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Abstract

Growth faltering in early childhood is prevalent in many low resource countries. Poor
maternal dietary diversity during pregnancy has been linked with increased risk of
fetal growth failure and adverse birth outcomes but may also influence subsequent
infant growth. Our aim is to assess the role of prenatal maternal dietary diversity in
infant growth in rural Uganda. Data from 3291 women and infant pairs enrolled in a
birth cohort from 2014 to 2016 were analysed (NCT04233944). Maternal diets were
assessed using dietary recall in the second or third trimesters of pregnancy. Maternal
dietary diversity scores (DDS) were calculated using the FAO Minimum Dietary
Diversity for Women (MDD-W). Cox regression models were used to evaluate associ-
ations of the DDS with the incidence of underweight, stunting and wasting in infants
from 3 to 12 months, adjusting for confounding factors. The median DDS for women
was low, at 3.0 (interquartile range 3.0-4.0), relative to the threshold of consuming
five or more food groups daily. Infants of women in highest quartile of DDS (diverse
diets) were less likely to be underweight (adjusted hazard ratio: 0.70, 95% confidence
interval: 0.61, 0.80) compared with infants of women in Quartile 1 (p for trend

<0.001) in models controlling for maternal factors. There was no significant

Abbreviations: CC, community connector; Cl, confidence interval; DDS, dietary diversity score; FAO, Food and Agriculture Organization; HAZ/LAZ, height for age/length for age Z score; HIV,
human immunodeficiency virus; HR, hazard ratio; IQR, interquartile range; LBW, low birth weight; LMICs, low and middle income countries; MDD-W, minimum dietary diversity for women; SD,
standard deviation; SGA, small for gestational age; UBCS, Uganda Birth Cohort Study; UCCP, Uganda Community Connector Program; WAZ, weight for age Z score; WHZ/WLZ, weight for

height/weight for length Z score.
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1 | INTRODUCTION

Childhood growth faltering, defined as a deficit in a child's length or
weight for their age and sex compared with international benchmarks,
is prevalent in many low resource countries (Roth et al., 2017; Victora,
de Onis, Hallal, Blossner, & Shrimpton, 2010). Underweight, a form of
growth faltering, affects 13.5% of the world's children under 5 years,
whereas stunting affects 21.9%, and wasting affects 7.3% (United
Nations Children's Fund [UNICEF], 2019). Growth faltering is a signifi-
cant problem in Uganda, where 11% of the children under 5 years are
underweight, 29% are stunted and 4% are wasted (Uganda Bureau of
Statistics, 2018).

Consequences of poor child growth are severe. Approximately
45% of all child deaths under 5 years are attributed to undernutri-
tion (Black et al., 2013). Children with underweight, stunting or
wasting have increased risk of infections and mortality (Black
et al., 2013; Olofin et al., 2013). Poor linear growth in childhood has
been associated with increased risk of obesity and non-
communicable diseases in adulthood and has been associated with
low educational achievement and wage income losses in later life
(Black et al., 2013; Fink et al., 2016).

Studies of early child growth in sub-Saharan Africa indicate that
on average, infants begin life with normal weight-for-height (WHZ)
and weight-for-age (WAZ) Z-scores (Victora, de Onis, Hallal, Blossner,
& Shrimpton, 2010), but lower than normal height-for-age (HAZ)
(Roth et al., 2017). There is then a progressive lagging in growth,
starting from early infancy and continuing into the first 2 years of life
(Alderman & Headey, 2018; Roth et al., 2017). The period of infancy
therefore offers an important window for intervening to prevent or
mitigate poor growth. Importantly, addressing poor infant growth may
also require intervening to address maternal factors during pregnancy
that may influence fetal growth. Maternal diet quality during preg-
nancy is one such modifiable factor; however, its role in early child
growth has not been well described.

Nutrient requirements for women are higher during pregnancy
due to additional requirements for fetal growth and other
pregnancy-mediated physiological changes. Energy requirements
increase by 13%, protein requirements are 54% higher, and demand
for micronutrients, including iron and folate, also increases during
pregnancy (Adu-Afarwuah, Lartey, & Dewey, 2017; Dewey, 2016).
Consumption of diversified diets during pregnancy increases the

likelihood that a woman will meet her increased micronutrient needs
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association between DDS and stunting or wasting. Our findings suggest a relationship
between higher maternal dietary diversity and lower risk of underweight in infancy.
These findings suggest that programmes to improve infant growth could additionally

consider strengthening prenatal dietary diversity to improve child outcomes globally.

infant growth, maternal dietary diversity, MDD-W, prenatal, stunting, Uganda, underweight,

Key messages

o Infant growth faltering is prevalent in many low- and mid-
dle-income countries.

e Maternal dietary diversity during pregnancy has been
linked with fetal growth and birth outcomes.

e We found that maternal prenatal dietary diversity was
low in rural Uganda and few women met the minimum
dietary diversity threshold of five or more food groups
out of 10.

e In our study, higher maternal dietary diversity during
pregnancy was associated with lower risk of infant under-
weight but not stunting or wasting.

