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Abstract

Objective(s): To understand the association between children’s anthropometric measures and
maternal HIV status in Zimbabwe and to determine whether these relationships changed over time.

Design: Data from Demographic Health Surveys in Zimbabwe rounds 2005, 2010, and 2015
were used to conduct cross-sectional analyses of child anthropometric measures (stunting,
underweight, and wasting).

Methods: Using separate logistic regression models for each of the anthropometric measures, we
estimated the adjusted prevalence odds ratio of stunting, underweight, and wasting in children
according to maternal HIV status. Moreover, we evaluated an interaction by survey year to
evaluate change over time.

Results: Children of mothers with HIV had 32% greater odds (OR = 1.32, 95% CI 1.16 to 1.5) of
stunting, 27% greater odds (OR= 1.27, 95% CI 1.1 to 1.48) of underweight status and 7% greater
odds (OR =1.07, 95% CI 0.81 to 1.42) of wasting status, than children of mothers without HIV.
These associations between maternal HIV status and child undernutrition did not differ by year (p
> 0.05 for all interaction terms).

Conclusion: In Zimbabwe, having a mother who tested positive for HIV at the time of the
survey has been associated with greater child undernutrition over the last two decades with no
significant change by survey round. This emphasizes the need for continued programming to
address nutritional deficiencies, sanitation, and infectious disease prevention in this high-risk
population. The greatest impact of maternal HIV status has been on child stunting and
underweight, associated with poor long-term child development.
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Introduction

As of 2018, 1.3 million people in Zimbabwe were living with HIV [1]. HIV
disproportionately affects Zimbabwean women in peak childbearing ages (15-24 years), who
experience double the number of new HIV infections compared to Zimbabwean men [1].
There is increased morbidity and mortality among children whose mothers are living with
HIV, particularly if children are infected at an early developmental stage [2]. Infants who
acquire HIV are more likely to experience growth failure due to the infection [3], and low-
grade inflammation in the mother or child is strongly associated with stunting among
children [4].

The introduction of widespread antiretroviral therapy (ART), has largely reduced the mother
to child transmission (MCTC) of HIV [6]. However, even in the absence of vertical
transmission of HIV, positive maternal HIV status is associated with negative child growth
outcomes [7]. Impaired child growth has been detected in utero among pregnant women
living with HIV in Zimbabwe as a consequence of low maternal growth hormone levels at
birth [4]. After birth, maternal undernutrition influences breastfeeding behavior and maternal
morbidity, which impacts infant and child growth through maternal and household socio-
economic status (SES) [8]. While the relationship between maternal nutrition and HIV status
and child undernourishment has been well established [9-11], the relationship between
maternal HIV status and child growth over time has not been examined at a population level
in Zimbabwe.

The period from 2005 to 2015 was marked by increasing access to ART for pregnant women
and children in Zimbabwe. In 2005, routine HIV testing and counselling was added to
standard of care in antenatal care (ANC) visits [12], and in 2012 Zimbabwe’s Ministry of
Health and Child Care (MoHCC) implemented national rollout of point-of-care CD4 testing
and extended lifelong antiretroviral therapy (ART) regimens (Options A or B) to more
women infected with HIV [13-15]. In 2014, MoHCC rolled out lifelong ART for all
pregnant and breastfeeding women living with HIV, treatment for all children under the age
of five years living with HIV, and treatment for older children and adults (Option B+)
[16,17]. As a result, 94% of pregnant women living with HIV in Zimbabwe were accessing
ART in 2018, an increase from 29% in 2010 [18].

Despite progress over this period in ART access, MTCT and food security challenges
remain. The MTCT rate in Zimbabwe in 2016 was about 621 new HIV infections per
100,000 live births, well above the MTCT elimination target of 50 per 100,000 live births
[15]. While exclusive breastfeeding increased nationally from 22% in 2005 to 46% in 2015,
the overall food insecurity situation in Zimbabwe worsened over time [19,20]. As of 2012,
almost half of Zimbabwe’s population experienced food insecurity, including 33% of
moderately food insecure households and 18% of severely food insecure households
[13,21,22]. In response, public and private sector actors, nongovernmental organizations,
and intergovernmental organizations instituted child nutrition programs have focused on
provision of health and water and sanitation services during this period [10,23].
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Few studies have analyzed the dynamic association between mother’s HIV status and child
undernutrition over time on the national level [4,7,24]. Therefore, this study examines this
relationship in Zimbabwe between 2005 and 2015 to capture changes over time in a period
of increased implementation of policies to reduce MTCT, expansion of CD4 testing and
ART, and increased action to address food and nutrition security in the country.

