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Abstract

Background: Obtaining accurate information on child height is essential for targeting interventions to reduce stunting.

Thus, large-scale nutrition surveys must ensure that samples are representative of underlying populations of interest.

Without accurate representation, resources for combating child stunting may be inefficiently allocated.

Objective: This study examined differences between children with (92.7%) and without (7.3%) complete and biologically

plausible height data available from the Demographic and Health Surveys.

Methods: A total of 116 Demographic and Health Surveys conducted between 1991 and 2016 from 35 countries in

sub-Saharan Africa were merged. Differences between children with and without biologically plausible height data were

examined with the use of chi-square tests, t tests, and bivariate and multivariate logistic regression with survey cluster-

level fixed effects.

Results: Of the whole sample, 97.9% of children had complete height data and 92.7% of children had complete and

biologically plausible height data. There were sociodemographic and socioeconomic differences between those with

and those without complete and biologically plausible height data. Children with usable height data were more likely

to have a health card seen by the survey enumerator [mean height-for-age z score (HAZ): −1.32] than not (mean HAZ:

−1.44) (P< 0.001), be older (mean HAZ: −1.63) than younger (mean HAZ: −1.11) (P< 0.001), have been ill in the previous

2 wk (mean HAZ: −1.43) than not ill (mean HAZ: −1.33) (P < 0.001), live in urban areas (mean HAZ: −1.13) than in rural

areas (mean HAZ: −1.44) (P< 0.001), have literate mothers (mean HAZ: −1.16) than illiterate mothers (mean HAZ: −1.53)

(P < 0.001), have mothers with more education (mean HAZ: −1.23) than not (mean HAZ: −1.54) (P < 0.001), and have

more household wealth (mean HAZ: −0.82) than not (mean HAZ: −1.56) (P = 0.038).

Conclusions:Missing data from the DHS anthropometry questionnaires may affect research on child height, but overall

effects are likely small. Given the trends in nutritional epidemiology toward the use of large-scale national surveys,

understanding the ways in which biases arise as sample sizes increase is essential. J Nutr 2018;148:781–789.
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Introduction

This study explores selection bias in child height data in 116 De-
mographic and Health Surveys (DHSs) from 35 countries con-
ducted between 1991 and 2016 in sub-Saharan Africa (1). As
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of 2016, 22.9% of children around the world were stunted, an
encouraging reduction from 32.7% in the year 2000 (2). Ob-
taining accurate information on child height is a critical task be-
cause child height serves as a cumulative metric of child health,
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cognitive development (3), the risk of noncommunicable dis-
eases in adulthood (4), and future economic potential (5).

The group of children selected to be measured in each DHS
was representative of the overall study population in each sur-
vey. However, not every child selected for the anthropometry
questionnaire ended up with complete and biologically plausi-
ble anthropometric data available for nutrition researchers to
analyze, given the normal logistical challenges of large-scale sur-
veys. Some respondents refused to be measured, some data were
lost or recorded incorrectly, and some measurements were out-
side of the normal parameters for height as defined by theWHO
(1, 6).

Measuring the heights of children is challenging to do cor-
rectly and consistently (6, 7). Nonetheless, nationally represen-
tative surveys such as the DHS have relatively high data quality
and enumerators receive training as to proper procedures (1, 6).
Previous work has scrutinized the quality of child anthropomet-
ric data that use indicators such as the SDs of z scores, heaping
measures, and the percentage of flagged measurements (6–10).
However, these studies did not examine which child, mother,
and community characteristics are associated with the likeli-
hood of a selected child having usable anthropometric data.

The concern of potentially random measurement error is
present for many health indicators collected during nationally
representative surveys, including child height. Random mea-
surement error typically attenuates the estimated relations be-
tween child height and the determinants of child height. Mis-
reported age is another source of random and systematic error
(11). Incorrect procedures used to measure height, improperly
calibrated instruments, errors in data entry or recording, ob-
server error, or the difficulty of getting children to stand still, lie
still, or stretch out could cause random measurement error or
nonrandom measurement error if these challenges differ on the
basis of child characteristics.

Random measurement error is an important issue. However,
the present study is not focused on random measurement error,
the investigation of which would require carrying out repeated
anthropometric measurements on the same children and then
comparing the results, or conducting Monte Carlo simulations,
or analyzing the SDs of z scores (6, 7). Instead, we address the
question of whether there are systematic differences between the
children with complete and biologically plausible (i.e., usable)
height data and those without these data.

The objective of this study was to explore the possibility of
selection bias in child height data, which could affect estimated
prevalence rates of stunting and the validity of research studies
that incorporate information on child heights (10). Many stud-
ies have utilized nationally representative microdata on child
height to examine risk factors and potential solutions to the
problem of child stunting (12–16). If there is nonrandom miss-
ingness or selection bias in the sample of children who have
complete and biologically plausible height data in the DHSs,
studies that utilize these data without adjusting for the presence
of bias may misidentify associations or causal effects.

Methods
Data. The data set for this study was constructed from a collection
of 116 DHSs from 35 countries in sub-Saharan Africa conducted be-
tween 1991 and 2016 (1). The DHSs are cross-sectional, nationally rep-
resentative health surveys that contain detailed information on mater-
nal and child nutritional status (1, 6).With rigorous standardization, the
DHSs are comparable over time and across countries (1, 6). Sub-Saharan

Africa was selected as the study region because of the widespread preva-
lence of child stunting there, because the African continent has wide cov-
erage by the DHSs, and because data quality in the region is low com-
pared with other regions (Supplemental Table 1). Of the 10 countries
with the largest SDs in height-for-age z scores (HAZs), 9 were in Africa;
and of the 10 countries with the most height observations outside of bi-
ologically plausible limits, 7 were in Africa (6). The DHS data sets on all
births to interviewed women were used. A total of 559,790 children in
this collection had been selected for the anthropometric questionnaires.
Because this study used only previously de-identified secondary data, it
was considered exempt from full review by the Allegheny College Insti-
tutional Review Board.