for fetal growth (Arimond et al., 2010; Food and Agriculture Organi-
zation [FAO], 2016; Martin-Prével et al., 2015). Poor dietary diver-
sity and dietary patterns during pregnancy have been associated
with increased risk of low birthweight (LBW), small for gestational
age (SGA) and preterm births (Gresham, Byles, Bisquera, &
Hure, 2014; Madzorera et al., 2020; Okubo et al, 2012;
Saaka, 2012; Zerfu, Umeta, & Baye, 2016). Poor birth outcomes pre-
dispose children to poor growth, including underweight, stunting
and wasting (Aryastami et al., 2017; Christian et al., 2013; Rahman,
Howlader, Masud, & Rahman, 2016). In addition, supplementation
with micronutrients during pregnancy has been associated with
improved postnatal growth (lannotti, Zavaleta, Le6n, Shankar, &
Caulfield, 2008; Villamor et al., 2005).

There is limited evidence on the influence of prenatal maternal
diets on early child growth and their role in preventing poor infant
growth in resource-poor settings. One cross-sectional study in
Tanzania found an association between maternal dietary diversity
and risk of wasting in children under 24 months of age (Huang
et al, 2018). Given these associations, we hypothesized that
diverse maternal diets, which provide a wide range of macro- and
micro-nutrients, may influence infant growth outcomes. We there-
fore evaluated the role of maternal dietary diversity during preg-
nancy on growth outcomes in infants of women enrolled in a birth

cohort in Uganda.
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2 | METHODS

21 | Context and study location

The study was implemented within the context of the Uganda Com-
munity Connector Program (UCCP), a 5-year cluster-randomized
study of an integrated agriculture-nutrition intervention, designed
with a goal of reducing malnutrition among vulnerable populations in
Uganda. Study participants received interventions relating to a range
of agricultural enterprises (such as promotion of fruit and vegetable
cultivation) and nutrition, health and water, sanitation and hygiene
(WASH) behaviours, as well as savings and fiscal literacy to improve
disposable income. Details of the parent study are described else-
where (Feed the Future Innovation Lab for Nutrition, 2018).

The study itself was called the Uganda Birth Cohort Study (UBCS;
NCT04233944). It recruited participants in 12 districts/16 sub-
counties in northern and south-western Uganda from 2014 through
2016. Districts in Uganda are composed of subcounties. The UBCS
was composed of eight subcounties randomly selected from the
UCCP intervention arm and matched to eight non-intervention sub-
counties. The UBCS sample was drawn from women in the interven-
tion and control clusters for the UCCP. Mother-infant pairs selected
for the birth cohort were prospectively followed from the time of
enrolment in the second and third trimesters of pregnancy, until
infants reached 12 months of age. Study participants were pregnant
women aged 15-49 years, who consented to the study and intended
to stay in the study area throughout the study period.

2.2 | Study procedures and follow-up
A pregnancy surveillance system was established in study areas to
screen and enrol women who met the eligibility criteria. Village Health
Teams (VHTSs) visited women of reproductive age in study areas at
home every 3 months. A urine test was used to confirm pregnancy
and women's eligibility for the study. Study research assistants visited
consenting women at home every 3 months from the time of enrol-
ment until their offspring were 12 months old. A dietary recall was
administered to pregnant women at the first prenatal visit (see below).
Anthropometric measurements for infants were made at birth
(+3 weeks), 3-, 6-, 9- and 12-month postpartum scheduled visits by
trained project staff. Length measurements were made to the nearest
0.1 cm using length boards, and weight measures were made to the
nearest 100 g using digital Seca weighing scales. Weight and length
measures for infants were made in triplicate, and mean measures

were used in this analysis.

2.3 | Maternal dietary diversity
The primary exposure of interest, maternal dietary diversity during
pregnancy, was assessed using a single dietary recall administered to

study women by project staff. Women were asked to recall the food
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they consumed in the previous day, from the time they woke up to
the time they went to sleep. The women were probed to assist in their
recall of foods consumed. Women's responses were recorded by
research staff using a precoded form, which included a list of locally
available, commonly consumed foods and food groups.

Recalled foods were categorized into 10 food groups based on
Food and Agriculture Organization (FAO)'s Minimum Dietary Diversity
for Women (MDD-W) index (FAO, 2016). Food groups included were
(1) grains, white roots and tubers and plantains; (2) legumes (beans,
peas and lentils); (3) nuts and seeds; (4) dairy; (5) meats, poultry and
fish; (6) eggs; (7) vitamin A-rich dark green vegetables; (8) other vita-
min A-rich fruits and vegetables; (9) other vegetables; and (10) other
fruits. If a food was eaten at least once in the previous day, it was
included in the food group. Dietary diversity scores (DDS) were com-
puted as the number of food groups consumed in the previous day
based on the baseline prenatal dietary recall for women. The DDS
were categorized into quartiles for analysis. In addition, a binary indi-
cator for minimum dietary diversity was defined as consumption of
five or more food groups in the previous 24 h as recommended by
FAO (2016) in secondary analysis.

