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Abstract 

Purpose: The present study aimed to identify the optimal cut-off values of each component of Metabolic 

Syndrome (MetS) in the first trimester of pregnancy for the prediction of adverse pregnancy outcomes.  

Methods: 1076 pregnant women in the first trimester of gestation were recruited in this prospective longitudinal 

cohort study. A total of 993 pregnant women at 11-13 weeks’ gestation who were followed up until the end of 

pregnancy, were included in the final analysis. The cut-off values of each component of MetS syndrome in the 

occurrence of adverse pregnancy outcomes including gestational diabetes (GDM), gestational hypertensive 

disorders, and preterm birth were obtained with Receiver Operating Characteristic (ROC) curve analysis using the 

Youden's index. 

Results: Among the 993 pregnant women studied, the significant associations between the first trimester MetS 

components and adverse pregnancy outcomes were as follows: Triglyceride (TG), and Body Mass Index (BMI) 

with preterm birth; Mean Arterial Pressure (MAP), TG and High Density Lipoprotein-Cholesterol (HDL-C) with 

gestational hypertensive disorders; BMI, Fasting Plasma Glucose (FPG), and TG with GDM (all p-values<0.05). 

The cut-off point values for the above-mentioned MetS components were: TG > 138 mg/dl, and BMI < 21 kg/m2 

for the occurrence of preterm birth; TG > 148 mg/dL, MAP > 84, and HDL-C < 84 mg/dl for gestational 

hypertensive disorders; BMI > 25 kg/m2, FPG > 84 mg/dl, and TG> 161 mg/dl for GDM.  

Conclusion: The study findings imply the importance of early management of metabolic syndrome in pregnancy 

to improve maternal-fetal outcomes.  

Keywords: Pregnancy; Metabolic Syndrome; Gestational Diabetes; Gestational Hypertensive Disorders; Preterm 

Birth 

Abbreviations:  

MetS: Metabolic Syndrome 

TG: Triglyceride 

BMI: Body Mass Index                                                

MAP: Mean Arterial Pressure 

HDL-C: High Density Lipoprotein – Cholesterol         

FPG: Fasting Plasma Glucose   

GDM: Gestational diabetes 



Introduction 

Metabolic syndrome (MetS) is a cluster of anthropometric and cardio-metabolic abnormalities including central 

obesity, high blood pressure, hypertriglyceridemia, hypo-HDL-cholesterolemia and insulin resistance (1), and is 

strongly associated with the increased risk for cardiovascular diseases (CVD), diabetes mellitus (DM) and all-

cause mortality (2). Although the exact underlying etiology of the syndrome is unknown, however, both genetic 

and acquired factors may contribute to the final pathway of inflammation that leads to the syndrome (3). The 

prevalence of MetS has increased dramatically worldwide and often parallels the incidence of obesity and DM (4). 

According to Adult Treatment Panel III (ATP III) criteria, Its prevalence of ranged between 9.6 % -55.7% (5).  

Normal pregnancy is associated with the increased level of pro-inflammatory and pro-thrombotic factors, insulin 

resistance, and hyperlipidemic state (6, 7); as a result, pregnancy may be pregnancy predisposed to MetS (8). 

Although there is no standard definition for MetS during pregnancy, some limited studies suggested that individual 

metabolic components in pregnancy could increase the adverse pregnancy outcomes (9, 10). In a study by Grieger 

et al. (2018) reported that more than half of the women who had MetS in early pregnancy developed a pregnancy 

complication coMAPred to just over a third of women who did not have MetS (11). However, the results of this 

study may be limited by using Diabetes Federation (IDF) criteria in adults for MetS, since the validity of using 

non-pregnant adult criteria for the pregnant population is unclear, more over these results are not generalizable to 

second or third trimesters. Furthermore, they measured random plasma glucose in high risk pregnant women for 

diabetes which may potentially affect the results (8). 

To the best of our knowledge, there have been no established cut-off points for healthy metabolic indices in 

pregnancy. Studies involving metabolic components in pregnancy have generally used metabolic indices cut-off 

points of the general adult population (12). Thus, there is a need to define the cut-off values of MetS components 

in relation to pregnancy complications. The present study aimed to identify the optimal cut-off values of each 

component of MetS in the first trimester of pregnancy, for prediction of adverse pregnancy outcomes.  

Material and Methods 

This study was a prospective longitudinal study conducted on 1076 pregnant women in the first trimester of 

gestation who attended the Jam Bio-Medical Laboratory in Hamadan (a western city in Iran), for their first 

routine prenatal tests.  

Study Participants 



The inclusion criteria included: age above 18 years, singleton pregnancy, gestational age of 11-13 weeks, and 

naturally conceived. Out of 1302 pregnant women referred for prenatal assessments, there were 1076 women that 

met our inclusion criteria . Those pregnant women with previous history of still birth (n=11) or endocrine 

disorders including DM and thyroid disorders, or systemic diseases that taking medication during pregnancy 

(n=38) and those lost to fallow-up (n=18) or reluctance to continue the study (n=13) were excluded. In 

addition, those pregnancies that terminated before 20 weeks of gestation were excluded from the final analysis 

(n=11). Finally, a total of 993 pregnant women were included in the current study for final analysis. The study 

flowchart is presented in Figure 1. 

Study initiation and follow-up: 

Upon entry into the study, a standard questionnaire was filled up by face-to-face interviews. The questionnaire 

included information on demographic characteristics, and medical and reproductive history All participants 

received standard prenatal care recommended by the American College of Obstetricians and Gynecologists 

(ACOG) (13) and followed up until the end of pregnancy. Pregnancy outcomes were recorded in details.   

Anthropometric and biochemical assessments 

Anthropometric variables were obtained using standard techniques. Maternal height (centimeters) and weight (Kg) 

were measured without shoes using standardized procedures and calibrated equipment. Systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) were measured with a validated automatic sphygmomanometer (Beurer, 

Germany), with an appropriately sized cuff for arm diameter.  After resting for five minutes blood pressure was 

measured in a sitting position 2 times over 10 minutes and the mean value was recorded. Mean Arterial Pressure 

(MAP) was calculated as: MAP = (SBP + 2DBP)/3 (14) 

A venous blood sample was obtained after overnight fasting from all participants. Fasting Plasma Glucose (FPG), 

Triglyceride (TG), Total Cholesterol (TC), High Density Lipoprotein-Cholesterol (HDL-C) concentrations, Total 

Cholesterol (TC) levels were measured with the immunoinhibition method (Pars Azmun kit, Iran), Triglyceride 

(TG) levels were assayed using the glycerol-3-phosphatase oxidase phenol aminophenazone method (Pars Azmun 

kit, Iran). High Density Lipoprotein-Cholesterol (HDL-C) concentrations were measured by homogeneous 

enzymatic colorimetric assays (Pars Azmun kit, Iran).  Fasting Plasma Glucose (FPG) levels were measured by 

the glucose oxidase method on Beckman AU 680, ( Pars Azmun kit, Iran).  

