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Abstract

Background: Disturbances in maternal lipid metabolism have been shown to increase the risk of adverse
pregnancy outcomes. However, there is no consensus as to what constitutes normal maternal lipid values
during pregnancy. Thus, the aim of this study was to establish serum lipid reference ranges during early and
middle pregnancy.

Methods: We conducted a retrospective survey in Beijing from 2013 to 2014. A total of 17,610 singleton pregnancies
with lipid data from early and middle pregnancy were included. First, after excluding women with adverse pregnancy
outcomes, we performed a descriptive analysis of total cholesterol (TC), triglycerides (TG), high-density lipid cholesterol
(HDL-O) and low-density lipid cholesterol (LDL-C) levels using means and standard deviations to determine appropriate
percentiles. Second, in the total population, we examined the lipid levels in different trimesters with the risk of adverse
pregnancy outcomes using categorical analyses and logistic regression models. Third, we determined the lipid reference
range in early and middle pregnancy based on the first two results. Finally, based on the reference ranges we determined,
we assessed whether the number of abnormal lipid values affected the risk of adverse pregnancy outcomes.

Results: (1) Serum levels of TC, TG, LDL-C and HDL-C all increased significantly from early to middle pregnancy, with the
greatest increase in TG. (2) A trend towards an increasing incidence of adverse pregnancy outcomes was observed with
increasing levels of TC, TG, and LDL-C and decreasing levels of HDL-C in both early and middle pregnancy.
(3) We recommend that serum TC, TG and LDL-C reference values in early and middle pregnancy should be
less than the 95th percentiles, whereas that of HDL-C should be greater than the 5th percentile, i.e, in early
pregnancy, TC <5.64 mmol/L, TG < 1.95 mmol/L, HDL-C > 1.23 mmol/L, and LDL-C <3.27 mmol/L, and in
middle pregnancy, TC <7.50 mmol/L, TG <3.56 mmol/L, HDL-C > 1.41 mmol/L, and LDL-C < 4.83 mmol/L. (4)
Higher numbers out-of-range lipids during early and middle pregnancy were correlated with a higher risk of
adverse pregnancy outcomes.

Conclusions: The reference ranges recommended in this paper can identify pregnant women with unfavourable lipid
values.

Keywords: Total cholesterol (TC), Triglycerides (TG), High-density lipid cholesterol (HDL-C), Low-density lipid cholesterol
(LDL-C), Reference range, Pregnancy

* Correspondence: yanghuixia@bjmu.edu.cn

'Department of Obstetrics and Gynecology of Peking University First
Hospital, Beijing, China

“Peking University First Hospital, Xianmen Street No. 1, Xicheng District,
Beijing 100034, China

Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-018-0885-3&domain=pdf
mailto:yanghuixia@bjmu.edu.cn
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Wang et al. Lipids in Health and Disease (2018) 17:246

Background

Pregnancy is a unique physiological state in which the
mother’s metabolic functioning undergoes alterations
throughout pregnancy to ensure adequate energy stores, in-
cluding glucose, amino acids and lipids, for appropriate
foetal growth and development. These adaptations include
complex changes in maternal lipid metabolism. The pri-
mary characteristic features of lipid metabolism changes
during pregnancy are fat accumulation, increased tissue lip-
olysis and maternal hyperlipidaemia [1, 2]. These changes
are physiologically necessary [3], and the corresponding
clinical manifestations are a continuous increase in levels of
maternal lipid concentrations from preconception to the
third trimester [2, 4, 5]. However, disturbances in maternal
lipid metabolism have been shown to increase the risk of
adverse pregnancy outcomes, including gestational diabetes
mellitus (GDM), pre-eclampsia (PE), preterm birth and
foetal growth disorders [6-10].

In the non-pregnant state, high serum concentrations of
total cholesterol (TC), triglycerides (TG) and low-density
lipid cholesterol (LDL-C), and a reduction in serum
high-density lipoprotein (HDL-C), are amongst the fea-
tures of dyslipidaemia related to metabolic syndrome, and
they are associated with an increased risk of cardiovascu-
lar disease later in life [11, 12]. However, there is no con-
sensus as to what constitutes normal maternal lipid values
during pregnancy. Therefore, obstetricians often cannot
determine whether lipid levels are normal for a given
period of pregnancy. Thus, pregnant women with out-of-
range lipid values cannot be recognized and provided ap-
propriate risk reduction interventions in a timely fashion.
Therefore, the aim of this paper was to fill this gap by de-
scribing blood lipid concentrations in early and middle
pregnancy and examining their correlations with adverse
pregnancy outcomes. We also discuss the recommended
reference ranges for maternal blood lipid concentrations
in early and middle pregnancy.

Methods

Data sources

This present analysis was part of a large retrospective study.
In that study, 15 hospitals in Beijing including Peking Uni-
versity First Hospital (PUFH) were chosen as clusters by a
systemic cluster sampling method based on their number of
deliveries. A total of 15,194 pregnant women who delivered
in these hospitals from 20 June to 30 November of 2013
were recruited. In addition, 4,072pregnant women who de-
livered from 1 December of 2013 to 30 November of 2014 at
PUFH were also studied. Therefore, the total sample size
was 19,266. This study was reviewed and approved by the
Institutional Review Board of the First Hospital, Peking Uni-
versity (Reference number: 2013[572]). All participants pro-
vided written informed consent, and the ethics committee
approved this consent procedure.
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All participants in the study were eligible for the
present analysis if they had a live-born singleton infant
and data regarding pregnancy lipid profiles in early and
middle pregnancy and pregnancy course and outcome.
Some women in our study were excluded for one or
more of the following reasons: pre-existing diabetes,
hypertension, thyroid disease or immune system disor-
ders, multiple births and missing data on major items
such as pre-pregnancy weight, height, 75 g oral glucose
tolerance test results, PE diagnosis, birth weight and ges-
tational age. Overall, a total of 19,044 participants were
available for and included in the final analysis.

Data collection

A questionnaire was designed to gather demographic
and medical information by interviewing all pregnant
women who delivered during the study period and by
extracting data from medical records the day following
birth. Demographic information was collected and re-
corded during a face-to-face interview in the patient’s
room; this information included maternal age (years),
height (centimetres), education and pre-pregnancy
weight. In addition, medical data, including lipid concen-
trations during pregnancy, gestational age, birth weight,
and pregnancy complications (mainly the occurrence of
pregnancy-induced-hypertension, PE and GDM), were
extracted from each patient’s medical record.

All investigators in each hospital were trained before the
survey was administered. Each completed questionnaire
was verified by an inspector. Data were coded and entered
into a specially designed data software program that auto-
matically checked for out-of-range values and logical mis-
takes. All compiled data were entered by two persons
independently and then verified by a third person.

