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Abstract

Background. To investigate the association
between inflammatory factors, such as complete blood count
(CBC) components, neutrophil/lymphocyte ratio (NLR),
monocyte/lymphocyte ratio (MLR), platelet-to-lymphocyte
ratio (PLR), and gestational diabetes mellitus (GDM).

Methods. A total of 635 pregnant women with GDM
and 296 with normal pregnancies at 7-13 weeks of gestation
who underwent prenatal examinations in the obstetrics
department were enrolled (June 2020-December 2020).
CBC parameters, including WBC, neutrophil, lymphocyte
(LYM), monocyte (MON), red blood cell (RBC), hemoglobin
(HGB), mean corpuscular volume (MCV), platelet (PLT),
platelet accumulation (PCT), mean platelet volume (MPV),
NLR, MLR, PLR, alanine transaminase (ALT), aspartate
transaminase (AST), gamma-glutamyl transferase (GGT),
and other parameters were assessed. The receiver operating
characteristic (ROC) curve was used to analyze the screening
effects of the variables on the development of GDM.

Results. There were significant differences in the
blood levels of WBC, NEU, LYM, MON, RBC, HGB, PCT,
ALT, AST, GGT, NLR, and MLR between the GDM and
control groups (P<0.05). The diagnostic level of MON was
the highest among all factors.

Conclusion. Inflammatory factors (WBC, NEU,
LYM, MON, NLR, and MLR counts) were correlated with
GDM.

Keywords:  Gestational  diabetes  mellitus,
Leukocyte, Pregnancy, Monocyte/lymphocyte ratio,
Neutrophil/lymphocyte ratio.

INTRODUCTION

Gestational diabetes mellitus (GDM) refers
to abnormal glucose metabolism that occurs for the
first time during pregnancy, excluding type 2 diabetes

mellitus that is diagnosed before pregnancy. Although
its pathogenesis remains unknown, the main recognized
causes are increased glucose demand during pregnancy,
increased insulin resistance (IR), and relative or
absolute insulin deficiency (1). The GDM rate is
rising in China owing to changes in fertility policies
and increasing recognition of the significance of the
disease. However, the precise prevalence of GDM
remains unclear. Studies from the United States have
reported prevalence rates ranging from 1% to 14% of
pregnancies, whereas research in China has suggested
a prevalence of over 5.07% (2), with some researchers
estimating a much higher incidence of 17.5% (3).

Predictive approaches have been extensively
adopted to assist clinicians in their decision-making
processes by estimating the likelihood of a patient
experiencing different outcomes (4, 5). Recent studies
have indicated that routine complete blood count (CBC)
components, specifically the platelet-to-lymphocyte
ratio (PLR), neutrophil-to-lymphocyte ratio (NLR),
and monocyte-to-lymphocyte ratio (MLR), have
the potential to serve as innovative indicators of the
systemic inflammatory response in a range of medical
conditions, including pregnancy complications (6-9),
cerebral hemorrhage (10, 11), ischemic stroke (10),
cardiac events (12, 13), sepsis and infectious pathologies
(14, 15), cancers (16, 17), and other diseases. These cost-
effective and easily accessible inflammatory markers can
assist in assessing patient risk and modifying treatment
strategies in routine clinical practice.

There is increasing evidence that inflammatory
markers, such as NLR, MLR, PLR, and CBC indices,
can be used to predict the risk of preeclampsia
and the spread of gestational trophoblastic disease
(18). Additionally, these markers may be helpful in
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the diagnosis of GDM, intrahepatic cholestasis of
pregnancy, HELLP syndrome, and hyperemesis (6-
9). However, only a limited number of studies have
assessed the predictive significance of PLR, MLR, and
NLR in GDM. In this study, the association between
routinely ordered inflammatory factors, including
WBC, NEU, NLR, PLR, MLR-related levels, and other
liver- and kidney-relevant indices, and the development
of GDM was investigated.

