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ABSTRACT

Upstream pathways influencing child growth are complex. Weight-for-age z-score (WAZ) reflects both ponderal and linear
growth and can identify children at high mortality risk. Using data from a prospective cohort of 326 mother-child pairs in
Kenya, we evaluated whether associations between maternal exposures and child growth outcomes in early and later childhood.
Growth trajectories were examined using locally weighted scatterplot smoothing and piecewise linear mixed-effect models with
a knot at age 3 months. Poisson regression models examined associations between maternal characteristics and child under-
weight (WAZ < —2) and stunting (LAZ < —2) before and after 3 months. Mean WAZ increased to a peak at 3 months before
declining steadily through 24 months. Lower maternal education (adjusted 8 [af] —0.18; 95% CI: —0.24, —0.13), household
crowding (af§ —0.2; 95% CI: —0.28, —0.11), lower wealth quintile (af§ —0.04; 95% CI: —0.06, —0.02) and multiparity (af§ —0.16;
95% CI: —0.23, —0.1) were associated with lower monthly rate of change in WAZ prior to age 3 months. Younger maternal age
was associated with an increased monthly rate of change in WAZ (aff = 0.13; 95% CI: 0.08, 0.18) before 3 months and decreased
monthly WAZ (a —0.02; 95% CI: —0.03, —0.01) after 3 months. Preterm birth was associated with increased risk of underweight
in both periods (aRR 2.77; 95% CI: 1.39-5.50). Maternal mental health, intimate partner violence and adverse childhood
experiences were not significantly associated with child growth. Maternal nutritional, socio-economic and household-level
factors shape early growth, emphasising the need for cross-sectoral programs to support growth.

Abbreviations: ACE-Q, adverse childhood experiences questionnaire; ART, antiretroviral therapy; GAD-7, generalised anxiety disorder 7-item; MDD-W, minimum
dietary diversity for women; MUAC, mid-upper arm circumference; PHQ-9, patient health questionnaire-9; WLWH, women living with HIV.
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Summary

« Upstream factors beyond nutrition that influence
child growth are complex and not well understood.

Maternal nutritional status, education and socio-
economic status were associated with child growth
outcomes to 24 months.

Factors associated with child growth differed in early
infancy (< 3 months) and later infancy (> 3 months),
underscoring the importance of timely programs to
impact child growth.

These findings highlight the need for cross-sectoral
collaborations to develop innovative programs that
address the diverse factors associated with child
growth in the first 2 years of life.

1 | Introduction

Childhood malnutrition remains a significant problem globally
(United Nations Children's Fund, World Health Organization,
International Bank for Reconstruction and Development/The
World Bank 2025). Historically, there has been a focus on
wasting (low weight-for-length z-score) and stunting (low
length-for-age z-score); however, emerging evidence suggests
that these measures alone may not effectively identify children
at the highest risk of death and, when used in isolation, they
miss the overlap between wasting and stunting (Myatt
et al. 2018). Furthermore, studies have shown that weight-for-
length can be difficult to measure accurately in resource-
constrained environments (Mwangome and Berkley 2014). Gi-
ven this, focus has shifted to the weight-for-age z-score (WAZ),
which reflects both ponderal and linear growth (Sadler
et al. 2021). Low WAZ (< —3) identifies children with concur-
rent wasting and stunting (Myatt et al. 2018) and is strongly
associated with elevated mortality risk (Khara et al. 2023).

The upstream pathways leading to underweight, wasting,
stunting and concurrent wasting and stunting are complex and
are not clearly understood, yet they represent important areas
for nutrition policy and program development (Sadler
et al. 2022; Wells et al. 2019). These upstream factors interact to
constrain child growth and development. Comprehensive
characterisation of maternal risk factors underlying infant and
child growth over time may help to identify key risk factors
driving these interconnected processes and elucidate conditions
amenable to public health and clinical interventions to prevent
various forms of undernutrition. Considerable evidence indi-
cates that the risk factors and causes of underweight, wasting
and stunting often overlap (Mertens et al. 2023), presenting an
opportunity for integrated programming to address these con-
ditions together. By focusing on shared pathways to growth
faltering, public health and clinical interventions may be
aligned to enhance efficiency and maximise impact across
multiple forms of undernutrition.

