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ABSTRACT

Objective: To assess associations of elevated lipid
levels during gestation with hypertensive disorders of
pregnancy (HDP) and gestational diabetes mellitus
(GDM).

Methods: This prospective cohort study was conducted
in a tertiary maternal hospital in Shanghai, China from
February to November 2014. Lipid constituents,
including triglycerides (TGs), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-c) and high-density
lipoprotein cholesterol (HDL-c) of 1310 eligible women
were assessed in the first (10-13+ weeks), second
(22—28 weeks) and third (30-35 weeks) trimesters
consecutively. Associations of lipid profiles with HDP
and/or GDM outcomes were assessed.

Results: Compared with the normal group, maternal TG
concentrations were higher in the HDP/GDM groups
across the three trimesters (p<0.001); TC and LDL-c
amounts were only higher in the first trimester for the
HDP and GDM groups (p<0.05). HDL-c levels were
similar in the three groups. Compared with intermediate
TG levels (25-75th centile), higher TG amounts (>75th
centile) were associated with increased risk of HDP/GDM
in each trimester with aORs (95% Cl) of 2.04 (1.41 to
2.95),1.81 (1.25t0 2.63) and 1.78 (1.24 t0 2.54),
respectively. High TG elevation from the first to third
trimesters (>75th centile) was associated with increased
risk of HDP, with an aOR of 2.09 (1.16 to 3.78). High TG
elevation before 28 weeks was associated with increased
risk of GDM, with an aOR of 1.67 (1.10 to 2.54). TG
elevation was positively correlated with weight gain
during gestation (R=0.089, p=0.005).

Conclusions: Controlling weight gain during pregnancy
could decrease TG elevation and reduce the risk of HDP/
GDM. TGs could be used as follow-up parameters during
complicated pregnancy, while other lipids are meaningful
only in the first trimester.

INTRODUCTION

Pregnancy is considered a ‘stress test’ for
metabolic and cardiovascular conditions of
the body.' * Hypertensive disorders of

Strengths and limitations of this study

= This was a large prospective longitudinal cohort
study, and previous reports assessing lipid levels
have cross-sectional or retrospective designs,
which could not avoid individual bias with
respect to lipid level increase during gestation.

= Lipid elevation was assessed here for the first
time throughout pregnancy (from the first to
third trimesters) among the same women in a
large-scale research.

= Maternal age, pre-pregnancy body mass index,
weight gain, fasting glucose levels, gestational
age and fasting state are associated with lipid
levels, and were adjusted in this study.

= Diet control may affect lipid levels in the third tri-
mester, which might result in biased interpret-
ation in the gestational diabetes mellitus group.

= No lipid profile before pregnancy was obtained,
constituting a study limitation.

pregnancy (HDP) and gestational diabetes
mellitus (GDM) are associated with an ele-
vated risk of developing subsequent systemic
hypertension and type II diabetes, affecting
the cardiovascular system.” Hyperlipidaemia,
specifically hypertriglyceridaemia, is a well-
known risk factor for metabolic syndromes.
Indeed, triglyceride levels are significantly
elevated in women with GDM/HDP com-
pared to those without these metabolic syn-
dromes, and such elevations are consistent in
the first, second and third trimesters of preg-
nancy.* > However, associations of total chol-
esterol  (TC), low-density lipoprotein
cholesterol (LDL-c) and high-density lipo-
protein cholesterol (HDL-c) levels in these
populations with GDM/HDP are inconsistent
in available reports.

Hyperlipidaemia is common in the second
half of pregnancy as a physiologically
required mechanism to maintain stable fuel
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supplementation to the fetus. It is also common to
observe modest lipid level increases early in pregnancy,
but significant elevations later in pregnancy.” However,
whether elevated lipid concentrations during gestation
are associated with the risk of GDM/HDP could not be
clarified in previous cross-sectional and retrospective
studies. Thus, it is difficult to ascertain which level of
lipid elevation is physiological or pathological. In addi-
tion, whether intrapregnancy weight gain and dietary
modifications are correlated with elevated lipid levels
remain unknown.

This prospective longitudinal cohort study aimed to
provide a comprehensive description of lipid profile
changes based on gestational age during pregnancy. We
sought to test the hypothesis that a higher increase of
triglyceride (TG) levels during gestation is associated
with pregnancy complications such as GDM and HDP.
In addition, we explored a possible correlation between
weight gain and lipid profile elevation during gestation.

