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ABSTRACT

OBJECTIVE: The aim of this study is to evaluate the relationship between hematological changes in

early pregnancy using complete blood count parameters and gestational diabetes mellitus.

STUDY DESIGN: One hundred pregnant with gestational diabetes mellitus and one hundred healthy

pregnant were included in the study. Blood samples for routine complete blood count parameters in first

trimester of pregnancy were analyzed. 

RESULTS: In the gestational diabetes mellitus group white blood cell, platelet count, neutrophil and lym-

phocyte count, mean platelet volume, red cell distribution width were significantly higher than control

group. However, there was no significant difference between groups with regard to neutrophil to lym-

phocyte ratio and platelet to lymphocyte ratio levels. In binary logistic regression analysis; first trimester

mean platelet volume and red cell distribution width values were found to be independently associated

with diagnosis of gestational diabetes mellitus.  

CONCLUSION: This study demonstrates that hematological parameters in first trimester of pregnancy

are closely associated with gestational diabetes mellitus. The parameters that are routinely and auto-

matically calculated in complete blood count; may be used to predict gestational diabetes mellitus.  
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Introduction 

Gestational diabetes mellitus (GDM) is defined as the glu-
cose intolerance that results in hyperglycemia of variable
severity, which is first recognized in pregnancy.  It is seen in
3-10 % of all pregnancies (1). GDM increases the risk of peri-
natal complications and predisposes the newborn to risk of
macrosomia, shoulder dystocia and hypoglycemia (2). These
offspring have increased risk of diabetes in future (3).

Increased proinflammatory and acute phase proteins with
increased immune cells in healthy subjects are defined as

chronic subclinical inflammation (4,5). In current studies

chronic subclinical inflammation is emphasized in pathogene-

sis of Tip 2 DM, CVD and MS (6). Many biochemical and

hematological markers are used to measure systemic inflam-

mation. White blood cell count (WBC) in complete blood

count (CBC) test is the mostly used inflammatory marker in

many diseases. However; in recent years there are studies pro-

posing that the other hematological indices such as red cell

distribution width (RDW), Mean platelet volume (MPV) and

blood cell subtype ratios as platelet to lymphocyte ratio (PLR)

and neutrophil to lymphocyte ratio (NLR) can be used as an

inflammation parameter in different type of diseases (7). In the

present study we aimed to investigate if hematological indices

that are simple, easily and automatically calculated in a rou-

tine CBC test in first trimester of pregnancy have any value in

the prediction of gestational diabetes. 

Material Method

This retrospective case-control study was conducted at

Women’s Health Education and Research Hospital, a tertiary

center in Ankara, Turkey. The study group consisted of 100

women who delivered in our hospital with a diagnosis of

GDM. One hundred healthy pregnant women matched for ma-

ternal age and without any pregnancy complication and

chronic systemic disease (endocrinological, urogenital, car-

diovascular, gastrointestinal, immunological, or oncological)

within the same time were recruited as the control group. All
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pregnant women included in this study were screened for
GDM using a 50-g glucose challenge test (GCT) between 24
-28 week of gestation. 100 g oral glucose tolerance test
(OGTT) was applied to pregnant women when 1st hour glu-
cose level is 140 mg/dL or more. Pregnant with two or more
abnormal values were diagnosed as GDM using Carpenter and
Coustan guidelines. The demographic data including maternal
age, gravidity, parity, pre-pregnancy weight and weight gain
during pregnancy, gestational week at birth, fetal birth weight
and Apgar score of the newborn was obtained from patient
records. Hematological indices of routine CBC parameters in
first trimester of pregnancy at first visit such as Hemoglobin
(Hb), WBC, platelet count, RDW, MPV, neutrophil and lym-
phocyte values, fasting and 1 hour glucose level after GCT of
all women in study were obtained from medical records. NLR
and PLR values were calculated by dividing the absolute neu-
trophil and platelet count by the absolute lymphocyte count.

