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With the change in China's second-child fertility policy, the num-
bers of older pregnant women and high-risk pregnancies have sig-
nificantly increased, and the incidence of gestational diabetes mel-
litus (GDM) is likely to rise. GDM can cause a variety of adverse preg-
nancy outcomes, seriously threaten the safety of perinatal mothers
and infants, and a fect the long-term health of mothers and their
o fspring. Currently, the GDM screening period is between 24 to 28
weeks of pregnancy, but there are some shortcomings in screening
at this time, since because of late diagnosis, the best time for inter-
vention and treatment for some high-risk pregnant women may be
delayed. Studies have shown that early prediction and early diagno-
sis of GDM is of great significance to improve pregnancy outcomes,
so it is important to investigate early pregnancy prediction indexes
of GDM to improve the screening e ficiency for GDM and improve
themanagement of GDM. It has been found that blood cell parame-
ters, in lammatory factors, fat metabolism indices and liver enzyme
metabolism markers have specific early predictive value for GDM.
The application of these parameters combined with significant in-
dependent risk factors in the early prediction and early diagnosis of
GDMwill be of great value in the prevention and treatment of GDM
and theprognosis ofmothers and infants. This article reviews thede-
velopment of routine blood test parameters during pregnancy and
their value in the early diagnosis of GDM.
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1. Introduction
GDM is a disease consisting in any degree of glucose in-

tolerance with onset during pregnancy. It can cause adverse
pregnancy outcomes such as abortion, macrosomia, dysto-
cia, neonatal hypoglycemia, and neonatal respiratory distress
syndrome. The vast majority of pregnant womenwith GDM
have no obvious symptoms in the first trimester of preg-
nancy. In China, the 75 g oral glucose tolerance test (OGTT)
is performed between the 24th and 28th week of pregnancy
for diagnosis of GDM. However, there are some shortcom-
ings in screening at this time, since because of late diagno-
sis, the intervention and treatment for some high-risk preg-
nant women may be delayed. Also, the glucose tolerance test
has some shortcomings, such as numerous blood sampling
and a complex, time-consuming operation with poor patient

compliance. Most scholars believe that early diagnosis and
early intervention for GDM would help to improve mater-
nal and infant outcomes and reduce pregnancy risks. There-
fore, it would be of great value to bring together the risk fac-
tors for GDMwith related blood tests to better predict GDM
in the early stage of pregnancy. Studies have shown that
early examination at 10–14 weeks of pregnancy may achieve
the purpose of early detection and early treatment of GDM,
using indicators such as body mass index (BMI), C-reactive
protein (CRP), glycosylated hemoglobin (HbA1c), red blood
cells (RBC), hemoglobin (Hb), white blood cells (WBC) and
platelets (PLT), lipid metabolites, liver metabolites, etc. [1–
4]. Other factors, such as leptin, adiponectin, androgen and
sex hormone binding protein, may have value in early pre-
diction of GDM, but at present these serological indexes are
not necessary for clinical examination [5]. Although there
is no completely reliable method for early diagnosis and pre-
diction of GDM, the analysis of some of the above blood test
parameters may have clinical significance for early identifi-
cation of GDM, and are easy for patients to accept. If these
indicators can be combined, and linked to other risk factors,
this may prove more effective in prediction of the occur-
rence of GDM, and enable early detection, early diagnosis
and early treatment. My search methods: routine analysis of
blood and GDM fasting blood-glucose and GDM and so on
in pubmed and CNKI. This article reviews the relationship
between these blood-based parameters and GDM.

2. The relationship between routine blood
analysis and GDM

Routine blood analysis is a procedure that pregnant
women expect, the technology is mature, and it is one of
the free antenatal examination items provided by the state.
Routine blood analysis can simply and accurately assess the
woman’s health and nutritional status.