METHODS
Setting and participants
This prospective cohort study was conducted at

International Peace Maternity and Child Healthcare
Hospital (IPMCHH), one of the largest obstetric care
centres in Shanghai, China, with an annual delivery
volume over 15 000. Participants were recruited from
February to November 2014. Longitudinal lipid assess-
ments were carried out during three periods: 10-13"
GW (first prenatal visit), 22-28 GW (second trimester)
and 30-35" GW (third trimester). Women with pre-
pregnancy cardiovascular disease, chronic hypertension,
pre-pregnancy diabetes or twin pregnancy were
excluded. A total of 1376 women agreed to participate
in this study and provided signed informed consent.

Measurements

Blood samples were collected at the outpatient clinic by
a trained nurse after a 10-12 hour fasting period. Serum
TC, LDL-c, HDL-c, TG and glucose concentrations were
measured on a Hitachi type 7180 automatic biochemical
analyser (Japan, Hitachi High-Tech Science Systems
Corporation) and monitored by a well-trained inspector.
Intra-assay and interassay coefficients of variation in this
analysis were <5% and <10%, respectively. Maternal
body weight (kg) was obtained on an electronic scale at
every follow-up visit, with weight gain recorded.
Pre-pregnancy weights were recorded at the first obstet-
ric clinic (self-reported). Pre-pregnancy body mass index
(BMI) was derived as the weight (kg) divided by the
square of the height (metres), and the patients were
classified as low weight (<18.5 kg/m?®), normal weight
(18.5-24.9 kg/m®), overweight (25.0-29.9 kg/m®) or
obese (>30.0 kg/mQ). Gestational age was based on the
combination of last menstrual period and first-trimester
ultrasound.

Other maternal characteristics, including maternal age
(years), education (years of schooling), gravidity, parity,
medical history, reproductive and prenatal history,
smoking status and alcohol use, were obtained at the
first clinic visit. All participants were followed up to the
postpartum period. Maternal weight, blood pressure and
complications at each antenatal clinical visit were
recorded. Labour and delivery records, as well as post-
partum and neonatal information, were recorded
according to criteria included in the standardised data
collection form.

Operational definitions

IPMCHH used the International Association of Diabetes
and Pregnancy Study Groups’ one-step criteria for GDM
diagnosis. The one-step approach with 75g, 2hours
Oral Glucose Tolerance Test, was performed at 24—
28 weeks of gestation. GDM was diagnosed when 1 or
more glucose indexes met or exceeded the following
cutoffs: fasting, >5.1 mmol/L; 1 hour, 10.0 mmol/L;
2 hour, 8.5 mmol/L. Women diagnosed with GDM
received nutritional counselling and/or dietary therapy,
along with insulin if required. Hypertensive disorders of
pregnancy included gestational hypertension and pre-
eclampsia, blood pressure >140 mm Hg systolic or
90 mm Hg diastolic on at least two occasions 4-6 hours
apart, with or without proteinuria (300 mg protein or
more in a 24 hour urine sample or+on a urine dipstick).

Statistical analyses

Descriptive statistics included means and SDs for con-
tinuous variables, and numbers and percentages for cat-
egorical variables. Group comparisons were performed
by a x® test or analysis of variance as appropriate.
Associations of low HDL-c, high TGs, TC, and LDL-
with GDM or HDP, as well as a primary composite
outcome, were assessed by multivariable logistic regres-
sion for factors with statistical significance in univariate
analysis. Data for each lipid test (TC, LDL-c, HDL-c and
TG levels) in each pregnancy trimester were divided
into three groups: ‘low level’ (<25th centile); ‘intermedi-
ate level’ (between 25th and 75th centiles) and ‘high
level’ (>75th centile). ‘Intermediate level’ was selected
as a reference. Variable selection in the multivariable
model was based on clinical and statistical significance.
Confounding variables included maternal age, pre-
pregnancy BMI, education years, fasting glucose levels
and gestational age at blood collection. Linear regres-
sion was used to assess the correlation between TG eleva-
tion and weight gain. SPSS V.19.0 (SPSS, USA) was used
for all analyses. p Value <0.05 was considered statistically
significant.

RESULTS

From February to November 2014, a total of 1376 eli-
gible women consented to participate in this study, and
their lipid concentrations were tested at the first prenatal
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visit. During follow-up, 9 women had miscarriage or
pregnancy termination for fetal structure abnormalities
before the second trimester; 10 others delivered before
the third trimester blood collection. After third trimes-
ter lipid assessment, 8 women delivered at <34 gesta-
tional weeks. Meanwhile, 39 women chose other
hospitals for delivery, and were lost to follow-up.
Therefore, 1310 women (95.2%) were included in the
final analysis (figure 1).

