonal differences, but rather 
suggests that this variability resulted from determinants that 
were highly time dependent. A hypothesis that would explain 
this pattern of variability is that most episodes of child diar-
rhea result from ingestion of a sufficient dose of a gastrointes-
tinal pathogen that the child does not have immunity against, 
and that a child’s exposure to the myriad immunologically dis-
tinct variants of gastrointestinal pathogens is highly variable 
over time. Serial measurements of water contamination with 
fecal organisms suggest highly variable exposure over time. 19  
Person-to-person transmission of specific diarrheal pathogens 
is inherently episodic. We presume that new pathogens are 
introduced into a new community because of episodic connec-
tions with another infected person or community. When a new 
pathogen is introduced into a previously uninfected commu-
nity, there are a large number of susceptible individuals and 
the disease will rapidly infect and be excreted by susceptible 
persons who in turn will excrete and further contaminate the 
environment, and so transmit the infection until a high level 
of population immunity develops to this particular patho-
gen and transmission is no longer sustained. As new children 
are born into the population who are immunologically naive 
to this pathogen and as immunity wanes with the passage of 
time, eventually the community is again susceptible to rein-
troduction to this pathogen or a closely related pathogen, but 
such a re-introduction depends on episodic connections to 
other infected communities. The weekly variation in diarrhea 
and the high level of variability in neighboring communities 

likely reflects the different phases of the outbreaks of the vari-
ous circulating pathogens. Weekly, monthly, and yearly differ-
ences in diarrhea prevalence and the high levels likely result 
from the complex interaction of exposure to gastrointestinal 
pathogens, the effectiveness and consistency of infrastructure, 
practices that effectively prevent mixing feces with food 
and water, and the population level of immunity to specific 
pathogens. 

 Karachi has a desert climate periodically punctuated by 
heavy rains. It is possible that the high variability of childhood 
diarrhea prevalence in the squatter settlements of Karachi is 
exceptional, and that in most other communities with high 
child mortality diarrhea prevalence is more stable. However, 
the 1991/2 and 2006/7 Pakistan Demographic and Health 
Survey data had similar magnitudes of coefficient of variations 
compared with the Karachi longitudinal data. The month-to-
month variability was somewhat less than in the Karachi data, 
but an even smaller portion of this variability was explained 
by sampling error. This suggests that the high level of vari-
ability observed in the Karachi longitudinal evaluation is not 
exceptional, but rather reflects the inherent episodic pattern 
of diarrhea in a population. 

 Forsberg and colleagues 20  compared diarrhea prevalence 
measured in cross-sectional surveys at two time points sepa-
rated by 1 to 3 years in the same country. Applying the same 
definition of relative change in the magnitude of diarrhea 

 Table 3 
  Observed vs. expected standard deviations of diarrhea prevalence by study  

Study
Number of 

observations
Mean diarrhea 

prevalence
Observed standard 

deviation
Expected standard 

deviation
% of observed standard deviation 

expected as sampling error
Coefficient of 
variation (%)

Weekly
 Soap health 20372 0.058 0.195 0.089 45 334
 Floc health 17764 0.079 0.223 0.102 46 281
 Long-term practices 14932 0.049 0.183 0.082 45 372
Monthly * 
 Soap health 4217 0.060 0.122 0.043 35 202
 Floc health 3752 0.081 0.129 0.049 38 158
 Long-term practices 3130 0.050 0.118 0.040 33 237
Pakistan DHS † 
1991/2 5422 0.134 0.341 0.091 27 254
2006/7 8391 0.224 0.417 0.111 27 186

  *   Child months with fewer than 4 weeks of observation were excluded from this analysis.  
  †   Demographic and Health Survey.  

 Table 4 
  Diarrhea variability over time controlling for age  

Mean relative change from preceding time frame number of 
person-weeks (% change) * 

Age group Weekly † Monthly ‡ Annually § 

< 2 yr 16,550 (38) 16,550 (36) 7221 (40)
2 − < 5 yr 36,518 (38) 36,518 (45) 15,933 (39)
< 5 yr 53,068 ‡  (29) 53,068 (37) 23,154 (32)

  *   Percent (%) change = |(Timeframe 2 − Timeframe 1)/(Timeframe 2)|.  
  †   Only weeks with ≥ 30 observations included.  
  ‡   The 53,068 total observations exceed the sum of the age-specific weekly observations 

(52,266), because 30 person-weeks of observation that were dropped among children < 1 year 
of age; there were fewer than 30 observations within that age category and were included 
when the ages were pooled.  

