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Background: Maternal obesity is a developing worldwide health
issue and has been linked to determine an important change on
intrauterine fetal growth pattern. The available literature shows
contradictory reports, where some show an overgrowth of the fetus
(macrosomia), others show limited or disproportionate fetal growth
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among obese mothers. The objective of the current research was to
compare fetal biometric measures between obese and non-obese
nulliparous expectant women as well as to determine how the body
mass index (BMI) of the mother affects fetal growth.

Aims: To evaluate the relationship between maternal obesity and
fetal growth in nulliparous pregnancies.

Methods: The study was an observational, comparative, cross-
sectional research involving 90 nulliparous women who had
singleton pregnancies and were aged 20-30 weeks of gestation (45

obese (BMI > 30 kg/m?) and 45 non-obese(BMI < 30 kg/m?)) with
singleton pregnancies. Qualified sonographers took standardized
ultrasonographic measurements, such as biparietal diameter (BPD), head circumference (HC),
abdominal circumference (AC), and femur length (FL) and estimated fetal weight (EFW). The SPSS
29 version was used to analyze data. Independent samples t-tests were used to compare different
groups and calculate descriptive statistics. Correlation and multiple regression were done to establish
the correlation between maternal BMI, gestational age and fetal biometric measures. The p-value of
less than 0.05 was regarded as significant.

Results: Obese and non-obese groups were subjected to descriptive analysis to determine the
distribution of fetal biometric parameters as biparietal diameter (BPD), head circumference (HC),
abdominal circumference (AC), femur length (FL), and estimated fetal weight (EFW). The mean
values were as below in the group with obesity: BPD = 5.62 +- 0.66 cm, HC = 21.20 +- 1.83 cm, AC
= 18.48 +- 1.77 cm, FL = 3.57 +- 0.71 cm, and EFW = 556.20 +- 220.19 g. In the non-obese group,
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the same means were a little higher: BPD = 5.89 +- 0.79 cm, HC = 21.65 +- 2.69 cm, AC = 19.24 +-
2.76 cm, FL = 4.22 +- 0.69 cm and EFW = 675.11 +- 305.12 g. Descriptive summary shows that all
the fetal biometric parameters were greater in the non-obese group, but the level of difference was
more eminent in the length of the femur and estimated weight of the fetus.

Conclusion: This research indicates that the larger the maternal BMI among the nulliparous women,
the shorter the length of the femur and the lower the estimated fetus weight when the gestational
age is controlled. The results indicate that maternal obesity can have a modification in the growth
pathways of the fetus and could end up in the possibility of limited or asymmetric development and
not necessarily universal macrosomia. These findings highlight the significance of personal fetal
growth tracking during pregnancy in obese pregnancies to detect anomalies in normal growths. More
extensive, longitudinal and multicentric research to include placenta and metabolite variables is
suggested to clarify the mechanisms behind the changes in fetal biometry as a result of obesity.

INTRODUCTION

Correct evaluation of fetal growth helps you track gestational age, growth patterns, and emerging
problems. Ultrasound is the main tool. Modern machines improved accuracy, which supports better
decisions during pregnancy. Maternal obesity affects fetal growth and affects the quality of
ultrasound imaging. Obesity in pregnancy means a BMI higher than 30 before conception. Rates
continue to rise in many regions. Obesity increases the risk of gestational diabetes, preeclampsia,
thrombosis, and cesarean delivery. It also alters placental function through abnormal glucose and
lipid metabolism. This can cause either macrosomia or fetal growth restriction. Both patterns
complicate management and increase the need for reliable biometric monitoring. Standard fetal
biometry includes biparietal diameter, head circumference, abdominal circumference, and femur
length. Abdominal circumference reflects fetal nutrition, head measurements reflect
neurodevelopment, and femur length reflects skeletal growth. In obese women, thick adipose tissue
weakens ultrasound penetration. This reduces image clarity and increases the chance of
measurement error. Studies show mixed results when comparing fetal biometry between obese and
non-obese mothers. Nulliparous women face higher risks of prolonged labor, operative delivery, and
hypertensive disorders. When obesity and nulliparity coexist, the risk of cesarean section, labor
dystocia, shoulder dystocia, and neonatal complications increases. Few studies focus only on
nulliparous women, so the impact of obesity on fetal biometry in this group is unclear.

