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INTRODUCTION

ABSTRACT

Aims/Introduction: Pregnant women with gestational diabetes mellitus (GDM) have
been reported to have higher serum triglyceride (TG) levels during the entire gestational
period. However, whether TGs contribute to the incidence of GDM remains unclear. This
study aimed to evaluate whether higher serum TG level during early first trimester is asso-
ciated with GDM.

Materials and Methods: A prospective single-center cohort study was carried out
among pregnant women (n = 2,949) who received regular antenatal care in Fu Xing
Hospital, Capital Medical University, Beijing, China. GDM was diagnosed between 24 and
28 gestational weeks. Serum TG levels were measured during gestational weeks 6-8 (TGO)
and 16-18 (TG1). TG elevation was the difference between TG1 and TGO.

Results: In total, 581 pregnant women developed GDM. A 13.1, 185 and 28.8% inci-
dence of GDM was observed in women with low, referent and high TGO levels, respec-
tively. Among women with prepregnancy body mass index <24 kg/m? and prepregnancy
body mass index >24 kg/m?, those with high TGO levels had 24- and 2.3-fold increased
odds of developing GDM, respectively, compared with pregnant women with low TGO
levels. A positive dose—response relationship was observed between continuous TGO and
TG elevation, and the odds of GDM; a positive association was observed between TG ele-
vation and the odds of developing GDM in pregnant women with intermediate to high
TGO levels.

Conclusion: High TG level during the early first trimester, and TG elevation from the
first to early second trimester are associated with GDM development, which persists even
after adjusting for confounders.

Groups®. Pregnant women with GDM were reported to have

Gestational diabetes mellitus (GDM) is a condition of glucose
intolerance that occurs during pregnancy. The reported inci-
dence of GDM varies from 3 to 25%, depending on the criteria
and population studied'>. In China, the incidence of GDM
was 17%, when diagnosed according to the criterion issued by
the International Association of Diabetes and Pregnancy Study

Received 19 December 2019; revised 30 March 2020; accepted 6 April 2020

higher risks of cesarean section, vaginal laceration, pre-eclamp-
sia or gestational hypertension, macrosomia, neonatal hypo-
glycemia, preterm delivery and other adverse pregnancy
outcomes’. Higher fasting glucose level, prepregnancy over-
weight/obesity, prepregnancy body mass index (pre-BMI) and
family history of diabetes mellitus have previously been sug-
gested as the risk factors for GDM®. The serum triglyceride
(TG) level of pregnant women was reported to be associated
with the incidence of GDM in both retrospective and
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prospective studies”®. Dyslipidemia during gestation and its
effects on pregnancy outcomes have attracted much attention
in the past few years™".

To satisfy the nutritional demands of the developing fetus,
maternal lipid metabolism, especially plasma TG level, is altered
dramatically during pregnancy''. Researchers found that after
an initial decrease during the early first trimester (5-
8 weeks)”'>'?, the TG level increases linearly throughout preg-
nancy'*. It was reported that TG levels in the second and third
trimesters among pregnant women with GDM were higher
than the corresponding levels among pregnant women without
GDM'®"> ", Recently, a meta-analysis confirmed that pregnant
women with GDM continue to have high TG levels throughout
pregnancy'®. Some studies showed that higher maternal TG
levels in early pregnancy contributed to the development of
subsequent GDM®>!'>'*2!; however, some other studies were
unable to confirm these findings'®'*'". It was also reported
that plasma TG concentrations did not differ between pregnant
women with and without GDM>***. Whether the increase of
TG level is a risk factor for GDM was controversial. As the TG
level increased with gestational age, the time of measurement of
TG was important. We hypothesized that TG levels of pregnant
women during gestational weeks 6-8 were independently asso-
ciated with the development of GDM. To testify this hypothe-
sis, pregnant women in the early first trimester (gestational
weeks 6-8) were recruited to form a prospective cohort and
were followed up until their GDM was diagnosed.