  §   Restricted to high season July through October.  

 Figure 5.    Mean monthly longitudinal prevalence of diarrhea 
among children < 5 years of age in 10 squatter settlement neighbor-
hoods, Karachi, Pakistan.    
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prevalence used in our Karachi analysis to the data from nine 
countries reported by Foster and colleagues, the prevalence 
of diarrhea in the preceding 2 weeks, ranged from a 40% 
decrease to a 43% increase in prevalence ( Table 6 ). Forsberg 
and colleagues 20  conclude that these “differences in results . . . 
cannot only be explained by a variation in the true underlying 
values.” The Karachi data suggest, however, that differences 
of this magnitude could readily be explained by underly-
ing time-dependent episodic variation in diarrhea preva-
lence. Additionally, Forsberg and colleagues’ findings further 
suggest that the variability in diarrhea prevalence noted in 
Karachi is not exceptional. Indeed, in other settings that have 
conducted longitudinal prevalence of diarrhea marked dif-
ferences in diarrhea prevalence in different years has been 
reported. 11,  21,  22  

     Water, sanitation, and hygiene interventions have long been 
recognized as difficult to evaluate. 12,  23  This study illustrates 
that part of the difficulty in evaluating these interventions is 
that diarrhea prevalence is highly variable. Even after imple-
menting a remarkably effective intervention, diarrhea preva-
lence might increase markedly because of normal variation 
from year to year. This is particularly difficult when interven-
tions are focused on one geographic area, are relatively small, 
and do not enroll a simultaneous non-intervention control 
community for comparison. The common practice of evaluat-

ing an intervention designed to prevent diarrhea by measur-
ing diarrhea before intervening, and after intervening, 24–  27  risks 
attributing a change in diarrhea prevalence to the intervention 
when the change actually results from underlying variation. 

 The high variability of diarrhea also limits the validity of 
conclusions from limited observations. Although global child-
hood mortality from diarrheal disease has decreased mark-
edly in the last 3 decades, no change in diarrhea morbidity has 
been recognized. 28,  29  However, if diarrhea prevalence is highly 
variable, then meaningful trends are difficult to discern, par-
ticularly when few data points are available. To assess global 
trends in diarrheal morbidity, Kosek collected a mere six data 
points from the 1990s, only one of which was after 1994. 29  A 
genuine decrease in diarrheal prevalence of 10–20% over a 
decade would be difficult to separate from the wide year-to-
year fluctuations that characterize diarrhea prevalence. 

 This study has important limitations. An inherent limitation 
in longitudinal measurements of phenomena that vary by age 
and time is that the population was different during the dif-
ferent observations. If the same population cohort were fol-
lowed, diarrhea prevalence would decrease over time because 
as children age they acquire immunity and their incidence of 
diarrhea decreases. To evaluate children of similar ages in sub-
sequent years, new children generally from new households 
need to be enrolled. Therefore, the population for this analysis 
was different each year. This change in the underlying study 
population was exacerbated by enrollment of new neigh-
borhoods in 2003. It is possible that an important part of the 
variability from year-to-year results from differences in the 
underlying population or differences in vulnerability to diar-
rhea in the different neighborhoods that were enrolled in the 
different studies. However, this is unlikely to explain most of 
the variability in these data for three reasons. First, the mean 
age of the children was similar in each study and these data 
come from similar neighborhoods located near each other 
with similar water, sanitary and solid waste infrastructure, and 
similar household characteristics. Second, although popula-
tions were somewhat different from year to year they were 
quite similar from month to month and from week to week, 
where high levels of variability were also noted. Third, in the 
child-based analysis, half of the observed variability within the 

 Table 5 
  Differences in values by month of data collection Pakistan Demographic and Health Survey Data 1991/2 and 2006/7  