Study outcomes and definition of terms 



Outcomes of interest were the occurrence of hypertensive disorders of pregnancy, GDM and preterm birth. 

Hypertensive disorders of pregnancy included gestational hypertension, preeclampsia, and eclampsia. According 

to the criteria of the American College of Obstetricians and Gynecologists (ACOG), Gestational hypertension was 

defined as development of a SBP≥140 mm Hg and/or a DBP ≥ 90 mm Hg without proteinuria after 20 weeks of 

gestation in previously normotensive women. Preeclampsia (PE) was defined as the development of a SBP≥140 

mm Hg and/or a DBP ≥ 90 mm Hg with new-onset proteinuria (≥ 300 mg/24 h) in a random urine sample with no 

evidence of urinary tract infection. eclampsia was defined as occurrence of generalized seizures, in addition to 

preeclampsia criteria (15). GDM diagnostic criteria followed the newly accepted criteria with ADA 2020 

(Standards of Medical Care in Diabetes). These criteria recommend a diagnostic 75 g oral glucose tolerance test 

performed at 24-28th week of gestation. The diagnosis of GDM was made when any one value met or exceeded 

the following values: fasting: 92mg/dl; 1-h: 180mg/dl  ; 2-h: 153 mg/dl (16). Preterm birth was defined as delivery 

prior to 37 weeks of completed gestation  

 Statistical analysis 

Quantitative data were expressed as mean and standard deviation (SD). The cut-off point value of the each 

components of metabolic syndrome in the occurrence of each adverse pregnancy outcomes was obtained using 

Receiver Operating Characteristic (ROC) curve along with using Youden's index. Based on the cut-off point for 

each outcome, individuals were divided into normal and abnormal groups. Binary logistic regression was used to 

examine the relation between components of MetS and adverse pregnancy outcomes. The results of the binary 

logistic model are reported as Odds Ratio (OR), 95 % CI and the associated P-value. Data entry and data analysis 

were performed with SPSS version 20.0 for Windows (SPSS Inc, Chicago, III, USA). The level of statistical 

significance was set at 0.05. 

Results 

Table 1 shows the characteristics of the study participants, and pregnancy outcomes. The mean (SD) maternal age 

and BMI of participants were 28.3 (3.3) years and 24.6 (2.2) kg/m2 respectively, and 70.1% of them were 

nulliparous. Gestational diabetes, hypertensive disorders of pregnancy and preterm birth were developed in 108 

(10.9%), 85 (8.6%), and 79 (7.9%) of study participants. 

Regarding preterm birth, the results of analysis with adjustment for maternal age and history of preterm birth 

revealed that two components of TG and BMI at the first trimester of pregnancy were significantly associated with 



developing of preterm birth (P value < 0.001 for both). There were not any association between FBS, HDL-C and 

MAP and risk of preterm birth. In this respect, the ROC curve analyses in predicting preterm birth showed that 

AUCs (SE) for TG were 0.737 (0.024) with the optimal cutoff value of 138.5 mg/dL and AUCs (SE) for BMI were 

0.152 (0.027) with the optimal cutoff value of 21.87 (table 2). Table 3 shows the association between components 

of MetS in early pregnancy and preterm birth. The result of logistic regression analysis revealed that pregnant 

women with first trimester TG level more than cut off value of 138.5 mg/dl had a 5-fold increased risk of 

developing preterm birth in the unadjusted model (unadjusted OR: 5.5; 95% CI, 3.1–9.8; P=0.001), even after 

adjustments for the potential confounders including maternal age and history of preterm birth (adjusted OR: 5.3; 

95% CI, 3.1–9.0; P=0.0001). As such, women with first trimester BMI less than 21.87 kg/m2 had a 5% higher risk 

of developing preterm birth in both unadjusted and unadjusted models (unadjusted OR: 0.05; 95% CI, 0.034-0.102; 

P=0001) and (adjusted OR: 0.05; 95% CI, 0.03-0.10; P=0.001).  

Regarding hypertensive disorders of pregnancy, the results of analysis with adjustment for maternal age and history 

of hypertensive disorders of pregnancy revealed that three components of TG, MAP and HDL-C at the first 

trimester of pregnancy were significantly associated with developing of hypertensive disorders of pregnancy (P 

value < 0.001 for all). However, there were not any association between FBS and BMI and risk of hypertensive 

disorders of pregnancy. In this respect, the ROC curve analyses in predicting hypertensive disorders of pregnancy 

showed that AUCs (SE) for TG were 0.699 (0.032) with the optimal cutoff value of 148.5 mg/dL, AUCs (SE) for 

MAP were 0.695 (0.030) with the optimal cutoff value of 84.8 and AUCs (SE) for HDL-C were 0.388 (0.034) 

with the optimal cutoff value of 54.5 mg/dL (table 2). The results of adjusted logistic regression analysis showed 

that women with first trimester TG levels more than 148.5 mg/dL had a more that 5-fold higher risk of developing 

hypertensive disorders of pregnancy (adjusted OR: 5.34; 95% CI, 3.16-9.03; P=001). As such, women with first 

trimester MAP more than 84.8 had approximately 3-fold higher risk of developing hypertensive disorders of 

pregnancy in both unadjusted and unadjusted models (unadjusted OR: 2.88; 95% CI, 1.78-4.66; P=001) and 

(adjusted OR: 3.09; 95% CI, 1.93-4.93; P=0.001). In addition, women with first trimester HDL-C levels less than 

54.5 mg/dL had a 5% higher risk of developing hypertensive disorders of pregnancy (unadjusted OR: 0.58; 95% 

CI, 0.36-0.65; P=0.01) and (adjusted OR: 0.54; 95% CI, 0.34-0.86; P=0.001). (table 4).  