Maternal and household characteristics have been associated
with childhood growth outcomes in large-scale studies. A cross-
sectional analysis of data from 35 low- and middle-income
countries (LMICs) identified low maternal height, lower
maternal body mass index (BMI), low maternal education and

low socioeconomic status as significant risk factors for child-
hood underweight, stunting and wasting (Li et al. 2020a).
Similar risk factors have been identified for infant underweight
and wasting across survey data from 56 LMICs (Kerac
et al. 2025). Additionally, several large-scale studies have
demonstrated an association between concurrent wasting and
stunting and factors such as the lowest socioeconomic status,
lack of maternal formal education and maternal underweight
(Amadu et al. 2021; Chowdhury et al. 2022). While previous
studies have examined associations between maternal factors
and child growth outcomes, most have focused primarily on
maternal anthropometric, health and socioeconomic char-
acteristics (Mertens et al. 2023). These studies have often lacked
assessment of other potentially important factors, such as
maternal mental health, adverse childhood experiences and
exposure to intimate partner violence. Moreover, longitudinal
data beginning in pregnancy provides a unique opportunity to
identify upstream determinants of child growth trajectories that
may be amenable to intervention.

We aimed to explore maternal factors as key upstream de-
terminants of child growth trajectories from birth to 24 months
of age, using data from a prospective longitudinal cohort. Our
primary objective was to examine associations between maternal
characteristics during late pregnancy and the exclusive breast-
feeding period with child WAZ from birth to 24 months and with
underweight (WAZ < —2) in the first 24 months, and whether
associations between maternal exposures and child growth out-
comes remained consistent or varied across different stages of
early infancy. Secondary objectives included examining associa-
tions between maternal factors and length-for-age z-score (LAZ)
and weight-for-length z-score (WLZ) over the same period, as
well as stunting (LAZ<-2), and wasting (WLZ<-2) to
24 months. By identifying maternal factors that are consistently
associated with child growth, and those that were specific to
particular outcomes or time periods, we sought to inform the
development of more targeted and timely prevention programs.

2 | Methods
2.1 | Study Setting and Population

The Tunza Mwana prospective cohort study enrolled pregnant
women living with and without HIV at the Migori County
Referral Hospital and St. Joseph's Mission Hospital in Migori
County, Kenya. Women and their children were followed to
2-years postpartum. The study was approved by the appropriate
institutional review boards. All women provided written informed
consent for themselves and their child to participate in the study.

Women were eligible for enrolment if they were between 28 and
42 weeks' gestation, aged 18-40 years, planning to primarily
breastfeed their infant for at least 6 months, willing to utilise
HIV services if living with HIV, and willing to provide written
informed consent. The date of last menstrual period (LMP) was
used to estimate the gestational age of pregnancy.

2.2 | Outcomes

WAZ and underweight (WAZ < —2) were selected as the pri-
mary outcomes. These measures were chosen because they
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reflect both ponderal and linear growth (Sadler et al. 2021),
underweight is strongly associated with mortality risk (Khara
et al. 2023) and infant weight is generally measured more
accurately than length. Secondary outcomes included LAZ,
WLZ, stunting (LAZ < —2) and wasting (WLZ < —2).

2.3 | Exposures

We examined associations with exposures in late pregnancy and the
exclusive breastfeeding period (Supporting Information: Table S1).
These exposures included maternal socio-demographic character-
istics (education, household wealth, crowding), clinical factors
(anthropometry and illness), complicated pregnancy (infection,
bleeding, high blood pressure, preeclampsia or COVID during
pregnancy or hospitalised during pregnancy), prematurity, parity,
dietary indicators (Minimum Dietary Diversity for Women [MDD-
W] (FAO and FHI 360 2016) and Household Food Insecurity
Access Scale [HFIAS] (Jennifer Coates et al. 2007), anaemia in
pregnancy, iron-folic acid supplementation, mental health measures
(patient health questionnaire-9 [PHQ-9], generalised anxiety dis-
order 7-item [GAD-7]), intimate partner violence (Soeken
et al. 1998) and adverse childhood experiences (World Health
Organization 2018).

