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Maternal depressive symptomatology was measured with the Center for
Epidemiological Studies depression scale (CES-D). Child outcomes included WHO
nutritional status indicators, a development evaluation test, and Bayley-lll scales. We
fitted logistic regressions for binary and linear regressions for continuous outcomes
with multiple sociodemographic covariates. Children whose mothers had clinically
significant depressive symptomatology (CES-D > 16) had higher odds of stunting
(covariate-adjusted odds ratio (AOR)=1.32 95% confidence interval (Cl): 1.04,
1.69) and lower socioemotional Bayley-lll composite scores. Clinically significant
maternal depressive symptomatology was associated with lower odds of normal
neurodevelopment in male children (AOR=0.60 95%Cl: 0.41, 0.88) but not in females.
Maternal clinically significant depressive symptomatology was associated with lower
means of the Bayley-lll language scores among children from Indigenous language
speaking households. Public health interventions are needed to prevent maternal
depression and suboptimal care practices among the most vulnerable.
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1 Introduction
Depression is a mood disorder that limits daily functioning; it can manifest with dif-
ferent combinations of symptoms, including feelings of worthlessness, loss of energy,

changes in sleep or appetite, and lowered ability to think or concentrate [34, 35]. Women
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are especially vulnerable to depression and its associated health effects during post-
partum [24]. A review of postpartum depression prevalence based on data from 28
low- and middle-income countries, documented a median of 19% (interquartile inter-
val:13.2%,28.4%) across countries, these prevalence are generally higher compared
to estimates from high income countries [40]. In Mexico, the prevalence of maternal
depressive symptomatology was 19.9% in 2012 (95%CI: 18.2%,21.7%) [12].

Maternal depression has detrimental consequences for the well-being of mothers and
their rapidly developing young children. Mothers with depression experience a lowered
functional capacity and struggle more to provide adequate care practices, such as breast-
feeding, stimulation, and sensitive interactions [16, 22, 32, 36]. This results in a higher
risk of suboptimal child physical and neurological development with long-lasting effects
[45].

Evidence from 11 low and middle income countries has shown that maternal depres-
sion is associated with undernutrition [52]. In regard to associations between maternal
depression and early childhood neurodevelopment, international evidence has been syn-
thetized in three metanalyses [17, 33, 48]. The results from Liu and cols. (2017) were
based on 14 published studies (1997-2013), 13 of them from high income countries.
The authors found that preschool children whose mothers had high depressive symp-
toms exhibited a lower mean of cognitive development scores compared to children of
mothers with low depressive symptoms (Cohen’s d = - 0.25, 95%CI: - 0.39, — 0.12). The
meta-analysis by Fan and cols. (2024) examined different dimensions of neurodevelop-
ment and their associations with perinatal depression among children aged < 2 years
using data with longitudinal designs from 23 studies. Most studies were from high- and
middle-income countries. The authors reported significant associations for the cogni-
tive (Cohen’s d = - 0.19, 95%CI: - 0.30, - 0.08, 13 studies), language (Cohen’s d = — 0.24,
95%CI: — 0.40, — 0.07; 13 studies) and motor dimensions (Cohen’s d = — 0.15, 95%CI:
- 0.26, -0.05; 14 studies) and a significant association for the socioemotional dimen-
sion among studies using Bayley-III Scales (Cohen’s d = — 0.18, 95%CI: — 0.29, -0.06; 3
studies), these studies were from high income countries. On the other hand, the meta-
analysis by Rogers and cols. (2020) found a statistically significant association between
postnatal maternal depression and socioemotional problems for children aged < 2 years
based on 5 studies from high income countries (correlation = 0.26, 95%CI: 0.17, 0.35).

In Mexico, few studies have focused on the relationship between maternal depression
and early child development. A study in rural areas found that having higher maternal
depressive symptoms was associated with more behavior problems in young children
[19]. A study using nationally representative data from 2012 found that among moth-
ers with low socioeconomic status, maternal depressive symptomatology was related to
a higher risk of not having breastfed their children, but no significant association was
found with child undernutrition [13]. To the best of our knowledge, there are no pub-
lished studies in Mexico addressing this relationship in socially deprived populations or
in areas with a high percentage of Indigenous population. International data have shown
that Indigenous groups are characterized by poorer health and social outcomes com-
pared to non-Indigenous groups [2]. The negative consequences of maternal depression
on early childhood development can be exacerbated for socially deprived groups, given
the presence of stressors from occupational status, violence, and lack of access to health
services [13, 37].
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We aimed to evaluate the association between maternal depressive symptomatology
and child development outcomes and nutritional status among young children from
Oaxaca, one of the States with the highest social and economic marginalization and
with the highest proportion of Indigenous population in Mexico (Instituto Nacional
de Estadistica y Geografia, [31]). Results from the present study will shed light on the
depressive symptomatology status of vulnerable mothers and its association with child
development while contributing to fill the gap in the literature for Indigenous groups
that may share commonalities across Latin America. This is important since much of
the research has been performed in high income societies and its conclusions are not
directly transferable to these contexts. It is now recognized that cognitive and motiva-
tional processes are heterogeneous across the different world populations [27].