Three outcome variables were constructed for analysis. The first was
a binary indicator of whether a child selected for the anthropometric
subsample had missing data for his or her height measurement (“com-
plete height data”). The second was a binary indicator of whether the
child’s height measurement was flagged by the DHS as being outside of
biologically plausible ranges, defined by the WHO (17) as >6 SDs from
the median, or as <45 cm or >120 cm (“biologically plausible height
data”). The third outcome variable was a combination of these 2 indica-
tors (“usable height data”). HAZs were calculated by the DHS program
with the use of the CDC reference curves (1).

To understand whether certain children were likely to have usable
height data available for analysis in the final DHS data sets, we exam-
ined a set of covariates expected to influence the likelihood of a child
eventually having usable height data available. To select these variables,
we considered which characteristics of children and mothers may have
made it either more or less difficult for survey enumeration teams to
obtain anthropometric data. The child-level characteristics selected in-
cluded child age, sex, recent illness in the past 2 wk or in the past
24 h, and whether the child had a health card that was seen by the survey
enumerator. Recent illness was defined as manifesting as fever, cough, or
diarrhea. The maternal and household-level characteristics included the
mother’s educational attainment, wealth, age, literacy, pregnancy sta-
tus, the number of children in the household, whether she was the head
of the household at the time of the survey, and urban or rural residence.
The survey year entered regressions as a linear time trend.

We expected that it would be more difficult to obtain accurate mea-
surements from younger children, and that there would be no differ-
ences between the sexes for ease of measurement. Recent illness was in-
cluded because it may be easier to measure children who are feeling ill,
given that they may not be as inclined to move around as much during
the measuring process. A child’s health card in possession of the family
may have indicated that the child had been seen by health profession-
als previously for vaccinations, vitamin A supplements, or for previous
anthropometric measurement, and may have been relatively more ac-
customed to being measured, compared with children who did not have
health cards. Thus, we expected that children with health cards seen by
the survey enumerator would be more likely to have complete and bio-
logically plausible height data available. Children with health cards are
may also be more likely to have had their ages recorded accurately.

We also expected that it would be easier for survey enumerators to
measure children when their mothers had more education, were literate,
were the head of the household, or were wealthier, due to the potential
need for increased time required for explaining the survey procedures to
women without literacy or with less educational attainment. In contrast,
we expected that it would be more difficult for survey enumerators to
obtain accurate measurements from women who had more children in
the household or from women who were pregnant, perhaps due to sur-
vey fatigue or high levels of activity in the household. Last, we expected
that, for rural areas, survey enumerators may have been less likely to
obtain complete and biologically plausible anthropometric measures,
perhaps due to the strenuousness of traveling to rural compared with
urban areas, or other logistical challenges that arise with conducting
surveys in remote areas.

Statistical techniques. The DHS survey sample design, survey
weights, and stratification were incorporated into all estimates. We cal-
culated the percentages of children with incomplete or biologically im-
plausible data, then used chi-square tests, t tests, as well as bivariate
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and multivariate logistic regression models to analyze the data in Stata
14/MP (StataCorp) (18). First, by using chi-square tests and t tests,
we examined differences between the children with and without usable
height data for analysis. Next, we estimated the unadjusted bivariate as-
sociations between the selected covariates and each of the 3 outcomes of
interest. Logistic regression was used because we had access to a large
sample size and the dependent variables were binary by construction.
We expected that observations were independent, although within fam-
ilies or within survey enumerators, this assumption may have been vi-
olated. Finally, we calculated variance inflation factors to ascertain the
degree of multicollinearity and found that they ranged from 1.00 to
2.50, indicating that there was not a high degree of collinearity between
the independent variables (Supplemental Table 2).

Each estimated association was determined to potentially overesti-
mate or underestimate the prevalence of child stunting in the population
on the basis of the available HAZ scores of children with and with-
out the selected characteristics. Estimated associations between child
HAZs themselves and each covariate (Supplemental Table 3) were also
compared with the results of Table 1, which indicated whether children
with certain characteristics were likely to have complete and biologically
plausible height data. Next, multivariate associations were estimated
and included survey cluster-level fixed effects, taking the DHS sampling
design and strata into account. Controlling for survey cluster-level fixed
effects was necessary because previous work showed substantial hetero-
geneity in anthropometric data quality across survey clusters (6).Results
were estimated for the whole sample, then split by time period and by
region. These P values may be small simply due to large sample sizes.
Therefore,we estimated upper and lower bounds on stunting prevalence
by survey to conceptualize the potential magnitude of the problem. To
do this, we calculated what stunting prevalence would have been if all
of the children with incomplete data had been stunted and defined this
as the “upper bound.” Then, we calculated what stunting prevalence
would have been if all of the children with incomplete data had not
been stunted and defined this as the “lower bound”. Further investiga-
tion is needed to determine the actual directions and magnitudes of bias
in the case of each individual survey.

Results

Tables 1–4 present the main results. A list of included
countries, surveys, survey years, and a summary of the
outcome measures can be found in Supplemental Table 1.
Table 2 presents descriptive statistics of the sample of children,
stratified by age. Of the whole sample, 97.9% of children had
complete height data available and 92.7% of children had com-
plete and biologically plausible height data available from the
DHSs.

Table 3 compares the groups of children with and without
usable height data in the final DHS data sets. The 2 groups dif-
fered in several respects. Children with usable height data were
more likely to have a health card than were children in the total
group that was originally selected (P < 0.001). Older children
were more likely to have usable data as well (P < 0.001), as
were children with literate mothers (P < 0.001). Children who
were recently ill were more likely than those not recently ill to
have usable height data than were urban children (P < 0.001
and P = 0.003 for the past 2 wk and past 24 h, respectively).
Rural children, although they represented a greater proportion
of the sample, were less likely to have usable height data than
were urban children (P < 0.001). Children with older mothers
(P < 0.001), who had more education (P < 0.001), and who
were wealthier (P < 0.001) were also more likely to be included
in the final usable sample. Finally, children with mothers who
were pregnant at the time of the survey were more likely to
have usable height data (P < 0.001). Children in female-headed

households (P < 0.001) or with mothers who were pregnant at
the time of the survey (P < 0.001) were less likely to have non-
missing height data. The group of children with missing height
data had a higher mean number of children aged <5 y in the
household (P < 0.001). There were no differences across child
sexes.

