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Abstract

Background: Stunting affects 21.6% of Indonesian children younger than 5 years, with complications from high-risk
pregnancies (HRPs) identified as a potential risk factor. The Developmental Origins of Health and Disease framework suggests
that prenatal exposures may permanently alter physiological development and disease susceptibility later in life.

Objective: This study aimed to examine the cumulative effects of HRP complications on the risk of stunting in Indonesian
children younger than 5 years while controlling for socioeconomic confounders.

Methods: A retrospective study was conducted in Sleman Regency, Indonesia, analyzing 450 children (300 children with
stunting and 150 children without stunting) aged 12 to 59 months. Data were collected from maternal medical records,
maternal and child health handbooks, and integrated health post reports. Multivariate logistic regression was used to adjust for
socioeconomic confounders including maternal education, family income, and antenatal care (ANC) visits.

Results: Mothers of children with stunting had significantly higher rates of any HRP complications (206/300, 68.7% vs
48/150, 32%; P<.001). After adjustment, multiple HRP complications (=2 conditions) showed the strongest association with
stunting (adjusted odds ratio [aOR] 5.80, 95% CI 3.26-10.32), exceeding the risk associated with individual complications such
as anemia (aOR 3.21, 95% CI 2.12-4.86) or preeclampsia (aOR 4.37,95% CI 2.18-8.76). Maternal education (aOR 0.72, 95%
CI0.58-0.89), family income (aOR 0.68, 95% CI 0.52-0.89), and ANC visits (aOR 0.85, 95% CI 0.76-0.95) were identified as
protective factors.

Conclusions: The dose-response relationship between cumulative HRP complications and stunting supports the Developmen-
tal Origins of Health and Disease hypothesis. Current ANC protocols emphasizing single risk factors may be insufficient.
Integrated prenatal care addressing cumulative risks is essential for stunting prevention in Indonesia.
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Introduction

Overview

Stunting, defined as height-for-age z score <2 SDs below the
World Health Organization (WHO) Child Growth Stand-
ards median [1], represents a chronic nutritional disorder
reflecting failures in health, nutrition, and psychosocial care
[2]. Globally, an estimated 149 million children younger
than 5 years were stunted in 2023, with the burden dispropor-
tionately concentrated in low- and middle-income countries
(LMICs) [3]. Indonesia reports one of Southeast Asia’s
highest stunting prevalence rates at 21.6% according to the
2023 National Nutritional Status Survey [4], though this
masks significant regional disparities ranging from 7.2%
in Bali to 39.4% in Central Papua [5]. Beyond short stat-
ure, stunting leads to irreversible cognitive deficits [6],
reduced educational attainment, lower adult productivity,
and intergenerational poverty perpetuation [7]. This origi-
nal research article aims to examine the cumulative effects
of high-risk pregnancy (HRP) complications on the risk
of stunting in Indonesian children younger than 5 years,
applying the Developmental Origins of Health and Disease
(DOHaD) framework.

The DOHaD hypothesis provides a critical framework
for understanding stunting etiology. First, proposed by
Barker (1990) and later expanded by Hanson and Gluck-
man (2015), this theory posits that environmental exposures
during sensitive developmental windows have permanent
effects. Recent reviews have increasingly emphasized that
these effects are often the result of cumulative and synergistic
exposures, rather than single insults [8], which forms the
central hypothesis of our study. These exposures can alter
physiological structure, metabolic programming, and disease
susceptibility later in life [9,10]. Central to this concept
is fetal programming, where prenatal insults such as those
from HRP complications disrupt normal development [11].
In LMICs like Indonesia, where 48.9% of pregnant women
experience anemia [12], the interplay between maternal
nutritional status, HRP complications, and child growth
outcomes represents a critical pathway [13].