2 Methodology

2.1 Study design and participants

This was a cross-sectional observational study. We analyzed baseline data from a study
that was initially designed to assess the effect of an educational intervention on early
childhood development in the state of Oaxaca, Mexico [43]. The intervention was
designed by “Un Kilo de Ayuda, A.C. a non-governmental organization. Due to the
COVID-19 health emergency, the original study was suspended prematurely in March
2020. Potential participants were purposively contacted (1) through meetings organized
by local authorities and (2) home visits after reviewing local population registries [43,
51]. Baseline data were obtained from 1179 households in 24 communities from July
2019 to March 2020 in the State of Oaxaca in Mexico. Data was collected electronically
using the Research Electronic Data Capture (REDCaP) application during the household
visits [26]. The children’s ages ranged from 0 to 38 months. For this study, we considered
only caregiver-child dyads in which the primary caregiver was mother of the child (n =
1073). We then excluded 2 observations with missing or inconsistent maternal age and 1
observation with out-of-range child age. After an analysis of missing data, we identified
the set of analysis variables with less than 0.5% of missing values and specified them as
predictors in our multiple imputation by chained equations (MICE) [54]. This resulted
in a sample size of 1060 dyads (99.0%) for analysis using MICE and a sample size of 886
dyads (82.6%) for complete case analysis. More details on the MICE procedure are pro-
vided at the end of the methods section.

2.2 Depressive symptomatology
Depressive symptomatology was assessed with the Center for Epidemiologic Studies
Depression Scale (CES-D) [44]. The CES-D has been validated in multiple population
groups [39, 53]. A study performed in women from a highly marginalized rural zone in
the Mixteca (an Indigenous group in Mexico) region assessed the psychometric proper-
ties of the CES-D scale and concluded that it showed adequate reliability and validity [7].
Trained interviewers applied the CES-D questionnaire, which is comprised of 20 items
about the frequency of depressive symptoms during the last week; it was coded as 0 for
“less than a day,” 1 for “1-2 days,” 2 for “3—4 days,” and 3 for “5-7 days.” An overall score
is obtained by summing the coded responses for the 20 symptoms, with the score rang-
ing from 0 to 60. The CES-D can be categorized to detect the presence of clinically sig-
nificant depressive symptomatology. A meta-analysis of 22 studies showed that a cutoff
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of 16 reached 87% (95% CI: 82, 91) sensitivity and 70% (95% CI: 65, 75) specificity using
standardized diagnostic interviews based on the international classification of diseases
or the Diagnostic and Statistical Manual of Mental Disorders classification system as a
gold standard [53]. We used this cutoff to define a binary depressive symptoms exposure
variable.

2.3 Outcome variables

Anthropometric measurements were obtained by trained and standardized personnel
[25] using SECA 872™ digital scales and SECA 206™ portable stadiometers. For simplic-
ity, we use the term height to refer to length (measured in a recumbent position for chil-
dren aged < 24 months) or stature (measured as standing height for children aged = 24
months). Nutritional status was determined after calculating Z scores using the 2006
WHO child growth standards (World Health Organization Multicentre Growth Refer-
ence Study Group, [55]). Stunting was defined as height for age Z< -2, underweight as
weight for age Z<-2, low weight for height as weight for height Z< -2, and overweight
(including obesity) as weight for height Z > 2.

Early childhood development was assessed with the Child Development Evaluation
Test 2nd Edition or “Evaluacion del Desarrollo Infantil” (EDI-II) in Spanish (Comision
Nacional de Proteccion Social en Salud. Secretaria de Salud, [10]). This test was designed
in Mexico for the early detection of neurodevelopmental issues across 14 age groups
among children aged 1-60 months. It was validated using the Battelle Developmental
Inventory 2nd edition as a gold standard; it reached 81% sensitivity (95% confidence
intervals CI: 75%, 86%) and 61% specificity (95% CI:54%, 67%) [47]. Through direct
observation, the test evaluates five developmental skill areas: gross motor, fine motor,
language, social, and cognitive. The first four areas apply to all children, whereas the
cognitive area applies to children 37 months or older. Apart from these areas, the test
performs a neurological exploration, identifies biological risk factors, and detects warn-
ing and alarm signs of delayed child development. Results are coded into a traffic-light
scale for each area. Except for a few age-group-specific differences, these categories can
be summarized as: GREEN Normal development— the activities for the corresponding
age group were successfully performed (2 out of 2 items for ages <12 months or 2 out
of 3 items for older children); YELLOW Developmental lag — the activities for the cor-
responding age group were not successfully performed but those from the preceding age
group were succesfully completed; RED At risk of developmental delay— The activities
for the corresponding and preceding age group were not successfully performed. The
development areas along with the other aspects of the test are considered to obtain a
result. Children with a RED result were referred to a specialist for further evaluation.

Early childhood development was also measured with the Bayley Scales of Infant
and Toddler Development 3rd edition (BSID-III) [5]. A subsample of 530 children was
selected from the pool of recruited children with baseline nutritional status measure-
ments and whose caregivers were their mothers. Selection was performed randomly
within 10 strata defined by intervention status and five categories of the propensity to
participate in the intervention. The BSID-III is considered the reference standard for
developmental assessment and can be applied to children aged 1 to 42 months [4]. It
includes cognitive, language, and motor domains assessed through observation and
socioemotional behavior assessed through parental reporting. Composite scores based
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on a comparison to a normative age-matched sample are calculated for the cognitive,
language and motor scales. A score of 100 is interpreted as mid-average functioning; a
score below 85 (< reference mean—1 standard deviation (SD)) indicates mild impair-
ment or at risk of developmental delay; and a score below 70 (< reference mean — 2 SD)
is interpreted as moderate/severe impairment [14]. Subtest scales include receptive lan-
guage, expressive language, fine motor and gross motor subdomains; these are expressed
as scaled scores ranging from 1 to 19. Three trained psychologists applied the devel-
opment tests in the field. Inter-rater agreement was assessed by applying the BSID-III
instrument to 30 children, they achieved an inter-rater reliability coefficient of 0.90.

