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ste estudio presenta un modelo predictivo

novedoso para identificar a mujeres emba-

razadas con alto riesgo de trastornos hi-
pertensivos durante el parto, integrando caracteristicas
maternas y factores protectores extrinsecos. La inves-
tigacion, realizada durante dos anos (2023-2024) en
Kalimantan del Sur, Indonesia, incluydé a 413 mujeres
embarazadas mediante muestreo estratificado, ajustado
por desercion. Los datos se recopilaron mediante en-
trevistas estructuradas e historias clinicas, centrandose
en datos demograéficos, nivel socioeconémico, compor-
tamientos de salud y apoyo social. Se empleé el mo-
delado de ecuaciones estructurales (SEM) con minimos
cuadrados parciales (SmartPLS 3.3.3) para evaluar las
relaciones entre los constructos. El modelo demostré
una so6lida validez convergente y discriminante, con to-
dos los indicadores manteniendo cargas = 0,70 y una
fiabilidad adecuada (CR > 0,7, AVE > 0,5). Las vias hi-
potetizadas resultaron estadisticamente significativas:
tanto las caracteristicas maternas (8 = 0,209) como los
factores extrinsecos (B = -0,349) predijeron significati-
vamente el riesgo de hipertensién. Cabe destacar que

mayores niveles de conocimiento, autocuidado y apo-
yo conyugal se asociaron inversamente con el riesgo,
lo que sugiere que estos factores actian como mode-
radores protectores. Los indices de ajuste del modelo
(SRMR = 0,098, NFI = 0,654) indicaron un poder ex-
plicativo aceptable, especialmente considerando la na-
turaleza exploratoria y el tamafo de muestra modesto.
Los predictores combinados explicaron el 36,6 % de la
varianza en el riesgo de hipertensién, lo que subraya la
necesidad de incluir variables adicionales (p. ej., acce-
so a la atencibn médica, predisposicion genética). To-
das las variables mostraron una distribucién normal y
no se observaron problemas de multicolinealidad (VIF
< 5,0). Este modelo ofrece una herramienta practica y
basada en la evidencia para la estratificacion temprana
del riesgo en la atencién prenatal, lo que respalda las
intervenciones dirigidas a reducir la morbilidad materna
en entornos con recursos limitados.

Palabras clave: Mujeres embarazadas, Complicacio-
nes en el parto, Factores de riesgo de hipertension, In-
donesia
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his study presents a novel predictive model for

identifying pregnant women at elevated risk

of hypertensive disorders during childbirth, in-
tegrating maternal characteristics and extrinsic protec-
tive factors. Conducted over two years (2023—2024) in
South Kalimantan, Indonesia, the research enrolled 413
pregnant women using stratified sampling, adjusted for
attrition. Data were collected via structured interviews
and clinical records, focusing on demographics, socio-
economic status, health behaviors, and social support.
Structural Equation Modeling (SEM) with Partial Least
Squares (SmartPLS 3.3.3) was employed to evaluate
relationships among constructs. The model demonstrat-
ed strong convergent and discriminant validity, with all
indicators retaining loadings = 0.70 and adequate reli-
ability (CR > 0.7, AVE > 0.5). Hypothesized pathways
were statistically significant: maternal characteristics (B
= 0.209) and extrinsic factors (8 = -0.349) both signifi-
cantly predicted hypertension risk. Notably, higher lev-
els of knowledge, self-care, and spousal support were
inversely associated with risk suggesting these factors
act as protective moderators. Model fit indices (SRMR
= 0.098, NFI = 0.654) indicated acceptable explanato-
ry power, particularly given the exploratory nature and
modest sample size. The combined predictors explained
36.6% of variance in hypertension risk, highlighting the
need for additional variables (e.g., access to care, ge-
netic predisposition). All variables showed normal distri-
bution, and no multicollinearity concerns emerged (VIF
<5.0). This model offers a practical, evidence-based tool
for early risk stratification in antenatal care, supporting
targeted interventions to reduce maternal morbidity in
resource-constrained settings.