2.4 | Data Collection

Trained study staff collected data at enrolment and follow-up
visits within 7 days of delivery, at Weeks 3 and 6, and at months
3,6,9, 12, 18 and 24 postpartum. Women were interviewed at
enrolment to collect sociodemographic and economic infor-
mation, household food insecurity using the HFIAS, dietary
diversity using the MDD-W, depressive symptoms using the
PHQ-9 (Kroenke et al. 2001), anxiety symptoms using
the GAD-7 (Spitzer et al. 2006), intimate partner violence using
the Abuse Assessment Screen (AAS) (Soeken et al. 1998),
adverse childhood experiences by the Adverse Childhood Ex-
periences Questionnaire (ACE-Q) (World Health Organiza-
tion 2018), current illness, and medical and obstetric history.
Among women living with HIV (WLWH), data were collected
on antiretroviral therapy (ART) regimen and other HIV-related
characteristics. Maternal height was measured at enrolment,
and weight and mid-upper arm circumference (MUAC) were
measured at each visit.

At each postpartum visit, child data collection included anthropo-
metric measurements (weight, length, head circumference and
MUAC) obtained in triplicate using standard protocols, current
health, history of recent illness and hospitalisations and medication
use including antibiotics. Among children born to WLWH, data
were collected on antiretroviral (ARV) prophylaxis from birth and
receipt of cotrimoxazole, which begins at age 6 weeks per Kenya
guidelines. Staff administered a standardised questionnaire to assess
breastfeeding practices and introduction of other infant foods,
including frequency of breastfeeding, 24-h dietary intake in the
mother and infant, and minimum dietary diversity (MDD) for
children aged 6-23 months (Tufts University 2023). Infants born to
WLWH underwent HIV PCR testing at week 6 and months 6 and
12 and HIV antibody testing at month 18, per Kenya guidelines.
Mothers without HIV underwent HIV re-testing at 6, 12 and
24 months postpartum. Any mother or infant newly diagnosed with

HIV was referred to the HIV Care Clinic. Women or children who
were diagnosed with HIV infection during 2-year follow-up con-
tinued to participate in the study.

2.5 | Statistical Analysis

We examined associations between maternal characteristics
and child growth outcomes. Z-scores were calculated using the
WHO Child Growth Standards Anthro package (version 1.0.0)
in R. Length measurements at follow-up visits that were
<0.5cm shorter than the previous visit were considered
implausible and excluded. Additionally, z-scores above or below
the predefined WHO ‘flags’ (-6 <LAZ>6, —6 <WAZ>5,
—5<WLZ>5) were compared to other values for the same
child and excluded if deemed implausible.

A mixed effects spline model was used to examine trajectories of
continuous outcomes (WAZ, LAZ and WLZ) from birth to 2 years
in three stages. First, locally weighted scatterplot smoothing
(LOESS) curves were fitted to visualise the outcome trajectories
over time. Second, guided by the LOESS curves, piecewise linear
mixed-effect models with knots at 3 and 6 months were compared
to account for observed nonlinear growth patterns. A fixed knot
at Month 3 was selected as the best knot placement for modelling
the outcome trajectories based on the Akaike information crite-
rion (AIC) values for primary outcome (WAZ) and its alignment
with the LOESS trajectory. Finally, the 3-month knot was used to
fit the final piecewise spline models for each exposure. with
interaction terms between time (child age in months), the de-
terminants of interest, and linear splines for time (child age
in months) with a knot at month 3. For each determinant, we
estimated the difference in monthly WAZ, LAZ and WLZ before
and after month 3 and used the p-value of the interaction term(s)
to determine the statistical significance of the association between
each determinant and the monthly rate of change in WAZ/LAZ/
WLZ in early versus later infancy (<3 vs. >3 months). The
models were adjusted for the following variables selected a priori:
maternal age (years), wealth index (a grouped linear variable:
4 =lowest quintile, 3 =second lowest quintile, 2 = third [middle]
quintile, 1 =fourth quintile, 0=fifth [highest] quintile), gesta-
tional age (in weeks), infant sex, birth weight (for WAZ and WLZ)
and birth length (for LAZ) as these factors have been associated
with infant growth in previous studies (Li et al. 2020a; Mertens
et al. 2023). Notably, we excluded continuous maternal age from
models analysing young maternal age as a determinant and ges-
tational age from models for preterm birth.

