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Abstract

Background: Research on dyslipidemia during pregnancy in women with gestational diabetes mellitus (GDM) has
rarely been conducted in Asia. The present study aimed to evaluate maternal mid-trimester lipid profile in relation
to GDM and clinical outcomes in these high-risk populations.

Methods: The medical records of 632 pregnant women in the second trimester were retrospectively analyzed.
Maternal fasting serum lipids were assayed for total cholesterol (TC), triglycerides (TG), high-density lipoprotein-
cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), apolipoprotein A1 (Apo A1) and Apo B
concentrations during the second trimester. The atherogenic index of plasma (AIP) was calculated as log (TG/HDL).
The clinical outcomes were collected by evaluating delivery mode, postpartum hemorrhage, prematurity,
macrosomia, birth weight, body length and neonatal Apgar 5 min score.

Results: Levels of TG and AIP were elevated while decreased HDL-C was observed in women with GDM compared
with that of the control group. Significant differences were observed in gestational weeks at birth, cesarean section,
postpartum hemorrhage, birth weight, body length, prematurity and macrosomia between the two groups.
Compared with women with hyperlipidemia, the incidence of GDM and cesarean section was lower in normal lipid
group. Women in the hyperlipidemia group had smaller gestational weeks at birth than those in the control group.
According to the logistic regression analysis, each unit elevation in AIP increased the risk of GDM by 18.48 times
(OR = 18.48, CI: 2.38–143.22). Besides, age (OR = 1.11, CI: 1.06–1.16) and pre-pregnancy BMI (OR = 1.15, CI: 1.07–1.24)
were the risk factors of GDM.

Conclusions: These findings suggested that reasonable lipid control in the second trimester might reduce the
incidence of GDM and be a potential strategy for improving clinical outcomes in these high-risk women.
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Background
Maternal energy metabolism in the second half of preg-
nancy is directed toward lipolysis, which indicates a
physiological adaptation of mothers to maintain stable
fuel supplementation to the fetus [1, 2]. Mildly increased
lipidemia occurs in early pregnancy, with a more pro-
nounced elevation by the second and third trimesters
[2–4]. However, it is still difficult to ascertain which
level of lipid elevation is physiological or pathological
nowadays. There is no consensus on which criteria
should be used in diagnosis of hyperlipidemia during
gestation in China.
The body suffers a substantial increase in the workload

of different organs during pregnancy, which may be
more likely to result in metabolic diseases. Gestational
diabetes mellitus (GDM) is a common metabolic com-
plication in pregnant women and affects up to 22% of
pregnancies [5]. Pregnant persons with GDM are at in-
creased risk for maternal and neonatal complications, in-
cluding cesarean delivery, postpartum hemorrhage,
preterm birth, macrosomia, small for gestational age
(SGA) and low Apgar score [6–8].
Dyslipidemia is a well recognized risk factor for meta-

bolic syndromes. Earlier studies have reported an in-
crease lipid profile in patients with GDM compared to
women without GDM [9]. Evidence also suggests that
hypertriglyceridemia is one of the most prevalent modi-
fications in those pregnancies complicated with GDM
[5]. Nevertheless, the role of lipids profiles in predicting
GDM is a controversial issue [10, 11]. Maternal dyslipid-
emia not only leads to pregnancy complications but also
adverse perinatal outcomes [1]. Mudd et al. reported
that elevated levels of total cholesterol (TC), low-density
lipoprotein-cholesterol (LDL-C) and triglycerides (TG)
at 15–27 weeks of gestation were linked to an increased
risk of spontaneous preterm delivery [12]. Recent studies
described a positive association between gestational dys-
lipidaemia and the adverse birthweight outcomes [13].
Additionally, pregnancy-induced hyperlipidemia has also
been proved to be closely linked with cesarean delivery
and postpartum hemorrhage [14]. Though moderately
increased lipidemia preforms a fundamental role during
pregnancy, there are still controversies on the relation-
ship between maternal lipid disturbances and perinatal
outcomes [15].
Although changes in lipid profile are expected, there is

a shortage of consensus regarding reference values per
trimester and the diagnostic criteria for hyperlipidemia.
In addition, the use of lipid-lowering drugs during preg-
nancy is relatively contraindicated. Thus, evaluating the
diagnostic criteria of hyperlipidemia and its association
with adverse pregnancy outcomes is urgently needed,
which may allow for appropriate and timely intervention.
In the present study, we examined the blood lipids in

patients with GDM, and analyzed putative relations with
lipid profiles and clinical outcomes.