Keywords: Pregnant Women, Complications in Child-
birth, Hypertension Risk Factors, Indonesia
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aternal mortality remains a critical
public health challenge, particularly
in regions where hypertension dur-
ing pregnancy is underdiagnosed or undertreated. In In-
donesia, maternal mortality rates (MMR) remain alarm-
ingly high at 359 per 100,000 live births in 2012 2. While
the Sustainable Development Goals (SDGs) target a
global reduction to 70 deaths per 100,000 live births, re-
gional disparities persist. For instance, South Kaliman-
tan province recorded an MMR of 135 per 100,000 live
births in 2020 a 43% increase from 92 in 2019 3#. Simi-
larly, Banjar Regency’s MMR rose to 157 in 2021 from
72 in 2020, signaling a concerning decline in maternal
health outcomes ®°.

Among the leading causes of maternal mortality are
obstetric complications particularly hemorrhage, hyper-
tension, preeclampsia/eclampsia, pregnancy-related
diseases, and infections 3. While prior research has
identified chronic illness history and pregnancy-specific
complications as major risk factors ¢, the role of hyper-
tension both as a standalone condition and as a predic-
tor of severe obstetric outcomes remains underexplored
in predictive models. Hypertension, especially when
persistent or gestational in onset, is a well-documented,
modifiable, and often preventable risk factor for life-
threatening complications such as eclampsia and acute
organ failure during labor®®.

Current data collection tools such as those used in Basic
Health Research 7 provide robust epidemiological data
on maternal outcomes. However, they largely overlook
the nuanced interplay between hypertension risk profiles
and modifiable socio-cultural factors that influence preg-
nancy trajectories including prenatal self-care behav-
iors, spousal involvement, and community-level health
practices”®. Without integrating hypertension-specific
biomarkers and clinical history into predictive models,
healthcare systems lack the precision needed to target
high-risk pregnancies before complications escalate®°.
This study introduces a novel predictive model designed
to identify women at elevated risk of childbirth complica-
tions with hypertension as a central, stratifying variable.
By integrating longitudinal blood pressure data, clinical
history, and socio-cultural determinants, the model aims
to enhance early intervention capacity and inform tar-
geted obstetric policies. The ultimate goal is to reduce
maternal mortality by enabling clinicians to prioritize care
for women with hypertension a population disproportion-
ately affected by preventable obstetric complications.




Materials and methods

his study employed a prospective, observa-

tional design to assess the predictive capac-

ity of a novel model for identifying pregnant
women at elevated risk of obstetric complications with
hypertension as a central stratifying variable. Data were
collected over a 2-year period (2023—-2024) across se-
lected health facilities along the Martapura River in
South Kalimantan, Indonesia. The research population
comprised all pregnant women attending antenatal care
services within the study area. A representative sample
was drawn using simple random sampling, guided by the
sample size formula:

n=(Z2xpx(1-p))/d?

Where:

[0 Z=1.96 (corresponding to a 95% confidence level),
[0 p=0.41 (estimated prevalence of hypertension
among pregnant women in the region),

[0 d=0.05 (acceptable margin of error).

Figure 1. Initial Outer Testing

Applying these parameters:

n=(1.962x 0.41 x 0.59) / 0.052

n=(3.8416 x 0.2419) / 0.0025

n = 371.70 rounded to 372.

To account for potential attrition — estimated at 10%
based on prior studies — the final sample size was ad-
justed upward using the formula:

n’=n/(1-1)

n'=372/(1-0.10) = 413.

Thus, 413 pregnant women were enrolled in the study.
Data collection was conducted through structured in-
terviews and clinical record reviews, with emphasis on
hypertension history, gestational age, socioeconomic
status, and obstetric risk indicators. All participants pro-
vided written informed consent prior to enrollment. The
research protocol adhered to the ethical guidelines out-
lined in the Declaration of Helsinki and was approved
by the Institutional Review Board of the affiliated health
facility in South Kalimantan. Data were anonymized and
stored securely in accordance with local data protection
regulations.
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his study employed Structural Equation Mod-
eling (Figure 1 - 3) with Partial Least Squares
(SEM-PLS) to evaluate the relationships be-
tween maternal characteristics, extrinsic factors, and
the risk of hypertensive disorders during pregnancy.
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The analysis was conducted in two stages: outer model
validation (measurement model) and inner model testing
(structural model). All analyses were performed using
SmartPLS 3.3.3.
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Table 1. Measurement Model Validation: Indicator Loadings, AVE, and Reliability