Unadjusted and adjusted Poisson regression models with
robust variance estimation (Zou 2004) were used to assess
associations between maternal determinants and binary out-
comes (underweight, stunting, wasting) before 3 months and
after 3 months as this was the time point identified previously.
All statistical tests were two-sided with a significance level of
5%. No adjustments for multiple comparisons were made given
the exploratory nature of this study.

2.6 | Ethics Statement

The study was approved by the Kenya Medical Research Insti-
tute Scientific and Ethics Review Unit (0140/3940) and the
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University of Washington Institutional Review Board
(STUDY00007708).

3 | Results

The Tunza Mwana cohort study enrolled 350 pregnant women
between November 2021 and February 2022, including 175
living without HIV and 175 WLWH. Of these, 326 children
attended the 24-month follow-up visit and had data available for
the primary outcome, WAZ, and were therefore included in the
analysis (Tables 1, 2; Supporting Information: Figure S1).

3.1 | WAZ, LAZ and WLZ Growth Trajectories

Figure 1 shows the LOESS curves of WAZ, LAZ and WLZ from
birth to 24 months. Mean WAZ increased to a peak at 3 months
before declining steadily through 24 months. LAZ declined
consistently over time, while WLZ rose sharply to a peak at
3 months, dropped to a nadir at 12 months, and then began to
recover (Figure 1). Results of piecewise linear mixed-effect
models with a knot at month 3, identified several maternal
demographic characteristics that were associated with infant
growth trajectories Younger maternal age was associated with
increased monthly rate of change in WAZ before 3 months
(0.13; 95% CI: 0.08 to 0.18) but decreased monthly rate of
change in WAZ after 3 months (—0.02; 95% CI: —0.03 to —0.01)
(Figure 2, Supporting Information: Table S2). Multiparity was
associated with decreased monthly rate of change in WAZ
before 3 months (—0.16; 95% CI: —0.23 to —0.1) and increased
monthly rate of change in WAZ after 3 months (0.01; 95% CI:
0.00 to 0.02). Household crowding (—0.19; 95% CI: —0.28 to
—0.11) and lower wealth quintile (—0.04; 95% CI: —0.06 to
—0.02) were associated with decreased monthly rate of change
in WAZ before 3 months. After 3 months, moderate/severe food
insecurity (—0.01, 95% CI: —0.02 to 0.00) and absence of iron-
folate supplementation (—0.01; 95% CI: —0.02 to —0.001) were
associated with decreased monthly rate of change in WAZ.

Household crowding was associated with decreased monthly
rate of change in LAZ before 3 months (—0.10; 95% CI: —0.19 to
0.01) (Figure 2, Supporting Information: Table S2). After
3 months, being unmarried (—0.01; 95% CI: —0.023 to —0.001)
and lacking financial support from a partner (—0.02; 95% CIL:
—0.03 to —0.00) were associated with decreased monthly rate of
change in LAZ. In contrast, maternal anaemia in pregnancy
was associated with increased monthly rate of change in LAZ
before 3 months (0.07; 95% CI: 0.01 to 0.13).

Younger maternal age was associated with increased monthly
rate of change in WLZ before 3 months (0.23; 95% CI: 0.15 to
0.30) but decreased monthly rate of change in WLZ after
3 months (—0.03; 95% CI: —0.04 to —0.01) (Figure 2, Supporting
Information: Table S3). Lower wealth quintile was associated
with decreased monthly rate of change in WLZ before 3 months
(—0.07; 95% CI: —0.09 to —0.04). After 3 months, being
unmarried (—0.01; 95% CI: —0.02 to —0.00) and having no
financial support from their partner (—0.01; 95% CI: —0.03 to
—0.00) were associated with decreased monthly rate of change
in WLZ. Maternal anaemia in pregnancy was associated with
increased monthly rate of change in WLZ (0.07; 95% CI: 0.01 to
0.13) before 3 months.

TABLE 1 | Characteristics of pregnant women at enrolment in the
Tunza Mwana birth cohort study, Kenya.