Table 1 presents unadjusted bivariate estimates of associ-
ations between the usability of child height data and 13 key
child, household, and community characteristics. Supplemental
Tables 4 and 5 present bivariate estimates for data complete-
ness and biological plausibility as outcomes separately. Three
of the selected characteristics were negatively associated with
whether the height data were usable: whether the child had
a health card that was seen by the survey enumerator (OR:
0.552; 95% CI: 0.534, 0.570), the mother’s illiteracy (OR:
0.672; 95% CI: 0.645, 0.700), and living in a rural area (OR:
0.742; 95% CI: 0.701, 0.785). For these characteristics, chil-
dren without health cards had a lower mean HAZ (−1.44)
than children with health cards (−1.32), children with illiter-
ate mothers had a lower mean HAZ (−1.53) than children with
literate mothers (−1.16), and children living in rural areas had
a lower mean HAZ (−1.44) than children living in urban ar-
eas (−1.13). Therefore, the differences in observed HAZ be-
tween these groups were small and unlikely to lead to major
biases.

Eight of the selected characteristics were positively associ-
ated with the usability of the child height data: mother’s age
in years (OR: 1.012; 95% CI: 1.010, 1.014), mother’s educa-
tion in years (OR: 1.029; 95% CI: 1.023, 1.034), household
wealth (OR: 1.038; 95% CI: 1.021, 1.056), and female-headed
households (OR: 1.138; 95% CI: 1.092, 1.186). Children who
were born to mothers with more education had a higher mean
HAZ (−1.23) than children of mothers with less education
(−1.54), and children living in wealthier households also had
a higher mean HAZ (−0.82) than those living in poorer house-
holds (−1.56). Older children were more likely to have usable
height data in the DHS (OR: 1.018; 95% CI: 1.017, 1.019),
as were children whose mothers were pregnant at the time of
the survey (OR: 1.329; 95% CI: 1.266, 1.395) and children
who were recently sick, either within the past 2 wk (OR: 1.590;
95% CI: 1.542, 1.640) or the past 24 h (OR: 2.125; 95% CI:
1.890, 2.388). For these characteristics, children who lived in
a female-headed household had a higher mean HAZ (−1.31)
than those in a male-headed household (−1.39), children with
a pregnant mother at the time of the survey had a lower mean
HAZ (−1.71) than children with a nonpregnant mother at the
time of the survey (−1.33), and children who were recently ill
had a lower mean HAZ (−1.43) than children who were not ill
recently (−1.33).

Finally, 2 characteristics were found to not be associatedwith
the usability of the child height data: the number of children
in the household being surveyed (OR: 0.995; 95% CI: 0.981,
1.009) and the sex of the child (OR: 1.011; 95% CI: 0.986,
1.035). Overall, given these patterns in observed HAZ between
groups, HAZ prevalence may be misestimated, or coefficient es-
timates between HAZ and these selected characteristics may be
biased toward or away from the null, but these consequences
likely would not be substantial.

Table 4 presents 3 models estimating the adjusted multivari-
ate relations between the outcomes of interest and the charac-
teristics that may be associated with the usability of child height
data in the DHSs. The first 2 columns present models in which
the completeness and the biological plausibility of the height
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TABLE 1 Unadjusted bivariate estimates of associations between the completeness and biological plausibility of child height data
and key child, household, and community characteristics for children aged <5 y in sub-Saharan Africa1

Outcome: Child had complete
and plausible height data
in the DHSs

Unadjusted bivariate coefficient
estimates, OR (95% CI)

Height data that are
incomplete or not
plausible,2 %

HAZ for when binary
characteristic = 13

HAZ for when binary
characteristic = 03

Characteristics that are negatively
associated with height data
completeness and feasibility4

Child’s health card (1 = no
health card, 0 = health card
seen)

0.552*** (0.534, 0.570) 7.08 −1.44 ± 1.775 −1.32 ± 1.49

Mother’s literacy (1 = illiterate,
0 = literate)

0.672*** (0.645, 0.700) 7.71 −1.53 ± 1.73 −1.16 ± 1.52

Type of place of residence
(rural = 1, urban = 0)

(0.742*** (0.701, 0.785) 7.05 −1.44 ± 1.63 −1.13 ± 1.55

Characteristics that are positively
associated with height data
completeness and feasibility

Mother’s age6 (single years) 1.012*** (1.010, 1.014) 7.03 −1.37 ± 1.60 −1.37 ± 1.63
Child’s age7 (single months) 1.018*** (1.017, 1.019) 7.03 −1.11 ± 1.63 −1.63 ± 1.56
Mother’s education (single

years)8
1.029*** (1.023, 1.034) 7.02 −1.54 ± 1.71 −1.23 ± 1.52

Wealth index (1 = poorest,
5 = richest)9

1.038*** (1.021, 1.056) 8.19 −1.56 ± 1.68 −0.82 ± 1.55

Sex of household head
(1 = female, 0 = male)

1.138*** (1.092, 1.186) 7.02 −1.31 ± 1.57 −1.39 ± 1.63

Pregnancy during survey
(1 = pregnant, 0 = not)

1.329*** (1.266, 1.395) 7.02 −1.71 ± 1.58 −1.33 ± 1.62

Child illness (1 = ill in past
2 wk, 0 = not ill)

1.590*** (1.542, 1.640) 7.02 −1.43 ± 1.58 −1.33 ± 1.66

Child illness (1 = ill in past 24 h,
0 = not ill)

2.125*** (1.890, 2.388) 7.02 −1.51 ± 1.51 −1.37 ± 1.63

Characteristics that are not
associated with height data
completeness and feasibility

Children aged <5 y in
household,10n

0.995 (0.981, 1.009) 7.02 −1.29 ± 1.58 −1.41 ± 1.63

Sex of child (1 = male,
0 = female)