2.1 The relationship between WBC count and GDM

At present, the etiology and pathogenesis of diabetes has
not been fully elucidated. In addition to insufficient insulin
secretion by islet β-cells, and peripheral insulin resistance,
most studies have shown that inflammation also plays an im-
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portant role in the occurrence and development of the dis-
ease. Therefore, inflammatory factors may have value in the
early prediction of diabetes. Reported studies have shown
that insulin sensitivity is related to the peripheral bloodWBC
count. WBC, as one of the most common indicators of in-
flammatory response, can activate inflammatory signal path-
ways through structural recognition receptorswhen the body
is stimulated by infection and chemical changes, thus caus-
ing insulin resistance (IR) [6]. Yang YX et al. [7] found that
there was a positive correlation between theWBC count be-
fore 14 weeks of pregnancy and the incidence of GDM, and
calculated that the range (95% confidence interval) of values
of WBC for pregnant women before 14 weeks of pregnancy
was 5.12–11.83 × 109/L. Pattanathaiyanon et al. [8] studied
the WBC count of 1145 early pregnant women and found
that the levels of WBC in patients with GDM were signifi-
cantly higher than those in normal pregnant women, so they
concluded that WBC count may be an independent risk fac-
tor for the occurrence of GDM. Zhao LL et al. determined
that there was a significant correlation betweenWBC count
and the occurrence of GDM. When the WBC of pregnant
women with GDM was 7.965 × 109/L, the diagnostic sen-
sitivity was 79.4% and the specificity was 31.3%. Through
the assessment of the steady-state insulin evaluation model,
it was found that the insulin resistance index was positively
correlated withWBC and that theWBC count in early preg-
nancy can indicate the occurrence of GDM; this factor is ex-
pected to become one of the predictors of GDM [9].

2.2 The relationship between Hb and GDM

Hb is an index used to evaluate the physiological status and
anemia of pregnant women during prenatal examination. In
the past, a high Hb level was considered an indicator of good
nutritional status in pregnant women, but some studies have
found that the Hb level was a good predictor of pregnancy
complications [10]. Lao et al. found that the incidence of
GDM in pregnant women with a high Hb level in early preg-
nancy (HB ≥ 130 g/L) was as high as 18.7%, which was sig-
nificantly higher than in the Hb < 130 g/L group (10.9%).
Further logistic regression analysis confirmed that a high Hb
level during pregnancy was an independent risk factor for
GDM [11]. Some studies have suggested that when the Hb≥
130 g/L or Hb≥ 150 g/L in the first trimester of pregnancy,
the risk of developingGDM inGDMpregnantwomen is 1.27
and 2.06 times higher than that in normal Hb women [10].
Through retrospective analysis, Gao et al. [12] also consid-
ered that there was a significant correlation between a high
Hb level in early pregnancy (HB ≥ 130 g/L) and the occur-
rence of GDM. But there are also studies that hold the oppo-
site view. Tarim et al. [13] found that the incidence of GDM
in Hb ≥ 122 g/L group was significantly higher than that in
Hb < 122 g/L group, but a high Hb level was not found to
be an independent risk factor for GDM, using logistic regres-
sion analysis. Chen et al. [14] consider that high Hb (Hb >

130 g/L) does not increase the risk of GDM.

2.3 The relationship between PLT and GDM

There are different opinions on the relationship between
PLT parameters and GDM, though there are few relevant
studies. It is generally believed that as pregnancy progresses,
the body gradually tends to a hypercoagulable state, andGDM
patientsmay also have changes in their blood coagulation sys-
tem due to disorders of glucose and lipid metabolism. Wang
DN et al. showed that the PLT, mean platelet volume (MPV)
and platelet distribution width (PDW) of their GDM group
were (181.70 ± 57.78) × 109/L, (9.56 ± 1.06) × 109/L and
(16.56± 1.28)× 109/L respectively, whichwere significantly
higher than those in normal pregnant women. However, it
is unclear that the normal reference range of platelet param-
eters is altered by GDM; the increase in MPV, the increase
in platelet volume, the enhancement of platelet activity, and
the activation of the coagulation system, resulting in platelet
consumption, may all reflect the pregnant body being in a rel-
atively hypercoagulable state [15]. Some studies have found
that platelet activation, aggregation and bleeding tendency in
patients with GDM are higher than those in normal preg-
nant women, which may be one of the reasons for postpar-
tum hemorrhage in patients with GDM [16].

Routine blood analysis is a necessary item of early preg-
nancy assessment. In the past, we may have only paid at-
tention to routine blood analysis to evaluate the nutritional
status of pregnant women, but have ignored the early man-
ifestations of other diseases. The above studies suggest that
routine blood parameters may be of significance in the early
detection of GDM, and is worthy of further study.

