Zhang et al. Diabetology & Metabolic Syndrome ~ (2024) 16:262 Dia beto]ogy & Metabolic
https://doi.org/10.1186/513098-024-01503-9 Synd rome

Check for
updates

Serum triglyceride to high density lipoprotein
cholesterol ratio in late pregnancy as

a potential predictor of adverse birth
outcomes: an analysis of real-world data
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Abstract

Background The association between serum triglyceride to high density lipoprotein cholesterol ratio (THR) in late
pregnancy and adverse birth outcomes (ABO) remains controversial because of inconsistent results. The present study
assessed the association between maternal serum THR and incidence of ABO [preterm birth (PTB), small and large for
gestational age (SGA/LGA), low birth weight (LBW) and macrosomia] in a Chinese population.

Methods A total of 11,553 consecutive participants from a real-world database with data on lipid profiles and
birth outcomes were included. Logistic regression models were applied to assess the association between THR
and incident ABO. Mediation analysis was performed to investigate the contribution of pregnancy complications
[gestational diabetes mellitus (GDM), intrahepatic cholestasis of pregnancy (ICP) and pre-eclampsia (PE)] to this
association.

Results Approximately 6.6% (762/11,553), 8.9% (1023/11,553), 15.5% (1792/11,553), 4.3% (494/11,553), and 7.4%
(851/11,553) of individuals developed PTB, SGA, LGA, LBW and macrosomia, respectively. Significant trends across

the quintiles of THR toward decreasing incidence of SGA and LBW and increasing incidence of LGA and macrosomia
were observed. The multivariate-adjusted odds ratios (OR) in the top quintile of serum THR (> 3.16) versus the bottom
quintile (< 1.44) were 0.52 for PTB, 0.48 for SGA, 0.64 for LBW, 2.80 for LGA and 3.80 for macrosomia, respectively. A
1-standard deviation (SD) increase in serum THR was associated with decreased risk of PTB [OR=0.84, 95% confidence
interval (Cl): 0.76-0.93), SGA (OR=0.71, 95% Cl:0.65-0.78) and LBW (OR=0.76, 95% Cl:0.65-0.90) and increased risk of
LGA (OR=1.40, 95% Cl:1.32-1.49) and macrosomia (OR=1.49, 95% Cl:1.38-1.62). In mediation analyses, PE mediated
—19.8%, -10.6% and — 24.6% of THR-associated PTB, SGA and LBW, respectively, GDM accounted for —3.7%, 6.8%

and 4.3% of THR-associated PTB, LGA and macrosomia, respectively, and ICP explained — 1.9% and —2.1% of THR-
associated PTB and LBW, respectively. In addition, incorporating THR to ABO predictive models significantly improved
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the area under the curve for SGA (0.743 vs. 0.753, P<0.001), LGA (0.734 vs. 0.745, P<0.001) and macrosomia (0.786 vs.

0.800, P<0.001).

Conclusion Real-world data showed an association between serum THR in late pregnancy and ABO risk, and this
association may be partially mediated by prevalent pregnancy complications (PE/GDM/ICP), suggesting a potential

role of THR in predicting ABO (SGA/LGA/macrosomia).

Keywords Triglyceride/HDL-C ratio, Adverse birth outcome, Preterm birth, Small for gestational age, Large for

