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Abstract

Background: Most existing research on the association of parental education with child-
hood undernutrition focuses on maternal education and often ignores paternal educa-
tion. We systematically investigate differences in maternal and paternal education and
their association with childhood undernutrition.

Methods: One hundred and eighty Demographic and Health Surveys from 62 countries
performed between 1990 and 2014 were analysed. We used linear-probability models to
predict childhood undernutrition prevalences, measured as stunting, underweight and
wasting, for all combinations of maternal and paternal attainment in school. Models
were adjusted for demographic and socio-economic covariates for the child, mother and
household, country-level fixed effects and clustering. Additional specifications adjust for
local area characteristics instead of country fixed effects.

Results: Both higher maternal and paternal education levels are associated with lower
childhood undernutrition. In regressions adjusted for child age and sex as well as
country-level fixed effects, the association is stronger for maternal education than for pa-
ternal education when their combined level of education is held constant. In the fully ad-
justed models, the observed differences in predicted undernutrition prevalences are
strongly attenuated, suggesting a similar importance of maternal and paternal education.
These findings are confirmed by the analysis of composite schooling indicators.
Conclusions: We find that paternal education is similarly important for reducing child-
hood undernutrition as maternal education and should therefore receive increased atten-
tion in the literature.
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Key Messages

cation are strongly attenuated.

further research is necessary.

* Both maternal and paternal schooling are negatively associated with child undernutrition.
* Models failing to control for important covariates and local area characteristics suggest that the education of the
mother is most important but, once these factors are accounted for, differences between maternal and paternal edu-

* The channels through which the education of fathers affects child nutritional status are not yet fully understood and

Introduction

Much research has shown that maternal education critically
affects children’s health and development. Caldwell was one
of the first to show links between maternal education and
child health, finding lower child mortality among children
with better-educated mothers in Nigeria.' His seminal study
inspired many investigations of the effects of parental educa-
tion on child health and well-being in developing as well as
in developed countries.”™ Specifically related to child nutri-
tion and physical development, evidence showed that higher
educational attainment for parents was inversely associated
with childhood stunting, underweight and wasting.® Much
of this research has focused primarily on maternal education
though, largely ignoring paternal education.”"

A few studies have compared the influences of mothers’
and fathers’ education on child nutrition and physical devel-
opment, finding different and often contradictory results.
Aslam and Kingdon found that only the mother’s education
was a significant predictor of child height and weight.'* Other
work finds that both parents’ education levels are equally pro-
tective against undernutrition."® The contrasting findings of
these studies show that the relationship between parental edu-
cation and child nutrition, particularly the relative contribu-
tions of maternal and paternal education, is far from clear.

Comparisons of the effects of maternal and paternal
education on child health have been marked by key meth-
odological concerns. Using data from 22 countries, Desai
and Alva found that associations between maternal educa-
tion and height for age of children are attenuated in models
accounting for paternal education and other characteris-
tics.'* Relatedly, several other studies noted that the effects
of maternal education are confounded by social and eco-
3515 Another

mating—a phenomenon in which women who are more

nomic conditions. issue 1is assortative
educated tend to choose men with a similar status, which
may further complicate comparisons of maternal vs pater-

nal education effects on child health.'®'” Accounting for

the correlation between mothers’ and father’s education,
Breierova and Duflo found nearly equal effects of mothers’
and fathers’ education on child mortality."®

Glewwe developed a conceptual model to describe path-
ways through which parental education may affect child
health.'® Parental education leads to changes in child
health through two interrelated channels. Higher educa-
tion causes changes in parental values, affecting household
income and allocation of resources towards children’s
health as well as parents’ health knowledge.'® Second,
more years of schooling lead to changes in cognitive skills
that also affect parents’ health knowledge, household in-
come, and thus health and nutritional inputs.'®

We use the largest available, nationally representative
and mutually comparable repeated cross-sectional data
sets from low- and middle-income countries to systematic-
ally compare the associations of maternal and paternal
education with childhood undernutrition.