Definitions

(1) GDM: According to the new criteria amended in
August 2014 in China, a diagnosis of GDM should
be made when any one value met or exceeded a 0-h
glucose level of 5.1 mM, a 1-h glucose level of
10.0 mM, and a 2-h glucose level of 8.5 mM after a
diagnostic 75-g OGTT between the 24th and 28th
weeks of gestation. A 0-h glucose level of 7.0 mM
or a 2-h glucose level of 11.1 mM was considered
sufficient to diagnose DM at any time, regardless of
pregnancy stage [13].

(2) Pregnancy-induced hypertension: Pregnancy-
induced hypertension included both gestational
hypertension and PE. Gestational hypertension:
defined as blood pressure elevation [systolic blood
pressure > 140 mmHg or diastolic blood pressure
> 90 mmHg] at > 20 weeks’ gestation in the absence
of proteinuria [14]. PE: defined as new-onset
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hypertension (systolic blood pressure > 140 mmHg
or diastolic blood pressure > 90 mmHg) and new-onset
proteinuria (300 mg of protein in 24 h or a urine
protein/creatinine ratio of 0.3 mg/dl) after 20 weeks of
gestation, in a previously normotensive woman [14].

(3) Pre-pregnancy body mass index (p-BMI) was
calculated as pre-pregnancy weight (within 3 months
before pregnancy) in kilograms divided by the
square of the height in metres (kg/m?).

(4) Preterm birth: Gestational age of less than 37 weeks
at delivery.

(5) Macrosomia: Foetal birth weight > 4000 g,
regardless of gestational age.

(6) Large for-gestational-age (LGA): Newborn birthweight
above the 90th percentile for gestational age in accord-
ance with the international standards for sex-specific
newborn size for each gestational age based on data
from the Newborn Cross-Sectional Study
subpopulation [15].

Statistical analysis

The statistical analysis was performed using the SPSS 17.0
statistical software package (Peking University Clinical Re-
search Institute). We first excluded those participants with
overweight/obesity, GDM, pregnancy-induced hyperten-
sion, preterm birth, macrosomia and LGA from the ana-
lysis to see the normal change trend of maternal lipid
levels during the first two trimesters of pregnancy by cal-
culating the average blood lipid levels every 4 weeks. Add-
itionally, descriptive analyses of TG, TC, HDL-C and
LDL-C levels were generated using the means and stand-
ard deviations and appropriate percentiles for this healthy
group in both early and middle pregnancy. Then, to estab-
lish the reference ranges of lipids in early and middle
pregnancy, associations of maternal blood lipid levels in

Table 1 Maternal baseline characteristics
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different trimesters with the risk of GDM, pregnancy-in-
duced hypertension, PE, preterm birth, macrosomia, LGA
and all factors combined were examined by categorical
analyses and logistic regression models for the total sam-
ple. For the categorical analyses, each lipid measure was
divided into five equal categories, with category 1 repre-
senting the bottom 20 percentiles and category 5 repre-
senting the top 20 percentiles. For the multivariate logistic
regression analysis, odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated, and maternal age, p-BMI,
educational level and gestational age at the time of lipid
measurement were adjusted as confounders. Finally, based
on the reference range we determined, we assessed
whether the number of abnormal lipid values affected the
risks of adverse pregnancy outcomes.

Results
In total, 17,610 mother—newborn pairs were included in
our study. There were 3678 mothers (20.9%) diagnosed
with GDM, 705 (4.0%) diagnosed with pregnancy-in-
duced hypertension, and 361 (2.0%) diagnosed with PE.
The newborns in this study had a mean gestational age
of 39.4+ 1.5 weeks, and their mean birth weight was
3376 + 468 g. There were 804 (4.6%) babies born prema-
turely, 3116 newborns (17.7%) with LGA, and 1499 new-
borns (8.5%) with macrosomia. After excluding those
mother—newborn pairs with one or more of the adverse
outcomes, 11,566 healthy mothers and their newborns
remained. Their age and p-BMI levels were all signifi-
cantly lower than those with adverse outcomes (Table 1).
Figure 1 shows the normal trend change of maternal lipid
levels in early and middle pregnancy by presenting the aver-
age blood lipid levels for every 4 weeks in women with no
adverse pregnancy outcomes. In addition, targeting this
subgroup, Table 2 shows the mean concentrations and the

Total Healthy With adverse p
outcomes
N =19,044 N =11566 N =7478
Age (year) 295+4.1 29.1+39 30.1+£4.2 <0.001
p-BMI (kg/m2) 213+47 20.7 £4.5 222+50 <0.001
<185 (%) 2886 (16.5) 2132 (20.0) 754 (11.0)
18.5-23.9 (%) 11,058 (63.1) 6988 (65.4) 4070 (59.6)
24-27.9 (%) 2639 (15.1) 1203 (11.3) 1436 (21.0)
228 (%) 928 (5.3) 359 (34) 569 (8.3)
Education level 0.396
College or higher (%) 12,766 (73.2) 7786 (73.1) 4980 (73.3)
Up to high school (%) 4683 (26.8) 2866 (26.9) 1817 (26.7)

Continuous variables were expressed as the means + SD and categorical variables were expressed as n (%)
Abbreviations: p-BMI pre-pregnancy body mass index (calculated as weight in kilograms divided by the square of height in metres)
P value indicates a significant difference between the healthy group and the adverse outcomes group
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Fig. 1 The changing curve of maternal blood lipids during pregnancy (Abbreviations: TC, total cholesterol; TG, triglycerides; HDL-C, high-density
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2.5th, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 97.5th per-
centiles for TC, TG, HDL-C and LDL-C in early and mid-
dle pregnancy. Serum concentrations of TC, TG, HDL-C
and LDL-C were significantly higher in pregnant women in
the second trimester than they were in the first trimester.
The most prominent change was a 2.1-fold TG elevation in
late pregnancy. Specifically, from the second to first trimes-
ter, TC, TG, HDL-C and LDL-C concentrations had 1.38,
2.10, 1.12 and 1.58-fold elevations, respectively.