METHODS

Patients

This prospective cohort study was carried out from July 2016
to June 2017. Pregnant women who attended regular antenatal
care at and opted to give birth in the obstetric department of
Fu Xing Hospital, Capital Medical University, Beijing, China,
were recruited. This study was carried out according to the
guidelines laid down in the Declaration of Helsinki, and it was
approved by the ethics board of the Capital Medical University
(approval number 2012sy29). Written informed consent was
obtained from all participants. Women between 6 and 8 weeks’
gestation, aged >18 years, those with a singleton pregnancy,
and those who made regular prenatal visits and opted to deliver
in Fu Xing Hospital were recruited. Women with prepregnancy
cardiovascular disease, chronic hypertension, prepregnancy dia-
betes, thyroid disorder, those taking medications known to
affect glycemic and lipid metabolism, and those with twin preg-
nancy were excluded.

All participants were asked to complete a questionnaire with
the help of clinicians. The demographic information, and data
regarding pre-pregnancy bodyweight (self-reported), gravidity,
parity, date of the last menstrual period, medical history, repro-
ductive history, smoking status and alcohol use, and a family
history of diabetes and hypertension were included in the ques-
tionnaire. During the follow-up period, the bodyweight and
blood pressure of the participants were measured, and any
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complications were recorded at each antenatal visit. Gestational
age was calculated based on the last menstrual period and the
first trimester ultrasound.

Pre-BMI was calculated as the prepregnancy bodyweight (kg)
divided by the square of the height (meters). Based on the rec-
ommendations of the China Obesity Task Force of the Chinese
Ministry of Health, the pregnant women were divided into four
groups, namely underweight (pre-BMI <18.5 kg/m?), normal
weight and overweight (pre-BMI 18.5-23.9 and 24.0-27.9 kg/
m?), and obese (pre-BMI >28 kg/m2)24.

Biochemical analysis

Fasting (>8 h) venous blood samples were collected from all
participants by trained nurses during gestational weeks 6-8 and
16-18. The samples were collected in a 3.5-mL vacutainer (BD,
Plymouth, UK). Gray vacuum blood vessels containing fluoride
were used for detection of blood glucose levels, and SST II
Advance Tubes containing inert separation glue were used for
detection of lipid levels. Plasma samples were processed imme-
diately after collection by centrifugation (351 g for 10 min at
4°C); 1-mL aliquots were obtained and stored at —80°C until
being assayed at the biochemical laboratory of Fu Xing Hospi-
tal. Both TG and glucose concentrations were measured using
a Hitachi type 7180 automatic biochemical analyzer (Hitachi
High-Tech Science Systems Corporation, Tokyo, Japan) and
monitored by a well-trained examiner. The intra-assay and
interassay coefficients of variation in this analysis were <5 and
<10%, respectively. TG elevation was calculated as the differ-
ence between TGl (TG level at gestational weeks 16-18) and
TGO (TG level at gestational weeks 6-8).

Diagnosis of GDM

The International Association of Diabetes and Pregnancy Study
Groups criteria were used for the diagnosis of GDM. The one-
step oral glucose tolerance test (75 g, 2 h) was carried out at
24-28 weeks of gestation. GDM was diagnosed when one or
more glucose indices met or exceeded the following cut-offs:
fasting >5.1 mmol/L; 1 h >10.0 mmol/L; and 2 h >8.5 mmol/
L, according to the International Association of Diabetes and
Pregnancy Study Groups criteria.

Statistical analysis

The Kolmogorov—Smirnov (D test) was used to assess the nor-
mality of the data. Descriptive statistics included means and
standard deviations for continuous variables as they are nor-
mally distributed, and numbers and percentages for categorical
variables. Group comparisons were carried out using the *-test
or analysis of variance, as appropriate. Student’s t-test was used
to compare two continuous variables, one-way aNova was used
to compare three continuous variables, and the y*-test was used
to compare categorical variables. Multivariable logistic regres-
sion analysis was carried out to determine independent risk fac-
tors for the development of GDM. Furthermore, the
relationship between TG and GDM in stratified pre-BMI
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groups was examined. To estimate the relative association
between GDM, and varying concentrations of TG and TG ele-
vation, each participant was categorized according to Tukey’s
hinges percentile analysis (<25th, 25-75th and >75th) of TGO
level and TG elevation. Restricted cubic spline regression analy-
sis was used to analyze the dose-response relationship between
continuous TGO and TG elevation, and the odds of GDM. A
P-value <0.05 was considered statistically significant. SAS soft-
ware (version 9.4; SAS Institute Inc., Cary, NC, USA) was used
for all analyses.