Month Households * Diarrhea prevalence last 2 weeks Uneducated mothers Child age in months Wealth quintile

1991–1992 % % Monthly change † % % Monthly change † Mean % Monthly change † Mean rank % Monthly change † 

Dec 1145 18.4 69 28.6 – ‡ –
Jan 1519 12.8 44 75 9 28.1 2 – –
Feb 1365 10.9 17 74 1 27.5 2 – –
Mar 1393 12.6 13 80 8 28.3 3 – –
 Mean  25  6  2 – –

2006–2007
Sep 1223 29.5 59 28.6 3.2
Oct 1214 23.9 24 63 5 29.4 3 3.0 5
Nov 1687 24.1 1 68 8 28.6 3 2.8 7
Dec 1786 21.2 14 68 0 29.4 3 2.8 1
Jan 1673 18.5 14 72 5 29.2 1 2.6 8
Feb 808 16.1 15 74 3 28.6 2 2.7 4
 Mean  14  4  2  5 

  *   The number of households with mothers education and child months were somewhat less than the reports of diarrhea prevalence in the 1991/2 data because of missing values.  
  †   Percent (%) change = |(Timeframe 2 − Timeframe 1)/[(Timeframe 2 + Timeframe 1)/2]|.  
  ‡   Asset information that would permit construction of a wealth index was not collected in the 1991/2 survey.  

 Table 6 
  Change in 2-week diarrhea prevalence in successive cross-sectional 

surveys (prevalence data from 20 )  
2-week 

prevalence of 
diarrhea (%) Year

2-week 
prevalence of 
diarrhea (%) Year

Relative % change 
from preceding 

survey

Botswana 12 1986 11 1988 −9
Kenya-Coastal 10.1 1989 15.3 1990 34
Kenya - Western 17.1 1989 17.9 1990 4
Morocco 29 1987 27 1990 −7
Tunisia 21 1988 15 1988 −40
Northeast Brazil 21.0 1986 15.1 1987 −39
Dominican 

Republic
24.2 1986 23 1987 −5

Guatemala 20 1986 21.8 1987 8
Mexico 13 1986 23 1987 43
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same child was not accounted for by the expected sampling 
variability. 

 A second limitation is that the calculation of expected 
standard deviation assumed a binomial distribution, but the 
underlying assessments of diarrhea prevalence were repeated 
measures of the same child. Because a child who has diarrhea 
on one day is more likely to have diarrhea on the next day, 
these events are not truly independent and a binomial distri-
bution will underestimate the sampling error, and therefore 
overestimate the residual unexplained variability. However, 
because the basic data collection time frame for this analy-
sis was weekly diarrhea prevalence, the week-to-week depen-
dency would not be as strong as the daily measures. There 
would be some dependence for episodes of diarrhea from 
the same pathogen that occurred toward the end of one week 
of assessment and continuing into the next week, but this 
would occur in a much smaller proportion of episodes com-
paring diarrhea prevalence month to month or year to year. 
However, the data suggest high degrees of variability across all 
time frames with the highest proportion of non-sample vari-
ability in the monthly assessments. 

 A third limitation is that our approach to assessing variability 
was crude. Variance component models or Fourier decomposi-
tion would produce a more sophisticated model of the variabil-
ity, but the more direct analysis presented is easier to understand, 
accounts for sampling and other primary causes of variability, 
and communicates the underlying features of the data. 

 Taken together, these data suggest that diarrhea preva-
lence in a community, city, or country should not be concep-
tualized as a single number that can be reliably measured 
in a cross-sectional survey. It is better to think of childhood 
diarrhea prevalence as the result of a complex system, some-
thing like rainfall, a phenomenon that is highly variable from 
place to place, from week to week, from month to month, 
and from year to year. Valid assessments of the effectiveness 
of interventions to reduce diarrhea or trends over time need 
to account for the high time and location dependent vari-
ability of diarrhea measurements. Simultaneous longitudinal 
surveillance in representative intervention communities and 
comparable non-intervention communities are best suited to 
assess intervention effects independent of this variability. 
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