HRP complications, including anemia, preeclampsia,
gestational diabetes mellitus (GDM), heart disease, and
asthma, expose fetuses to nutrient deprivation, hypoxia,
oxidative stress, and inflammation [14]. Maternal nutrition
plays a critical role in fetal development, with deficiencies
in key nutrients including iron, folate, and protein contri-
buting to both HRP complications and subsequent child
stunting [15]. Recent evidence suggests these effects may be
cumulative, with multiple HRP complications synergistically
increasing stunting risk beyond individual conditions [16-
18]. For instance, a mother with both anemia and preeclamp-
sia may expose the fetus to combined insults that disrupt
fetal programming more severely than either condition alone
[19]. However, most research examines HRP complications
in isolation, with limited studies assessing their combined
effects on stunting in Indonesia [20].
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Despite Indonesia’s National Stunting Acceleration
Strategy (2023-2024), which emphasizes integrated nutri-
tion interventions and antenatal care (ANC) strengthening,
stunting prevalence remains above the WHO’s significance
threshold (>20%) [21]. Current ANC protocols primarily
focus on identifying single risks such as anemia or pre-
eclampsia [22], potentially overlooking pregnancies with
overlapping complications that confer exponentially higher
risk [23]. Furthermore, the role of socioeconomic confound-
ers such as maternal education, family income, and health
care access requires careful consideration to clarify the
independent association between HRP and stunting [24].

This study addresses these gaps by doing the following:

1. Analyzing the comprehensive association between HRP
history and stunting in Indonesian children younger
than 5 years using contemporary international guide-
lines [22,25]

2. Controlling for key socioeconomic and health care—
related confounders

3. Applying the DOHaD framework to interpret findings
within Indonesia’s public health context

4. Providing evidence for integrated prenatal care
approaches that address cumulative risks rather than
isolated complications.

Key Messages

The key messages for this study are as follows:

1. Cumulative maternal complications during pregnancy
significantly increase the risk of stunting among
children younger than 5 years.

2. Integrating maternal health monitoring into early child
nutrition programs may help prevent intergenerational
undernutrition.

3. Findings support the DOHaD framework, emphasizing
the importance of prenatal care quality for child growth.

4. Strengthening ANC screening for HRPs could be
an effective policy to reduce stunting prevalence in
Indonesia.

Methods

Study Design

A retrospective analytical study was conducted in Sleman
Regency, Yogyakarta Special Region, Indonesia, between
January 2019 and December 2024. The design followed
the life course epidemiology framework and employed the
counterfactual framework of causation [26]. The methodol-
ogy adhered to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines [27].

Setting

Sleman Regency had 2272 documented stunting cases in
2024. The study focused on 6 subdistricts (Sleman, Brebah,
Mlati, Kalasan, Godean, and Tempel), accounting for 91.6%
of the regency’s stunting cases. Data were collected from the
following:

1. Maternal medical records from public health centers
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2. Maternal and child health (MCH) handbooks
3. Monthly integrated health post reports

Participants

The study population consisted of children aged 12 to
59 months registered in the district Integrated Nutrition
Information System in 2024.

Eligibility Criteria
Inclusion criteria were as follows:
e Age 12-59 months
e Complete MCH handbook with documented pregnancy
history

e Complete medical records from prenatal care
* Complete anthropometric data

Exclusion criteria were as follows:
* Congenital anomalies
* Chronic diseases affecting growth
* Incomplete pregnancy history data
* Missing anthropometric measurements

Sampling Strategy

A multistage cluster sampling method was used to obtain a
representative sample of children aged 12 to 59 months in
Sleman Regency. The process involved three stages.

Stage 1: Stratification of Subdistricts

Subdistricts were stratified based on the documented number
of stunting cases:

* High burden: >400 stunting cases

e Medium burden: 200-400 stunting cases

* Low burden: <200 stunting cases

Stage 2: Random Selection of Subdistricts

Two subdistricts were randomly selected from each stratum:
* High: Sleman (634 cases) and Berbah (445 cases)
¢ Medium: Mlati (400 cases) and Kalasan (271 cases)
* Low: Godean (196 cases) and Tempel (135 cases)

Stage 3: Probability Proportional to Size
Sampling

For the final stage, we established a comprehensive sampling
frame consisting of all 150 active integrated health posts
within the 6 selected subdistricts, based on the registry from
the Sleman District Health Office. From this list, we used
probability proportional to size sampling to randomly select
33 integrated health posts, where the probability of selection
was proportional to the number of children aged 12 to 59
months registered at each integrated health post.

Within each of the 33 selected integrated health posts, a
systematic random sampling technique was used to recruit
participants. The monthly attendance register of children aged
12 to 59 months served as the sampling frame. We calculated
a fixed sampling interval (k) and aimed to recruit approx-
imately 30 eligible children from each integrated health
post until the target initial sample size of 990 children was
achieved (33 integrated health postx30 children/integrated
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health post=990). This approach ensured that the final sample
was proportional to the population distribution across the
selected subdistricts and that the recruitment process was both
systematic and random.