Methods
Study population
Pregnant women who were admitted to Nanjing Drum
Tower Hospital and delivered between January 2015 and
December 2017 were recruited for the present study.
The inclusion criteria were as follows: (1) age between
20 to 40 years, (2) a lipid measurement at 20–28 gesta-
tional weeks, (3) regularly for prenatal examination in
the Drum Tower Hospital; We excluded: (1) Incomplete
data of medical records; (2) women with other preg-
nancy complications, medical or surgical diseases (i.e a
specific psychiatric disorder, hypertensive disorders, im-
munological, liver and kidney diseases); (3) abortive
times ≥3, (4) twin or multiple pregnancy, (5) received
assisted reproductive technology, (6) the use of insulin
therapy or hypoglycaemic drugs, (7) previous diagnosis
of gestational diabetes (or diabetes) and (8) smoking, al-
cohol abuse and long-term medication treatment (i.e
anti-hyperglycemic and anti-hyperlipidemic drugs). Con-
sidering a type I error of 5% (α = 0.05), a study power of
80% and the incidence of GDM as key variable, we esti-
mated a sample size of sixty persons for each group at
least. Finally, 632 pregnant women (n = 273 in control
group, n = 359 in GDM group) were enrolled in the final
analysis. Figure 1 shows the participant flow.

Data collection
Data were extracted from medical records. General char-
acteristics of the study population included maternal
age, gestational age at blood collection, pre-pregnancy
body mass index (BMI), gravidity, parity, permanent
residence (urban or rural areas), monthly income and
education attainment. Maternal metabolic parameters
included serum TG, TC, HDL-C, LDL-C Apo A1 and
Apo B. The atherogenic index of plasma (AIP) = log
(TG/HDL). Other clinical data were collected by evaluat-
ing delivery mode, postpartum hemorrhage, prematurity,
macrosomia, birth weight, body length and neonatal
Apgar 5 min score. Preterm birth refers to as birth of
newborns less than 37 weeks gestational age. Macroso-
mia is defined as a fetal birth weight equal to or greater
than 4000 g.
Pregnant women should subject to GDM screening

universally at 24–28 weeks of gestation. And all the
women were advised to undergo a regular biochemistry
test (serum lipid was included) at the same time. In
addition, early glucose screening (<24 weeks) is normally
completed at the first prenatal visit in women with risk
factors that include obesity with a BMI of ≥30 kg/m2,
history of gestational diabetes in a prior pregnancy,
known impaired glucose metabolism, hemoglobin A1C
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of ≥5.6%, first-degree relative with diabetes mellitus,
high-risk ethnicity, history of polycystic ovarian syn-
drome, pre-existing hypertension or cardiovascular dis-
ease, or a prior large baby ≥4000 g. Thus, the data were
collected at 20–28 gestational weeks.

Diagnosis of GDM
All pregnant women at Nanjing Drum Tower hospital
should subject to GDM screening, following an over-
night fasting for 8–14 h, universally between 24 and 28
weeks’ gestation. According to the International Associ-
ation of Diabetes and Pregnancy Study Groups criteria,
the diagnosis of GDM was based on a 75 g OGTT (oral
glucose tolerance test). The normal values were fasting
plasma glucose < 5.1 mmol/L, 1-h glucose < 10.0 mmol/L
and 2-h glucose < 8.5 mmol/L. GDM was diagnosed if
one or more values equaled or exceeded the above
thresholds [16].