1.011 (0.986, 1.035) 6.81 −1.44 ± 1.61 −1.31 ± 1.63

1Coefficients were estimated with the use of a bivariate logistic regression model that incorporated survey weights, clustering, and sampling strata. ***P < 0.01. DHS, Demo-
graphic and Health Survey; HAZ, height-for-age z score.
2The number of children included in each model varied due to data availability of each covariate; not all households across all surveys were asked the same questions, which is
why the percentage of missing data differs depending on the covariate.
3These summary statistics are for children for whom height data were available.
4ORs are presented in ascending order of distance from 1 in each category: negatively associated, positively associated, and not associated.
5Mean ± SD (all such values).
6For maternal age, the HAZ estimates were split by the median respondent age, which was 28 y. Thus, column 3 shows the HAZ for children born to mothers who were strictly
younger than 28 y at the time of the survey, and column 4 shows the HAZ for children born to mothers who were ≥28 y old at the time of the survey.
7For child age, the HAZ estimates were split by the median child age, which was 26 mo. Thus, column 3 is the HAZ for children strictly younger than 26 mo, and column 4 shows
the HAZ for children ≥26 mo of age.
8For maternal education, the HAZ estimates were split by the median years of education for the mother, which was 2 y. Thus, column 3 shows the HAZ for children with mothers
who have strictly <2 y of education, and column 4 shows the HAZ for children who have ≥2 y of education.
9For wealth, columns 3 and 4 present estimates of HAZ for the poorest and richest quintiles, respectively.
10For number of children in the household, column 3 presents HAZ for those children living in households with strictly fewer than the median number of children across the
whole sample, and column 4 presents HAZ for those children living in households with greater than or equal to the median (the median number of children aged <5 y in the
household was 2).

data were separated as outcomes, and the last column combines
the indicators. Multivariate estimates mirror the bivariate esti-
mates presented in Table 1 and are consistent with the patterns
of differences between the groups of children with and without
usable height data presented in Table 3.

Tables 5 and 6 present the same estimates as in column
3 of Table 4, split by survey period and region, respectively.

Overall, the associations between the selected characteristics
and the likelihood of having complete and biologically plausible
height data have become larger in magnitude over time (Table
5). Across regions, different characteristics were associated with
the likelihood of having complete and biologically plausible
height data (Table 6). Recent child illness is strongly and pos-
itively associated with having complete data, with the largest
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TABLE 2 Descriptive statistics stratified by child age for children aged <5 y in sub-Saharan Africa

All children (n= 559,790)
Children <24 mo old

(n= 256,762)
Children ≥24 mo old

(n= 303,028) P1

Child
Has a health card, n (%) 301,795 (53.91) 160,376 (62.46) 141,419 (46.67)
Has no health card, n (%) 249,151 (44.51) 95,793 (37.31) 153,358 (50.61) <0.001
Age, mo 26.98 ± 17.122 11.07 ± 6.67 40.47 ± 10.37 <0.001
Male sex, n (%) 281,678 (50.32) 129,115 (50.29) 152,563 (50.35)
Female sex, n (%) 278,112 (49.68) 127,647 (49.71) 150,465 (49.65) 0.653
Mother was literate, n (%) 196,014 (35.02) 88,445 (34.45) 107,569 (35.50)
Mother was illiterate, n (%) 247,665 (44.24) 105,798 (41.20) 141,867 (46.82) <0.001
Ill in past 2 wk, n (%) 242,405 (43.30) 126,922 (49.43) 115,483 (38.11)
Not ill in past 2 wk, n (%) 317,385 (56.70) 129,840 (50.57) 187,545 (61.89) <0.001
Ill in past 24 h, n (%) 10,676 (1.91) 6604 (2.57) 4072 (1.34)
Not ill in past 24 h, n (%) 549,114 (98.09) 250,158 (97.43) 298,956 (98.66) <0.001
Rural residence, n (%) 448,174 (80.06) 203,898 (79.41) 244,276 (80.61)
Urban residence, n (%) 106,111 (18.96) 50,325 (19.60) 55,786 (18.41) <0.001

Mother
Age, y 28.83 ± 6.94 27.51 ± 6.83 29.95 ± 6.84 0.003
Education, y 3.72 ± 4.13 3.77 ± 4.14 3.69 ± 4.41 <0.001

Wealth index, n (%)
Poorest 95,996 (17.15) 41,833 (16.29) 54,163 (17.87)
Poorer 84,230 (15.05) 36,801 (14.33) 47,429 (15.65)
Middle 78,416 (14.01) 34,074 (13.27) 44,342 (14.63)
Richer 73,012 (13.04) 31,778 (12.38) 41,324 (13.64)
Richest 63,416 (11.33) 27,567 (10.74) 35,849 (11.83) 0.438

Male household head, n (%) 461,369 (82.42) 212,212 (82.65) 249,157 (82.22)
Female household head, n (%) 98,420 (17.58) 44,550 (17.35) 53,870 (17.78) <0.001
Mother was pregnant, n (%) 59,000 (10.54) 10,895 (4.24) 48,105 (15.87)
Mother was not pregnant, n (%) 500,790 (89.46) 245,867 (95.76) 254,923 (84.13) <0.001
Children, n 2.18 ± 1.25 2.19 ± 1.29 2.17 ± 1.24 0.067

1P values are for tests of differences in characteristics between older and younger children, with the use of a t test for continuous variables
and a test for equality of proportions for binary variables.
2Mean ± SD (all such values).

magnitude OR estimated for Central Africa (OR: 1.665; 95%
CI: 1.495, 1.855). Not having a health card is most strongly
and negatively associated with having complete data in Eastern
Africa (OR: 0.582; 95% CI: 0.550, 0.615). Maternal age, ma-
ternal literacy, and pregnancy status at the time of the survey are
slightly associated with data completeness in Eastern and West-
ern Africa only. Household wealth is positively associated with
data completeness in Western Africa only (OR: 1.064; 95% CI:
1.039, 1.089). Supplemental Table 6 presents estimates for the
upper and lower bounds of stunting prevalence by survey if all
missing data had been from children who were stunted or not
stunted, respectively.

