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Abstract 

Introduction: 

Gestational diabetes mellitus, characterized by glucose intolerance during pregnancy, poses 

heightened risks to both the mother and fetus. It emerges due to increased insulin resistance 

during pregnancy. Adipose tissue plays a vital role in regulating various biological processes 

through the secretion of adipokines, which influence both pregnancy and the development of 

gestational diabetes. Hyperlipidemia, a well-known contributor to atherosclerosis, directly 

impacts the onset of cardiovascular diseases. Pregnancy leads to an increase in serum levels of 

total cholesterol and triglycerides, driven by increased levels of hormones such as estrogens, 

progesterone and lactogen.   

Material and Methods:  

This study presents prospective clinical research involving 65 individuals, excluding 6 patients 

with spontaneous abortion. A total of 59 patients were incorporated into the statistical analysis. 

The patients underwent three follow-up visits. During the initial visit, the participants were 

enrolled in the study; all of them were healthy individuals in the first trimester of pregnancy. In 

the second visit, an oral glucose tolerance test (OGTT) with 75 grams of glucose was conducted 

between 24 and 28 weeks of gestation, and the patients were categorized. Patients exhibiting a 

positive OGTT were diagnosed with gestational diabetes. The third visit occurred in the third 

trimester of gestation. 

Results:  

Gestational diabetes mellitus was registered in 14 (23.73%) patients. Body mass index had 

significantly higher values in the group with gestational diabetes (34.59 ± 3.9 vs 29.95 ± 5.4 

kg/m2, p=0.0044). The comparison of the two groups regarding the lipid status presented 

significantly higher triglycerides in the group with gestational diabetes (4.01 ± 2.3 vs 2.62 ± 0.9, 

(p=0.0017). The other parameters of lipid status were similar between the two groups. In both 

groups, the changes in glucose parameters were statistically insignificant in the third, compared 

to the first trimester of pregnancy. 

Conclusion: Dyslipidemia during pregnancy is a common but complex condition with 

consequences for both the mother and the fetus.  
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Introduction 
Gestational diabetes mellitus (GDM) is a form of glucose intolerance that develops during 

pregnancy, with a global prevalence of 17.8% (1). It results from increased insulin resistance 

driven by hormonal changes and adipokine activity from maternal adipose tissue (1). Women 

with GDM face a two- to threefold increased risk of developing type 2 diabetes later in life, 

while their offspring are predisposed to obesity and metabolic disorders. Risk factors include 

obesity, advanced maternal age, family history of diabetes, polycystic ovarian syndrome, 

hypertensive disorders and prior poor pregnancy outcomes (2). Obesity-associated inflammation 

and placental cytokines play a key role in disease onset. GDM is linked to maternal 

complications such as preeclampsia, gestational hypertension and cesarean delivery, and fetal 

risks including macrosomia, shoulder dystocia, congenital anomalies, neonatal hypoglycemia 

and increased NICU admissions (2,3). 

Physiological changes in lipid metabolism during pregnancy lead to a progressive increase in 

total cholesterol, triglycerides and low-density lipoprotein cholesterol (LDL), peaking in the 

third trimester (4,5). While these changes support fetal development, excessive lipid levels—

particularly in women with high BMI or preexisting dyslipidemia—may worsen maternal 

endothelial dysfunction and contribute to pregnancy complications such as preeclampsia (6–8). 

Despite their potential impact, lipid levels are not routinely monitored during pregnancy. 

Understanding the interplay between glucose and lipid metabolism in pregnancy is crucial, 

particularly in high-risk populations.  

Therefore, this study aims to determine whether there is a significant difference in lipid and 

glucose profiles between patients with gestational diabetes and healthy patients. 

 

Material and Methods 

 

This prospective clinical study was performed at the University Clinic for Endocrinology, 

Diabetes and Metabolic Diseases in Skopje, Republic of North Macedonia, for a 12-month 

duration, from March 2022 to March 2023. The main aim of the study was to evaluate metabolic 

alterations throughout pregnancy, specifically regarding the onset of gestational diabetes mellitus 

(GDM) and related biochemical indicators.  

