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Amag: Gebeligin ilk trimesterindeki hematolojik endekslerin gestasyonel di-
yabetes mellitusun (GDM) 6ngoriilmesindeki rollerinin arastiriimasi ve ilk iki
trimesterde bu parametrelerdeki degisimlerin GDM'si olan ve olmayan has-
talarda karsilastiriimasi

Geregler ve yontem: GDM igin 24-28. gebelik haftalarinda taranan ve ilk iki
trimesterde de hemogram testi yapilmis olan gebeler retrospektif olarak aras-
tirildi. Trombosit kiitle endeksi (TKE), nétrofil-lenfosit orani (NLO) ve trom-
bosit-lenfosit orani (TLO) hesaplandi. ileride GDM gelisen ve gelismeyen
hastalarin ilk trimester hematolojik endeksleri ve bu endekslerin progressif
degisimleri karsilastirildi.

Sonug: Ug yiiz atmis sekiz hasta calismaya dahil edildi ve GDM %17,9 ora-
ninda saptandi. ilk trimester endeksleri arasinda TLO haricinde fark tespit
edilmedi. TLO GDM'li hastalarda daha disiik idi fakat bagimsiz bir prediktor
olarak bulunmadi. Normal glisemik gebelerde hemoglobin, hematokrit, lenfo-
sit, trombosit, ortalama trombosit hacmi (MPV), plateletkrit (PCT), trombosit
biiytik hiicre orani (PLCR) ve TKE degerlerinde ilk trimestere oranla ikinci
trimesterde anlamli duisis oldugu gortildi. Beyaz kiire (WBC), notrofiller, ce-
kirdekli kirmizi kan hticreleri (NRBC), immattir grandlositler ve NLO anlamli
olarak ytikselirken, kirmizi hiicre dagilim genisligi (RDW), trombosit dagilim
genisligi (PDW) ve TLO'da anlamli degisim gozlenmedi. GDM'li hastalarda
ise hemoglobin, hematokrit, lenfosit, trombosit ve TKE'de belirgin diistis gé-
rilirken, WBC, nétrofiller, MPV, immatiir granilositler ve NLO birinci trimes-
tere gore yiikselmisti. RDW, PDW, PCT, PLCR, NRBC ve TLO'da degisim
gozlenmedi.

Sonug: ilk trimesterdeki higbir hematolojik endeks, gelisecek GDM'yi 5ngérme
yetisine sahip degildir. MPV'de gozlenen progresif degisimler GDM gelismesi-
nin degerlendirilmesi igin bir indikator olarak kullanilabilir.
Anahtar Kelimeler: Hematolojik endeksler, gestasyonel diyabetes mellitus,
ortalama trombosit hacmi, inflamatuvar belirtegler, tam kan sayimindaki degi-
simler
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ABSTRACT

Aim: To assess the predictive role of hematological indices in the first tri-
mester of pregnancy for gestational diabetes mellitus (GDM) and to compare
the progressive changes in these indices between patients with and without
GDM in their first and second trimesters.

Materials and Methods: Pregnant women screened for GDM in 24-28 ges-
tational weeks and who had CBC test in the first and second trimesters were
retrospectively investigated. Platelet mass index (PMI), neutrophil-to-lymp-
hocyte ratios (NLR) and platelet-to-lymphocyte ratios (PLR) were calculated.
The first trimester hematological indices were compared between normal
glycemic patients and the patients with subsequent GDM. The progressive
changes of these indices were compared.

