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  ABSTRACT 
 

Background: Hypertension during pregnancy remains a major obstetric complication that 
contributes significantly to maternal and perinatal morbidity and mortality. This condition may 
lead to uteroplacental insufficiency, resulting in impaired fetal growth and development. Neonatal 
head circumference is commonly used as an indicator of intrauterine brain growth; however, 
evidence regarding its association with hypertension in pregnancy is still limited. This study aimed 
to evaluate the relationship between hypertension in pregnancy and neonatal head circumference 
at Dr. Moewardi Hospital, Surakarta. 
Subjects and Method: This was a cross-sectional study conducted at Dr. Moewardi Hospital, 
Surakarta, Indonesia. The study included 80 mother–newborn pairs selected using purposive 
sampling from medical records between 2023 and 2025. The independent variable was 
hypertension in pregnancy. The dependent variable was neonatal head circumference. Data were 
analyzed using the chi-square test and presented as odds ratios (OR), 95% confidence intervals 
(CI), and p-values.  
Results: There was no significant association between hypertension in pregnancy and neonatal 
head circumference (OR = 1.485; 95% CI = 0.429 to 5.143; p = 0.531). High BMI was significantly 
associated with hypertension in pregnancy (OR= 4.636; p = 0.003). 
Conclusion: Hypertension in pregnancy was not significantly related to neonatal head 
circumference. However, maternal nutritional status was significantly associated with hypertension 
in pregnancy. 
 
Keywords: gestational hypertension, neonatal head circumference, maternal nutritional status 
 
Correspondence: 
Annisya Fitria. Medical Study Program, Faculty of Medicine, Universitas Sebelas Maret. Jl. Ir. 
Sutami 36A, Surakarta 57126, Central Java. Email: annisyafitria19@student.uns.ac.id.  
 
Cite this as: 
Fitria A, Putra AT, Nugroho ID (2026). Association Between Hypertension in Pregnancy and Neonatal Head 
Circumference at Dr. Moewardi Hospital, Surakarta, Central Java, Indonesia. J Matern Child Health. 11(3): 
171-184. https://doi.org/10.26911/thejmch.2026.11.03.03.  

© Annisya Fitria. Published by Master’s Program of Public Health, Universitas Sebelas 
Maret, Surakarta. This open-access article is distributed under the terms of the Creative 

Commons Attribution 4.0 International (CC BY 4.0). Re-use is permitted for any purpose, provided 
attribution is given to the author and the source is cited. 
 

BACKGROUND 
Hypertension is defined as a chronic condi-

tion characterized by persistently elevated 

blood pressure above normal values, 

resulting in increased cardiac workload and 

vascular wall stress. During pregnancy, it is 

diagnosed when blood pressure reaches 

≥140/90 mmHg and is associated with a 

mailto:annisyafitria19@student.uns.ac.id
https://doi.org/10.26911/thejmch.2026.11.03.03
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Fitria et al./ Association Between Hypertension in Pregnancy and Neonatal Head Circumference  

www.thejmch.com  172 

higher risk of adverse maternal and neo-

natal outcomes (Febriyani, 2021). 

Hypertension in pregnancy affect 

approximately 6–10% of pregnancies 

worldwide and contribute significantly to 

maternal and perinatal morbidity and 

mortality. Maternal complications may 

include placental abruption, disseminated 

intravascular coagulation (DIC), stroke, and 

organ failure, while fetal complications 

include intrauterine fetal death, intra-

uterine growth restriction (IUGR), low 

birth weight, and preterm birth (Syam et 

al., 2023). Globally, an estimated 33% of 

adults aged 30–79 years have hypertension 

(WHO, 2025).  

In Indonesia, data from the National 

Basic Health Research (Ministry of Health 

of the Republic of Indonesia, 2018) report a 

hypertension prevalence of 34.1%. Hyper-

tension in pregnancy remains one of the 

leading causes of maternal mortality, 

accounting for 412 of 4,482 maternal 

deaths in 2023 based on the National 

Health Profile (Ministry of Health of the 

Republic of Indonesia, 2024). Dr. 

Moewardi Hospital in Central Java serves 

as a referral center and manages a sub-

stantial number of high-risk pregnancies, 

including those complicated by 

hypertension. 

The pathophysiology of hypertension 

in pregnancy involves vasospasm and 

impaired remodeling of uteroplacental 

arteries, resulting in reduced placental per-

fusion and impaired oxygen and nutrient 

supply to the fetus. This condition may 

disrupt intrauterine brain development and 

affect neonatal head circumference at birth 

(Faadhilah & Helda, 2020). 

Fetal growth disturbance is one of the 

major consequences of maternal hyperten-

sion and can be assessed through neonatal 

anthropometric parameters such as birth 

weight, body length, and head circum-

ference. Among these parameters, head 

circumference reflects brain growth and 

serves as an important indicator of early 

neurodevelopment. Compared to other 

anthropometric measures such as birth 

weight and body length, it provides a more 

specific representation of brain develop-

ment, whereas birth weight reflects overall 

fetal growth and may be influenced by 

factors such as fluid status and fat 

accumulation. 

Recent evidence demonstrates that 

head circumference at birth is associated 

with long-term cognitive and academic out-

comes. A large population-based cohort 

study reported that smaller head circum-

ference at birth was associated with lower 

academic performance during school age, 

although the effect size at the individual 

level may be modest (Bach et al., 2020). 