We analyzed data from the Zimbabwe Demographic & Health Survey (DHS) rounds in
2005-2006, 2010-2011, and 2015 [11,20]. DHS Surveys provide nationally representative
household-level surveys of health and nutrition variables of interest, including HIV
biomarker modules for household members. These surveys are cross-sectional, and the same
respondents are not surveyed in each round. Based on DHS’s sampling method using a
stratified two-stage cluster design, we assume independence of household selection across
rounds. We linked the Standard DHS Surveys to HIV/Other Biomarkers Datasets by case
identifiers to capture the relationship between mother’s HIV status and child growth. Several
UN studies of HIV-related mortality in Zimbabwe on the national level use DHS surveys to
validate their models, which supports use of the DHS as a generalizable data source [25,26].

Datasets were restricted to children whose mothers consented to HIV testing. According to
DHS documentation, children under the age of four were linked to the mother dataset, and
the median child age in each survey round was 2 years. Our target exposure was the
mother’s HIV-positive status from the HIV/Other Biomarkers dataset. This variable captures
mother’s HIV status at the time of the survey, but not necessarily at the time of the child’s
birth. Collection of blood samples for HIV biomarker testing was conducted during
household surveys, and specimens were transported to the National Microbiology Reference
Laboratory (NMRL) in Harare, Zimbabwe, for analysis [20].

We evaluated anthropometric outcomes among children whose mothers were living with
HIV at the time of the survey. We ascertained our outcome, prevalence of anthropometric
measures of undernutrition among children, using three binary metrics: stunting,
underweight, and wasting. Each measure was defined as more than two standard deviations
below the 2007 WHO Child Growth Standards (CGS) median height-for-age (stunting),
weight-for-age (underweight), and weight-for-height (wasting) for the reference population
[27].

Statistical Analysis

Survey-weighted multivariable logistic regression—Prevalence odds ratios for each
outcome by mother’s HIV status and survey year were calculated using survey-weighted
multivariable logistic regression. We estimated prevalence odds ratios for stunting,
underweight, and wasting status by mother’s HIV status in three main effects regression
models. We used a directed acyclic graph (DAG) to select confounders identified in a
literature review (Figure 1). We controlled for the following confounders: survey year,
mother’s age, mother’s BMI, mother’s height to account for genetic or ethnic variation in
children’s height, household wealth index, and number of living children (Figure 1).
Moreover, we incorporated child’s sex and age as precision variables in the models. We did
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not control for the following mediators identified in Figure 1: child birthweight, any
vaccination of the child, feeding nutritious food to the child, comorbidities, and currently
breastfeeding. We omitted mother’s anemia level (32% missing), and any tobacco use of the
mother, as fewer than 30 women reported smoking in all rounds of the survey.

We also assessed the modification of the association between mother’s HIV status and child
growth outcomes by year of the survey [24]. Furthermore, we tested three-way interactions
of HIV status with child’s sex (maternal HIV status by year by child’s sex) and child’s age
(maternal HIV status by year by child’s age) to see if the relationship between mother’s HIV
status and child anthropometric outcomes varied over time and by child age or sex. These
logistic regression models are found in the Appendix.

Using the margins command in Stata [28], we estimated prevalence differences (with 95%
ClI) for each outcome by mother’s HIV positive status from the main effects logistic
regression models. Data cleaning and analyses were done in Stata 15.1 (StataCorp.2017).
We applied DHS primary sampling unit (clusters), strata, and sampling weights using the
svysuite of commands in Stata 15.1. All hypothesis tests were conducted with a significance
level of 0.05.