Construct Indicator Loading AVE CR Cronbach’s Alpha
Age 0.82 0.602 0.751 0.81
Education Level 0.78 0.81
Parity 0.75 0.81
Characteristics
Occupation 0.51* 0.81
BMI 0.85 0.81
Previous Hypertension 0.70 0.81
Knowledge of Danger Signs 0.80 0.620 0.866 0.83
Prenatal Self-Care 0.76 0.83
Extrinsic Factors
Spousal Support 0.72 0.83
Cultural Practices 0.68 0.83
Hypertension Risk Hypertension Diagnosis 1.00 1.000 1.000 1.00

Table 1 shows the validation metrics for the measure-
ment model, including indicator loadings, Average Vari-
ance Extracted (AVE), cross-loadings, and reliability
indices (Composite Reliability and Cronbach’s Alpha).
All constructs demonstrate sufficient convergent validity
(AVE > 0.5), discriminant validity (cross-loadings > 0.5),
and reliability (CR > 0.7). Indicators with loadings < 0.5
(e.g., Occupation) were excluded from further analysis
due to insufficient representation of the construct. All
remaining indicators achieved loadings = 0.70, meeting
the threshold for convergent validity.

Table 2 presents the results of hypothesis testing for the
structural model, including t-statistics, p-values, and ef-
fect sizes (B). All hypothesized relationships were statis-
tically significant (p < 0.05) and supported the research
model. The negative B for Extrinsic Factors indicates
that higher levels of extrinsic support (e.g., knowledge,
self-care, spousal support) are associated with a lower
risk of hypertensive disorders during pregnancy. This
supports the hypothesis that extrinsic factors act as pro-
tective moderators.

Table 3 shows the model fit indices for the structural
equation model (SEM) using Partial Least Squares
(PLS). SRMR and NFI were calculated to assess the
overall fit of the model. While SRMR indicates accept-
able model fit, NFI falls below the conventional threshold
of 0.90, suggesting moderate explanatory power. How-
ever, given the exploratory nature of this study and the
small sample size, the model is considered acceptable
for policy and clinical interpretation.

Table 4 shows the R2 values for each predictor construct,
indicating the proportion of variance in the dependent
variable (Hypertension Risk) explained by each indepen-
dent variable. The adjusted R2? accounts for the number
of predictors and provides a more conservative estimate
of explained variance. The combined R2 suggests that
while both constructs are significant, additional unmea-
sured variables (e.g., socioeconomic status, access to

healthcare, genetic predisposition) contribute substan-
tially to hypertension risk.

Table 5 compares the effect sizes (3) and statistical sig-
nificance (p-values) of the two primary predictors on hy-
pertension risk. The negative B for Extrinsic Factors indi-
cates that higher levels of extrinsic support (e.g., knowl-
edge, self-care, spousal support) are associated with a
lower risk of hypertensive disorders during pregnancy.
This suggests that extrinsic factors may serve as protec-
tive moderators against maternal hypertension.

Table 6 shows cross-loadings for each indicator to as-
sess discriminant validity. All cross-loadings exceed 0.5,
confirming that each indicator loads more strongly on its
own construct than on any other construct.

Table 7 shows the descriptive statistics (mean, standard
deviation, minimum, and maximum) for all key variables
used in the analysis. These statistics provide baseline
information on the distribution and central tendency of
each variable.

All variables are measured on a continuous or ordinal
scale. Skewness and kurtosis values indicate that all
variables are approximately normally distributed (skew-
ness < 1.0, kurtosis < 3.0). This supports the use of para-
metric methods for hypothesis testing.

Table 8 presents the Pearson correlation coefficients
between all key variables. Correlations above 0.30 are
considered meaningful, while correlations above 0.50
suggest potential multicollinearity. All correlations are
statistically significant at p < 0.05.

The strongest correlations are observed between BMI
and Hypertension (r = 0.25), and between Knowledge
and Self-Care (r = 0.15). No variable exhibits multicollin-
earity (VIF < 5.0), supporting the validity of the structural
model.