Results: Three-hundred-sixty-eight women were enrolled and 17.9% had
GDM. There was no difference between first trimester hematological indi-
ces, except PLR which was lower in GDM group, however, PLR was not
an independent predictor. In normal-glycemic pregnant women hemoglobin,
hematocrit, lymphocytes, platelets, mean-platelet-volume (MPV), plateletcrit
(PCT), platelet-large-cell-ratio (PLCR) and PMI decreased significantly from
first trimester to second trimester. White-blood-cells(WBC), neutrophils, nuc-
leated-red-blood-cells(NRBC), immature granulocytes and NLR increased
significantly, while no significant changes were detected in red-cell-distri-
bution-width(RDW), platelet-distribution-width(PDW) and PLR. In GDM pa-
tients, hemoglobin, hematocrit, lymphocytes, platelets and PMI significantly
decreased while WBC, neutrophils, MPV, immature granulocytes and NLR
increased from first trimester to second trimester. RDW, PDW, PCT, PLCR,
NRBC and PLR did not change.

Conclusion: None of the first trimester hematological indices have a predi-
ctive ability for subsequent GDM. The progressive changes in MPV can be
used as an indicator to assess the development of GDM.

Key Words: Hematological indices; gestational diabetes mellitus; mean pla-
telet volume; inflammatory markers; change in complete blood count para-
meters
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INTRODUCTION

Gestational diabetes mellitus (GDM) which is defined as carbohydrate intole-
rance that develops during pregnancy, is considered to be the most common
metabolic disorder seen in pregnancy and yet has an increasing trend (1). It
develops when pancreas cannot compensate increased insulin demand that
resulted from the peak in the secretion of placental hormones. Chronic su-
bclinical inflammation with insulin resistance are considered to be the main
underlying mechanisms (2).

Chronic subclinical inflammation is the state of increased proinflammatory and
acute phase proteins with increased immune cells (3, 4). Some of the indices
of complete blood count (CBC) including, white blood cells (WBC), red cell
distribution width (RDW), mean platelet volume (MPV), platelet distribution
width (PDW), plateletcrit (PCT) and blood cell subtype ratios as platelet to ly-
mphocyte ratio (PLR), neutrophil to lymphocyte ratio (NLR) and platelet mass
index (PMI) have been proposed as markers of systemic inflammation (5).
Recently these markers are suggested to differ in GDM patients in different
studies (6-9). However, in some other studies no significant differences were
observed in these markers between patients with and without GDM (10-15).

The pathophysiological process of GDM occurs months before the diagnosis
and markers related to the disease may be present in the blood before the
clinical diagnosis is made (16). Therefore, in light of the contrary findings, the
aim of the present study was to assess the predictive role of hematological
indices that are parts of a simple CBC test performed in the first trimester of
pregnancy for development of GDM and to compare the progressive changes
in these indices between patients with and without GDM throughout the first
and the second trimesters.

MATERIAL AND METHOD

All the pregnant women who were screened for GDM in their 24-28 gestational
weeks with a 75 g oral glucose tolerance test (OGTT) and to whom a CBC
was ordered in the first trimester and again in the second trimester during
GDM screening in obstetrics department of our clinic between January 2017
and January 2020 were included in this retrospective cohort study. Data were
obtained from the electronic data base of the hospital. Screening is offered
to all pregnant women in our clinic between 24-28 gestational weeks unless
she has risk factors for earlier testing (1). Patients with a known systemic di-
sease including rheumatologic disorders, thyroid abnormalities, hypertension,
preeclampsia, renal failure, cardiac diseases, any kind of autoimmune disea-
ses, malignancies and respiratory diseases were excluded. Women who were
using aspirin or heparin and steroids for any reason were also excluded. The
institutional ethics approval was obtained for the study (2020/473).

The CBC was analyzed with the SYSMEX-XN-1000/23797 hemogram device.
The assessed parameters in CBC were hemoglobin, hematocrit, red blood
cells, mean corpuscular volume (MCV), MCH concentration, WBC (including
neutrophils, lymphocytes and their percentages), platelets, PDW, MPV, RDW,
nucleated red blood cell (NRBC), NRBC percentage, PCT, platelet large cell
ratio (P-LCR), immature granulocytes (IG) and IG percentage. Platelet mass
index (PMI) was calculated by multiplying platelet number with MPV and divi-
de the result by 1000. NLR and PLR are calculated by dividing the absolute
neutrophil and platelet counts by the absolute lymphocyte count.