RESULTS

In total, 3,028 women were initially recruited, out of which 15
withdrew and 64 were excluded because of missing results for
TG level during 2428 weeks of gestation. Finally, a total of
2,949 women were included, out of whom 581 had GDM and
2,368 did not have GDM (Table 1). Almost all women were of
Han nationality. Women with GDM were older and had higher
pre-BMI, baseline fasting serum blood glucose (FBG), and TGO
levels, and TG elevation (P < 0.01).

To analyze the relationship between TGO and the incidence
of GDM, the pregnant women were divided into three groups
according to their TGO levels, namely the lowest (<25th, TGO
<0.7 mmol/L), intermediate (25-75th, TGO 0.7—1.2 mmol/L)
and highest percentile (>75th, TGO >1.2 mmol/L). The results
showed that the incidence of GDM increased with the increase
of TGO levels; the incidence was 13.1, 18.5 and 28.8% in the
lowest, intermediate and highest percentile of TGO groups,
respectively (P < 0.01; Figure 1).

TG elevation was calculated to assess the speed of TG eleva-
tion during the first to second trimester of gestation. Pregnant
women were also divided into three groups based on the TG
elevation (<04, 04-09 and >0.9 mmol/L), according to
Tukey’s hinges percentile analysis (<25th, 25-75th and >75th),
to evaluate the association between increased speed of TG ele-
vation and the odds of developing GDM. As shown in
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Figure 1 | Incidence of gestational diabetes mellitus (GDM) according
to Tukey's hinges percentile analysis of triglyceride level in gestational
weeks 6-8 (TGO) level and change in triglyceride level from gestational
weeks 6-8 to weeks 16-18 (TG elevation). TGO was divided into <07,
0.7-12 and >1.2 mmol/L groups, and TG elevation was divided into
<04, 04-09 and >09 mmol/L groups according to Tukey's hinges
percentile analysis (<25, 25-75 and >75%).

Figure 1, the incidence of GDM increased with increase in TG
elevation, to 15.1% in the lowest TG elevation group, 18.9% in
the intermediate TG elevation group and 25.7% in the highest
TG elevation group (P < 0.01).

Forward stepwise logistic regression was used, and the results
showed that both TGO and TG elevation were associated with
higher odds of developing GDM after adjusting for age, pre-
BMI, FBG and a family history of diabetes mellitus (Figure 2).
Compared with the lowest quartile (<25th), pregnant women
with intermediate (25-75th percentile; adjusted odds ration
[aOR] 1.38, 95% confidence interval [CI] 1.06-1.80) and high-
est (aOR 2.24, 95% CI 1.66-3.04) TGO levels had increased
odds of developing GDM. Elevation in TG was also associated

Table 1 | Clinical and biochemical characteristics of pregnant women with and without gestational diabetes mellitus

Characteristics Control group (n = 2,368) GDM (n = 581) P-value
Age (years) 306 £ 38 319+ 39 <001
Height (m) 16+ 05 16+ 05 0.28
Weight (kg) 578 £ 88 620 = 106 <001
Pre-BMI (kg/m?) 218+ 30 233+ 36 <001
Weight gain (kg) 12+ 24 13124 0.19
Parity 13+ 05 14+ 05 007
FBG (mmol/L) 4.7 £ 04 49+ 05 <001
TGO (mmol/L) 10+ 04 12+ 06 <001
TG1 (mmol/L) 17 £ 06 20+ 07 <001
TG elevation (mmol/L) 07 £05 08+ 05 <001

FBG, fasting blood glucose during gestational weeks 6-8; GDM, gestational diabetes mellitus; pre-BMI, prepregnancy body mass index; TG elevation,
change in triglyceride level from gestational weeks 6-8 to week 16-18; TGO, triglyceride level during gestational weeks 6-8; TG1, triglyceride level
during gestational weeks 16-18; weight gain, change of weight from preconception to gestational weeks 16-18.
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with GDM. The aOR was 1.48 (95% CI 1.14-1.94) and 1.88
(95% CI 1.42-2.50) for pregnant women with intermediate and
highest TG elevation, respectively.