MATERIALS AND METHODS

Participants and study design

In this cross-sectional study, a total of 635
singleton pregnant women who underwent regular
antenatal checkups in the obstetrics department of
Fuyang People’s Hospital affiliated with Anhui
Medical University, Anhui, China, using simple
random sampling were included (June 2020 to
December 2020). Of these, 339 women were diagnosed
with GDM by OGTT (GDM group), excluding 47
cases of preterm delivery who were not included in the
statistical analysis, while 296 women displayed normal
OGTT results (control group). The diagnostic criteria
for GDM in this study were based on the 9" edition of
Obstetrics and Gynecology, which involves measuring
blood glucose levels at 24-28 weeks of gestation after
an overnight fast and a 75 g oral glucose tolerance test.
GDM was diagnosed if the blood glucose levels were
equal to or greater than 5.1 mmol/L, 10.0 mmol/L, and
8.5 mmol/L after fasting, 1 h, and 2 h, respectively.

The exclusion criteria were as follows: (1) a
known history of diabetes mellitus; (2) the presence
of additional cardiovascular risk factors, such as
hypertension, hyperlipidemia, or coronary artery
disease; and (3) the presence of other factors that may
affect leukocyte subpopulations and information ratios,
such as corticosteroids, acetylsalicylic acid, smoking,
impaired liver and renal function, a history of trauma,
signs of active infection, peritonitis, pancreatitis, and
pelvic inflammation.

Clinical
examination

The anthropometric and clinical data of the
pregnant women, including age, height, pre-pregnancy
weight, pre-pregnancy body mass index (BMI), weight
gain during pregnancy, 24-hour vaginal bleeding,
and other general conditions, were collected. Fasting
venous blood was collected from pregnant women at
37-39 weeks of gestation, the relevant indices (such

information and biochemical
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as WBC, NEU, MON, RBC, HGB, and PLT) in
routine blood were detected, and the levels of NLR,
PLR, and MLR were calculated. The levels of urinary
leukocytes, urinary bacteria, ALT, AST, urea nitrogen,
and creatinine in the liver and kidney were measured
and calculated in the early morning after fasting (10-12
h). The WBC, NEU, RBC, and HGB levels in routine
blood tests were measured using an automatic blood
cell analyzer, and liver and kidney function tests were
performed using an automatic biochemical analyzer.

Statistical analysis

Statistical analyses were conducted using the
SPSS software (version 22.0; IBM Corp., Armonk,
NY, USA). The Kolmogorov-Smirnov test was used to
determine data normality. Continuous data are shown
as mean = standard deviation (SD) and were compared
using an independent Student’s t-test. Categorical data
were expressed as frequencies and percentages using
the Chi-squared or Fisher’s exact test. To examine
the prognostic significance of factors for improved
risk stratification of GDM, we performed receiver
operating characteristic (ROC) analysis to determine
the area under the curve (AUC) of each component and
evaluated the efficacy of a combination of these factors.
P-values less than 0.05 (P < 0.05) were considered
significant.

RESULTS

Between June and December 2020, our
hospital recorded a total of 4,245 deliveries, of which
339 were full-term deliveries complicated by GDM,
resulting in an overall incidence of 7.74% in infants
with gestational age. The incidence rate of GDM was
9.09% (386/4,245). A comparison of the baseline
and clinical characteristics of the pregnant women
is presented in Table 1. The mean maternal age, pre-
pregnancy weight, pre-pregnancy BMI, weight gain
during pregnancy, mean newborn weight, and 24-hour
vaginal bleeding were significantly different between
the two groups (P<0.05) (Table 1).

Table 2 shows the comparison of blood and
urinary parameters and inflammatory markers between
the GDM and control groups. Among the CBC factors,
WBC, NEU, MON, RBC, HGB, and PCT levels were
significantly lower in the GDM group than in the
control group (P<0.05), while there were no significant
differences in LYM, MCV, PLT, and MPV (P<0.05).
The combined inflammatory indices NLR and MLR,
but not PLR, were significantly lower in the GDM
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group than in the control group (P<0.05). Moreover,
ALT, AST, and GGT levels were significantly higher
in the GDM group than in the control group (P<0.05);
however, there were no statistically significant
differences between the two groups in the kidney
markers creatinine and uric acid (P<0.05). With respect
to urinary parameters, urinary leukocyte and bacterial
counts were not significantly different between the
GDM and control groups (P<0.05) (Table 2).