Maternal household and clinical

characteristics® N=326

Study site
183 (56.1%)
St. Joseph Mission Hospital 143 (43.9%)

Age (years) 26.9
(22.8, 32.6)

210 (64.4%)
282 (84.7%)
277 (85.0%)

Migori county

Completed primary education or below
Married
Food insecurity

Secure 97 (29.8%)
Mild 37 (11.3%)
Moderate 106 (32.5%)
Severe 83 (25.5%)
Minimum dietary diversity score 4(4,5)
Wealth index
Quintile 1 68 (20.8%)
Quintile 2 67 (20.6%)
Quintile 3 63 (19.3%)
Quintile 4 66 (20.2%)
Quintile 5 62 (19.1%)

244 (74.8%)
263 (80.7%)

Improved household sanitation”

Improved source of household drinking
water®

35 (10.7%)
289 (88.7%)

Household crowding (> 3 people/room)

Receiving financial support from the
child's father

Depressive symptoms, PHQ-9 Score > 5 2 (0, 5)
Intimate partner violence 50 (15.3%)
Adverse childhood experiences score > 2 91 (27.9%)
Mid-upper arm circumference 27.0
(MUAC) (cm) (25.3, 29.5)

Height (cm) 162 (157, 166)

Gestational age at enrolment 32.5
(31.0, 36.0)
Anaemia in pregnancy (< 11.0 g/dL) 99 (30.4%)
Multiparous 259 (79.4%)
Hospitalised during pregnancy 18 (5.5%)
Complicated pregnancy® 94 (28.8%)

Taking iron/folate supplement during 287 (88.0%)

pregnancy

Maternal HIV characteristics

167 (51.2%)
127 (76.0%)

Women living with HIV
ART initiation before pregnancy

#Values are n (%) or median (IQR).

®Improved sanitation includes flush or pour-flush to a piped sewer system, septic
tank pit latrines, ventilated-improved pit latrines or pit latrines with slab or
composting toilets.

“Improved water sources include household connections, public standpipes,
boreholes, protected dug wells, protected springs and rainwater collection.
9Defined as having hypertension, preeclampsia, eclampsia, infection or bleeding
during pregnancy.
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TABLE 2 | Infant birth and nutritional characteristics.

Birth and infant characteristics N =326
Female 154 (47.2%)
Gestational age (weeks) at birth 39.0
(38.0, 40.0)
Preterm birth (< 37 weeks) 31 (9.5%)
Weight (kg) within 7 days of birth 3.2 (2.9, 3.6)
Low birth weight (< 2.5kg) 18 (5.5%)
Small vulnerable newborn® 58 (17.8%)
Length (cm) within 7 days of birth 49.6
(48.3, 51.0)

HIV exposed uninfected 167 (51.4%)

Among HIV exposed, uninfected: ARV
prophylaxis from birth

131 (78.4%)
7 (7.2%)
16 (12, 19)
181 (55.5%)
289 (88.7%)

Nevirapine plus zidovudine

Zidovudine or nevirapine alone
Duration of breastfeeding (months)
Exclusive breastfeeding for 6 months
Breastfeeding at 12 months

Child hospitalised with diarrhoea or 26 (7.9%)
diagnosis of malaria or any respiratory
tract infection
Growth characteristics prior to 3 months
Underweight 36 (11.0%)
Stunted 52 (16.0%)
Wasted 45 (13.8%)
Growth characteristics after 3 months
Underweight 51 (15.6%)
Stunted 130 (39.9%)
Wasted 29 (8.9%)

Note: Values are n (%) or median (IQR).
#Children who were born preterm, small-for-gestational age (SGA), or with low
birth weight (LBW).

Among WLWH, ART initiation during pregnancy was associ-
ated with increased in WAZ (0.09; 95% CI: 0.003 to 0.18) in early
infancy (<3 months) compared to children whose mothers
initiated ART before pregnancy (Figure 2).

3.2 | Underweight, Stunting and Wasting

During the first 3 months of life, 11.0% children were under-
weight, 16.0% were stunted and 13.8% were wasted. Between 3
and 24 months, 15.6% were underweight, 39.9% were stunted
and 8.9% were wasted (Table 2).

Among all the maternal factors investigated, lower gestational
age and preterm birth were associated with increased risk of
underweight before 3 months in adjusted and unadjusted
models and after 3 months in adjusted models (Table 3). Lower
wealth quintile and lack of financial support from the father
were also associated with increased risk of underweight after
3 months in unadjusted models, but this was attenuated in
adjusted models (Table 3). Increased maternal MUAC was

associated with decreased risk of underweight after 3 months
only in unadjusted models.

