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ABSTRACT

Background: Gestational diabetes mellitus (GDM) is a significant pregnancy complication that affects a wide percentage of
pregnant women worldwide. It is crucial to identify predictive markers of GDM such that it can be treated at an early stage
and pregnancy outcomes are improved. This study investigated the predictive role of maternal serum leptin level in early
pregnancy as an indicator of GDM.

Methods: It was a prospective observational study in 100 antenatal women with singleton pregnancy at 11-13 weeks
gestation. Maternal serum leptin was assayed after an overnight fast, and the women were subsequently screened for GDM
using the DIPSI test at 24-28 weeks gestation. Statistical analysis, including ROC curve analysis, was performed to assess
the predictive potential of leptin for GDM.

Results: The study included 100 antenatal women, with a mean age of 21.45 years and a mean BMI of 23.26 kg/mz2. At a
gestational age of 12.08 weeks, the mean pre-leptin level was 6.4 ng/mL. GDM developed in 17% of participants, with a
leptin threshold of 7.1 ng/mL showing high predictive power (AUC = 0.847). The sensitivity and specificity were 70.59%
and 75.90%, respectively, with a PPV of 37.50% and NPV of 92.65%. The overall test accuracy was 75.00%.

Conclusion: Maternal serum leptin levels during early pregnancy are consistent predictors of GDM. The incorporation of
leptin tests into routine prenatal screening can enhance the early detection and management of GDM and result in improved
maternal and foetal outcomes
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1. INTRODUCTION

Gestational diabetes mellitus (GDM) is a significant pregnancy complication that affects approximately 14.7% of pregnant
women globally [1]. GDM is characterized by glucose intolerance that develops or is first recognized during pregnancy,
leading to high blood sugar levels, with potential negative impacts on both fetal and maternal health. Several factors
contribute to the development of GDM, including obesity, being an older mother, a family history of diabetes, and certain
ethnic backgrounds. Identifying predictive markers for GDM is crucial for early intervention and management, ultimately
leading to improved pregnancy outcomes. [2]

Leptin is a polypeptide hormone that is primarily produced by adipocytes and plays a key role in regulating energy balance,
appetite, and metabolism. It is involved in negative feedback between the adipose tissue and the hypothalamic satiety centre,
which helps in body weight regulation. Human plasma leptin is strongly related to body fat mass, potentially reflective of
obesity-associated leptin resistance [3]. Insulin and glucocorticoids are the primary regulators of leptin secretion and
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synthesis, both of which increase in pregnancy to augment plasma leptin, concurrent with increases in maternal lean and fat
mass and pronounced changes in glucose metabolism [4].

Maternal serum leptin concentrations are higher during pregnancy, indicating alterations in maternal fat reserves and
placental secretion. Leptin rises to a peak at approximately 28 weeks of gestation, remains stable afterwards, drops slightly
before delivery, and then drops precipitously after delivery. Nonetheless, the effect of pregnancy and glucose metabolism on
plasma leptin and its physiological role in pregnancy, particularly the variation in plasma leptin concentration between
diabetic and non-diabetic pregnant women, remains incomplete. Recent data indicate that hyperleptinemia during early
pregnancy is associated with the pathogenesis of GDM. This potential correlation emphasizes the importance of determining
the role of leptin in pregnancy and its utility as a predictive biomarker for GDM.[5]

The pathophysiology of GDM is multifactorial coupling between B-cell dysfunction and insulin resistance. During
pregnancy, natural insulin resistance will naturally rise to ensure the provision of glucose to the growing foetus. Natural
insulin resistance, in some women, however, becomes pathologic and leads to GDM. Leptin, with its regulatory effect on
glucose metabolism and insulin sensitivity, may be involved. Elevated levels of maternal serum leptin during early pregnancy
could represent a primary metabolic derangement that predisposes the women to GDM.[6]