Participant Flow

A total of 990 eligible respondents were recruited from 6
subdistricts and 33 integrated health posts. However, due to
incomplete data, 540 respondents were excluded. The final
analytical sample comprised 450 children (300 children with
stunting and 150 children without stunting).

Sample Size Calculation

Using the formula for estimating a proportion in a finite
population (N=62,817, Z=1.96, p=0.50, ¢=0.046), a total
sample size of 450 children was determined [28].

Variables

Dependent Variable

Stunting (height-for-age z score<—2 SD; WHO 20006) is the
dependent variable of the study.

Independent Variable

HRP complications (with timing of assessment) is the
independent variable, including:

* Anemia: Diagnosed based on hemoglobin levels
(Hb<11 g/dL) recorded during the first trimester (<13
wk) and/or third trimester (=28 wk) of pregnancy as
documented in the MCH handbook, following WHO
guidelines [22].

* Preeclampsia: Identified by new-onset hypertension
(BP=140/90 mmHg) with proteinuria occurring after
20 weeks of gestation as per routine ANC monitoring
records, in line with American College of Obstetricians
and Gynecologists guidelines [25].

* GDM: Diagnosed based on an abnormal oral glucose
tolerance test (OGTT) result conducted between 24 and
28 weeks of gestation, using the International Associa-
tion of Diabetes and Pregnancy Study Groups criteria
[29].

* Heart disease: Documented preexisting or pregnancy-
induced cardiac conditions diagnosed at any point
during pregnancy and recorded in medical records, as
defined by standard obstetric practice [25].

* Asthma: Physician-diagnosed asthma with exacerba-
tions recorded during the pregnancy period in the MCH
handbook or medical records, following the Global
Initiative for Asthma report [30].

* HRP categorized as none, single, and multiple (=2).

Confounding Variables

Maternal age, education, family income, ANC visits, iron
consumption, maternal nutrition, and family size

Maternal Nutrition (Operational Definition)

Maternal nutritional status was assessed using prepregnancy
or first-trimester BMI documented in the MCH handbook.

Asian Pac Isl Nurs J 2026 | vol. 10 1 e85742 1 p. 3
(page number not for citation purposes)


https://apinj.jmir.org/​2026/1/e85742

ASIAN/PACIFIC ISLAND NURSING JOURNAL

BMI was calculated as weight in kilograms divided by
height in meters squared (kg/m?). For this study, “inade-
quate maternal nutrition” was defined as a BMI less than
18.5 kg/m?> (underweight), as this represents a state of
chronic undernutrition strongly linked to adverse pregnancy
outcomes, following WHO classifications [31].

Data Collection and Quality Assurance

Data were collected through a rigorous three-step process to
ensure validity and minimize bias: (1) medical record review
for HRP history and maternal variables, (2) MCH handbook
review for detailed pregnancy history and ANC visits, and (3)
direct verification of anthropometric data at integrated health
posts.

Quality Control and Measurement Validity

To ensure the highest data quality, a comprehensive quality
assurance protocol was implemented.

* Training and standardization: All field staff responsi-
ble for data extraction and anthropometric measure-
ments underwent a 3-day intensive training workshop
prior to data collection. This included standardization
exercises for both data abstraction and height measure-
ment techniques, as recommended by the Demograph-
ics and Health Surveys Phase 8 Anthropometry Manual
[32]. An inter-rater reliability assessment was conduc-
ted, showing high agreement (#=0.89). A refresher
training session was also held midway through the data
collection period to prevent observer drift.

* Anthropometric measurement protocol: A child’s height
was measured using a Seca 213 microtoise (precision:
0.1 cm). Two measurements were taken and averaged
if the difference was less than 0.5 cm. All procedures
strictly followed WHO protocols [1].

* Instrument calibration: The Seca 213 microtoise was
calibrated for accuracy daily before the first measure-
ment using a standard calibrated measuring rod by the
field supervisor. Any instrument deviating by more than
0.1 cm was immediately replaced, a critical step for
ensuring measurement validity [33].

