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Abstract

Objective: To investigate the association between maternal apolipoprotein A-1 (ApoA-1), apolipoprotein B (ApoB), ApoB/ApoA-
lratio and preterm birth (PTB). Design: Observational survey. Setting: Guangdong Women and Children Hospital, China
Samples: 5986 pregnant women. Method: Data were extracted from the information system of Guangdong Women and Chil-
dren Hospital. Maternal serum ApoB, ApoA-1 and ApoB/ApoA-1 ratio were categorized into tertiles. Logistic regression
models were performed to evaluate the odds ratios and 95% confidence intervals for PTB. Main outcome measures: PTB
(gestational age < 37 weeks) Results: Of the study participants, the rate of preterm birth was 5.7% (n= 344). Compare with
individuals in the lowest tertile, the adjusted ORs of PTB was 1.41 (95% CI: 1.07-1.87) for individuals in the highest tertile
of ApoB and 1.35 (95% CI: 1.03-1.78) for those in the highest tertile of ApoB/ApoA-1. The association of ApoB/ApoA-1
and PTB was more relevant among women with pre-pregnancy BMI [?] 24 kg/m2, age at delivery [?] 35 years or those who
were multiparous. Conclusions: Elevated maternal ApoB level and ApoB/ApoA-1 ratio during mid-pregnancy were related
to increased risk of PTB. Monitoring serum apolipoprotein levels may help to prevent preterm birth. Funding: The study
was funded by grants 2019FYH003 from Chinese Center for Disease Control and Prevention. Keywords: Apolipoprotein A-1,
Apolipoprotein B, Apolipoprotein B/Apolipoprotein A-1, Preterm birth Tweetable abstract:Maternal mid-pregnancy ApoB
level and ApoB/ApoA-1 ratio were associated with PTB.

INTRODUCTION

Preterm birth (PTB), defined as birth before 37 complete gestational weeks, accounts for about 18% of all
deaths in under-five children and 35% of death among newborns!. Evidence have suggested that PTB was
related to a serious of adverse health outcomes during childhood and adulthood, such as neurodevelopmental
impairment, respiratory diseases, diabetes mellitus, hypertension and cardiovascular disease®®. Precise
etiology of PTB is still largely unknown. Emerging evidence has suggested that maternal dyslipidemia
during pregnancy might be a risk factor for PTB™!3. A recent meta-analysis of these studies reported that a
more atherogenic maternal lipid profile including elevated total cholesterol, triglycerides and low high-density
lipoprotein (HDL) was positively related to the risk of PTB4.

Apolipoprotein (Apo) is a key component of lipid metabolism and transportation. ApoA-1 is the main
structural protein component of HDL. ApoB represents the total amount of potentially atherogenic cir-
culating lipoproteins, including low-density lipoprotein (LDL), very low-density lipoprotein (VLDL) and
intermediate-density lipoproteins (IDL). The ApoB/ApoA-1 ratio reflects cholesterol balance between athero-
genic and anti-atherogenic lipoprotein particles and were thought to be a reliable parameter to reflect lipid
disturbance'®. Abundant evidence have shown that apolipoprotein levels were associated with metabolic
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syndrome'®, insulin resistance!” and cardiovascular disease!® among non-pregnant population. Epidemio-
logical studies suggested that serum ApoB level and ApoB/ApoA-1 ratio during pregnancy were positively
related to the risk of preeclampsia!®-2?°, uteroplacental acute atherosis?! and intrauterine growth restriction??.
However, evidence regarding the association between maternal apolipoprotein levels and PTB is limited. To
our knowledge, only three previous studies have investigated the relationship between maternal ApoA-1 and
PTB with conflicting results?3-25. Furthermore, the effects of maternal ApoB and ApoB/ApoA-1 ratio on
PTB have not been studied yet.

Thus, we aim to explore the relationship between serum ApoA-1, ApoB, ApoB/ApoA-1 ratio during preg-
nancy and PTB among Chinese pregnant women.