Methods

Data sources

Data for this study come from the Demographic and
Health Surveys (DHS). These surveys are administered by
ICF International and are nationally representative cross-
sectional surveys in low- and middle-income countries that
have been conducted at varying intervals from 1985 and
are still ongoing. The DHS are designed to collect nation-
ally representative data of women of reproductive age and
their children and households on their health and welfare.

Sampling plan

The DHS used a multi-staged stratified sampling design.
Each country was divided into regions, which are political
regions such as states or provinces, or geographical areas
divided into areas labeled north, south, east and west.
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Within these sub-national regions, populations were strati-
fied by urban and rural area of residence. Within these
stratified areas, a random selection of enumeration areas
taken from the most recent population census was drawn.
These primary sampling units (PSUs) were selected based
on probability proportional to the population size. In the
second stage of sampling, all households within the cluster
were listed and, on average, 25 houses within a cluster
were randomly selected for an interview by equal-
probability systematic sampling. Detailed sampling plans
are available from survey final reports.

Within each sampled household, the household mem-
bers were listed and women eligible for a more detailed
interview were identified. Typically, this was a woman
who was between the ages of 15 and 49 years. In a few sur-
veys, it was limited to ever-married women and, in others,
it was women aged 10-49 years. Details of height and
weight at the time of interview were also recorded for chil-
dren born in the last three, four or five years.

Outcome measures

We focus on three child outcomes: stunting, underweight
and wasting at the time of interview. We classified children
as stunted, wasted and/or underweight based on anthropo-
metric z-scores using the Stata package ‘igrowup_stata’."”
All outcomes are based on measurements by interviewers,
with weight and height being recorded with an accuracy of
0.1kg or 0.1 cm, respectively. Data were available for chil-
dren under the age of five only. Z-scores for stunting were
defined as the difference of a child’s height and the age-
and sex-specific median height of the WHO reference
population over the standard deviation of their age group
within the reference population.?’ Underweight and wast-
ing in turn capture whether a child exhibits low weight-
for-age or low weight-for-height, respectively.

Variations in measurement methods (i.e. lying or stand-
ing) were accounted for in the calculation of z-scores. All
outcomes were defined as binary variables denoting
whether a child’s z-score (by age and gender) was less than
-2. Biologically implausible values are defined by the
WHO for stunting as z-scores <—6 or >6; for underweight
as <—6 or >5; and for wasting as <-5 or >3. Observations
with these biologically implausible values were dropped.

Exposure

To investigate how paternal education affects childhood
undernutrition, we used information on complete educa-
tional levels and the number of finished school years for
both mothers and fathers (or the current partner of the
mother). Whereas education systems typically differ across

or even within countries, DHS data sets were recoded in a
way that allowed comparisons. For educational levels, we
define a categorical variable for each parent using the lev-
els ‘no or less than primary education’, ‘primary or incom-
plete secondary education’ and ‘secondary education and
above’ and examine their interaction effect.

The exposure years of schooling is then used to construct
a range of composite indicators that aim to investigate
whether the identity of the more-educated parent matters.
Specifically, we calculate the difference of paternal years of
schooling minus maternal years of schooling and the ratio
of paternal years of schooling divided by maternal years of
schooling. Note that the ratio can only be calculated if years
of schooling are non-zero and therefore the sample is re-
stricted to households where mothers and fathers had at
least one year of schooling. Lastly, two binary variables are
created to capture whether both parents have different years
of schooling and whether it is the mother who is the better-
educated parent. Descriptive statistics for outcome and ex-
posure variables are shown in Table 1.

Covariates

Our choice of covariates was motivated by the United
Nations Children’s Emergency Fund (UNICEF) conceptual
framework of causes of undernutrition (http://www.unicef.
org/nutrition/training/2.5/4.html). Covariates include indi-
cator variables for the age and sex of the child, the birth
order and whether the child was born in a multiple birth.
Child age was classified into four categories: ‘less than one
month’ ‘between one and eleven months’ ‘between 12 and
35 months’ and ‘more than 35 months’.

We further adjust for maternal age and relationship
status. As before, age was defined as categories: ‘younger
than 17 years’, ‘between 17 and 19 years’, 20 to 24 years’
‘between 25 and 29 years’ and ‘more than 29 years’.
Relationship status was captured by a dummy indicating
whether a woman was in a relationship when the interview
took place. For robustness checks, which are available in the
online appendix (Supplementary data are available at IJE
online), we also constructed a covariate for maternal height.