Figure 2. Outer Testing After Indicator Elimination
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Table 2. Structural Model Testing: Hypothesis Testing Results
Hypothesis Path t-statistic | p-value [ Significant
H1: Characteristics O Risk Characteristics O Hypertension Risk 3.833 0.000 | 0.209 Confirmed
H2: Extrinsic Factors O Risk Extrinsic Factors O Hypertension Risk 7.507 0.000 |-0.349 Confirmed

Table 3. Model Fit Assessment: SRMR and NFI

Index Saturated Model Estimated Model Interpretation
SRMR 0.098 0.098 Acceptable (SRMR < 0.10)
NFI 0.654 0.654 Moderate (NFI > 0.50 but < 0.90)

Table 4. Coefficient of Determination (R2) for Predictors

Predictor R2 | Adjusted R? Interpretation

Characteristics | 0.183 0.179 18.3% of variance explained by maternal characteristics (e.g., age, education, parity)

Extrinsic Factors | 0.183 0.179
Combined (Both) | 0.366 0.358 36.6% of variance explained by combined predictors

18.3% of variance explained by extrinsic factors (e.g., knowledge, self-care, spousal support)

Table 5. Comparison of Effect Sizes (B) and Statistical Significance

Predictor B p-value Significance Direction of Effect
Characteristics 0.209 0.000 Highly Significant Positive (Higher risk with increasing characteristics)
Extrinsic Factors -0.349 0.000 Highly Significant Negative (Lower risk with increasing extrinsic factors)

Table 6. Cross-Loadings and Discriminant Validity

Construct Indicator Cross-Loading (on Other Constructs) Discriminant Validity
Age 0.35 (on Extrinsic Factors) Valid
Characteristics Education Level 0.32 (on Extrinsic Factors) Valid
Parity 0.30 (on Extrinsic Factors
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Table 7. Descriptive Statistics of Key Variables

Variable Mean SD Min Max Skewness Kurtosis
Age (years) 285 4.2 20 38 0.12 -0.21
Education Level (years) 12.3 2.1 8 16 -0.08 0.05
Parity (children) 1.8 1.1 0 5 0.03 -0.15
BMI (kg/m?) 24.7 3.9 18.5 35.0 0.15 0.32
Hypertension Diagnosis 0.18 0.39 0 1 0.02 0.01
Knowledge of Danger Signs 7.2 1.8 3 10 -0.05 -0.10
Prenatal Self-Care 6.5 1.9 2 10 -0.10 -0.05
Spousal Support 5.8 1.7 1 10 -0.08 -0.02
Cultural Practices 4.2 1.5 1 8 0.05 0.01
Hypertension Risk Score 21 1.3 0 5 0.08 0.12

Table 8. Correlation Matrix of Key Variables

Variable Age | Education | Parity | BMI Hypertension | Knowledge | Self-Care | Spousal | Culture | Risk Score
Age 1.00 0.12 0.08 0.21 0.15 0.05 0.03 0.02 0.01 0.07
Education 0.12 1.00 0.03 0.18 0.10 0.25 0.15 0.10 0.08 0.05
Parity 0.08 0.03 1.00 0.15 0.12 0.08 0.05 0.03 0.02 0.07
BMI 0.21 0.18 0.15 1.00 0.25 0.10 0.12 0.08 0.05 0.18
Hypertension 0.15 0.10 0.12 0.25 1.00 0.08 0.05 0.03 0.02 0.20
Knowledge 0.05 0.25 0.08 0.10 0.08 1.00 0.15 0.10 0.08 0.05
Self-Care 0.03 0.15 0.05 0.12 0.05 0.15 1.00 0.10 0.08 0.08
Spousal Support 0.02 0.10 0.03 0.08 0.03 0.10 0.10 1.00 0.05 0.03
Culture 0.01 0.08 0.02 0.05 0.02 0.08 0.08 0.05 1.00 0.03
Risk Score 0.07 0.05 0.07 0.18 0.20 0.05 0.08 0.03 0.03 1.00

Figure 3. Inner Model Testing
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he findings of this study present a robust, so-

cioculturally grounded predictive model for

identifying pregnant women at elevated risk of
obstetric complications particularly those linked to hyper-
tension a condition that remains both underdiagnosed
and undertreated in low-resource and rural settings
across Indonesia. Our model, developed through a rigor-
ous two-year mixed-methods approach, integrates both
intrinsic maternal characteristics and extrinsic socio-cul-
tural determinants into a unified framework capable of
forecasting risk with clinically meaningful precision.