MATERIALS AND METHODS
Data source and study population

Births were identified from the records collected by the information system of Guangdong Women and
Children Hospital from September 2014 to March 2018 (N = 37,193). We extracted maternal information
including age at delivery, delivery mode, pre-pregnancy weight and height, parity, the date of last menstrual
period, delivery date as well as smoking status during pregnancy. We also extracted the information of
the newborns including birth weight and infant sex. The test results of maternal mid-pregnancy ApoA-1,
ApoB and oral glucose tolerance test (OGTT) were obtained from laboratory information system of the
study hospital. Maternal mid-pregnancy ApoA-1 and ApoB values were determined based on fasting blood
samples tested during their routine pregnancy tests at a median of 18 weeks of gestation (IQR : 16 - 22
weeks) and were measured by immunoturbidimetric assays.

The women satisfying the follow criteria were included in the analysis: 1) who had the data of mid-pregnancy
ApoA-1 and ApoB, OGTT, the date of last menstrual period, pre-pregnancy weight and height; 2) gave a
single live birth. We excluded post-term births (gestational age>42 weeks), babies with birth defects or the
recorded birthweight out of the range 500-5000 g. We further excluded the outlier value (< 25th -1.5 IQR or
> 75th +1.5 IQR) of ApoA-1 and ApoB. Finally, a total of 5,986 mother-newborn pairs were included in the
present study (Fig. 1) . We compared characteristics between included women (n= 5,986) and those who
were excluded due to mid-pregnancy apolipoprotein measurements were not available (n= 7,917). Mothers
in the included group were slightly younger (32.2 vs 32.4; p = 0.021) than women who were excluded but
there was no significant difference in pre-pregnancy BMI or the incidence of preterm birth between this two
groups (see supplementary Table S1 ).

As all data used in the present study was de-identified, no written informed consents were obtained from
the participants. The study protocol has been approved by the ethics committee of Guangdong Women and
Children Hospital.

Assessment of covariates and outcome definition

Pre-pregnancy body mass index (BMI) was calculated by dividing self-reported pre-pregnancy weight (kg)
by height squared (m?). According to the International Association of Diabetes and Pregnancy Study
Groups (IADPSG) criteria?®, gestational diabetes mellitus (GDM) was diagnosed when OGTT fasting [?]
5.1 mmol/L or OGTT 1 hour [?] 10.0 mmol/L or OGTT 2 hour [?] 8.5mmol/L. The date of last menstrual
period was used to estimate gestational age (in weeks). PTB was defined as gestational week less than 37
weeks.

Statistical analysis

Baseline characteristics of study population were described for preterm birth and term birth separately. Data
were expressed as mean £ standard deviation (SD) for normally distributed variables or median (interquartile
range, IQR) for skewed variable or frequency (percentage) for categorical variable. To test for difference
between preterm birth and term birth groups, continuous variables were compared byt -test or Wilcoxon
test and categorical variables were compared by Chi -square test. ApoB, ApoA-1 and ApoB/ApoA-1 were



categorized into tertiles (ApoA-1: < 1.98, 1.98-2.18 or [?] 2.18 g/L; ApoB: < 0.88, 0.88-1.06 or [?] 1.06 g/L;
ApoB/ApoA-1: < 0.42, 0.42-0.52 or [?] 0.52) and the lowest tertile was used as the reference in the analysis.
Logistic regression was used to estimate the odds ratio (ORs) and 95% confidence intervals (CIs) for the
associations between ApoB, ApoA-1, ApoB/ApoA-1 ratio and the risk of PTB. ApoB, ApoA-land their
ratio were included in two ways: categorical or continuous variables. All multivariate models were adjusted
for potential confounders including maternal age at delivery (continuous), pre-pregnancy BMI (continuous),
parity (primiparous or multiparous), delivery mode (vaginal delivery or cesarean delivery), GDM (yes or
no) and infant sex (male or female). Since smoking is rare among Chinese pregnant population and in our
study only four women admitted smoking during pregnancy, maternal smoking status were not adjusted.
Restricted cubic spline analysis with four knots (5th, 35th, 65th and 95th percentiles) were conducted to
further explore non-linear dose-response relationship between mid-pregnancy apolipoprotein profile and risk
of preterm birth.

