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SUMMARY 

 

Background: Gestational diabetes mellitus (GDM) is typically diagnosed based on a 75-g oral glucose tolerance 

test conducted at 24 - 28 weeks of pregnancy. A method for earlier diagnosis is needed. The present study aimed 

to identify one or more blood biomarkers detected within the first trimester that can predict the occurrence of 

GDM and pregnancy outcome. 

Methods: This retrospective study included 2,116 pregnant women who underwent examination and delivery in 

our hospital between January 2018 and December 2019. The predictive value of various clinical measurements in 

early pregnancy for predicting GDM and pregnancy outcome was analyzed. 

Results: The fasting plasma glucose (FPG), vitamin A, vitamin E, glycosylated hemoglobin (HbA1c), total choles-

terol (TC), triglyceride (TG), uric acid, free thyroxine (FT3), anti-peroxidase antibody (TPOAb), and ferritin lev-

els differed significantly between the GDM and non-GDM groups (all p < 0.05). The area under the receiver oper-

ating characteristic curve for FPG in GDM diagnosis was 0.766 (95% confidence interval [CI] 0.717 - 0.814,          

p < 0.001). The odds ratios (ORs) for FPG and TG for GDM prediction were 1.318 (95% CI 1.228 - 1.416) and 

2.050 (95% CI 1.203 - 3.493), respectively. The ORs for FPG, vitamin A, and vitamin E for pregnancy outcome 

prediction were 1.214 (95% CI 1.123 - 1.268), 0.717 (95% CI 0.601 - 0.886), and 0.852 (95% CI 0.761 - 0.954), re-

spectively. 

Conclusions: Screening of blood biomarkers in early pregnancy may be useful for predicting, and thus preventing, 

GDM and adverse pregnancy outcomes. Immediate intervention is recommended if an elevated FPG                      

(> 4.7 mmol/L) or TG (> 1.83 mmol/L) level is detected in early pregnancy, and vitamin A, vitamin E, and FT3 

levels need to be maintained within normal ranges throughout pregnancy. 

(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2021.201022) 
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INTRODUCTION 

 

Gestational diabetes mellitus (GDM) encompasses 

varying degrees of abnormal glucose metabolism oc-

curring or first discovered during pregnancy [1,2]. 

While some cases convert to type 2 diabetes mellitus af-

ter pregnancy, for most patients GDM is a pregnancy-

specific disease that disappears with the end of pregnan-
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cy. GDM is a very serious condition for both pregnant 

women and their offspring and increases the risks of 

complications such as large-for-gestational-age infants, 

stillbirth, pre-term birth, neonatal shoulder dystocia, 

need for caesarean section, and neonatal hypoglycemia 

[3]. Studies have shown that adverse maternal and in-

fant outcomes are directly and linearly correlated with 

maternal hyperglycemia [4]. With long-term hypergly-

cemia, higher levels of glucose pass through the placen-

ta into the fetal circulation, which causes the blood glu-

cose level of the fetus to be higher than normal. The ab-

normal glucose elevation stimulates the fetal pancreas 

to release more insulin, resulting in overgrowth of the 

fetus, one of the most common complications of GDM 

[5,6]. 

The best method for screening and diagnosis of GDM 

remains controversial [7]. GDM screening includes one-

step and two-step methods. With the two-step method, 

pregnant women receive a 50 g 1-hour glucose chal-

lenge test (GCT) at 24 - 28 weeks gestation. If the pa-

tient’s glucose level is greater than 7.8 mmol/L on this 

test, then a 75-g oral glucose tolerance test (OGTT) is 

administered. The one-step method is relatively simpler 

and more convenient, with pregnant women receiving 

only the OGTT at 24 - 28 weeks gestation. Both meth-

ods have distinct advantages, and at present, there is no 

consensus on which method is best. 

The National Institute for Health and Care Excellence 

(NICE) guidelines state that GDM can be diagnosed if 

the fasting blood glucose level is > 5.6 mmol/L or the 2-

hour post-OGTT glucose level is > 7.8 mmol/L. The In-

ternational Association of Diabetes and Pregnancy 

Study Groups (IADPSG) consensus panel recommend-

ed a lower fasting glucose level of > 5.1 mmol/L, a 1-

hour post-OGTT glucose level of > 10.0 mmol/L, or a 

2-hours value of 8.5 mmol/L for the diagnosis of GDM. 

These IADPSG diagnostic criteria have now been 

adopted by the World Health Organization (WHO), the 

American Diabetes Association (ADA), the Internation-

al Diabetes Federation (IDF), and the International Fed-

eration of Gynecology and Obstetrics (FIGO). 