1376 eligible women underwent lipid assessment
at 10-13+wks

Miscarriage or pregnancy termination
for fetal structure abnormalities, n=9

Second trimester lipid assessment, n=1367 ‘

—+ Very early preterm birth, n=10 ‘

’ Third trimester lipid assessment, n=1357 ‘

» Preterm delivery<34GW, n=8 ‘

Delivered in other hospital, n=39 ‘

1310 women were followed up to postpartum and
included in final analysis

HDP were diagnosed in 60 of the 1310 women
(4.58%) with 23 preeclampsia and 37 with gestational
hypertension. Most cases were detected after 34 weeks of
gestation. A total of 6 HDP cases were diagnosed before
34 gestational weeks, and good blood pressure control
and term delivery were achieved. There was no signifi-
cant difference in lipid levels between the preeclampsia
and gestational hypertension groups (data not shown).
Meanwhile, 137 women (10.46%) had GDM complica-
tions, including five cases who received insulin therapy.
The HDP/GDM composite end point occurred in 188
women (14.35%). All women were of Han ethnicity, and
none smoked or consumed alcohol during pregnancy
(data not shown). Other maternal characteristics and
neonatal outcomes of the study population are shown in
table 1. Women complicated with the HDP/GDM com-
posite outcome were older (30.56+3.47 vs 29.55+3.13,
p<0.001) and heavier (pre-pregnancy BMI 22.07+2.93 vs
20.79+2.9, p<0.001), with higher fasting glucose levels at
the first trimester (4.59+0.42 vs 4.45+0.36, p<0.001). In
addition, the caesarean section rate (44.7% vs 34.0%,
p=0.004) was higher and babies were delivered earlier in
the HDP/GDM group (39.12+0.99 39.5+1.17, p<0.001).
There were no differences between groups in gravidity,
parity, blood collection timing in each trimester, neo-
natal gender, average birth weight, incidence of birth
weight >4000 g and preterm birth rate.

Lipid (TG, TC, LDL-c and HDL-c) profiles in the
three groups (HDP, GDM and normal women (NW)) in
different trimesters are depicted in figure 2. In the NW
group, TG, TC and LDL-c concentrations increased pro-
gressively throughout pregnancy; meanwhile, HDL-c
amounts increased from the first to second trimester

Figure 1 Flow chart of the study population.

Table 1 Maternal characteristics and neonatal outcomes among patients with complications and control populations
HDP/GDM (n=188) NW (n=1122) p Value

Maternal age (years) 30.56+3.47 29.55+3.13 <0.001
Educational levels (years) 15.88+1.69 15.86+1.45 0.851
Primiparous-n (%) 168 (89.4%) 1001 (89.2%) 0.952
Pre-pregnancy BMI-n (%) 22.07+2.93 20.79+2.9 <0.001
<18.5 (kg/m?) 12 (6.4%) 123 (11.0%) <0.001
18.5-24.9 (kg/m?) 149 (79.3%) 938 (83.9%)
25.0-29.9 (kg/m?) 24 (12.8%) 56 (5.0%)
>30.0 (kg/m?) 3 (1.6%) 1 (0.1%)
Fasting glucose at blood test 1 (mmol/L) 4.59+0.42 4.45+0.36 <0.001
GW at blood test 1 12.41+0.45 12.41+0.48 0.986
GW at blood test 2 24.93+0.88 24.97+0.94 0.599
GW at blood test 3 32.56+0.95 32.64+1 0.297
Delivery gestation (GW) 39.12+0.99 39.5+1.17 <0.001
Birth weight (g) 3351.25+412.74 3350.03+412.74 0.970
Placenta weight (g) 647.63+216.19 643.91+198.78 0.815
Caesarean section-n (%) 84 (44.7%) 381 (34.0%) 0.004
Sex (male), n (%) 87 (46.3%) 582 (51.9%) 0.156
Preterm delivery (34—-37 weeks) 4 (2.1%) 28 (2.5%) 0.762
Birth weight >4000 g, n (%) 13 (6.9%) 75 (6.7%) 0.907

BMI, body mass index; GW, gestational week; HDP/GDM, hypertensive disorders of pregnancy (HDP)/gestational diabetes mellitus (GDM);

NW, normal women.
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with a slight decrease in the third trimester. Compared
with the normal women group, the HDP and GDM
groups showed higher TG concentrations throughout
pregnancy, while TC and LDL-c concentrations were
higher at the first clinical visit, but lower in the second
and third trimesters. No statistically significant difference
was observed in HDL-c levels among the three groups
(figure 2).