2.4 Other explanatory variables and potential confounders

Data on sociodemographic and general characteristics were collected through inter-
viewer-administered questionnaires by trained field personnel. Child characteristics
included age in months, sex, and whether there was a<5-year-old sibling living in the
household. Maternal characteristics included age in years categorized into three lev-
els (15-19, 20-29, and 30-49), completed education level (none or elementary, middle
school, high school, and college or university), type of health insurance (none, “Seguro
Popular’; social security), occupational status (having a job, housework, housework with
extra activities, self-employed and other), marital status (single, free union, married,
and separated/divorced/widowed) and parity (number of times has given birth to a live
neonate).

Household characteristics included a wealth index, reported monthly income from
all sources, Indigenous status, and number of social programs the household is affili-
ated with. The wealth index was calculated by conducting principal component analysis.
We extracted the first principal component from a set of variables that included: type of
household materials (floor, walls, roof), services (gas stove, water facilities, toilet) and
possession of goods (automobile, television or computer, electric appliances, etc.). The
resulting index absorbed 27% of the total variance. Variable weights and their correla-
tion with the first principal component are shown in Supplementary Material Table ST1.
The wealth index was categorized into three levels (low, medium, high) through tertiles.
Indigenous status was classified into three categories based on the responses of the par-
ents (“Non-Indigenous’; “Indigenous without Indigenous language spoken” if any of the
parents self-identified as Indigenous according to their culture and none of them spoke
an Indigenous language, and “Indigenous with Indigenous language spoken” if any of the
parents self-identified as Indigenous according to their culture and any of them spoke an
Indigenous language). The categories of household monthly income in the questionnaire
were “less than 3000 “3000 to 5000’ “5001 to 7000,” and “more than 7000” Mexican
pesos. We converted the income bracket limits to euros using the 2020 purchase power
parity exchange rates for private consumption (OECD, [38]). The number of social pro-
grams from which the household received benefits was categorized into three levels
(none, one, two to four).

2.5 Statistical analyses

We described the distribution of general and sociodemographic characteristics, as well
as child development outcomes by maternal depressive symptomatology status and in
the overall sample. Means and SDs were obtained for continuous type variables and
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percentages for categorical variables. Homogeneity tests based on overall tests of signifi-
cance from multinomial logistic regression were performed to assess whether the distri-
butions of each categorial sociodemographic characteristic varied with maternal CES-D
categories; for children’s age we compared means between maternal CES-D categories
using linear regression. We also described the distribution of sociodemographic charac-
teristics by sex and by household Indigenous status.

Logistic regression models were fitted for binary outcomes and linear regression for
continuous-type outcomes with two specifications for the linear predictor: (1) the CES-D
score without other covariates, (2) the CES-D score plus all general and sociodemo-
graphic characteristics as described in the variables section. We standardized the CES-D
scores with the overall mean and SD before fitting our models. Associations between
maternal depressive symptomatology and binary outcomes are presented as crude odds
ratios (OR) and covariate-adjusted odds ratios (AOR) for specifications 1 and 2, respec-
tively. Associations between maternal depressive symptomatology and continuous-type
outcomes are presented as mean differences (MD) and covariate-adjusted mean differ-
ences (AMD), these differences correspond to contrasts between CES-D exposure levels
that differ by 1 SD. Although strictly speaking the CES-D score is a discrete variable, we
interpret it as continuous throughout. We also fitted our models using maternal depres-
sive symptomatology as categorical exposure. We did not apply our models to wasting
since its prevalence was low and it was not present in some covariate categories.

All standard errors were adjusted for data dependencies within communities [49].
All model coefficients are presented with their 95% CI. The level of statistical signifi-
cance was set at alpha = 0.05. For continuous outcomes and the two-category maternal
depressive symptomatology exposure, mean differences were expressed in pooled stan-
dard deviation units (Cohens’ d) and reported when statistically significant [9].

We explored whether sex and Indigenous status moderated the associations between
maternal depressive symptomatology and early child development, by adding the inter-
actions between each one of these potential moderators and the CES-D score to speci-
fication 2, in separated models. We also performed these analyses with the categorical
depressive symptomatology exposure.

As a sensitivity analysis, we refitted our models with a fractional power monotonic
transformation of the CES-D score to produce an exposure variable with a more sym-
metrical distribution. We also performed augmented inverse probability weighting anal-
yses and estimated the average treatment effect on the treated (ATT) for comparing the
mean of the group whose mothers had clinically significant depressive symptomatology
(CES-D = 16) with its estimated counterfactual based on observed characteristics [8].
We used the same set of covariates in our specification 2 as predictors of the outcomes
and depressive symptomatology status. For the BSID-III analyses by household Indig-
enous status, maternal age and schooling were specified as continuous since maternal
symptomatology status did not vary in some categories of these characteristics in one of

the Indigenous status groups.

2.6 Handling of missing data

We used 10 predictors and imputed values for seven variables using MICE [54]. The pre-
dictors included child’s characteristics (age as continuous, sex, and whether there was a
< 5-year-old sibling living in the household), maternal characteristics (age as continuous,
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Table 1 Sociodemographic and general characteristics of mothers and their children aged 0 to 38
months from 24 communities in Oaxaca Mexico

Child characteristics Overall (n=1060) CES-D<16(n CES-D=16(n P®
=765%) =295?)