Early identification of women at risk for GDM allows timely implementation of lifestyle modification and pharmacologic
interventions to decrease adverse outcomes. Current screening for GDM, typically performed between 24- and 28-weeks’
gestation, may be missing the opportunity for early intervention [7]. Including maternal serum leptin concentrations in early
pregnancy screen tests may enhance predictive value for GDM, allowing earlier diagnosis and treatment. [8]

Understanding the function of maternal serum leptin level during early pregnancy as a predictor for GDM is likely to
contribute to improved maternal and foetal health outcomes. Leptin measurement inclusion into early pregnancy screening
would enable doctors to detect risk in women early enough to intervene proactively in preventing the onset and complications
of GDM. The objective of this longitudinal study was to quantify plasma leptin levels in women with gestational diabetes
during delivery and relate these levels with those in normal pregnant women.[9]

2. MATERIALS AND METHODS

This Prospective observational study aimed to determine whether serum leptin level can be used as a predictor of gestational
diabetes. The study included expectant mothers with a single fetus, less than 13 weeks of gestational age who have not been
diagnosed as GDM or known comorbidities. Women with confirmed diabetes (Type 1 or Type 2), receiving metformin for
polycystic ovary syndrome, Pregnancies involving multiple foetuses, or a history of diabetes in preghancy were excluded
from the study. Approval was obtained from the Institutional Human Ethics Committee. A total of 100 women with singleton
pregnancies presenting in early gestation, specifically between 11-13 weeks, at the antenatal clinic, were included in the
study. Written informed consent was obtained from all participating patients.

Blood specimens were obtained from all participants after overnight fasting. Serum samples were preserved at -80 °C for
subsequent examination. All screened women were requested to return for repeat assessment at 24-28 weeks of gestation to
undergo a DIPSI test for the detection of GDM. For those identified with GDM, previously frozen samples were examined
for serum leptin levels. Additionally, samples from healthy pregnant women were analysed for leptin levels to determine any
potential elevation.

3. RESULTS

The data presented in Table 1 describes the baseline characteristics of pregnant women who were screened for GDM.
Majority of the patients were of age group 21-23 years (39%) followed by 18-20 years (37%) and least were of age group
27-28 years (4%). Among the patients, 78.0% were primigravidas and 22.0% were multigravidas. 83.0% did not develop
GDM, while 17.0% did. For BMI, 7% were underweight, 63% were normal weight, and 30% were overweight. Among the
patients, 77.0% reported no family history of diabetes mellitus, while 23.0% had a family history of the condition.

Table 1: The baseline characteristics of pregnant women who were screened for GDM.

Baseline characteristics Nur_nber of Percentage
patients
18 - 20 yrs. 37 37%
Age
21 - 23 yrs. 39 39%
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24 - 26 yrs. 20 20%
27 - 28 yrs. 4 4%
Primi 78 78.0%
Parity
Multi 22 22.0%
No 83 83.0%
GDM
Yes 17 17.0%
Underweight 7 7.0%
BMI Normal weight 63 63.0%
Overweight 30 30.0%
] ] No 77 77.0%
Family history of
DM
Yes 23 23.0%

The data represented in Table 2 describes the clinical characteristics of study participants. patients' mean age was 21.45 +
1.88 years. The mean Body Mass Index (BMI) was 23.26 + 2.9 kg/m2. Gestational age mean was 12.08 + 0.81 weeks. Mean
systolic blood pressure was 108.45 + 6.84 mmHg, and mean diastolic blood pressure was 77.7 £ 6.94 mmHg. Mean pre-
leptin level was 6.4 + 1.38 ng/mL. Mean value for the Diabetes in Pregnancy Study Group India (DIPSI) test was 118.96 +
23.85 mg/dL.