gestational age, Macrosomia

Background

Most pregnancies and childbirths are happy experi-
ences. However, they sometimes finish with adverse
birth outcomes (ABO), which can disrupt the family
situations and result in high personal and societal costs.
The etiology of ABO is multifactorial and has not been
completely elucidated. There are several common ABO
indices, such as preterm birth (PTB), low birth weight
(LBW), macrosomia, and small/large for gestational age
(SGA/LGA) [1]. PTB (live births<37 and >28 completed
weeks of gestation) is the leading cause of death in new-
borns and children younger than five years worldwide
and is associated with neurodevelopmental, physiologi-
cal, and socioeconomic impacts in long-term [2]. LBW
(birthweight <2500 g) and SGA (birthweight<the 10th
percentile) are also associated with increased mortal-
ity and morbidity in the periods of neonates and infants
[3]. The survivors are predisposed to physical and mental
problems later in life, including poor neurodevelopment,
learning difficulties in adolescence, cardiovascular and
metabolic disorders in adulthood [4]. Macrosomia (birth-
weight>4000 g) and LGA (birthweight>the 90th percen-
tile) increase the complications risk for both mothers and
neonates. Maternal complications include obstructed
childbirth, laceration of perineum, uterine hypotonia,
abnormal bleeding and caesarean delivery [5]. For neo-
nates these consist of shoulder dystocia, respiratory dis-
tress, birth trauma and asphyxia, and hypoglycemia and
may also lead to the risk of future hypertension, diabetes,
obesity and cardiometabolic disorders [6]. In view of this,
it is of great significance to accurately predict and inter-
vene the occurrence of ABO.

Maternal lipids have important implications for fetal
growth and development. The effect of abnormal lipid
metabolism on pregnancy outcomes has been exten-
sively studied, and dyslipidemia in pregnancy has been
related to pregnancy complications and adverse perina-
tal outcomes [7-12]. Dyslipidemia in peripheral blood
is characterized by increased triglyceride and decreased
high-density lipoprotein cholesterol (HDL-C) Ilevels,
and triglyceride to HDL-C ratio (THR) has been asso-
ciated with insulin resistance, diabetes mellitus, obe-
sity, metabolic syndrome and cardiovascular disease
[13, 14]. Meanwhile, some studied have investigated the

association of maternal THR with gestational diabetes
mellitus (GDM), pre-eclampsia (PE) and LGA/macro-
somia during pre-gestational, the first, second and third
trimesters of pregnancy [15-26]. However, the results are
inconsistent. For example, two studies observed a signifi-
cant positive correlation between the early-gestational
THR and the risk of LGA birth [18, 21], while another
study found no significant difference in the first trimester
of THR between appropriate for gestational age (AGA)
group and LGA group [25]. In addition, no prior studies
to date have explored the association between THR and
an extended ABO, including PTB, LBW, macrosomia,
SGA and LGA.

The pathophysiologic roles known to increase ABO
risk in women with GDM), PE, intrahepatic cholestasis
of pregnancy (ICP) and pregnancy-induced hyperten-
sion (PIH), suggesting that the impact of THR on ABO
might be mediated in part by these pregnancy compli-
cations [27-29]. However, to the best of our knowledge,
no report to date has investigate the mediating effect of
prevalent PE, GDM, ICP, and PIH in the associations
between THR and ABO risk. Using real world data from
a large-scale public specialized hospital, we aimed (1) to
comprehensively explore the association between THR
and the risk of ABO and (2) to quantify the intermediary
effect of prevalent pregnancy complications as mediators
in the impact of THR on ABO risk.

Materials and methods

Study participants

This study utilized 2016-2017 de-identified data from
the Changzhou Maternal and Child Health Care Hos-
pital database. A total of 13,275 consecutive individuals
were initially enrolled in this observational study. The
inclusion criteria were singleton pregnancy and live birth
between 28 and 41 weeks of gestation. Pregnant women
who presented with multiple gestations, fetal malforma-
tion, or had major pre-gestational diseases (including
syphilis, diabetes mellitus, hypertension, cardiac, hepatic,
renal, thyroid, and immune rheumatic diseases), dis-
eases that affect lipid levels (polycystic ovary syndrome,
and Cushing’s syndrome), used illicit drugs or alcohol,
smoked during pregnancy, or lacked blood lipid profiles
and other important parameters were excluded from the
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study. A total of 11,553 pregnant women remained for
final analysis after excluding 1,722 individuals (lack of
lipid profiles: n=684, pre-gestational diseases: n=488,
plural gestations: #=335, no mother’s height value:
n=119, and no live birth: #=96). Maternal information
and neonatal outcomes were retrieved from the perina-
tal database, including maternal demographic details
(age, height, weight, blood pressure, gravidity and parity),
medical history, co-existing pregnancy complications,
delivery mode, laboratory findings, neonatal sex, gesta-
tional weeks, height and weight. All laboratory tests at
the time of admission were conducted in the same labo-
ratory at the hospital. The measurements of serum lipid
profiles, renal and hepatic function were conducted on
an automatic chemistry analyzer with matched detection
kits (AU5800, Beckman Coulter, Japan). The concentra-
tion of serum high-sensitivity C-reactive protein (hsCRP)
was determined by means of particle-enhanced immu-
nonephelometric method using an automated analyzer
(BN II System, Siemens Diagnostics, Germany).