Study Cohort  

The study initially recruited 65 clinically healthy pregnant women in their first trimester. The 

inclusion criteria were singleton pregnancies, no pre-existing diabetes or metabolic disorders, 

and consent to participate in all phases of the trial. Individuals with chronic conditions, numerous 

gestations, or those who did not attend follow-up appointments were omitted. From the initial 

cohort, six patients experienced spontaneous abortions during the study and were therefore 

eliminated from the final statistical analysis. Consequently, the ultimate study cohort consisted of 

59 patients.  

Research Methodology and Subsequent Monitoring  

Participants were prospectively monitored during three clinical visits corresponding to the first, 

second, and third trimesters of pregnancy.  

Initial Consultation (First Trimester): This appointment occurred during the early stage of 

gestation (gestational age ≤13 weeks). Comprehensive demographic and medical history were 



documented for each participant, encompassing age, gestational age, gravidity, parity and 

familial diabetes history. Baseline laboratory assessments were conducted, encompassing fasting 

plasma glucose (FPG), fasting insulin levels and serum lipid profile (triglycerides, total 

cholesterol, high-density lipoprotein [HDL] and low-density lipoprotein [LDL].   
During the second visit, occurring between the 24th  and 28th  week of gestation, all participants 

underwent an oral glucose tolerance test (OGTT) utilizing a 75-gram glucose load, in line with 

the standards established by the International Association of Diabetes and Pregnancy Study 

Groups (IADPSG) and the World Health Organization (WHO) in 2013. Patients were 

categorized into two groups based on the OGTT results: those diagnosed with gestational 

diabetes mellitus (GDM) and those exhibiting normal glucose tolerance (NGT).  

• Third Visit (Third Trimester): The final clinical assessment occurred during the third trimester 

(gestational age ≥30 weeks). During this visit, laboratory tests were conducted again, 

encompassing fasting plasma glucose, fasting insulin levels and blood lipids (triglycerides, total 

cholesterol, HDL, LDL). The readings were compared to the baseline (first trimester) data to 

assess metabolic changes throughout pregnancy.  

Data Acquisition and Biochemical Assessment  

All biochemical assays were conducted in the clinic's central laboratory utilizing standardized 

enzymatic and immunoassay techniques. Blood samples were collected following a minimum 

overnight fast of 8 hours. Glucose concentrations were assessed with the hexokinase technique. 

Insulin was quantified using chemiluminescent immunoassay, whereas lipid parameters were 

assessed by enzymatic colorimetric methods. 

Statistical Analysis 
The statistical analysis of the data obtained from the study was performed using the statistical 

program SPSS 23.0. Shapiro Wilk's test was used to test the normality of the data distribution. 

The obtained data are presented in tables and graphs. 

Categorical (attribute) variables are presented with absolute and relative numbers. Numerical 

(quantitative) variables are presented with mean, standard deviation, minimum and maximum 

values. 

Student t-test for independent samples was used to compare the two groups. 

Student t-test for dependent samples was used to test the difference in changes in the analyzed 

parameters in the third versus the first trimester of pregnancy. 

Statistical significance was defined at the level of p<0.05. 

 

Results 

 

The occurrence of gestational diabetes mellitus was registered in 14 (23.73%) patients. With and 

without gestational diabetes were homogeneous in terms of age, i.e., patients from both groups 

had similar ages (31.4 ± 4.2 vs 30.0 ± 4.7 years; t=1.01 p=0.0044). 

The body mass index had significantly higher values in the group with gestational diabetes 

(34.59 ± 3.9 vs 29.95 ± 5.4 kg/m2, p=0.0044). 

 

Table 1. Age and body mass index of the patients with and without gestational diabetes. 