24 | Study outcomes

Infants included in this analysis were aged 0-12 months. Growth out-
comes of WAZ, LAZ and WLZ were computed using the WHO growth
Growth Study
Group, 2006). Extreme observations determined based on WHO

reference standards (Multicentre Reference
growth standards and infant measurements of WAZ < -6 or
WAZ > 5; LAZ < —6 or LAZ > 6; or WLZ < -5 or WLZ > 5 were
excluded from the analysis (WHO Child Growth Standards SAS
igrowup package, 2006). Where values of infant length were outliers
as defined by standardized residuals (<—3 or 2+3), in individual linear
regressions, the implausible height measures were replaced with
predicted height obtained from linear regression using weight and age
as predictors to prevent undue influence of extreme values (Shi, Kor-
siak, & Roth, 2018; Yang & Hutcheon, 2016). Given the greater likeli-
hood of measurement error for anthropometric measures in early
infancy and concerns about accuracy and reliability of measures
obtained at birth, we restricted our analyses to anthropometric mea-
surements obtained from 3 months onwards.

The primary outcomes were underweight, stunting and wasting.
Underweight was defined as WAZ < —2 standard deviations, stunting
as LAZ < -2 standard deviations and wasting as WLZ < -2 standard
deviations from the median based on WHO growth standards
(Multicentre Growth Reference Study Group, 2006).

2.5 | Statistical analysis
The analysis was restricted to women who met the cohort study
eligibility criteria, had prenatal dietary assessment and infants with

anthropometry at the third (+1) month and had at least one other visit.
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We excluded twin births and women who were HIV positive
(self-reported). Mean (+SD) was used to summarize continuous base-
line characteristics, and n (%) was used for categorical variables. Dif-
ferences between quartiles of dietary diversity were compared using
the chi-square test for categorical variables and the Wilcoxon rank-
sum test for continuous variables.

Times were categorized as the ‘scheduled’ follow-up times, based
on windows of roughly every 3 months, and only one observation per
child was used in each window. Hazard ratios (HR) with respect to
incident underweight, stunting and wasting were calculated using Cox
regression models with the exact method for ties (Smith, Smith, &
Ryan, 2003), treating child age as the time scale. The follow-up time
was from the 3-month visit until infants had the outcome event
(growth failure), were lost to follow-up, died or reached the end of
follow-up at the 12-month visit, whichever occurred first. The
assumption of proportional hazards in the study was assessed by addi-
tion of an interaction term for DDS and infant age, and the signifi-
cance of the interaction term was evaluated using the likelihood ratio
test (LRT). If there was evidence of non-proportional hazards, we
included the interaction term with infant age in the final model and
the relation of DDS with the outcome is presented separately for each
age. All models adjust for clustering by subcounty due to the parent
trial design. Tests for trend were conducted for multivariable models
using median scores for DDS quartile.

2.6 | Potential confounders
We considered the following covariates as potential confounders and
explanatory variables: maternal age (<20 years, 20-29 vyears,
230 years), marital status (married/single), maternal education and
paternal education (none and primary [0-6 years], secondary and
higher [7+ years]), maternal height (continuous or binary [shortness
<145 cm, yes/no]), infant sex (male/female), breastfeeding status at
each visit (yes/no) and season at time of anthropometric measure
(rainy/dry). We defined a household wealth index using principal com-
ponent analysis based on household asset ownership, quality of hous-
ing building materials, fuel used and water and sanitation facilities.
We classified households into tertiles based on the wealth index
score. We assessed maternal nutrition knowledge in the study using a
composite indicator derived from 24 questions on maternal knowl-
edge on pregnancy nutrition, breastfeeding, complementary feeding
and childcare practices. Women responded yes or no to the questions
and received points for correct responses. A summary score was com-
puted, with a maximum score of 24. We classified women into tertiles
based on their maternal nutrition knowledge score. Potential con-
founding variables were selected for inclusion in adjusted models
based on univariate association with the outcome using a significance
criterion a of p < 0.20 (Greenland & Pearce, 2015).

All models adjusted for maternal height, child sex and region
(north [Apac, Kole, Lamwo, Lira, Nebbi, Pader, Zombo]/south-west
[Kabale, Kabarole, Kamwenge, Kanungu, Rukungiri]) to account for

regional, ethnic and other differences in the study sites. We also
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controlled for whether the woman/household was in a UCCP treat-
ment or control district. The missing indicator method was used to
adjust for all missing confounder data (Groenwold et al., 2012).

We also conducted sensitivity analysis with the inclusion of
birthweight in fully adjusted models. This was to account for the fact
that suboptimal birth outcomes could be potential confounders or
mediators of subsequent infant growth. Additionally, we considered
that child dietary diversity may have an influence on growth during
infancy period. Dietary intake was assessed at all follow-up visits for
infants. We calculated child dietary diversity as the number of food
groups consumed by infants in the previous day, from 8 groups:
grains, roots and tubers; legumes and nuts; dairy; meats; eggs; fats
and oils; vitamin A-rich fruits and vegetables; and other fruit and veg-
etable groups. As a sensitivity analysis, we included child dietary
diversity in adjusted models.

Finally, to explore whether our imputation of heights for outlier
values affected our analysis, we analysed the data omitting all obser-
vations with missing or outlier values for the outcome. We also con-
ducted analysis including the outlier height measures.