Statistical Analysis

Data were analyzed using Python (pandas 1.5.3, numpy
1.24.3, scipy 1.10.1; Integrated Development Environment).
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Descriptive statistics were presented as means with SD for
continuous variables and frequencies with percentages for
categorical variables. Bivariate analyses, including y? tests for
categorical variables and ¢ tests for continuous variables, were
conducted to examine the unadjusted associations between
independent variables and stunting, reporting unadjusted
odds ratios (OR) with 95% CI. A multivariate logistic
regression model was developed to determine the independ-
ent association between HRP complications and stunting
while controlling for confounders. All identified confound-
ing variables (maternal age, education, family income, ANC
visits, iron tablet consumption, maternal nutrition, and family
size) were entered into the model simultaneously using a
forced entry method. The model fit was assessed using the
Hosmer-Lemeshow goodness-of-fit test, Nagelkerke R2, and
the area under the receiver operating characteristic curve. A
2-tailed P value less than .05 was considered statistically
significant.

Ethical Considerations

Ethical approval was obtained from the Ethics Committee
Faculty of Medicine, Public Health, and Nursing, Universitas
Gadjah Mada (Ref: KE/FK/0825/EC/2025). All data were
anonymized to protect respondents’ privacy and confidential-
ity. Since this study was using retrospective data, informed
consent was not needed. The study was conducted in
accordance with the Declaration of Helsinki [34] and relevant
bioethical principles [35].

Results

Participant Flow

The participant selection process is detailed in Figure 1. From
an initial pool of 990 children recruited from the selected
integrated health posts, a total of 540 children were excluded
due to incomplete data. The primary reasons for exclusion
were incomplete anthropometric measurements (n=400) and
incomplete pregnancy history data (n=140), which were
treated as mutually exclusive categories. This resulted in a
final analytical sample of 450 children (300 children with
stunting and 150 without stunting).
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Figure 1. Flow diagram of participant selection in Sleman Regency, Indonesia. MCH: maternal and child health.

Total population
Children under 5 years of age (12-59 months) in
Sleman Regency: 62,817

v

Eligible respondent
990 children from 6 subdistricts and 33 integrated
health posts
(Sleman: 300; Brebah: 210; Miati: 190; Kalasan:
130; Godean: 90; and Tempel: 70)

Excluded:

Incomplete anthropometry (n=400)
o Missing height measurements (n=320)
o Measurement errors (n=80)

Excluded:
Missing pregnancy history (n=140)
o Lost MCH handbook (n=95)
h 4 O Incomplete medical records (n=45)

Final analytical sample
450 children
Stunted: 300 (66.7%)
Nonstunted: 150 (33.3%)

Characteristics of Study Participants Godean and Tempel). The distribution of children with and
without stunting across these subdistricts was comparable

(P=.87). The characteristics of the study participants are
presented in Table 1.

The final sample of 450 children was drawn from 6 subdis-
tricts, with the number of participants from each stratum
being proportional to the documented stunting cases (high:
Sleman and Berbah; medium: Mlati and Kalasan; and low:

Table 1. Comparison of child and maternal characteristics between children with stunting (n=300) and those without stunting (n=150) in Sleman
Regency, Indonesia.

Variable and category Children with stunting (n=300) Children without stunting (n=150) P value
Child characteristics
Age (mo), mean (SD) 34.8 (12.9) 34.1 (12.6) 43
Sex, n (%) .68
Female 142 (47.3) 74 (49.3)
Male 158 (52.7) 76 (50.7)
Maternal characteristics
Education, n (%) <.001
No education 15(5.0) 320
Elementary school 35(11.7) 8(5.3)
Junior high school 85(28.3) 18 (12.0)
Senior high school 149 (49.7) 99 (66.0)
College/university 16 (5.3) 22 (14.7)
Family income (IDR?), n (%) <.001
Low (<1.5 million) 187 (62.3) 52 (34.7)
Medium (1.5-3 million) 89 (29.7) 68 (45.3)
High (>3 million) 24 (8.0) 30 (20.0)
ANCP visits, n (%) <001
<6 visits 98 (32.7) 21 (14.0)
=6 visits 202 (67.3) 129 (86.0)
Iron tablets, n (%) <.001
<90 tablets 176 (58.7) 48 (32.0)
https://apinj.jmir.org/2026/1/e85742 Asian Pac Isl Nurs J 2026 | vol. 10 1e85742 1 p. 5
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Variable and category Children with stunting (n=300) Children without stunting (n=150) P value

=90 tablets 124 (41.3) 102 (68.0)

Maternal nutrition, n (%) <001
Inadequate 193 (64.3) 43 (28.7)
Adequate 107 (35.7) 107 (71.3)

Family size, n (%) <.001
<4 members 98 (32.7) 89 (59.3)
>4 members 202 (67.3) 61 (40.7)

aUs $1=16,740.00 IDR.
YANC: antenatal care.