Since the change in China's second-child policy in 

2015, tens of thousands of families have chosen to have 

a second child. Inevitably, the overall age of women 

during their second pregnancy is higher than that during 

their first pregnancy, and thus, the incidence of GDM 

has increased. GDM is a complex disease related to 

many factors. The known risk factors for the develop-

ment of GDM include maternal age > 25 years, mater-

nal body mass index (BMI) > 30 kg/m2, a history of 

GDM or large-for-gestational-age/macrosomic infant in 

previous pregnancy, a history of impaired glucose toler-

ance, multiple pregnancy, ethnicity with a high diabetes 

prevalence, a family history of type 2 diabetes (particu-

larly 1st degree relative), polycystic ovary syndrome 

(PCOS), subfertility or conception using assisted repro-

ductive technologies, prolonged glucocorticoid expo-

sure, etc. [8]. 

Several studies show that metabolism of lipid during 

gestation might play a significant role in the etiology 

and development of GDM [9], and it is established that 

changes in blood lipids can occur throughout the entire 

pregnancy. Similarly, other biomarkers such as liver 

function markers, kidney function markers, vitamin A, 

vitamin D, vitamin E, and hemoglobin may also be al-

tered during pregnancy, to varying degrees during dif-

ferent stages of pregnancy [10-13]. 

The existing guidelines (e.g., IADPSG diagnostic crite-

ria for GDM) provide recommendations for the diagno-

sis of GDM during the second and third trimesters of 

pregnancy. However, many pregnant women may expe-

rience GDM before this time, and controversy persists 

regarding the stage of pregnancy at which stage GDM is 

best diagnosed [1,14]. To provide a potential means of 

predicting or diagnosing GDM earlier in pregnancy, we 

investigated whether one or more blood biomarkers 

measured during the first trimester correlated signifi-

cantly with the development of GDM and pregnancy 

outcomes. 

 

 

MATERIALS AND METHODS 

 

Patients and methods  

This observational retrospective cohort study included 

pregnant women who attended routine antenatal visits 

and delivered in Tsinghua University First Hospital, an 

800-bed tertiary care hospital in Beijing, between Janu-

ary 2018 and December 2019. All women underwent a 

complete blood biomarker test in the first trimester and 

an OGTT between 24 and 28 weeks of pregnancy. The 

study group included 326 women diagnosed with GDM 

and was compared to a control group of 1,790 women 

who delivered during the same gestational age period 

but without known GDM. By consulting the examina-

tion records of the early obstetrics clinical examinations 

and the case records from the time of delivery, we ob-

tained each patient’s age, previous medical history, 

BMI, gestational age at delivery, birth weight of the 

newborn, Apgar score of the newborn, and admission to 

the neonatal intensive care unit (NICU) after birth, and 

other details. We recorded the specific values of the 

studied biomarkers from the laboratory information sys-

tem. This study was approved by the institutional re-

view board (IRB) of Beijng Huaxin Hospital First Hos-

pital of Tsinghua University, and the requirement of in-

formed consent was waived for this retrospective study 

by the IRB. 

 

Inclusion and exclusion criteria 

The pregnant women were included in this retrospective 

study according to the following inclusion criteria: 

available records for routine blood tests for liver func-

tion, kidney function, thyroid function, ferritin, vitamin 

A, vitamin D, vitamin E, fasting plasma glucose (FPG), 

and blood cell analysis before 12 weeks of gestation, 

available results for an OGTT performed within 24 - 28 

weeks of pregnancy, and delivery within our hospital. 
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The pregnant women were excluded from this retro-

spective study according to the following exclusion cri-

teria: GDM in a previous pregnancy, obvious type 2 di-

abetes mellitus (FPG > 7.0 mmol/L), high blood pres-

sure, multiple pregnancy, hypertension, history of alco-

holism, hypothyroidism, PCOS, liver or kidney failure 

(which can affect glucose metabolism), active termina-

tion of pregnancy, and pregnancy with a fetus or new-

born having confirmed chromosomal and/or structural 

congenital anomalies. 

 

Diagnostic criteria 

We adopted the IADPSG diagnostic criteria for GDM 

based on a FPG level > 5.6 mmol/L, or a 2-hour post-

OGTT glucose level > 7.8 mmol/L. The defined adverse 

pregnancy outcomes in this study included: diagnosis of 

intrahepatic cholestasis of pregnancy (IPC), thyroid dis-

ease, intrauterine growth restriction, fetal distress, pre-

mature delivery, dystocia, stillbirth, and abnormal amni-

otic fluid (overseas) during delivery (too much, too lit-

tle, or pollution of degree II and above), macrosomic in-

fant, low birth weight infant, postpartum hemorrhage, 

placental membrane-related problems, and neonatal ad-

mission to NICU after birth. 