Diagnosis of hyperlipidemia
There is no consensus on which criteria should be used
in diagnosis of hyperlipidemia. We combined the diag-
nostic criteria of dyslipidemia in general Chinese popula-
tion (2016 revised edition) and clinical data, the
diagnostic criteria for hyperlipidemia of second and third
trimester was established: ①TC > 6.20 mmol/L and/or
②TG > 2.30 mmol/L.

Statistical analysis
To ensure the normal distribution of variables, Histo-
gram and Kolmogrov–Smirnov test were applied. Differ-
ences between groups were compared using the
independent two sample t test and chi-squared test. Lo-
gistic regression analysis was performed to identify risk
factors that were significantly correlated with GDM.
Confounders were identified based on clinical experience
and results of univariate analysis. The relevant con-
founding variables controlled for the multiple regression
analysis included age, pre-pregnancy BMI, parity, gravid-
ity, and gestational age at blood collection, and 95% CIs
were calculated. All statistical analyses were performed
using SPSS statistical software (Chicago, IL, USA). A
p value < 0.05 was considered as statistically significant.

Results
A total of 632 pregnant women were included in ana-
lyses. Of all of women, 359 were GDM and the
remaining 273 were regarded as controls. Table 1 shows
the general characteristics of the study group. Significant
difference was observed in age between the two groups
(29.30 ± 3.45 vs. 30.69 ± 4.20 years, P < 0.001). The pre-
pregnancy BMI was significantly higher in the GDM
group than that in the control group (22.86 ± 1.97 vs.
23.52 ± 2.42 kg/m2, P < 0.001). There was no significant
difference between the two studied groups in terms of

Fig. 1 Flowchart of participants included in this study
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Table 1 Characteristics of the study population (means ± SD, n %)

Control group
(n = 273)

GDM group
(n = 359)

P

Age (years) 29.30 ± 3.45 30.69 ± 4.20 < 0.001

Gestational age at blood collection (weeks) 22.01 ± 2.08 21.71 ± 2.03 0.234

pre-pregnancy BMI (kg/m2) 22.86 ± 1.97 23.52 ± 2.42 < 0.001

Gravidity (n, %) 0.491

1 120 (44.0) 148 (41.2)

≥ 2 153 (56.0) 211 (58.8)

Parity (n, %) 0.713

≤ 1 178 (65.2) 229 (63.8)

≥ 2 95 (34.8) 130 (36.2)

Residence (n, %) 0.093

Urban 240 (87.9) 330 (91.9)

Rural area 33 (12.1) 29 (8.1)

Monthly income (n, %) 0.752

≤ 6000 88 (32.2) 120 (33.4)

>6000 185 (67.8) 239 (66.6)

Education attainment (n, %) 0.725

≤ Secondary 130 (47.6) 176 (49.0)

≥ College 143 (52.4) 183 (51.0)

BMI Body mass index

Table 2 The levels of lipid indicators and pregnancy outcomes in GDM and non-GDM groups (means ± SD, n %)

Control group
(n = 273)

GDM group
(n = 359)