Discussion
Anthropometric measures such as height and weight are espe-
cially useful for planning resource allocations because they are
comparably easier to measure than other indicators of nutri-
tional status, such as those that would require biochemical or in-
depth clinical analyses (19). At national levels, measuring child
heights is also key to monitoring progress toward eliminating
undernutrition and food insecurity. Despite their immense value
to the nutrition research community, there has been limited re-
search on the data quality of large-scale surveys, even though
the utility of these surveys depends on whether the populations
in question are accurately represented. In cross-sectional surveys

like the DHSs, selection bias can occur if the sample selected is
not representative of the underlying population.

The purpose of this study was not to criticize the procedures
of the DHS program. Instead, we sought to outline the potential
issue of selection bias into the sample of children with usable an-
thropometric data in the DHSs. Given the patterns found and
the differences in mean observed HAZ between groups, overall
impacts of the nonrandom missingness on stunting prevalence
or on estimating the relations between child height and the de-
terminants of child height are likely small. However, determin-
ing the net effects of the patterns found here on the estimated
prevalence of stunting and on estimated associations with so-
cioeconomic factors requires further investigation, and previous
work has shown that large numbers of biologically implausible
measurements result in overestimating the prevalence of stunt-
ing (7). Regardless of whether these patterns would result in an
over- or underestimation of stunting prevalence, misallocation
of resources for reducing undernutrition could occur.

In the subsample of children selected for the DHS anthro-
pometric questionnaire, we found sociodemographic and so-
cioeconomic differences between those with and without usable
height data. It is possible that implementing the survey with illit-
erate mothers or in households in rural areas takes longer than
with literate mothers or with households in urban areas, and
survey enumeration teams end up feeling rushed.Older children
may be easier to coax into being measured, and less struggle po-
tentially leads to less chance of obtaining an implausible mea-
sure. Children who had recently been ill may be more likely to
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TABLE 3 Comparisons between the groups of children with and without usable height data for children aged
<5 y in sub-Saharan Africa1

Sample population: Children with usable
height data for analysis (n= 518,886)

Missing data: Children without usable
height data for analysis (n= 40,904) P2

Child
Has a health card, n (%) 285,166 (55.88) 16,629 (40.97)
Has no health card, n (%) 225,188 (44.12) 23,963 (59.03) <0.001
Age, mo 27.33 ± 17.003 22.56 ± 18.05 <0.001
Male sex, n (%) 261,159 (50.33) 20,519 (50.16)
Female sex, n (%) 257,727 (49.67) 20,385 (49.84) 0.515
Mother was literate, n (%) 183,804 (45.03) 12,210 (34.38)
Mother was illiterate, n (%) 224,355 (54.97) 23,310 (65.63) <0.001
Ill in past 2 wk, n (%) 229,014 (44.14) 13,391 (32.74)
Not ill in past 2 wk, n (%) 289,872 (55.86) 27,513 (67.26) <0.001
Ill in past 24 h, n (%) 10,298 (1.98) 378 (0.92)
Not ill in past 24 h, n (%) 508,588 (98.02) 40,904 (99.08) <0.001
Rural residence, n (%) 413,374 (80.49) 34,800 (85.42)
Urban residence, n (%) 100,173 (19.51) 5938 (14.58) <0.001

Mother
Age, y 28.87 ± 6.94 28.33 ± 6.95 <0.001
Education, y 3.78 ± 4.40 3.21 ± 4.51 <0.001

Wealth index, n (%)
Poorest 86,917 (24.04) 9079 (27.00)
Poorer 77,004 (21.30) 7226 (21.49)
Middle 72,130 (19.95) 6286 (18.69)
Richer 67,434 (18.65) 5668 (16.85)
Richest 58,044 (16.06) 5372 (15.97) <0.001

Male household head, n (%) 426,931 (82.28) 34,438 (84.19)
Female household head, n (%) 91,954 (17.72) 6466 (15.81) <0.001
Mother was pregnant, n (%) 55,622 (10.72) 3378 (8.26)
Mother was not pregnant, n (%) 463,264 (89.28) 37,526 (91.74) <0.001
Children, n 2.17 ± 1.24 2.23 ± 1.39 <0.001

1Usable height data were complete and biologically plausible.
2P values are for tests of differences in characteristics between the children with and without usable height data with the use of a t test for
continuous variables and a test for equality of proportions for binary variables. The table is split into 2 groups: those children with complete and
biologically plausible height data are in the left-hand column and children without complete and biologically plausible height data are in the middle
column.
3Mean ± SD (all such values).

have been nearby the house on the day of the survey, or they
may have struggled less when measured because they were tired
or still not feeling well.

The nonrandom missing data found in this study were
measurable even after controlling for survey cluster-level fixed
effects to capture the heterogeneity across survey enumer-
ation teams (6). Over time, the biases appear to become
larger in magnitude, but this could be the result of increasing
sample size over the course of the study period. Results
suggest that there was bias present in the selection of children
who eventually had biologically plausible height data available
for analysis. Overall, for the individual socioeconomic and so-
ciodemographic characteristics, these biases are toward the null,
as in these biases could create an attenuation of estimated as-
sociations between each given characteristic and child height.
However, these would likely be small attenuations given the dif-
ferences in mean HAZ between groups.

When studying child height and its determinants with the
use of large-scale survey data, researchers should consider uti-
lizing conventional imputation methods to correct for selection
on observable characteristics, or utilizing Heckman-type selec-
tion models to correct for selection on observable and unob-
servable characteristics (20). Researchers should also take care

to not make claims of generalizability without examining the
demographic and economic profiles of surveyed children with-
out usable height data.

This study focused on the DHSs, but policy suggestions
would apply to any organization that conducts nationally rep-
resentative health and nutrition surveys. More training of sur-
vey enumerators on anthropometric measurement as well as
measurement of age could assuage the problem of selection
bias, especially for infants and young toddlers (6). Recent ef-
forts to improve birth registration will help with the goal of
measuring age accurately (21, 22). Technological advancements
in anthropometric equipment and investments in existing tech-
nology could also improve the data quality and reduce selec-
tion bias, such as having on-site digital data entry and spot
checks.