 

Blood analysis and blood biomarker measurement in 

the first trimester 

Commercially available reagents were used for analysis 

of blood biomarkers, including detection of glucose by 

the hexokinase method; measurement of total cholester-

ol (TC), triglycerides (TG), creatinine (Cre), urea, uric 

acid (UA), alanine aminotransferase (ALT), and aspar-

tate aminotransferase (AST) by enzymatic methods; 

measurement of vitamin A, vitamin D, vitamin E, thy-

roid-stimulating hormone (TSH), free thyroxine (FT4), 

ferritin, free thyroxine (FT3), and anti-peroxidase anti-

body (TPOAb) by electrochemiluminescence (ECL) as-

say; and detection of glycosylated hemoglobin (HbA1c) 

by high-performance liquid chromatography (HPLC). 

The HbA1c reagent was purchased from Bio-Rad, and 

the other reagents were purchased from Roche Diagnos-

tics. 

 

Statistical analysis 

All data were analyzed using Statistical Package for So-

cial Sciences (SPSS), Version 19.0 (IBM SPSS Statis-

tics for Windows; IBM Corp, Armonk, NY, USA). 

Continuous and normally distributed variables were de-

scribed as mean and standard deviation (SD) values and 

analyzed by independent samples t-test. Categorical 

variables were described as proportions and examined 

with the chi-squared test. Multiple logistic regression 

models were used to explore the association of biomark-

ers in early pregnancy and the risk of GDM and adverse 

pregnancy outcomes. If inclusion of a factors led to a 

change of more than 10%, the final model retained the 

potential confounding factor. Adjusted odds ratios 

(ORs) and 95% confidence interval (CIs) were reported 

together. Statistical significance was defined by a 

p-value < 0.05, and all tests were two-tailed. 

 

 

RESULTS 

 

Baseline characteristics and pregnancy outcomes 

among the study cohort 

From January 1, 2018 to December 31, 2019, a total of 

3,542 women underwent early pregnancy related exami-

nations in the obstetric clinic. Of these, 1,426 women 

were excluded from the study, including 651 women 

with incomplete data, 651 women did not give birth in 

our hospital, 329 women with thyroid disease, 58 wom-

en with obvious type 2 diabetes mellitus, and 34 women 

with multiple pregnancy. The other 2,116 women un-

derwent routine examinations during pregnancy and de-

livered without complication in our hospital. Among 

them, 326 cases formed the GDM group and 1,790 

cases formed the control non-GDM group (Figure 1). 

The baseline data and pregnancy outcomes for the pa-

tients in each group are presented in Tables 1 and 2. 

 

Comparison of biomarker levels in the first trimes-

ter of pregnancy between the GDM and non-GDM 

groups 

Analysis of the levels of biomarkers in the first trimes-

ter of pregnancy showed no significant differences in 

the levels of vitamin D, Cre, urea, ALT, AST, TSH, and 

FT4 between the GDM and non-GDM group (all p > 

0.05). However, the levels of FPG, vitamin A, vitamin 

E, HbA1c, TC, TG, UA, FT3, TPOAb, and ferritin were 

significantly different between the GDM and non-GDM 

groups (all p < 0.05, Figure 2). We selected FPG and 

TG for further receiver operating characteristic (ROC) 

curve analysis of their predictive value for GDM (Fig-

ure 2k). The mean concentrations of FPG and TG in the 

GDM group were 4.7 ± 0.32 mmol/L and 1.83 ± 0.41 

mmol/L, respectively. The area under the ROC curve 

(AUC) values for GDM prediction based on FPG and 

TG were 0.766 (95% CI 0.717 - 0.814, p < 0.001) and 

0.622 (95% CI 0.570 - 0.675, p < 0.001), respectively. 

The cutoff value for FPG was 4.7 mmol/L based on the 

Youden index, with sensitivity and specificity values of 

75.9% and 69.2%, respectively. The cutoff value for TG 

was 1.83 mmol/L based on the Youden index, with sen-

sitivity and specificity values of 69.8% and 76.5%, re-

spectively. 

FPG (mmol/dL) and TG were found to be the better 

indicators among the tested biomarkers, and elevated 

FPG and TG levels were also identified as independent 

risk factors for GDM (Table 3). 