To establish the reference ranges of lipids in early and
middle pregnancy, we then examined the associations of
maternal blood lipid levels in different trimesters with the
risk of GDM, pregnancy-induced hypertension, PE, pre-
term birth, macrosomia, LGA and these factors combined
for the entire sample. Figures 2, 3, 4, 5, 6, 7, 8 and 9 show
that the frequencies of GDM, pregnancy-induced hyper-
tension, PE, preterm birth, macrosomia and LGA in-
creased as TC, TG and LDL-C levels increased and
decreased as HDL-C levels increased in early and middle

Table 2 Serum lipids in pregnant women

pregnancy. In the multivariable adjusted model, we ob-
served that for the associations between maternal early
pregnancy lipid profiles and adverse pregnancy outcomes,
every unit increase in TC, TG and LDL increased the risk
of GDM, pregnancy-induced hypertension, PE, preterm
birth and LGA, and every mmol/L elevation in TG
concentration was associated with an increased risk of
macrosomia. By contrast, every unit increase in HDL-C
reduced the risk of GDM, pregnancy-induced hyperten-
sion, macrosomia and LGA. Furthermore, for the associa-
tions between maternal middle pregnancy lipid profiles
and adverse pregnancy outcomes, we discovered that
every unit increase in TG increased the risk of GDM,
pregnancy-induced hypertension, PE, preterm birth,
macrosomia and LGA, and every mmol/L elevation in TC
and LDL-C increased the risk of preterm birth and LGA,
respectively. In addition, every unit increase in HDL-C re-
duced the risk of GDM, pregnancy-induced hypertension,
PE and preterm birth (Table 3). Therefore, we believe that

Trimester X £5s Percentile
2.5% 5% 10% 25% 50% 75% 90% 95% 97.5%

TC First (n =6802) 435+ 0.77 3.01 32 344 3.83 4.29 4.8 532 5.64 597

Second(n = 2878) 562 + 1.09 376 401 4.29 484 5.53 6.36 707 7.50 787
TG First (n = 6827) 1.09 £ 06 04 046 0.54 0.74 1.00 1.31 167 1.95 23

Second (n =2881) 196 + 0.83 0.85 0.95 1.09 1.37 1.81 2.36 3.00 3.56 4.04
HDL First (n = 6820) 1.8 £ 041 1.14 1.23 1.34 1.53 1.76 202 2.28 245 2.59

Second (n =2881) 203 £ 043 1.32 141 1.54 1.75 2.00 229 2.55 2.72 2.88
LDL First (n =6818) 225+ 06 127 14 1.56 1.86 22 2.58 3.00 327 3.54

Second (n =2819) 3.14 £ 092 1.69 1.86 207 247 3.00 3.71 441 483 522

Abbreviations: TC total cholesterol, TG triglycerides, HDL-C high-density lipid cholesterol, LDL-C low-density lipid cholesterol
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Outcomes TC Category Percentage  Adjusted ratios (95% Cl) Forest plot
GDM 1 17.5% 1.0 1.0 (ref)
2 19.1% 1.09(0.94,1.25) "~
3 20.1% 1.18(1.02,1.36) S
4 21.1% 1.25(1.09,1.45) -
5 23.1% 1.33(1.15,1.53) -+
Pregnancy induced hypertension 1 3.1% 1.0 1.0 (ref)
2 3.2% 0.99(0.73,1.36) I
3 3.8% 1.22(0.9,1.65) A
4 4.1% 1.27(0.93,1.72) T
5 5.1% 1.56(1.16,2.1) s
PE 1 1.5% 1.0 1.0 (ref)
2 1.6% 1.01(0.66,1.57) - T
3 2.0% 1.24(0.81,1.89) T
4 1.9% 1.12(0.72,1.73) -
5 2.8% 1.61(1.07,2.44) S
Macrosomia 1 7.3% 1.0 1.0 (ref)
2 7.6% 0.96(0.78,1.18) -
3 8.3% 1.06(0.86,1.3) T
4 8.4% 1.03(0.84,1.27) T
5 9.1% 1.07(0.87,1.32) "
LGA 1 15.0% 1.0 1.0 (ref)
> 16.8% 1.06(0.91,1.23) '
3 17.6% 1.12(0.96,1.3) A
4 17.5% 1.09(0.93,1.26) ™
5 19.8% 1.2(1.04,1.4) A
Preterm birth 1 a5 L0 10{ref)
2 3.9% 1.2(0.9,1.6) I
3 4.1% 1.35(1.01,1.79) —
4 5.8% 1.97(1.5,2.59) -
5 4.5% 1.52(1.14,2.04) I
These factors combined 1 33.5% 1.0 1.0 (ref)
2 35.5% 1.05(0.94,1.18) "
3 38.2% 1.18(1.06,1.33) A
4 39.9% 1.26(1.12,1.42) -
5 42.5% 1.33(1.18,1.5) -~
6 10 15w s w0

Fig. 2 Categorical analyses of the risk of TC in early pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy body
mass index, educational level and gestational age at the time of lipid measurement)

higher levels of TC, TG, LDL-C and lower levels of
HDL-C are worse in both the first trimester and the sec-
ond trimester. Thus, because the normal reference range
is defined as 95th percentiles of the distributions, we rec-
ommend that the reference values of serum TC, TG and
LDL in early and middle pregnancy should be less than
the 95th percentile and that of HDL should be greater
than the 5th percentile. Specifically, the recommended ref-
erence values for serum lipids in early pregnancy should
be: TC <5.64 mmol/L, TG <195 mmol/L, HDL-C >
1.23 mmol/L and LDL-C < 3.27 mmol/L, and the recom-
mended reference values for serum lipids in middle preg-
nancy should be: TC <7.50 mmol/L, TG <3.56 mmol/L,
HDL-C > 1.41 mmol/L and LDL-C < 4.83 mmol/L.

Finally, based on the reference values we determined, we
further divided the entire sample into five groups: Group A:
no out-of-range lipid profiles; Group B: one out-of-range
lipid; Group C: two out-of-range lipids; and Group D: three
or four out-of-range lipids. As shown in Tables 4 and 5, the
prevalence of GDM, pregnancy-induced hypertension, PE,
preterm birth, macrosomia and LGA increased with in-
creased numbers of out-of-range lipids in early pregnancy,
and pregnancy-induced hypertension, PE and preterm birth
increased with increased numbers of out-of-range lipids in
middle pregnancy. In the first trimester, after adjusting for
confounders, Group B had a significantly higher incidence
of GDM, pregnancy-induced hypertension, PE, macrosomia
and LGA than Group A; Group C had a significantly higher
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Outcomes TG Category  Percentage Adjusted ratios (95% Cl) Forest plot
GDM 1 13.8% 1.0 1.0 (ref)

2 16.7% 1.48(1.26,1.73) -

3 18.8% 1.83(1.55,2.15) -

4 21.8% 2.22(1.88,2.62) -

5 30.0% 3.22(2.74,3.8) —_
Pregnancy induced hypertension 1 2.2% 1.0 1.0 (ref)

%) 3.3% 1.61(1.14,2.27) —_

3 3.7% 1.79(1.26,2.55) —_

a4 4.3% 2.02(1.41,2.89) _—r

5 5.8% 2.7(1.91,3.83) [ S
PE 1 1.1% 1.0 1.0 (ref)

2 1.8% 1.7(1.05,2.74) —

3 1.9% 1.75(1.06,2.87) — v

4 2.2% 1.95(1.19,3.21) —_—

5 2.8% 2.34(1.43,3.83) R A—
Macrosomia 1 6.6% 1.0 1.0 (ref)

2 6.9% 0.99(0.8,1.24) .