Furthermore, head circumference has been 

shown to correlate with total brain volume 

measured using neuroimaging techniques 

and with neurodevelopmental outcomes, 

including cognitive and motor function 

(Selvanathan et al., 2022). Longitudinal 

studies have shown that head circum-

ference is associated with cognitive, 

language, and motor development during 

early childhood (Nicolaou et al., 2020; 

Mayrink et al., 2024). 

Collectively, these findings suggest 

that neonatal head circumference is a 

reliable indicator of brain growth and 

neurodevelopmental outcomes. Compared 

to other anthropometric measures, it 

provides a more specific reflection of brain 

development. Therefore, it represents a 

more sensitive and clinically relevant para-

meter for evaluating the impact of intra-

uterine conditions, including maternal 

hypertension, on early-life brain develop-

ment. For this reason, neonatal head 

circumference was selected as the primary 

outcome in this study. 
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Abnormal head circumference may 

indicate microcephaly (<−2 SD) or macro-

cephaly (> +2 SD), both of which are asso-

ciated with adverse neurodevelopmental 

outcomes (CDC, 2023; Jones et al., 2023). 

Previous studies by Hudayah et al. (2023) 

and Winarsih (2024) have also reported an 

association between hypertension in preg-

nancy and impaired fetal growth, including 

reduced head circumference.    

However, data regarding the asso-

ciation between hypertension in pregnancy 

and neonatal head circumference in this 

population remain limited. Therefore, this 

study aims to examine the association 

between hypertension in pregnancy and 

neonatal head circumference at Dr. 

Moewardi Hospital. The study is expected 

to contribute to improving maternal and 

neonatal healthcare quality. 

 

SUBJECTS AND METHOD 

1. Study Design 

This study utilized an analytic observational 

design with a cross-sectional approach 

based on retrospective data obtained from 

medical records at Dr. Moewardi Hospital, 

Surakarta, covering the period from 

January 2023 to December 2025. 

2. Populationand Sample 

The target population comprised all 

mothers and their newborns who delivered 

at Dr. Moewardi Hospital. The source 

population included those with complete 

medical records data during the study 

period. The minimum sample size was 

calculated using the Lemeshow formula, 

resulting in 73 subjects. To anticipate 

incomplete data, a total of 80 mother–

newborn pairs were included using 

purposive sampling. 

3. Study Variables 

The independent variable was hypertension 

in pregnancy. The dependent variable was 

neonatal head circumference. Potential 

confounding variables included maternal 

age, gestational age, parity, maternal 

nutritional status, infant sex, and birth 

weight. 

4. Operational Definition of Variables 

Hypertension in pregnancy was 

defined as blood pressure ≥140/90 mmHg 

measured at least twice with a minimum 

interval of four hours during pregnancy, 

with or without proteinuria, the condition 

was categorized as a dichotomous variable 

(hypertension or no hypertension) without 

further classification into specific subtypes. 

Neonatal head circumference was 

measured from the most prominent part of 

the forehead (glabella) to the most 

prominent part of the occiput and classified 

based on the Lubchenco growth chart into 

appropriate for gestational age (AGA) or 

abnormal (small or large for gestational 

age). 

Maternal age was defined as the age of 

the mother at delivery, calculated from the 

date of birth to the date of delivery, and 

categorized into ≤30 years and >30 years. 

Parity was defined as the number of prior 

live births and categorized into primipara (1 

birth), multipara (2–4 births), and grand 

multipara (≥5 births). 

Gestational age was defined as the 

duration of pregnancy calculated from the 

first day of the last menstrual period to 

delivery and categorized as term (37–42 

weeks) or non-term (<37 or >42 weeks). 

Maternal nutritional status was 

assessed based on pre-pregnancy body 

mass index (BMI), calculated as weight (kg) 

divided by height squared (m²), and 

categorized as underweight (<18.5), normal 

(18.5–24.9), or overweight/obese (≥25). 

Infant sex was defined as recorded in the 

medical records and categorized as male or 

female. 

Birth weight was defined as the 

newborn’s weight measured within one 
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hour of birth using a calibrated scale and 

categorized as normal (2500–3999 g), low 

birth weight (<2500 g), or macrosomia 

(≥4000 g). 

5. Study Instruments 

Data were obtained from medical records of 

mothers and newborns at Dr. Moewardi 

Hospital, including information on mater-

nal hypertension status, neonatal head 

circumference, and perinatal characteris-

tics. No primary data collection was 

performed. 

6. Data Analysis 

SPSS software was used for data analysis. 

Sample characteristics were described 

using univariate analysis, while bivariate 

associations were examined using the chi-

square test. Odds ratios with 95% confi-

dence intervals and p-values were 

presented. Multivariate analysis was not 

performed due to limited outcome events 

and sparse data, which could produce 

unstable estimates. 

7. Research Ethic 

The study adhered to ethical principles of 

health research. Participant confidentiality 

and anonymity were strictly preserved. 

Ethical approval was granted by the 

Research Ethics Committee of Dr. 

Moewardi Hospital, Surakarta, Indonesia 

(No. KEPK/RSUDMW/2025/045; issued 

on August 15, 2025. 

 

RESULTS 
1. Sample Characteristics  

The study included 80 mother–newborn 

pairs. Maternal age had a mean of 31.39 ± 

5.34 years (range 22–46 years), while 

gestational age averaged 38.51 (SD= 1.29 

weeks, range 37–41 weeks). Table 1 

presents the characteristics of the 

continuous variables. 