Table 1 presents participant characteristics and the sampling
process. The mean age was 34.6 (SD 12.8) months, with
no significant difference between stunted (34.8, SD 12.9
mo) and nonstunted (34.1, SD 12.6 mo) groups (P=43).
Gender distribution was similar (158/300, 52.7% male in
stunted group vs 76/150, 50.7% in nonstunted group; P=.68).
Significant differences were observed in maternal education
(P<.001), family income (P<.001), ANC visits (P<.001), iron
supplementation (P<.001), maternal nutrition (P<.001), and
family size (P<.001).

Prevalence of HRP Complications

Table 2 shows the prevalence of HRP complications. Any
HRP complication was significantly higher among mothers

of children with stunting (206/300, 68.7% vs 48/150,
32%; P<.001). Anemia was the most common complication
(145/300, 48.3% vs 34/150, 22.7%, P<.001), followed by
preeclampsia (46/300, 15.3% vs 6/150, 4%; P<.001). A clear
dose-response relationship was observed: children exposed to
multiple HRP complications had 6.71 times higher odds of
stunting (OR 6.71, 95% CI 3.54-12.72).

Table 2. Prevalence of individual and cumulative high-risk pregnancy (HRP) complications among mothers of children with and without stunting,

with unadjusted odds ratios (ORs) for stunting.

Children with stunting

Children without stunting

HRP component (n=300) (n=150) Unadjusted OR (95% CI) P value
Any HRP, n (%) 206 (68.7) 48 (32.0) 4.67 (3.10-7.04) <.001
Individual complications, n (%)
Anemia (Hb?<11 g/dL) 145 (48.3) 34 (22.7) 3.17 (2.10-4.78) <.001
Preeclampsia 46 (15.3) 6(4.0) 4.33 (1.83-10.24) <.001
Gestational diabetes 28 (9.3) 74.7) 2.07 (1.01-4.25) 05
Heart disease 12 (4.0) 2(1.3) 3.08 (0.68-13.94) 09
Asthma 18 (6.0) 5@33) 1.86 (0.69-5.01) .16
Number of HRP complications, n (%)
None 94 (31.3) 102 (68.0) Reference b
One complication 132 (44) 36 (24.0) 3.98 (2.49-6.36) <.001
Two or more complications 74 (24.7) 12 (8.0) 6.71 (3.54-12.72) <.001

4Hb: hemoglobin.
PNot applicable.

Bivariate and Multivariate Analysis

Table 3 presents bivariate and multivariate analysis results.
After adjustment for all confounders, anemia (adjusted OR
[aOR] 3.21, 95% CI 2.12-4.86), preeclampsia (aOR 4.37,
95% CI 2.18-8.76), and gestational diabetes (aOR 2.85, 95%
CI 1.42-5.72) remained significantly associated with stunting.

https://apinj.jmir.org/2026/1/e85742

Children exposed to multiple HRP complications showed
a 5.8-fold increased risk (aOR 5.80, 95% CI 3.26-10.32).
Among confounders, maternal education (aOR 0.72, 95% CI
0.58-0.89), family income (aOR 0.68, 95% CI 0.52-0.89), and
ANC visits (aOR 0.85, 95% CI 0.76-0.95) were independ-
ently protective (Figure 2).
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Table 3. Bivariate and multivariate logistic regression analysis of factors associated with stunting in children aged 12-59 months (n=450)*.