Maternal height < 157.3 cm was associated with elevated risk of
stunting before (aRR 2.33; 95% CI: 1.36 to 1.22) and after
3 months of life (aRR 1.36; 95% CI: 1.04 to 1.79) in unadjusted
and adjusted models (Supporting Information: Table S5). Fur-
thermore, being in a lower wealth quintile was associated with
an increased risk of stunting after 3 months (aRR 1.12; 95% CI:
1.02 to 1.23) in all models. Gestational age (aRR 0.78; 95% CI:
0.72 to 0.86) and preterm birth (aRR 2.54; 95% CI: 1.43 to 4.51)
were associated with the risk of early stunting but not stunting
after 3 months.

We identified a few factors significantly associated with wasting
in our cohort. Only lower maternal education was associated
with a decreased risk of early wasting in unadjusted and
adjusted models (aRR 0.5; 95% CI: 0.27 to 0.93) (Supporting
Information: Table S6). None of the other factors investigated
were significantly associated with child wasting.

4 | Discussion

Several maternal characteristics were associated with child
growth in this exploratory analysis of mother-infant pairs in the
Tunza Mwana cohort.

We identified differences in maternal factors associated with
early (< 3 months) and later growth (> 3 months) among chil-
dren in this cohort. This is not entirely surprising as early
growth is influenced by events and exposures that occur in
utero (Kitsiou-Tzeli and Tzetis 2017; Strauss 1997). Young
maternal age was associated with improved growth in early
infancy (<3 months) and worse growth in later infancy
(> 3 months), which may reflect increased support for adoles-
cent and young mothers in the early postpartum period and
waning of this support over time. Catch-up growth may also
contribute to these differences as young maternal age is asso-
ciated with increased risk of preterm birth (Gebreegziabher
et al. 2023; Kozuki et al. 2013) and SGA infants (Kozuki
et al. 2013; Suarez-Idueta et al. 2021), and these infants often
experience catch-up growth patterns (Su et al. 2025). Previous
studies have reported that pregnant adolescents and young
women are at high risk of undernutrition (Nguyen et al. 2017),
have decreased responsiveness to nutritional supplementation,
potentially due to nutrient partitioning (Koroma et al. 2023) and
have an increased risk of having underweight and smaller
infants (Nguyen et al. 2017; Welch et al. 2024). Programs and
policies targeting pregnant and lactating adolescents and young
women in the first 2 years postpartum could help improve the
growth outcomes of their infants. Additional studies focusing
on optimal intervention strategies for this high-risk group are
needed.

Anaemia in pregnancy was associated with increased linear and
weight-for-length growth in early infancy among children in
our cohort. Prior studies have reported conflicting findings,
with some observing an association between maternal anaemia
and an increased risk of stunting (Nadhiroh et al. 2023), while
others found no association (Heesemann et al. 2021). These
conflicting findings may be attributable to heterogeneity in
study designs, variations in the timing of maternal anaemia
assessment, differences in the underlying prevalence of
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FIGURE1 | Smoothed growth trajectories of children from birth to 24 months. Locally weighted scatterplot smoothing (LOESS) curves were
fitted for WAZ, LAZ and WLZ from birth to 24 months to inform piecewise linear mixed-effect models.
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FIGURE 2 | Forest plots of risk factors and child growth (WAZ, LAZ, WLZ) before and after 3 months of age. We fitted a piece-wise linear mixed-
effects regression model with interaction terms between time (child age in months) and the determinants of interest, linear splines for time (child age

in months) with a knot at Month 3 and the determinant of interest. For each determinant, we estimated the differences in z-scores per month

before Month 3 and after Month 3 and used the p-value of the interaction term(s) to determine the statistical significance of the association between

each determinant and the change in monthly WAZ, LAZ, WLZ. Models were adjusted for maternal age, wealth index, gestational age at birth, infant

sex, birth weight (WAZ) and birth length (LAZ).