 

Table 1. Sample characteristics (continous data) 
Variables Mean SD Min. Max. 

Maternal age (years) 31.39 5.34 22 46 
Gestational Age (weeks) 38.51 1.29 37 41 

 

Based on categorical variables, the 

proportion of mothers with and without 

hypertension in pregnancy was equal 

(50.0% each). Most mothers had abnormal 

nutritional status (70.0%), while 30.0% had 

normal body mass index. Slightly more 

than half of the mothers were aged >30 

years (52.5%), while 47.5% were ≤30 years. 

All pregnancies were term (100.0%), 

with no cases of preterm or postterm 

delivery. In terms of parity, 56.3% of 

mothers were multiparous or grand 

multiparous, while 43.8% were primi-

parous. 

The distribution of infant sex was 

relatively balanced, with 51.3% male and 

48.8% female. Most infants had normal 

birth weight (93.8%), while 6.3% had 

abnormal birth weight (low birth weight or 

macrosomia). Similarly, the majority of 

infants had normal head circumference 

(85.0%), while 15.0% were categorized as 

abnormal (small or large for gestational 

age). The characteristics of categorical 

variables are presented in Table 2. 

 

Table 2. Sample characteristics (categorical data) 

Characteristics Category Frequency Percentage 

Hypertension 
No Hypertension 40 50.0% 

Hypertension 40 50.0% 
Maternal Nutritional Normal 24 30.0% 
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Characteristics Category Frequency Percentage 
BMI Abnormal (overweight 

/ underweight) 
56 70.0% 

Maternal Age 
≤ 30 Years 38 47.5% 
> 30 Years 42 52.5% 

Gestational Age 
Term 80 100.0% 

Preterm / Postterm 0 0.0% 

Parity 
Primiparous 35 43.8% 

Multiparous / Grand 
multiparous 

45 56.3% 

Infant Sex 
Male 41 51.3% 

Female 39 48.8% 

Birth Weight 
Normal 75 93.8% 

Abnormal (LBW / 
Macrosomia) 

5 6.3% 

Head Circumference 
Normal (AGA) 68 85.0% 

Abnormal (SGA / LGA) 12 15.0% 

2. Bivariate analysis  

The relationship between maternal and 

neonatal factors and neonatal head 

circumference as well as hypertension in 

pregnancy was analyzed using bivariate 

methods. The findings are shown in Tables 

3 and 4. 

The analysis of factors associated with 

neonatal head circumference (Table 3) 

showed that hypertension in pregnancy 

showed no significant association with 

neonatal head circumference (OR= 1.485; 

95% CI= 0.429 to 5.143; p= 0.531). 

Similarly, maternal nutritional status based 

on body mass index was not significantly 

associated (OR = 0.833; 95% CI = 0.225 to 

3.084; p = 0.785). 

Maternal age (OR = 0.889; 95% CI = 

0.260 to 3.034; p = 0.851), parity (OR = 

0.744; 95% CI = 0.217 to 2.542; p = 0.636), 

infant sex (OR = 2.387; 95% CI = 0.656 to 

8.686; p = 0.178), and birth weight (OR = 

1.455; 95% CI = 0.148 to 14.260; p = 0.746) 

were also not significantly associated with 

neonatal head circumference. There was no 

significant associations were observed 

among the variables analyzed (p > 0.05). 

 
Table 3. Bivariate analysis of factors associated with neonatal head 
circumference 

Variables 
Head Circumference 95% CI 

OR p Normal Abnormal Lower 
Limit 

Upper 
Limit n % n % 

Hypertension         
No 35 87.5 5 12.5 0.42 5.14 1.48 0.531  
Yes 33 82.5 7 17.5 
Maternal Nutritional 
Status (BMI) 

   
 

    

Normal 20 29.4 4 33.3 0.22 3.08 0.83 0.785 

Abnormal 48 70.6 8 66.7 

Maternal Age         
≤ 30 Years 32 47.1 6 50 0.26 3.03 0.88 0.851 
> 30 Years 36 52.9 6 50 
Parity         
Primiparous 29 42.6 6 50 0.21 2.54 0.74 0.636 
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Variables 
Head Circumference 95% CI 

OR p Normal Abnormal Lower 
Limit 

Upper 
Limit n % n % 

Multiparous / Grand 
multiparous 

39 57.4 6 50 

Infant Sex         

Male 37 54.4 4 33.3 0.65 8.68 2.38 0.178 

Female 31 45.6 8 66.7 

Birth Weight         
Normal 64 94.1 11 91.7 0.14 14.26 1.45 0.746 
LBW / Macrosomia 4 5.9 1 8.3 

 
In contrast, the analysis of factors 

associated with hypertension in pregnancy 

(Table 4) showed that maternal nutritional 

status was significantly associated with 

hypertension. The risk of hypertension in 

pregnancy was higher among mothers with 

abnormal body mass index than among 

those with normal body mass index (OR= 

4.64; 95% CI= 1.59 to 13.49; p= 0.003). 

Birth weight was also significantly 

associated with hypertension in pregnancy 

(OR= 1.14; 95% CI= 1.01 to 1.29; p= 0.021), 

although this finding should be interpreted 

cautiously because of limited data. 