Variable Unadjusted ORP (95% CI) P value aOR® (95% CI) P value
HRPY complications
Anemia (Hb®<11 g/dL) 3.17 (2.10-4.78) <.001 321 (2.12-4.86) <.001
Preeclampsia 433 (1.83-10.24) <.001 437 (2.18-8.76) <.001
Gestational diabetes 2.07 (1.01-4.25) 05 2.85(1.42-5.72) 003
Heart disease 3.08 (0.68-13.94) 09 2.63 (0.57-12.14) 22
Asthma 1.86 (0.69-5.01) .16 1.74 (0.63-4.79) 29
Number of HRP complications
None Reference _f Reference —
One complication 3.98 (2.49-6.36) <.001 3.45 (2.14-5.56) <.001
Two or more complications 6.71 (3.54-12.72) <.001 5.80(3.26-10.32) <.001
Confounding factors
Maternal age (per year increase) 0.98 (0.94-1.02) 34 1.01 (0.96-1.06) 73
Maternal education (per level increase) 0.65 (0.52-0.81) <.001 0.72 (0.58-0.89) 003
Family income (per category increase) 0.58 (0.45-0.75) <.001 0.68 (0.52-0.89) 005
ANCS visits (per visit increase) 0.79 (0.71-0.88) <.001 0.85 (0.76-0.95) 006
Iron tablet consumption (<90 vs =90) 3.01 (2.03-4.47) <.001 1.21 (0.75-1.95) 43
Maternal nutrition (inadequate vs adequate) 447 (2.98-6.71) <.001 1.34 (0.81-2.21) 25
Family size (per person increase) 142 (1.23-1.64) <.001 1.08 (0.92-1.27) 34

aModel fit statistics: Hosmer-Lemeshow test: %2=6.84, P=.55; Nagelkerke R2=0.412; area under receiver operating characteristic curve 0.812. Key
finding: Multiple HRP complications (=2) showed the strongest association with stunting (aOR 5.80), exceeding individual risks like anemia (aOR
3.21) or preeclampsia (aOR 4.37).

POR: odds ratio.

€aOR: adjusted odds ratio.

dHRP: high-risk pregnancy.

®Hb: hemoglobin.

fNot applicable.

8ANC: antenatal care.
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Figure 2. Adjusted odds ratios (aOR) from multivariate logistic regression showing the association between high-risk pregnancy (HRP) complica-
tions and stunting. Error bars represent 95% ClIs. GDM: gestational diabetes mellitus.

Prevalence of high-risk pregnancy complications by stunting status
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B Nonstunted (n=150)
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The multivariate model showed good fit (Hosmer-Leme-
show test: x*=6.84, P=.55; Nagelkerke R?=0412; area
under receiver operating characteristic curve=0.812) with no
multicollinearity (all variance inflation factor <2.5).

Discussion

Main Findings and Theoretical
Implications

This study provides compelling evidence that the cumulative
burden of HRP complications, rather than isolated conditions,
is the most powerful prenatal factor associated with stunt-
ing in Indonesian children. Our finding of a dose-response
relationship, where exposure to two or more HRP complica-
tions increased stunting risk nearly 6-fold (aOR 5.80), offers
strong empirical support for the DOHaD hypothesis [16].
Critically, our findings extend the DOHaD framework by
demonstrating that it is not merely the presence of a sin-
gle prenatal insult but the synergistic interaction of multi-
ple simultaneous exposures that most profoundly disrupts
fetal programming and elevates disease risk later in life
[10,11,16]. This challenges the current ANC paradigm in
Indonesia, which predominantly focuses on identifying and
managing single risks like anemia or preeclampsia, poten-
tially overlooking pregnancies with overlapping complica-
tions that confer substantially higher risk.

https://apinj.jmir.org/2026/1/e85742

While anemia and preeclampsia remained significant
independent predictors, their impact must be contextualized
within the broader landscape of cumulative risk. Anemia
(aOR 3.21) was the most prevalent single complication in our
study (48.3% in the stunted group), consistent with Indone-
sia’s high national maternal anemia burden of 48.9% [12].
However, its effect size was substantially lower than that of
multiple HRP exposures. Similarly, preeclampsia (aOR 4.37),
while strongly associated, was also outpaced by the com-
bined risk. These findings indicate that isolated management
of single risks during ANC may miss HRPs with overlap-
ping complications, underscoring the need to understand the
synergistic biological pathways that make the cumulative
effect so profound.