To adjust for wealth differences, we constructed wealth
quintiles using a principal component analysis of a range
of household assets such as electricity, radios, televisions,
quality of dwelling and type of drinking-water source.
Further, we considered whether a household was located
in an urban or rural area.

Statistical analysis

To investigate the relative importance of parental

education for anthropometric outcomes, we fit a series of
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linear-probability models (LPMs). Separate models were
estimated for stunting, underweight and wasting as de-
pendent variables. Table 2 uses the categorical measures
for maternal and paternal educational attainment to pre-
dict prevalences of childhood undernutrition for each level
of parental education (i.e. main effects). Table 3 addition-
ally includes their interaction as exposure to predict the
prevalence of undernutrition for every combination of
mothers’ and fathers’ education. We specify three model
types. Model 1 is only adjusted for child age, sex and
country-level fixed effects. Model 2 further includes the
full set of covariates described in the previous section.
The last model type (Model 3) also controls for PSU-level
fixed effects, which we refer to as local area characteristics.
The PSU-level fixed effects are survey specific and capture
characteristics of local enumeration areas that are common
to all respondents from that area. Such local area
characteristics may among others include the local diet, en-
vironmental conditions and cultural context. We further
suspect that wealth difference may be reflected in a spatial
clustering of households and may not be fully captured by
the constructed wealth quintiles; therefore, the local area
characteristics may provide an additional adjustment for
household-level income and wealth. In addition, we clus-
tered standard errors at the PSU level, as respondents resid-
ing in the same area may be exposed to common shocks.

In addition to the main analysis, we report marginal ef-
fects of a range of composite schooling indicators in
Table 4. There are two rationales for this approach: first,
whereas educational levels are useful to summarize educa-
tional attainment, the variation in the outcome is substan-
tially higher when school years are used; second, the
correlation between maternal and paternal educational at-
tainment is rather high (63.1%) and may not allow a clear
separation of effects. Composite indicators, in turn, allow
a direct test of whether the identity of the better-educated
parent has any separate explanatory power and hence pro-
vide a useful supplement to the main analysis. Importantly,
all specifications based on composite indicators control for
the number of school years attained by the least-educated
parent in order to partial out level effects and to focus on
within-couple deviations.

All presented regression models are unweighted, follow-
ing recommendations provided by the DHS manual. As a
robustness check, we re-estimated all models using sam-
pling weights and present the results in the online
appendix.

Ethics

The DHS data collection procedures were approved by the

ICF  Macro International (Calverton, Maryland)

Institutional Review Board as well as by the relevant body
in each country, which approves research studies on
human subjects. Oral informed consent for the interview/
survey was obtained from respondents by interviewers.

Results

Sample description

The original sample comprised 190 surveys from 64 coun-
tries conducted between 1990 and 2014. The surveys
included a total of 1 365 721 observations for children
aged between 0 and 59 months. Note that, for the out-
comes wasting and underweight, the number of available
observations was slightly lower, as one survey conducted
in Madagascar only collected information on child
height but not weight. We excluded visitors from our ana-
lysis, as they were typically not covered by the household
questionnaires. Observations were lost due to missing data
on outcome variables, parental education or covariates. A
small number of observations were also lost because chil-
dren and parents did not live in the same household. The
final sample for the main analysis includes 180 surveys
from 62 countries with an overall sample size of 952 253
for stunting, 941 721 for wasting and 981 740 for under-
weight (Figure 1). A list of all included countries and sur-
veys in the final samples as well as corresponding
descriptive statistics are shown in Tables A1 and A2 in the
online appendix (available as Supplementary data at IJE
online).