Variable Gestational Diabetes p-level 

yes 

 

no 

 

Age (years)    



mean ±. SD 

Min - max 

31.4 ± 4.2  

24 – 39  

30.0 ± 4.7  

20 – 39  

t=1.01 

p=0.32 

BMI (kg/m2) 

mean ± SD 

Min - max 

34.59 ± 3.9 

 

29.8 – 41.1 

29.95 ± 5.4 

 

22.4 – 44  

t=2.96 

 

**p=0.0044 

 

 

The values are shown with mean ± SD, min-max 

BMI: body mass index 

T (Student t-test for independent samples) 

**sig p<0.01 
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Graph 1. Graphical presentation of average BMI in patients with/without Gestational diabetes. 

 

Patients with and without gestational diabetes did not differ significantly in terms of glucose 

status: they had similar values of insulin (13.67 ± 6.9 vs 14.49 ± 9.9, p=0.77), fasting plasma 

glucose (4.80 ± 0.5 vs 4.54 ± 0.4, p=0.06), and HbA1c (5.22 ± 0.4 vs 5.25 ± 0.3, p=0.76). 

 

Table 2. Insulin, glycaemia and HbA1c in patients with and without gestational diabetes. 

variable Gestational Diabetes p-level 

yes 

 

no 

Insulin 

mean ±. SD 

Min - max 

 

13.67 ± 6.9 

6.22 – 27.41 

 

14.49 ± 9.9 

3.63 – 51.88  

 

t=0.3 

p=0.77 

Glycaemia 

mean ±. SD 

 

4.80 ± 0.5 

 

4.54 ± 0.4 

 

t=1.9 



Min - max 4.05 – 5.8  3.6 – 5.65 p=0.06 

HbA1c 

mean ±. SD 

Min - max 

5.22 ± 0.4 

 

4.32 – 6.12 

5.25 ± 0.3 

 

4.43 – 6.04 

t=0.29 

 

p=0.76 

The values are shown with mean ± SD, min-max 

T (Student t-test for independent samples) 
 

Comparison of the two groups in terms of lipid status presented significantly higher triglycerides 

in the group with gestational diabetes (4.01 ± 2.3 vs 2.62 ± 0.9, p=0.0017). Other lipid status 

parameters were similar between the two groups: total cholesterol was insignificantly higher in 

the group with gestational diabetes (7.13 ± 1.02 vs 7.13 ± 1.02, p=0.068); HDL had 

insignificantly lower values in the group with gestational diabetes (1.72 ± 0.4 vs 1.77 ± 0.4, 

p=0.68); LDL was insignificantly higher in the group with gestational diabetes (4.04 ± 1.1 vs 

3.95 ± 0.98, p=0.3). 

 

Table 3.  Comparison of the two groups in terms of lipid status. 

variable Gestational Diabetes p-level 

yes 

 

no 

 

Triglycerides 

mean ±. SD 

Min - max 

 

4.01 ± 2.3 

1.95 – 10.82  

 

2.62 ± 0.9 

0.98 – 5.61 

 

t=3.3 

**p=0.0017 

Total cholesterol 

mean ±. SD 

Min - max 

 

7.13 ± 1.02 

5.67 – 9.46 

 

6.51 ± 1.1 

4.36 – 9.07 

 

t=1.9 

p=0.06 

HDL 

mean ±. SD 

Min - max 

 

1.72 ± 0.4 

1.11 – 2.56  

 

1.77 ± 0.4 

0.99 – 2.7  

 

t=0.4 

p=0.68 

LDL 

mean ±. SD 

Min - max 

 

4.04 ± 1.1 

1.28 – 5.65  

 

3.95 ± 0.98 

2.34 – 6.41  

 

t=0.3 

p=0.8 

The values are shown with mean ± SD, min-max  

HDL: high-density lipoprotein, LDL: low-density lipoprotein. 

t (Student t-test for independent samples) 

**sig p<0.01 
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Graph 2. Graphical presentation of average triglycerides in patients with/without Gestational 

diabetes. 

In both groups, changes in glucose parameters were statistically insignificant in the third 

trimester of pregnancy compared to the first trimester, while all lipid status parameters were 

significantly higher. 