Regarding GDM, the results of analysis with adjustment for maternal age and history of GDM revealed that three 

components of BMI, FBS and TG at the first trimester of pregnancy were significantly associated with developing 

of GDM (P value < 0.001 for all). However, there were not any association between MAP and HDL-C and risk of 

GDM. In this respect, the ROC curve analyses in predicting GDM showed that AUCs (SE) for BMI were 0.700 



(0.029) with the optimal cutoff value of 25.66 kg/m2, AUCs (SE) for FBS were 0.744 (0.022) with the optimal 

cutoff value of 84.5 mg/dL, and AUCs (SE) for TG were 0.591 (0.029) with the optimal cutoff value of 161.5 

mg/dL (table 2). In this respect, the results of adjusted logistic regression analysis showed that women with first 

trimester BMI more than 25.66 kg/m2 had a more that 7-fold higher risk of developing GDM (adjusted OR: 7.41; 

95% CI, 4.80-11.46; P=0.001). As such, women with first trimester FBS levels more than 84.5 mg/dL in the first 

trimester of pregnancy had a more that 5-fold higher risk of developing GDM (adjusted OR: 5.55; 95% CI, 3.61-

8.56; P=001). In addition, women with TG levels more than 161.5 mg/dL in the first trimester of pregnancy had a 

2.6-fold higher risk of developing GDM (adjusted OR: 2.66; 95% CI, 1.66-4.27; P=001) (table 5).  

Discussion 

The results of this large prospective study in Middle-East Asian population revealed that MetS components at the 

first trimester of pregnancy, independent of potential associated risk factors, were significantly associated with 

increased risk of adverse pregnancy outcomes in later pregnancy. Moreover, we presented the optimal cut-off 

points for each MetS component in early gestation for predicting those major adverse pregnancy outcomes in 

Iranian population.  

Previously, some studies reported that MetS components during pregnancy are associated with adverse 

pregnancy outcomes (17-24). However, some of those studies were cross-sectional and with most studies 

focusing on the third trimester. Meanwhile, results of studies on MetS components abnormalities in early 

pregnancy for predicting major adverse pregnancy outcomes are limited and controversial. As such, the cut of 

values for each component and magnitude of those increased risks need still to be clearly identified.  

In this respect the first trimester levels of TG more than 138 mg/dl and BMI less than 21 kg/m2 could increase the 

risk of preterm birth. Based on our finding, first trimester TG is a strong and BMI is a relative predictor for the 

development of preterm birth, with area under curves (AUC) in ROC curve analyses of 0.737 and 0.152 

respectively. However, the number of underweight pregnant women was small, which may explain why no 

strong association was found for them. Our results suggested a considerable effect first trimester TG and 

BMI on prediction of preterm birth, which may provide valuable information on early pregnancy screening and 

contribute to perinatal health care.  

As well, first trimester level of TG more than 148 mg/dL, MAP more than 84 and HDL-C less than 54 mg/dl 

could increase the risk of hypertensive disorders of pregnancy in the second and third trimester of 

pregnancy. Accordingly, MAP and TG were strong predictive factors (AUC of 0.695 and 0.699, respectively) 

and HDL was 



a relative predictor for hypertensive disorders (AUC of 0.388). These findings suggest that dyslipidemia may be a 

potential factor in the etiology of hypertensive disorders of pregnancy, and may serve as a marker of increased 

risk for it.  

Additionally, the first trimester BMI more than 25.6 kg/m2, FPG more than 84 mg/dl, and TG more than 161 mg/

dl could increase the risk of developing GDM later in pregnancy. In our study, the first trimester BMI and FPG 

are strong (AUC of 0.700 and 0.744, respectively) and TG is moderate predictors in development of GDM (AUC 

of 0.591). These data suggest that overweight and obesity before pregnancy and first trimester of gestation could 

be a major determinant of GDM, that lead to increased insulin resistance and islet b-cell depletion, so that b-

cells cannot secrete enough insulin to compensate for insulin resistance caused by  pregnancy, leading to the 

occurrence of GDM (25). 

Although, the exact underlying pathophysiology of those finding are not clearly understood, however some 

mechanisms have been suggested. Altered maternal lipid metabolism during the course of a pregnancy are a normal 

part of pregnancy physiology which leads to an early accumulation of lipids in maternal tissue and the development 

of hyperlipidemia in the latter half of pregnancy (26). Those are necessary for placental steroid production and 

promote the accumulation of maternal fat storage to serve a source of calories for the mother and fetus during the 

later stages of pregnancy (27). Meanwhile, we found that there is strong association between serum level of TG in 

the first trimester of pregnancy and some major adverse outcomes, as each unit increase TG level in early 

pregnancy could increase the risk of preterm birth, hypertensive disorders of pregnancy and GDM. In agreement 

with our findings, in a large meta-analysis including 74 studies, it was revealed that women who developed 

preeclampsia have increased levels triglycerides during all trimesters of pregnancy (28). In another meta-analysis, 

Jiang et al. (2017) demonstrated that higher level of TG and lower levels of HDL-C were associated with preterm 

birth (29). As such, in a recent published meta-analysis, Ryckman et al. (2015) found that TG levels the at first, 

second and third trimesters of pregnancy were significantly elevated in women with GDM coMAPred with those 

without GDM (30, 31). And also our findings are consistent with previous literature as hypertriglyceridaemia is 

thought to be one of the key drivers of fetal macrosomia (30, 32).  

In this respect, some researchers argued that increased TG level coincide with reduced insulin sensitivity may play 

an important role in occurrence of adverse pregnancy outcomes (33). Further, although maternal serum TG does 

not appear to cross the placenta, however association between enhanced insulin resistance and 

hypertriglyceridemia may explain the relationship between maternal TG levels and fetal overgrowth (33, 34). 

Additionally, the increased TG level is considered as an activator of oxidative stress and inflammation. Emerging 



evidence suggests that elevated plasma TG level and its related remnants could progressively produce toxic free 

radicals and lipid peroxides that may potentially damage endothelial cells. This damage are per se associated to 

the wide range of incidence of feto-maternal and neonatal complications such as pregnancy hypertensive disorders 

and preterm birth (35, 36).   

Furthermore, based on ROC and logistic regression analysis of our data, we were able to determine an acceptable 

cut-off value of TG for predicting adverse pregnancy outcomes at a later gestational age. In this respect, TG values 

more than 140-160 mg/dL could strongly predict preterm birth, hypertensive disorders of pregnancy, and GDM. 

In agreement, Chatzi et al. (2009) suggested that women with TG >150 mg/dl in early pregnancy had higher risk 

for preterm birth (37). In another studies, it was reported that first-trimester of TG >177 mg/dl could be the critical 

risk factor associated with preeclampsia (38) and TG >160 mg/dL could valuably predict GDM (39). However, 

small differences between finding if different studies may be related to different population characteristics such as 

racial and ethnic diversity.  

In addition, we found that lower level of HDL-C is associated with higher risk of hypertensive disorders of 

pregnancy. HDL-C plays a positive role in protecting the maternal vascular endothelium during pregnancy (40). 