Overall, 36.9% of children in the sample were stunted,
20.9%
Moreover, the majority of children lived in low-education
households, with 59.1-59.4% having mothers without
complete primary education. Average maternal years of

were underweight and 8.9% were wasted.

schooling were 4.6—4.7 years and average paternal years of
schooling were 5.9 years; 49.6-49.7% of children had
mothers and fathers with the same level of education,
16.1-16.2% had better-educated mothers and 34.2 had
better-educated fathers. When measured in terms of com-
plete school years, the share of children with a higher-
educated mother increased to 19.9-20.1% (Table 1). The
online appendix provides population-level estimates for
the presented figures using different types of sampling
weights derived from the original sampling weights pro-
vided in the DHS (Tables A3 and A4, available as
Supplementary data at IJE online). In Table A3, sampling
weights were rescaled such that they added up to 1 for
each country. As a consequence, observations from larger
surveys are down-weighted and those from smaller surveys
are up-weighted. In contrast, sampling weights in Table A4
add up to the actual population in every country. Doing
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Stunting

Wasting

Underweight

1365 721 + 313 262 had missing data
(100%) for outcome variable (100%)

1 354 081 -’ 313 787 had missing data

1354 081 -’ 269 483 had missing data

for outcome variable (100%) for outcome variable

v v

v

1052459 [ 68 830 had missing data for
(77.1%) parental education® (76.8%)

1040294 HP 67975 had missing data for
parental education®

1084598 | 69 929 had missing data for
(80.1%) parental education*

v v

v

983629 || 9181 didnot live within

972319 [P 8678 did not live within

1014669 [P 10263 did not live within

(72.0%) household (71.8%) household (74.9%) household
972448 | 20 195 had missing data for 963641 [ 21920 had missing data for 1004 406 22 666 had missing data for
(71.2%) covariates (71.2%) covariates (74.2%) covariates

I .

.

952 253 included in the analysis

(69.7%) (69.5%)

941 721 included in the analysis

981 740 included in the analysis
(72.5%)

*Remark: The numbers reported in this depiction refer to the samples based on complete levels of education. The procedure to derive the samples based on years
of schooling as explanatory variable was identical. However, the exact number of missing values for each item differs slightly.

Figure 1. Sample deduction

Note: Out of the missing data for the outcome variables, 63 812 observations in the case of stunting, 38 359 for underweight and 24 158 for wasting

were due to biologically implausible values as defined by the WHO.

this is appropriate when the figures should be interpreted
as a global individual-level mean.

Figure 2 shows stunting, underweight and wasting
prevalence for all levels of maternal and paternal educa-
tion. There is a clear education gradient, with decreasing
levels of undernutrition prevalence being associated with
increasing levels of education.

Relationship between parental education and
child undernutrition

In Table 2, we present predicted prevalences of childhood
stunting, underweight and wasting for all levels of mater-
nal and paternal educational attainment based on the cat-
egorical exposure. In all specifications, higher parental
education is associated with lower levels of stunting,
underweight and wasting. In models only adjusted for
child age, sex and country-level fixed effects (Model 1), the
predicted prevalence tends to be smaller for higher-
educated mothers compared with higher-educated fathers.
These differences are strongly attenuated when we adjust
for the full set of covariates (Model 2) and even more so
when we adjust for local area characteristics instead of
country-level fixed effects (Model 3).

In Table 3, we focus on the fully adjusted model with
local area characteristics (Model 3) and show predicted
prevalences of childhood stunting, underweight and
wasting for all combinations of maternal and paternal

educational attainment based on regressions including
interaction effects between maternal and paternal educa-
tion. To compare the role of maternal and paternal educa-
tion, we focus on the opposing off-diagonal elements of
each sub-table to hold the overall level of education con-
stant. The predicted prevalence of stunting is 38.1% (95%
CI: 37.8%, 38.4%) when the child’s father but not the
mother has finished primary education, whereas we find a
prevalence of 37.1% (95% CI: 36.6%, 37.5%) in the op-
posite case. When fathers have finished secondary educa-
tion and mothers have not completed primary education,
the predicted stunting prevalence is 35.6% (95% CI:
35.0%, 36.2%), whereas it is 32.7% (95% CI: 31.6%,
33.8%) in the opposite case. And, finally, when fathers
have finished secondary education and mothers have com-
pleted primary but not secondary education, the predicted
prevalence is 31.8% (95% CI: 31.4%, 32.3%), whereas it
is 31.4% (95% CI: 30.9%, 31.9%) in the opposite case.
The predicted prevalences are similarly close for under-
weight and wasting. In Tables B1-B3 (available as
Supplementary data at IJE online), we show the same re-
sults for Models 1 and 2 as well as for logistic regression
models instead of LPMs. It turns out that the differences
between maternal and paternal education are much larger
in the models that do not adjust for the full set of covari-
ates or local area characteristics. The results are also
largely robust to a change in functional form from LPMs
to logistic regression models.
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Table 1. Descriptive statistics