Unfortunately, training and technology—however compre-
hensive and innovative—are not sufficient to guarantee the va-
lidity of anthropometric measures. Having a well-structured
and organized working environment for survey enumeration
teams, including a mechanism for team members to suggest
improvements to logistical procedures, is also essential. Survey
enumeration in remote areas, often in communities at risk of
undernutrition, infectious disease, environmental hazards, and
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TABLE 4 Adjusted multivariate estimates of associations between 3 indicators of child height data quality and key child and
household characteristics, with community fixed effects for children aged <5 y in sub-Saharan Africa1

Covariates Units/Type Child had complete data2
Child had biologically plausible

height data3

Child had complete and
biologically plausible height

data4

Child’s age Months 1.001* (1.000, 1.003) 1.027*** (1.026, 1.027) 1.024*** (1.023, 1.025)

Male child Binary (1 = male) 1.031 (0.984, 1.079) 1.014 (0.988, 1.041) 1.008 (0.982, 1.035)

Child ill within 2 wk Binary (1 = yes) 1.397*** (1.323, 1.475) 1.319*** (1.279, 1.360) 1.324*** (1.284, 1.365)

Health card Binary (1 = no card) 0.478*** (0.452, 0.505) 0.694*** (0.671, 0.717) 0.613*** (0.593, 0.633)

Number of kids Count 0.967*** (0.948, 0.986) 1.005 (0.993, 1.018) 0.999 (0.987, 1.011)

Mother’s education Years 1.000 (0.992, 1.008) 1.000 (0.995, 1.005) 1.001 (0.996, 1.006)

Mother’s age Years 1.007*** (1.003, 1.010) 1.006*** (1.004, 1.008) 1.005*** (1.003, 1.007)

Illiterate Binary (1 = yes) 0.831*** (0.767, 0.901) 0.929** (0.886, 0.973) 0.894*** (0.853, 0.937)

Pregnant Binary (1 = yes) 0.996 (0.921, 1.076) 1.118*** (1.065, 1.174) 1.122*** (1.071, 1.176)

Wealth Categorical 1.064*** (1.033, 1.095) 1.034*** (1.017, 1.052) 1.047*** (1.030, 1.064)

Female head Binary 0.968 (0.904, 1.037) 1.007 (0.967, 1.048) 1.008 (0.968, 1.049)

Survey year Trend 1.481* (1.066, 2.059) 0.950 (0.874, 1.033) 0.957 (0.881, 1.039)

Observations5 n 72,871 206,407 208,893
Percentage affected % 2.67 7.96 8.62
Clusters n 4374 12,447 12,658

1Values are ORs (95% CIs) unless otherwise indicated. Coefficients were estimated with the use of a multivariate logistic regression model that incorporated survey weights,
clustering, and sampling strata and survey cluster-level fixed effects. *P < 0.10, **P < 0.05, ***P < 0.01.
2Outcome in column 1: child had complete height data available.
3Outcome in column 2: child’s recorded height data were biologically plausible.
4Outcome in column 3: the combination of indicators for columns 1 and 2.
5Sample size differed across models because of missing data across covariates and because survey clusters with all positive or all negative outcomes could not be analyzed
within survey clusters and were automatically dropped.

civil conflict, is a challenging and sometimes dangerous task.
Understanding the processes by which enumeration teams work
together and make day-to-day decisions requires in-depth eco-
nomic, anthropological, and sociological analyses.

Limitations and possible extensions. This was a secondary
analysis of a collection of complex, large-scale surveys over
a long time period. We used the CDC growth reference to
keep consistent across all DHSs, including those that occurred

TABLE 5 Adjusted multivariate estimates of associations between child height data quality by time period of survey, with
community fixed effects for children aged <5 y in sub-Saharan Africa1

Covariates Units/Type 1991–19972 1998–20033 2004–20094 2010–20165

Child’s age Months 1.032*** (1.026, 1.039) 1.025*** (1.023, 1.028) 1.024*** (1.023, 1.026) 1.023*** (1.022, 1.024)

Male child Binary (1 = male) 1.152 (0.942, 1.409) 0.978 (0.899, 1.065) 0.990 (0.951, 1.032) 1.025 (0.987, 1.064)

Child ill within 2 wk Binary (1 = yes) 1.274 (0.995, 1.631) 1.295*** (1.181, 1.420) 1.308*** (1.249, 1.370) 1.355*** (1.294, 1.418)

Health card Binary (1 = no card) 0.692* (0.513, 0.934) 0.702*** (0.631, 0.781) 0.678*** (0.644, 0.713) 0.551*** (0.526, 0.577)

Number of kids Count 0.917 (0.789, 1.067) 1.032 (0.989, 1.076) 1.030** (1.010, 1.051) 0.975** (0.959, 0.991)

Mother’s education Years 1.056 (0.966, 1.153) 0.982 (0.961, 1.003) 1.006 (0.999, 1.013) 0.997 (0.990, 1.004)

Mother’s age Years 1.004 (0.988, 1.019) 1.004 (0.998, 1.011) 1.007*** (1.004, 1.011) 1.003* (1.000, 1.006)

Illiterate Binary (1 = yes) 0.989 (0.598, 1.635) 0.791* (0.661, 0.947) 0.928* (0.866, 0.995) 0.870*** (0.812, 0.933)

Pregnant Binary (1 = yes) 1.570* (1.033, 2.387) 1.215* (1.035, 1.427) 1.098* (1.021, 1.180) 1.118** (1.045, 1.196)

Wealth Categorical 1.083 (0.964, 1.216) 1.048 (0.995, 1.104) 1.033* (1.007, 1.060) 1.060*** (1.034, 1.086)

Female head Binary 1.007 (0.729, 1.390) 0.948 (0.830, 1.082) 1.026 (0.963, 1.093) 1.003 (0.948, 1.061)