Table 3 and Figure 1 show the predictive values
of blood sugar, urine sugar, liver and kidney function,
and levels of all inflammatory factors for GDM in late
pregnancy. The AUC of WBC, NEU, LYM, MON,
RBC, urine bacterial count, and ALT were 0.623,
0.621, 0.547, 0.614, 0.548, 0.557, 0.555, and 0.574,
respectively, which were statistically significant
(P<0.05). The maximum AUC of the MON was 0.619,
its cutoff value was 0.435, and the Jordan index was
0.207. Sensitivity and specificity were 70.61% and
50.15%, respectively (Table 3 and Fig. 1).
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Figure 1. Receiver—operating characteristics (ROC) curve analysis
for WBC, NEU, MOM, HGB, NLR, MLR, and LYM levels in predicting
GDM during the third trimester of pregnancy.

DISCUSSION

Although GDM is becoming increasingly
well-known, its pathogenesis remains unclear. Recent
evidence suggests that inflammatory factors are involved
in the process of IR and indirectly in the occurrence
and development of GDM (19). Routine blood tests
are common laboratory procedures used in the initial
assessment of GDM and are part of the free maternity
tests provided by the state during pregnancy. Elevated
NEU and WBC counts are associated with both chronic
and acute inflammation and have been implicated in
GDM pathogenesis (6, 20, 21).

Studies have shown that insulin sensitivity is
associated with peripheral blood WBC counts, which, as
one of the most common indicators of the inflammatory
response, can cause IR by activating inflammatory
response signaling pathways through structure recognition
receptors when the body is stimulated by infections,
chemical alterations, etc. (22). Recent research has
suggested that inflammatory factors may reflect a high
risk of developing gestational diabetes. WBC count is a
widely used biomarker of systemic inflammation, and
platelets and red blood cells also play an important role
in the inflammatory response. Activated platelets release
numerous chemokines and express a large number of
membrane receptors involved in inflammation (23, 24).
Several studies have confirmed that elevated WBC, RBC,
and PLT counts are associated with the GDM development
(4). A retrospective analysis by Zhao et al. demonstrated
that WBC count was significantly correlated with the
development of GDM. The authors further reported that
when the WBC count of pregnant women with GDM
was 7.965 x 10°/L, diagnostic sensitivity and specificity
were 79.4% and 31.3 %, respectively, while evaluation
by the homeostatic insulin assessment model revealed a
positive correlation between the insulin resistance index
and WBC count (25).

Table 1. Comparison of baseline and clinical characteristics of pregnant women between the GDM and control groups

GDM group n=339 Control group n=296  P-value
Age (years) 30.53+4.92 26.46+3.27 P<0.0001
Prepregnancy weight (kg) 63.17+11.20 56.29+8.87 P<0.0001
Prepregnancy BMI (kg/m?) 24.11+3.96 21.24+3.11 P<0.0001
Weight gain (kg) 13.09+6.23 15.32+5.36 P<0.0001
University culture 127 (37.46) 193 (65.20) P<0.0001
Macrosomia incidence 54 (15.92) 25 (8.44) P=0.004
Mean newborn weight (g) 3539+421.40 3382+434.30 P<0.0001
Average body weight of macrosomia (g) 4233+212.10 4284+284.90 P=0.372
Postpartum hemorrhage rate 7 (2.06) 6 (2.02) P=0.804
24-hour vaginal bleeding 338.50+179.30 296+140.60 P=0.001

Continuous and categorical data are presented as mean + SD and number (percentage), respectively. Remarks: All births were full term, excluding premature

births. GDM: gestational diabetes mellitus; BMI: body mass index.
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NLR and PLR are simple, fast, and inexpensive
markers of inflammation and have been used as markers
of inflammation or metastasis in cancer and inflammatory
bowel disease, as prognostic markers for ischemic
heart disease, and for screening for diabetes-related
complications (5, 26). Yilmaz et al. reported a significant
association between NLR and GDM, with a threshold
value of 2.93. The sensitivity and specificity of the NLR
for diagnosing GDM were 76% and 94%, respectively
(6). Moreover, Hudzik et al. first evaluated PLR in
relation to GDM and concluded that PLR was associated
with poor outcomes in patients (27). Another study
showed that PLR is useful in predicting inflammation
in patients with diabetic nephropathy (28). Furthermore,
elevated MLR may be a favorable prognostic factor for
clinical outcomes in patients with hyperglycemia during
pregnancy (29). Increased MLR values are thought to
be a metabolic response to overwhelming systemic

inflammation or immune dysfunction; inflammation,
primarily changes in inflammatory cytokine release
in the placenta, may cause fetal dysplasia through
epigenetic alterations (30).