Gestational age was determined based on the first day of
the last menstrual period (LMP) and first trimester ultrasono-
graphic measurement of the crown-rump length (CRL). If the
patient was not sure of her LMP, dating was based on ultra-
sound estimates by using the earliest CRL measurement dur-
ing the first trimester. If ultrasound dating differed from LMP
dating by more than seven days, the gestational age was
changed according to ultrasound dating. Blood samples for
routine CBC were all taken during the first visit at 6-13+6
weeks of gestation. All CBC analyses were performed in the
central hematology laboratory of our hospital within two
hours of collecting the blood samples. The patients were clas-
sified as pregnant with GDM (group 1) and control (group 2).

The data were analyzed using the Statistical Package for
Social Sciences, Windows version 20.0 (SPSS, Chicago, IL,
USA). Descriptive statistics were expressed as mean and stan-
dard deviation for numerical variables. Normality of the data
distribution was assessed with the Kolmogorov-Smirnov test.
Statistical significant differences between the groups were de-

termined by Mann-Whitney U test. Associations between the

variables were explored using the Spearman’s correlation coef-

ficients. Binary logistic regression analysis was also performed

to define variables associated with gestational diabetes in whole

group. A p value less than 0.05 were considered significant.

Results

In total of 200 pregnant (100 control and 100 pregnant

with GDM) were included to our study. There were no statis-

tically significant differences between groups according to

age, and body mass index (BMI). Women with GDM had

higher gravidity and parity than control group. (p=0.021,

p=0.036, respectively). Neonatal birth weight was signifi-

cantly higher in GDM group but there was no difference be-

tween groups in terms of APGAR scores. Clinical and demo-

graphic characteristics of study group are shown in table 1. 

The mean WBC, platelet, neutrophil and lymphocyte

count in pregnant with GDM were higher than healthy preg-

nant (p=0.002, p=0.002, p=0.011, and p=0.026, respectively).

The mean MPV and RDW levels in GDM group were also

higher than control group (p=0.001 and p=0.015, respec-

tively). But there was no significant difference between

groups with regard to NLR and PLR levels. Comparison of the

hematological indices of study population is shown in table 2.  

In correlation analyses; Fasting blood glucose (FBG) level

was correlated with MCV (r=-0.18, p=0.011) and MPV

(r=0.22, p=0.002). First hour glucose level after GCT was cor-

related with WBC (r=-0.258, p=0.0002); MCV(r=-0.258,

p=0.0002); MPV(r=0.275, p=0.0008) and RDW(r=-0.23,

p=0.001). 

Binary logistic regression analysis was performed to de-

fine the variables associated with diagnosis of GDM and CBC

parameters and MPV and RDW were found to be independ-

ently associated with diagnosis of GDM (Table 3). 

Table 1: Comparison of demographic and clinical characteristics of gestational diabetes mellitus (Group 1) and control (Group 2) 

Data are expressed as mean and SD: Standard deviation, BMI: Body massindex. *: Indicates statistical significance 

Variables
Group 1 (n=100) Group 2 (n=100) p

value Mean SD Mean SD

Maternal Age 

Gravidity

Parity

Miscarriage

BMI(kg/m2)

Weight gain during pregnancy (kg)

Gestational Age at delivery (weeks)

Birthweight (grams)

Apgar 1 score

Apgar 5 score 

31.07

2.79

1.46

0.32

24.4

11.47

38.68

3530

8.70

9.79

5.11

1.22

0.91

0.67

2.3

4.74

1.02

406

0.68

0.47

30.27

2.40

1.19

0.45

23.8

11.79

38.74

3215

8.77

9.71

5.41

1.18

1.02

0.21

3.2

3.16

1.32

430

0.60

0.54

0.27

0.021*

0.036*

0.400

0.8

0.262

0.284

0.001*

0.468

0.297
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Discussion

In the present study, we showed that several hematological
parameters (WBC, MPV, RDW, neutrophil, lymphocyte and
platelet count) were significantly higher in pregnant who de-
veloped GDM later. We also found that GDM was positively
correlated with fasting blood glucose, WBC, platelet count,
RDW and MPV. Elevated MPV and RDW values in first
trimester were found to be independent predictors of GDM. 