 

Biomarkers in early pregnancy with the potential to 

predict pregnancy outcomes 

With adjustment for potential confounding factors, we 

investigated which early pregnancy biomarkers correl-

ated significantly with adverse pregnancy outcomes. 

FPG, vitamin A, vitamin E, and UA showed significant 

correlations with adverse pregnancy outcomes (Table 4).
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Table 1. Baseline characteristics of pregnant women with or without GDM. 

 

Parameter GDM (n = 324) Non-GDM (n = 1,790) 

Baseline characteristics 

Maternal age, years * 31.2 ± 4.3 31.0 ± 4.0 

Weight before delivery, kg 69.7 ± 11.8 66.8 ± 13.2 

Weight gain during pregnancy, kg * 13.3 ± 5.0 13.6 ± 4.4 

Gravidity 2.27 ± 1.26 2.15 ± 1.06 

Gestational age at delivery, weeks 38.8 ± 1.3 39.5 ± 1.5 

Family history of diabetes * 4 (1.3) 18 (1.0) 

Diabetes history, % 5 (1.5) 14 (0.8) 

Systolic blood pressure, mmHg * 117 ± 13 117 ± 12 

Diastolic blood pressure, mmHg * 74 ± 10 74 ± 9 

Smoking status yes, % * 5 (1.5) 24 (1.3) 

75-g OGTT, mmol/L 

Fasting 5.01 ± 0.45 4.47 ± 0.36 

1 hour 9.73 ± 1.67 7.67 ± 1.43 

2 hours 8.23 ± 1.50 6.52 ± 1.13 

Mode of delivery 

Spontaneous vaginal delivery 131 (40.3) 831 (46.4) 

Operative vaginal delivery 34 (10.4) 145 (8.2) 

Cesarean delivery 161 (49.3) 814 (45.4) 

Indication for cesarean delivery 

Previous cesarean delivery * 55 (34.2) 287 (35.3) 

Breech * 19 (11.8) 92 (11.3) 

Fetal distress * 17 (10.6) 57 (7.0) 

Scar uterus * 51 (31.6) 264 (32.4) 

Abortion failure 10 (6.2) 69 (8.5) 

Others * 9 (5.6) 45 (5.5) 

Postpartum hemorrhage * 61 (18.7) 345 (19.3) 

 

Data are mean ± standard deviation or n/total (%). * - p < 0.05 between groups. 
 

 

 

 

DISCUSSION 

 

With the adjustment of China’s second-child policy in 

recent years, more and more Chinese women have been 

giving birth to second children. Of course, close atten-

tion is paid to health management during pregnancy, but 

the improvement of living standards has also brought 

about a series of negative factors for pregnancy, such as 

unhealthy diet and sleep habits, unhealthy living envi-

ronments, etc. Previous research has clearly established 

maternal age as a risk factor for GDM [15,16]. In our 

study, the average age of the GDM group was 31.2 ± 

4.3 years vs. 31.0 ± 4.0 years for the non-GDM group, 

with no significant difference between the groups. A 

possible reason is that none of the patients in our study 

population was older than 40 years. In both the GDM 

and non-GDM groups, the vast majority of women were 

giving birth before the age of 35 years. This tells us that 

age is a small factor in our research, and we should pay 

more attention to other factors that may reflect the risk 

of GDM. 

Some studies have shown that weight or weight gain 

during pregnancy is highly correlated with GDM [17, 

18]. Perhaps for this reason, some scholars have pro-

posed that controlling weight gain during pregnancy can 

effectively reduce the occurrence of GDM. The patho-

genesis of diabetes remains relatively unclear. It is gen-

erally acknowledged that diabetes is a disease related to 

inflammation and autoimmunity [19,20]. Some scholars 

classify obesity as an inflammatory disease, leading to 

the consideration of obesity as a risk factor for GDM 

[21]. Although BMI is one measurement of obesity, we 
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Table 2. Pregnancy outcomes among women with or without GDM. 