Table 2 shows the results of a binary logistic regression anal-
ysis of the odds of developing GDM stratified by pre-BMI
according to the Chinese criterion. The odds of developing
GDM increased with the increase of TG, both in women with
normal bodyweight and those in the overweight and obesity
categories. Compared with women with the lowest TGO levels
(<0.7 mmol/L), those with the highest TGO values had 2.4-fold
(95% CI 1.65-3.36) increased odds of developing GDM in the
pre-BMI <24 kg/m® (normal group), and a 2.3-fold (95% CI
1.25-4.31) increased odds of developing GDM in the pre-BMI
>24 kg/m® (overweight/obesity categories) groups. Similarly,
1.9-fold increased odds of developing of GDM were observed
in women with the highest TG elevation (>0.9 mmol/L), both
in normal bodyweight and overweight/obesity categories, as
compared with their peers with the lowest TG elevation
(<0.4 mmol/L).

Table 3 shows the effect of TG elevation on the incidence of
GDM on three different ranks of TGO levels. In the intermedi-
ate TGO (0.7-1.2 mmol/L) group, after adjustment for

http://wileyonlinelibrary.com/journal/jdi

confounding factors including age, FBG, family history of dia-
betes and TGO, both women with intermediate TG elevation
(0.4-0.9 mmol/L) and high TG elevation (>0.9 mmol/L) had
1.8-fold increased odds of developing GDM, compared with
their counterparts with the lowest TG elevation (<0.4 mmol/L).
Meanwhile, in the high TGO (>1.2 mmol/L) group, increased
odds of developing GDM were observed in women with the
highest TG elevation (>0.9 mmol/L), aOR 2.03 (95% CI 1.31-
3.14), compared with women with the lowest TG elevation.
However, in the low TGO (<0.7 mmol/L) group, after adjust-
ment for age, FBG, family history of diabetes mellitus and
TGO, TG elevation showed no association with the odds of
developing GDM.

Using TGO equal to 1.0 mmol/L or TG elevation equal to
0.5 mmol/L groups as the reference, restricted cubic spline
regression helped to analyze the dose-response relationship
between continuous TGO and TG elevation, and the odds of
developing GDM (Figure 3), the ratios of which were estimated
by logistic regression modeling, after adjusting for maternal age,
pre-BMI and family history of diabetes mellitus. Based on the
TGO and TG elevation outcome association trajectory, a signifi-
cant non-linear dose-response relationship was observed

OR 95%Cl
Family history = I | 2.85(1.72-4.74)
BMI>28 = —a— 1.82(1.25-2.66)
BMI24.0-27.9 = - 1.76 (1.39-2.24)
BMI<185 o HiH 0.75(0.50-1.14)
= BMI18.5-23.9 u 1(Ref))
% TG elevation=1.0 = —— 1.88(1.42-2.50)
% TG elevation0.4-0.9 = - 1.48(1.14-1.94)
E TG elevation <0.4 < || 1(Ref.)
i: TG0=1.2 = —a— 2.24(1.66-3.04)
-g TG00.7-1.1 = - 1.38( 1.06-1.80)
“’% TG0<0.7 = [ | 1(Ref.)
g Age=40 = i 1.80(1.38-2.35)
r; Age35-39 = HH 1.31(1.05-1.64)
Age<35 o | 1 (Ref.)
FBG=5.1 k i i 4.81 (3.53-6.56)
FBG4.4-5.0 = 1.65 (1.25-2.17)
FBG<4.4 = | 1(Ref.)
T T T 1
0 2 4 6 8
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Figure 2 | Odds ratios of fasting blood glucose in gestational weeks 6-8 (FBG), age, triglyceride level in gestational weeks 6-8 (TGO), change in
triglyceride level from gestational weeks 6-8 weeks to 16-18 (TG elevation), prepregnancy body mass index (pre-BMI) and family history as
categorical variables associated with the occurrence of gestational diabetes mellitus (GDM). Cl, confidence interval; Ref, reference.
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Table 2 | Binary logistic regression analysis of risk of gestational diabetes mellitus stratified by prepregnancy body mass index according to the
Chinese criterion