Stunting Underweight Wasting
sample sample sample
(1=952253) (n=981740) (n=941721)
Mean/% Mean/% Mean/%
Undernutrition prevalence
Stunting (%) 36.93
Underweight (%) 20.86
Wasting (%) 8.93
Maternal education
Non or incomplete 59.09 59.36 59.08
primary (%)
Primary or incomplete 26.59 26.44 26.58
secondary (%)
Secondary or higher (%) 14.32 14.20 14.34
Paternal education
Non or incomplete 49.16 49.32 49.12
primary (%)
Primary or incomplete 31.99 31.89 32.01
secondary (%)
Secondary or higher (%) 18.84 18.79 18.87
Difference in education levels
Father < Mother (%) 16.23 16.06 16.20
Father = Mother (%) 49.62 49.72 49.60
Father > Mother (%) 34.15 34.22 34.20
Years of schooling®
Maternal school years 4.67 4.64 4.67
Paternal school years 5.90 5.88 5.90
Difference school years 1.23 1.25 1.24
Number of school years 63.92 63.63 63.87
differ (%)
Mother better educated (%)  20.10 19.87 20.05

Descriptive statistics are pooled for all surveys and unweighted. 7 denotes
the number of observations in the sample used to calculate a statistic.
Weighted versions of this table are provided by Table A3 and A4 in the online
appendix (Supplementary data are available at IJE online).

@ There are small deviations in sample sizes in specifications based on years
of schooling:

Stunting: 7 = 948 642; Underweight: n =977 862; Wasting: 7 =938 208.

In Table 4, we examine the marginal effect of parental
years of schooling as well as a range of composite indica-
tors. When maternal and paternal years of schooling are
used as exposure variables, we find a slightly stronger asso-
ciation with maternal years of schooling (1.5 percentage
points; 95% CI: -1.5, -1.5) than with paternal years of
schooling (-0.7 percentage points; 95% CI: =0.8, —-0.7) on
stunting in Model 1. Including all covariates and local area
characteristics attenuates the associations of both expos-
ures, decreasing their difference to 0.2 percentage points.
Similarly to the main analysis, we find a comparable at-
tenuation effect for underweight and no differences be-
tween paternal and maternal education in all models when
wasting is considered. Appendix Figures B1-B3 (available
as Supplementary data at IJE online) show that the as-
sumption of linearity in years of schooling is a reasonable

one, as a more flexible functional form yields results close
to the linear trends estimated in Table 4.

Table 4 further provides estimates for the association
of the composite indicators ‘paternal minus maternal
school years’ and ‘paternal divided by maternal school
years’ with childhood stunting, underweight and wasting.
Both sets of models control for the number of school years
that the least-educated parent in a household attained to
isolate the effect of within-couple differences. The com-
posite indicators are constructed such that marginal ef-
fects larger than zero imply that higher maternal
education is associated with lower childhood undernutri-
tion and marginal effects smaller than zero imply that
more paternal education is associated with lower child-
hood undernutrition. In all specifications, the marginal ef-
fect of these composite indices is close to zero, suggesting
that the identity of the more-educated parent does not ex-
plain a substantial part in the variation of child
undernutrition.

We investigate the robustness of this finding in a fur-
ther specification using an indicator stating whether the
number of school years differs between both parents and
a second indicator capturing whether it is the mother
who is more educated. Again, we control for the number
of years the less-educated parent attended school. This
allows us to measure whether the identity of the better-
separate
power. Whereas, in Model 1, we observe a negative asso-

educated parent bears any explanatory
ciation of having a better-educated mother with stunting
(=2.6 percentage points; 95% CI: =2.9, —-2.4) and under-
weight (-1.0 percentage points; 95% CI: —1.3, —0.8), the
relationship is close to zero when all covariates and local
area characteristics are introduced. Moreover, when
wasting is considered, the association is close to zero in
all models.