Greater changes in lipid status were registered in the group with gestational diabetes, except for 

the LDL parameter: the average change for triglycerides was 2.397 vs 1.34, for total cholesterol 

2.17 vs 1.79, for HDL 0.27 vs 0.17. 

 

Table 4.  Change in clinical parameters. 

 variable 1 3 difference p-level 

  GD Insulin 14.36 ± 5.1 13.67 ± 6.9 0.698 t=0.3   p=0.77 

Glycaemia 4.84 ± 0.6 4.80 ± 0.5 0.038 t=0.2   p=0.86 

HbA1c 5.29 ± 0.3 5.22 ± 0.4 0.077 t=0.8   p=0.42 

Triglycerides 1.61 ± 0.6 4.01 ± 2.3 2.397 t=3.7  **p=0.0025 

Total 

cholesterol 

4.96 ± 1.1 7.13 ± 1.0 2.17 t=7.0   

***p=0.000009 

HDL 1.45 ± 0.2 1.72 ± 0.4 0.27 t=2.2   *p=0.048 

LDL 2.98 ± 0.7 4.04 ± 1.1 1.05 t=3.7   **p=0.0028 

Weight 86.0 ± 10.5 92.14 ± 11.5 6.14 t=6.4   ***p=0.00002 

BMI 31.93 ± 3.7 34.59 ± 3.9 2.66 t=4.6   ***p=0.0005 

Without 

GD  

Insulin 12.96 ± 7.6 14.49 ± 9.9 1.53 t=1.3   p=0.19 

Glycaemia 4.68 ± 0.5 4.54 ± 0.4 0.139 t=1.8   p=0.08 

HbA1c 5.23 ± 0.2 5.25 ± 0.3 0.026 t=0.5   p=0.63 

Triglycerides 1.26 ± 0.8 2.62 ± 0.9 1.34 t=9.3   

***p=0.000000 

Total 

cholesterol 

4.71 ± 0.98 6.51 ± 1.1 1.79 t=9.8  *** 

p=0.000000 

HDL 1.59 ± 0.4 1.77 ± 0.4 0.17 t=2.9   **p=0.005 

LDL 2.73 ± 0.8 3.95 ± 0.98 1.22 t=7.3   

***p=0.000000 



Weight 72.04 ± 15.1 81.0 ± 14.7 8.95 t=14.4  

***p=0.000000 

BMI 26.70 ± 5.4 29.95 ± 5.4 3.24 t=11.3  *** 

p=0.000000 

The values are shown with ± SD, min-max 

HDL: high-density lipoprotein, LDL: low-density lipoprotein; BMI: body mass index 

t (Student t-test for dependent samples) 

*sig p<0.05; **sig p<0.01; ***sig p<0.0001 

 

Discussion 

 

This prospective study demonstrated a correlation between glucose and lipid status in patients 

with gestational diabetes and healthy pregnant patients. The age at conception was comparable 

between the two groups, reinforcing the established understanding that, in addition to maternal 

age, other major risk factors for GDM include family history and obesity (9). Our findings 

confirmed that the body mass index was significantly higher in the group of patients with 

gestational diabetes compared to the group of healthy subjects. The analysis of insulin, fasting 

plasma glucose and HbA1c in the third trimester of pregnancy between the group of patients 

with gestational diabetes and the group of healthy subjects did not differ significantly in terms of 

glucose status: they had similar values of insulin (13.67 ± 6.9 vs 14.49 ± 9.9, p=0.77), fasting 

plasma glucose (4.80 ± 0.5 vs 4.54 ± 0.4, p=0.06), and HbA1c (5.22 ± 0.4 vs 5.25 ± 0.3, p=0.76). 

Even in the group of patients with diagnosed gestational diabetes, there is a slightly lower value 

of HbA1c, that may reflect the effects of early diagnosis and adherence to a prescribed regimen 

including dietary modifications, physical activity, and pharmacological therapy, contributing to 

better glycemic control. 