It has anti-thrombotic, anticoagulant, anti-inflammatory and anti-atherosclerotic properties by accepting 

cholesterol from lipid-laden macrophages and stimulators of the production of nitric oxide (41). In line with this 

finding, Spracklen et al. (2014) in a large and well-designed meta-analysis reported that preeclampsia was 

associated with lower levels of HDL-C, regardless of gestational age at the time of blood sampling (28).  

As well, we showed that HDL-C < 54 mg/dL could acceptable predict hypertensive disorders of pregnancy. In 

another study, Li et al. (2021) reported that HDL-C < 78 mg/dL could valuable predict pre-eclampsia (42). 

Although different ethnicity of population may be important, but This discrepancy may be due to this fact that the 

authors in this study assessed the predictive value of HDL-C in the second trimester of pregnancy (42). 

Nowadays, more and more researchers have shown the role of first-trimester fasting plasma glucose in GDM. It is 

hypothesized that higher FPG concentrations in early gestation may lead to aggregated insulin resistance induced 

by diabetogenic placental hormones in the second trimester of pregnancy and subsequent GDM. However, our 

finding confirmed previous literature regarding increased risk of GDM among women with higher FPG levels in 

first trimester of pregnancy. In this respect, Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study 

results indicated there is a strong, continuous association of maternal glucose levels (even below those diagnostic 

of diabetes) with increased risk of adverse perinatal outcomes (43). Furthermore, several researchers examined 



whether first-trimester FPG is also consistently associated with increased risk of GDM and support previous 

findings (44-47).  

In our study, results of ROC curve analysis suggested that first- trimester of FPG more than 84 mg/dL could 

significantly predict the occurrence of GDM in second trimester of pregnancy. However, according to the 

International Association of Diabetes and Pregnancy Study Groups (IADPSG) standard, Agarwal et al. pointed 

out that 80 mg/dL (with sensitivity of 95.4%) is recommended as the cutoff value for FPG (48). The AUC 

calculated by Zhu et al. was 0.836 and the sensitivity was 87.8%, which also indicated that the first-trimester 

FPG of 80 mg/dL is a good predictor for GDM (49). As well, Kouhkan et al. (50) demonstrated that FBS ≥ 84.5 

mg/dl in the first-trimester of the pregnancy (with sensitivity of 74%) could significantly predict GDM. Different 

studies all highlighted the usefulness and importance of using FPG alone for the diagnosis of GDM. 

 However, it is well-established that maternal overweight and obesity are associated with several feto-maternal 

and neonatal outcomes (51-54). However, we showed that one unit increase in first-trimester BMI could 

significantly increase the risk of preterm birth and GDM. Although there is no unifying mechanism responsible 

for the adverse outcomes associated with maternal higher BMI, but it is argued that women with higher BMI have 

increased first trimester IR and disturbed insulin signaling pathways (55, 56), which becomes manifest clinically 

in late gestation as GDM (57). Moreover, inflammatory milieu with enhanced oxidative stress concentration 

caused by higher BMI levels leads to a cascading series of events such as endothelial dysfunction that seems to be 

contribute to altered fetal and maternal functioning in late of pregnancy (58). As well, we showed that BMI level 

higher than 25 kg/m2 could acceptable predict GDM. In agreement, Nishikawa et al. reported that applying a BMI 

cut-off of 25 kg/m2 would identify 68% of South Asian women with diabetes in pregnancy(59). Kouhkan  et al 

showed that  BMI cut-off value in GDM development was 23.5 kg/m2 with a sensitivity of 48.50% and specificity 

of 73.05% (50). Unadjusted or adjusted for different confounders, different ethnicity, different incidence of 

adverse outcomes may influence the findings of different studies. However, evidence regarding the association of 

maternal BMI and preterm birth is conflicting. Although some studies suggest that maternal BMI does not 

influence the rate of preterm birth (60, 61), other studies have found reduced rates of preterm birth in higher BMI 

level (62-64) and some reported that obesity could increase the risk of preterm birth (65, 66). However, In 

agreement with our findings, some studies have reported that the women with a lower BMI had a greater risk of 

preterm deliveries. Ehrenberg et al. described a population of 15,196  patients in which low BMI less than 19.8 

kg/m2 at conception and low BMI at the time of birth were associated with an increased risk for preterm birth (67). 

Han et al. in a meta-analysis of 78 studies, involving 1025794 women, reported that singletons born to underweight 



women have higher risks of PTB (overall, spontaneous and induced) and LBW than those born to women with 

normal weight (adjusted RR: 1.32, 95% CI: 1.10-1.57) (56). It should be noted that we could not perform analysis 

for obese women, since the number of pregnant women with obesity in our sample population was rare. However, 

we hypothesized that maintaining or obtaining a healthy BMI level for early pregnancy women could substantially 

reduce the likelihood of preterm birth. 

In uncomplicated pregnancies, arterial blood pressure pattern usually consists of a steady decrease in blood 

pressure during the first half of pregnancy, then an increase until the time of delivery (68). Some studies have 

demonstrated a higher predictive power when MAP is measured during the first trimester of pregnancy (69-71). 

In agreement, results of our study showed that one-unit increase in first-trimester maternal MAP could significantly 

increase the risk of pregnancy hypertensive disorders. As such, mayrink et al. (2019) reported that early-onset 

preeclampsia cases had higher mean arterial blood pressure levels at 20 weeks of gestation (68). Nevalainen et al 

reported MAP is related to maternal vascular adaptation and  has been shown to be elevated already in the first 

trimester of pregnancy in women who develop  PE later in pregnancy (72). As well, we showed that first-trimester 

MAP > 86.5 was the optimal threshold for predicting of hypertension disorders with a sensitivity of 58.5 and a 

specificity of 69.2%. In agreement, Zhu et al. in a a prospective cohort study among Asian population reported 

that For predicting preeclampsia, MAP had AUCs of 0.86 at 11–14 weeks of gestation (70). 

The strengths of the present study include its prospective design also and use of detailed and validated data for the 

MetS components in early pregnancy. All measurements were carried out at the same laboratory. Blood pressures 

were recorded twice. Previous study suggested that when the average of two recordings were used for calculating 

MAP, the performance of screening tended to improve with an increasing number of recordings (73). Moreover, 

based on medical documents of participants, adverse pregnancy outcomes were clearly defined. Nevertheless, 

limitations of study need to be mentioned. There are several socio-demographic and lifestyle variables that may 

potentially affect the risk of adverse pregnancy outcomes. 

However, the exclusion of women with a diagnosis of GDM or chronic hypertension in early pregnancy may 

underestimate the associated risk of those outcomes. Additionally, results of this study may be limited to Iranian 

ethnicity. 