In Figure 3 we show country-level results for the
association of the indicator variable of having a better-
educated mother with stunting, underweight and wasting.
For virtually all countries, the confidence interval includes
zero, again indicating that the identity of the better-educated
parent does not have any separate explanatory power. The
point estimates are sometimes positive and sometimes nega-
tive, also indicating that there is no clear pattern that one par-
ent is more important than the other. Appendix Figures B4
and B3 (available as Supplementary data at IJE online) show
similar results for differences as well as ratios of years of
schooling.

Sensitivity analyses

In the online appendix, we provide a broad range of sensi-
tivity analyses to document that the results are not driven by
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Figure 2. Undernutrition prevalence in percent by parental education level

All depicted numbers are unweighted pooled undernutrition prevalences for the entire sample.

choices that we made, but appear rather consistent across
the board. Tables B4-B7 (available as Supplementary data
at IJE online) show alternative results using severe undernu-
trition as the outcome. The definition of severe stunting,
underweight or wasting differs from conventional undernu-
trition in that all children with a z-score below -3 are classi-
in Tables B8-B23
(available as Supplementary data at IJE online), we investi-

fied as malnourished. Moreover,

gate whether the findings depend on the period under study.
Our finding of similar associations of paternal and maternal
education with childhood stunting, underweight and wast-
ing is robust across different periods. In Tables B24-B27
(available as Supplementary data at IJE online), we add-
itionally adjust for maternal height. Despite a reduction in
sample size, the results remain almost unaffected when this
additional covariate is included. Moreover, we investigate
the robustness of our results to the use of sampling weights
in Tables B28-B335 (available as Supplementary data at IJE
online). We rescale the original DHS sampling weights such
that countries are either weighted equally or by population
size. Notably, we see a similar attenuation of differences in

the association of parental education with childhood under-
nutrition as in our main analysis when all covariates and
local area characteristics are included, regardless of which
type of weight is used.

Discussion

We used the largest available, nationally representative and
mutually comparable repeated cross-sectional data sets
from low- and middle-income countries to systematically in-
vestigate the association between maternal and paternal
education with childhood undernutrition. We find that both
maternal as well as paternal education levels are associated
with reduced prevalences of childhood undernutrition. We
evaluate a series of regressions to compare the relative im-
portance of maternal education and paternal education.
Whereas, in models adjusted for child age, sex and
country-level fixed effects, we found a stronger protective
effect of maternal education than of paternal education on
stunting and underweight, but not on wasting, these differ-
ences were attenuated, once we adjusted for all covariates
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Table 2. Relationship between maternal and paternal education levels with undernutrition in children—main effects (mutually