In a post hoc power analysis, assuming a two-sided test with an a
of 0.05, the analysis has at least 80% power to detect an HR of
stunting of <0.82 or 21.23 and an HR of underweight of <0.80 or
>1.30. For wasting, we would be able detect a true HR of <0.75.
Statistical analysis was conducted using SAS Version 9.4.

2.7 | Ethical considerations

Written informed consent was obtained from study women prior to
participation in the study. Ethical approval was obtained from the
Makerere University School of Public Health, the Uganda National
Council for Science and Technology, Tufts University and the Harvard
T.H. Chan School of Public Health.

3 | RESULTS

The study recruited 5044 women who met eligibility criteria in the
birth cohort study from November 2014 to June 2016. Information
on maternal diets and pregnancy outcomes was collected for 4574
women. Women were excluded who did not have live births
(N = 120), who reported being HIV positive (N = 227), who had twin
births (N = 2 women, four infants) or whose infants had missing dates
of birth or did not have anthropometric measures at the 3-month visit
(N = 869) (Figure S1). The final analysis included 3294 woman and
infant pairs (Table 1).

Women in the study population were on average 25.6 (SD + 6.2)
years old, and the majority had primary school education or lower
(66.7%). There were socio-demographic differences in baseline char-
acteristics by quartiles of maternal diet diversity. Women in the
highest quartile of diet diversity were more likely to have secondary
or higher education, as did their partners, compared with women in

the lowest quartile of diversity. Women with highest diet diversity
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TABLE 1

Maternal dietary diversity score (DDS)?

Baseline socio-demographic characteristics of pregnant women in the rural Uganda birth cohort

~WI ]_]—:YJ5;”2

Q1
N=725
Characteristics (0-2)
N (%)
Maternal characteristics
Woman is head of household 72 (9.9)
Married 688 (94.9)
Age, years (mean, SD) 254+ 6.3
<20 years 126 (17.5)
20-29 years 416 (57.8)
30 years or more 178 (24.7)
Maternal education
None or primary 509 (70.2)
Secondary school or higher 216 (29.8)
Maternal height 158.8 (+6.1)

Other study characteristics

Child birthweight (median, IQR) 3.20 (2.90-3.50)

Community connector participation 443 (61.1)
Paternal education

None or primary 363 (50.0)

Secondary school or higher 362 (50.0)
Wealth index?

Tertile 1 315 (43.5)

Tertile 2 246 (33.9)

Tertile 3 164 (22.6)
Household fuel

Wood 692 (95.5)

Charcoal or other 33 (4.6)
Household has electricity 7 (1.0)
Household has running water 17 (2.3)
Improved pit latrine or flush toilet 14 (1.9)

Q2 Q3 Q4
N=1132 N =844 N =593
@3) (4) (5-9)

N (%) N (%) N (%)

71 (6.3) 47 (5.6) 26 (4.4)**
10496 (92.8) 785 (93.1) 549 (92.6)
25.6+6.2 25.6+6.2 254+59

187 (16.6) 148 (17.6) 99 (16.7)
645 (57.3) 468 (55.7) 357 (6.2)
294 (26.1) 224 (26.7) 137 (23.1)
779 (68.9) 582 (69.0) 324 (54.6)**
351(31.1) 261 (31.0) 269 (45.4)**
150.0 (+6.1) 159.2 (+6.3) 159.0 (+6.0)

3.20 (2.95-3.50) 3.25(2.98-3.53) 3.30 (3.00-3.60)***

563 (49.8) 376 (44.6) 273 (46.0)**
574 (50.4) 401 (47.6) 279 (40.5)***
556 (49.2) 442 (52.4) 353 (59.5)***
479 (42.4) 381 (45.2) 183 (30.9)***
377 (33.4) 250 (29.7) 187 (31.5)***
274 (24.3) 212 (25.2) 223 (37.6)**
1062 (94.0) 790 (93.7) 523(88.2)***
66 (5.8) 52(6.2) 68 (11.5)**
10(0.9) 15(1.8) 21 (3.5)***
22 (2.0) 34 (4.0) 56 (9.4)**
36(3.2) 36 (4.3) 43 (7.3)*

Note: Chi-square p-values reported for categorical/binary variables and the Wilcoxon test for continuous variables.

Abbreviations: DDS, diet diversity score for women; IQR, interquartile range.

®Women's food consumption was assessed using 24-h recall, and recalled foods were categorized into 10 food groups based on FAQ's Minimum Dietary
Diversity for Women (MDD-W) index. Dietary diversity scores (DDS) were computed as the number of food groups consumed.

b\We defined a household wealth index using principal component analysis based on household asset ownership, quality of housing building materials, fuel
used and water and sanitation facilities. We classified households into tertiles based on the wealth index score.

*p < 0.05. **p < 0.01. ***p < 0.001.

were more likely to be in the highest tertile of wealth index and have
electricity and running water in the household compared with women
with the least diverse diets. Women in the lowest quartile of diet
diversity were more likely to participate in the community connector
intervention (61.1% vs. 46.0%) than women in the highest quartile.
There was no difference in maternal age or marital status by diet
diversity quartiles.