Variable Pre-BMI <24 kg/m? (n = 2,280) Pre-BMI >24 kg/m? (n = 669)
B Wald OR (95% Q) P-value B Wald OR (95% Q) P-value
TGO (mmol/L) 2287 <001 1127 <001
<07 1 1 1 1 1 1
07-1.1 035 541 142 (1.06-191) <001 029 089 134 (073-247) 037
>12 086 2239 235 (1.65-336) <001 084 7.16 232 (125-431) <001
TG elevation (mmol/L) 1417 001 697 003
<04 1 ] 1 1 1 1
04-09 042 670 152 (1.11-208) <001 038 232 147 (090-241) 013
>10 065 1409 192 (1.37-2.70) <001 068 683 198 (1.19-330) <001

Cl, confidence interval; OR, odds ratio; Pre-BMI, prepregnancy body mass index; TG elevation, change in triglyceride level from gestational weeks 6—
8 to weeks 16-18; TGO, triglyceride level during gestational weeks 6-8.

Table 3 | Binary logistic regression analysis of risk of gestational diabetes mellitus stratified by triglyceride level during gestational weeks 6-8

Variable (mmol/L) TGO <0.7 mmol/L (n = 725) 0.7 > TGO < 1.2 mmol/L (n = 1,503) TGO >1.2 mmol/L (n = 721)

B Wald  OR (95% Cl) P-value B Wald  OR (95% Cl) P-value B Wald  OR (95% Cl) P-value
TG elevation 454 0.10 841 0.02 1051 <001
<04 1 1 1 1 1 1 1 1 1
04-09 —064 289 053 (0.25-1.10) 009 059 772 180 (1.19-272) <001 022 098 124 (081-192) 032
>10 —050 365 061 (037-101) 006 060 669 182 (1.16-286) <001 071 1007 203 (1.31-3.14) <001

Cl, confidence interval; OR, odds ratio; TG elevation, change in triglyceride level from gestational weeks 6-8 to weeks 16-18; TGO, triglyceride level

during gestational weeks 6-8.

between GDM and the continuous TGO and TG elevation
(Figure 3).

DISCUSSION

The present study showed that TG level in the early first trime-
ster was associated with the development of GDM in pregnant
women with normal bodyweight, as well as in those with

overweight/obesity, adding new evidence to the association
between TG and GDM, which was consistent with the previous
literature®. High TG elevation from the first to early second tri-
mester predicted high odds of developing GDM, especially in
pregnant women with a high TG level during early pregnancy,
which was independent of the influence of FBG, maternal pre-
BMI, age or a family history of diabetes mellitus.

(a) GDM (b) GDM

< g <

M |

wv r\! wv -
o — o
= =l
c [
(%] o- 4 (%)
T — T
° T —
© < © [=)

o — 1

9 | 3

0.7 0.8 0.9 1.2 1.1 1.2 0.2 0.4 0.6 0.8

TG (mmol/L)

TG elevation (mmol/L)

Figure 3 | Odds of developing gestational diabetes mellitus (GDM) according to TGO, triglyceride level during gestational weeks 6-8 (TG0) and
change in triglyceride level from gestational weeks 6-8 to weeks 16-18 (TG elevation) as continuous variables. Gray areas are 95% confidence
intervals. Odds ratios were estimated using logistic regression modeling, after adjusting for maternal age, prepregnancy body mass index (pre-BMI)

and a family history of diabetes mellitus.
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The results showed that patients with GDM had a higher
TG level from gestational weeks 6-8, which afforded high odds
of developing GDM after adjusting for confounders. It was
reported that pregnant women with GDM had significantly
higher preconception TG levels”, indicating that high serum
TG levels in the first trimester should be considered as a risk
factor for GDM. Lipid abnormalities serve as an inducing factor
for insulin resistance®®, because the excess TG storage, particu-
larly in skeletal muscles, might contribute to increasing insulin
resistance”’, which is the main pathophysiology of type II dia-
betes mellitus and GDM. As there is little impact of gestational
hormonal changes on TG metabolism during gestational
weeks 5-8, pre-existing insulin resistance and high TG level
might be the main causes of high TG levels during this period.
Therefore, TG levels should be monitored as early as possible
during pregnancy. Furthermore, Nolan et al.'* found a stronger
association between TG levels measured early in gestation
(weeks 5-8) and GDM in Asian women, but not in Australian/
Western European women. The present study carried out in
the Chinese population re-testified the association between early
TG and the odds of developing GDM. These results speculate
that ethnicity might be a confounding factor.