3 8.3% 1.15(0.92,1.44) "

4 8.4% 1.12(0.89,1.42) ™

5 10.7% 1.39(1.11,1.74) -
R 1 13.3% 1.0 1.0(ref)

2 15.6% 1.16(0.99,1.36) "

3 17.8% 1.32(1.12,1.56) -«

4 17.7% 1.26(1.07,1.49) -

5 22.3% 1.62(1.37,1.91) -~
Preterm birth 1 3.8% 1.0 Lotref)

2 4.0% 1.27(0.96,1.7) v

3 4.5% 1.58(1.18,2.12) -

4 4.3% 1.53(1.12,2.08) -

5 5.1% 1.8(1.32,2.44) -
These factors combined 1 28.8% 1.0 oten

5 33.5% 1.36(1.21,1.54) A

3 37.5% 1.67(1.47,1.89) -

a 39.8% 1.81(1.59,2.07) -

3 50.2% 2.62(2.3,2.99) | -

05 15 25 35 45

\

Fig. 3 Categorical analyses of the risk of TG in early pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy
body mass index, educational level and gestational age at the time of lipid measurement)

incidence of GDM, pregnancy-induced hypertension, PE,
LGA and preterm birth than Group A; and Group D had a
significantly higher incidence of GDM, pregnancy-induced
hypertension and LGA than Group A. In middle preg-
nancy, Group B had a significantly higher incidence of
GDM and pregnancy-induced hypertension than Group A;
Group C had a significantly higher incidence of GDM,
pregnancy-induced hypertension and preterm birth than
Group A; and Group D had a significantly higher incidence
of preterm birth than Group A.

Discussion

The results of the present study revealed that serum
levels of TC, TG, LDL-C and HDL-C all increased sig-
nificantly from early pregnancy to middle pregnancy,
with the most prominent features being an elevation of
serum TG and, to a lesser extent, elevations of TC,
HDL-C and LDL-C. Moreover, a trend towards an

increasing incidence of adverse pregnancy outcomes was
observed with increasing levels of TC, TG, and LDL-C
and decreasing levels of HDL-C in both early and middle
pregnancy. Thus, we recommend that the reference
values of serum TC, TG and LDL-C in early and middle
pregnancy should be less than the 95th percentiles and
the reference value of HDL-C should be greater than the
5th percentile. Specifically, in early pregnancy, these
values should be TC < 5.64 mmol/L, TG < 1.95 mmol/L,
HDL-C > 1.23 mmol/L and LDL-C < 3.27 mmol/L, and
in middle pregnancy, they should be TC <7.50 mmol/L,
TG <3.56 mmol/L, HDL-C > 1.41 mmol/L and LDL-C
<4.83 mmol/L. Furthermore, the more of out-of-range
lipids pregnant women had in early and middle preg-
nancy, the higher their risk of developing adverse preg-
nancy outcomes.

The changes in maternal lipid concentrations during
pregnancy observed in our study were similar to those
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Outcomes

HDL-C Category

Percentage

Adjusted ratios (95% Cl)  Forest plot

GDM

Pregnancy induced hypertension

PE

Macrosomia

LGA

Preterm birth

These factors combined

UMD WNPRP UL WNEROUDMWNERUOULLEWNERUDLM:BRNEROGODDEWNERUDDWNLPR

27.3%
21.2%
19.1%
18.0%
15.3%
5.6%
4.0%
3.8%
2.7%
3.1%
2.7%
2.1%
2.1%
1.3%
1.6%
9.3%
8.7%
8.0%
7.6%
7.3%
19.7%
17.5%
16.2%
16.9%
16.2%
5.3%
4.2%
4.6%
3.7%
3.8%
45.7%
38.6%
36.8%
34.9%
33.2%

1.0 1.0 (ref)
0.77(0.67,0.87)
0.68(0.6,0.78)
0.65(0.57,0.75)
0.52(0.45,0.61)

1.0 1.0 (ref)
0.74(0.57,0.96)
0.73(0.56,0.95)
0.52(0.39,0.7)
0.61(0.46,0.82)

1.0 1.0 (ref)
0.77(0.54,1.1)
0.79(0.55,1.13)
0.47(0.31,0.72)
0.59(0.39,0.87)

1.0
0.93(0.77,1.12)
0.84(0.7,1.02)
0.78(0.63,0.95)
0.73(0.6,0.9)

1.0
0.87(0.76,1)
0.8(0.69,0.92)
0.82(0.71,0.94)
0.77(0.67,0.9)

1.0
0.79(0.62,1.02)
0.94(0.74,1.21)
0.78(0.6,1.03)
0.8(0.61,1.06)

1.0
0.77(0.69,0.86)
0.73(0.65,0.81)
0.67(0.6,0.76)

Y14y

—_—
=
=
-

1.0 (ref)
1.0 (ref)

1.0 (ref)

1.0 (ref)

AER 1444 4444 114y 11{+

0.62(0.55,0.69)

Fig. 4 Categorical analyses of the risk of HDL-C in early pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy body
mass index, educational level and gestational age at the time of lipid measurement)

reported in previous studies that showed that blood
lipid concentrations increased during pregnancy, with
TG levels changing the most [16, 17]. Changes in
serum lipid levels during pregnancy are thought to be
affected by hormonal changes, including increases in
serum levels of oestrogen and progesterone [18-20].
In addition, hyperinsulinaemia and insulin resistance
during pregnancy have significant effects on lipid me-
tabolism and serum levels [18]. In this study, we did
not have data on lipid concentrations after pregnancy;
however, other studies have indicated that lipid con-
centrations return to pre-pregnancy concentrations
after delivery [2, 21, 22], suggesting that the increase
in blood lipids during pregnancy could have an im-
portant role in the physiology of the pregnancy and
development of the foetus.

Maternal fat accumulation in the first two-thirds of
gestation and hyperlipidaemia with increased lipolysis in
the third trimester are essential for an adequate nutrient

supply for foetal growth and development [3]. For ex-
ample, foetuses use TC to build cell membranes and as
the precursor of bile acids and steroid hormones. It is
also required for cell proliferation and development of
the growing body. TG serves as an energy depot for ma-
ternal dietary fatty acids and contributes significantly to
foetal growth and development [23]. HDL-C plays a
positive role in protecting the maternal vascular endo-
thelium during pregnancy [24].