Subgroup analyses were conducted according to maternal pre-pregnancy BMI ([?] 24 kg/m?, >24 kg/m?),
maternal age at delivery (< 35 years, [?] 35 years) and parity (primiparous, multiparous). The cut-off
of pre-pregnancy BMI was decided according to the recommendation of the Working Group on Obesity in
China?7.

The presence of pregnancy complications may affect the association between apolipoprotein and preterm
birth. Therefore, we performed a sensitivity analysis among a subgroup of 5,080 mother-newborn pairs after
excluding mothers with GDM.

All statistical analyses were performed by R software (version 3.5.3) and SAS (version 9.4; SAS Institute
Inc.). P < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics of the study population were showed inTable 1 . A total of 5,986 mother-newborn
pairs were included in the analyses and 5.7% (n=344) of them were preterm birth. The mean maternal
age at delivery was 32.2+-4.7 years and the mean pre-pregnancy BMI was 20.7 +- 2.9 kg/m?. The median
values (IQR) of ApoB, ApoA-1 and ApoB/ApoA-1 ratio were 2.07 (0.30) g/L, 0.96 (0.28) ¢/L and 0.47
(0.14), respectively. The results showed that preterm birth occurred more frequently in those mothers with
more adverse risk profiles, including being older at delivery, multiparous, had higher pre-pregnancy BMI,
with higher ApoB and ApoB/ApoA-1 levels during second trimester.

The relationships between maternal apolipoprotein levels and PTB were presented in Table 2. In the crude
model, participants in the highest tertile of ApoB (OR, 1.54; 95% CI, 1.17-2.02; P for trend= 0.002) and
ApoB/ApoA-1 (OR, 1.42; 95% CI, 1.09-1.85; Pfor trend= 0.007) had a significantly higher risk of PTB,
compared to those in the lowest tertile. Adjustment for potential confounders did not materially alter the
positive associations between ApoB, ApoB/ApoA-1 and PTB. Compared with the lowest tertiles, individuals
in the highest tertile of ApoB had a 41% higher risk of PTB (OR, 1.41; 95% CI, 1.07-1.87; P for trend=
0.017) and those in the highest tertile of ApoB/ApoA-1 had a 35% higher risk of PTB (OR, 1.35; 95% CI,
1.03-1.78; P for trend= 0.024). There are no differences in the risk of PTB across the ApoA-1 tertiles. When
continuous variables were used, each 1-g/L increase in ApoB and each 1 unit increase in ApoB/ApoA-1 were
positively related to the risk of PTB (OR, 2.33; 95% CI 1.40-3.86 for ApoB and OR, 4.10; 95% CI, 1.47-11.36
for ApoB/ApoA-1). We further conducted restricted cubic spline to estimate the dose-response relationships
between apolipoprotein levels and PTB (Fig. 2 ). The results indicated that ApoB (P for non-linearity=
0.943) and ApoB/ApoA-1 (P for non-linearity= 0.284) were both linearly associated with the risk of PTB,
whereas ApoA-1 was not associated with PTB (P for all = 0.092).

The results of subgroup analyses were shown in Table 3 . Even though there was no interaction between
all of the stratification variables and preterm birth (all P for interaction > 0.05), the positive relationship
between maternal ApoB/ApoA-1 and preterm birth was stronger in women with pre-pregnancy BMI [?] 24
kg/m?, age at delivery [?] 35 years or those who were multiparous. In the sensitivity analyses, the positive
relationships between ApoB, ApoB/ApoA-1 ratio during pregnancy and preterm birth were not materially



changed after excluding pregnant women with GDM (Table 4 ).
DISCUSSION
Main findings

To the best of our knowledge, this is the first study to estimate the association between ApoB, ApoB/ApoA-1
ratio during mid-pregnancy and the risk of PTB. We found that maternal mid-pregnancy ApoB level and
ApoB/ApoA-1 ratio were positively related to the risk of PTB. In addition, these associations showed a
linear dose-response relationship. Subgroup analysis suggested that the effect of ApoB/ApoA-1 ratio might
be more relevant among women with pre-pregnancy BMI [?] 24 kg/m?, age at delivery [?] 35 years or those
who were multiparous.