The present study received an approval from the Eth-
ics Committee of Changzhou Maternal and Child Health
Care Hospital (2D201803). Written informed consent
of each participant was waived because of observa-
tional nature and anonymized analysis in this study. The
study procedures abide by the Declaration of Helsinki
principles.

Definitions

GDM, PE, ICP and PIH were regarded as main compli-
cations of pregnancy, and PTB, LBW, macrosomia, SGA
and LGA as ABO in this study. Pregnancy complications
were diagnosed by obstetricians according to a previous
report [30]. Deliveries that occur at less than 37 weeks
but have reached at least 28 weeks of gestation were diag-
nosed as PTB [31]. According to birthweight, newborns
were categorized into macrosomia (>4000 g), normal
birth weight (NBW, 2500-4000 g) and LBW (<2500 g)
[32]. In accordance with the birthweight for gestational
weeks and percentiles in Changzhou of China, newborns
were stratified into SGA (<10th percentile), AGA (10th
—90th percentile) and LGA (>90th percentile) [33].

Statistical analysis

Descriptive statistics for demographic characteristics,
pregnancy outcomes and maternal laboratory findings
were conducted. Data were presented as mean [standard
deviation (SD)] for continuous variables following nor-
mal distributions and median [inter-quartile range (IQR)]
for those following non-normal distributions as well
as percentages for categorical variables. The variables
among the quintiles (Q) of serum THR were compared
using ANOVA, Kruskal-Wallis and chi-square tests, as
appropriate. Spearman’s test was performed to examine
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the correlations of THR with participants’ characteris-
tics. Logistic regression analysis was performed to assess
the associations between the quintiles of THR and inci-
dent ABO (including PTB, SGA, LGA, LBW, and macro-
somia). To calculate odds ratios (OR) and 95% confidence
intervals (CI) of higher quintiles relative to the lowest
quintiles and of one-SD increase in THR, three models
were generated with incremental adjustment for poten-
tial confounders of ABO: models 1 were unadjusted,
models 2 was adjusted for age, BMI, parity, BP, gesta-
tional weeks (except for PTB), assisted reproduction and
fetal sex, and models 3 were adjusted for same covari-
ates in model 2 and laboratory measurements (total pro-
tein, albumin, total bilirubin, direct bilirubin, ALT, AST,
urea nitrogen, creatinine, total cholesterol, LDL-C and
hsCRP). Smooth curves were fitted to investigate poten-
tial nonlinear relationship of THR with ABO risk. In
addition, mediation analysis was used to determine the
proportional contribution of co-existing pregnancy com-
plications on the associations between THR and ABO
risk. Receiving-operating characteristic (ROC) curves
analysis was applied to calculate areas under the curve
(AUC) and assess the ability of triglyceride, HDL-C, THR
and the two models to discriminate the subjects of ABO.

Statistical analysis in this study was performed using
Empower software (version 4.1, X&Y Solutions, USA).A
P<0.05 presented as statistical significance.