However, similar to abnormal glucose metabolism,
dyslipidaemia during pregnancy could also adversely
affect the intrauterine environment, leading to short-
and long-term health issues for both mothers and their
offspring. Our current study confirmed a trend towards
an increasing incidence of adverse pregnancy outcomes
with increasing levels of TC, TG, and LDL-C and de-
creasing levels of HDL-C in both early and middle preg-
nancy. These findings agreed with the results of existing
studies. Vrijkotte TG et al. found that every unit increase
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Outcomes

LDL-C Category

Percentage

Adjusted ratios (95% Cl)

Forest plot

GDM

Pregnancy induced hypertension
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Macrosomia

LGA

Preterm birth

These factors combined
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Fig. 5 Categorical analyses of the risk of LDL-C in early pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy body
mass index, educational level and gestational age at the time of lipid measurement)

in TG levels during early gestation was linearly associ-
ated with an increased risk of hyperglycaemia in preg-
nancy, preeclampsia, LGA and preterm delivery,
suggesting that lifestyle programmes should be
conducted in women of reproductive age with a focus
on lowering triglyceride levels [16]. Moreover, an in-
crease in TC and LDL-C levels during pregnancy is also
considered a risk factor for GDM, preterm delivery and
PE [9, 25, 26]. By contrast, elevation in HDL-C levels is
associated with a decreased risk of GDM, macrosomia
and PE and was thought to be a protective factor for
both ourcomes [4, 6, 8].

Thus, based on the outcomes of our analysis and those
of others, we recommend that the reference values of
serum TC, TG and LDL in early and middle pregnancy
should be less than the 95th percentiles and the refer-
ence value of HDL should be greater than the 5th per-
centile. To date, few studies have reported reference
ranges that can be used to evaluate the results of lipid

measurements in women during pregnancy. Therefore,
obstetricians are often in doubt as to whether lipid levels
are ‘normal’ for a given period of pregnancy. By examin-
ing 719 healthy pregnant women, 172 in the first trimes-
ter, 227 in the second trimester and 320 in the third
trimester, Piechota W. et al. similarly proposed that TC,
TG and LDL-C levels exceeding the 95th percentile
should be used to define underlying hyperlipidaemia,
and HDL-C levels below the 5th percentile should be
regarded as abnormally low. In their study, all lipids
were significantly elevated during the second and the
third trimesters with the most prominent change being a
2.7-fold increase in TG levels in the third trimester. The ref-
erence ranges established in the second and third trimesters
were as follows: TC: <824 and < 9.83 mmol/l; TG: <2.87
and < 4.68 mmol/l; LDL-TC: < 5.61 and < 6.48 mmol/l; and
HDL: >1.09 and 1.04, respectively [27]. Earlier, Knopp RH
et al. attempted to report the reference ranges that could be
used to evaluate the results of lipid measurements in women
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Outcomes TC Category Percentage Adjusted ratios (95% Cl) Forest plot
GDM 1 24.5% 1.0 1.0 (ref)
2 26.2% 1.06(0.88,1.28) -
3 31.5% 1.31(1.09,1.58) —_
4 27.7% 1.12(0.93,1.34) T™
5! 25.4% 1.02(0.85,1.23) i
Pregnancy induced hypertension 1 5.2% 1.0 Lo
2 5.3% 0.96(0.67,1.36) T
a 4.3% 0.8(0.55,1.16) =1
4 4.4% 0.81(0.56,1.18) ™1
5 4.7% 0.93(0.65,1.35) '
e 1 2.4% 1.0 10(rsh)
2 2.8% 1.07(0.65,1.76) B L —
3 2.3% 0.97(0.58,1.61) . —
4 1.7% 0.68(0.39,1.19) —_T
5 2.6% 1.08(0.65,1.79) I | —
Macrosomia 1 9.7% 10 104
2 9.9% 1.01(0.78,1.31) ——
3 10.9% 1.13(0.87,1.45) T
4 9.4% 0.97(0.74,1.26) ==
5 8.8% 0.9(0.69,1.18) -
A 1 17.2% 1.0 1.0(ref)
2 18.7% 1.1(0.9,1.34) -Tr—
3 21.8% 1.33(1.09,1.62) -
4 21.1% 1.29(1.05,1.57) -
5 19.3% 1.16(0.95,1.42) ™
Preterm birth 1 5.3% 1.0 1olen
5 4.1% 0.76(0.52,1.1) T
3 4.9% 0.9(0.63,1.28) -
4 5.2% 0.97(0.69,1.38) -
5 6.1% 1.13(0.8,1.59) I
These factors combined 1 41.7% 10 Loleeh
2 43.8% 1.06(0.91,1.25) T
3 49.3% 1.3(1.1,1.52) -
4 46.2% 1.14(0.97,1.35) v
5 44.1% 1.07(0.91,1.26) T
ﬂ."—l.l) 15 20
Fig. 6 Categorical analyses of the risk of TC in middle pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy body
mass index, educational level and gestational age at the time of lipid measurement)

during pregnancy. Although their study was restricted to
women at 36 weeks of gestation, the reference values in that
study were based on the following 95th percentiles of the
distributions: TC, 318 mg/d; TG, 387 mg/dl; and LDL-C,
218 mg/dl. The fifth percentile for HDL-C was 42 mg/dl
[28]. However, because few studies have focused on this
issue, and because none of the existing studies have con-
tained sufficient numbers with good quality, it remains im-
possible to extract a set of typical lipid values for the
different periods of pregnancy. Furthermore, the normal
range of blood lipids during pregnancy should also vary ac-
cording to ethnic groups. Nevertheless, the most common
criteria used as a reference for lipids during preg-
nancy referred to “Williams Obstetrics—24th Edition”
[29]. The reference ranges recommended are: 1st tri-
mester: TC 141-210 mg/dl, TG 40-159 mg/dl,
HDL-C 40-78 mg/ml, and LDL-C 60-153 mg/ml;
2nd trimester: TC 176-299 mg/dl, TC 70-382 mg/dl,

HDL-C 52-87 mg/ml, and LDL-C 77-184 mg/ml; and
3rd trimester: TC 219-349 mg/dl, TC 131-453 mg/dl,
HDL-C 48-87 mg/ml and LDL-C 101-224 mg/ml. Not-
ably, based on the results of our present analysis and one
previous study [6], we demonstrated that high levels of
TC, TG, and LDL-C and low levels of HDL-C may be pre-
dictive biomarkers for adverse pregnancy outcomes,
whereas in early pregnancy, low TC, TG, and LDL-C
levels and high HDL-C levels could have some protective
roles. Therefore, we did not set low cut-offs for TC, TG
and LDL-C or a high cut-off for HDL-C. The high cut-offs
for TC, TG and LDL-C and the low cut-off for HDL-C
proposed in the present study were similar to those rec-
ommended in “Williams Obstetrics—24th Edition”.