Maternal age (OR= 1.50; 95% CI= 

0.62 to 3.61; p= 0.370), parity (OR = 0.82; 

95% CI= 0.34 to 1.97; p= 0.653), and infant 

sex (OR= 1.10; 95% CI= 0.46 to 2.66; p= 

0.823) showed no statistically significant 

association with hypertension in pregnancy 

(p > 0.05). 

  
Table 4. Bivariate analysis of factors associated with maternal hypertension 

Variables 

Hypertension 95% CI 

OR p No Yes Lower 
Limit 

Upper 
Limit n % n % 

Maternal Nutritional 
Status (BMI) 

        

Normal 18 45.0 6 15.0 
1.59 13.49 4.63 0.003 

Abnormal 22 55.0 34 85.0 
Maternal Age         
≤ 30 Years 21 52.5 17 42.5 

0.61 3.61 1.49 0.370 
> 30 Years 19 47.5 23 57.5 

Parity         

Primiparous 17 42.5 19 47.5 
0.33 1.97 0.81 0.653 Multiparous / Grand 

multiparous 
23 57.5 21 52.5 

Infant Sex         
Male 21 52.5 20 50 

0.46 2.65 1.10 0.823 
Female 19 47.5 20 50 

Birth Weight         

Normal 40 100 35 87.5 
1.01 1.28 1.14 0.021 

LBW / Macrosomia 0 0 5 12.5 
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DISCUSSION 

1. Characteristics of Study Subjects 

The study involved 80 mother–newborn 

pairs, with an equal distribution between 

mothers with hypertension in pregnancy 

and those without (50% each). Most 

mothers had abnormal nutritional status 

(70%), predominantly classified as over-

weight or underweight. The mean maternal 

age was 31.39 (SD 5.34 years), with a 

slightly higher proportion of mothers aged 

over 30 years. All deliveries occurred at 

term gestation, with a mean gestational age 

of 38.51 (SD= 1.29 weeks). The majority of 

mothers were multiparous or grand 

multiparous. 

Regarding neonatal characteristics, 

the distribution of infant sex was relatively 

balanced. Most newborns had normal birth 

weight and normal head circumference, 

with only a small proportion classified as 

having abnormal head circumference. 

The homogeneity in gestational age 

observed in this study is likely attributable 

to the inclusion and exclusion criteria, 

which restricted the sample to term preg-

nancies by excluding preterm and post-

term deliveries. This design was intended to 

minimize the confounding effect of gesta-

tional age on neonatal outcomes. However, 

the resulting limited variability may have 

reduced data dispersion and statistical 

power, thereby decreasing the ability to 

detect significant associations between 

maternal factors and neonatal head circum-

ference. In addition, this homogeneity 

limits the generalizability of the findings to 

populations with a broader range of gesta-

tional ages, particularly preterm or high-

risk pregnancies. 

2. The Relationship between Hyper-

tension in Pregnancy and Neonatal 

Head Circumference 

Hypertension in pregnancy can interfere 

with the remodeling of uteroplacental 

vessels, resulting in decreased placental 

perfusion. This condition may decrease 

oxygen and nutrient delivery to the fetus 

and potentially disrupt intrauterine growth, 

including brain development, thereby 

affecting neonatal head circumference 

(Torres-Torres et al., 2024). However, as a 

compensatory mechanism, the fetus may 

activate the brain-sparing effect, which 

redistributes blood flow to vital organs, 

particularly the brain, to preserve cerebral 

perfusion despite placental insufficiency 

(Benítez-Marín et al., 2021). Consequently, 

the effect of maternal hypertension on 

neonatal head circumference may not 

always be directly observable. 

In the present study, all pregnancies 

were term, and hypertension in pregnancy 

was not significantly associated with neo-

natal head circumference (p = 0.531). This 

finding may indicate that fetal cranial 

growth remains relatively preserved in term 

pregnancies; however, it may also reflect 

the limited variability of the sample and 

methodological constraints. 

This result is consistent with Defanty 

(2020), who reported no significant asso-

ciation between preeclampsia and neonatal 

head circumference (p = 0.389), although a 

significant relationship was observed with 

birth weight. Similarly, Hao et al. (2021) 

found that while birth weight and body 

length differed significantly between hyper-

tensive and normotensive pregnancies (p < 

0.05), there was no statistically significant 

difference in neonatal head circumference 

(p >0.05). These results imply that hyper-

tension in pregnancy may have a greater 

impact on overall fetal growth rather than 

specifically on cranial growth. 

In contrast, de Moura et al. (2021), in 

a study involving preterm infants, reported 

significantly smaller head circumference 

among infants born to hypertensive 

mothers (p < 0.001), accompanied by a 
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greater risk of being small for gestational 

age. Similarly, Irwinda et al. (2016) found 

significantly lower birth weight, body 

length, and head circumference in infants 

of mothers with pregnancy-induced hyper-

tension (p < 0.001). 

These discrepancies may be primarily 

explained by variations in gestational age 

and participant characteristics. Studies 

involving preterm or high-risk pregnancies 

tend to demonstrate a stronger association 

between maternal hypertension and 

impaired fetal growth, whereas in term 

pregnancies, compensatory mechanisms 

such as the brain-sparing effect may help 

preserve fetal cranial development. 

In addition, several methodological 

factors may explain the non-significant 

findings in this study. First, all subjects 

were restricted to term pregnancies, which 

may have reduced variability in neonatal 

outcomes and limited the ability to detect 

significant differences. In term pregnancies, 

compensatory mechanisms may help 

preserve fetal brain growth despite 

impaired placental perfusion. Second, the 

relatively low proportion of neonates with 

abnormal head circumference (15%) may 

have limited the statistical power and 

increased the possibility of a Type II error. 