Biological Mechanisms of Cumulative
Risk

Our finding that multiple HRP complications exponentially
increase stunting risk suggests synergistic biological effects
rather than a simple additive model. According to the DOHaD
framework, the fetus adapts to the intrauterine environment.
However, multiple simultaneous stressors can overwhelm
these adaptive mechanisms, leading to permanent altera-
tions in developmental programming. Several interconnected
pathways likely explain this phenomenon. First, placental
dysfunction serves as a central hub. Conditions like pree-
clampsia directly impair placental blood flow, a process
increasingly understood through specific placental biomarkers
that predict adverse outcomes [36], leading to fetal hypo-
xia and nutrient restriction. When combined with maternal
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anemia, which reduces the oxygen-carrying capacity of the
blood, the placenta’s ability to deliver oxygen and nutrients
is severely compromised, amplifying fetal growth restriction
[19]. Second, oxidative stress and inflammation are com-
mon final pathways for many HRP complications. Preeclamp-
sia, GDM (through hyperglycemia), and anemia (through
hypoxia-reperfusion injury) all independently increase the
production of reactive oxygen species. The concurrent
presence of these conditions creates a pro-inflammatory
and prooxidant intrauterine environment that can damage
developing fetal tissues and disrupt metabolic programming
[37]. Finally, the combined metabolic disruption is critical.
For instance, a fetus exposed to both maternal anemia
(nutrient deprivation) and GDM (excess glucose) receives
conflicting and damaging signals, forcing it to adapt to
both scarcity and toxicity simultaneously. This metabolic
dissonance can have a more profound impact on endocrine
and cardiovascular system development than either condition
alone, setting the stage for postnatal growth faltering and
stunting [38].

Role of Socioeconomic and Health Care
Factors

While the biological mechanisms explain the heightened
vulnerability from cumulative HRP exposures, our analysis
also identified key protective factors. Maternal education
(aOR 0.72), family income (aOR 0.68), and ANC visits
(aOR 0.85) were significantly associated with reduced
stunting risk. However, their modest effect sizes reveal
a complex reality and highlight the limitations of current
interventions. This complexity is further illustrated by
the shifting significance of iron tablet consumption and
maternal nutrition. Both showed strong associations in
bivariate analysis but lost significance after adjustment
for socioeconomic confounders, suggesting their effects
are largely mediated by upstream factors like education
and income [26]. It appears that mothers with higher
education and greater resources are better equipped to
maintain adequate nutrition and adhere to supplementa-
tion, positioning these socioeconomic conditions as more
fundamental determinants of child growth [3,14]. This
finding underscores that interventions focusing solely on
nutrient provision or increasing ANC visit frequency,
without addressing the underlying socioeconomic context,
are likely to have limited long-term impact on stunting
prevention.

Strengths

This study has several methodological strengths. First, the
large, representative sample with rigorous multistage cluster
sampling enhances external validity. Second, comprehensive
adjustment for socioeconomic and health care confound-
ers strengthens our analytical approach. Third, the use
of contemporary international guidelines [22,25] for HRP
diagnosis ensures methodological rigor and comparability.
Fourth, triangulation of multiple data sources minimizes
misclassification bias. Fifth, the application of advanced
statistical methods with appropriate model fit assessment
ensures the robustness of our findings.
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Limitations

Despite these strengths, several limitations must be acknowl-
edged. Our interpretation of the findings is constrained by the
study’s retrospective observational design and data sources,
which also impact the generalizability of our results.

» Study design and causality: The retrospective, cross-
sectional nature of our analysis limits our ability to
establish temporality and infer direct causality. While
we have identified strong and statistically significant
associations, we cannot confirm that the observed HRP
complications directly caused stunting, only that they
are robustly linked within the DOHaD framework.

* Potential for selection bias: A significant limitation
is the exclusion of 540 participants (54.5% of the
initial sample) due to incomplete data. This raises a
substantial risk of selection bias. It is plausible that
mothers and children excluded from the analysis faced
greater socioeconomic challenges or more severe health
complications, which could lead to an overestimation
of the effect sizes reported. Future research should
implement more robust data collection strategies to
minimize exclusions and ensure findings are more
generalizable.

 Data constraints and unmeasured mediators: Our
reliance on secondary data from medical records and
MCH handbooks, while practical, is subject to potential
inaccuracies in documentation. Furthermore, we could
not assess the severity or gestational timing of HRP
complications, which may have differential impacts.
Critically, our dataset did not include key perinatal and
postnatal mediators such as birth weight, gestational
age, and breastfeeding practices that are central to the
DOHabD framework. Consequently, we are unable to
quantify the indirect effects of HRP and can only report
the total effect, not the specific direct and indirect
pathways. For instance, birth weight and gestational
age are critical outcomes of a complicated pregnancy
and are themselves strong predictors of stunting [7].
Similarly, breastfeeding practices (eg, exclusivity and
duration) can be influenced by maternal health and
are a major determinant of postnatal growth [7].