P

TG (mmol/L) 2.05 ± 0.97 2.38 ± 1.37 0.001

TC (mmol/L) 5.56 ± 0.92 5.42 ± 0.92 0.050

HDL-C (mmol/L) 2.02 ± 0.41 1.86 ± 0.42 < 0.001

LDL-C (mmol/L) 2.69 ± 0.75 2.61 ± 0.73 0.159

Apo A1 (g/L) 2.42 ± 0.41 2.37 ± 0.41 0.195

Apo B (g/L) 1.06 ± 0.31 1.04 ± 0.22 0.486

AIP −0.02 ± 0.20 0.08 ± 0.24 < 0.001

Cesarean section (n, %) 64 (23.4) 131 (36.5) < 0.001

Postpartum hemorrhage (ml) 397.27 ± 213.61 446.71 ± 264.82 0.012

Gestational weeks at birth (weeks) 39.67 ± 1.38 38.79 ± 1.29 < 0.001

Birth weight (g) 3445.95 ± 519.96 3362.63 ± 443.63 0.030

Body length (cm) 50.43 ± 1.75 50.08 ± 1.91 0.016

Prematurity (n, %) 5 (1.8) 19 (7.3) 0.002

Macrosomia (n, %) 35 (13.8) 24 (6.7) 0.009

Apgar 5 min score 9.98 ± 0.17 9.98 ± 0.17 0.982

AIP Atherogenic index of plasma, Apo A1/B Apolipoprotein A1/B, BMI Body mass index, GDM Gestational diabetes mellitus, HDL-C High-density lipoprotein-
cholesterol, LDL-C Low-density lipoprotein-cholesterol, SD Standard deviation, TC Total cholesterol, TG Triglycerides
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gestational weeks, gravidity, parity, residence, monthly
income and education attainment (Table 1).
Maternal lipid profile in the second trimester can be

found in Table 2. Overall, women with GDM had higher
levels of TG (2.05 ± 0.97 vs. 2.38 ± 1.37 mmol/L, P =
0.001), AIP (− 0.02 ± 0.20 vs. 0.08 ± 0.24, P < 0.001) and
lower levels of HDL-C (2.02 ± 0.41 vs. 1.86 ± 0.42 mmol/
L, P < 0.001) than that of control. TC, LDL-C, Apo A1
and Apo B were not significantly different between the
groups. Regarding the pregnancy outcomes, there was
more excessive postpartum hemorrhage (397.27 ± 213.61
vs. 446.17 ± 264.82 mL, P = 0.012) and higher rate of
cesarean section (23.4 vs. 36.5%, P < 0.001) in GDM
group than that in control group. The women in control
group had larger gestational weeks at birth than the
women in the GDM group (39.67 ± 1.38 vs. 38.79 ± 1.29
weeks, P < 0.001). As for the conditions of newborn, the
birth weight was even lighter in the GDM group
(3445.95 ± 519.96 vs. 3362.63 ± 443.63 g, P = 0.030). Body
length of the newborn in GDM was slightly shorter
compared with the control group (50.43 ± 1.75 vs.
50.08 ± 1.91 cm, P = 0.016). In addition, women with
GDM had a higher rate of prematurity (1.8 vs. 7.3%, P =
0.002) while a lower rate of macrosomia (13.8 vs. 6.7%,
P = 0.009). We failed to find significant differences in
mean changes of Apgar score (5 min) between the two
groups (P > 0.05).
Maternal hyperlipidemia was defined as ①TC > 6.20

mmol/L or ②TG > 2.30 mmol/L (Table 3). When
grouped by lipid concentrations, the incidence of GDM
(47.3 vs. 64.6%, P < 0.001) and cesarean section (27.3 vs.
34.8%, P = 0.042) was significantly increased in the
hyperlipidemia group. Compared with women in the
normal lipid group, those in the hyperlipidemia group
had smaller gestational weeks at birth (39.32 ± 1.248 vs.
39.00 ± 1.54 weeks, P = 0.005). No statistically significant
difference was seen between the two groups in terms of

pre-pregnancy BMI, postpartum hemorrhage, birth
weight, the rate of prematurity, macrosomia,and Apgar
score (5 min) (P > 0.05).
We then investigated whether there was an association

between maternal serum lipids and the risk of GDM.
After adjusting for age, pre-pregnancy BMI, parity, gra-
vidity and gestational age at blood collection, the risk of
GDM increased approximately 18.48-fold with each unit
elevation in AIP (OR = 18.48, 95%CI: 2.38 ~ 143.22).
Meanwhile, GDM had a positive correlation with age
(OR = 1.11, 95%CI: 1.06 ~ 1.16) and pre-pregnancy BMI
(OR = 1.15, 95% CI: 1.07 ~ 1.24). Other lipid variables
were almost no contribution to the risk of GDM (Table
4).