maternal anaemia across study populations, or chance findings.
Furthermore, our study performed an assessment of anaemia in
the third trimester at the time of enrolment, and we are unable
to identify the etiology of anaemia. Anaemia and iron deficiency
prevalence increases in the third trimester when most fetal iron
accretion occurs, even in settings with routine iron supple-
mentation and adequate diets (McCarthy et al. 2024). Pregnancy
anaemia is associated with an increased risk of SGA and pre-
term infants (Chen et al. 2024; Col Madendag et al. 2019), thus
our finding of an association between maternal anaemia and
higher LAZ and WLZ gain prior to 3 months of life may reflect
catch-up growth among smaller infants. Iron and other micro-
nutrients are critical for fetal and early infant growth, and a

recent meta-analyses have demonstrated multiple micro-
nutrient supplements to provide good protection from anaemia
in pregnancy (Gomes et al. 2022) and improved infant anthro-
pometrics from birth to 6 months compared to iron-folic acid
supplements (Gomes et al. 2025). Bolstering multiple micro-
nutrient supplement interventions among at-risk populations
should continue to be a priority for programming and policy.

We found significant associations with household assets and
early infant growth. The lower wealth index quintile was
associated with lower monthly WAZ and WLZ growth in early
infancy. Of all the determinants investigated, only household
crowding was associated with lower monthly WAZ and LAZ
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gains and borderline lower WLZ gain (—0.01; 95% CI: —0.01
to 0), and this was only prior to 3 months of age. Household
crowding has previously been described as associated with
higher total and activity energy expenditure among infants in
Brazil, which may result from decreased sleep or increased
infections (Haisma et al. 2006). It is important to note that the
effect size of these associations was relatively small; however, as
this factor was associated with all 3 growth measures, additional
studies elucidating mechanisms and effective interventions are
warranted. Maternal education was associated with WAZ in our
study, even after adjustment for household wealth. This has
been previously described in Kenya (Abuya et al. 2011) and
other low- and middle-income country settings (Le and
Nguyen 2020; Rezaeizadeh et al. 2024). It may be driven by
factors such as improved family planning, increased household
wealth and resources (though this was adjusted for in our
analysis), greater recognition of optimal nutritional practices,
early identification of illnesses that could contribute to growth
faltering, and increased maternal autonomy (Casale et al. 2018;
Frost et al. 2005). Cross-sectoral interventions aimed at
strengthening household resources and promoting maternal
education may represent additional pathways to support
improvements in child growth.

We did not identify any significant associations between maternal
mental health in pregnancy, assessed by PHQ-9 and GAD-7, inti-
mate partner violence or adverse childhood experiences with infant
growth outcomes in our cohort. Prior studies had reported asso-
ciations between maternal mental disorders and early child growth
(Bennett et al. 2016), though a meta-analyses of interventions tar-
geting perinatal maternal mental health have demonstrated very
modest effects on child growth (Tol et al. 2020). Our dataset only
included PHQ-9 and GAD-7 assessment in pregnancy, potentially
limiting the identification of associations. Only a few studies have
recently investigated associations of maternal adverse childhood
experiences with child growth, as they may result in epigenetic
changes, but have not found clear associations (Chung et al. 2023).
Additionally, we saw a suggestion that perinatal mental health,
intimate partner violence and adverse childhood experiences are
associated with lower WAZ, LAZ and WLZ change after 3 months
though all of these confidence intervals crossed the null. This
borderline finding may be the result of insufficient sample size to
detect this difference, as a few large analyses have demonstrated
associations between intimate partner violence and stunting (Chai
et al. 2016; Neamah et al. 2018; Ziaei et al. 2014). As studies ex-
amining the influence of maternal mental health, adverse child-
hood experiences and intimate partner violence on child growth
remain limited, there is need for larger-scale cohort studies or meta-
analyses of longitudinal cohorts that incorporate comprehensive
assessments of these maternal factors at multiple time points to
more clearly elucidate its impact on child growth outcomes. As
expected, lower gestational age at birth and preterm birth were
associated with increased risk of early and later underweight and
early stunting after adjustment for birth anthropometrics, consist-
ent with prior studies (Christian et al. 2013; Sania et al. 2015;
Sartika et al. 2021). Maternal anthropometric characteristics were
associated with the risk of stunting and underweight. Larger
maternal MUAC in the third trimester was associated with a
decreased risk of stunting after 3 months and underweight in
unadjusted models after 3 months. Maternal prepregnancy BMI
and MUAC has been identified as an important determinant of