In the previous 24 h, 99% of women reported consuming grains,
roots and tubers, 71% beans and peas, 44% other vegetables, 13%
orange and yellow fruits and vegetables, 12% dairy and 2% eggs

(Figure 1). Dietary diversity in the study population was low, with a
median DDS of 3.0 (IQR 3.0-4.0) relative to the acceptable threshold
internationally set at five or more food groups out of 10 (FAO, 2016).
This standard was achieved by only 18% (N = 593) of the women.

3.1 | Underweight

The prevalence of underweight in infants was 6.4% at the 3-month
visit and increased to 8.5%, 10.1% and 12.1% at the 6-, 9- and
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12-month visits, respectively. Infants of women in Quartile 4 of the
DDS were less likely to be underweight at all time points (adjusted HR
0.70, 95% Cl: 0.62, 0.80, p < 0.001) compared with infants of women
in Quartile 1 (Table 2). No associations were found between minimum
dietary diversity (MDD-W = 5 food groups) and underweight in

infants (results not shown).

3.2 | Stunting

Stunting was 27.1% at the 3-month visit and increased to 29.7%,
35.6% and 39.4% at 6-, 9- and 12-month visits, respectively (Table 3).
Because the assumption of proportional hazards was violated, an

interaction term for maternal diets and infant age was included in the
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FIGURE 1 Consumption of food groups in the
previous 24 h by pregnant women in the Uganda
birth cohort

99

models for stunting. Comparing infants of women in Quartile 4 of the
DDS with offspring of women in Quartile 1, there was no significant
association between DDS and stunting at 3, 6, 9 and 12 months
(Table 3). Being a male child was significantly associated with being
stunted, whereas taller women had a lower risk of having a stunted
infant. Further, infants with higher birthweight were also less likely to

be stunted, as shown in sensitivity analysis.

3.3 | Wasting

The prevalence of wasting increased from the 3-month visit (4.2%) to
the 12-month visit (5.3 %) (Table 4). Because the assumption of pro-
portional hazards was violated, an interaction term for maternal diets

TABLE 2 Cox proportional hazards models for incidence of underweight for children aged 3-12 months by prenatal DDS in the Uganda birth

cohort, 2014-2016

Maternal diet diversity score (DDS)

Q1(0-2) Q2(3)
Underweight®
n/N 66/720 61/1128
Univariate HR (95% ClI)
HR (95% CI) 1 0.63 (0.56, 0.70)***
Multivariable model HR (95% CI)°
HR (95% Cl) 1 0.65 (0.57,0.72)***

Multivariable model controlling for birthweight®

HR (95% Cl) 1 0.66 (0.59, 0.74)***

Q3 (4) Q4 (5-9) p for trend
50/842 34/589

0.64 (0.57, 0.73)*** 0.65 (0.56, 0.74)*** <0.001***
0.67 (0.59, 0.75)*** 0.70 (0.62, 0.80)*** <0.001***
0.67 (0.60, 0.76)*** 0.70 (0.61, 0.80)*** <0.001***

Note: Women's food consumption was assessed using 24-h recall. Dietary diversity scores (DDS) were computed as the number of food groups consumed.

Test for trend conducted using median DDS for diet quartiles.

Abbreviations: 95% Cl, 95% confidence interval; DDS: dietary diversity scores; HR: hazard ratio.

®We estimated the hazard ratio (HR) of underweight using Cox regression models. HR below 1 implies that the incidence of the outcome was lower among
infants of women with more diverse diets. For underweight models, the interaction of maternal diet diversity with child age was not significant, and the
proportional hazards assumption is not violated. Models for underweight do not include an interaction term, and we do not present HR by child age.

The multivariable model for underweight adjusts for region (north/south-west), child sex (male/female), maternal height, breastfeeding status (yes/no),
paternal education status (0-6 years/7 or more years), marital status (married/not married), season of dietary intake (rainy/dry) and household wealth
index (tertiles). The model also adjusts for participation in the community connector programme (treatment/control) and for clustering by subcounty.
“Multivariable model controls for confounders above and also controls for birthweight in sensitivity analysis.

*p < 0.05. **p < 0.01. **p < 0.001.
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TABLE 3 Cox regression models for incidence of stunting for children aged 3-12 months by prenatal DDS in the Uganda birth cohort,

2014-2016
Maternal diet diversity score (DDS)
Outcomes Q1(0-2) Q2 (3)
Stunting®
n/N 188/707 301/1106
Univariate HR (95% Cl)
3 months 1 0.95 (0.87, 1.04)
6 months 1 0.91 (0.85, 0.97)*
9 months 1 0.86 (0.79, 0.95)*
12 months 1 0.82 (0.71, 0.95)*

Multivariable model HR (95% CI)®

3 months 1 0.94 (0.86, 1.03)
6 months 1 0.91(0.85,0.98)*
9 months 1 0.89 (0.81, 0.98)*
12 months 1 0.86 (0.74, 1.00)*

Multivariable model HR (95% Cl) controlling for birthweight®

Q3 (4) Q4 (5-9) p for trend
240/824 144/583

1.02 (0.93, 1.12) 0.99 (0.89, 1.10) 0.02*
0.93 (0.86, 1.00)* 0.95 (0.88, 1.04)