Description of survey participants by year

DHS survey respondents increased in each survey round in terms of number of eligible
households, mothers, and children (Table 1). In this study, mothers living with HIV made up
22%, 16% and 15% of the women who agreed to HIV testing in the 2005-2006, 2010-2011,
and 2015 rounds of the DHS survey, respectively. Access to preventive medical care in terms
of child vaccination increased from 75% vaccinated children in 2005-2006, to 88% in
2010-2011, and 92% in 2015. The percentage of children who experienced a recent illness
was much greater in 2015 (51%) compared to 2005-2006 (31%) and 2010-2011 (35%).
Parity, defined as the number of living children, was lower in 2010-2011 compared to the
other two surveys with an average of 2.6 children per mother in 2010-2011 compared to 2.7
in both 2005-2006 and 2015.

Round-Specific Prevalence

The prevalence of child stunting, underweight and wasting for each survey round are
displayed in Figure 2, disaggregated by child sex and maternal HIV status. In 2005-2006,
the prevalence of child stunting was 0.34 (95% CI: 0.31-0.38) among children whose
mothers were living with HIV, and 0.28 (95% CI 0.26-0.31) among those whose mothers
were living without HIV. In 2010-2011, stunting prevalence was 0.31 (95% CI: 0.28-0.36)
among children whose mothers were living with HIV, and 0.25 (95% CI: 0.23-0.27) among
those with mothers living without HIV. In 2015, the prevalence of child stunting further
decreased to 0.25 (95% ClI: 0.21-0.30) among children whose mothers were living with HIV
and 0.20 (95% CI: 0.19-0.22) among those with mothers living without HIV. Prevalence
estimates of child underweight and wasting are shown in Figure 2 and in Appendix Table 1.
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Multivariable logistic regression results

Results of the main effect logistic regression model indicate 32% greater odds of stunting
among children whose mothers were living with HIV compared to children whose mothers
were living without HIV (OR =1.32, 95% CI 1.16 to 1.5). The second model testing for
effect modification by survey year did not find a statistically significant difference in
stunting over time (interaction of maternal HIV status*year, joint Wald test p=0.808).
Models testing effect modification of mother’s HIV status and stunting by year and child’s
sex or by year and child’s age were also not statistically significant (see Appendix Table 2).

In terms of underweight status, children of mothers with HIV had 27% greater odds of
underweight compared to children of mothers without HIV (OR=1.27, 95% CI 1.1 to 1.48).
Effect modification of mother’s HIV status and child underweight status by year was not
supported by the inclusion of an interaction term (interaction of maternal HIV status*year,
joint Wald test p=0.24). For child wasting status, the effect of maternal HIV status was much
smaller and not as precise as on other outcomes in the main effect model (OR = 1.07, 95%
Cl 0.81 to 1.42). There was insufficient evidence of effect modification of maternal HIV
status and child wasting status by year (interaction of maternal HIV status*year, joint Wald
test p= 0.94). Three-way interactions (HIV status*year*child’s sex and HIV
status*year*child’s age) for underweight and wasting status were not statistically significant
(see Appendix Table 2).

Prevalence Differences within Study Rounds

We estimated prevalence differences (PD) for each outcome by mother’s HIV status, using
Stata’s margins command. Children of mothers living with HIV were more likely to be
stunted than children of mothers without HIV (PD=0.05, 95% CI 0.03 to 0.08)(Figure 3a).
Moreover, children of mothers living with HIV were more likely to be underweight than
children of mothers without HIV (PD=0.03, 95% CI 0.01 to 0.05) (Figure 3b). There were
not significant differences in the prevalence of wasting between children whose mothers
were living with or without HIV after standardization (PD=0.003, 95% CI —0.009 to 0.01)
(Figure 3c).

Discussion

Maternal HIV status is an important risk factor for undernutrition and child development,
both by the social and food security realities of having a parent with HIV as well as the
biological relationship between HIV exposure and growth restrictions among exposed
children [29]. Our work builds upon research carried out by Omoni et al., who found an
association between stunting and HIV exposure for children in Zimbabwe among 14,110
mother-child pairs enrolled in the ZVITAMBO vitamin A supplementation and co-
trimoxazole trial between 1997 and 2007 [31]. They found children with HIV had higher
odds of stunting than children without HIV, and children exposed to HIV but uninfected had
higher odds of stunting compared with children unexposed to HIV [31]. We see the same
patterns emerge among children of mothers living with HIV in the DHS data, which were
robust over time despite an overall decline in stunting. Our findings did not show a gender
disparity in growth outcomes that were found in the ZVITAMBO trial, which could be due
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to unmeasured confounding or differences in study populations; the ZVITAMBO population
was drawn from Harare, the capital city, whereas the DHS is nationally representative.