Table 2: Clinical Characteristics of Study Participants

Mean Standard Deviation

Age 21.45 1.88

BMI 23.26 2.9

GA 12.08 0.81

SBP 108.45 6.84

DBP 7.7 6.94

Pre leptin (ng/mL) 6.4 1.38

DIPSI 118.96 23.85

The data represented in table 3 describes the BMI and family History of Diabetes Mellitus among Patients with GDM.
Among the patients, no underweight individuals developed GDM. Among normal weight individuals, 7.9% developed GDM.
In the overweight group, 40.0% developed GDM. (p<0.0001). Among the 17 patients who were diagnosed as GDM, 12
patients were overweight (70%) which is statistically significant. Among individuals with no family history of DM, 7.8%
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developed GDM. Among those with a family history of DM, 47.8% developed GDM. (p<0.0001). Among the 17 patients
who were diagnosed as GDM, 11 (64.7%) patients had positive family history of DM which is statistically significant.

Table 3: BMI and family History of Diabetes Mellitus among Patients with GDM.

GDM
Yes No P-value
N % N %
Underweight 0 0
(<18 5kg/m?) 0 0.0% 7 100.0%
Normal weight
. 5 7.9% 58 92.1%
BMI (klga;}ﬁz)zz.g <0.0001
Overweight
(23.0-24.9 12 40.0% 18 60.0%
kg/m?)
Family No 6 7.8% 71 92.2%
history  of <0.0001
DM Yes 11 47.8% 12 52.2%

The data represented on table 4 describes the distribution of GDM Cases Based on Pre-Leptin Levels in Early Pregnancy. A
higher portion of women with Pre-Leptin level >7.1 ng/mL developed GDM compared to those with lower leptin levels,
suggesting serum leptin level in early pregnancy in early pregnancy as predictors of GDM.

Table 4: Distribution of GDM Cases Based on Pre-Leptin Levels in Early Pregnancy.

GDM
Yes No
>7.1 12 20
Pre-Leptin (ng/mL)
<=7.1 5 63
Total 17 83

The data represented on table 5 and figure 1 describes the ROC Curve Analysis for Maternal Serum Leptin Levels as a
Predictor of GDM. The ROC curve assessed maternal serum leptin levels in early pregnancy as predictors of GDM. A
threshold of 7.1 ng/mL was identified as optimal, achieving an AUC of 0.847, indicating high predictive accuracy
(p<0.0001). The test showed a sensitivity of 70.59%, correctly identifying 70.59% of women who developed GDM with
leptin levels above 7.1 ng/MI. Specificity was 75.90%, accurately identifying 75.90% of women without GDM with leptin
levels below the cut-off. The positive predictive value (PPV) was 37.50%, indicating 37.50% of high-risk women (leptin >
7.1 ng/mL) developed GDM. The negative predictive value (NPV) was 92.65%, showing 92.65% of low-risk women (leptin
< 7.1 ng/mL) did not develop GDM. Overall test accuracy was 75.00%, reflecting true results (both true positives and true
negatives) in the population.
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Table 5: ROC Curve Analysis for Maternal Serum Leptin Levels as a Predictor of GDM

Cut-off value 7.1
AUC 0.847
P value <0.0001
Sensitivity 70.59%
Specificity 75.90%
PPV 37.50%
NPV 92.65%
Accuracy 75.00%
ROC Curve
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Diagonal segments are produced by ties.
Figure 1: ROC Curve Analysis for Maternal Serum Leptin Levels as a Predictor of GDM.

4. DISCUSSION

GDM poses significant health concerns for mothers as well as newborns, such that early prediction and good control is a
need of urgent imperative. Despite the extent to which GDM is now recognized, there still is no perfect biomarker for
prediction in the early period. This research seeks to bridge the void in literature by examining the predictive value of first-
trimester leptin level on the occurrence of GDM. The ongoing controversy regarding the most predictive biomarker indicates
the need for continuing research to define the function of leptin in the augmentation of the care of GDM and patient outcome.