In the 4th quartile TG level group (>75th centile), the
rate of composite end point (HDP/GDM) increased to
23.15%, from 11.48% in thelst quartile TG group
(<25th centile) at the first lipid assessment. Similar
results were obtained in the second (9.79% vs 22.29%)
and third (9.37% vs 21.56%) trimesters (figure 3).

HDP/GDM prevalence increased with TC levels, from
11.29% in the 1st quartile TC group to 18.31%
(p=0.044) in the 4th quartile TC group at the first clin-
ical visit. Such a trend was not found in the second and
third trimesters. Similar results were found for LDL-c.
The incidence of composite HDP/GDM increased with
LDIL-c levels in early pregnancy, from 10.97% in the 1st
quartile level group to 19.50% in the 4th quartile level

Figure 2 The mean levels of
lipid profile of individual group
(HDP, GDM, NW) in different

3.30
<280

group (p=0.006). Such a trend was not found in the
second and third trimesters (figure 3).

Associations of lipid profile with HDP and GDM

Compared with the intermediate TG levels, the 4th quar-
tile TG levels throughout pregnancy were associated
with increased risks of combined HDP and GDM with
aORs (95% CI) of 2.04 (1.41 to 2.95), 1.81 (1.25 to
2.63) and 1.78 (1.24 to 2.54), respectively, in the first,
second and third trimesters. The 4th quartile levels of
TGs throughout pregnancy were also a risk factor for
the individual outcome of HDP with aORs (95% CI) of
1.94 (1.05 to 3.59), 1.83 (1.02 to 3.27) and 2.89 (1.72 to
4.84), respectively, in the first, second and third trime-
sters (table 2). Interestingly, TG elevation from the first
to third trimesters was associated with increased risks of
combined HDP/GDM (aOR=1.58, 95% CI 1.09 to 2.28,
p=0.015) as well as HDP (aOR=2.09, 95% CI 1.16 to
3.78, p=0.015). The 4th quartile levels of TGs were asso-
ciated with increased risks of GDM with aORs (95% CI)
of 2.09 (1.37 to 3.17) and 1.93 (1.25 to 2.98) in the first
and second trimesters, respectively. However, an elevated
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TG level in the third trimester was not a risk factor for
GDM (aOR=1.51, 95% CI 0.99 to 228, p=0.54).
Meanwhile, TG elevation from the first to second trimes-
ter was associated with increased risk of GDM
(aOR=1.67, 95% CI 1.10 to 2.54, p=0.017).

With respect to other lipid profiles, the 4th quartile
levels of LDL~c in the first trimester were associated with
increased risk of combined HDP and GDM (aOR=1.46,
95% CI 1.01 to 2.10, p=0.044). Meanwhile, elevated TC
in the first trimester was not a risk factor for the com-
posite HDP/GDM outcome (aOR=1.38, 95% CI 0.95 to
2.01, p=0.91) (table 2).

Linear regression analysis showed that TG elevation
was positively correlated with weight gain during gesta-
tion after adjusting for pre-pregnancy BMI (R=0.089,
p=0.005). Weight gain from the first to third trimesters in
the GDM group was significantly lower than that in the
non-GDM group (7.80+3.22 kg vs 9.32+3.00 kg, p<0.001).

DISCUSSION

Main findings

This study yielded three main findings: (1) First, high
levels of TGs during pregnancy were associated with
increased risk of HDP and GDM; in addition, TG eleva-
tion throughout gestation also conferred increased risk
of combined HDP and GDM. (2) Then high LDL-c
amounts were associated with increased risk of compo-
sitet. HDP/GDM in the first trimester; no significant
difference was observed in HDL-c levels among the
three groups. (3) Finally, TG elevation was positively
correlated with weight gain during gestation.

Maternal fat depots occurring during the first two tri-
mesters of gestation are associated with both hyperpha-
gia and increased lipogenesis. Elevated insulin levels or
even enhanced insulin sensitivity in early pregnancy and
increased activity of adipose tissue lipoprotein lipase
(LPL) contribute to lipogenesis and hyperlipidaemia. In
late pregnancy, there is an accelerated breakdown of fat
depots to meet maximal fetal growth requirements, with
significant elevation of lipids later in pregnancy.6
Decreased insulin sensitivity (regulated by human pla-
cental lactogen, cortisol and sex steroids), reduced
adipose tissue LPL sensitivity, increased activity of
hormone-sensitive lipase and enhanced amounts of free
fatty acids in circulation are associated with hyperlipid-
aemia in late prf,*grlancy.7_9 Our findings that the levels
of lipids, including TGs, TC and LDL, increased grad-
ually during gestation and peaked before delivery are
consistent with other studies.'” ' This elevation of lipid
amounts is a physiological requirement for maintaining
stable fuel supplementation to the fetus.