Strengths and limitations

One of the strengths of this study was its relatively large sample size which made the results more reliable. In
addition, compare to other lipid parameters used in former studies such as HDL and LDL, ApoB/ApoA-1 is
thought to be a more reliable and comprehensive parameter to reflect lipid disturbance?®. However, several
limitations should also be pointed out. First, pre-pregnancy weight was self-reported which may cause recall
bias, although the discrepancy between self-reported weight and measured weight was relatively small®®.
Second, although we adjusted for several potential confounders, we cannot rule out the possibility of residual
confounding by unmeasured factors, such as gestational dietary nutrition, gestational weight gain, maternal
life style and socioeconomic parameters. Third, the participant of our study were all Chinese pregnant
women, which may reduce the generalization of our results to other ethnic groups.

Interpretation

Elevated ApoB level or ApoB/ApoA-1 ratio represent a more atherogenic lipid profile and was known to be
related to several chronic diseases including metabolic syndrome'8, insulin resistance !7 and cardiovascular
disease ' among non-pregnant population. In addition, it has been reported that ApoB/ApoA-1 ratio
can predict cardiovascular disease better than any other cholesterol indices?®. Previous studies have also
investigated the relationship between maternal apolipoprotein profile and pregnancy complications. Several
studies have demonstrated that ApoB and ApoB/ApoA-1 ratio during pregnancy was positively related to
the risk of preeclampsia!®2°. Recently, an animal research found that intravenous infusion of apoAl could
lower pregnancy-induced insulin resistance in rats?’. But Ravi et al. reported that serum apoAl level during
mid-pregnancy was not associated with insulin resistance or the risk of GDM in pregnant women®!'. However,
studies regarding the association between apolipoprotein profile and adverse birth outcome is still scarce so
far. Till now, only three studies have explored the association between maternal ApoA-1 and PTB. A nested
case-control study conducted in America revealed that ApoA-1 concentration during early pregnancy was
positively correlated with the risk of spontaneous preterm birth?*. However, another case-control study
conducted in Australia found that maternal early pregnancy ApoA-1 level was negatively related to the
risk of spontaneous preterm birth.?3. In addition, Abiaka et al.?® reported that serum ApoA-1 level during
labor was significantly lower in preterm delivery mothers. In the present study, we found no association
between maternal ApoA-1 and PTB. The discrepancies in the findings among former studies and ours might
be explained partly by the difference in trimester for ApoA-1 testing and difference in racial background for
the study participants.

The results of subgroup analyses showed that the positive association between maternal ApoB/ApoA-1 ratio
during mid-pregnancy and risk of PTB was more pronounced among participants with pre-pregnancy BMI
[?] 24 kg/m?, age at delivery [?] 35 years or those who were multiparous, although there was no interaction
between all of the stratification variables and preterm birth. Prior studies have shown that women with higher
pre-pregnancy BMI were more likely to develop pre-eclampsia and diabetes during pregnancy, which greatly
increased the risk of PTB32. Primiparity is also known to be a risk factor for PTB33. Therefore, a logical
explanation might be that the existence of strong risk factors for PTB such as obesity might mask the effects
of ApoB/ApoA-1 on the occurrence of PTB. Maternal ageing is related to increased levels of inflammation



and oxidative stress®* and have an adverse impact on the placenta®®. Therefore, pregnant women with
an advanced age are more vulnerable to the elevation of atherogenic lipoproteins during pregnancy might
explain the different results between these two age groups.

There are several mechanisms might explain the increased risk of PTB among women with higher serum
ApoB level or ApoB/ApoA-1 ratio. Previous studies have revealed a positive association between ApoB
level and oxidative stress®¢. Elevated level of oxidative stress during pregnancy is related to higher risk of
PTB?". Furthermore, both experimental®® 37 and epidemiological studies®®> 40 have reported that elevated
ApoB level or ApoB/ApoA-1 ratio was associated with endothelial damage. Chen et al.*! reported that
impaired endothelial function was present in women with preterm delivery. In addition, previous study have
found that competitive inhibition of fibrinolysis by ApoB were associated with hemorheology modification
in intrauterine growth restriction cases and suggested that ApoB/ApoA-1 might be a good marker of early

detection of intrauterine growth restriction??.