The screening for GDM using a 75-g, 2-hour OGTT had been performed in
the morning after an 8 to 14 hours fast. A fasting blood sample was obtained
for CBC and OGGT. Then the patient was instructed to drink a standard liquid
containing 75 g glucose. The blood sample was obtained again two times
every 60 minutes. She was not allowed to eat or drink during the test. GDM
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was diagnosed when any single threshold value was met or exceeded fasting
value, 92 mg/dL; 1-hour value, 180 mg/dL; or 2-hour value, 153 mg/dL (17).

Statistical analysis was accomplished with statistical program for social scien-
ces (SPSS 22, demo version, IBM). Normality of the data was tested with
Kolmogorov-Smirnov Test. Normally distributed data were expressed as mean
+ standard deviation and compared with independent and paired samples
t tests where appropriate. Mann-Whitney U and Wilcoxon signed-rank tests
(where appropriate) were used for comparison of non-normally distributed
data which were expressed as median (interquartile range). Binomial data
were expressed as percentages and compared with chi square test. Correlati-
on analysis (Pearson or Spearman coefficients where appropriate) was done
to find factors that had correlations with diagnosis of GDM and a regression
analysis was performed with these factors that were found to have significant
correlation in order to find out the independent predictors of GDM diagnosis. A
value of <0.05 was considered as significant.

RESULTS

A total of 1177 pregnant women had been screened for GDM in 24-28 ges-
tational weeks between January 2017 — January 2020 in our clinic and 368
women fulfilled the inclusion criteria. There were 66 patients (17.9%) who
were diagnosed to have GDM. GDM patients were significantly older and had
experienced more pregnancies (32.8 + 4.6 vs 29.7 + 4.8 years, p: <0.01; 2.6
+1.4vs22+1.5,p:0.008, respectively). Groups were similar with respect to
delivery week, fetal birth weight, umbilical blood pH, 1 and 5th minute APGAR
scores; however, more newborns of GDM mothers had been admitted to the
newborn intensive care unit for any reason (30.8% vs 13.6%, p:0.009).

The comparison of first trimester CBC parameters and the PLR, NLR and PMI
values in the groups were depicted in table 1.

Table 1. Comparison of the first trimester complete blood count parameters of
the patients with and without gestational diabetes (shown as mean + standard
deviation or median (interquartile range) where appropriate)

Controls GDM patients P

Hemoglobin (g/dL) 119+13 121+1.2 0.567
Hematocrit (%) 355+29 35.8+3.5 0.630
RDW 13.8+1.8 13.6x1.6 0.347
White Blood Cells 9.5+26 9.7+£24 0.602
Neutrophils 6.6+23 6.7+19 0.717
Lymphocytes 2.1+06 22+06 0218
Monocytes 0.58 (0.24) 0.63 (0.24) 0.204
Basophils 0.04 (0.02) 0.03 (0.04) 0.928
Eosinophils 0.1(0.11) 0.11 (0.16) 0.659
Platelets(/mm?) 263,914 + 74370 254,510+ 48,807 0.400
Platelet Distribution Width 12.7+23 129+19 0.569
Mean Platelet Volume 10.7£0.9 10.8£0.9 0.510
PCT 0.28 (0.07) 0.27 (0.08) 0.421
PLCR 3048 304+72 0.692
NRBC 0(0) 0(0.1) 0.221
Immature granulocytes 0.04 (0.03) 0.04 (0.04) 0.785
PLR 133.2+46.6 1222+ 40 0.03
NLR 3418 3213 0.516
PMI 2794.5 720 2715.8 £448 0.470

RDW: Red cell distribution width, PCT: Plateletcrit, PLCR: Platelet large cell ratio, NRBC: Nucleated red blood cell,
PLR: platelet-to- lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio, PMI: Platelet mass index
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Except PLR, which was lower in the GDM patients, groups were similar with respect to hematologic indices. In the control group NRBC was positive in 9.5% in
the first trimester and 15.1% in the second trimester. In GDM patients NRBC was positive in 15.1% and 30.5% in the first and second trimesters respectively.