Several studies have concluded, however, that
blood NLR and PLR are not recommended in screening
for GDM, but they propose that an increased WBC count
is an important marker of gestational diabetes because it
provides evidence of subclinical inflammation. A study by
Ozyer et al. indicated that WBC count and CRP and IL-6
levels were not associated with the development of GDM
at mid-or late gestation (31), which was not in agreement
with the present study. Our study found that WBC, NEU,
MON, PCT, NLR, and MLR were significantly lower
in the GDM group than those in the control group. We
found no significant differences in the MCV, PLT, PCT,
and PLR factors between the two groups. The results of
this study were partly in line with the above-mentioned

Table 2. Comparison of blood and urinary parameters and inflammatory indicators between the GDM and control groups

GDM group n=339 Control group n=296 P-value
WBC (*10°/L) 8.18+2.01 9.07+2.09 P<0.0001
NEU (*10°/L) 6.05+1.75 6.86+1.94 P<0.0001
LYM (*10°/L) 1.560+0.44 1.641+0.52 P=0.035
MON (*10°/L) 0.45+0.13 0.52+0.27 P<0.0001
RBC (*10%/L) 4.00+0.36 4.06+0.34 P=0.020
HGB (g/L) 119.40+11.26 121.50+9.83 P=0.013
MCYV (fL) 92.07+5.75 91.45+10.06 P=0.338
PLT (*10°/L) 196.70+56.85 203.90+48.85 P=0.093
PCT (%) 0.20+0.04 0.22+0.12 P=0.047
MPV (fL) 10.94+5.46 10.42+1.63 P=0.117
NLR 4.16x1.64 4.57£2.17 P=0.006
PLR 134.40+49.02 133.80+48.67 P=0.962
MLR 0.30+0.10 0.34+0.19 P=0.005
ALT (U/L) 18.66+28.88 13.32+8.76 P=0.002
AST (U/L) 21.32+26.87 17.45+6.46 P=0.016
GGT (U/L) 14.49+11.48 12.62+7.70 P=0.018
Creatinine (umol/L) 41.72+7.28 41.58+7.41 P=0.810
Uric acid (ummol/L) 301.00+74.45 292.20+65.90 P=0.117
Urinary leukocyte count 21.73+£54.36 20.32+51.47 P=0.739
Urinary bacterial count 8.55+20.61 7.017+13.88 P=0.279

All data are presented as mean * SD. GDM: gestational diabetes mellitus; WBC: white blood cell; NEU: neutrophil; LYM: lymphocyte; MON: monocyte; RBC: red blood
cell; HGB: hemoglobin; MCV: mean corpuscular volume; PLT: platelet; PCT: platelet accumulation; MPV: mean platelet volume; NLR: neutrophil-to-lymphocyte ratio;
PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; ALT: alanine transaminase; AST: aspartate transaminase; GGT: gamma-glutamyl transferase.

Table 3. Value of various inflammatory factors in predicting GDM in the third trimester of pregnancy

Category AUC 95% CI p-value Cut-off value Sensitivity (%) Specificity (%) Jordan index
WBC 0.623  0.580-0.666  <0.0001 9.315 43.58 75.81 0.193
NEU 0.621 0.578-0.665  <0.0001 7.005 43.58 76.4 0.199
LYM 0.547  0.503-0.592  0.037 1.325 77.7 34.81 0.125
MON 0.614  0.571-0.658  <0.0001 0.435 70.61 50.15 0.207
HGB 0.557  0.513-0.602  0.011 111.500 88.18 23.89 0.120
NLR 0.561 0.516-0.606  0.007 3.440 71.62 39.82 0.114
MLR 0.558  0.514-0.603  0.010 0.322 47.64 64.6 0.122

GDM: gestational diabetes mellitus; WBC: white blood cell; NEU: neutrophil; LYM: lymphocyte; MON: monocyte; HGB: hemoglobin; NLR: neutrophil-to-

lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.
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findings; however, the WBC, NLR, and MLR values
were low, and PLR could not be used as a meaningful
indicator and did not have diagnostic value.