Increased placental hormones (human chorionic so-
matomammotropin, cortisol, progesterone) especially begin-
ning in the second trimester of pregnancy cause insulin resist-
ance and hyperglycemia in pregnancy (8). Insufficiency of in-
sulin release to compensate this pregnancy induced insulin re-
sistance is defined as GDM (9). In recent years subclinical in-
flammation is also associated with insulin resistance (7,10,
11). Elevated cytokines in inflammation impair beta-cell func-
tion and can affect insulin signaling directly (10,12).
Inflammation markers including CRP and IL 6 are found to be
increased in DM and also have been shown to predict the fu-
ture diabetes risk (6). The associations between inflammation,
obesity and GDM are also well known.  Adipose tissue regu-
lates insulin resistance by secreting cytokines and responsible
for pathogenesis of insulin resistance in type 2 DM, MS and

also in GDM. In our study we demonstrated that; pregnant
with GDM were heavier than healthy pregnant in pre-preg-
nancy period, but weight gain during pregnancy were similar
between groups. This could be due to glycemic control and at-
tention to diet and weight gain in GDM patients. 

Despite advances in the understanding of pathogenesis of
GDM, there is not yet a method and an ideal single biomarker
that predicts the disease in first trimester. Early prediction of
disease to identify pregnant at risk is important for primary
prevention of this disease and improve the outcome for mother
and baby (13). Several studies have explored the diagnostic
value of hematological indices in gestational diabetes in sec-
ond and third trimester but there are few studies with these pa-
rameters in first trimester.   

White blood cell is a classical inflammatory marker and el-
evated WBC is associated with impaired glucose metabolism,
insulin resistance and DM. Pattanathaiyanon et al, demon-
strated that increased WBC count in early pregnancy had a sig-
nificant rate of GDM than having normal WBC count (14).
Likewise Wolf et al reported that WBC count greater than 9100
cells/μL in early pregnancy was significantly associated with
the risk of GDM (15). Other than WBC blood cell subtype ra-
tios, likewise NLR and PLR are used as diagnostic and prog-

Table 2: Comparison of the hematological indices of gestational diabetes mellitus (Group 1) and control (Group 2)

Data expressed as mean and SD: Standard deviation, WBC: White blood cell, Hb: Hemoglobin, NLR: Neutrophil lymphocyte ratio, PLR: Platelet lym-
phocyte ratio, RDW: Red cell distribution width,  MPV: Mean platelet volume, FBG: Fasting blood glucose, GCT: Glucose challenge test, *: Indicates
statistical significance

OR: Odds ratio, MPV: Mean platelet volume, RDW: Red cell distribution width, PLR: Platelet lymphocyte ratio, NLR: Neutrophil lymphocyte ratio,*:
Indicates statistical significance

Variables
Group 1 (n=100) Group 2 (n=100) p

value Mean SD Mean SD

WBC count, (x10³/ mm3) 

Hb (gr/dL)

Platelet  count (x10³/ mm3)

Neutrophil count (x10³/ mm3)  

Lymphocyte count (x10³/ mm3)  

NLR

PLR

RDW

MPV

FBG(mg/dL) 

50-g GCT(mg/dL)