adjusted)
Model 1 Model 2 Model 3
Mother Father Mother Father Mother Father
Stunting Non or incomplete primary Prevalence (%) 41.96 40.61 39.95 39.00 38.77 38.55
(=952 253) 95% CI (41.77,42.15) (40.41, 40.80) (39.76,40.13) (38.81,39.19) (38.64,38.91) (38.40, 38.70)
n 562 691 468 144 562 691 468 144 562 691 468 144
Primary or incomplete secondary Prevalence (%) 32.48 34.75 33.89 35.63 35.05 36.11
95% CI (32.25,32.70) (34.54, 34.95) (33.67, 34.11) (35.43, 35.84) (34.84,35.26) (35.94, 36.29)
n 253177 304 669 253177 304 669 253177 304 669
Secondary or higher Prevalence (%) 24.44 31.04 30.12 33.73 32.81 34.09
95% CI (24.12,24.75) (30.76, 31.32) (29.79, 30.45) (33.45,34.01) (32.46,33.17) (33.81, 34.38)
n 136 385 179 440 136 385 179 440 136 385 179 440
Underweight Non or incomplete primary Prevalence (%) 24.03 23.84 22.78 22.79 22.20 22.27
(=981 740) 95% CI (23.87,24.19) (23.67,24.01) (22.62,22.93) (22.63,22.95) (22.09,22.31) (22.14,22.39)
n 582741 484 197 582741 484 197 582741 484 197
Primary or incomplete secondary Prevalence (%) 16.93 18.71 17.86 19.31 18.99 19.96
95% CI (16.75,17.10) (18.54, 18.87) (17.68, 18.04) (19.14,19.47) (18.81,19.16) (19.82,20.11)
n 259558 313121 259558 313121 259558 313121
Secondary or higher Prevalence (%) 14.95 16.69 18.44 18.43 18.74 18.70
95% CI (14.71,15.19) (16.47,16.91) (18.18,18.69) (18.21, 18.65) (18.48,19.00) (18.48,18.91)
n 139 441 184 422 139 441 184 422 139 441 184 422
‘Wasting Non or incomplete primary Prevalence (%) 9.62 9.82 9.34 9.57 9.31 9.34
(n=941721) 95% CI (9.52,9.73)  (9.71,9.94)  (9.24,9.45)  (9.45,9.68)  (9.23,9.38)  (9.24, 9.43)
n 556 359 462 545 556359 462 545 556 359 462 545
Primary or incomplete secondary Prevalence (%) 7.95 8.20 8.19 8.35 8.45 8.66
95% CI (7.82,8.07)  (8.08,8.31)  (8.06,8.32)  (8.24,8.47)  (8.33,8.57)  (8.55,8.76)
n 250 349 301 487 250 349 301487 250 349 301487
Secondary or higher Prevalence (%) 7.90 7.85 8.60 8.25 8.27 8.33
95% CI (7.71,8.08)  (7.69,8.01)  (8.40,8.80)  (8.09,8.41) (8.07,8.47)  (8.16, 8.50)
n 135013 177 689 135013 177 689 135013 177 689

The table presents unweighted predicted prevalences of undernutrition (all outcomes) with 95% confidence intervals in parentheses below. All models include

both maternal and paternal education. Model 1 is only adjusted for child age, sex and country-level fixed effects. Model 2 further controls for child birth order,

whether the child was born in a multiple birth, maternal age and partnership status, urban location of household as well as its wealth quintile as measured by
household asset ownership. Model 3 is additionally adjusted for local area characteristics (PSU-level fixed effects). All standard errors were clustered on the PSU

level.

and local area characteristics. This implies that the stron-
ger association of maternal education with childhood
undernutrition in models with minimal adjustment is not
observed because maternal education is actually more
important for reducing childhood undernutrition than pa-
ternal education. It is rather observed because households
with higher maternal education seem to systematically
differ from households with higher paternal education in
their observable characteristics (covariates) or in the
environments they live in. Once these differences are ac-
counted for, the association of maternal education with
childhood undernutrition becomes very similar to that of
paternal education.

Note that we control for relative wealth both directly
through the inclusion of wealth quintiles as well as indir-
ectly by adding local area characteristics, as richer house-
holds may choose to live in other enumeration areas than

poor households. Given our results, it is therefore possible
that previous studies failing to sufficiently account for
socio-economic status may erroneously attribute effects
related to assortative mating (i.e. more-educated women
being married to wealthier husbands) directly to maternal
education.

The drawback of adding socio-economic controls is
that we block a potential channel through which maternal
education reduces child undernutrition, as previous studies
have posited that increased schooling enables mothers to
earn higher incomes, thereby indirectly leading to im-
proved child health.>"*> However, a similar argument can
be made for paternal education. Indeed, given the dual role
of income as both a cause and a consequence of education,
it is difficult to assess the relative importance of income as
a mediator for parental education effects. A potential way
to address this question could be to collect reliable data on
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Table 3. Relationship between parental education levels and undernutrition in children—interaction effects (Model 3)