Comparing the two groups of patients with gestational diabetes to the group of healthy 

participants in the third trimester of pregnancy revealed that the gestational diabetes group 

exhibited significantly elevated triglyceride levels. Other lipid status parameters were 

comparable between the two groups: total cholesterol was marginally elevated in the gestational 

diabetes group (7.13 ± 1.02 vs 7.13 ± 1.02, p=0.068); HDL levels were slightly reduced in the 

gestational diabetes group (1.72 ± 0.4 vs 1.77 ± 0.4, p=0.68); LDL was marginally higher in the 

gestational diabetes group (4.04 ± 1.1 vs 3.95 ± 0.98, p=0.3). The significant longitudinal 

increase in triglycerides and the insignificantly elevated total cholesterol and LDL in the 

gestational diabetes group align with the findings of Farias et al. (10), which demonstrated a 

linear increase in total cholesterol, LDL and triglycerides with advancing gestational weeks. 

Only HDL has the highest value throughout the third trimester before commencing a drop.  

The study by Lippi et al. showed that gestational age markedly affected lipid parameters, with 

women in their second and third trimesters showing significantly elevated levels of total 

cholesterol, low-density lipoprotein cholesterol and triglycerides (11). Likewise, Alvarez et al. 

observed that triglyceride and cholesterol concentrations escalated across all lipoprotein fractions 

as pregnancy advanced (12). 

A study was conducted to analyze the correlation of glucose parameters, including insulin, 

fasting plasma glucose and HbA1c, between the first and third trimesters of pregnancy. The 

results showed no significant difference in glucose parameters in the third trimester compared to 

the first trimester, while all lipid status parameters were significantly higher. The lack of 

significant difference in glucose parameters may be attributed to the introduced treatment, 



dietary changes, and increased physical activity. Greater changes in lipid status were observed in 

the group with gestational diabetes compared to healthy subjects, except for the LDL parameter. 

The average change for triglycerides was 2.397 vs 1.34, for total cholesterol 2.17 vs 1.79, and for 

HDL 0.27 vs 0.17. Increased body weight and obesity are serious risk factors for gestational 

diabetes, and patients with gestational diabetes have a higher lipid profile, especially 

triglycerides, compared to healthy subjects. It is essential to consider the physiological increase 

in total cholesterol by 25-50%, LDL by 60% and triglycerides by 200%. Therefore, overall 

laboratory evaluation in women before pregnancy is useful to identify patients with lipid profile 

disorders preconceptionally, requiring intervention with diet, physical activity and medication 

treatment. 

Despite the availability of various treatment options for dyslipidemia in pregnant patients, only 

bile acid sequestrates are allowed during pregnancy. Ezetimibe and fenofibrate may be 

considered if the benefits outweigh the potential risks. Statins are contraindicated for use, but 

recent meta-analyses have shown potential benefits in strictly selected cases, especially in 

patients with high cardiovascular risk, recent cardiac events, established cardiovascular disease, 

or familial hypercholesterolemia. In these cases, the final decision should carefully consider the 

potential risk of discontinuing therapy. More information is needed about the treatment of 

dyslipidemia during pregnancy with new drugs like PCSK9 inhibitors, especially Inclisiran, 

which can be used before pregnancy and immediately after delivery, at intervals of 9 months 

between treatments. The decision to treat dyslipidemia during pregnancy should be 

individualized. 

 

Conclusion 

 

Managing dyslipidemia during pregnancy necessitates a meticulous and personalized strategy, 

alongside a comprehensive approach, to ensure the well-being of both mother and fetus. 

Physiological alterations during gestation frequently intensify lipid irregularities, especially 

increased triglycerides and LDL-cholesterol, potentially complicating pre-existing dyslipidemic 

disorders. Effective care predominantly depends on lifestyle modifications and nutritional 

changes, with pharmacological treatment reserved for specific high-risk situations. Inherited 

conditions like familial hyperchylomicronemia, necessitate individualized nutritional approaches 

to mitigate risks and promote positive pregnancy results. 
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