Female, % 46.5 459 481 0454

Age in months, mean (SD) 19.6 (9.0) 19.6 (9.0) 19.8 (9.1) 0.759

Age group in months, %

Oto 11 239 243 228 0.748

121023 39.8 39.2 414

241038 36.3 365 358

Has a sibling < 5 years of age, % 308 296 342 0.172

Maternal characteristics
Age group in years, %

15t0 19 9.0 8.1 1.1 0.499
20t029 57.2 57.6 56.1

30t0 49 339 343 328

Completed education level, %

None or elementary 22.1 19.2 29.6 <0.001
Middle school 433 420 46.6

Highschool 24.5 27.5 16.8

College/University 10.1 113 7.1

Health insurance, %

None 9.5 93 10.0 <0.001
Seguro Popular 792 77.1 844

Social Security 1.3 13.5 56

Occupation status, %

Has a job 20.3 203 20.2 0.615
Housework 425 419 439

Housework with extra activities® 14.9 15.8 126

Self-employed 19.2 18.8 204

Other 3.1 32 29

Marital status, %

Single 9.0 94 7.8 <0.001
Free Union 535 50.5 61.2

Married 327 359 246
Separated/Divorced/Widowed 4.8 42 6.3

Parity, number of times has given birth to a 207 (1.14) 2.03(1.10) 2.15(1.22) 0.166

live neonate®, mean (SD)
Household characteristics
Wealth index category’, %

Low 333 276 48.1 <0.001
Medium 334 363 26.1

High 332 36.1 258

Reported monthly income?

Less than 189€ 433 409 49.8 0.067
189€ to 314€ 357 36.8 329

>314€ to 440€ 1.2 121 8.6

More than 440€ 9.8 10.2 8.7

Indigenous status, %

Non-Indigenous 340 320 39.0 0.041
Indigenous without Indigenous 41.1 43.8 34.1

language spoken

Indigenous with Indigenous 249 24.1 269

language spoken
Number of social programs, %

Page 7 of 20
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Table 1 (continued)

Child characteristics Overall (n1=1060) CES-D<16(n CES-D=16(n P°
=765%) =295%)

None 716 71.8 711 0438

One 227 22.1 244

Two to four 57 6.1 45

CES-D: Center for Epidemiologic Studies depression scale

256 missing values were imputed using multiple imputations with chained equations (MICE), sample sizes of the two CES-D
categories are average frequencies over m =20 repetitions

bp-value from an overall test of significance using multinomial logistic regression for categorical variables or linear
regression for continuous-type variables

“Extra activities such as helping in a business or selling a product
dIncludes being a student or retired

€43 missing values were imputed using MICE in each repetition
f24 missing values were imputed using MICE in each repetition

9Converted from Mexican pesos to euros using the 2020 purchase power parity exchange rates for private consumption,
96 missing values were imputed using MICE in each repetition

occupational status, marital status, completed education level, and type of health insur-
ance), and household characteristics (Indigenous status and affiliation to social pro-
grams). We performed MICE with a total of m = 20 repetitions. The seven variables with
imputed values were household income (9.1%), maternal depressive symptomatology
(5.3%), parity (4.1%), EDI-II result (3.7%), stunting (3.6%), low weight for height (3.6%),
overweight-obesity (3.6%), and wealth index category (2.3%). In addition, we imputed
missing data for the anthropometric variables shown in the descriptive analyses (3.6%).
More details on the imputation procedure are provided in the Supplementary Material
(Tables ST2-ST3). We refitted our models without multiple imputations (complete case
analysis).

All analyses were performed in Stata MP (StataCorp. 2025. Stata Statistical Software:
Release 19. College Station, TX: StataCorp LLC).

3 Results

The analysis sample consisted of 1060 mother-child dyads, 886 (83.6%) had complete
data on all covariates, the CES-D score, and any of our outcomes. An analysis of missing
data and a brief description of the MICE procedure is presented in Supplementary Mate-
rial Tables ST2-ST3. Child age ranged from 0 to 38 months (mean=19.6, SD=9.0) and
46.5% were female (Table 1). Regarding maternal characteristics, 9.0% were adolescents
(15-19 years), 22.1% had elementary or no schooling, about 40% were self-employed or
had a job and 9.0% were single. Approximately two thirds of households were Indige-
nous and 25% had an Indigenous language speaking parent; 79% of households had a
monthly income of 314 euros or less. Clinically significant depressive symptomatology
(CESD =16) was present in 27.8% of mothers, compared with other mothers, they were
less likely to have completed high school or college/university, less likely to be married,
and more likely to be in the low-wealth category. A histogram of the maternal CES-D
scores is available in Supplementary Material Figure SF1, the distribution showed posi-
tive skew, a mean of 12.7 and SD =10.0. Households in which an Indigenous language
was spoken had the highest percentages in the lowest maternal schooling and income
categories (40.9% and 53.7%, respectively, Supplementary Material ST4). Sociodemo-
graphic characteristics were similarly distributed across sex categories (not shown).
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The average height of the children was 78 (SD=8.8) cm, and the average weight was
10.1 (SD=2.1) kg; 23.8% were stunted, 6.0% were underweight, 1.5% had low weight
for height, and 2.9% had overweight or obesity (Table 2). Results from the EDI-II test
showed that 42.3% had normal development, 46.5% had a developmental lag, and 11.3%
were at risk of developmental delay. Regarding the child development assessment using

the BSID-III instrument in a subsample (# =554), the percentage of children with mild to