Mother: non or Mother: primary or Mother:

incomplete incomplete secondary or
primary secondary higher
Stunting Father: non or incomplete primary Prevalence (%) 40.37 37.05 32.72
(n=952 253) 95% CI (40.19,40.55)  (36.62, 37.49) (31.59, 33.84)
n 405 181 56 307 6656
Father: primary or incomplete secondary ~ Prevalence (%) 38.11 34.21 31.41
95% CI (37.83, 38.40) (33.92, 34.50) (30.87, 31.95)
n 129 600 140 678 34 391
Father: secondary or higher Prevalence (%) 35.61 31.84 30.30
95% CI (34.98, 36.23) (31.41, 32.28) (29.90, 30.69)
n 27910 56192 95 338
Underweight Father: non or incomplete primary Prevalence (%) 23.65 20.30 18.71
(n=981 740) 95% CI (23.50,23.81) (19.95, 20.66) (17.98,19.45)
n 419 823 57 541 6833
Father: primary or incomplete secondary Prevalence (%) 21.33 18.11 17.56
95% CI (21.09,21.57)  (17.87, 18.35) (17.19, 17.93)
n 133963 144 192 34 966
Father: secondary or higher Prevalence (%) 19.43 16.81 16.76
95% CI (18.93,19.92)  (16.48,17.14) (16.47,17.06)
n 28 955 57 825 97 642
Wasting Father: non or incomplete primary Prevalence (%) 9.76 8.62 8.12
(n=941721) 95% CI (9.65, 9.87) (8.37,8.87) (7.50, 8.74)
n 400 355 55588 6602
Father: primary or incomplete secondary Prevalence (%) 8.95 8.30 7.75
95% CI (8.78,9.12) (8.13, 8.46) (7.46, 8.04)
n 128 315 139109 34063
Father: secondary or higher Prevalence (%) 8.49 7.75 7.80
95% CI (8.11, 8.86) (7.50, 8.00) (7.57,8.02)
n 27 689 55652 94 348

The table presents unweighted predicted prevalences of undernutriton with 95% confidence intervals in parentheses below. All models include the depicted par-
ental education levels and their interaction. We adjusted for local area characteristics (PSU-level fixed effects), child age, sex, birth order, whether the child was

born in a multiple birth, maternal age and partnership status, urban location of household as well as its wealth quintile as measured by household asset ownership.

All standard errors were clustered on the PSU level.

both past and present income or wealth information in up-
coming DHS.
Similarly, the DHS do not allow a comparison of moth-

child health.
Consequently, we are unable to further investigate at this

ers’ and fathers’ knowledge about
point how exactly paternal education is related to child nu-
tritional status and how large the relative importance of
different pathways is. The incorporation of a module on
paternal health knowledge and care indicators in future
questionnaires would be highly desirable for this purpose.
Another limitation is that, in some cases, we cannot distin-
guish the biological father of the child from the current
partner of the mother.

A potential threat to identification of parental-
schooling effects on child undernutrition is omitted vari-
able bias arising from maternal health, as empirical

evidence suggests a positive relationship between mothers’
birth size and their children’s birth size.”> To the extent
that low birth size is correlated to factors that are detri-
mental to success in school, stunted mothers could be both
more likely to have stunted children and simultaneously
exhibit low levels of education. Although we do not have
data on mothers’ birth size, we include current maternal
height in a robustness check, partially allowing us to con-
trol for this source of bias. It would have been desirable to
also include paternal body height but this type of informa-
tion is not collected in most DHS.

Whereas our study supports the previous literature in
the sense that maternal education is indeed important for
reducing childhood undernutrition, future studies should
increase the attention devoted to paternal education to fur-
decrease childhood

ther explore its potential to
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Figure 3. Marginal effects for binary indicator that the mother completed more years of schooling than the father (country-wise regressions)

This figure depicts point estimates (marginal effects in percentage points) and 95% confidence intervals for the binary exposure that the mother com-
pleted more years of schooling than the father from country-wise regressions. The estimated model corresponds to the last specification from Table
4. All regressions include the full set of covariates and local area characteristics (PSU-level fixed effects). Two countries are excluded: no marginal ef-

fects could be obtained for the Maldives, as the available number of observations was too low. Similarly, Kazakhstan was excluded due to very long
confidence intervals (overlapping with the zero line).
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undernutrition. Our comparison has demonstrated that
there are little to no differences in the associations of ma-
ternal and paternal education with childhood undernutri-
tion, once omitted variables are accounted for.
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