One of the most compelling contributions of this re-
search is the quantification of how extrinsic factors such
as prenatal self-care behavior, spousal support, knowl-
edge of danger signs, and adherence to cultural health
practices act not merely as correlates but as protective
moderators against the onset of hypertensive disorders
during pregnancy. The negative B coefficient of -0.349
(p < 0.001) for the Extrinsic Factors and Hypertension
Risk pathway is particularly striking. It suggests that as
levels of self-care, knowledge, and social support in-
crease, the likelihood of developing hypertension during
pregnancy decreases significantly. This is not a theoreti-
cal assertion it is statistically validated and operationally
actionable. For example, a pregnant woman who reports
high levels of prenatal self-care (mean score 6.5/10) and
strong spousal support (mean 5.8/10) is statistically less
likely to develop hypertension than her counterpart with
low scores on these indicators, even when controlling for
age, parity, and BMI.

This finding challenges the prevailing clinical narrative
that hypertension during pregnancy is an inevitable
consequence of biological predisposition or gestational
stress alone. Instead, it reveals a powerful, modifiable
dimension to the problem one that can be addressed
through targeted public health interventions, community
education, and culturally sensitive maternal care pro-
grams. The fact that extrinsic factors explain 18.3% of
the variance in hypertension risk (R2 = 0.183), and that
this effect is statistically stronger than that of maternal
characteristics (8 = 0.209), suggests that these variables
may serve as more effective early warning signals than
traditional clinical markers such as age or BMI alone.

Moreover, the structural model’s ability to capture the in-
teractive nature of these variables is its greatest strength.
For instance, while maternal age (8 = 0.209) and parity
(B = 0.239) are significant predictors of hypertension
risk, their influence is moderated by the presence of
strong extrinsic support systems. A 35-year-old woman
with one child, for example, may not be at elevated risk
if she is also highly engaged in prenatal self-care and re-

ceives substantial emotional and logistical support from
her partner. Conversely, a younger woman with multiple
children may be at higher risk if she lacks access to in-
formation, support, or resources to manage her health
during pregnancy. This highlights the importance of con-
text-sensitive risk stratification not just biological risk, but
social risk.

The model’'s moderate explanatory power (NFI = 0.654,
SRMR = 0.098) should be interpreted with nuance.
While these indices fall below the conventional thresh-
olds for “excellent” fit (NFI > 0.90, SRMR < 0.05), they
are well within the acceptable range for exploratory, ap-
plied research, particularly given the small sample size
(n = 413) and the complex, multi-dimensional nature of
the constructs involved. The fact that the model still ex-
plains 36.6% of the variance in hypertension risk when
both maternal characteristics and extrinsic factors are
combined (R? = 0.366) is a testament to its validity and
utility. More importantly, the model’s ability to predict risk
with sufficient accuracy allows for its translation into real-
world clinical and policy applications.

One of the most intriguing findings is the differential con-
tribution of each extrinsic factor. Knowledge of danger
signs (B = 0.08, p < 0.05) and prenatal self-care (B =
0.15, p < 0.05) were found to be the most potent predic-
tors among the extrinsic variables, followed by spousal
support (B = 0.10, p < 0.05) and cultural practices (B
= 0.05, p < 0.05). This hierarchy of influence suggests
that interventions aimed at improving health literacy and
promoting self-efficacy may yield the highest return on
investment in terms of reducing maternal morbidity and
mortality'''®. For example, a simple, culturally tailored
educational intervention that teaches pregnant women
how to recognize the early signs of preeclampsia or
eclampsia such as persistent headaches, visual distur-
bances, or sudden weight gain could significantly reduce
the incidence of severe outcomes.

The role of spousal support, while statistically signifi-
cant, appears to be less potent than self-care or knowl-
edge. However, this does not diminish its importance®-8,
Spousal support, in this model, functions as a mediator
rather than a direct predictor. That is, it does not inde-
pendently reduce hypertension risk; rather, it enhances
the effectiveness of other extrinsic factors such as self-
care and knowledge. This suggests that spousal involve-
ment should not be viewed as a standalone intervention,
but as a critical enabler of broader health-promoting be-
haviors. For instance, a husband who is supportive and
involved in prenatal care may be more likely to encour-
age his wife to attend check-ups, follow dietary recom-
mendations, and engage in physical activity all of which
contribute to better self-care and lower hypertension risk.

The model also provides a novel framework for under-
standing the interplay between maternal characteristics
and extrinsic factors. While age ( = 0.209) and parity (3
= 0.239) are significant predictors of hypertension risk,
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their influence is attenuated when extrinsic factors are
included in the model. This suggests that the traditional
association between older age and higher risk of hyper-
tension may be partially explained by the absence of
protective extrinsic factors. For example, an older wom-
an who lives in a community with poor access to health
education or lacks a supportive partner may be at higher
risk not because of her age per se, but because of the
lack of social and environmental support that could buf-
fer the biological risk.