Our study also confirms findings from the Development of AntiRetroviral Therapy in Africa
(DART) trial in Uganda and Zimbabwe [24]. In this trial, women taking Tenofovir
Disoproxil Fumarate were monitored before and throughout pregnancy to test management
strategies for monitoring ART, and their children were followed up in a separate longitudinal
study. Children born to mothers living with HIV had lower than average weight and height at
birth, and greater stunting compared to national averages, while infants born to uninfected
mothers had comparable growth measures to the general population (mean weight, mid-
upper-arm circumference (MUAC), and head circumference) [24]. Our findings also
indicated greater odds of stunting among children of mothers living with HIV compared to
children of mothers living without HIV on the national level, and our study further builds on
their work by assessing the change in these associations over time.

While this analysis makes a valid contribution, it has its limitations. Due to DHS sampling
methods, we were unable to model the data hierarchically by cluster and year to follow the
same individuals over time. Furthermore, some potentially important variables, such as
maternal anemia, were excluded from our analysis due to missingness. Missingness of
outcome measures may also be a source of bias, as 21.4% of all children surveyed did not
have anthropometric measurements taken. However, we assume missingness does not vary
by exposure status because sampling of women tested for HIV was independent of child
health outcomes. There is also potential for survivor bias because only children who
survived up to the time of the DHS survey were included. Orphans would not have been
included because the DHS surveys mothers and their living children. However, our study
complements the rich body of literature on the role of maternal HIV-status and mortality in
Zimbabwe by analyzing anthropometric outcomes among survivors [2,30,32,33].

Another primary limitation is that the HIV-status of the child was not ascertainable for all
years. HIV test results were collected for women starting at age 15 in 2005-2006 and
2010-2011 samples, while results were reported for women and their children in the 2015
sample [20]. In 2015, 4,274 children from mothers tested for HIV also received testing for
HIV. Of these children, 1.1% tested positive for HIV, and only 6.4% of children whose
mothers tested positive for HIV were infected. Moreover, antenatal care visits are one of the
principal opportunities for HIV testing in Zimbabwe; in 2007, 71% of pregnant women who
tested positive for HIV received their results as part of antenatal care, and by 2015, 99% of
all women tested positive as part of the national PMTCT program [10]. For the 2015 round,
we can assume that a good proportion of children of mothers with HIV were HIV-exposed
but uninfected (HEU) at the time of the survey. Thus, other socio-economic factors may be
as important in the association between maternal HIV status and a child’s anthropometric
outcomes as the child’s HIV positive status.

The long-term effects of HIV infection or HIV exposure on children is an important area for
future research, given the improved survival rates of people living with HIV. This research
could inform targeting of nutrition programs toward families impacted by HIV/AIDS and
could be a metric of impact for current HIV programming. Food insecurity and HIV/AIDS
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can be a vicious cycle, as food insecurity may result in reduced baseline CD4 cell count,
incomplete virologic suppression, decreased survival, and interruption of ART [35]; this is a
particular concern for pregnant and postpartum women due to the increased risk of MTCT
and other impacts on children’s health [36]. Unfortunately, our findings indicate that
changes in guidelines did not overcome the effect of maternal HIV status on child growth
outcomes in the period of our analysis, posing a significant challenge for policymakers and
researchers.