0.84 (0.76, 0.94)* 0.92(0.82, 1.03)

0.77 (0.66, 0.91)* 0.89 (0.75, 1.06)

1.01(0.91, 1.11) 0.98 (0.88, 1.09) 0.21
0.94 (0.87,1.01) 0.97 (0.89, 1.05)

0.88 (0.79,0.98)* 0.95 (0.85, 1.07)

0.82(0.70, 0.96)* 0.94 (0.79, 1.11)

0.99 (0.91, 1.10 1.00(0.90, 1.11) 0.14

0.93(0.86, 1.00)*
0.86 (0.78, 0.96)*

0.96 (0.89, 1.05)
0.93(0.83, 1.04)

3 months 1 0.94 (0.86, 1.03)
6 months 1 0.91(0.85,0.97)*
9 months 1 0.87 (0.80, 0.96)*
12 months 1 0.84 (0.73, 0.98)*

)
)
)
)

0.80 (0.68, 0.94)* 0.89 (0.75, 1.07)

Note: Women's food consumption was assessed using 24-h recall. Dietary diversity scores (DDS) were computed as the number of food groups consumed.

Test for trend conducted using median DDS for diet quartiles.

Abbreviations: 95% Cl, 95% confidence interval; DDS, dietary diversity scores; HR, hazard ratio.

®We estimated the hazard ratio (HR) of stunting using Cox regression models. HR below 1 implies that the incidence of the outcome was less among infant
of women with more diverse diets. We evaluated for proportional hazards using interactions with child age. For stunting, the interaction of maternal diet
diversity with child age was significant, thus models include an interaction term. We present HR of stunting by child age.

PMultivariable models for child stunting adjust for region (north/south-west), child sex (male/female), maternal height, breastfeeding status (yes/no),
paternal education status (0-6 years/7 or more years), maternal age (<20 years, 20-29 years, > 30 years), season of dietary intake (rainy/dry), nutrition
knowledge (tertiles) and household wealth index (tertiles). The model also adjusts for participation in the community connector programme (treatment/

control) and for clustering by subcounty.

“Multivariable model controls for confounders above and also control for birthweight as a sensitivity analysis.

*p < 0.05.

and infant age was included in models for wasting. Comparing infants
of women in Quartile 4 of the DDS with offspring of women in
Quartile 1, there was no significant association between DDS and
wasting at 3, 6, 9 or 12 months. Being a male child was significantly
associated with a higher risk of wasting, whereas being of higher
socio-economic status and maternal height were negatively associ-
ated with wasting.

In sensitivity analyses, we controlled for birthweight in all fully
adjusted models for birth outcomes (underweight, stunting and
wasting). Infants with higher birthweight were less likely to be under-
weight, stunted or wasted. Controlling for birthweight did not change
the observed relationships to prenatal diet diversity (Tables 2, 3 and
4). For the binary exposure of minimum dietary diversity (MDD-W > 5
food groups), we no found significant association with outcomes of
stunting and wasting in infants.

Finally, we considered, as a sensitivity analysis, complete case
analysis where we excluded observations for infants with outliers

for height defined as standardized residuals <—3 or 2+3 from the

analysis. We also conducted analysis including the outlier height
measures. Our results from both analyses are consistent with
reported findings of no association of prenatal maternal diets with

stunting and wasting.

4 | DISCUSSION

In this prospective study, we evaluated the association of prenatal
maternal dietary diversity with the incidence of underweight, stunting
and wasting among infants in rural Uganda. We found that diversified
maternal diets during pregnancy, measured using the DDS, were asso-
ciated with a significantly lower risk of underweight in infants after
controlling for maternal education, wealth and other factors.

Only limited studies have prospectively evaluated the associa-
tion of prenatal diets with infant growth. One study conducted in
the United States evaluated associations between the consumption

of the alternative Mediterranean diet and adherence to the
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TABLE 4 Cox regression models for incidence of wasting for children aged 3-12 months by prenatal DDS in the Uganda birth cohort,

2014-2016
Maternal diet diversity score (DDS)
Outcomes Q1(0-2) Q2 (3) Q3 (4) Q4 (5-9) p for trend
Wasting®
n/N 39/676 43/1061 30/805 18/556
Univariate HR (95% Cl)
3 months 1 0.63 (0.50, 0.80)* 0.60 (0.46, 0.77)* 0.86 (0.66, 1.12) 0.62
6 months 1 0.69 (0.59, 0.81)* 0.74 (0.62, 0.88)* 0.93(0.77,1.12)
9 months 1 0.76 (0.63, 0.92)* 0.91(0.74, 1.12) 1.00 (0.80, 1.25)
12 months 1 0.83(0.61, 1.12) 1.13(0.83, 1.53) 1.08 (0.78, 1.50)
Multivariable model HR (95% CI)°
3 months 1 0.62 (0.50, 0.78)* 0.61 (0.47,0.79)* 0.90(0.69, 1.19) 0.68
6 months 1 0.69 (0.59,0.81)* 0.75 (0.63, 0.89)* 0.97(0.80, 1.17)
9 months 1 0.76 (0.63,0.92)* 0.91(0.74,1.12) 1.04 (0.83, 1.29)
12 months 1 0.84 (0.63, 1.13) 1.12(0.82, 1.52) 1.11(0.80, 1.54)
Multivariable model HR (95% Cl) controlling for birthweight®
3 months 1 0.63 (0.50, 0.80)* 0.62 (0.48, 0.80)* 0.90 (0.69, 1.19) 0.78
6 months 1 0.70 (0.59, 0.82)* 0.77 (0.65, 0.93)* 1.00 (0.82, 1.22)
9 months 1 0.78 (0.64, 0.95)* 0.96 (0.78, 1.18) 1.11 (0.89, 1.39)
12 months 1 0.86 (0.63,1.17) 1.20(0.87, 1.64) 1.23(0.88, 1.72)