The progressive changes of the CBC parameters and the comparison of these changes in the groups were shown in table 2.

In healthy pregnant women without GDM hemoglobin, hematocrit, lymphocytes, platelets, MPV, PCT, PLCR and PMI were found to decrease significantly
from first trimester to second trimester (Table 2). WBC, neutrophils, NRBC, immature granulocytes and NLR had a tendency to increase significantly, while no
significant changes were detected in RDW, PDW and PLR. In pregnant women with GDM hemoglobin, hematocrit, lymphocytes, platelets and PMI significantly
decreased while WBC, neutrophils, MPV, immature granulocytes and NLR increased from first trimester to second trimester. RDW, PDW, PCT, PLCR, NRBC

and PLR did not change (Table 2).

There was no statistically significant difference between the amount of increases or decreases in the groups (Table 2). The progressive changes seen in MPV
was contrary in the patients with and without GDM, it increased significantly in GDM patients, but decreased in the control patients (Table 2).

Table 2. Comparison of the first trimester complete blood count parameters of the patients with and without gestational diabetes (shown as mean + standard

deviation or median (interquartile range) where appropriate)

Controls
First trimester Second Trimester p
Hemoglobin (g/dL) 11.9+1.3 1141 <0.01
Hematocrit (%) 35.5+2.9 33.6£2.7 <0.01
RDW 13.8+1.8 13.9+1.4 0.36
White Blood Cells 9.5+2.6 10.3+2.4 <0.01
Neutrophils 6.6 £2.3 7.6+22 <0.01
Lymphocytes 21%0.6 1.9+0.6 <0.01
Monocytes 0.58 (0.24) 0.61 (0.25) 0.033
Basophils 0.04 (0.02) 0.04 (0.02) 0.565
Eosinophils 0.1(0.11) 0.1(0.13) 0.053
Platelets(/mm’) 263,914 +£74370 238,443 6334 <0.01
PDW 12.7+23 125+21 0.39
Mean plateletvolume 10.7 £0.9 10.6 £ 0.9 0.07
PCT 0.28 (0.07) 0.25 (0.07) <0.01
PLCR 304 £8 29.6£7.9 0.03
NRBC 0(0) 0(0) 0.01
Immature granulocytes0.04 (0.03) 0.09 (0.1) <0.01
PLR 133.2 £46.6 133.4 £49.2 0.95
NLR 34+18 42+1.9 <0.01
PMI 2794.5 £720 2511.9 £ 600 <0.01

GDM patients Change*
First Trimester Second Trimester P ]
121 1.2 11.3+1.1 <0.01 0.756
35.8 3.5 33.6+29 <0.01 0.674
13.6+1.6 13.8+1.3 0.301 -
9.7+24 104 £24 <0.01 0.053
6.7 £1.9 7.5%1.9 0.038 0.120
2.2+0.6 1.96 £ 0.5 <0.01 0.258
0.63 (0.24) 0.69 (0.24) 0.165 -
0.03 (0.04) 0.03 (0.03) 0.150 -
0.11 (0.16) 0.12 (0.11) 0179 -
254,510 48,807 235,666 £55,340 0.005 0.337
129+1.9 131+2 0.148 -
10.8 £0.9 10.9+0.9 0.02 -
0.27 (0.08) 0.26 (0.06) 0.168 -
3047 31.1+8.9 0.07 -
0(0.1) 0(0.1) 0.157 -
0.04 (0.04) 0.08 (0.09) <0.01 0.258
122.2 £40 128.3 £46.5 0.142 -
3.2+1.3 39+11 <0.01 0.671
2715.8 £448 2529.6 + 496 0.017 0.104

*, Comparison of the amount of change in the parameters that had a significant change from first to second trimester.
RDW: Red cell distribution width, PDW: Platelet distribution width, PCT: Plateletcrit, PLCR: Platelet large cell ratio, NRBC: Nucleated red blood cell, PLR: Platelet lymphocyte ratio,

NLR: Neutrophil lymphocyte ratio, PMI: Platelet mass index

Among first trimester hematologic indices, only PLR was found to be cor-
related with subsequent GDM (Table 3); however, this significance had di-
sappeared in regression analysis indicating that only maternal age was an
independent predictor of GDM (Table 4).