WAZ, LAZ and WLZ trajectories in similar settings (Bengtson
et al. 2022; Deierlein et al. 2011; Haque et al. 2021; Kpewou
et al. 2020; Zalbahar et al. 2016). Furthermore, shorter maternal
height was associated with increased risk of stunting at both times,
which has been well established risk factor in large multi-country
studies (Li et al. 2020b; Wu et al. 2021). Preconception and early
pregnancy nutritional supplementation have been shown to
improve infant ponderal and linear growth, highlighting the
importance of maternal nutrition before and during early gestation
and the need for interventions targeting maternal nutrition in
fragile contexts (Krebs et al. 2021; Von Salmuth et al. 2021). The
pathways resulting in these outcomes may involve direct macro-
and micronutrient provision, alterations of the maternal and neo-
natal microbiota (Garcia-Mantrana et al. 2020), and epigenetic
changes (Kitsiou-Tzeli and Tzetis 2017), all of which can influence
infant growth trajectories.

We identified a few factors associated with wasting. Surpris-
ingly, we found that lower maternal education was associated
with a lower risk of wasting before 3 months. This is in contrast
to several large multi-country studies reporting increased
maternal education to be associated with a decreased risk of
wasting (Asebe et al. 2024; Tamir et al. 2025). Our finding of an
association had a wide confidence interval and may be due to
residual confounding or a small sample size, especially since no
association is seen after 3 months.

Our study has several strengths. The prospective longitudinal
nature of the data allows us to assess temporal relationships
between the exposures and growth outcomes. Data was col-
lected using standardised data instruments, and growth mon-
itoring occurred regularly throughout the first 24 months using
rigorous protocols and standard measurement tools by trained
study staff. We had excellent follow-up of participants in the
cohort with >90% retention at 24 months. Furthermore, our
data set included a comprehensive set of maternal factors
including mental health, intimate partner violence and adverse
childhood experiences that have not routinely been collected in
large cohorts (Mertens et al. 2023). Additionally, we investi-
gated differences in associations in early (< 3 months) and later
(> 3 months) childhood instead of a single time point. Never-
theless, there are several limitations to our study. These find-
ings reflect outcomes from a rural population in Western Kenya
that accessed antenatal care and consented to participate in a
2-year cohort study. As such, these results may not be gen-
eralisable to populations in other geographic or socio-cultural
contexts. We had a very high rate of exclusive breastfeeding and
continued breastfeeding beyond 12 months postpartum, likely
influenced by the Tunza Mwana study's focus on human milk
composition, which may have contributed to improved child
growth outcomes in this population compared to other popu-
lations. Additionally, our sample size of 326 mother-infant pairs
and population homogeneity may not provide sufficient power
to identify all relevant associations. Gestational age was deter-
mined in the cohort using the LMP, not first-trimester ultra-
sound, which may have resulted in incorrect estimation of
gestational age. We did not correct for multiple comparisons in
our analysis given the exploratory nature, so some of the sig-
nificant findings may have emerged by chance; therefore, our
findings must be interpreted with caution and confirmed in
larger cohorts. Additionally, it is important to note that the
effect size of some of the associations was relatively small and
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must be considered when contemplating designing new inter-
vention programs for child growth. Finally, we are only able to
report associations and cannot directly determine causality.

In conclusion, child growth trajectories in the first 2 years of life
were influenced by a complex set of factors including maternal
nutritional, health, demographic and socio-economic factors,
many of which are not routinely addressed in current child
growth programs. By identifying maternal factors that were
consistently associated with various forms of undernutrition,
and those that were specific to particular outcomes or time
periods, this may inform the development of more targeted and
timely prevention programs. There is need for innovative,
comprehensive programs that integrate nutritional, socio-
economic and household-level strategies to optimise growth
outcomes and enable children to reach their full potential.
These include routine maternal nutrition screening during
pregnancy, targeted support for women with low MUAC, and
interventions aimed at reducing household crowding and im-
proving maternal education. Sustained investments in adoles-
cent health and female education also remain essential to
reducing intergenerational stunting and underweight.
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