Note: Women's food consumption was assessed using 24-h recall. Dietary diversity scores (DDS) were computed as the number of food groups consumed.

Test for trend conducted using median DDS for diet quartiles.

Abbreviations: 95% Cl, 95% confidence interval; DDS: dietary diversity scores; HR, hazard ratio.

®We estimated the hazard ratio (HR) of wasting using Cox regression models. HR below 1 implies that the incidence of the outcome was less among infant
of women with more diverse diets. We evaluated for proportional hazards using interactions with child age. For wasting, the interaction of maternal diet
diversity with child age was significant; thus, models include an interaction term. We present HR of wasting by child age.

PModels for wasting adjusts for region (north/south-west), child sex (male/female), maternal height, paternal education status (0-6 years/7 or more years),
maternal age (<20 years, 20-29 years, > 30 years), marital status (married/not married), season of dietary intake (rainy/dry) and household wealth index
(tertiles). The model also adjusts for participation in the community connector programme (treatment/control) and for clustering by subcounty.
“Multivariable model controls for confounders above and also control for birthweight as a sensitivity analysis.

*p < 0.05.

Alternative Healthy Eating Index (AHEI) during pregnancy with
growth (WLZ scores) in infants aged 3-6 months and found no
association (K Poon, Yeung, Boghossian, S Albert, & Zhang, 2013).
Another study, also from the United States, evaluated maternal
consumption of unhealthy diets, composed of red and processed
meats, and fried foods, and found a negative association with body
mass index (BMlI-for-age) in infants at birth and a positive associa-
tion at 6 and 12 months of age in unadjusted models, compared
with a healthier diet (Martin et al., 2016). These studies were con-
ducted in a different context of a high-income country where
maternal over-nutrition is a key factor affecting infant growth;
however, results from the latter study suggest that maternal diets
in pregnancy may have a role in infant growth.

Our findings are similar to the only study that we reviewed that
was conducted in a low-income context, a cross-sectional study that
was conducted in Tanzania. This study found that postnatal maternal
dietary diversity (MDD-W) was positively associated with WHZ and
WAZ and lower risk of wasting in children under 24 months of age

(Huang et al., 2018). However, this study did not evaluate maternal

diets during pregnancy. Finally, other studies have shown that mater-
nal undernutrition prior to or during pregnancy may influence early
child growth. For example, maternal underweight has been associated
with greater prevalence of underweight, stunting and wasting in
young children (Gewa & Yandell, 2012). The limitations of these stud-
ies are that they did not evaluate maternal diets during pregnancy and
cross-sectional study designs.

In this study, we found an association between maternal diets
and underweight in infants but not with other growth outcomes. All
three outcomes share causal factors, such as poor breastfeeding and
complementary feeding practices and infectious diseases, however
we believe that the magnitude of the effects may be different for the
outcomes. Stunting reflects long-term exposures and their cumulative
influence on child growth, whereas wasting reflects an acute response
to poor nutrition, and underweight is a composite indicator that
reflects both long-term and acute deprivation (Briend, Khara, &
Dolan, 2015; Saaka & Galaa, 2016; Schoenbuchner et al.,, 2019;
Stewart, lannotti, Dewey, Michaelsen, & Onyango, 2013). Under-
weight is a complex indicator that represents children who are
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stunted or wasted, or else who have either both outcomes or neither
(Myatt et al., 2018). Therefore, its relationship with maternal diets
requires further evaluation.

The fact that we did not find a significant association with stu-
nting may be further explained in part by the fact that there may be
other factors other than prenatal maternal diets that are important for
infant stunting. The influence of maternal diets may be smaller
than that of maternal height, a known predictor of infant growth
(Addo et al., 2013; Negash, Whiting,
Hailemariam, 2015). Maternal height has been shown to have a strong

Henry, Belachew, &
influence on stunting but may be less influential on underweight and
wasting (Addo et al, 2013; Ali, Saaka, Adams, Kamwininaang, &
Abizari, 2017; Subramanian, Ackerson, Davey Smith, & John, 2009). In
this study, we adjusted for maternal height, and this may explain the
non-significant association with stunting. We also did not find an
association between maternal diets and wasting in infants, and we
posit that maternal prenatal diets may not be a key determinant of
wasting in infants in this study.