Discussion
Maternal lipid metabolism changes apparently through-
out gestation. During the 1st two-thirds of gestation,
there is an elevation in fat accumulation, related to hy-
perphagia and increased lipogenesis [17, 18]. In the last
3rd trimester of gestation, maternal fat storage decreases
due to the enhanced lipolytic activity and declined lipo-
protein lipase activity [19, 20]. These alterations are re-
flections of maternal physiologic adaptation to energy
demand of the fetus, as well as preparations for delivery
and lactation [21].
GDM is strongly associated with an increased risk of

short-term and long-term complications for both
mothers and offspring [6–8]. In this study, postpartum
hemorrhage in the GDM group was greater than that in
the control group. In addition, patients with GDM had
an increased rate of prematurity, as well as a lower inci-
dence of macrosomia. Although it is well known that
diabetic pregnancies are associated with a high incidence
of fetal growth disorders/macrosomia, it is now evident
that control of fetal growth is far more complex than
previously thought [22]. Evidence also suggested that

Table 3 Clinical data grouped by lipid concentrations (means ± SD, n %)

Normal lipid
(n = 330)

Hyperlipidemia
(n = 302)

P-value

GDM (n,%) 164 (47.3) 195 (64.6) < 0.001

pre-pregnancy BMI (kg/m2) 23.16 ± 2.21 23.31 ± 2.31 0.422

Cesarean section (n,%) 90 (27.3) 105 (34.8) 0.042

Postpartum hemorrhage (n,%) 96 (29.1) 77 (25.5) 0.311

Gestational weeks at birth (weeks) 39.32 ± 1.24 39.00 ± 1.54 0.005

Birth weight (g) 3388.66 ± 449.41 3424.54 ± 482.19 0.333

Prematurity (n,%) 13 (3.9) 11 (3.6) 0.845

Macrosomia (n, %) 25 (7.6) 34 (11.3) 0.112

Apgar 5 min score 9.98 ± 0.13 9.97 ± 0.19 0.530

BMI Body mass index, GDM Gestational diabetes mellitus, SD Standard deviation
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increases in maternal plasma triacylglycerols (TAGs)
levels in GDM women were related to neonates that
were either large or small for their gestational age (LGA
or SGA )[23, 24]. Previous studies demonstrated a poor
rate of weight gain during the latter part of pregnancy
was considered to be associated with an increased risk of
SGA and preterm delivery [25, 26]. In clinical practice,
we have observed that patients with GDM had a better
understanding of food choice and pay more attention to
weight control. We then speculated that, compared to
health pregnancies, women with GDM had a relative
lower rate of weight gain during pregnancy. Further
robust clinical trails are warranted to corroborate this
observation.
Most studies showed that circulating lipid patterns

were different between GDM and normal pregnancy,
nevertheless, results have been inconsistent [27]. It has
been reported that patients with GDM had increased
concentrations of TG, TC and LDL-C and lower levels
of HDL-C [28, 29]. However, other studies indicated that
no elevated serum TC and LDL-C levels were found in
the 1st, 2nd, and 3rd trimesters, between patients with
GDM and normal pregnant women [30]. In present
study, we found that women with GDM had higher
levels of TG and lower levels of HDL-C than that of
control. AIP is a good predictor of the risk of athero-
sclerosis and coronary heart disease. Previous research
found that diabetic patients had statistically significantly
higher levels of AIP than the control group [31–33]. In
concordance with these reports, our results also showed
that the level of AIP among women with GDM was
higher than the non-GDM population. Thus, our data
suggested abnormal maternal lipids have a role in the
pathogenesis of GDM.

Although changes in lipid profile are expected, it is
still difficult to determine the cut-off level for diagnosing
hyperlipidemia in pregnant women. We combined the
diagnostic criteria of dyslipidemia in general Chinese
population and clinical data during pregnancy, pregnant
women whose TC > 6.20 mmol/L and TG > 2.30 mmol/L
or to either of them were diagnosed with hyperlipidemia.
Expect for pregnancy complications [15], maternal dys-
lipidemia has also been proved to be closely linked with
adverse pregnancy outcomes [14]. We found that
women with hyperlipidemia compared with these in nor-
mal lipid group had higher incidence of GDM and
cesarean section. The exact definition of hyperlipidemia
and its effect on the risk of GDM are not clearly under-
stood [11, 30]. We then to explore whether dyslipidemia
in the 2nd trimester has potential clinical utility for
identifying women at risk for developing GDM. Logistic
regression analysis showed that AIP, age and pre-
pregnancy BMI were positively correlated with GDM,
and AIP was a risk factor of GDM. Collectively, recog-
nizing lipid abnormalities may allow for appropriate
risk-reducing interventions of GDM.
As for the conditions of newborn, current evidence