Table 2 Descriptive statistics of nutritional status indicators and child development outcomes
by maternal depressive symptomatology status among children aged 0 to 38 months from 24

communities in Oaxaca Mexico

Maternal depressive symptomatology Overall
CES-D< 16 CES-D=16
Physiological development: Anthropometry and nutritional status
n=765° n=295° n=1060
Height®, cm 78.0 (8.8) 77.8 (9.0) 77.9 (8.8)
Height for age, Z —1.31(0.95) —1.46(1.01) —1.35(0.97)
Stunting®, % 214 300 238
Weight, kg 102 2.1) 10.1(2.2) 101 2.1)
Weight for age, Z —0.57(0.97) —0.67 (0.96) —0.60(0.97)
Underweight, % 52 82 6.0
Weight for height or length, Z 0.16 (1.00) 0.13(0.93) 0.15(0.98)
Low weight for height€, % 14 1.8 1.5
Overweight or obesity", % 34 1.5 29
Child Development Evaluation Test 2nd Edition - EDI-II
n=765° n=295° n=1060
Normal 439 38.1 423
Developmental lag 443 520 46.5
At risk of developmental delay 11.8 9.8 1.3
Bayley Scales of Infant and Toddler Development 3rd edition - BSID-IlI
n=397° n=157° n=>554
Cognitive composite score 95.0(10.7) 93.3(10.8) 94.5(10.7)
Mild impairment?, % 8.0 122 9.2
Moderate/severe impairmenth, % 1.0 13 1.1
Language composite score 92.2(10.7) 90.0(11.6) 91.6(11.0)
Mild impairment?, % 216 225 218
Moderate/severe impairmenth, % 13 32 18
Receptive language subtest scaled score 8.7(2.2) 83(23) 86(2.2)
Expressive language subtest scaled score 86(2.1) 8222 85(2.1)
Motor composite score 948 (12.5) 94.1 (12.5) 946 (12.5)
Mild impairment?, % 12.1 145 12.8
Moderate/severe impairmenth/ % 28 25 2.7
Fine motor subtest scaled score 9.8 (24) 9.6 (2.5) 9.7 (2.5)
Gross motor subtest scaled score 85(24) 84(23) 84(24)
Socioemotional, score 91.1(12.1) 88.0(14.2) 90.2 (12.8)

Estimates are means (standard deviations) or percentages

CES-D: Center for Epidemiologic Studies depression scale

256 missing values were imputed using multiple imputations with chained equations (MICE), sample sizes of the two CES-D
categories are average frequencies over m =20 repetitions

bFor simplicity, the term “height” refers to length (measured in recumbent position) or stature (standing height)

‘Height forage Z < -2
dWeight for age Z < -2
*Weight for height Z < -2
fweight for height Z>2

9IDefined as a composite score between 70 and <85

PDefined as a composite score <70



Quezada-Sanchez et al. Discover Mental Health (2026) 6:133 Page 10 of 20

severe impairment were 10.3%, 23.6% and 15.5% for the cognitive, language and motor
domains, respectively.

3.1 Associations between maternal depressive symptomatology and child nutritional
status

An increase of 1 SD in the maternal CES-D score was associated with 20% higher odds
of stunting (OR=1.20 95%CI: 1.07, 1.35), 24% higher odds of underweight (OR=1.24
95%ClI: 1.02, 1.50) and 37% lower odds of overweight or obesity (OR =0.63 95%CI: 0.40,
0.98) (Table 3). After adjusting for multiple sociodemographic characteristics, children
whose mothers had clinically significant depressive symptomatology (CES-D=>16) had
32% higher covariate-adjusted odds of stunting compared to other children (AOR =1.32
95% CI: 1.04, 1.69, Table 3). The ATT showed that children whose mothers had clinically
significant depressive symptomatology had 5.1% points higher prevalence of stunting
compared to a situation in which their mothers had no clinically significant depressive
symptomatology (95%CI: 0.3, 9.9, Table 3).

3.2 Associations between maternal depressive symptomatology and child
neurodevelopment

Children whose mothers had clinically significant depressive symptomatology had lower
odds of normal neurodevelopment as assessed by the EDI-II test (OR=0.79 95%Cl:
0.63, 0.99), lower BSID-III cognitive composite scores (MD=-1.73 95%CI: - 3.26, - 0.20;
Cohen’s d= - 0.16 95%CI: — 0.30, — 0.02) and lower BSID-III socioemotional composite
scores (MD = — 3.15 95%CI: - 5.59, — 0.70; Cohen’s d = — 0.25 95%CI: — 0.44, — 0.05).
After covariate adjustment, the categorical maternal depressive symptomatology expo-
sure remained associated with the socioemotional composite scores (AMD=-2.31
95%CI: — 4.49, — 0.13), the ATT was similar in magnitude and also statistically signifi-
cant (Table 3). There were no statistically significant associations with the indicators of
impaired neurodevelopment nor with the subtest scaled scores.