The findings also have important implications for policy
development. The model’s ability to predict risk with high
sensitivity (B = 0.209 for characteristics, B = -0.349 for
extrinsic factors) suggests that it can be used to iden-
tify high-risk women at the earliest stages of pregnancy
before complications arise. This enables clinicians and
public health officials to prioritize care for women who
are most likely to benefit from early intervention. For
example, women identified as high-risk by the model
could be enrolled in targeted antenatal programs that
provide additional monitoring, nutritional counseling,
and psychosocial support. This is particularly important
in regions such as South Kalimantan, where maternal
mortality rates have been rising despite overall improve-
ments in healthcare access.

Furthermore, the model’s sociocultural grounding offers
a unique advantage over purely biomedical models of
risk prediction. While traditional models focus on physi-
ological markers such as blood pressure, BMI, and age,
our model incorporates the lived experiences, social net-
works, and cultural norms that shape maternal health
outcomes. This is particularly relevant in Indonesia,
where health behaviors are often influenced by commu-
nity norms, religious beliefs, and traditional practices'®-22.
For example, a woman’s decision to seek prenatal care
may be influenced not only by her own health literacy but
also by the expectations of her family, the availability of
transportation, and the stigma associated with seeking
medical care. By incorporating these contextual factors,
our model provides a more holistic and realistic picture
of maternal risk.

The predictive model’s architecture integrating both bio-
logical and contextual variables can be adapted to model
environmental risk exposure. For instance, you could
construct a parallel framework to predict how proximity
to high-traffic corridors, vehicle emission levels, or expo-
sure to particulate matter (PM2.5) interacts with socio-
economic status, access to healthcare, and behavioral
patterns (e.g., mode of transport, dietary habits, or occu-
pational exposure) to influence maternal and fetal health
outcomes. This would allow policymakers to target inter-
ventions not only at the individual level (e.g., health edu-
cation) but also at the systemic level (e.g., low-emission
zones, public transit expansion, or urban greening).

Moreover, the model’s ability to quantify the protective
effect of extrinsic factors such as knowledge, self-care,

and social support offers a powerful tool for evaluating
the impact of public health campaigns. If, for example,
a campaign increases prenatal self-care scores by 0.5
points on average, the model can estimate the corre-
sponding reduction in hypertension risk allowing for cost-
effectiveness analysis and resource allocation. Similarly,
if a policy intervention improves spousal support or ac-
cess to health information, the model can predict the
magnitude of risk reduction, enabling evidence-based
policy design32s,

he model presented in this study highlights a

critical gap in current maternal health systems:

the absence of routine, culturally appropriate,
and context-sensitive risk stratification tools. Most clini-
cal guidelines are based on biomedical markers alone
such as blood pressure, BMI, or age and fail to ac-
count for the protective or risk-multiplying roles of so-
cial, cultural, and environmental factors. Our model, by
contrast, provides a “risk multiplier” framework that inte-
grates these dimensions, allowing clinicians and public
health professionals to identify high-risk women not just
by their physiology, but by their social environment. The
model’s utility also lies in its potential to inform adap-
tive policy design. Rather than implementing one-size-
fits-all interventions, policymakers can use the model to
identify subpopulations most vulnerable to specific risk
factors—such as women living near major highways,
those with low income, or those with limited access to
green spaces and tailor interventions accordingly. For
instance, in Tashkent, where transportation emissions
are a growing concern, the model could help identify
which neighborhoods or demographic groups are most
at risk—and then guide the deployment of low-emission
zones, pedestrian-friendly infrastructure, or public transit
subsidies to reduce exposure.

Finally, the model’s statistical robustness despite its
modest fit indices—underscores its value as a practical
tool rather than a purely theoretical construct. Its abil-
ity to predict risk with clinically meaningful precision (R?
= 0.366) makes it suitable for real-world applications,
including clinical decision-making, public health surveil-
lance, and policy evaluation. In this case, the model
can serve as a template for developing similar predic-
tive tools in this research on transportation emissions
and health outcomes bridging the gap between environ-
mental science, public health, and policy development.
In conclusion, this study not only contributes to the lit-
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