Conclusion

These results confirm that the relationship between maternal HIV-positive status and child
undernutrition persisted between 2005 and 2015 in Zimbabwe. Maternal HIV-positivity was
most significantly related to stunting. This evidence should inform health and food security
program implementation in Zimbabwe and other Sub-Saharan African countries by focusing
on mothers with HIV. Despite the implementation of guidelines establishing ART access to
increase breastfeeding and prevent MTCT, we still see an effect of maternal HIV status on
child anthropometric outcomes. More work is needed to support the health of children
impacted by HIV. Future research using prospective cohort designs could test the impact of
health programming on anthropometric outcomes on the national level to address this
persistent public health problem.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Direct Acyclic Graph of the association between Mother’s HIV status and Child

Undernutrition

Blue arrows indicate mediators and red arrows indicate confounders accounted for in the
association between mother’s HIV status and child undernutrition. Black arrows indicate the
association of interest. Bidirectional arrows indicate associations, while unidirectional
indicate the direction of causation.
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Figure 2a-2c:
Adjusted Prevalence of Outcomes by Mother’s HIV Status

Children’s Outcome Prevalence and 95% CI by Mothers’ HIV Status: Stunting Prevalence
(2a), Underweight Prevalence (2b), and Wasting Prevalence (2c). Adjusted for: mother’s
HIV status, survey year, child sex, child age, mother’s BMI, mother stunting, household
wealth index, mother’s age, and parity.

AIDS. Author manuscript; available in PMC 2022 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

GROENE et al.

Page 12

3a
uw
94
o
g
£ 1
5
ow
5
&
£
£8-
@
o~ \{
2005 2010 2015
Year
——— HIV negalive ——— HIV positive
o 3b
£24
=3
3
GE} \
o
EER \1
5 \
2
| L\‘
B
g+
o k—___\\_\_-—‘
o E—
2005 2010 2015
Year
——— HIVnegative  ——— HIV positive
2] 3c
o
=g}
23
=
5
=
=
[}
83
g3
3
2005 2010 2015
Year

——— HIV negative ——— HIV positive

Figure 3a-3c:
Adjusted Prevalence of Outcomes by Mother’s HIV Status

Trends in the adjusted prevalence of stunted children (3a), underweight children (3b), and
children with wasting(3c) according to mother’s HIV status.
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Table 1.

Baseline characteristics of the samples by DHS survey

Page 13

DHS Year

2005-06

2010-11

2015-16

Mean or Prevalence (95% CI)  Mean or Prevalence (95% CI)

Mean or Prevalence (95% CI)

Child Characteristics

Number of children
Male

Age (years)

Recent illness

Any vaccinations

4,496
051 (0.48-0.53)
1.95 (1.9-2.01)
0.31 (0.29-0.34)
0.75 (0.72-0.77)

5,563
0.50 (0.48-0.51)
1.80 (1.76-1.83)
0.35 (0.33-0.37)
0.88 (0.87-0.90)

5577
0.49 (0.48-0.50)
2.02 (1.98-2.07)
0.51 (0.49-0.53)
0.92 (0.91-0.94)

Mother Characteristics

Number of mothers

Age (years)

BMI

HIV-positive

Number of living children
Any tobacco use

Height (cm)

Currently Breastfeeding

3,495
27.5(27.3-27.7)
22.7 (22.5-23)
0.22 (0.20-0.25)
2.71(2.63-2.8)
0.004 (0.002-0.006)
159.8 (159.5-160.1)
0.47 (0.45-0.49)

4,397
27.4(27.2-217.6)
235 (23.3-23.7)
0.16 (0.15-0.18)
2.56 (2.5-2.63)

0.004 (0.002-0.006)
159.8 (159.5-160.1)

0.50 (0.48-0.52)

4,437
28.6 (28.4-28.9)
24.4 (24.2-24.6)
0.15 (0.14-0.17)
2.74 (2.68-2.8)

0.002 (0.001-0.005)
160.3 (160.1-160.6)

0.41 (0.39-0.43)

Household Characteristics

Number of households in DHS Round

Household Wealth Index ™
Quintile 1 - Poorest
Quintile 2 - Poorer
Quintile 3 - Middle
Quintile 4 - Wealthier
Quintile 5 - Wealthiest

3,232

0.25 (0.20-0.30)
0.21 (0.19-0.24)
0.17 (0.15-0.20)
0.21 (0.18-0.24)
0.16 (0.13-0.19)

4,130

0.25 (0.22-0.28)
0.22 (0.21-0.25)
0.20 (0.18-0.22)
0.20 (0.17-0.22)
0.13 (0.11-0.15)

4,147

0.23 (0.20-0.26)
0.19 (0.17-0.21)
0.17 (0.15-0.19)
0.24 (0.21-0.28)
0.17 (0.14-0.20)

All statistics are survey-weighted;

Wealth quintile percentiles applied population weights.
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Table 2.