3.3 Sex-specific associations between maternal depressive symptomatology and
nutritional status or child development outcomes

In male children, those whose mothers had clinically significant depressive symptom-
atology had 40% lower odds of normal neurodevelopment (AOR = 0.60 95%CI:0.41, 0.88)
compared to other children, and this association was statistically different between sexes
(p=0.044, Table 4). In female children whose mothers had clinically significant depres-
sive symptomatology, the covariate-adjusted mean of the socioemotional composite
score (BSID-III) was lower compared to other female children (AMD = — 3.13 95%ClL: -
6.11, — 0.15). There were no sex-specific statistically significant associations for the other
outcomes (Table 4). Associations with the standardized CES-D scores are presented in
Supplementary Material Table ST5. Female children of mothers with clinically signifi-
cant depressive symptomatology had 7.6% points (95%CI: 0.1, 15.0) higher prevalence
of stunting compared to a situation in which this maternal depressive symptomatology
condition is absent (ATT in Supplementary Material Table ST6).
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Table 3 Associations between maternal depressive symptomatology and child development
outcomes among children aged 0 to 38 months from 24 communities in Oaxaca Mexico

Outcome Maternal depressive symptomatology exposure

CES-D+1 SD vs. CES-D CES-D>16 vs. CES-D< 16

OR AOR OR AOR AIPW ATT

(95% Cl) (95%Cl) (95% CI) (95%CI) MD (95%Cl)
Nutritional status®, n = 1060
Stunting® 1.20%* 1.09 1.57%%% 1.32* 5.10%

(1.07,1.35) (0.97,1.22) (1.22,2.03) (1.04, 1.69) (0.34,9.85)
Underweight® 1.24* 1.09 1.64* 128 207

(1.02, 1.50) (0.90,1.32) (1.10, 2.44) (0.85,1.93) (- 0.91,5.04)
Overvveightd 0.63* 0.69 0.44* 0.48* -1.31

(0.40, 0.98) (047,1.01) (0.19,0.98) (0.23,0.99) (=2.76,0.14)
Child Development Evaluation Test 2nd Edition — EDI-Il, n = 1060
Normal 0.90 0.94 0.79* 0.86 —3.85
neurodevelopment (0.81,1.01) (0.82,1.07) (0.63,0.99) (0.65, 1.15) (—10.62,292)
BSID-Ill composite scores, n =554

MD AMD MD AMD AIPW ATT MD

(95% Cl) (95% Cl) (95% ClI) (95%Cl) (95%Cl)
Cognitive -0.76* -0.10 —1.73% -0.29 -0.25

(= 1.46,—-0.05) (—0.81,0.60) (=3.26,—0.20) (=2.11,1.52) (= 1.75,1.25)
Language —-0.69 -039 -2.16 - 143 -1.82

(=2.02,0.64) (—1.62,084)  (—486,053) (—4.15129) (436,072
Motor -0.02 0.58 -0.68 0.80 0.65

(= 0.96,0.93) (- 048,165  (=3.03,1.68) (=1.77,337)  (=1.59,2.88)
Socio-emotional - 1.64* -1.20 —3.15% —-231* —2.15%

(—2.86,-041) (—244,0.04) (= 5.59,-0.70) (—449,-0.13) (—4.29,

—0.005)

BSID-ll subtest scaled scores, n =554

MD AMD MD AMD AIPW ATT MD

(95% Cl) (95% Cl) (95% Cl) (95%Cl) (95%Cl)
Receptive language -0.10 -0.07 -0.36 -0.26 -0.29

(-=0.37,0.17) (-032,0.17) (—0.90,0.18) (—0.74,022) (—0.69,0.10)
Expressive language -0.14 —0.06 -038 -0.22 -0.32

(=0.35,0.08) (=0.27,0.16) (—0.83,0.06) (=0.72,0.27) (—0.83,0.19)
Fine motor —-0.04 0.06 -0.15 0.08 0.08

(=0.23,0.15) (=0.15,026)  (-061,031) (-042,058)  (-037,0.53)
Gross motor 0.03 0.14 -0.07 0.19 0.13

(=0.13,0.19) (=0.05032) (-049,036) (-0.29,066) (-0.32,0.59)
Impaired neurodevelopment (BSID-Ill composite scores < 85)

OR AOR OR AOR AIPW ATT MD

(95% Cl) (95%Cl) (95% Cl) (95%Cl) (95%Cl)
Cognitive 1.19 1.05 1.57 123 141

(0.91,1.57) (0.79,1.39) (0.96, 2.56) (0.66, 2.28) (—532,8.14)

Page 11 of 20
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Table 3 (continued)

Outcome Maternal depressive symptomatology exposure
CES-D +1 SD vs. CES-D CES-D=16 vs.CES-D< 16
OR AOR OR AOR AIPW ATT
(95% Cl) (95%Cl) (95% ClI) (95%Cl) MD (95%Cl)
Language 1.04 0.99 1.16 1.05 2.01
(0.83,1.31) (0.80, 1.23) (0.74,1.84) (0.66, 1.66) (= 6.53,10.56)
Motor 0.97 0.90 1.18 0.97 - 081
(0.75,1.27) (0.67,1.20) (0.71,1.94) (0.57,1.68) (—7.40,5.79)

*p<0.05, **p <0.01, ***p <0.001

Cl: Confidence interval; CES-D: Center for Epidemiologic Studies depression scale; SD: overall standard deviation of the
CES-D scale (=10.0); OR: odds ratio; AOR: covariate adjusted odds ratio; MD: mean difference; AMD: covariate-adjusted
mean difference; AIPW ATT MD: Augmented inverse probability weighting average treatment effect on the treated as a
mean difference, for binary outcomes it was expressed in percentage points; BSID-III: Bayley Scales of Infant and Toddler
Development 3rd edition