Third, hypertension in pregnancy was 

analyzed as a dichotomous variable without 

classification into severity or subtypes, 

which may have obscured potential diffe-

rences between mild and severe conditions. 

Furthermore, the use of purposive 

sampling and inclusion of only cases with 

complete medical records may introduce 

selection bias. This approach may have 

excluded more severe or complicated cases, 

leading to a more homogeneous study 

population and potentially underestimating 

the true effect of hypertension in pregnancy 

on neonatal head circumference. 

Overall, the findings indicate that 

hypertension in pregnancy was not 

significantly associated with neonatal head 

circumference in this study population. 

This suggests that fetal cranial growth may 

be relatively preserved in term pregnancies, 

although it is likely influenced by multiple 

factors, including gestational age, severity 

of hypertension, maternal nutritional 

status, quality of antenatal care, and genetic 

determinants. Further studies with larger 

sample sizes and stratification by severity of 

hypertensive disorders are warranted to 

clarify this relationship. 

3. The Relationship Between Other 

Factors and Neonatal Head 

Circumference 

In addition to maternal hypertension, 

several maternal and neonatal factors 

including maternal age, gestational age, 

maternal nutritional status, parity, infant 

sex, and birth weight were evaluated as 

potential confounders due to their 

established roles in fetal growth and 

intrauterine development. However, 

bivariate analysis demonstrated that none 

of these variables were significantly 

associated with neonatal head 

circumference (all p > 0.05). 

Maternal age is theoretically asso-

ciated with fetal growth, particularly at the 

extremes of reproductive age. Previous 

studies have reported a positive correlation 

between maternal age and neonatal anthro-

pometric parameters, including head 

circumference (Di Gravio et al., 2019). 

However, no significant association was 

observed in this study (p = 0.851), which 

may be attributed to the relatively homo-

geneous distribution of maternal age within 

the normal reproductive range, thereby 

limiting variability in fetal growth out-

comes. Similar findings have been reported 

by Kirchweger et al. (2018), suggesting that 

maternal age within the normal range may 
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not be a strong independent determinant of 

neonatal head circumference. 

Gestational age plays a crucial role in 

fetal growth, particularly during the third 

trimester when brain development accele-

rates. However, this variable could not be 

meaningfully analyzed in the present study 

because all subjects were term pregnancies. 

The lack of variability in gestational age 

may have limited its contribution to diffe-

rences in neonatal head circumference. 

Maternal nutritional status, assessed 

using BMI, showed no meaningful relation-

ship with neonatal head circumference (p = 

0.833). While maternal BMI has been 

consistently linked to overall fetal growth, 

particularly birth weight, its relationship 

with head circumference appears less 

consistent. Some studies suggest that only 

extreme nutritional conditions significantly 

affect cranial growth (Syböck et al., 2023), 

indicating that the impact of maternal BMI 

may depend on the severity of nutritional 

imbalance and population characteristics. 

Parity showed no meaningful rela-

tionship with neonatal head circumference 

(p = 0.636). Although multiparity has been 

associated with improved uterine adapta-

tion and potentially larger fetal size, evi-

dence regarding its influence on head 

circumference remains inconsistent across 

studies, suggesting that its effect may be 

mediated by other maternal or environ-

mental factors. 

Infant sex also showed no statistically 

significant association (p = 0.178), although 

male infants had higher odds of abnormal 

head circumference. Biologically, male neo-

nates tend to have slightly larger anthro-

pometric measurements; however, these 

differences are generally small and may not 

reach statistical significance, particularly in 

studies with limited sample size. 

Similarly, birth weight showed no 

meaningful relationship with neonatal head 

circumference (p = 0.746), despite being a 

commonly used indicator of fetal growth. 

This finding may be influenced by the low 

proportion of abnormal birth weight cases 

in the study population. Prior research has 

identified a positive relationship between 

birth weight and head circumference 

(Basnet et al., 2025), such an association 

was not evident in this study, possibly due 

to limited variability in both parameters 

and the low proportion of abnormal 

outcomes. 

The absence of significant associa-

tions across these variables may reflect both 

biological and methodological factors. 

Biologically, neonatal head circumference 

may be relatively preserved due to mecha-

nisms that prioritize brain development, 

particularly in term pregnancies. Methodo-

logically, the relatively homogeneous 

sample, characterized by term gestation 

and predominantly normal neonatal out-

comes, may have reduced variability and 

limited the ability to detect meaningful 

differences. In addition, the use of purpo-

sive sampling and inclusion of only cases 

with complete medical records may have 

introduced selection bias, potentially 

excluding more severe or high risk cases. 

These factors could have attenuated the 

observed associations and should be 

considered when interpreting the findings. 

Overall, these findings suggest that 

neonatal head circumference in this study 

population may be relatively preserved due 

to limited variability  and influenced by 

multifactorial mechanisms rather than a 

single determinant. 

4. Risk Factors for Hypertension in 

Pregnancy 

In addition to neonatal outcomes, this 

study examined several maternal and neo-

natal factors associated with hypertension 

in pregnancy. The results showed that 

maternal nutritional status was significant-
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ly associated with hypertension, while 

maternal age, parity, and infant sex were 

not. Birth weight, as a neonatal outcome, 

was also significantly associated with 

maternal hypertension. 