ROC curve analysis showed robust predictive power for leptin with an AUC of 0.847, which is highly accurate. Cut-point of
7.1 ng/mL serum leptin was highly predictive for GDM, with sensitivity 70.59% and specificity 75.90%. These values
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suggest that leptin is a reliable early indicator of GDM and a practical tool for early diagnosis and intervention. The
significant AUC indicates that leptin is a strong discriminator between those who will develop GDM which is also supported
by Thagaard et al. with an AUC of 0.784 for leptin levels combined with maternal factors, and Florian et al. with an AUC of
0.775, sensitivity of 100%, specificity of 48.9 and (P<0.001). [10,11]

Our findings are consistent with those of some previous research studies describing leptin as a potential GDM biomarker.
Qiu et al., for instance, found that elevated leptin levels in early pregnancy were associated with an increased risk of GDM
there was a significant linear trend of increased risk of GDM with rising maternal plasma leptin levels. [9]

Similarly, Ye et al. noted that leptin was positively related to GDM in pregnant Chinese women.[12], which agrees with our
findings. Similarly, Thagaard et al. also mentioned that higher levels of leptin during the first trimester were correlated with
a higher rate of GDM [10]. In contrast, Kapustin et al. found that leptin levels were higher in women with GDM across all
trimesters, correlating with various metabolic complications. [13] The alignment of our results with those of these studies
suggests that leptin measurement could be integrated into routine prenatal screening protocols to identify women at risk of
GDM early in pregnancy.

Our study had a PPV of 37.50% and NPV of 92.65%. The PPV may be lower owing to the multifactorial nature of GDM,
and a high NPV underscores the utility of leptin in effectively identifying low-risk individuals. Géymen et al. similarly
demonstrated significant findings in their study involving the 75 g oral glucose tolerance test (OGTT) group, where leptin
exhibited sensitivity, specificity, and PPV values of 70%, 55%, and 60.8%, respectively.[14] These results underscore the
importance of leptin as a valuable biomarker in screening protocols for GDM.

However, there have been some conflicting results in some studies. Mohana et al. reported that fasting leptin at 24-28 weeks
of gestation is more closely associated with BMI but is not different between GDM and NGT and does not seem to be a good
predictor for GDM.[15] However, there have been some conflicting results in some studies. Mohana et al. speculated fasting
leptin at 24-28 weeks of gestation to be a stronger correlate with BMI but not significantly different between GDM and NGT
and not found to be a good predictor for GDM.[15] Lifestyle determinants such as diet, exercise, and stress levels that can
influence leptin levels also have to be investigated to ascertain their role in the prediction of GDM. By incorporating these
variables into predictive models, we can develop more accurate and individualized screening regimens, optimizing early
detection and treatment of GDM. [16,17]

Our study offers insights of leptin concentration distribution in women with and without GDM, exhibiting its potential for
screening risk groups and allowing early intervention. Elevated leptin concentrations during pregnancy may warrant vigilant
surveillance, dietary modification, and preventive strategies to avert the risk of GDM. Leptin also affects placental
development, foetal growth, and energy balance, possibly indicating a metabolic derangement that could lead to GDM.
Exploring the link between leptin and GDM can reveal new targets and treatments. [18-20]

5. CONCLUSION

Our study provides comprehensive evidence that maternal serum leptin levels during early pregnancy are a reliable predictor
for gestational diabetes mellitus (GDM). The findings indicate that leptin can effectively identify women at risk of GDM
and provide a valuable tool to detect and treat the condition early. This predictive value is supported by robust statistical tests
and aligns with previous research, indicating the value of adding leptin to routine prenatal screening methods. The ability of
leptin to identify correctly low-risk individuals allows for proper resource allocation and more targeted treatment. Adding
more diverse demographic and clinical variables may enhance the validity and usefulness of leptin as a GDM biomarker.

Future research should aim to fine-tune predictive models with the addition of additional risk factors and concurrent use of
leptin with other biomarkers to enhance early detection and management of GDM. By utilizing the predictive value of leptin,
health workers can implement timely interventions with a subsequent improvement in maternal and foetal health outcomes.

6. LIMITATIONS

The limitations of this study included a smaller group of women which were not representative of a larger population. Narrow
range of demographic population was included in the study. Population that differs in locality, socioeconomic status was not
sampled. Confounding factors were present and high cost for testing of Serum Leptin levels were notable challenges
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