Results

Participant characteristics

Participant characteristics stratified by quintiles of
the serum THR are shown in Table 1. Among 11,553
included participants, 6946 (60.12%) were nulliparous,
2330 (20.2%) had prenatal BMI>30 kg/m? and the
median age at the time of admission for labor was 28
(IQR 26-31) years. The prevalence of PIH, PE, ICP and
GDM were 2.1%, 3.5%, 6.2% and 8.4%, respectively. The
ranges of THR for Q 1-5 was <1.44, 1.44-1.88, 1.89—
2.38, 2.39-3.16, and >3.16, respectively. Higher THR
was associated with older age, elevated prenatal BMI,
higher assisted reproduction and cesarean section rate,
increased gestational age and neonatal birth height and
weight, elevated serum concentrations of total protein
and triglyceride, and lower serum concentrations of total
bilirubin, direct bilirubin, urea nitrogen, HDL-C, LDL-C
and hsCRP. Moreover, pregnant women with higher THR
had greater prevalence of PIH, PE, ICP and GDM (all P
for trend<0.001, Table 1). The baseline characteristics
of the participants, categorized into PTB and full-term
birth (FTB) groups, were also summarized in Table S1.
Serum THR was positively correlated with maternal age
(r=0.085, P<0.001), BMI (r=0.132, P<0.001), systolic
BP (r=0.019, P=0.039), diastolic BP (r=0.023, P=0.015),
fetal gestational weeks (r=0.048, P<0.001), birth length
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Table 1 Characteristics of the participants according to the THR quintiles (n=11,553)
Characteristics THR P trend
Q1 (Bottom) (<1.44) Q2(1.44-1.88) Q3 (1.89-2.38) Q4 (2.39-3.16) Q5 (Top) (>3.16)
n 2303 2310 2315 2314 2311
Maternal age (years) 27.0 (25.0-30.0) 28.0(26.0-31.0) 28.0(26.0-31.0) 28.0(26.0-31.0) 28.0 (26.0-32.0) <0.001
<20 25(1.1%) 28 (1.2%) 7 (0.7%) 22 (1.0%) 14 (0.6%) <0.001
20-34 2065 (89.7%) 2021 (87.5%) 2007 (86.7%) 2056 (88.9%) 1964 (85.0%)
>35 213 (9.2%) 261 (11.3%) 291 (12.6%) 236 (10.2%) 333 (14.4%)
BMI (kg/m?) 264 (24.5-28.6) 26.7 (24.7-29.0) 27.0(25.0-29.2) 27.2(25.2-29.6) 276 (25.6-30.1) <0.001
<25 727 (31.6%) 643 (27.8%) 577 (24.9%) 537 (23.2%) 402 (17.4%) <0.001
25-29 1203 (52.2%) 1251 (54.2%) 1296 (56.0%) 1271 (54.9%) 1316 (56.9%)
>30 373 (16.2%) 416 (18.0%) 442 (19.1%) 506 (21.9%) 593 (25.7%)
Systolic BP (mmHg) 120 (110-130) 120 (110-130) 120 (110-129) 120 (110-130) 120 (110-130) <0.001
Diastolic BPR(mmHg) 72 (70-79) 72 (70-80) 72 (70-80) 73 (70-80) 72 (70-80) 0.010
Primipara (%) 1390 (60.4%) 1412 (61.1%) 1339 (57.8%) 1437 (62.1%) 1368 (59.2%) 0.031
Assisted reproduction 31(1.3%) 45 (1.9%) 54 (2.3%) 68 (2.9%) 71 (3.1%) <0.001
Cesarean section 746 (32.4%) 897 (38.8%) 1051 (45.4%) 1049 (45.3%) 1185 (51.3%) <0.001