Maternal nutritional status was a 

significant risk factor for hypertension in 

pregnancy. Mothers with abnormal BMI 

were 4.6 times more likely to develop 

hypertension in pregnancy than those with 

normal BMI (OR = 4.636; p = 0.003). This 

finding is consistent with previous studies 

showing that both undernutrition and 

overnutrition contribute to hypertensive 

disorders through mechanisms involving 

endothelial dysfunction, systemic 

inflammation, and oxidative stress 

(Kinshella et al., 2022; Magee et al., 2022). 

While undernutrition may impair placental 

development and uteroplacental perfusion, 

obesity is associated with chronic inflam-

mation, insulin resistance, and activation of 

the renin–angiotensin system, all of which 

contribute to a higher likelihood of hyper-

tension in pregnancy. However, despite its 

significant association with hypertension, 

maternal nutritional status was not signi-

ficantly associated with neonatal head 

circumference, suggesting that its effect 

may be more pronounced on maternal 

vascular outcomes than on fetal cranial 

growth. 

Maternal age showed no significant 

association with hypertension in pregnancy 

(OR= 1.495; p = 0.370). Although advanced 

maternal age is a recognized risk factor due 

to vascular and metabolic changes, this 

association was not observed, likely due to 

the relatively homogeneous age distribution 

within the reproductive range. Previous 

studies have shown that the risk becomes 

more apparent at maternal age ≥35 years 

(Yang et al., 2021). 

Parity also showed no significant 

association with hypertension (OR = 0.817; 

p = 0.653). Primiparity is known to carry a 

higher likelihood of preeclampsia due to 

immunological and vascular adaptation; 

however, this pattern was not observed in 

the present study. This discrepancy may be 

influenced by sample size and the relatively 

balanced distribution of parity, which may 

have reduced the ability to detect 

differences between groups. 

Infant sex showed no significant asso-

ciation with hypertension in pregnancy 

(OR= 1.105; p = 0.823). Although some 

evidence suggests slightly higher maternal 

blood pressure in pregnancies with male 

fetuses, the effect is generally minimal and 

lacks clinical relevance, suggesting a greater 

influence of maternal factors on the 

occurrence of hypertension. 

A significant association was observed 

between birth weight and hypertension in 

pregnancy (p = 0.021), with hypertensive 

mothers more likely to deliver infants with 

abnormal birth weight. However, this 

finding should be interpreted with caution 

due to sparse data and the presence of zero 

cell frequencies, which may affect the 

stability of the estimates. From a biological 

perspective, hypertension may impair 

placental perfusion and lead to fetal growth 

restriction, which is reflected in abnormal 

birth weight. This finding is consistent with 

previous studies linking hypertension in 

pregnancy to adverse neonatal outcomes, 

particularly low birth weight (Wahabi et al., 

2024). 

Overall, these findings highlight 

maternal nutritional status as the most 

prominent modifiable risk factor for hyper-

tension in pregnancy in this study popula-

tion. The absence of significant associations 

for other variables may reflect both bio-

logical and methodological factors. The 

relatively homogeneous sample, particular-

ly in terms of maternal age and parity 

distribution, may have reduced variability 
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and limited the ability to detect meaningful 

differences. In addition, the use of purpo-

sive sampling and inclusion of only cases 

with complete medical records may have 

introduced selection bias, potentially 

exclude more severe or high-risk cases and 

lead to an underestimation of the true 

associations.  

In conclusion, this study found no 

significant association between hyperten-

sion in pregnancy and neonatal head 

circumference among term pregnancies. 

However, maternal nutritional status was 

significantly associated with the develop-

ment of hypertension in pregnancy, and 

hypertension was also related to abnormal 

birth weight. These findings suggest that 

neonatal head circumference may be rela-

tively preserved in term pregnancies and 

influenced by multifactorial mechanisms 

rather than maternal hypertension alone. 

Clinically, this underscores the importance 

of routine nutritional assessment, dietary 

counseling, and blood pressure monitoring 

during antenatal care, as well as careful 

monitoring of fetal growth to ensure 

optimal neonatal outcomes. 

Nevertheless, these findings should be 

interpreted with caution due to several 

limitations. The absence of multivariate 

analysis represents a major limitation of 

this study, as the relatively small number of 

abnormal head circumference cases and 

sparse data prevented further modeling and 

limited the ability to control for potential 

confounding variables. In addition, all 

subjects were restricted to term preg-

nancies, resulting in a lack of variability in 

gestational age. Given that gestational age 

plays a crucial role in fetal growth and brain 

development, this limitation may have 

reduced the ability to detect its effect on 

neonatal head circumference and limit the 

generalizability of the findings to preterm 

or high-risk populations. Furthermore, 

hypertension in pregnancy was analyzed as 

a dichotomous variable without classifica-

tion into subtypes, which may have 

obscured differences between levels of 

severity. The use of secondary data from 

medical records and purposive sampling 

may also introduce information and select-

ion bias, potentially excluding more severe 

or complicated cases. Therefore, future 

studies are recommended to include larger 

and more diverse populations, apply multi-

variate analysis, and incorporate classi-

fication of hypertensive disorders to better 

understand their impact on neonatal 

outcomes. 

Study Limitation 

Multivariate analysis was not performed in 

this study. Although one variable (infant 

sex) met the initial criterion for inclusion (p 

< 0.25), the number of abnormal neonatal 

head circumference cases was limited (n = 

12). 