3. The relationship between fasting blood
glucose (FPG) and GDM

FPG is the most commonly used detection index for
diabetes, since it reflects the islet β-cell and its basic in-
sulin secretion function. However, the OGTT test is time-
consuming, laborious and increases the glucose load of poten-
tial GDM pregnant women. FPG decreases physiologically
in the first trimester and gradually stabilizes after 14 to 16
weeks of pregnancy. Yang L et al. [17] assessed 11477 preg-
nant women with FPG< 7.00 mmol/L at 8 and 12 weeks of
pregnancy and OGTT was performmed at 24 and 28 weeks
of pregnancy, of which 1535were diagnosedwith GDM. The
median FPG of GDM pregnant women in the first trimester
was 4.89 mmol/L, which was significantly higher than that
of normal controls (4.75 mmol/L). When FPG of 4.88, 5.10
and 5.60 mmol/L were taken as cutoff values in early preg-
nancy, the diagnostic sensitivity was 0.523, 0.334 and 0.618,
and the specificity was 0.645, 0.811 and 0.983, respectively.
With FPG ≥ 5.60 mmol/L in the first trimester, the inci-
dence of GDM increased significantly in the second and third
trimester, which deserves further study. Ozgu-Erdinc et al.
[18] also suggested that there is a significant correlation be-
tween FPG and the occurrence and development of GDM.As
an early predictor of GDM, FPG has a high sensitivity, but a
slightly lower specificity. Therefore, FPG in early pregnancy
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cannot be directly used as a diagnosis of GDMbut can be used
as an independent risk factor for GDM in early pregnancy,
especially for pregnant women with FPG ≥ 5.60 mmol/L in
early pregnancy. Early intervention, diet control, proper ex-
ercise and other measures may improve perinatal outcome.

4. The relationship between HbAlc and GDM
HbAlc is a metabolite of Hb and glucose in the blood. Its

synthesis is slow and irreversible. The concentration of blood
glucose in the environment of red blood cells is proportional
to the synthesis rate of HBAlc, while the lifespan of red blood
cells is only about 120 days. HbAlc only reflects the blood glu-
cose level of pregnant women for about three months. Fong
et al. [19] conducted a 2-year retrospective cohort study on
the application of HbAlc to early prediction of GDM. The re-
sults showed that 27.3% of the patients with 5.7% to 6.4% of
HbAlc developed into GDM, while only 8.7% of those with
HbA1c < 5.7% were diagnosed as GDM. Multivariate anal-
ysis showed that the difference was statistically significant,
suggesting that HbA1c can be used as one of the early pre-
dictors of GDM. The study of Ru ZX also found that there
was a significant correlation between the level of HbA1c in
early pregnancy and the occurrence of GDM [20]. Xu JN et
al. [21] showed that BMI andHbAlc increased significantly in
early pregnancy in patients with GDM, which may be related
to the occurrence of GDM. Combined screening of BMI and
HbA1c in early pregnancy could be of clinical significance for
early identification of GDM.

5. The relationship between C-reactive
protein (CRP) and GDM

CRP is an inflammatory marker synthesized by the liver
and can be used as an important predictor of endothelial
damage, cardiovascular events, obesity and neonatal infec-
tion. There is a correlation between blood CRP levels and
blood glucose in the third trimester of pregnancy [22, 23].
Although there is no clear consensus on the pathogenesis of
GDM, studies have shown that cytokine-mediated inflamma-
tion is closely related to GDM [24]. CRP is an acute phase re-
active protein related to metabolic diseases. Oxidative stress
mediated by insulin resistance will promote the synthesis of
CRP, while the inflammatory response mediated by CRPwill
further promote insulin resistance. Both stimulate each other
and participate in the occurrence and development of GDM
[25]. Some studies have shown that the levels of CRP and
HbAlc in patients with GDM are significantly higher than
those in healthy pregnantwomen, and high levels of CRP and
HbAlc are positively correlated with the occurrence of GDM
[26]. The studies of Liao W and others have shown that
there is a significant correlation between the levels of BMI,
CRP, and HbA1c in pregnant women and the occurrence of
GDM, and the analysis of these indexes could help to predict
the occurrence of GDM at an early stage [27]. A prospec-
tive cohort study of CRP in pregnant women with impaired
glucose tolerance (IGT) and normal glucose tolerance, con-

ducted by Berggren [28], showed that the levels of CRP in
pregnant womenwith IGTwere higher, and there was a pos-
itive correlation between CRP and blood glucose levels, indi-
cating that the maternal inflammatory response had been es-
tablished in early pregnancy, and those women with higher
CRP were more likely to develop GDM. However, after cor-
recting for BMI, this correlation was not significant, so it was
considered that CRP cannot accurately predict the occurrence
of IGT in the third trimester of pregnancy.