Conclusion 



In conclusion, the results of this large prospective study in revealed that MetS components at the first trimester of 

pregnancy, independent of potential associated risk factors, were significantly associated with increased risk of 

adverse pregnancy outcomes in later pregnancy. Furthermore, based on ROC and logistic regression analysis of 

our data, we have presented an acceptable cut-off values of each component of MetS for predicting adverse 

pregnancy outcomes at a later gestational age. However, the search for optimal first-trimester each component of 

MetS is critical, since it can help to identify women at risk of developing adverse outcomes early in their 

pregnancies. As such, those detection, in turn, can provide an opportunity for an early targeted intervention to 

reduce related complications. 

Acknowledgment 

This study was performed as thesis project for obtaining Ph.D. degree in Reproductive Health, and was funded by 

the Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran. 

Declarations 

Author contributions: 

 Moghaddam-Banaem: Conceptualization, Methodology, Supervision, Writing- Reviewing and Editing. 

Asltoghiri: Data collection, Writing- Original draft , Investigation, Resources. Behboudi-Gandevani: 

Methodology,  Writing Original Draft. Ramezani Tehrani: Visualization, Project administration, Reviewing and 

Editing manuscript. Rahimi Froushani: Software, Validation, formal analysis. All authors approved the final draft 

of manuscript. 

Compliance with ethical standards 

Conflict of interest: There is no conflict of interest to disclose by the authors. 

Ethics approval: The study proposal was approved by the Medical ethics committee of Tarbiat Modares 

University, Tehran, Iran. (ETHICS ID: IR.MODARES-REC.1397.007).  

Informed consent: A written, informed consent was obtained from all participants after explaining about the 

purpose of the study 

 References 

1. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. Harmonizing the
metabolic syndrome: a joint interim statement of the international diabetes federation task force on
epidemiology and prevention; national heart, lung, and blood institute; American heart association;
world heart federation; international atherosclerosis society; and international association for the
study of obesity. Circulation. 2009;120(16):1640-5.
2. Kaur J. A comprehensive review on metabolic syndrome. Cardiol Res Pract.
2014;2014:943162-.



3. McCracken E, Monaghan M, Sreenivasan S. Pathophysiology of the metabolic syndrome. Clin
Dermatol. 2018;36(1):14-20.
4. Saklayen MG. The Global Epidemic of the Metabolic Syndrome. Curr Hypertens Rep.
2018;20(2):12-.
5. Maw SS. Prevalence of metabolic syndrome, its risk factors and associated lifestyles in
Myanmar adult people: A community based cross-sectional study. Metabolism Open.
2021;12:100135.
6. Grieger JA, Bianco-Miotto T, Grzeskowiak LE, Leemaqz SY, Poston L, McCowan LM, et al.
Metabolic syndrome in pregnancy and risk for adverse pregnancy outcomes: A prospective cohort of
nulliparous women. PLoS Med. 2018;15(12):e1002710-e.
7. Ferranti EP, Jones EJ, Hernandez TL. Pregnancy reveals evolving risk for cardiometabolic
disease in women. Journal of Obstetric, Gynecologic & Neonatal Nursing. 2016;45(3):413-25.
8. Barry DR, Utzschneider KM, Tong J, Gaba K, Leotta DF, Brunzell JD, et al. Intraabdominal fat,
insulin sensitivity, and cardiovascular risk factors in postpartum women with a history of
preeclampsia. American journal of obstetrics and gynecology. 2015;213(1):104. e1-. e11.
9. Moayeri M, Heida KY, Franx A, Spiering W, de Laat MWM, Oudijk MA. Maternal lipid profile
and the relation with spontaneous preterm delivery: a systematic review. Arch Gynecol Obstet.
2017;295(2):313-23.
10. Varner MW, Rice MM, Landon MB, Casey BM, Reddy UM, Wapner RJ, et al. Pregnancies After
the Diagnosis of Mild Gestational Diabetes Mellitus and Risk of Cardiometabolic Disorders. Obstet
Gynecol. 2017;129(2):273-80.
11. Grieger JA, Bianco-Miotto T, Grzeskowiak LE, Leemaqz SY, Poston L, McCowan LM, et al.
Metabolic syndrome in pregnancy and risk for adverse pregnancy outcomes: A prospective cohort of
nulliparous women. PLoS Med. 2018;15(12):e1002710.
12. Stekkinger E, Scholten R, Van Der Vlugt M, Van Dijk A, Janssen M, Spaanderman M.
Metabolic syndrome and the risk for recurrent pre‐eclampsia: a retrospective cohort study. BJOG: An
International Journal of Obstetrics & Gynaecology. 2013;120(8):979-86.
13. Chalas E. The American College of Obstetricians and Gynecologists in 2020: A Clear Vision for
the Future. Obstetrics & Gynecology. 2020;135(6):1251-4.
14. Henry JB, Miller MC, Kelly KC, Champney D. Mean arterial pressure (MAP): an alternative and
preferable measurement to systolic blood pressure (SBP) in patients for hypotension detection
during hemapheresis. Journal of Clinical Apheresis: The Official Journal of the American Society for
Apheresis. 2002;17(2):55-64.
15. Phipps E, Prasanna D, Brima W, Jim B. Preeclampsia: updates in pathogenesis, definitions,
and guidelines. Clinical Journal of the American Society of Nephrology. 2016;11(6):1102-13.
16. Association AD. Standards of Medical Care in Diabetes—2020 abridged for primary care
providers. Clinical diabetes: a publication of the American Diabetes Association. 2020;38(1):10.
17. Jin W-Y, Lin S-L, Hou R-L, Chen X-Y, Han T, Jin Y, et al. Associations between maternal lipid
profile and pregnancy complications and perinatal outcomes: a population-based study from China.
BMC pregnancy and childbirth. 2016;16(1):1-9.
18. Hajar Sharami S, Abbasi Ranjbar Z, Alizadeh F, Kazemnejad E. The relationship of
hyperlipidemia with maternal and neonatal outcomes in pregnancy: A cross-sectional study. Int J
Reprod Biomed. 2019;17(10):739-48.
19. Wiznitzer A, Mayer A, Novack V, Sheiner E, Gilutz H, Malhotra A, et al. Association of lipid
levels during gestation with preeclampsia and gestational diabetes mellitus: a population-based
study. American journal of obstetrics and gynecology. 2009;201(5):482.e1-.e4828.
20. Lewandowska M, Sajdak S, Więckowska B, Manevska N, Lubiński J. The Influence of Maternal
BMI on Adverse Pregnancy Outcomes in Older Women. Nutrients. 2020;12(9):2838.
21. Wu DD, Gao L, Huang O, Ullah K, Guo MX, Liu Y, et al. Increased Adverse Pregnancy
Outcomes Associated With Stage 1 Hypertension in a Low-Risk Cohort: Evidence From 47 874 Cases.
Hypertension. 2020;75(3):772-80.