In the present analysis, the associations between TG
or HLD-C and adverse pregnancy outcomes appeared to
be stronger than the associations between TC or LDL-C
and adverse pregnancy outcomes, particularly during
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Outcomes TG Category Percentage  Adjusted ratios (95% Cl) Forest plot
GDM 1 13.9% 1.0 1.0 (ref)
2 22.1% 1.57(1.27,1.94) -+
3 26.7% 2.01(1.63,2.47) -
4 33.1% 2.49(2.03,3.05) i
5 39.8% 3.19(2.61,3.9) -
Pregnancy induced hypertension 1 2.5% 1.0 1.0 (ref)
2 4.3% 1.49(0.96,2.32) -
3 3.1% 1.04(0.64,1.68) -
4 5.1% 1.67(1.08,2.58) —
5 9.0% 2.78(1.85,4.18) —_—t
PE 1 1.4% 1.0 1.0(ref)
2 2.2% 1.39(0.76,2.54) T
3 1.6% 1.03(0.54,1.97) -
4 2.3% 1.39(0.76,2.55) T
5 4.5% 2.44(1.4,4.25) I —
Macrosomia 1 7.5% 1.0 1.0 (ref)
2 9.7% 1.25(0.95,1.65) v
3 8.7% 1.12(0.85,1.49) T
4 10.1% 1.28(0.97,1.7) NS
5 12.6% 1.58(1.21,2.07) -+
LGA 1 12.7% 1.0 1.0 (ref)
2 18.3% 1.45(1.16,1.79) -
3 18.8% 1.51(1.22,1.88) -+
4 21.8% 1.74(1.41,2.16) -
5 26.4% 2.16(1.75,2.66) -
Preterm birth 1 BB 10 10 (ref)
2 3.8% 0.95(0.63,1.42) -
3 4.0% 1.01(0.68,1.51) --—
4 5.9% 1.45(1,2.11) v
5 8.1% 1.84(1.28,2.63) I
These factors combined 1 30.0% 1.0 10ref)
2 40.3% 1.43(1.21,1.69) -
3 43.3% 1.61(1.36,1.9)
4 51.0% 2.04(1.73,2.41) -
5 60.9% 2.88(2.43,3.41) -
Fig. 7 Categorical analyses of the risk of TG in middle pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy body
mass index, educational level and gestational age at the time of lipid measurement)

middle pregnancy. Therefore, in practice, pregnant
women with out-of-range values for TG or HDL-C
might have a greater risk of developing adverse preg-
nancy outcomes than those with out-of-range values for
TC or LDL-C. Moreover, for the reference ranges pre-
sented in this study to have greater clinical and research
significance, we further examined whether the number
of out-of-range lipids in pregnant women was logical.
Not surprisingly, the more out-of-range lipids, the
greater the risk of developing adverse pregnancy out-
comes. However, the incidence rate of GDM appeared to
decrease as the number of out-of-range lipids increased,
although this relationship was not significant. We hold
the opinion that it might be due to the women’s lifestyle

interventions. In our study design, we defined middle
pregnancy as 14 < gestational weeks < 28, and GDM was
diagnosed during this interval; therefore, the lifestyle in-
terventions could have an effect on the original correl-
ation between lipids and the incidence of GDM. Lifestyle
interventions, including dietary changes and exercise,
have shown efficacy in modifying abnormal lipid levels
[30, 31]. This is why we only recommend the reference
ranges available for maternal blood lipid concentrations
in early and middle pregnancy. Lifestyle interventions
are more likely to occur in the latter half of the preg-
nancy period than during the first half of pregnancy.
Conversely, the purpose of defining reference ranges for
maternal blood lipids was to identify high-risk groups
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Outcomes HDL-C Category Percentage  Adjusted ratios (95% Cl)  Forest plot
GOM 1 33.6% 10 1.0{ref)
2 28.1% 0.85(0.71,1.02) M
3 25.8% 0.78(0.65,0.94) -
4 24.7% 0.73(0.61,0.88) -
g 22.7% 0.67(0.55,0.8) -
Pregnancy induced hypertension 1 8.2% 1.0 rolen
2 4.8% 0.67(0.48,0.93) -
3 4.0% 0.56(0.4,0.8) -
4 3.1% 0.43(0.29,0.64) -
5 3.8% 0.59(0.41,0.85) -
o 2 4.2% 10 1Ored)
2 2.6% 0.73(0.47,1.13) -
3 1.9% 0.54(0.33,0.89) -
4 1.4% 0.4(0.23,0.69) -
5 1.8% 0.55(0.33,0.92) -
Macrosomia 1 11.7% L0 roten
2 10.2% 0.9(0.7,1.15) -
3 9.8% 0.87(0.67,1.12) -
4 9.1% 0.82(0.64,1.07) aa
5 7.6% 0.68(0.52,0.9) -~
LGA 2 21.4% 1.0 1.0 {ref)
2 20.5% 0.99(0.82,1.2) BB
3 19.6% 0.96(0.8,1.17) B
4 19.8% 0.99(0.82,1.2) Al
5 16.3% 0.79(0.65,0.97) +
Preterm birth 1 7.6% L0 roten
2 4.8% 0.67(0.48,0.92) -+
3 4.4% 0.63(0.45,0.88) -~
4 4.2% 0.59(0.42,0.84) -
5 4.6% 0.68(0.48,0.96) -+
These factors combined 1 53.0% 1.0 1ol
0y 45.8% 0.8(0.68,0.94) -+
3 43.9% 0.78(0.67,0.92) *
4 42.2% 0.72(0.61,0.85) +
5 39.9% 0.67(0.57,0.79) v
0.0 0.5 1.0 15 20
Fig. 8 Categorical analyses of the risk of HDL-C in middle pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy body
mass index, educational level and gestational age at the time of lipid measurement)

and to conduct appropriate interventions in a timely
fashion to reduce adverse pregnancy outcomes. There-
fore, the reference ranges in early and middle pregnancy
appear to be more meaningful.