Observations6 n 2874 23,445 83,889 98,647

Percentage affected % 4.19 5.76 9.82 7.93

Clusters n 295 1340 4652 6372

1Values are ORs (95% CIs) unless otherwise indicated. Coefficients were estimated with the use of a multivariate logistic regression model that incorporated survey weights,
clustering, and sampling strata and survey cluster-level fixed effects. *P < 0.10, **P < 0.05, ***P < 0.01.
2Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place between 1991 and 1997.
3Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place between 1998 and 2003.
4Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place between 2004 and 2009.
5Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place between 2010 and 2016.
6Sample size differed across models due to survey availability.
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TABLE 6 Adjusted multivariate estimates of associations between child height data quality by region of survey, with community
fixed effects for children aged <5 y in sub-Saharan Africa1

Covariates Units/Type Eastern2 Central3 Western4 Southern5

Child’s age Months 1.030*** (1.028, 1.032) 1.021*** (1.018, 1.024) 1.020*** (1.019, 1.021) 1.045*** (1.036, 1.055)
Male child Binary (1 = male) 1.033 (0.985, 1.084) 1.095 (0.993, 1.208) 0.987 (0.954, 1.022) 0.912 (0.708, 1.176)
Child ill within 2 wk Binary (1 = yes) 1.406*** (1.332, 1.484) 1.665*** (1.495, 1.855) 1.221*** (1.172, 1.273) 1.388* (1.042, 1.849)
Health card Binary (1 = no card) 0.582*** (0.550, 0.615) 0.638*** (0.561, 0.725) 0.620*** (0.593, 0.647) 0.712* (0.519, 0.976)
Number of kids Count 1.018 (0.989, 1.049) 1.005 (0.961, 1.051) 0.994 (0.980, 1.008) 1.012 (0.891, 1.151)
Mother’s education Years 1.004 (0.994, 1.014) 0.998 (0.982, 1.015) 0.998 (0.991, 1.004) 0.992 (0.941, 1.045)
Mother’s age Years 1.004* (1.001, 1.008) 1.007 (1.000, 1.015) 1.006*** (1.003, 1.008) 0.994 (0.975, 1.013)
Illiterate Binary (1 = yes) 0.885** (0.818, 0.958) 0.944 (0.800, 1.114) 0.875*** (0.817, 0.937) 0.628 (0.379, 1.042)
Pregnant Binary (1 = yes) 1.121* (1.022, 1.230) 1.127 (0.949, 1.337) 1.134*** (1.069, 1.203) 0.587 (0.305, 1.128)
Wealth Categorical 1.027 (0.999, 1.055) 1.011 (0.953, 1.074) 1.064*** (1.039, 1.089) 1.164 (0.984, 1.376)
Female head Binary 0.975 (0.916, 1.037) 1.015 (0.885, 1.165) 1.049 (0.987, 1.114) 0.888 (0.666, 1.185)
Survey year Trend 0.953 (0.877, 1.037) 1.248 (0.533, 2.920) 0.720 (0.325, 1.594) —
Observations6 n 68,603 17,382 112,344 2285
Percentage affected % 5.14 5.82 10.56 3.7
Clusters n 4815 1042 5883 268

1Values are ORs (95% CIs) unless otherwise indicated. Coefficients were estimated with the use of a multivariate logistic regression model that incorporated survey weights,
clustering, and sampling strata and survey cluster-level fixed effects. *P < 0.10, **P < 0.05, ***P < 0.01.
2Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place in Eastern Africa as defined by the United Nations.
3Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place in Central Africa as defined by the United Nations.
4Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place in Western Africa as defined by the United Nations.
5Outcome: child had complete and biologically plausible height data. Estimated for surveys that took place in Southern Africa as defined by the United Nations.
6Sample size differed across models due to survey availability.

before 2006, but the use of the updated WHO standards in-
stead would allow for standardization in the determinants of
nutritional status, such as child illness, maternal smoking, in-
fant and young child feeding practices, breastfeeding, and en-
vironmental conditions. Furthermore, examining mechanisms
for the findings would be difficult without detailed information
about the behaviors of survey enumeration teams and other on-
the-ground conditions at the time of each survey in each com-
munity. As part of their methodologic reports, the DHS pro-
gram could consider interviewing or conducting focus groups
with survey enumeration teams and analyzing the resulting
qualitative data. Without qualitative information about actual
survey conditions on the ground, it will be difficult to develop
improved procedures.

A way in which the present study could be extended would
be to analyze DHS data quality for each country individually. In
conjunction with the aggregated analysis, a deeper country-level
analysis could bring to light which places need the most atten-
tion for improvement. Substantial heterogeneity in data qual-
ity across countries has already been shown (6). It is possible
that, within many countries, there are no differences between
the subsample of children selected for the anthropometric ques-
tionnaire and the final sample of children with usable data, but
these selection biases compound as the sample sizes increase.
Future work could also seek to measure and correct for overdis-
persion in these data. Finally, the use of Heckman-type selection
models could account for this selection bias when calculating
prevalence rates of stunting or when modeling the determinants
of child height, such as those models often used to control for
selection bias in HIV testing (23).

Conclusions. In the DHSs, children with missing data or bio-
logically implausible data are different from those children for
whom we have complete and plausible measurements. Most of
the incomplete height data for children in the DHSs are due to
biological implausibility of the measurements and not due to
missing data. To ascertain the net effects of the biases found in

this study, a reference population would be needed for compar-
ison, or the Heckman-corrected prevalence estimates for stunt-
ing could be estimated.Reference populations could be obtained
from other large-scale surveys such as the Multiple Indicators
Cluster Survey fromUNICEF (24) or the Living StandardsMea-
surement Survey from the World Bank (25), but these surveys
may have similar issues with selection bias.

Studies that use the DHS anthropometric microdata directly
for analyses may be affected by the selection biases found here
if independent variables are correlated with error terms, or if
claims are made by researchers about the generalizability of
findings. Other types of epidemiologic studies or government
reports, such as those that aggregate the data into regional or
country-level prevalences, would also be affected because the
sample of children with usable height data is not necessarily
representative of the underlying population. Given the trends in
nutritional epidemiology toward the use of large-scale national
surveys, understanding the way in which biases change as sam-
ple size increases is essential (7). Last, nutrition policymakers
should strive to develop policies that could apply to a wider CI
for stunting prevalence in their communities.