Ultrasound remains the main imaging method, but its accuracy depends on operator skill and
machine quality. Incorrect weight estimation can lead to unnecessary inductions or delayed
intervention. Reliable measurements help you plan delivery and guide monitoring. Understanding
how obesity alters fetal biometry supports better clinical guidelines. It helps you adjust growth charts,
increase scan frequency when needed, and avoid misclassification of fetal growth. Macrosomia
increases the risks of birth trauma and neonatal metabolic issues. Fetal growth restriction increases
perinatal morbidity. Precise biometry helps manage both risks. Obesity also carries psychosocial
effects. Many obese women report stigma in healthcare settings. Nulliparous women often
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experience more anxiety, so inconsistent measurements can increase stress. Clear understanding and
improved practice improve both clinical outcomes and patient experience.

WHO classifies obesity into three classes based on BMI. Higher obesity classes carry higher risks of
stillbirth, congenital anomalies, and long-term metabolic problems in children. Imaging becomes
harder as BMI increases. Maternal adiposity also influences fetal growth through metabolic and
hormonal pathways. Nulliparous women may be more vulnerable because they have no prior
pregnancy adaptations. Evidence remains limited on how different obesity classes affect fetal
biometry in nulliparous women. The exact influence on biparietal diameter, head circumference,
abdominal circumference, and femur length remains uncertain.

This study aims to compare fetal biometry between obese and non-obese nulliparous women. It
explores how maternal obesity affects growth estimation and clinical decisions. It also examines
whether obesity always alters biometry or whether the effect varies. The goal is to support better
growth models and improve antenatal management for pregnancies affected by maternal obesity.
AIM AND OBJECTIVES

To compare the fetal biometric measures of obese and non-obesity nulliparous pregnant women
(Biparietal Diameter, Abdominal Circumference, Femur Length, and Head Circumference).

To evaluate the relationship between maternal obesity and fetal growth in nulliparous pregnancies.

METHODOLOGY

This study used an observational comparative cross-sectional approach and was conducted at Sardar
Bibi Hospital, Lahore. A total of 90 participants were included, with 45 women in each group. Non-
probability purposive sampling was used to recruit women who met the inclusion criteria. The study
duration was nine months. Eligible participants were nulliparous pregnant women between 20 and
30 weeks of gestation. Women with BMI above 30 were placed in the obese group and women with
BMI below 30 were placed in the non-obese group. Written informed consent was required. Women
were excluded if they had multiple pregnancies, were younger than 18 or older than 35, had
preexisting medical conditions, pregnancy complications, fetal abnormalities, or were unable to
provide consent. All ethical requirements were followed. Privacy, confidentiality, and anonymity
were maintained. Participants were informed of their rights and could withdraw at any time. After
consent, height and weight were recorded to calculate BMI. Trained sonographers performed
transabdominal ultrasound to measure femur length, head circumference, abdominal circumference,
and biparietal diameter. Image quality was documented, and maternal comorbidities such as
hypertension or gestational diabetes were noted. Data was stored securely.