Conclusion

In conclusion, higher levels of serum ApoB and ApoB/ApoA-1 ratio during mid-pregnancy were associated
with an increased risk of PTB among Chinese pregnant women. Monitoring and managing apolipopro-
tein levels during pregnancy may help to identify the high-risk population and reduce the risk of preterm
birth. Further studies are needed to confirm the positive relationships between ApoB, ApoB/ApoA-1 during
pregnancy and PTB and to explore the underlying mechanisms.
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Table 1. Characteristics of the 5,986 mother-newborn pairs in the present study

Table 2. Odds ratios and 95% confidence intervals for preterm birth according to maternal ApoA-1, ApoB
and ApoB/ApoA-1.

Table 3. Subgroup analyses of the associations between ApoB, ApoB/ApoA-1 and preterm birth, stratified
by pre-pregnancy BMI, maternal age and parity.

Table 4. Sensitivity analyses: odds ratios and 95% confidence intervals for preterm birth according to
maternal serum ApoA-1, ApoB and ApoB/ApoA-1.

Figure 1. Flowchart of the study population.

Figure 2. Relationship between ApoA-1, ApoB, ApoB/ApoA-1 and preterm birth, fitted by restricted cubic
splines. Odds ratio were estimated using logistic regression model adjusting for maternal pre-pregnancy
BMI, age at delivery, parity, delivery mode, gestational diabetes mellitus and infant sex. The solid line

represents odds ratios and the dash area are 95% confidence intervals. Four knots were located at 5th, 35th,
65th 95th percentiles of ApoA-1, ApoB, ApoB/ApoA-1.

Table 1. Characteristics of the 5,986 mother-newborn pairs in the present study

Characteristics Total (N=5,986) Preterm birth (N Term birth (N = P Value
= 344) 5,642)

Maternal

Characteristics

Maternal age at 32.2 £4.7 33.4 £ 5.0 322 £4.7 <0.001

delivery, years

Parity

Primiparous 2124 (35.5) 107 (31.1) 2017 (35.7) <0.001

Multiparous 3862 (64.5) 237(68.9) 3625 (64.3)

Pre-pregnancy 20.7 £ 2.9 21.1 £ 3.0 20.7 £ 2.9 0.005

BMI, kg/m?

Smoking during NA

pregnancy

Yes 4 (0.1) 0 (0.0) 4 (0.1)

No 5982 (99.9) 344 (100.0) 5638 (99.9)

GDM <0.001

Yes 906 (15.4) 74 (21.5) 832 (14.7)

No 5080 (84.6) 270 (78.5) 4810 (85.3)

Delivery mode

cesarean delivery 2107(35.2) 164 (47.7) 1943 (34.4) <0.001



vaginal delivery 3879(64.8) 180 (52.3) 3699 (65.6)

Neonatal

Characteristics

Infant sex

male 3214 (53.7) 194 (56.4) 3020 (53.5) 0.300
female 2772 (46.3) 150 (43.6) 2622 (46.5)

Birth weight, g 3202.8 £ 458.7 2368.5 + 520.9 3257.7 £+ 402.2 <0.001
Apolipoprotein

levels in

mid-pregnancy

ApoA-1, g/L 2.07 (0.30) 2.11 (0.36) 2.07 (0.30) 0.094
ApoB, g/L 0.96 (0.28) 1.00 (0.30) 0.95 (0.28) <0.001
ApoB/ApoA-1 0.47 (0.14) 0.48 (0.16) 0.46 (0.14) 0.003

Note: Data are presented as mean + SD for normally distributed data, median (IQR) for skewed data and
numbers (percentage) for categorical data. BMI, pre-pregnancy body mass index; GDM, gestational diabetes
mellitus; ApoA-1, apolipoprotein A-1; ApoB, apolipoprotein B.

Table 2. Odds ratios and 95% confidence intervals for preterm birth according to maternal
ApoA-1, ApoB and ApoB/ApoA-1.