 

Parameter GDM (n = 324) Non-GDM (n = 1,790) 

Ante-partum fetal death * 1 (0.3) 2 (0.1) 

Intra-partum fetal death * 0 (0) 0 (0) 

Perinatal death * 0 (0) 0 (0) 

Birth weight, g * 3,401 ± 428 3,379 ± 434 

Birth height, cm * 49.9 ± 3.3 50.3 ± 3.1 

Male * 157 (48.2) 889 (49.7) 

Apgar score 

1 minute post-partum * 9.87 ± 0.47 9.85 ± 0.52 

5 minutes post-partum * 9.96 ± 0.21 9.96 ± 0.25 

10 minutes post-partum * 9.97 ± 0.19 9.94 ± 0.07 

pH < 7.05 * 1 (0.3) 1 (0.1) 

Admission to NICU * 36 (11.0) 188 (10.5) 

Reasons for admission to NICU 

Asphyxia 1 (2.8) 21 (11.2) 

Intraventricular hemorrhage 5 (13.9) 10 (5.3) 

Jaundice * 13 (36.1) 74 (39.4) 

Respiratory distress syndrome 3 (8.3) 10 (5.3) 

Hypoglycemia * 2 (5.6) 10 (5.3) 

Sepsis 1 (2.8) 10 (5.3) 

Others * 11 (30.5) 53 (28.2) 

 
Data are mean ± standard deviation or n/total (%). * - p < 0.05 between groups. 
 

 

 

 
Table 3. Odds ratios for the ability of early pregnancy biomarkers to predict GDM. 

 

Biomarkers OR (95% CI) p 

FPG, mmol/dL 1.318 (1.228 - 1.416) < 0.001 

Vitamin A, mg/L 2.243 (0.228 - 3.169) 0.647 

Vitamin E, mg/L 0.991 (0.899 - 1.093) 0.860 

HbAlc, % 0.953 (0.378 - 2.430) 0.919 

FT3, pmol/L 0.385 (0.203 - 0.727) 0.003 

TPOAb, U/mL 0.995 (0.991 - 0.999) 0.018 

TC, mmol/L 1.233 (0.755 - 2.011) 0.402 

TG, mmol/L 2.050 (1.203 - 3.493) 0.008 

UA, μmol/L 1.010 (1.003 - 1.018) 0.005 

Ferritin, ng/mL 1.003 (0.997 - 1.009) 0.296 

 

 

 

 

phenomenon unique to patients with GDM. It appears 

that more women are not following the guidance of ob-

stetricians and gynecologists to control their weight, 

and a more casual diet and less exercise are likely com-

mon causes of this phenomenon. At the same time, the 

excessively fast pace of life and work has caused wom-

en to have less free time during pregnancy, limiting the 

available time for exercise. Of course, the degree of 

weight gain during different periods of pregnancy 

varies, and it is possible that a statistical analysis of 
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Table 4. Odds ratios for the ability of early pregnancy biomarkers to predict adverse pregnancy outcomes. 

 

Biomarkers OR (95% CI) p 

FPG, mmol/dL 1.214 (1.123 - 1.268) < 0.001 

Vitamin A, mg/L 0.717 (0.601 - 0.886) 0.037 

Vitamin E, mg/L 0.852 (0.761 - 0.954) 0.005 

HbAlc, % 0.775 (0.305 - 1.965) 0.591 

FT3, pmol/L 1.354 (0.673 - 2.723) 0.396 

TPOAb, U/mL 0.993 (0.986 - 1.001) 0.084 

TC, mmol/L 1.223 (0.717 - 2.086) 0.461 

TG, mmol/L 1.051 (0.520 - 2.127) 0.889 

UA, μmol/L 1.010 (1.004 - 1.016) 0.002 

Ferritin, ng/mL 0.998 (0.992 - 1.004) 0.530 

 

 

 

 

 

 

 
 

 
 

Figure 1. Flow diagram of the present study. 

 

 

 

 

weight gain during different periods could provide more 

useful information. However, the present retrospective 

study was based on case records, and thus, weight gain 

could not be analyzed to this degree. Therefore, the ef-

fect of weight gain during pregnancy on the occurrence 

of GDM needs to be determined by prospective studies. 

Diabetes is a metabolic disease characterized by abnor-

mal glucose metabolism in the body and abnormally el-
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Figure 2. a - j. Comparisons of biomarker levels between the GDM and non-GDM groups, and (k) ROC curve analysis of the 

predictive value of FPG and TG 
 

Linear regression analysis was performed to identify biomarkers in early pregnancy that can accurately predict GDM in the second and third 

trimesters of pregnancy, after adjustment for possible confounding factors (e.g., age, doctors, eating habits, etc.). 
 