6. The relationship between serum ferritin
(SF) and GDM

Iron is one of the important trace elements in the human
body and an important component of red blood cells. Iron
deficiency anemia is most likely to occur during pregnancy.
Some scholars believe that a high concentration of Hb may
be related to iron reserve level, because iron overload and
its accompanying oxidative stress are important components
of the pathogenesis of Type 2 DM and many other diseases,
which can affect the synthesis and decomposition of insulin,
enhance lipid oxidation, reduce the utilization of glucose in
tissues, and increase hepatic gluconeogenesis, resulting in IR
with the liver as an intermediate [29]. SF is an important
indicator of human iron reserve, and the normal value for
an adult female is 10~150 µg/L. When studying the levels of
HbAlc and SF in pregnant women during pregnancy, it was
found that the levels of HbAlc and SF in the normal pregnant
groupwere significantly lower than those in theGDMgroup,
while the incidence of GDM in the high level SF group was
twice as high as that in the normal pregnant group [30]. Zein
et al. [31] suggested that the level of serum ferritin in early
pregnancy was related to the level of blood glucose at 1 h and
2 h after taking glucose in OGTT test, suggesting that a high
serum ferritin level in early pregnancy can be used as a pre-
dictor of IGT in non-anemic pregnant women. Some schol-
ars believe that iron deficiency anemia in pregnant women
can significantly reduce the risk of GDM, and iron deficiency
anemia may be a protective factor for GDM [32].

7. The relationship between parameters of
lipid metabolism and GDM

Adipose tissue is one of the most important endocrine or-
gans in the human body, which can synthesize and secrete a
variety of adipose factors with important metabolism-related
functions. Insulin in the middle and third trimester of preg-
nancy can regulate blood lipid levels by reducing lipase ac-
tivity. Increased insulin resistance in GDM patients leads to
enhanced fat mobilization, and the interaction between pla-
cental estrogen, progesterone and placental prolactin leads to
an abnormal increase of blood lipid levels [33].

7.1 Adiponectin and leptin
Adiponectin is a factor derived from adipocytes and is sen-

sitive to insulin. Leptin is a protein product encoded by the
obesity gene and a circulating hormone secreted by adipose
tissue. Nicholson et al. [34] studied 11464 women at 11–
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13 weeks of pregnancy, including 297 patients with GDM.
It was found that the levels of adiponectin and sex hormone
binding globulin in GDM patients were lower than those in
normal controls. The detection rate for screening GDM ac-
cording to mother’s age, BMI, race, GDM and macrosomia
history was 61.6%, while the detection rate using adiponectin
and sex hormone binding globulin was increased to 74.1%.
It is suggested that adiponectin can be used as one of the
early predictors of GDM. Other studies showed that the level
of serum leptin in GDM pregnant women was significantly
higher than that in normal pregnant women in early preg-
nancy, and the level of serum leptin was still significantly
higher than that in non-GDM pregnant women after con-
sidering the influence of BMI, suggesting that leptin may be
involved in the occurrence and development of GDM and
could be used as one of the predictive factors for early screen-
ing of GDM [35]. The sensitivity of these two indicators is
high, but they are not routine detection items, and the value
of their clinical application is limited.