In logistic regression analysis, it is 

generally recommended to have at least 10 

outcome events for each independent 

variable to ensure stable parameter estima-

tion. Given the limited number of outcome 

events, inclusion of multiple variables could 

result in model instability and overfitting. 

In addition, several variables had 

small or zero cell frequencies, particularly 

birth weight, which may lead to unreliable 

estimates. Therefore, bivariate analysis was 

deemed appropriate for evaluating the 

relationships among the variables in this 

study. 

 

AUTHOR CONTRIBUTION 

Annisya Fitria was responsible for 

developing the study concept and design, 

performing data analysis, interpreting the 

findings, and preparing the initial manu-

script draft. Andhika Trisna Putra and Irfan 

Dzakir Nugroho contributed to data 

analysis and provided critical revisions. All 



Fitria et al./ Association Between Hypertension in Pregnancy and Neonatal Head Circumference  

www.thejmch.com  182 

authors reviewed and approved the final 

version of the manuscript. 

 

CONFLICT OF INTEREST 

There are no conflict of interest. 

 

FUNDING AND SPONSORSHIP 

The study was self-funded. 

 

ACKNOWLEDGEMENT 

The authors appreciate the support and 

contributions that made this study possible. 

 

REFERENCES 

Bach CC, Henriksen TB, Larsen RT, 

Aagaard K, Matthiesen NB. (2020). 

Head circumference at birth and 

school performance: a nationwide 

cohort study of 536,921 children. 

Pediatr Res. 87(6): 1112–1118. 

https://doi.org/10.1038/s41390-019-

0683-2. 

Basnet K, Yadav B, Khan S, Bhattarai C, 

Adhikari K, Bajgain A, Karki M, et al. 

(2025). Birth weight status of new-

borns and its relationship with other 

anthropometric parameters. Med. 

104: e45374. https://doi.org/10.1097-

/MD.0000000000045374.  

Benítez-Marín M, Marín-Clavijo J, Blanco-

Elena J, Jiménez-López J, González-

Mesa E (2021). Brain sparing effect on 

neurodevelopment in children with 

intrauterine growth restriction: a 

systematic review. Children. 8(9): 

745. https://doi.org/10.3390/child-

ren8090745. 

Centers for Disease Control and Prevention 

(2023). Facts about microcephaly. 

National Center on Birth Defects and 

Developmental Disabilities. https://-

www.cdc.gov/birth-defects/about/-

microcephaly.html. 

Defanty NV (2020). Analisis hubungan 

antara preeklamsia dengan berat 

badan, panjang badan, dan lingkar 

kepala bayi baru lahir di RS Buah Hati 

Ciputat tahun 2018. (in Indonesian 

language). Thesis. Jakarta: Univer-

sitas Pembangunan Nasional Veteran 

Jakarta.  

De Moura M, Margotto P, Costa K, Novaes 

M (2021). Hypertension induced by 

pregnancy and neonatal outcome: 

results from a retrospective cohort 

study in preterm under 34 weeks. 

PLoS One. 16(8): e0255783. https://-

doi.org/10.1371/journal.pone.025578

3. 

Di Gravio C, Lawande A, Potdar R, 

Sahariah S, Gandhi M, Brown N, 

Chopra H, et al. (2019). The associa-

tion of maternal age with fetal growth 

and newborn measures. Reprod Sci. 

26(7): 918–927. https://doi.org/10.-

1177/1933719118799202. 

Faadhilah A, Helda H (2020). Hubungan 

preeklamsia dengan kejadian BBLR di 

RSU Kabupaten Tangerang tahun 

2018. (in Indonesian language). Jur-

nal Epidemiologi Kesehatan Indone-

sia. 4(1): 1–6. https://doi.org/10.74-

54/epidkes.v4i1.3199. 

Febriyani P (2021). The effect of hyperten-

sion on the health of pregnant 

women. J Health Nurs Soc. 1(1): 12–

16. https://doi.org/10.32698/jhns.0-

090132. 

Hao H, Gu X, Cai Y, Xiong H, Huang L, 

Shen W, et al. (2021). The influence of 

pregnancy-induced hypertension 

syndrome on the metabolism of 

newborns. Transl Pediatr. 10(2): 296–

305. https://doi.org/10.21037/tp-20-

211.  

Hudayah N, Fauziah H, Pratiwi UM, 

Helvian FA, Dahlan M, Ridha NR 

(2023). Hubungan antara hipertensi 

dalam kehamilan dengan kejadian 

bayi berat lahir rendah di Kota 

https://doi.org/10.1038/s41390-019-0683-2
https://doi.org/10.1038/s41390-019-0683-2
https://doi.org/10.21037/tp-20-211
https://doi.org/10.21037/tp-20-211


Fitria et al./ Association Between Hypertension in Pregnancy and Neonatal Head Circumference  

www.thejmch.com  183 

Makassar. (in Indonesian language). 

Jambura J Health Sci Res. 4(2): 1–8. 

https://ejurnal.ung.ac.id/index.php/jj

hsr/index. 

Irwinda R, Surya R, Nembo LF (2016). 

Impact of pregnancy-induced hyper-

tension on fetal growth. Med J Indo-

nes. 25(2): 104–111. https://doi.org/-

10.13181/mji.v25i2.1381. 

Jones SG, Samanta D (2023). Macrocepha-

ly. In: StatPearls. Treasure Island 

(FL): StatPearls Publishing. https://-

www.ncbi.nlm.nih.gov/books/NBK56

0786/. 