22. Alleman BW, Smith AR, Byers HM, Bedell B, Ryckman KK, Murray JC, et al. A proposed
method to predict preterm birth using clinical data, standard maternal serum screening, and
cholesterol. American journal of obstetrics and gynecology. 2013;208(6):472. e1-. e11.
23. Lei Q, Niu J, Lv L, Duan D, Wen J, Lin X, et al. Clustering of metabolic risk factors and adverse
pregnancy outcomes: a prospective cohort study. Diabetes/metabolism research and reviews.
2016;32(8):835-42.
24. Maymunah A-O, Kehinde O, Abidoye G, Oluwatosin A. Hypercholesterolaemia in pregnancy
as a predictor of adverse pregnancy outcome. African health sciences. 2014;14(4):967-73.
25. Catalano PM. Trying to understand gestational diabetes. Diabetic Medicine. 2014;31(3):273-
81.
26. Lain KY, Catalano PM. Metabolic changes in pregnancy. Clin Obstet Gynecol. 2007;50(4):938-
48.
27. Basaran A. Pregnancy-induced hyperlipoproteinemia: review of the literature. Reprod Sci.
2009;16(5):431-7.
28. Spracklen CN, Smith CJ, Saftlas AF, Robinson JG, Ryckman KK. Maternal hyperlipidemia and
the risk of preeclampsia: a meta-analysis. Am J Epidemiol. 2014;180(4):346-58.
29. Jiang S, Jiang J, Xu H, Wang S, Liu Z, Li M, et al. Maternal dyslipidemia during pregnancy may
increase the risk of preterm birth: A meta-analysis. Taiwanese Journal of Obstetrics and Gynecology.
2017;56(1):9-15.
30. Ryckman K, Spracklen C, Smith C, Robinson J, Saftlas A. Maternal lipid levels during
pregnancy and gestational diabetes: a systematic review and meta‐analysis. Bjog: an international
journal of obstetrics & gynaecology. 2015;122(5):643-51.
31. Ryckman KK, Spracklen CN, Smith CJ, Robinson JG, Saftlas AF. Maternal lipid levels during
pregnancy and gestational diabetes: a systematic review and meta-analysis. Bjog. 2015;122(5):643-
51.
32. Kitajima M, Oka S, Yasuhi I, Fukuda M, Rii Y, Ishimaru T. Maternal serum triglyceride at 24--32
weeks' gestation and newborn weight in nondiabetic women with positive diabetic screens. Obstet
Gynecol. 2001;97(5 Pt 1):776-80.
33. Son GH, Kwon JY, Kim YH, Park YW. Maternal serum triglycerides as predictive factors for
large-for-gestational age newborns in women with gestational diabetes mellitus. Acta obstetricia et
gynecologica Scandinavica. 2010;89(5):700-4.
34. Hashemipour S, Haji Seidjavadi E, Maleki F, Esmailzadehha N, Movahed F, Yazdi Z. Level of
maternal triglycerides is a predictor of fetal macrosomia in non-obese pregnant women with
gestational diabetes mellitus. Pediatr Neonatol. 2018;59(6):567-72.
35. Vrijkotte TG, Krukziener N, Hutten BA, Vollebregt KC, van Eijsden M, Twickler MB. Maternal
lipid profile during early pregnancy and pregnancy complications and outcomes: the ABCD study. J
Clin Endocrinol Metab. 2012;97(11):3917-25.
36. Kandimalla BH, Sirjusingh A, Nayak BS, Maiya SS. Early antenatal serum lipid levels and the
risk of pre-eclampsia in Trinidad and Tobago. Arch Physiol Biochem. 2011;117(4):215-21.
37. Chatzi L, Plana E, Daraki V, Karakosta P, Alegkakis D, Tsatsanis C, et al. Metabolic syndrome in
early pregnancy and risk of preterm birth. American journal of epidemiology. 2009;170(7):829-36.
38. Xue R-h, Wu D-d, Zhou C-l, Chen L, Li J, Li Z-z, et al. Association of high maternal triglyceride
levels early and late in pregnancy with adverse outcomes: A retrospective cohort study. Journal of
Clinical Lipidology. 2021;15(1):162-72.
39. Ren Z, Zhe D, Li Z, Sun X-P, Yang K, Lin L. Study on the correlation and predictive value of
serum pregnancy-associated plasma protein A, triglyceride and serum 25-hydroxyvitamin D levels
with gestational diabetes mellitus. World J Clin Cases. 2020;8(5):864-73.
40. Keshavarz P, Gh BFNM, Mirhafez SR, Nematy M, Azimi-Nezhad M, Afin SA, et al. Alterations
in lipid profile, zinc and copper levels and superoxide dismutase activities in normal pregnancy and
preeclampsia. The American journal of the medical sciences. 2017;353(6):552-8.