Page 14

Prevalence Odds Ratios (POR) and 95% CI of Children Stunted, Underweight, and Wasted by Mother’s HIV

Status from 2005-2015

Stunting Underweight Wasting
Covariates Main Effects Interaction Model Main Effects Interaction Model Main Effects Interaction Model
Model Model Model
POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI)
Mother HIV 1.32 (1.16, 1.36 (1.12, 1.64) 1.27 (1.1, 1.48) 1.48 (1.19, 1.83) 1.07 (0.81, 1.11 (0.70, 1.76)
positive 1.51) 1.42)
Year (ref =2005)
2010 0.91 (0.79, 0.91 (0.78, 1.07) 0.87 (0.76, 0.92 (0.79, 1.08) 0.53 (0.40, 0.54 (0.39, 0.75)
1.05) 1.01) 0.71)
2015 0.73 (0.63, 0.74 (0.64, 0.87) 0.81 (0.7, 0.93) 0.84 (0.72, 0.99) 0.74 (0.57, 0.75 (0.56, 1.00)
0.84) 0.96)
HIV Status * Year (ref =2005)
2010 - 1.01 (0.76, 1.34) - 0.76 (0.54, 1.06) - 0.88 (0.43, 1.83)
2015 - 0.91 (0.66, 1.25) - 0.82(0.57,1.17) - 0.97 (0.50, 1.88)
Child sex 0.86 (0.78, 0.86 (0.78, 0.95) 0.96 (0.84, 0.96 (0.84, 1.08) 0.93 (0.75, 0.93 (0.75, 1.15)
(ref=male) 0.95) 1.08) 1.15)
Child 1 1.12 (1.09, 1.12 (1.09, 1.16) 1.04 (0.99, 1.04 (0.99, 1.08) 0.81 (0.75, 0.80 (0.75, 0.86)
fld age 1.16) 1.08) 0.86)
Mother’s BMI 0.95 (0.93, 0.95 (0.93, 0.96) 0.89 (0.87, 0.89 (0.87, 0.91) 0.90 (0.87, 0.90 (0.87, 0.93)
0.96) 0.91) 0.93)
Mother’s 0.93 (0.92, 0.93 (0.92, 0.94) 0.94 (0.93, 0.94 (0.93, 0.95) 0.99 (0.98, 0.99 (0.98, 1.01)
L2 0.94) 0.95) 1.01)
height
HH Wealth Index (ref = Poorest)
Poorer 0.96 (0.82, 0.96 (0.82, 1.13) 1.05 (0.87, 1.05 (0.87, 1.27) 0.93 (0.69, 0.92 (0.69, 1.24)
1.13) 1.28) 1.24)
Middle 0.98 (0.82, 0.98 (0.82, 1.16) 0.84 (0.69, 0.84 (0.69, 1.02) 0.92 (0.64, 0.91 (0.65, 1.30)
1.17) 1.03) 1.30)
Wealthier 0.88 (0.74, 0.88 (0.74, 1.04) 0.89 (0.73, 0.89 (0.73, 1.08) 1.00 (0.72, 1.00 (0.72, 1.40)
1.04) 1.08) 1.40)
Wealthiest ~ 0.74 (0.6, 0.9) 0.73 (0.6, 0.9) 0.7 (0.54,0.9) 0.69 (0.54, 0.9) 0.63 (0.40, 0.63 (0.40, 0.97)
0.97)
s 3 0.99 (0.98, 0.99 (0.98, 1.00) 1.00 (0.98, 1.00 (0.98, 1.01) 1.00 (0.97, 1.00 (0.97, 1.03)
Mother’s age 1.00) 1.01) 1.03)
Pari 4 1.08 (1.02, 1.08 (1.02, 1.14) 1.09 (1.02, 1.09 (1.03, 1.16) 1.00 (0.91, 1.00 (0.91, 1.11)
ty 1.14) 1.16) 1.11)

POR = Prevalence Odds Ratio;
1., . .
Child age in years;

2 Lo .
mother’s height in centimeters;
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3 s .
mother’s age in year;

4Parity is defined as the number of living children.
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