We hypothesized that maternal diets are associated with infant
growth outcomes mainly through their effect on birth outcomes. One
previous study found that maternal supplementation with zinc in the
later postpartum period was associated with longer femur length
(Merialdi et al., 2004). As a sensitivity analysis, we adjusted for
linked to
birthweight (Quansah & Boateng, 2020), and birth measures may pre-

birthweight, as maternal prenatal diets have been
dict subsequent child growth (Ali, Saaka, Adams, Kamwininaang, &
Abizari, 2017). The inclusion of birthweight in the model did not alter
our finding that there is an association with diet. This suggests that
pregnancy diet or postpartum diets (of the mother and the child) may
be important factors. We considered that maternal diets in the study
may reflect the importance of infant diets, as maternal diets are posi-
tively associated with child diets (Amugsi, Mittelmark, & Oduro, 2015;
Nguyen et al, 2013). Mothers and infants in the same household
share the same family resources and will most likely eat from the same
family pot (Amugsi, Mittelmark, & Oduro, 2015). When we adjusted
for child dietary diversity in sensitivity analysis, our findings were
however unchanged.

We also considered that maternal diets during pregnancy are
likely to be correlated with postnatal diets. In this study, in addition
to prenatal diets, we also collected dietary intake for women at
6 and 12 months' postpartum. We found that on average, maternal
dietary diversity at all the time points (prenatal and postnatal) was
comparable (mean DDS = 3.4 at pregnancy and 3.1 at all other time
points). When we adjusted for postnatal diets (at birth for infants at
age 3 and 6 months and at 6 months for infants aged 9 and
12 months) in addition to prenatal diets, we found that this did not
improve model fit for underweight and wasting (results not shown).
We however found that adjusting for postnatal diets improved
model fit for stunting, although the observed null associations
between prenatal diets and stunting remained unchanged (results
also not shown).

We hypothesize that another mechanism through which postna-

tal diets may be associated with infant growth may be through their

~WI ]_]—:YJ9;f12

influence on breast milk. Studies show that postnatal maternal diets
that are high in selenium, omega-3 and omega-6 fatty acids and
vitamins A, B6 and B12 have been associated with higher content of
these nutrients in breast milk (Dal Pont et al., 2016; Dorea, 2002;
Innis, 2014). Associations have been shown between child vitamin A
status and child growth, and short-chain fatty acids from breast milk
have been associated with weight gain in infants (Prentice
et al., 2019; Yakoob & Lo, 2017). We controlled for the infants'
breastfeeding status as a sensitivity analysis and observed associa-
tions persisted after this adjustment. However, our study is limited by
the lack of data on breast milk quality; therefore, our ability to elabo-
rate on this pathway is limited.

An alternative hypothesis is maternal dietary diversity and
nutrient deficiencies during pregnancy may predispose infants to
nutrient deficiencies that can affect their growth (Allen, 2012). For
example, maternal vitamin D status in pregnancy may influence
infant vitamin D levels, and vitamin D has been associated with
infant growth (Perumal, Al Mahmud, Baqui, & Roth, 2017; Roth
et al., 2018). We also anticipated that maternal diet diversity could
also be a reflection of family wealth and social status. In multivari-
able models, we account for these factors and observed associa-
tions persist. However, residual confounding could still be a factor
as in all cohort studies.

The strengths of our study include that we had a large sample size
and we present a prospective analysis with anthropometric data mea-
sured at several time points during infancy. The limitations of our
study include that maternal diet quality was assessed with the DDS,
an index that has been evaluated for associations with micronutrient
adequacy, but not other aspects of diet quality (Arimond et al., 2010).
We used a single dietary measure for women, measured in the second
or third trimester; thus, our study may have missed the effects of early
pregnancy diets. Further, our study also experienced loss to follow-up
among infants, with the sample size decreasing at the 12-month fol-
low-up period. However, loss to follow-up in the study was due to the
end of project follow-up, and this is not likely to be a differential
cause of bias, as censoring is likely to be non-informative and inde-
pendent of the outcome.

This study's generalizability is limited to the rural areas of sub-
Saharan Africa that are similar to the study areas of Northern and
South-west Uganda. In this study, we have excluded birth measures
of weight and length from the analysis and include children with pre-
existing underweight, stunting or wasting at 3 months (baseline). As
sensitivity analyses, we adjusted for birthweight, and our findings are
unchanged, suggesting associations beyond the influence of birth
outcomes.

Our findings have implications for global efforts to improve child
growth. Because we know that poor child growth in infancy lays the
foundation for poor growth in childhood, this study further suggests
that maternal dietary intake during pregnancy may also have an
important role in determining growth later in infancy and therefore
warrants attention. This is the first time to our knowledge that mater-
nal prenatal dietary diversity has been linked with infant growth in
LMICs.



wor2] WiLgy-|

5 | CONCLUSION

This study suggests a significant relationship between maternal diet
diversity and the risk of underweight infants. Further research is
required to assess this association and the role of maternal diets dur-
ing pregnancy on other infant growth outcomes in diverse locations
with different dietary patterns. These findings, if confirmed, will have
significant implications for policy and programme approaches to
improve dietary diversity for women during pregnancy and to

decrease child undernutrition in LMICs.
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