RESULTS

This study included a total of 90 pregnant women equally distributed into two groups: 45 obese and
45 non-obese participants. The participants were between 18 and 35 years of age, representing the
normal reproductive age group. The gestational age ranged from 20 to 30 weeks, corresponding to
the mid-to-late second trimester. All participants were nulliparous and had singleton pregnancies.
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The inclusion criteria were designed to ensure that both groups were comparable in terms of
gestational age and parity, thereby minimizing the influence of confounding factors on fetal growth.
Descriptive analysis was performed to determine the distribution of fetal biometric parameters,
including biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC),
femur length (FL), and estimated fetal weight (EFW). The mean values for the obese group were as
follows: BPD = 5.62 + 0.66 cm, HC = 21.20 + 1.83 cm, AC = 18.48 + 1.77 cm, FL=3.57 + 0.71 cm,
and EFW = 556.20 + 220.19 g. In the non-obese group, the corresponding mean values were slightly
higher: BPD = 5.89 + 0.79 cm, HC = 21.65 + 2.69 cm, AC = 19.24 + 2.76 cm, FL = 4.22 + 0.69 cm,
and EFW =675.11 + 305.12 g. The descriptive summary indicates that all fetal biometric parameters
were higher in the non-obese group, with the most pronounced differences observed in femur length
and estimated fetal weight.

Independent t-tests were conducted to compare fetal biometric parameters between the obese and
non-obese groups. Femur length (FL) and estimated fetal weight (EFW) were significantly greater
among the non-obese women (p < 0.001 and p = 0.037, respectively). However, no statistically
significant differences were observed in biparietal diameter (BPD) (p = 0.084), head circumference
(HC) (p = 0.355), or abdominal circumference (AC) (p = 0.124).

Correlation analysis revealed a moderate negative relationship between maternal BMI and femur
length (r = -0.345, p = 0.001) and a weak but significant negative relationship between maternal
BMI and fetal abdominal circumference (r = -0.214, p = 0.043), indicating that higher maternal
BMI was associated with reduced fetal growth in these parameters. Regression analysis demonstrated
that gestational age was the most significant positive predictor of fetal weight (B = 95.76, p < 0.001),
while maternal BMI had a significant negative effect (B = -10.27, p = 0.003). This implies that an
increase of one unit in BMI was associated with an approximate 10 g reduction in fetal weight.
Overall, these findings suggest that maternal obesity negatively influences certain fetal biometric
measurements, reflecting possible intrauterine growth restriction patterns.

Table 4.1: Comparison of fetal biometric parameters between obese and non-obese pregnant

women.

Variable Obese (Mean + SD) 1:];11;)0 bese (Mean t-statistic p-value
BPD (cm) |[5.62 +0.66 5.89 +0.79 -1.748 0.084
HC (cm) [21.20+ 1.83 Rres+269  [0.930 0.355
AC (cm) 18.48 + 1.77 19.24 £2.76 -1.554 0.124
FL (cm) 3.57+0.71 422 +0.69 -4.383 <0.001
EFW (g) 556.20 +220.19 675.11 £305.12 |}2.120 0.037
Interpretation:
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Femur Length (FL): Significantly higher in non-obese group (p < 0.001).
Estimated Fetal Weight (EFW): Significantly higher in non-obese group (p = 0.037).
BPD, HC, and AC: No statistically significant differences (p > 0.05).
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Figure 4.1 : Box plot showing BPD distribution among obese and non obese pregnant women.
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Figure 4.2: Box plot showing HC distribution among obese and non-obese pregnant women.
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Figure 4.3: Box plot showing AC distribution among obese and non-obese pregnant women
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Figure 4.4: Box plot showing FL distribution among obese and non-obese pregnant women
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Figure 4.5: Box Plot showing comparison of EFW between obese and non obese pregnant

women.
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For each fetal parameter:

BPD (cm) — overlap, no significant difference.

HC (cm) — overlap, no significant difference.

AC (cm) — slightly higher in non-obese, not significant.

FL (cm) — visibly higher in non-obese, significant (p < 0.001).
EFW (g) — higher in non-obese, significant (p = 0.037).

Table 4.2: Correlation between maternal BMI and fetal biometric parameters

Variable Correlation (r) p-value
BPD -0.162 0.127
HC -0.155 0.144
AC -0.214 0.043
FL -0.345 0.001
EFW -0.192 0.071
Interpretation:
Interpretation:

Femur length (FL) shows a moderate negative correlation with BMI (r = -0.345, p < 0.001).
Abdominal circumference (AC) has a weak but significant negative correlation (r = -0.214, p =
0.043).