9.06

12.3

270.6

5.26

2.01

3.31

141.6

15.0

9.69

89.9

188.1

2.02

1.0

57.1

1.72

0.56

1.13

39.8

1.5

1.32

19.5

20.1

8.18

12.2

245.7

5.72

1.84

3.31

140.4

14.4

8.81

76.7

122.4

2.37

1.1

56.9

1.98

0.55

1.57

40.5

1.3

1.11

7.1

2.5

0.002*

0.143

0.002*

0.011*

0.026*

0.307

0.826

0.015*

0.001*

0.001*

0.001*

95 % confidence interval

OR Minimum Maximum p*

MPV 2.007 1.492 2.700 0.001*

RDW 1.281 1.020 1.610 0.033*

PLR 1.008 0.998 1.018 0.101

NLR 0.967 0.723 1.293 0.819

Table 3: Odds ratios for developing gestational diabetes mellitus
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nostic marker in diseases related to chronic low-grade inflam-

mation in recent studies (4,5). Yilmaz et al found that women

with GDM have higher NLR in second trimester of pregnancy

(16); Demirtas et al showed that NLR and PLR were signifi-

cantly higher in non-pregnant diabetic patients than controls

(7). Consistent with literature, WBC were higher in GDM

pregnant group in the first trimester of pregnancy in our study.

Whereas NLR and PLR values were similar between the two

groups. 

Beside the thromboembolic disorders platelet indices are

associated with inflammation and disease activity of inflam-

matory disorders. Platelet hyper aggregation is the most com-

mon change in platelet behavior in diabetes and hyper aggre-

gation in platelets was reported in patients with both type 1

and type 2 DM (17,18). Enhanced platelet protein glycation

may cause increased platelet activity in diabetic patients (19).

MPV shows average size of a platelet and a parameter that re-

flects platelet activation and alteration in the homeostasis and

coagulation system (20). The potential explanation of this

phenomenon is larger platelets are more active (20,21). Higher

MPV levels have been reported in patients with DM and it is

related with diabetic complications (22). In a study; evaluat-

ing the MPV in GDM, Bozkurt et al. found higher MPV lev-

els in pregnant with GDM in third trimester (23) and this find-

ing is also supported by Baldane et al. in second trimester of

pregnancy (24). However in a few case-control studies no sig-

nificant difference was found between GDM and control

groups in terms of MPV count (25,26).    

Red cell distribution width is the variability in size of cir-

culating red blood cells and increased RDW is associated with

hypertension, CVD and MS (27). Chronic inflammation could

cause RDW level elevation and elevated RDW may reflect a

status of high inflammation and oxidative stress (27).

Tripolino et al. demonstrated that RDW predicts the glucose

metabolism disturbance after 75-g oral glucose tolerance test

in non-pregnant patients (28). However; Erdoğan et al found

no significant difference between healthy pregnant and preg-

nant with GDM in terms of RDW levels (25). We found sig-

nificantly higher RDW and MPV levels in first trimester in

pregnant women who developed gestational diabetes later. To

the best of our knowledge this is the first study that showed re-

lationship between RDW and MPV levels in early pregnancy

and latter diagnosis of gestational diabetes.

The first trimester is becoming an important period for po-

tential lifestyle or pharmacological interventions to reduce the

risk of adverse maternal and fetal outcomes in GDM and there

are many studies to analyze serum biomarkers either alone or

in conjunction with other maternal risk factors to predict

GDM in first trimester. Mashiah et al. reported that fasting

plasma glucose levels in the first trimester between 4.4 and 4.7

mmol/l had sensitivities of between 55 and 75% and specifici-

ties of 52 and 75% for the prediction of GDM (29). Lower sex

hormone binding globulin (SHBG) (30), higher serum testos-
terone with dehydroepiandrosterone sulfate (31) and lower
adiponectin concentrations (32) measured in early pregnancy
have also been linked to the development of GDM in other
studies. However; despite the studies there is not yet a method
and single biomarker that predicts the disease accurately in the
first trimester (33,34).  

As a result; CBC is a part of routine blood tests to evalu-
ate pregnant basic health status in first trimester. Measuring
CBC parameters are fast, easily applicable and they can be
used to predict GDM in the early pregnancy. However, large-
scale and prospective studies are needed to evaluate these pa-
rameters role in predicting GDM and to say these parameters
could replace the screening tests during the second trimester.
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