Acknowledgments
The authors’ responsibilities were as follows—ABF: designed
the research and had primary responsibility for final con-
tent; and both authors: conducted the research, analyzed the
data, wrote the manuscript, and read and approved the final
manuscript.

References
1. ICF International. The Demographic and Health Surveys program

[Internet]. [cited 2017 Aug 8]. Available from: http://dhsprogram.com/
What-We-Do/Survey-Types/DHS.cfm.

2. UNICEF. UNICEF/WHO/World Bank Joint Child Malnutrition
Estimates. 2017 [ Internet]. [cited 2017 Aug 8]. Available from: https://
data.unicef.org/topic/nutrition/malnutrition/#.

788 Finaret and Hutchinson

Downloaded from https://academic.oup.com/jn/article-abstract/148/5/781/4990761
by ASN Member Access,  afinaret@allegheny.edu
on 03 May 2018

http://dhsprogram.com/What-We-Do/Survey-Types/DHS.cfm
https://data.unicef.org/topic/nutrition/malnutrition/#


3. Sudfeld CR, McCoy DC, Fink G, Muhihi A, Bellinger DC, Masanja
H, Smith ER, Danaei G, Ezzati M, Fawzi WW. Malnutrition and its
determinants are associated with suboptimal cognitive, communication,
and motor development in Tanzanian children. J Nutr 2015;145:2705–
14.

4. Dewey KG, Begum K. Long-term consequences of stunting in early life.
Matern Child Nutr 2011;7:5–18.

5. Hoddinott J, Behrman JR, Maluccio JA, Melgar P, Quisumbing AR,
Ramirez-ZeaM, Stein AD,Yount KM,Martorell R.Adult consequences
of growth failure in early childhood. Am J Clin Nutr 2013;98:1170–8.

6. Assaf S, Kothari MT, Pullum TW. An assessment of the quality of DHS
anthropometric data, 2005–2014. Rockville, MD.: ICF International;
2015;16.

7. Grellety E, Golden MH. The effect of random error on diagnostic
accuracy illustrated with the anthropometric diagnosis of malnutrition.
PLoS One 2016;11:e0168585.

8. Ulijaszek SJ, Kerr DA. Anthropometric measurement error and the
assessment of nutritional status. Br J Nutr 1999;82:165–77.

9. Corsi DJ, Perkins JM, Subramanian SV. Child anthropometry data
quality from Demographic and Health Surveys, Multiple Indicator
Cluster Surveys, and National Nutrition Surveys in the West Central
Africa region: are we comparing apples and oranges? Glob Health
Action 2017;10:1328185.

10. WHO Expert Committee. Physical status: the use and
interpretation of anthropometry. World Health Organ Tech Rep
Ser [Internet]. 1995;854. Available from: http://apps.who.int/
iris/bitstream/10665/37003/1/WHO_TRS_854.pdf. Accessed 26
February, 2018.

11. Larsen AF, Headey DD, Masters WA. Misreporting month of
birth: implications for nutrition research. Intl Food Policy Res Inst
2017;1617:52.

12. Karra M, Subramanian SV, Fink G. Height in healthy children in
low-and middle-income countries: an assessment. Am J Clin Nutr
2017;105:121–6.

13. Mulmi P, Block SA, Shively GE, Masters WA. Climatic conditions
and child height: Sex-specific vulnerability and the protective effects of
sanitation and food markets in Nepal. Econ Hum Biol 2016;23:63–75.

14. Fuller JA, Villamor E, Cevallos W, Trostle J, Eisenberg JN. I get
height with a little help from my friends: herd protection from
sanitation on child growth in rural Ecuador. Int J Epidemiol 2016;45:
460–9.

15. Vyas S, Kov P, Smets S, Spears D.Disease externalities and net nutrition:
Evidence from changes in sanitation and child height in Cambodia,
2005–2010. Econ Hum Biol 2016;23:235–45.

16. Busert LK, Neuman M, Rehfuess EA, Dulal S, Harthan J, Chaube
SS, Bhandari B, Costello H, Costello A, Manandhar DS et al. Dietary
diversity is positively associated with deviation from expected height in
rural Nepal. J Nutr 2016;146:1387–93.

17. WHO Multicentre Growth Reference Study Group. WHO
Child Growth Standards: length/height-for-age, weight-for-age,
weight-for-length, weight-for-height and body mass index-for-age:
methods and development. Geneva (Switzerland): WHO; 2006;
157.

18. StataCorp. StataMP, release 14. College Station (TX): StataCorp; 2015.

19. Willett WC. Nutritional epidemiology. 2nd ed. New York; Oxford
University Press; 1998.

20. Heckman JJ. Sample bias as a specification error. Econometrica
1979;47:153–62.

21. Garenne M, Collinson MA, Kabudula CW, Gómez-Olivé FX, Kahn K,
Tollman S. Improving completeness of birth and death registration in
rural Africa. Lancet Glob Health 2016;4:e604–5.

22. Comandini O, Cabras S, Marini E. Birth registration and
child undernutrition in sub-Saharan Africa. Public Health Nutr
2016;19:1757–67.

23. Bärnighausen T, Bor J, Canning D.Correcting HIV prevalence estimates
for survey nonparticipation using Heckman-type selection models.
Epidemiology 2011;22:27–35.

24. UNICEF. Multiple Indicator Cluster Survey (MICS). 2000.

25. Carletto G, Beegle K, Himelein K, Kilic T, Murray S, Oseni M, Scott
K, Steele D. Improving the availability, quality and policy-relevance of
agricultural data: The living standards measurement study-integrated
surveys on agriculture. Washington (DC): In Third Wye City Group
Global Conference on Agricultural and Rural Household Statistic 2011;
pp 24–25.

Missingness of child height survey data 789

Downloaded from https://academic.oup.com/jn/article-abstract/148/5/781/4990761
by ASN Member Access,  afinaret@allegheny.edu
on 03 May 2018

http://apps.who.int/iris/bitstream/10665/37003/1/WHO_TRS_854.pdf