BPD, HC, and EFW show negative but non-significant correlations.

These findings suggest that higher maternal BMI is associated with reduced fetal growth, particularly
in femur length and abdominal circumference.

Regression Model
Dependent variable: Estimated Fetal Weight (EFW)
Predictors: Maternal BMI + Gestational Age

Table 4.3: Multiple linear regression analysis predicting estimated fetal weight (EFW)

‘Predictor HCoefﬁcient (B)Ht—value Hp—value H95% Cl |
(Constant F142201  J6.57 l<0.001  [[1852.26,-991.76 |
[BMI 1027 13.01 [0.003 17.05,-3.49 |
Gestational Age |+95.76 [12.34 I<0.001  |[+80.34,+111.19 |
Model Fit:

RZ = 0.65 (65% of variance in EFW explained by BMI + gestational age)
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F(2,87) = 80.70, p < 0.001 — Model is highly significant.

Interpretation:

Gestational age is the strongest predictor: for every one-week increase, fetal weight rises by
approximately 96 g.

Maternal BMI has a significant negative influence: each unit increase in BMI reduces fetal weight by
about 10 g.

Together, both predictors explain a substantial portion of the variation in fetal weight.
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Figure 4.6: Regression plot of the interacting effect of maternal BMI and gestational age on
EFW. The plot shows that gestational age is rapidly correlated with an increase in fetal weight
whereas high BMI is correlated with a small decrease in fetal weight.

Summary of Findings:
Group Comparison: Non-obese mothers had significantly higher femur length and estimated fetal
weight.

Correlation Analysis: Higher maternal BMI was associated with lower fetal femur length and
abdominal circumference.
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Regression Analysis: After adjusting for gestational age, higher BMI independently predicted lower
fetal weight.

Overall, the findings indicate that maternal obesity has a modest but significant negative effect on
certain fetal growth parameters, primarily femur length and estimated fetal weight.

Relationship between BMI and BPD_cm
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Figure 4.7: Scatter plot of a weak negative relationship between BMI of the mother and
Biparietal Diameter (BPD) and no statistically significant correlation (p > 0.05).

1256


https://pakjmcr.com/index.php/1/about

ol. 4 No. 4 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakimcr.com/index.php/1/about

Online ISSN Print ISSN

Ghulam et al - 2025 3007-2387 3007-2379

Relationship between BMI and HC_cm
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Figure 4.8: Scatter plot of maternal BMI indicating Head Circumference (HC). There is a slight
negative slope although there is no significant correlation.
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Figure 4.9: The Scatter plot has a weak negative significance relationship between BMI and
Abdominal Circumference (r = 0.214, p = 0.043), which implies that, the greater maternal
BMI, the smaller the fetal abdominal circumference.
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Figure 4.10: Scattered plot illustrating a moderate negative relationship between BMI and

Femur Length (r = 0.345, p <0.001), with higher BMI of maternal being correlated with lower
fetal femur growth.
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Figure 4.11: Scatter plot showing that BMI and Estimated Fetus weight have a negative yet non
significant association (r = 0.192, p = 0.071), indicating that there is a negative trend that is not
statistically significant.

(BMI vs fetal measures) with regression lines:
BPD & HC — slight negative slope, but not statistically significant.
AC — weak negative trend, consistent with significant negative correlation (p = 0.043).
FL — clear negative slope, significant (p < 0.001).
EFW — slight downward trend, not significant.
These scatter plots visually confirm that higher maternal BMI is linked to lower FL and AC.
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DISCUSSION