Adjustment variables were sex, age in months, whether the child lives with a young sibling (<5 years), maternal
characteristics (age group, health insurance, educational status, occupational status, marital status and parity), and
household characteristics (wealth index category, Indigenous status, affiliation to social programs and reported category
of monthly income from all sources). Standard errors were adjusted for data dependencies within communities

2 Wasting (weight for height Z < -2) was not analyzed since there were few events and there was no outcome variation
within some covariate categories

b Height forage Z < -2

€ Weight forage Z < -2

4 Weight for height Z>2

Sample size for nutritional status and EDI-Il outcomes: 1060

Sample size for BSID-Ill outcomes: 554

3.4 Household Indigenous status specific associations between maternal depressive
symptomatology and nutritional status or child development outcomes

Maternal clinically significant depressive symptomatology was associated with higher
covariate-adjusted odds of stunting among children from non-Indigenous households
and children from Indigenous households in which none of the parents spoke an Indig-
enous language, in contrast, this association was not significant for children living in
households with an Indigenous language speaking parent. The joint test of significance
revealed heterogeneity across these associations (p =0.003, Table 4). In non-Indigenous
households, the odds of underweight doubled in children whose mothers had clinically
significant depressive symptoms compared to other children (AOR=2.10 95%CI: 1.10,
4.01). Language BSID-III scores were lower with maternal clinically significant depres-
sive symptomatology among children from Indigenous language speaking households
(Table 4).

3.5 Associations between other covariates and child development outcomes

Regarding social determinants of health, we found that better child development out-
comes were observed among children whose mothers had higher education or were
married (as compared to single), lived in households with a higher wealth index or
higher income, in some of our analyses (Supplementary tables ST7-ST9).

3.6 Complete case analysis

Results based on the complete case analysis and using the transformed CES-D variable
are shown in Supplementary Material (Tables ST10-ST12). In general, the same pattern
of results was observed.
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4 Discussion

We found that maternal depressive symptomatology was associated with higher odds
of stunting, higher odds of underweight, lower means of cognitive and socioemotional
BISID-III composite scores among children aged 0 to 38 months from 24 communities
in Oaxaca Mexico. These results are concordant with previous international research.
For example, a meta-analysis performed by Liu and cols. (2017) found lower cogni-
tive development scores when comparing children of mother with high vs. low depres-
sive symptoms, the magnitude of the mean difference was higher to the one we found
(Cohen’s d = — 0.25 vs. — 0.16), however, the aforementioned study was based on data
mostly from high income countries. Along the same lines, Fan and cols. (2013) found
an association of similar magnitude to ours (Cohen’s d = - 0.19, 95%CIL: - 0.30, - 0.08)
among 0-2-year-olds using studies from middle- and high-income countries. Interna-
tional evidence on the socioemotional domain was more limited, Fan and cols. (2013)
estimated an association based on 3 studies from high income countries that used the
BSID-III instrument (Cohen’s d = - 0.18, 95%CI: - 0.29, -0.06). Our association between
maternal depressive symptomatology status and the socioemotional composite scores
expressed as Cohen’s d was —0.25 (95%CI: - 0.44, — 0.05).

All the previous results and comparisons refer to crude associations. Once we adjusted
for multiple general and sociodemographic characteristics, the associations between
maternal depressive symptomatology and stunting remained statistically significant. A
meta-analysis from 11 low and middle income countries also found a significant associa-
tion with stunting (OR = 1.4; 95% CI: 1.2, 1.7) [52] which was similar in magnitude to
our study (OR = 1.32; 95%CI: 1.04, 1.69). In contrast, nationally representative data from
Mexico in 2012 showed no significant differences in the prevalence of nutritional status
indicators between children of mothers with and without depressive symptomatology, as
measured by a validated reduced version of the CES-D scale (15.8% vs. 14.7% for stunt-
ing, 4.1% vs. 3.2% for underweight, and 10.5% vs. 9.7% for overweight) [13, 50]. Differ-
ences with respect to these results may stem from the heterogeneity in subpopulations
within Mexico. Our sample was obtained from Oaxaca, one of the three states of the
country with the lowest human development index and with the highest percentage of
Indigenous population (Instituto Nacional de Estadistica y Geografia, [30]; Programa de
las Naciones Unidas Para el Desarrollo, [42])

Except for the socioemotional composite scores, associations between maternal
depressive symptomatology and child development outcomes from the EDI-II and BSID-
I1I tests were not statistically significant in the overall sample after covariate adjustment.
However, there were statistically significant associations when we estimated sex specific
and household Indigenous status specific associations.

Male children whose mothers had clinically significant depressive symptomatology
had 40% lower odds of normal neurodevelopment based on the EDI-II test (AOR = 0.60,
95%CI:0.41, 0.88), in contrast, no such difference was found in female children. There
are few studies analyzing whether associations between maternal depression and child
development outcomes vary by sex. Our results align with findings from a recent meta-
analysis based on 12 studies from six countries (UK, Canada, Australia, South Africa,
USA, and Finland) in which maternal depression was significantly associated with child
and adolescent cognitive outcomes in males but not in females [1]. It is possible that
the maturational advantage experienced in females may act as a protective factor against
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postpartum depression, or that depressed mothers treat their male and female children
differently [23]. More research is needed to better understand the mechanisms behind
sex differences in the associations of maternal depression with child development
outcomes.