Future research should aim to integrate these perina-
tal and postnatal variables to provide a more com-
plete understanding of the DOHaD mechanisms in this
context [9].

* Generalizability of findings: This study was conduc-
ted in Sleman Regency, a region with relatively high
development indices and health care access compared
to many high-burden areas in Indonesia, such as
Central Papua [5,39]. Therefore, while the fundamental
biological relationship between cumulative HRP and
stunting is likely universal [10], the specific prevalence
and effect sizes observed may not be directly generaliz-
able to less-resourced settings. Our findings are most
directly applicable to similar regencies in Java, and
they serve as a crucial call for further research in more
diverse contexts.
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Implications for Policy and Practice

Our findings align with studies from other LMICs showing
strong associations between maternal HRP and child stunting.
A recent systematic review by Beal et al [20] reported
similar effect sizes for anemia and preeclampsia in Indonesian
children. However, our study adds significant value by being
the first to examine multiple HRP complications simultane-
ously, demonstrating their synergistic cumulative effect while
controlling for a comprehensive set of confounders using
contemporary international guidelines [22,25].

The Indonesian context presents unique challenges and
variations. In our study area of Sleman, anemia prevalence
was high (48.3%), yet the national stunting burden shows
stark disparities, from 7.2% in Bali to 39.4% in Central
Papua [4,5], a pattern where the latest analyses confirm that
socioeconomic factors remain a primary driver of stunting
nationally [13,40]. This complex landscape, characterized by
a dual burden of malnutrition and epidemiological transition,
underscores why a single-risk approach is insufficient. Our
analysis demonstrates that cumulative risk assessment better
predicts stunting in this diverse environment.

Given this robust evidence, our findings have direct
and critical implications for MCH policy in Indonesia. The
current single-risk-focused ANC paradigm is insufficient to
address the complex, cumulative risks we have identified. We
recommend the following actionable shifts:

* Revise ANC protocols to incorporate cumulative risk
assessment: National guidelines should be updated
to include a cumulative risk scoring system. Pregnan-
cies with two or more identified HRP complications
should be automatically flagged as “very high risk”
and prioritized for intensive, integrated management
involving both obstetricians and nutritionists.

* Integrate MCH services: To break the intergenera-
tional cycle of malnutrition, health information systems
must be linked. A mother’s history of cumulative
HRP complications should trigger targeted postnatal
follow-up for her infant, including enhanced growth
monitoring and nutritional support, regardless of the
infant’s initial anthropometric status.

Widyawati & Ristandiati

¢ Strengthen health system capacity: Addressing
cumulative risk requires a well-trained and empowered
workforce. Investment in training for ANC providers
to identify, manage, and counsel patients with multiple
complications is essential. This includes training on the
DOHabD framework to enhance their understanding of
the long-term implications of prenatal care quality.

Strengthen health system Capacity: Addressing cumulative
risk requires a well-trained and empowered workforce.
Investment in training for ANC providers to identify, manage,
and counsel patients with multiple complications is essential.
This includes training on the DOHaD framework to enhance
their understanding of the long-term implications of prenatal
care quality.

By adopting a cumulative risk framework aligned with the
DOHabD hypothesis, Indonesia can accelerate progress toward
reducing stunting and breaking the cycle of intergenerational
malnutrition.

Research Recommendations

Prospective cohort studies are needed to establish temporal-
ity and explore mediating pathways in the HRP-stunting
relationship. Implementation research on integrated HRP-
stunting prevention programs could identify effective delivery
strategies. Finally, exploration of biological mechanisms
could advance our understanding of developmental program-
ming and identify novel intervention targets.

Conclusion

In conclusion, this study provides compelling evidence
that the cumulative burden of HRP complications is the
most powerful factor associated with stunting in Indonesian
children. While individual complications remain significant,
their impact is substantially lower than that of cumulative
exposures. This challenges the current single-risk-focused
ANC paradigm and highlights the urgent need for a shift
toward integrated, cumulative risk management strategies.
Such a paradigm shift, aligned with the DOHaD framework,
is essential for effectively breaking the intergenerational cycle
of malnutrition in Indonesia.
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