Table 3. Correlation analysis of possible factors related with gestational di-
abetes.

Correlation Coefficient p
Age (years) 0.230 <0.0001
Gravidity  0.140 0.007
PLR- 0.126 0.029

PLR: Platelet to lymphocyte ratio

Table 4. Regression analysis of factors independently associated with ges-
tational diabetes.

B t p 95% Confidence Interval
Age 0.228 3,365 0.001 0.008 - 0.03
Gravidity ~ -0.022 -0.323 0.747 -0.043-0.031
PLR -0.093 -1.513 0.32 -0.002 -0

PLR: Platelet to lymphocyte ratio

DISCUSSION

In the present study it was found that none of the parameters in a CBC test
in the first trimester have a predictive role for subsequent GDM. Progressive
changes in CBC parameters are similar in healthy and patients who will deve-
lop GDM in the second trimester except MPV, which tends to increase in sub-
sequent GDM patients, contrary to the health pregnant women without GDM.

Many physiological changes in hematological profile occur during pregnancy
which may appear to be pathological in the non-pregnant. The renin-angi-
otensin- aldosterone system is activated which results in 40-45% increase
in plasma volume (18). Erythropoietin increases throughout pregnancy and
as a result red blood cell mass increases by 15-20%. This relatively small
increase in red blood cell mass compared to plasma volume leads to a fall
in hemoglobin concentration by 1-2 g/dL by the late second trimester which
is termed as the physiological anemia of pregnancy (19). RDW is a marker
for anisocytosis and there is conflicting data with regard to its progression in
pregnancy. Some authors reported a temporal increase in RDW; however,
there are studies that did not find significant changes throughout the pregnan-
cy (20, 21). WBC count increases due to the physiologic stress induced by
pregnancy and neutrophils contribute most of the overall higher WBC count
(22). Immature forms, myelocytes and metamyelocytes, may be detected in
healthy pregnant women without reflecting a pathologic state (22).



Lymphocyte count decreases through first and second trimester (22). Mono-
cytes increase in the first trimester and then decrease (23). There is no signifi-
cant change in eosinophil and basophil counts (24). Platelet count decreases
because of hemodilution, increased platelet activation and consumption, par-
ticularly in the third trimester (25). PDW increases continuously as pregnancy
progresses and there is little change in MPV (22, 26). The aim was to com-
pare the progressive changes in hematological indices throughout the first
two trimesters in healthy pregnant women and pregnant women who would
develop subsequent GDM. The progressive changes that occur in the healthy
pregnant women are in accordance with the literature. In addition, we showed
an increase in the amount of nucleated red blood cells as the pregnancy
advances. There are some significant differences in the pattern of changes in
the GDM group. The main difference is in the progression of MPV which has a
tendency to decrease in healthy pregnant women, but increases significantly
in GDM patients. In addition, PLCR and PCT decrease significantly in the
healthy group. In the GDM patients although not significant, PLCR and PDW
have a tendency to increase and PCT has a tendency to decrease. In additi-
on, the monocytes in the healthy group increases significantly in the second
trimester in the healthy group; however, such a significant increase does not
occur in the GDM group.