The study tested how maternal obesity affects fetal biometry in nulliparous women. Femur length
and estimated fetal weight showed significant differences between obese and non obese mothers.
BPD, HC, and AC did not show meaningful differences. Higher maternal BMI had a moderate
negative correlation with femur length and a weak negative correlation with abdominal
circumference. Regression analysis showed that maternal BMI was a strong negative predictor of
fetal weight even after adjusting for gestational age. These findings suggest that obesity can restrict
some aspects of fetal growth, especially skeletal growth and overall weight. The results only partly
match earlier large studies such as Santos et al. Those studies linked obesity with larger fetal size. In
contrast, this study found reduced femur length and fetal weight in obese women. Differences in
population, diet, ethnicity, and the focus on nulliparous women may explain the variation. Other
studies have also reported that obesity can produce mixed fetal growth patterns that depend on
placental and metabolic conditions. Large cohort studies often report higher rates of large for
gestational age fetuses in obese women. This study showed the opposite trend. Measurement
limitations in obese women may also reduce accuracy and influence results. Overall, the findings
support the idea that maternal obesity can lead to inconsistent fetal growth outcomes. Some fetuses
grow larger, while others show restricted or uneven growth due to placental inefficiency or metabolic
issues.

The study highlights that maternal obesity affects fetal growth in complex ways and that nulliparous
women may be more vulnerable. Individualized monitoring is important because the effects of
obesity vary across pregnancies.

CONCLUSIONS

The present study examined the effects of maternal obesity on fetal biometric measurements in
nulliparous pregnant women. The findings revealed that maternal obesity has a measurable impact
on certain aspects of fetal development, particularly femur length (FL) and estimated fetal weight
(EFW), both of which were significantly lower among obese mothers compared to their non-obese
counterparts. Although no significant differences were observed in biparietal diameter (BPD), head
circumference (HC), or abdominal circumference (AC), the negative correlations between maternal
BMI and both FL and AC suggest that increased maternal adiposity may adversely influence fetal
skeletal and soft tissue growth.

Regression analysis further confirmed that maternal BMI was a significant negative predictor of fetal
weight, independent of gestational age. These results indicate that higher maternal BMI does not
consistently stimulate fetal overgrowth; rather, it may contribute to fetal growth restriction.

The study supports the hypothesis that maternal obesity affects fetal development through
mechanisms such as placental dysfunction, impaired uteroplacental perfusion, and altered fetal
metabolism—ultimately disrupting the supply of oxygen and nutrients to the fetus. These findings
are consistent with those reported by Briese et al. (2018), Morales et al. (2020), and Gaillard et al.
(2016), who similarly observed that maternal obesity can lead to abnormal fetal growth patterns due
to placental and metabolic dysregulation. It is important to note that fetal alterations associated with
maternal obesity may vary: in some cases resulting in macrosomia, while in others manifesting as
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limited or asymmetric fetal growth, particularly in nulliparous women where uterine vascular
remodeling has not yet occurred.

LIMITATIONS

Despite providing valuable insights into the relationship between maternal obesity and fetal
biometry, the current study has several limitations:

Sample Size: Although 90 participants were adequate for statistical analysis, a larger sample size
would enhance the external validity and generalizability of the findings.

Single-Center Study: Conducting the research in a single center limits the applicability of results to
broader populations; however, this approach ensured consistency in ultrasound methodology and
data collection.

Cross-Sectional Design: Since fetal biometry was measured at a single point in gestation, the study
could not assess longitudinal growth trends. Future research using a longitudinal design could better
capture dynamic changes in fetal development across pregnancy.

RECOMMENDATIONS

Based on the study findings and identified limitations, the following recommendations are proposed:
Expand Sample Size: Future studies should include a larger number of participants to improve the
representativeness and generalizability of results across diverse populations and ethnic groups.
Multicenter Collaboration: Conducting multicentric research across different hospitals and regions
would yield more comprehensive data and facilitate the comparison of maternal and fetal
characteristics across populations.

Longitudinal Study Design: Future investigations should adopt a longitudinal approach, assessing
fetal biometry across multiple trimesters to evaluate the progression of growth in relation to maternal
obesity.

Clinical Integration: Regular and detailed monitoring of fetal growth in obese pregnant women—
especially nulliparous women—should be incorporated into antenatal care protocols to enable early
detection and management of potential growth abnormalities.
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