41. León-Reyes G, Espino YSS, Medina-Navarro R, Guzmán-Grenfell AM, Medina-Urrutia AX, 
Fuentes-García S, et al. Oxidative modifications of foetal LDL-c and HDL-c lipoproteins in 
preeclampsia. Lipids Health Dis. 2018;17(1):110. 
42. Li J, Lu J, Wang M, Hu W, Jin N, Li X, et al. Predictive Value of Second-Trimester Maternal 
Lipid Profiling in Early-Onset Pre-eclampsia: A Prospective Cohort Study and Nomogram. Front Med 
(Lausanne). 2021;8:688312-. 
43. Metzger BE, Lowe LP, Dyer AR, Trimble ER, Chaovarindr U, Coustan DR, et al. Hyperglycemia 
and adverse pregnancy outcomes. N Engl J Med. 2008;358(19):1991-2002. 
44. Riskin-Mashiah S, Damti A, Younes G, Auslender R. First trimester fasting hyperglycemia as a 
predictor for the development of gestational diabetes mellitus. Eur J Obstet Gynecol Reprod Biol. 
2010;152(2):163-7. 
45. Tong JN, Wu LL, Chen YX, Guan XN, Tian FY, Zhang HF, et al. Fasting plasma glucose in the 
first trimester is related to gestational diabetes mellitus and adverse pregnancy outcomes. 
Endocrine. 2022;75(1):70-81. 
46. Sesmilo G, Prats P, Garcia S, Rodríguez I, Rodríguez-Melcón A, Berges I, et al. First-trimester 
fasting glycemia as a predictor of gestational diabetes (GDM) and adverse pregnancy outcomes. Acta 
Diabetol. 2020;57(6):697-703. 
47. Raets L, Beunen K, Benhalima K. Screening for Gestational Diabetes Mellitus in Early 
Pregnancy: What Is the Evidence? J Clin Med. 2021;10(6):1257. 
48. Agarwal MM, Dhatt GS, Shah SM. Gestational diabetes mellitus: simplifying the international 
association of diabetes and pregnancy diagnostic algorithm using fasting plasma glucose. Diabetes 
Care. 2010;33(9):2018-20. 
49. Zhu WW, Fan L, Yang HX, Kong LY, Su SP, Wang ZL, et al. Fasting plasma glucose at 24-28 
weeks to screen for gestational diabetes mellitus: new evidence from China. Diabetes Care. 
2013;36(7):2038-40. 
50. Kouhkan A, Khamseh ME, Moini A, Pirjani R, Arabipoor A, Zolfaghari Z, et al. Diagnostic 
accuracy of body mass index and fasting glucose for the prediction of gestational diabetes mellitus 
after assisted reproductive technology. International journal of fertility & sterility. 2019;13(1):32. 
51. Liu L, Ma Y, Wang N, Lin W, Liu Y, Wen D. Maternal body mass index and risk of neonatal 
adverse outcomes in China: a systematic review and meta-analysis. BMC Pregnancy Childbirth. 
2019;19(1):105. 
52. Chu SY, Kim SY, Schmid CH, Dietz PM, Callaghan WM, Lau J, et al. Maternal obesity and risk of 
cesarean delivery: a meta-analysis. Obes Rev. 2007;8(5):385-94. 
53. Torloni MR, Betrán AP, Horta BL, Nakamura MU, Atallah AN, Moron AF, et al. Prepregnancy 
BMI and the risk of gestational diabetes: a systematic review of the literature with meta-analysis. 
Obes Rev. 2009;10(2):194-203. 
54. Chen YT, Zhang T, Chen C, Xia YY, Han TL, Chen XY, et al. Associations of early pregnancy BMI 
with adverse pregnancy outcomes and infant neurocognitive development. Sci Rep. 2021;11(1):3793. 
55. Bowers K, Tobias DK, Yeung E, Hu FB, Zhang C. A prospective study of prepregnancy dietary 
fat intake and risk of gestational diabetes. The American journal of clinical nutrition. 2012;95(2):446-
53. 
56. Han Z, Mulla S, Beyene J, Liao G, McDonald SD. Maternal underweight and the risk of 
preterm birth and low birth weight: a systematic review and meta-analyses. International journal of 
epidemiology. 2011;40(1):65-101. 
57. Catalano PM, Shankar K. Obesity and pregnancy: mechanisms of short term and long term 
adverse consequences for mother and child. BMJ. 2017;356:j1-j. 
58. Athukorala C, Rumbold AR, Willson KJ, Crowther CA. The risk of adverse pregnancy outcomes 
in women who are overweight or obese. BMC Pregnancy Childbirth. 2010;10:56. 
59. Nishikawa E, Oakley L, Seed PT, Doyle P, Oteng-Ntim E. Maternal BMI and diabetes in 
pregnancy: Investigating variations between ethnic groups using routine maternity data from 
London, UK. PLoS One. 2017;12(6):e0179332. 



60. Jensen DM, Damm P, Sørensen B, Mølsted-Pedersen L, Westergaard JG, Ovesen P, et al. 
Pregnancy outcome and prepregnancy body mass index in 2459 glucose-tolerant Danish women. Am 
J Obstet Gynecol. 2003;189(1):239-44. 
61. Rosenberg TJ, Garbers S, Chavkin W, Chiasson MA. Prepregnancy weight and adverse 
perinatal outcomes in an ethnically diverse population. Obstet Gynecol. 2003;102(5 Pt 1):1022-7. 
62. Sebire NJ, Jolly M, Harris JP, Wadsworth J, Joffe M, Beard RW, et al. Maternal obesity and 
pregnancy outcome: a study of 287,213 pregnancies in London. Int J Obes Relat Metab Disord. 
2001;25(8):1175-82. 
63. Hendler I, Goldenberg RL, Mercer BM, Iams JD, Meis PJ, Moawad AH, et al. The Preterm 
Prediction Study: association between maternal body mass index and spontaneous and indicated 
preterm birth. Am J Obstet Gynecol. 2005;192(3):882-6. 
64. Sharifzadeh F, Kashanian M, Jouhari S, Sheikhansari N. Relationship between pre-pregnancy 
maternal BMI with spontaneous preterm delivery and birth weight. J Obstet Gynaecol. 
2015;35(4):354-7. 
65. Liu B, Xu G, Sun Y, Du Y, Gao R, Snetselaar LG, et al. Association between maternal pre-
pregnancy obesity and preterm birth according to maternal age and race or ethnicity: a population-
based study. Lancet Diabetes Endocrinol. 2019;7(9):707-14. 
66. McDonald SD, Han Z, Mulla S, Beyene J, Knowledge Synthesis G. Overweight and obesity in 
mothers and risk of preterm birth and low birth weight infants: systematic review and meta-analyses. 
BMJ. 2010;341:c3428-c. 
67. Ehrenberg HM, Dierker L, Milluzzi C, Mercer BM. Low maternal weight, failure to thrive in 
pregnancy, and adverse pregnancy outcomes. Am J Obstet Gynecol. 2003;189(6):1726-30. 
68. Mayrink J, Souza RT, Feitosa FE, Rocha Filho EA, Leite DF, Vettorazzi J, et al. Mean arterial 
blood pressure: potential predictive tool for preeclampsia in a cohort of healthy nulliparous pregnant 
women. BMC pregnancy and childbirth. 2019;19(1):1-8. 
69. Gasse C, Boutin A, Cote M, Chaillet N, Bujold E, Demers S. First-trimester mean arterial blood 
pressure and the risk of preeclampsia: The Great Obstetrical Syndromes (GOS) study. Pregnancy 
hypertension. 2018;12:178-82. 
70. Zhu J, Zhang J, Syaza Razali N, Chern B, Tan KH. Mean arterial pressure for predicting 
preeclampsia in Asian women: a longitudinal cohort study. BMJ Open. 2021;11(8):e046161-e. 
71. Cnossen JS, Vollebregt KC, de Vrieze N, ter Riet G, Mol BW, Franx A, et al. Accuracy of mean 
arterial pressure and blood pressure measurements in predicting pre-eclampsia: systematic review 
and meta-analysis. BMJ. 2008;336(7653):1117-20. 
72. Nevalainen J, Korpimaki T, Kouru H, Sairanen M, Ryynanen M. Performance of first trimester 
biochemical markers and mean arterial pressure in prediction of early-onset pre-eclampsia. 
Metabolism. 2017;75:6-15. 
73. Poon LC, Zymeri NA, Zamprakou A, Syngelaki A, Nicolaides KH. Protocol for measurement of 
mean arterial pressure at 11-13 weeks' gestation. Fetal Diagn Ther. 2012;31(1):42-8. 