To the best of our knowledge, our study is one of
the few studies conducted in the world and the first in
China to report reference ranges that can be used to
evaluate the results of lipid measurements in women
during the various periods of pregnancy. In addition,
by analysing the number of out-of-range lipids preg-
nant women had and their risk of adverse pregnancy
outcomes, we believe the reference values we recom-
mended are much more practical in clinical work. This
study was rationally designed and was conducted by

trained staff; moreover, most of the data collected
were obtained from medical records. Therefore, there
was an assurance of the standardization of data collec-
tion. Furthermore, compared to previous studies, ours
had a relatively sufficient number of samples, even
though we excluded many participants because blood
lipid tests are not currently included in routine testing
during pregnancy in China. Nevertheless, the risk of
selection bias was inevitable. In addition, several other
limitations of this study should be noted. First, be-
cause of the retrospective nature of our study, it was
impossible for us to eliminate all confounders that af-
fected the associations between maternal blood lipids
and adverse pregnancy outcomes. Second, there may
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Outcomes LDL-C Category Percentage Adjusted ratios (95% Cl) Forest plot
o 1 28.4% 1.0 10 ref)
2 26.4% 0.92(0.77,1.1) -
3 27.9% 0.98(0.82,1.17) -
4 27.7% 0.97(0.81,1.17) -
5 22.2% 0.77(0.63,0.93) -
Pregnancy induced hypertension 1 5.3% 10 1o
2 4.5% 0.88(0.61,1.27) -
3 5.3% 1.04(0.73,1.48) I
4 4.3% 0.84(0.58,1.23) -
5 43% 0.87(0.6,1.27) -
o a 2.5% 10 1.0 (ref)
2 2.0% 0.89(0.52,1.51) I
3 3.3% 1.44(0.89,2.32) T
4 2.1% 0.91(0.53,1.55) T
5 1.9% 0.82(0.47,1.44) -
Macrosomia 1 o6% L0 1o
2 9.7% 0.99(0.76,1.28) .
3 11.2% 1.19(0.92,1.53) I
4 8.8% 0.88(0.67,1.15) A
5 9.3% 0.98(0.75,1.28) —_
LGA 1 16.9% 1.0 1.0 (ref)
2 18.8% 1.12(0.91,1.37) ™
3 20.8% 1.29(1.06,1.57) -
4 20.9% 1.3(1.07,1.59) -
5 20.2% 1.29(1.05,1.57) -
Preterm birth 1 4.9% 1.0 10 ref)
2 5.3% 1.14(0.8,1.63) -
3 5.0% 1.12(0.78,1.6) -
4 4.7% 1.03(0.71,1.48) I
5 5.4% 1.19(0.83,1.71) 0T
These factors combined 1 44.3% 1.0 1.0(ref)
2 44.3% 1.02(0.87,1.2) T
3 47.1% 1.15(0.98,1.35) N
4 45.4% 1.07(0.91,1.26) ™
5 42.4% 0.99(0.84,1.16) -+
0}5—10 15 20 5
Fig. 9 Categorical analyses of the risk of LDL-C in middle pregnancy and adverse pregnancy outcomes (Abbreviations: HDL-C, high-density lipid
cholesterol; GDM, gestational diabetes mellitus; PE, preeclampsia; LGA, large for gestational age; Adjusted for maternal age, pre-pregnancy body
mass index, educational level and gestational age at the time of lipid measurement)

be natural correlations between p-BMI and lipids
themselves. Thus, our analysis and adjustment for
p-BMI could weaken the correlations between lipid
profiles and adverse pregnancy outcomes. Third, we
focused on Chinese singleton pregnant women; there-
fore, our results may not be generalizable to the over-
all population.

Conclusion

In conclusion, there were trends towards an increasing
incidence of adverse pregnancy outcomes with in-
creasing levels of early pregnancy TC, TG and LDL-C,

and a decreasing level of HDL-C during the first and
second trimesters. Therefore, we recommend that the
reference values of serum TC, TG and LDL in early
and middle pregnancy should be less than the 95th
percentiles, and that of HDL should be greater than
the 5th percentile. Furthermore, the higher the num-
ber of out-of-range lipids (high TC, TG and LDL-C
levels and low HDL-C levels) a woman had, the higher
her risk of developing adverse pregnancy outcomes.
Thus, it is necessary to pay attention to maternal
lipid values during pregnancy. We believe that our
study provides more evidence to support lipid
screening during pregnancy. Additional, well-designed



Page 13 of 16

(2018) 17:246

Wang et al. Lipids in Health and Disease

juswainseaw pidi| Jo awn ay) 1e abe |euoneisab pue [9A3] [euOlIRINPS ‘Xapul ssew Apoq Adueubaid-aid ‘abe [eusslew 1oy parsnipy
abe [euoneysab 1oy abie| o7 ‘eisdweldaaid 34 ‘sniijldw sa1aqelp [euoneisab ygo ‘[oidasajoyd pidi| Asuap-mo| I-7g7 ‘[0Ia3sajoyd pidi] Aisuap-ybiy D-7gH ‘sapuadA|BLl 1 ‘|0121s3|0Yd (B0} D] SUOIRIARIGAY

(r¥0'1-86°0) £86'0 (0€C'1-596°0) 0601 (SS1'1-800'1) 6£0°L (L¥0'1-6980) ¥56'0 (181°'1-£180) 2860 (SEL'1-L80) 5660 (000" L-#¥80) C06'0 1d1
(6/8°0-€6£°0) 0820 (€86:0-9£5°0) TSL0 (9v0'1-58/°0) 9060 (¥20'1-2690) T¥80 (€06:0-00%0) LO90 (€££0-0€10) ££50 (£580-0590) 9¥£ 0 1aH
OLS1-6vEL) OtrL (SYEL-GLL'L) STl (96T 1-671°1) 0CT'L (rlT1-6£0') € (6£€1-€90'1) LLT'L (evi 1-5611) €1eL OLSL-¥reL) 8Tr'L 91
(€80°1-586°0) €€0L'L (FLT1-0¥0'1) LSLL (660'1-0860) 8¢0'L (0€0°1-788°0) €560 (6£1'1-898°0) Z10'L (6€1'1-G16°0) 12O'L (650°1-156'0) €00'L oL

Aoueubaid s|ppin

(L0€'1-991°1) ¥EC'L (€6C°1-¢S0'L) £L91°L (evL'1-800'1) €£0°L (SEL'L-€96°0) O¥0'L (9ST'1-500'L) €T1'L (£€G'1-0CC L) 0L€°L 6ESL-PLLL) ¥STL 1d1
(¢6£0-5590) 0220 (981'1-18/°0) €960 (£06'0—G1£°0) 9080 (8580-C190) ¥Z£0 (9/0'1-655°0) €20 (£060—955°0) 0L£0 (00£°0-0550) 1290 1dH
(1SS'1-59€L) SG¥'L LT 1-1E0'L) Lyl (SSTL=€0LL) ZZ1°L (£ST1-¥90'L) 9 (Cly'1-780'L) 9¢T'L (€0 1-0SL'L) 0/T'L (P95 L-C/LEL) SOF'L 91
(S0C'L-560L) 6 (8LE'L-90LL) €81°L (8rL'1-80L°L) L (£11'1-9¥6°0) 820'L (L6E'1-8L0'L) 061°L (Pre1-690'1) 661°L (POCL=€L0L) LEL'L oL
Aoueubaid Ape3
|e1o| YuIq wslald VOl RILIOSOIDBI Id uolsuauadAy padnpul-Aoueubalyd NOD

sowodINo Adueubald asiaApe pue spidi| JO 3Si Y1 JO SISAjeue uoissalbal disiboT € ajqel