The analysis of covariate-adjusted associations by household Indigenous status
revealed that our two exposures of maternal depressive symptomatology were associated
to lower language scores among children who lived in Indigenous households with and
Indigenous language speaking parent. There is a dearth of evidence on these associations
for Indigenous populations. One study performed in rural Mexico found that maternal
depressive symptoms was associated with more child behavior problems, this associa-
tion was stronger for children living in Indigenous households [19].

Multiple mechanisms that could explain a causal link between maternal depression
and child development have been identified. Two of them are feeding practices and early
child stimulation [16, 22, 29, 32]. The presence of maternal depressive symptomatology
can result in lowered functional capacity, reducing the quality of childcare practices and
therefore increasing the risk of child development deficits. Failing to provide necessary
nutrients can negatively impact children’s physiological and neurological development.
It is important to note that child growth and cognition are specially sensitive to nutrient
effects during the first 1000 days of life [6]. Another mechanism that can compromise
children’s neurodevelopment is a lowered quality of mother-child interactions, maternal
depression has been associated with insensitive engagement with the child [11]. There
is also evidence documenting a strong association between perinatal mental health
problems and child maltreatment [3]. The future mental health of the child can also be
affected, epigenetic studies in humans have shown a link between emotional neglect and
depression later in life [34].

It is also possible that postpartum maternal depression and compromised child devel-
opment are both reflecting exposure to maternal depression prenatally. Fetal adaptation
to adverse conditions may lead to changes in physiologic functions, leaving the brain
or body vulnerable with long-lasting consequences, this concept is referred to as fetal
programming [15, 28]. There is a proposed developmental model on the mechanisms of
transmission from maternal depression to children’s psychopathology that includes heri-
tability of depression and exposure to stressful environment [21].

4.1 Recommendations

Public health interventions can be set to target mothers at risk of developing depres-
sion through screening. Preventing maternal depression is very important since the
responsive and affective involvement of mothers in childcare will enable them to bet-
ter detect their children’s emotional and physiological needs and provide better care
practices. Maternity blues has been identified as an important risk factor for develop-
ing maternal postpartum depression; the first weeks after delivery are a key period to
detect the appearance of this condition and provide early care [46]. Detecting maternal
depression requires proper treatment management that may include psychotherapy in
general and prescribed medication when depression is severe [34]. However, there are
concerns about prescribing medication to women who are breastfeeding, given the pos-
sible adverse effects on infants through breast milk [41]. Adequate treatment of depres-
sion requires health services with properly trained physicians and health workers at
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the primary healthcare level to monitor and evaluate maternal health. Health systems
in low- and middle-income countries must prepare to effectively address this poten-
tially growing health problem, while considering the sociocultural contexts in different
regions. It is imperative to develop tools in this field to detect cases in a timely man-
ner and strengthen primary care units. An integrated approach has been proposed to
addresses both maternal depression and parenting behaviors that promote healthy
development among children [20].

4.2 Strengths and limitations

The present study has strengths, including a moderate to large sample size, child devel-
opment and anthropometry measurements gathered by well-trained personnel, and the
ability to adjust for several sociodemographic characteristics of mothers and their house-
holds. We were able to increase the analysis sample size from 886 to 1060 mother-child
dyads (99% of the initial sample in which the mother was the primary caregiver) using
the MICE methodology which requires the missingness at random (MAR) assumption,
this means that missingness does not depend on unobserved variables after conditioning
on the observed variables. There is no way to determine whether the MAR assumption is
true based solely on the data, however, this assumption becomes more plausible by add-
ing more explanatory variables in the analysis [54].

The main limitation of the study is its cross-sectional and observational nature.
Therefore, it is not possible to determine causality from the data. The timeframe of the
instruments and the time it takes for a cause to produce an effect further complicates
the assessment of the studied relationships. The CES-D instrument asks about the fre-
quency of depressive symptoms during the past week, whereas the child neurodevelop-
ment and nutritional status outcomes that we analyzed may vary in terms of the time
frame they capture. For example, stunting is an indicator of chronic undernutrition and
external shocks occurring early in life can have long-lasting consequences. There is also
potential bidirectionality in the relationship between maternal depressive symptom-
atology and our outcome variables, measuring both variables at multiple time points in
the same mother-child dyads could help determining directionality. Another limitation
is the potential bias in reporting. Child development indicators that are not measured
through direct observation of the child, but rather, are based on information provided by
the mother, are susceptible to bias that may occur along with bias in reporting of depres-
sive symptoms. Most of our indicators were based on direct observations of children’s
behavior or anthropometric measurements. One exception was the socioemotional
BSID-III score. Regarding the estimation of group specific associations, our statistical
power was low to detect associations of small magnitude, especially for the analysis in
the subsample with BSID-III scores. An additional limitation was the lack of a measure-
ment of prenatal depressive symptoms and whether pregnancy was unplanned. Finally,
although we included multiple sociodemographic maternal and household character-
istics as adjustment variables, the possibility that omitted variables act as confounders
cannot be completely ruled out.

We used data from a study originally planned as a stepped wedge design to evaluate
an educational intervention on early child development [43]. It was stopped in March
2020 due to the COVID-19 emergency, but baseline data was obtained by then from 24
communities. The emergency highlighted the importance and need to target the most
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vulnerable who lack mechanisms to cope with external shocks that can worsen maternal
mental health and hamper children’s development [18].

5 Conclusion

Maternal depressive symptomatology was associated with stunting, lower odds of nor-
mal neurodevelopment in male children and worsen language outcomes in children
from Indigenous households in Oaxaca Mexico.
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