The risk factors for GDM, including maternal age, pre-BMI
and a family history of diabetes, are well known. Besides these
traditional risk factors, among Chinese women®®, a history of
spontaneous abortion was also reported as a risk factor for
GDM. A recent review” suggested the association between
hypothyroidism, polycystic ovary syndrome and the odds of
developing GDM. In the present study, maternal age, pre-BMI
and a family history of diabetes mellitus were considered as
confounders when the risk of TG for GDM was analyzed using
logistic regression analysis. Although maternal age and pre-BMI
might be related to an increase in TG levels, which, in turn,
might be the consequence of higher pre-BMI, we put these fac-
tors together to calculate the aORs after the collinearity test.

Higher TG level was often observed before and during gesta-
tion in obese pregnant women™. To eliminate the effect of pre-
BMI on GDM, we stratified the pre-BMI into pre-BMI <24 kg/
m® and pre-BMI >24 kg/m* groups according to the Chinese
criterion, and testified the association between TG and GDM
in both groups. Although Maitland et al.’' found no significant
difference of TG levels measured in the early second trimester
between pregnant women with and without GDM, most of the
studies showed a positive association between TG and GDM
after adjusting for confounding factors, including pre-
BML'*"**, Based on these results, high TG levels in the early
first trimester (gestational weeks 6-8) should be considered as
an independent risk factor for GDM in all pregnant women,
irrespective of their bodyweight.

Furthermore, as observed in the present study, higher TG
elevation was a risk factor for GDM after adjusting for con-
founders. Although Ryckman et al.'® showed that TG was ele-
vated, with significant difference in the levels between women
with and without GDM from the early trimester to the second

http://wileyonlinelibrary.com/journal/jdi

trimester when GDM was traditionally diagnosed during gesta-
tional weeks 24-28, to the best of our knowledge, few studies
have evaluated the association between early TG elevation and
the odds of developing GDM. Shen et al*' found that high TG
elevation before 28 weeks of gestation was associated with
higher odds of developing GDM. In the current study, the sig-
nificant difference in TG elevation from gestational weeks 6-8
to gestational weeks 16-18 was much earlier than that observed
in previous studies. Shen et al*' showed that TG elevation dur-
ing gestation was associated with bodyweight gain in the sec-
ond trimester. The discovery of hyperlipidemia in early
pregnancy might provide more opportunities for reducing the
odds of developing GDM by reducing TG elevation through
lifestyle interventions.

In pregnant women with low TGO level (<0.7 mmol/L), high
TG elevation was not associated with the development of
GDM. As high TG level was a protective factor for small-for-
gestational-age infants'®, women with very low TG level at the
beginning of gestation might require TG elevation to satisfy the
development of the growing fetus. The present study shows
that serum TG level and TG elevation should be addressed to
reduce the likelihood of a diagnosis of GDM.

In summary, high TG level and TG elevation should be rec-
ognized as early as in the first trimester. Early measurement of
TG levels and provision of individualized nutritional guidance
from the first to the early second trimester of pregnancy are
recommended for the prevention of GDM.

The present study had some limitations. The diet records of
all participants were unavailable. As TG level is affected greatly
by nutrition, the impact of the energy and the composition of
diet on TG level should have been analyzed. Another limitation
of the study was the self-reported pre-BMI data. In Beijing, all
women utilize community health services when trying to
become pregnant, and learn how to measure their own weight
and height. They visit the Obstetrics Clinic only after they
become pregnant. Although we were unable to check the pre-
BMI of the participants in person, the self-reported data, under
the supervision of community care workers, were generally reli-
able.

To the best of our knowledge, this is the first study to
evaluate the elevations in TG from the early first trimester
(weeks 6-8) to the early second trimester (weeks 16-18) in
such a large sample. We observed the association between
TG and the odds of developing GDM, and confirmed this
association in all the stratified pre-BMI groups. However, it
is important to consider that the study population included
only Chinese women. It is possible that the association
between early-pregnancy TG levels and the odds of develop-
ing GDM varies between different ethnic groups, being par-
ticularly strong in Chinese women. Based on the present
results, we recommend specialized management of pregnant
women with high TG levels during the first 6-8 weeks of
gestation, which could help prevent high-risk patients from
developing GDM.
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