 

 

 

evated blood glucose levels. It is often associated with 

abnormal lipid metabolism and insulin resistance. Dia-

betes also affects the small blood vessels and nerves of 

the body, resulting in abnormal development of small 

blood vessels, inner nerve paresthesia, etc. [22]. During 

pregnancy, the body’s blood lipid levels show physio-

logical increases in order to maintain a normal pregnan-

cy. A previous study [22] reported that the increases in 

blood lipids during pregnancy mainly involved TC and 

TG, with the increase in TG possibly being greater, 

which is consistent with our research results. We ob-

served that FPG and TG in the first trimester differed 

significantly between the GDM and non-GDM groups. 

Although according to the existing diagnostic guide-

lines, which provide no diagnostic standard for FPG in 

early pregnancy, our results indicate that if the FPG of a 

pregnant woman in the first trimester is between 4.7 and 

5.1 mmol/L, careful attention should be paid to this situ-

ation. A FPG level in this range does not correspond to 

a diagnosis of GDM in these pregnant women, but may 

predict the later occurrence of GDM. We observed a 

significant difference in TG levels between the GDM 

and non-GDM groups in the first trimester also. Our re-

search showed that higher values of FPG and TG are in-

dependent risk factors for GDM and adverse pregnancy 

outcomes. GDM is not a sudden disease, but rather a 

chronic cumulative disease. Pregnant women with 

GDM may have abnormal blood sugar and blood lipid 
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levels in the first trimester, although the degree of such 

changes may be very small. If elevated FPG and TG 

levels are detected during this period, close attention 

should be paid to determine whether intervention is ap-

propriated, with the goal of reducing the occurrence of 

GDM and adverse pregnancy outcomes. 

According to the recognized diagnostic criteria, hypo-

thyroidism diagnosis depends on laboratory examina-

tions. Even when no clinical manifestation is observed, 

when a TSH level between 2.5 - 10.0 mlU/L in early 

pregnancy or 3.0 - 10.0 mlU/L in middle and late preg-

nancy is measured in combination with a reduced FT4 

level or a TSH level > 10.0 mlU/L is observed indepen-

dent of the FT4 level, a diagnosis of hypothyroidism in 

pregnancy can be made [23]. Pregnant women with hy-

pothyroidism are more likely to suffer from abortion, 

anemia, pregnancy-induced hypertension, placental 

abruption, postpartum hemorrhage, and other obstetric 

complications. Untreated hypothyroidism during preg-

nancy can increase the risk of premature delivery, low 

birth weight, neonatal respiratory distress syndrome, 

and embryonic or perinatal death [24]. More attention is 

given to TSH and FT4 than to FT3 in the monitoring of 

hypothyroidism. In our study, no significant differences 

in TSH and FT4 concentrations were observed between 

the GDM and non-GDM groups, and women with a rel-

atively high FT3 appeared to have a lower risk of GDM. 

FT3 is mainly produced by deiodination of thyroxine 

(T4), and a decrease in the amount of T4 will inevitably 

lead to a decrease in the amount of FT3. However, the 

FT4 levels of the women were in the normal range, and 

the phenomenon of reduced FT3 levels in this context 

warrants close attention. Clinicians need to monitor lab-

oratory indicators of thyroid function in the first trimes-

ter to avoid the possibility of GDM caused by reduced 

FT3. At the same time, FT3 cannot be increased indef-

initely, as excessive FT3 will cause hypothyroidism. 

Therefore, in the first trimester, FT3 should be carefully 

monitored and managed. 

Both vitamin A and vitamin E have anti-oxidative ef-

fects. During the embryonic developmental process, vi-

tamin A and vitamin E play a promoting role. During 

the complete pregnancy process, pregnant women need 

to ensure that they have enough vitamin A and vitamin 

E to support the normal development of an embryo. De-

ficiency in vitamin A and vitamin E can lead to im-

paired fetal development or fetal malformations [25]. In 

our study, we found that the levels of vitamin A and vi-

tamin E in the first trimester were independent predict-

ors of adverse pregnancy outcomes, with an inverse re-

lationship between these levels and adverse outcomes. 

Accordingly, dietary supplementation with adequate 

amounts of vitamin A and vitamin E during pregnancy 

is likely beneficial to pregnant women and fetuses. To 

avoid related side effects though, it is necessary to sup-

plement vitamin A and vitamin E reasonably during 

pregnancy and to monitor the levels of these vitamins 

via regular blood testing. 

There are some limitations to the present study. First, 

the retrospective design does not allow for the collec-

tion of data on important covariates, such as nutritional 

status. We cannot yet determine whether the monitoring 

of the indicators observed will improve the incidence of 

GDM and pregnancy outcomes. Prospective studies are 

needed to overcome this limitation. Second, we do not 

know what types of health products or drugs the preg-

nant women took during the observed pregnancies, and 

thus, we cannot assess their potential impacts on our re-

sults. Third, our study was a single-center study, and the 

results may not be universally applicable. Finally, the 

clinical situation of the newborns was assessed by read-

ing the clinical case records, and it is possible that some 

case records were inaccurate or incomplete. 