 

 

 

 

 



Table 1: Demographic characteristics, and reproductive and obstetrics history of study participants (n=993) 

Characteristics  Mean (SD) or N (%)* 

Maternal age at enrollment (years) 28.3 (3.3) 

Pre-pregnancy BMI (kg/m2) 24.6 (2.2) 

Years of educations 13.8 (2.0) 

Occupation  

    Housewife 784 (79.0) 

   Occupied (employed) 208 (21.0) 

Number of pregnancies  

   1 703 (70.9) 

    ≥ 2 289 (29.1) 

Gestational age at birth (weeks) 39.5 (1.3) 

Type of delivery  

    NVD 645 (65.0) 

    C/S 347 (35.0) 

Hypertensive disorders of pregnancy  

    Gestational hypertension 42 (4.3) 

    Preeclampsia  43 (4.3) 

Preterm labor 79 (8.0) 

Gestational diabetes  108 (10.9) 

*Continuous variables are presented as mean (SD) and categorical 

variables as n (%). BMI: body mass index, C/S: cesarean section, 

NVD: normal vaginal delivery 
 

 
 

Table 2. Prediction of adverse pregnancy outcomes by cut-off values of the first trimester metabolic syndrome 

components  

Adverse 

pregnancy 

outcomes 

Metabolic 

syndrome 

components 

Cut-off 

values  

Youden 

Index 

Area 

Under 

Curve 

S.E 

Preterm birth 

 TG 138.5 121.1 0.737 0.024 

 BMI 21.87 39.7 0.152 0.027 

Hypertensive disorders of pregnancy 

 MAP 84.8 128.3 0.695 0.030 

 TG 148.5 137.6 0.699 0.032 

 HDL-C 54.5 88.4 0.388 0.034 

Gestational diabetes 

 BMI 25.66 132.1 0.700 0.029 

 FPG 84.5 140.4 0.744 0.022 

 TG 161.5 114.8 0.591 0.029 

BMI: body mass index, MAP: Mean arterial pressure , FBS: 

Fasting blood sugar, TG: triglyceride,  HDL-C: High density 

lipoprotein-cholesterol 

 

 

 



. 

Table 3: The logistic regression analysis results of the investigated association between components of metabolic 

syndrome in early pregnancy and preterm birth * 

 B S.E Odds Ratio (95%CI)      Adjusted Odds Ratio (95% CI)** 

Maternal Age -0.025 0.041 0.976(0.901-1.057) 0.993 (0.927-1.064) 

Preterm history .840 0.683 2.316(0.607-8.838) 1.978 (0.669-5.850) 

BMI (kg/m2) -2.839 0.283 0.059(0.034-0.102) 0.059 (0.035-0.101) 

TG (mg/dl) 1.715 0.292 5.557(3.135-9.849) 5.346 (3.163-9.037) 

Bold values indicate statistical significance, BMI: body mass index, TG: triglyceride. 

* LOG (p/1-p) = -1.078 -0.025 (Age) + 0.840 (Preterm history) -2.839 (BMI) + 1.715 (TG) 

**adjusted for maternal age and preterm history 

 

 

Table 4: The logistic regression analysis results of the investigated association between components of 

metabolic syndrome in early pregnancy and hypertensive disorders of pregnancy* 

 B S.E Odds Ratio (95%CI)      Adjusted Odds Ratio (95% CI)** 

Maternal Age .022 0.037 1.022(0.951-1.099) 1.042 (0.975-1.113) 

history of hypertensive disorders of pregnancy 0.524 0.923 1.728(0.283-10.542) 4.352 (0.831-22.777) 

MAP 1.059 0.246 2.883(1.781-4.669) 3.093(1.937-4.938) 

TG (mg/dl) 1.522 0.243 4.580(2.845-7.372) 5.1028 (3.161-7.995) 

HDL (mg/dl) -0.530 0.245 0.589 (0.364-0.951) 0.546 (0.346-.861) 

Bold values indicate statistical significance; BMI: body mass index, MAP: Mean arterial pressure, TG: triglyceride, HDL-C: 

High density lipoprotein–cholesterol 

* LOG (p/1-p) = -3.858 + 0.022 (Age) + 0.524 (Hypertension history) + 1.059 (MAP) + 1.522 (TG) -0.530 (HDL) 

**adjusted for maternal age and history of hypertensive disorders of pregnancy 

 

Table 5: The logistic regression analysis results of the investigated association between components of metabolic 

syndrome in early pregnancy and gestational diabetes mellitus* 

 

 B S.E Odds Ratio (95%CI)      Adjusted Odds Ratio (95% CI)** 

Age -0.026 0.035 0.975(0.910-1.043) 1.004 (0.946-1.066) 

History of GDM  2.734 0.951 15.389(2.388-99.149) 8.400 (1.674-42.152) 

BMI 1.594 0.236 4.922(3.097-7.820) 7.431(4.807-11.466) 

FPG (mg/dl) 1.742 0.239 5.709(3.572-9.125) 5.559 (3.610-8.560) 

TG (mg/dl) 0.561 0.276 1.753 (1.021-3.011) 2.669 (1.666-4.275 ) 

Bold values indicate statistical significance, BMI: body mass index, GDM: gestational diabetes 

mellitus, FPG: Fasting Plasma Glucose, TG: Triglyceride,  
*LOG (p/1-p) = -2.723 – 0.026(Age) + 2.734 (GDM history) + 1.594 (BMI) + 1.742 (FPG) +0.561 

(TG) 

** adjusted for maternal age and history of GDM 
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Figure 1.flowchart showing the exclusion criteria  

(n = 1076) 

 stWomen enrolled in the 1

trimester of pregnancy 

Excluded (n = 83): 

Abortion (n = 11), Stillbirth (n = 3), failing to fallow-up (n=18), 

reluctance to continue (n = 13), any medicine received except for 

prenatal vitamins (n = 38) 

 

(n = 993) 

Population entered in analysis 

Preterm birth, (n = 79) 

Term birth, (n = 914) 

Hypertensive disorder, (n = 85) 

Normal blood pressure, (n = 908) 

 

GDM, (n =108) 

Non-GDM, (n = 885) 