Both HDP and GDM are metabolic dysfunction disor-
ders during pregnancy, and have the characteristics of
insulin resistance.'? 3 TG, TC and LDL concentrations
were higher in the HDP/GDM group in the first trimester
as shown above. These findings suggested that lipids in
early gestational age show a more maternal metabolic
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condition than the physiological requirement for fetal
growth. We found that maternal TG concentrations were
higher in the HDP group across the three pregnancy tri-
mesters, with elevated TG levels associated with HDP.
These findings are consistent with a recent study by Ray
et al' demonstrating that elevated serum levels of TGs are
associated with the risk of developing pregnancy-associated
hypertension. The association between dyslipidaemia and
the risk of preeclampsia is biologically plausible and com-
patible with the current knowledge of preeclampsia patho-
physiology. GDM is associated with an elevated risk of
developing subsequent type II diabetes. Patients with
GDM showed higher TG amounts during pregnancy.
Despite an ongoing debate regarding insulin resistance
status in GDM, the association found between GDM and
high TG levels in the present and other studies support
the insulin resistance thff:ory.5 ]4

The associations of elevated concentrations of lipids
(specifically TGs) during gestation with the risk of
GDM/HDP could not be clarified in cross-sectional and
retrospective studies, making it difficult to ascertain
which level of lipid elevation is physiological or patho-
logical.]5_17 As shown above, high TG elevation from the
first to third trimesters was associated with HDP, which
could be explained as follows. First, too much and too
fast plasma lipid elevation may induce endothelial dys-
function secondary to oxidative stress.'® 'Y A second pos-
sible mechanism is the pathological process of
preeclampsia via dysregulation of lipoprotein lipase,
resulting in a dyslipidaemic lipid proﬁle.QO

A third possible mechanism may be via the metabolic
characteristics of the ‘insulin resistance syndrome’,
namely hyperinsulinemia.?' The association of elevated
TG levels with GDM should be interpreted with caution
in this study. Since interventions, including nutritional
counselling and/or dietary therapy alongside insulin if
required, could change the natural process of insulin
resistance in this subgroup, we only found that stark TG
elevation before intervention was associated with
increased risk of GDM prevalence.

It is well known that weight gain during gestation is
associated with pregnancy outcomes. Thus, IOM pro-
posed a certain range of weight gain for women with a
different pre-pregnancy BMI Category.22 However, it
remains unknown whether weight gain is correlated with
lipid level changes during gestation. As shown above, TG
elevation was positively correlated with weight gain after
adjusting for pre-pregnancy BMI. This finding has clin-
ical implications. Through dietary modifications and
maternal weight control during pregnancy, TG level ele-
vation could be reduced and HDP prevalence could be
lowered in the high-level TG group. Qiu et al”® found
that high dietary fibres can decrease TG concentration
and reduce preeclampsia risk.

Strengths and limitations
This was a large prospective longitudinal cohort study,
with the same women assessed from early pregnancy to

delivery. Lipid levels were assessed in the first, second
and third trimesters, as well as elevations during gesta-
tion. Although several meta-analyses have been pub-
lished in this field, few studies examined lipids at
multiple points during pregnancy.5 This study allows an
understanding of the relationship between lipid levels
during pregnancy and the development of hypertension
and GDM. Maternal age, pre-pregnancy BMI, weight
gain, fasting glucose levels, gestational age and fasting
state are associated with lipid levels, and were adjusted
in this study. An important limitation of this study is that
all women with GDM received dietary guidance once
diagnosis was established. Diet control may affect the
third trimester lipid levels in the GDM group. In add-
ition, we did not assess lipid profiles before pregnancy;
thus, whether maternal weight control before pregnancy
is associated with subsequent lipid levels and pregnancy
outcomes remains unclear. Finally, the obesity rate was
low in the study population, making it impossible to
analyse the associations of lipid levels with HDP/GDM
in this specific subgroup; this limits the generalisation of
our findings to other populations with much higher
rates of obesity.

CONCLUSION

Overall, in a large prospective longitudinal cohort study,
we found that both hypertriglyceridaemia and highly
elevated TG levels during gestation constitute risk
factors for HDP/GDM. Maternal weight gain during
pregnancy was positively correlated with TG level eleva-
tion. Controlling weight gain in pregnancy could
decrease TG elevation and reduce the risk of HDP/
GDM. TGs could be used as a follow-up index in compli-
cated pregnancy, while the levels of other lipids are
meaningful only in the first trimester.
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