 

 

CONCLUSION 

 

In conclusion, screening of blood biomarkers in early 

pregnancy may be beneficial for reducing the occur-

rence of GDM and adverse pregnancy outcomes. For 

women in whom a slight increase in FPG (> 4.7 

mmol/L) or TG (> 1.83 mmol/L) is detected in early 

pregnancy, immediate intervention is advisable. FPG 

and TG levels in early pregnancy were found to be 

potentially valuable indicators of later GDM. Addition-

ally, our results indicate that vitamin A, vitamin E, and 

FT3 levels need to be maintained within reasonable 

ranges throughout pregnancy. An abnormal level of any 

of these indicators could increase the risk of GDM or 

adverse pregnancy outcomes. 

 

 

Declaration of Interest: 

The authors declare that they have no competing inter-

ests. 

 

 

References: 

 
1. Sacks DB, Coustan DR, Cundy T, Donovan L, Hod M. Gestation-

al Diabetes Mellitus: Why the Controversy? Clin Chem 2018;64 

(3):431-8 (PMID: 29021327). 
 

2. Daly N, Flynn I, Carroll C, Farren M, McKeating A, Turner MJ. 

Impact of Implementing Preanalytical Laboratory Standards on 
the Diagnosis of Gestational Diabetes Mellitus: A Prospective 

Observational Study. Clin Chem 2016;62(2):387-91 (PMID: 2663 

7478). 
 

3. Jamilian M, Mirhosseini N, Eslahi M, et al. The effects of magne-

sium-zinc-calcium-vitamin D co-supplementation on biomarkers 
of inflammation, oxidative stress and pregnancy outcomes in ges-

tational diabetes. BMC Pregnancy Childbirth 2019;19(1):107 

(PMID: 30922259). 
 

4. Dovnik A, Mujezinović F. The Association of Vitamin D Levels 

with Common Pregnancy Complications. Nutrients 2018;10(7): 
867 (PMID: 29976852). 

 

 
 

 

 



Potential Biomarkers for Predicting GDM and Adverse Pregnancy Outcomes 

Clin. Lab. 8/2021 9 

5. de la Torre NG, Assaf-Balut C, Jiménez Varas I, et al. Effective 

ness of Following Mediterranean Diet Recommendations in the 

Real World in the Incidence of Gestational Diabetes Mellitus 
(GDM) and Adverse Maternal-Foetal Outcomes: A Prospective, 

Universal, Interventional Study with a Single Group. The St Car-

los Study. Nutrients 2019;11(6):1210 (PMID: 31141 972). 
 

6. Jamilian M, Samimi M, Mirhosseini N, et al. A Randomized 

Double-Blinded, Placebo-Controlled Trial Investigating the Ef-
fect of Fish Oil Supplementation on Gene Expression Related to 

Insulin Action, Blood Lipids, and Inflammation in Gestational 

Diabetes Mellitus-Fish Oil Supplementation and Gestational Dia-
betes. Nutrients 2018;10(2):163 (PMID: 29385062). 

 

7. National Institute for Health and Care Excellence. Gestational di-
abetes: risk assessment, testing, diagnosis and management. 2017 

(accessed 24 April 2018), https://www.nice.org.uk/guidance/ng3/ 

chapter/1-Recommendations#gestational-diabetes-2. 
 

8. Stewart ZA, Wallace EM, Allan CA. Patterns of weight gain in 

pregnant women with and without gestational diabetes mellitus: 
an observational study. Aust N Z J Obstet Gynaecol 2012;52(5): 

433-9 (PMID: 23045986). 

 
9. Panduranga Shenoy R, Hanumaiah G, Bolar Suryakanth V, Shrid-

haran P. Comparison of Serum Levels of Fructosamine and 

Erythrocyte Sodium Potassium ATPase (Na+/K+ ATPase) in 
Gestational Diabetes Mellitus (GDM) and non-Gestational Diabe-

tes Mellitus (non GDM) Patients. Rep Biochem Mol Biol 2019;8 

(3):253-9 (PMID: 32274397). 
 

10. Hajifaraji M, Jahanjou F, Abbasalizadeh F, Aghamohammadza-

deh N, Abbasi MM, Dolatkhah N. Effect of probiotic supple-
ments in women with gestational diabetes mellitus on inflamma-

tion and oxidative stress biomarkers: a randomized clinical trial. 