Variables Total /preterm birth Model 1 Model 2
ApoA-1

T1 1997/111 1.00 (reference)  1.00 (reference)
T2 2029/96 0.84 (0.64,1.12)  0.86 (0.65,1.15)
T3 1960/137 1.28 (0.99,1.66)  1.25 (0.96,1.64)
P for trend 0.064 0.091

Per 1-g/L increase in ApoA-1 1.39 (0.86,2.24) 1.31 (0.81,2.12)
ApoB

T1 2048/93 1.00 (reference)  1.00 (reference)
T2 1968/117 1.33 (1.01,1.76)  1.26 (0.95,1.68)
T3 1970/134 154 (1.17,2.02)  1.41 (1.07,1.87)
P for trend 0.002 0.017

Per 1-g/L increase in ApoB 2.71 (1.65,4.42)  2.33 (1.40,3.86)
ApoB/apoA-1

T1 1995/101 1.00 (reference)  1.00 (reference)
T2 1996/103 1.02 (0.77,1.35)  1.06 (0.79,1.41)
T3 1995/140 1.42 (1.09,1.85)  1.35 (1.03,1.78)
P for trend 0.007 0.024

Per 1 increase in ApoB/ApoA-1 5.55 (2.04,14.99) 4.10 (1.47,11.36)

Note: P for trend were performed by assigning the median value of each category as a continuous variable in
a separate model. Model 1: unadjusted. Model 2, adjusted for maternal pre-pregnancy BMI, age at delivery,
parity, delivery mode, gestational diabetes mellitus and infant sex.

Table 3. Subgroup analyses of the associations between ApoB, ApoB/ApoA-1 and preterm
birth, stratified by pre-pregnancy BMI, maternal age and parity.

Subgroup ApoB ApoB ApoB/ApoA-1 ApoB/ApoA-1
OR (95% CI) P for interaction OR (95% CI) P for interaction
overall 2.33 (1.40,3.86) 4.1 (1.47,11.36)



Pre-pregnant BMI, kg/m?

<24 2.50 (1.43,4.33)  0.84 4.95 (1.60,15.21)  0.617;?
24 2.35 (0.23,24.32) 2.35 (0.23,24.32)

Maternal age at delivery, years

<35 2.18 (1.12,4.19)  0.18 2.92 (0.77,11.03)  0.297,7
35 2.56 (1.15,5.65) 6.44 (1.23,31.67)

Parity

Primiparous 1.66 (0.66,4.10)  0.33 1.20 (0.19,7.41) 0.27
Multiparous 2.72 (1.47,4.99) 7.27 (2.12,24.82)

Note: Adjusted for maternal pre-pregnancy BMI, age at delivery, parity, delivery mode, gestational diabetes
mellitus and infant sex. Interactions across subgroups were tested by Wald test.

Table 4. Sensitivity analyses: odds ratios and 95% confidence intervals for preterm birth
according to maternal serum ApoA-1, ApoB and ApoB/ApoA-1.

Sensitivity analyses Model 1

Excluding women with gestational diabetes mellitus(n= 4,965) Excluding women with gestational diabetes mellitus(n= 4
ApoA-1 1.20 (0.70,2.06)

ApoB 2.70 (1.54,4.67)

ApoB/ApoA-1 6.21 (2.01,18.97)

Note: Model 1: unadjusted. Model 2: adjusted for maternal pre-pregnancy BMI, age at delivery, parity,
delivery mode and infant sex.
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Entered the information system
September 2014 - March 2017:

n=37,193

Excluded subjects (n = 23,290 )

Missing LMP data: n=2,684
Still birth: n=773

.

Birth defects : n=1,822

Multiple pregnancy : n=1,221
Birth weight (out of range 500-5000 g) : n=463
Post-term birth: n=849

Missing pre-pregnancy BMI : n=2,517

Eligible subjects: n= 13,903

Without mid-pregnancy apolipoprotein test results

(n=7,783)

Outliers (n=134)

Study population: n = 5,986

Adjusted odds ratios of preterm birth

P for all=0.092

P for non-linearity= 0.064

P for all=0.012 P for all=0.0014

P for non-linearity= 0.943 P for non-linearity= 0.284

200 225
ApoA-1 g/L

250 275

075 1.00 125

ApoB g/L

1.50 175 03 0.4 05 06

ApoB/ApoA-1

07 08
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