Page 14 of 16

(2018) 17:246

Wang et al. Lipids in Health and Disease

juswainseaw pidi| Jo awi ayy 1e abe |euoneisab pue [9A3] [rUOIIRINPS ‘X3pul ssew Apoq Adueubaid-aid ‘abe [eusslew Joj paisnipy
spidi] ,abuel-Jo-1no, 1noy 1o 3a1y1 ‘g dnouo ‘spidi| ,abuel-jo-1no, om1 ) dnoug ‘pidi| ,86uei-o-1no, suo ‘g dnouo ‘sjyoid pidi| ,26ues-jo-1no, ou
'y dnoup ‘abe |euoneisab 1oy abie| o7 ‘eisdwedsald J4 ‘sniljjlew salaqgelp [euonelsab go ‘josaisajoyd pidil Aususp-mol H-7g7 ‘jos1sajoyd pidi Alsuap-ybiy I-1gH ‘sopuadA|bul 9 ‘|0131s9|0Yd [B10) ) :SUOIEIARIGQY

(07T €-095'1) (%S6S) (L1TT-€9€0)  (%8€) (LELT-19CL) (%860) (6£9C—1E60) (£€l) (08€7=9/50) (%LE) (S96°€-8¥0 'L) 96L1) (89€°€-965'L) (%1)
744 8L 8680 S 958'L 6¢ 051 8l 88G'L ¥ 6€0¢ ol 8lET  (%8'8¢E) 09 Ll @gdnoio
(€06'L-9LEL) (%C0S) (966'1-500'1)  (%09) (c651-6£0'1) (WCTT) (C9€1-1LL0) (6'9) (900€-19T'L) (%L€) (0€6C-1SSL) %L1 (866'L-L6EL) (%67)
8191 [433 LLYL oy oLet yad" SOl 65 996'L 174 cele 0S /991 (%/'60) €61 799 Ddnoin
(69£'1-55¥'L) (%8'8%) 69V L-¥60)  (%L'G) (0€S1-90C'L)  (9'17) (8LSL-EvLL) (GOL) (99KC=£9€L) (WCE) (6L£CC-98Y'L) (©6t'9) (€54'1-00%'L) ©LG1)
$09'L 9001 811 SOl 85¢'L Y7t eveL jAY4 9e8’L 59 org'l 6C!L /951 (%1'87) 89S 0907 g dnoin
(%87¢€) ©LY) ©6191) 92) (©%9'1) ©91°€) ©ol'62)
L I£TAS L [472% L €esl L L8 L 0s1 L €€ L (66/1) S681  €6/'01 v dnoin
%) N ©) N %) N (%) N (%) N (%) N
uojsuanadAy
Yyuiq pasnpul
40 (€10l 4O Wisiald 40 VOl 4O  BIWOosoIdRN 40 id 4o -foueubaig 40 ANdD (%) N

Koueubaid Aues ul spidi| abueI-Jo-1n0 JO JagUINU dY3 03 HUIpIoIE saW0dIN0 Adueubaid asiaApe Jo dusjeaald ay| ¥ ajqel



Page 15 of 16

(2018) 17:246

Wang et al. Lipids in Health and Disease

,26ues-4o-1no, suo ‘g dnoin

juswiainseaw pidi Jo awn sy 1e abe |euonelsab pue [9A9] [euonednps ‘xapul ssew Apoq Aoueubaid-aid ‘abe [eussrew oy parsnipy

,9buel-jo-1no, Inoj 1o sa1y1 ‘g dnouo ‘spidi| ,sb6uel-jo-1no, omi ‘) dnouo ! youd pidi| ,abuei-jo-1no, ou

'y dnouo ‘abe |euonelsab 1oy abie| yH7 ‘eisdwe)panid 34 ‘snijjdw sa1aqelp [euoneisab pgo ‘josissjoyd pidi| Aususp-mo| I-7g7 ‘|o1a1sajoyd pidi] Aususp-ybiy J-1gH ‘sopuadK|bLl 9 ‘|0IS1SI0YD |e10) D SUOIRIAIGAY

(¢8£77-0850)

(%6'LS) (S88%1L-9¥C0) %CT?) (6067-L9%0) (%CT?) (1S0€-691°0) Qov'L) OLLEL-¥2L0) (%y/) (286'8-8LL0) ©l'L1) (£081-85C0) (%S8L)  (%+0) a
0LTL i 78LS 9 Sol'l 9 6120 14 851'e 14 9T € €890 S /¢ dnoip
(£09'1-296'0)
%605)  (Lere—L€¥1) ©801) (LL¥1-79£0) (%S6l) (v/T1-1750) %62) (CToe-87/0) (%r+) (6S67T-0CLL) ©%S'8) (69L/1-€v0'l)  (I'LE)  (%ED) b
cizdl L7l L1TT 0¢ LE0'L 7S 5180 144 €051 ! Lz8'L 4 85¢'L 8 [/z  dnoip
(95 1=zl
(%8'7S)  (008'1-986'0) %S9 (0L¥1-866'0) (%0€7) (C9€'1-/580) 0Ll (L1£1-7690) (%87) (891'C—+0T'L) L) GLSL-EPEL) (%EVE) (%CrL) g
STeL 8y 431 09 981l Lz 180°L L0l 880'1 14 9191 99 €951 L0€ /16 dnoin
(%8'Th) ©v'Y) (%681) (%9°6) %17 (©%01) (%0'50) (%L°18) v
A 244 | 0£C L 166 | €05 L 0Ll L 102 I 68¢L  Syes  dnoin
©) N ©) N ©%) N ©) N ©) N ©) N
uolsusuadAy
yuig pasnpul
¥O a0l 40 wi219ld 40 V91 4O  eIWOSOoe 40 id 4O  -Aueubaid 40  WAD (%) N

Aoueubald sjppiul Ul spidl| 96uUBI-JO-1N0 JO JaguInu

ay3 03 BupIodIL SaW0IN0 Adueubaid asianpe Jo 2dusjeAald ay| § ajqel



Wang et al. Lipids in Health and Disease (2018) 17:246

epidemiological studies with larger sample sizes are
necessary to determine more accurate normal lipid
reference values. Of course, if the reference values are
determined with consideration of the changes in
blood lipids during pregnancy, it would be more valu-
able and accurate.
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