Asia Pac J Clin Nutr 2018;27(3):581-91 (PMID: 2973 7805). 

 

11. Linné Y. Effects of obesity on women's reproduction and compli-

cations during pregnancy. Obes Rev 2004;5(3):137-43 (PMID: 
15245382). 

 

12. Xiao Y, Zhang X. Association Between Maternal Glucose/Lipid 
Metabolism Parameters and Abnormal Newborn Birth Weight in 

Gestational Diabetes Complicated by Preeclampsia: A Retrospec-

tive Analysis of 248 Cases. Diabetes Ther 2020;11(4):905-14 
(PMID: 32107704). 

 

13. Chiefari E, Pastore I, Puccio L, et al. Impact of Seasonality on 
Gestational Diabetes Mellitus. Endocr Metab Immune Disord 

Drug Targets 2017;17(3):246-52 (PMID: 28786350). 

 
14. Kautzky-Willer A, Harreiter J, Winhofer-Stöckl Y, et al. [Gesta-

tional diabetes mellitus (Update 2019)]. Wien Klin Wochenschr 
2019;131(Suppl 1):91-102 (PMID: 30980150). 

 

15. Sobota-Grzeszyk A, Kuźmicki M, Szamatowicz J. Myoinositol in 
the Prevention of Gestational Diabetes Mellitus: Is It Sensible? J 

Diabetes Res 2019;2019(2):3915253 (PMID: 31886278). 

 
16. H Al Wattar B, Dodds J, Placzek A, et al. Mediterranean-style di-

et in pregnant women with metabolic risk factors (ESTEEM): A 

pragmatic multicentre randomised trial. PLoS Med 2019;16(7):e 
1002857 (PMID: 31335871). 

 

17. Thangaratinam S, Rogozinska E, Jolly K, et al. Effects of inter-
ventions in pregnancy on maternal weight and obstetric out-

comes: meta-analysis of randomised evidence. BMJ 2012;344:e 

2088 (PMID: 22596383). 
 

18. Harrison CL, Lombard CB, Strauss BJ, Teede HJ. Optimizing 

healthy gestational weight gain in women at high risk of gesta-
tional diabetes: a randomized controlled trial. Obesity (Silver 

Spring) 2013;21(5):904-9 (PMID: 23784892). 

 

19. Yefet E, Schwartz N, Sliman B, Ishay A, Nachum Z. Good gly-

cemic control of gestational diabetes mellitus is associated with 

the attenuation of future maternal cardiovascular risk: a retrospec-
tive cohort study. Cardiovasc Diabetol 2019;18(1):75 (PMID: 31 

167664). 

 
20. Lu D, Yang M, Yao Y, Xie Y. A clinical research study on the re-

spective relationships between visfatin and human fetuin A and 

pregnancy outcomes in gestational diabetes mellitus. Taiwan J 
Obstet Gynecol 2019;58(6):808-13 (PMID: 31759533). 

 

21. Szmuilowicz ED, Josefson JL, Metzger BE. Gestational Diabetes 
Mellitus. Endocrinol Metab Clin North Am 2019;48(3):479-93 

(PMID: 31345518). 

 
22. Rashid FB, Khatoon H, Hasnat MA, Amin R, Azad AK. Perinatal 

Complications in Diabetes Mellitus with Pregnancy: Comparison 

between Gestational Diabetes Mellitus (GDM) and Diabetes Mel-
litus Prior to Pregnancy. Mymensingh Med J 2017; 26(1):124-30 

(PMID: 28260766). 

 
23. Springer D, Jiskra J, Limanova Z, Zima T, Potlukova E. Thyroid 

in pregnancy: From physiology to screening. Crit Rev Clin Lab 

Sci 2017;54(2):102-16 (PMID: 28102101). 
 

24. Yang Y, Li Q, Wang Q, Ma X. Thyroid antibodies and gestation-

al diabetes mellitus: a meta-analysis. Fertil Steril 2015;104(3): 
665-71.e3 (PMID: 26151621). 

 

25. Paridaens H, Gruson D. Pre-eclampsia: overview on the role of 
biomarkers in 2016. Ann Biol Clin (Paris) 2017;75(3):245-58 

(PMID: 28540849). 

 

https://www.nice.org.uk/guidance/ng3/%20chapter/1-Recommendations#gestational-diabetes-2.
https://www.nice.org.uk/guidance/ng3/%20chapter/1-Recommendations#gestational-diabetes-2.