Lao et al. found that the incidence of GDM
in pregnant women with high HGB levels (=130 g/L)
in early pregnancy was as high as 18.7%, which was
significantly higher than that in the group with HGB
<130 g/LL (10.9%) (32). Similarly, Gao et al. concluded
through retrospective analysis that high HGB levels (=130
g/L) in early pregnancy were significantly correlated with
the occurrence of GDM (32). Tarim et al. found that the
incidence of GDM was significantly higher in the >122
g¢/LL HGB group than in the < 122 g/L HGB group, but
high HGB levels were not found to be an independent
risk factor for GDM development after logistic regression
analysis (33). Chen et al. concluded that high HGB levels
(> 130 g/L) did not increase the risk of developing GDM
(34). Our study found lower erythrocyte levels and HGB
concentrations in the GDM group than in the control group,
which differs slightly from a previous study, ostensibly
due to the late gestational stage of the participants. The
current study concluded that whether there is a significant
correlation between HGB levels and the occurrence of
GDM is controversial (35).

The liver plays an irreplaceable role in the
pathogenesis of diabetes as it is the main site and target
of glucose and insulin metabolism. A study by Erdogan
et al. (36) found that ALT and GGT levels were
significantly higher in the GDM group than in healthy
controls, which may be one of the early predictors of
GDM. Another prospective study of 2,610 pregnant
women diagnosed with GDM showed a correlation
between maternal blood GGT levels, but not AST
and ALT levels, and the occurrence of GDM in mid-
pregnancy (37). However, a study by Liu et al. showed
that liver metabolic levels of ALT, AST, total bilirubin,
and fibrinogen in early pregnancy were closely related
to the occurrence of GDM. These findings emphasize
the importance of monitoring liver function in pregnant
women, particularly in those at risk of GDM (38). Our
study found that the levels of ALT, AST, and GGT
were significantly higher in the GDM group than in
the control group. We also found that there was no
statistical difference between creatinine, urea nitrogen,
urinary leukocytes, and urinary bacterial counts in the
two groups; however, urinary leukocyte and urinary
bacterial counts were higher than those in the healthy
control group. These findings are consistent with the
increased susceptibility of individuals with diabetes to
infectious factors and highlight the need for increased
attention to infectious risk in this population.

This study had certain limitations. Although we
observed that inflammatory factors, such as WBC, NEU,
LYM, and NLR, were significantly altered in pregnant
women with GDM, we found that these tests were not
very accurate. Our data showed that the maximum AUC
value was < 0.7. We believe that there are three possible
reasons for this finding. However, the sample size of
this study was relatively small. These inflammatory
indices are not specific to pregnancy, and fluctuate
during pregnancy. They were chosen because they are
inexpensive and easy to obtain, even in poor areas.
Lastly, this study performed only the association analysis
of inflammatory factors, such as WBC, NEU, NLR,
MLR, and liver and kidney function-related indices in
routine blood during pregnancy with GDM and did not
combine the relevant indices in early pregnancy, such
as fasting blood glucose and lipids, nor explored the
mechanism of this in greater depth. Additional studies
are needed to complement the results obtained in this
study by conducting a prospective study to determine
the relationship between early pregnancy-related
inflammatory factors and the prognosis of pregnant
women with GDM. Other risk factors for GDM should
also be identified.

In conclusion, in our study, routinely ordered
inflammatory factors, WBC, NEU, LYM, MON, NLR,
and MLR counts were important markers involved in the
development of GDM. The possible advantages of these
markers include their availability and low cost compared
to other sophisticated inflammatory markers that might
not be available in all healthcare centers. The MON
blood level requires particular attention, but further
prospective demonstration in a larger sample is needed.
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