It is known that platelet activity is correlated with changes in platelet volume,
the larger being more active (27). MPV, PDW and PLCR are indices that rep-
resent platelet activity. Especially MPV can be used as an indicator of platelet
activation (28). MPV has been reported to be increased in GDM patients and
it has been suggested as a predictive marker for GDM (8, 29). Some authors
suggested that the positive relationship between an increased glucose level
and increased MPV is a unique phenomenon of diabetes (30). Although MPV
was higher in the GDM patients, first trimester MPV values did not differ sig-
nificantly between the groups. However, during the course of pregnancy MPV
significantly increased in the patients who would develop GDM. The same
progressive changes are true for PDW and PLCR which tend to increase in
the GDM patients; however, the increase of MPV is prominent. This study is
valuable as it compares the progressive changes in the hematological indi-
ces including MPV before the GDM occurs. From this point we conclude that
changes in MPV can be used as an indicator to assess the development of
GDM. Monitorization of the other platelet indices including PDW and PLCR
may also be valuable.

Chronic low-grade inflammation is considered to be one of the key compo-
nents of the pathogenesis in GDM (31, 32). This inflammation triggers sub-
sequent changes in hematological parameters including platelets, white blo-
od cells and red blood cells. Platelet activation that alters the platelet indices
including MPV, PDW and PCT (7, 33) and indices such as PLR and NLR have
been shown to be affected in GDM patients (5, 7, 8, 11, 34), although there
are studies that reported no significant changes (11-15). Similarly, there are
contradictory results with respect to WBC and red blood cells (9, 14). We
had shown that in the second trimester of pregnancy RDW and NRBC are
independently associated with GDM (10). However, in the present study such
an association could not be found in the first trimester. It has been shown
that chronic inflammation may cause RDW level elevation and elevated RDW
may reflect a status of high inflammation and oxidative stress (35) and high
RDW was associated with high risk of developing diabetes (36). GDM de-
velops when the pancreatic insufficiency becomes obvious as the placental
hormones increase progressively from first to second trimester. It is true that
the pathophysiological process of GDM occurs weeks before the diagnosis.
From this point it seems that the inflammation progresses within gestational
weeks and the hematologic indices are not yet affected in the first trimester.

Recently NLR, PLR and PMI have gained scientific interest because of their
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ability to reflect systemic inflammation (35) and the roles of NLR, PLR and
PMI in prediction of GDM were assessed (5, 10, 11). Yimaz et al (5) reported
that NLR was significantly higher in GDM patients compared with normal gly-
cemic pregnant women and was a powerful predictor of GDM, while Sargin et
al (11) reported no predictive ability of NLR. PMI has been suggested to be a
better parameter of inflammation than MPV (37). We had shown that second
trimester PMI had no predictive ability for GDM (10). In a recent study Sun
et al found that first trimester values of neutrophils, WBC and NLR were all
associated with the development of GDM, but that neutrophil count had the
highest OR (6). In the present study first trimester neutrophils, NLR and PMI
were found to be similar in the groups. Only first trimester PLR was found to
be significantly lower in the patients who would develop subsequent GDM
and negatively correlated with development GDM; however, the significance
disappeared in the regression analysis indicating that first trimester PLR is
not an independent predictor of GDM. None of these systemic inflammatory
response markers seem to have a predictive role for GDM in the first trimes-
ter.

The main strength of this study is that the progressive changes in the hema-
tological indices of the normal glycemic pregnant women and women who
would develop subsequent GDM are presented and compared. This compa-
rison is presented for the first time in Turkish pregnant women as far as we
are concerned. All the patients are from the same clinic and followed-up with
the same protocols. The blood samples had been analyzed with the same
device. The main limitation of studies like ours is that that the results of the
blood samples are laboratory and analyzer dependent and may be unique to
the studied population. The results may be highly variable. These should be
kept in mind while interpreting the presented data. Retrospective design was
another limitation. Therefore, prospective, multicenter studies that use the
same analyzers in different populations with larger sample sizes would be
more informative.

In conclusion none of the first trimester hematological indices have a predi-
ctive ability for development of subsequent GDM. The progressive changes
in some hematological indices that occur in pregnant women who would de-
velop GDM differ from that of normal glycemic pregnant women. Changes in
MPV can be used as an indicator to assess the development of GDM and
monitorization of the other platelet indices including PDW and PLCR may
also be valuable.
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