7.2 Triglycerides (TG)
The blood lipid levels of women during pregnancy are ele-

vated but the specific mechanism is unknown. Most scholars
believe that GDM patients not only have abnormal glucose
metabolism, but also have abnormal blood lipid metabolism.
Khosrowbeygi et al. found that low density lipoprotein
cholesterol (LDL-C)/high density lipoprotein cholesterol
(HDL-C), TG/HDL-C and total cholesterol/HDL-C ratio in
patients with GDM were higher than those in normal preg-
nant women. There was a significant positive correlation be-
tween TG/HDL-C and the IR index [36]. The increase of
TG was most significant in patients with GDM. The blood
lipid levels of well-controlled GDM patients were positively
correlated with neonatal birth weight, indicating that abnor-
mal blood lipid levels in patients with GDM could increase
the transfer of maternal blood lipids to the fetus, resulting in
an increase in fetal fat quality and macrosomia [37]. Li et al.
[38] studied the blood lipid levels of 2488 pregnant women
at 6–15 weeks of pregnancy (average 11 weeks), of which 379
pregnant women developed GDM. The results showed that
there was a significant correlation between the increase of
triglycerides and GDM. After adjusting for confounding fac-
tors, compared with those with triglyceride concentration≥
1.58mmol/L, the risk of GDM in pregnant womenwith pre-
pregnancyBMI< 24 kg/m2 increased by 1.8 times, while that
in womenwith pre-pregnancy BMI≥ 24 kg/m2 increased by
2.7 times. It is considered that HDL-C is a protective factor
for GDM.

8. The relationship between liver enzyme
levels and GDM

As the main site and target of glucose and insulin
metabolism, the liver plays an important role in the patho-
genesis of diabetes. At present, liver enzymes are the main
index to reflect liver function. Common liver enzymes in-
clude alanine aminotransferase (ALT), aspartate transami-

nase (AST) and γ-glutamyltransferase (GGT). Erdoğan et al.
[39] used liver enzymes to predict the occurrence of GDM
and found that levels of ALT and GGT in the GDM group
were significantly higher than those in the healthy control
group, which may be important for the early prediction of
GDM.Another prospective study of the relationship between
liver enzymes and GDM diagnosis in the second trimester
of pregnancy examined 2610 pregnant women, assessed for
GDMbyOGTT test at 28 weeks of gestation, and blood sam-
ples were drawn to determine the levels of GGT, ALT and
AST. It was found that there was a correlation between ma-
ternal blood GGT levels and the occurrence of GDM, but
therewas no significant difference in ALT andAST levels be-
tween the two groups [40]. The study ofWang YY et al. [41]
showed that the levels of GGT, aspartate aminotransferase,
alkaline phosphatase, total bilirubin and fibrinogen in early
pregnancy were closely related to the occurrence of GDM.
Wang FL et al. [42] indicated that the levels of WBC, ALT
and AST in patients with GDM were significantly increased
in early pregnancy, and the combined monitoring of WBC,
AST and ALT in early pregnancy could predict the occur-
rence of GDM.

9. The relationship between other factors
and GDM

Impaired liver function often affects normal glucose
metabolism and may even lead to impaired glucose tolerance
or diabetes. Ryckman et al. [43] conducted a retrospective
cohort study of 26350 pregnant women. The results showed
that the risk ofGDMinHBeAgpositive pregnantwomenwas
higher than that in HBsAg positive pregnant women. Serum
uric acid (UA) is a purinemetabolite in the body. Studies have
found that pregnant women with elevated maternal serum
UA levels before 15 weeks of pregnancy have a higher inci-
dence of GDM [44].

10. Summary
To sum up, China is a country with a large population.

With the change in China’s fertility policy, a variety of risk
factors of pregnancy are significantly increased, which may
well increase the incidence of GDM. The growing epidemio-
logical trend and disease burden of GDMmay lead to serious
public health problems. So far there is no clear standard for
early screening of GDM, which could have a significant im-
pact on early detection and early intervention of GDM.Most
scholars believe that early diagnosis and treatment of GDM
can reduce the short-term complications of mother and fe-
tus. Some of the hematological indicators mentioned above
are items that must be screened during pregnancy, and these
indicators are directly or indirectly related to the occurrence
of GDM. Therefore, best practice would integrate the above
simple and easy screening indicators with other significant
risk factors, use health statistics to establish an appropriate
prediction model, identify the potential risk factors of preg-
nant women in the early stage of pregnancy, and formulate
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a practical and individualized pregnancy management plan,
so as to achieve the purpose of early screening, early diag-
nosis, early intervention and early treatment for GDM, and
improve the maternal and infant outcome.
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