shows conflicting results about the relationship between
maternal dyslipidemia and adverse neonatal outcomes.
Recently, some maternal lipid parameters have been
served as independent predictors of fetal overgrowth, es-
pecially in women complicated by GDM [34, 35]. The
risk of macrosomia was positively related to TG levels,
while negatively related to HDL-C levels in non-diabetic
pregnancies [36]. However, other studies failed to find
any association [37, 38]. In the present study, we didn’t
find significant differences in the incidence of prematur-
ity and macrosomia between the normal lipid and

Table 4 Logistic regression analysis of GDM and lipid levels

Factors GDM

B P OR 95% CI

TG (mmol/L) −0.002 0.993 1.00 0.62 ~ 1.61

TC (mmol/L) −0.397 0.058 0.67 0.45 ~ 1.01

HDL (mmol/L) 0.054 0.511 1.06 0.900 ~ 1.24

LDL (mmol/L) 0.374 0.198 1.45 0.82 ~ 2.57

Apo A1 (g/L) 0.363 0.208 1.44 0.82 ~ 2.53

Apo B (g/L) −0.441 0.475 0.64 0.19 ~ 2.16

AIP 2.917 0.005 18.48 2.38 ~ 143.22

Age (years) 0.102 <0.001 1.11 1.06 ~ 1.16

Gestational age at blood collection (weeks) −0.049 0.272 0.95 0.87 ~ 1.04

Pre-pregnancy BMI (kg/m2) 0.141 <0.001 1.15 1.07 ~ 1.24

Gravidity (n) 0.148 0.547 1.16 0.72 ~ 1.87

Parity (n) 0.018 0.944 1.02 0.62 ~ 1.66

AIP Atherogenic index of plasma, Apo A1/B Apolipoprotein A1/B, BMI Body mass index, GDM Gestational diabetes mellitus, HDL-C High-density lipoprotein-
cholesterol, LDL-C Low-density lipoprotein-cholesterol, SD Standard deviation, TC Total cholesterol, TG Triglycerides
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hyperlipidemia groups. The inconsistency may be due to
the different study populations and sample size. Collect-
ively, there is a need to improve our knowledge about
the maternal lipid profile change in relation to fetal
growth.

Study strength and limitations
This study helps to establish the standard of hyperlipid-
emia diagnosis during pregnancy in Chinese population.
This study also had several limitations. First, confound-
ing factors were the main limitations of this retrospect-
ive observational design. For example, the information
regarding the body weight during pregnancy and life-
styles (eg. dietary factors) was missing. Second, partici-
pants recruited in the present study may not represent
the general population of pregnant woman due to the
selection bias and sample size, which might influence on
the analysis of the relationship between mid-trimester
lipid profile and GDM. Third, a relatively short duration
of observation. Lipid concentrations could change con-
stantly through gestational weeks. Finally, it would be
better to perform a longitudinal study to show the asso-
ciation between serum lipids and GDM.

Conclusions
In conclusion, this study added to the current knowledge
of associations between changes occurred in lipid metab-
olism during pregnancy and outcomes for mothers and
newborns in women with GDM. Further studies are also
warranted to establish the standard of hyperlipidemia
diagnosis during pregnancy according to local maternal
characteristics. More attention should be paid to the
mid-trimester lipid profile in all mothers in clinical prac-
tice. As for pregnant woman with abnormal blood lipids,
close monitoring and lifestyle management during preg-
nancy should be carried out to prevent pregnancy com-
plications and improve clinical outcomes as much as
possible.
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