Kinshella MLW, Omar S, Scherbinsky K, 

Vidler M, Magee LA, von Dadelszen P, 

Moore SE, et al. (2022). Maternal 

nutritional risk factors for pre-

eclampsia incidence: findings from a 

narrative scoping review. Reprod 

Health. 19: 1–10. https://doi.org/10.-

1186/s12978-022-01485-9.  

Kirchweger F, Kirchengast S, Hafner E, 

Stümpflein I, Hartmann B (2018). 

The impact of maternal age on foetal 

growth patterns and newborn size. 

Anthropol Rev. 81(2): 111–129. https:-

//doi.org/10.2478/anre-2018-0009.  

Magee LA, Brown MA, Hall DR, Gupte S, 

Hennessy A, Karumanchi SA, Kenny 

LC, et al. (2022). The 2021 Internatio-

nal Society for the Study of Hyper-

tension in Pregnancy classification, 

diagnosis & management recom-

mendations for international practice. 

Pregnancy Hypertens. 27: 148–169. 

https://doi.org/10.1016/J.PREGHY.2

021.09.008. 

Mayrink MLS, Villela LD, Méio MDBB, 

Soares FVM, de Abranches AD, Nehab 

SRG, Reis ABR, et al. (2024). The 

trajectory of head circumference and 

neurodevelopment in very preterm 

newborns during the first two years of 

life: a cohort study. J Pediatr. 100(5): 

483–490. https://doi.org/10.1016/j.-

jped.2024.04.005.  

Ministry of Health of the Republic of Indo-

nesia. (2018). National Report of the 

2018 Basic Health Research (Riskes-

das). Jakarta: Ministry of Health of 

the Republic of Indonesia.  

Ministry of Health of the Republic of Indo-

nesia. (2024). Indonesia Health 

Profile 2023. Jakarta: Ministry of 

Health of the Republic of Indonesia. 

Nicolaou L, Ahmed T, Bhutta ZA, Bessong 

P, Kosek M, Lima AAM, Shrestha S, et 

al. (2020). Factors associated with 

head circumference and indices of 

cognitive development in early child-

hood. BMJ Glob Health. 5(10): e003-

427. https://doi.org/10.1136/bmjgh-

2020-003427  

Selvanathan T, Guo T, Kwan E, Chau V, 

Brant R, Synnes AR, Grunau RE, et al. 

(2022). Head circumference, total 

cerebral volume and neurodevelop-

ment in preterm neonates. Arch Dis 

Child Fetal Neonatal Ed. 107(2): 181–

187. https://doi.org/10.1136/archdis-

child-2020-321397. 

Syam AN, Tihardimanto A, Azis AA, Sari JI, 

Maidina S (2023). Faktor yang ber-

hubungan dengan kejadian hipertensi 

pada ibu hamil. Ibnu Sina: Jurnal 

Kedokteran dan Kesehatan. 22(1): 29-

37. https://doi.org/10.30743/ibnu-

sina.v22i1.305. 

Syböck K, Hartmann B, Kirchengast S 

(2023). Maternal prepregnancy obe-

sity affects foetal growth, birth out-

come, mode of delivery, and mis-

carriage rate in Austrian Women. Int 

J Environ Res Public Health. 20(5): 1-

12. https://doi.org/10.3390/ijerph20-

054139. 

Torres-Torres, J, Espino-y-Sosa S, 

Martinez-Portilla R, Borboa-Olivares 

H, Estrada-Gutierrez G, Acevedo-

https://ejurnal.ung.ac.id/index.php/jjhsr/index
https://ejurnal.ung.ac.id/index.php/jjhsr/index


Fitria et al./ Association Between Hypertension in Pregnancy and Neonatal Head Circumference  

www.thejmch.com  184 

Gallegos S, Ruiz-Ramirez E, et al. 

(2024). A narrative review on the 

pathophysiology of preeclampsia. Int 

J Mol Sci. 25(14): 1-15. https://doi.-

org/10.3390/ijms25147569  

Wahabi H, Elmorshedy H, Amer Y, Saeed 

E, Razak A, Hamama I, Hadid A, et al. 

(2024). Neonatal birthweight 

spectrum: maternal risk factors and 

pregnancy outcomes in saudi arabia. 

Medicina (Lithuania). 60(2): 193. 

https://doi.org/10.3390/medicina60

020193. 

World Health Organization (2025). Hyper-

tension. Geneva: WHO. https://-

www.who.int/news-room/fact-

sheets/detail/hypertension 

Winarsih H (2024). Hubungan hipertensi 

dalam kehamilan dengan kejadian 

bayi berat lahir rendah (BBLR) di 

RSUD Wonosari [Skripsi]. Klaten: 

Universitas Muhammadiyah Klaten. 

repository.umkla.ac.id 

Yang Y, Le Ray I, Zhu J, Zhang J, Hua J, 

Reilly M (2021). Preeclampsia preva-

lence, risk factors, and pregnancy 

outcomes in Sweden and China. 

JAMA Network Open. 4(5): E218401. 

https://doi.org/10.1001/jamanetwork

open.2021.8401.

 

/Users/annisyafitria/Downloads/repository.umkla.ac.id
https://doi.org/10.1001/jamanetworkopen.2021.8401
https://doi.org/10.1001/jamanetworkopen.2021.8401