GDM 122 (5.3%) 58 (6.8%) 176 (7.6%) 215 (9.3%) 300 (13.0%) <0.001
ICP 116 (5.0%) 41 (6.1%) 105 (4.5%) 159 (6.9%) 190 (8.2%) <0.001
PE 41 (1.8%) 54 (2.3%) 84 (3.6%) 86 (3.7%) 134 (5.8%) <0.001
PIH 42 (1.8%) 36 (1.6%) 46 (2.0%) 55 (2.4%) 63 (2.7%) 0.048
Gestational age (week) 385+19 387116 387116 388+1.5 388+1.5 <0.001
Neonatal sex (male) 1241 (53.9%) 1243 (53.8%) 1206 (52.1%) 1193 (51.6%) 1223 (52.9%) 0415
Neonatal height 496+1.8 498+13 499+12 499+1.1 499+13 <0.001
Neonatal weight 3230 (2940-3500) 3325(3050-3600) 3380 (3090-3660) 3410 (3140-3700) 3470 (3170-3765)  <0.001
Laboratory findings
Total Protein (g/L) 62.8 (60.2-65.7) 63.0 (60.3-65.9) 63.2 (60.5-66.0) 63.5 (60.7-66.5) 64.2 (61.4-67.3) <0.001
Albumin (g/L) 36.4 (34.9-38.0) 36.3 (34.7-38.0) 36.4 (34.9-38.0) 36.4 (34.9-38.1) 36.3 (34.6-38.0) 0.048
Total bilirubin (umol/L) 7.5(6.1-9.3) 74(6.1-9.2) 74(6.1-9.2) 7.3(5.8-9.1) 7.0 (5.5-8.9) <0.001
Direct bilirubin (umol/L) 1.5(1.1-2.0) 1.5(1.1-1.9) 1.5(1.1-1.9) 14(1.0-1.9) 1.3(0.8-1.7) <0.001
ALT (U/L) 9.0 (8.0-12.0) 9.0 (7.0-12.0) 9.0 (7.0-12.0) 9.0 (7.0-12.0) 9.0 (7.0-12.0) 0.015
AST (U/L) 18.0 (16.0-21.0) 18.0 (16.0-21.0) 18.0 (16.0-21.0) 18.0 (16.0-21.0) 18.0 (16.0-22.0) 0.152
Urea nitrogen (mmol/L) 35(3.0-4.1) 34(2.9-4.1) 34(2.9-4.0) 34(2.8-4.0) 34(2.8-4.1) <0.001
Creatinine (Lmol/L) 59.7 (54.5-64.8) 59.3 (54.5-64.8) 59.7 (54.5-65.2) 59.7 (54.6-65.0) 59.3 (54.4-64.8) 0.749
Total cholesterol (mmol/L) 6.3 (5.6-7.1) 6.3 (5.6-7.1) 6.4 (5.6-7.2) 6.3 (5.5-7.1) 6.2(54-7.1) 0.005
Triglyceride (mmol/L) 3(2.0-26) 0(2.7-3.3) 6 (3.2-4.0) 43(3.8-4.9) 9(5.0-7.1) <0.001
LDL-C (mmol/L) 3.3(2.8-4.0) 34(29-4.0) 34(29-4.1) 34(2.8-4.0) 0(24-3. 6) <0.001
HDL-C (mmol/L) 0(1.8-2.2) 8(1.6-2.0) 7(1.5-1.9) 1.6 (14-1.8) 4(13-1.6) <0.001
hsCRP (mg/L) 3.1 (1.6-5.6) 3.0(1.7-5.2) 8(1.5-5.0) 2.8 (1.6-4.8) 9 (1.6-4. 8) <0.001

Notes Variables were expressed as median (IQR), mean+SD and frequency (percentage)

Abbreviations THR, triglyceride/HDL-C ratio; Q, quintile; BMI, body mass index; BP, blood pressure; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of
pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; hsCRP, high sensitive C-reactive protein; IQR, interquartile range; SD, standard deviation

(r=0.111, P<0.001) and birthweight (r=0.194, P<0.001)
and the levels of total protein (r=0.109, P<0.001) and
triglyceride (r=0.897, P<0.001) and negatively cor-
related with the levels of total bilirubin (r=-0.079,

P<0.001),

direct bilirubin(r=-0.127, P<0.001),

ALT

(r=-0.021, P=0.025), urea nitrogen (r=-0.029, P=0.002),
total cholesterol(r=-0.019, P=0.042), LDL-C (r=-0.142,
P<0.001), HDL-C (r=-0.596, P<0.001) and hsCRP level

(r=-0.034, P<0.001).

Associations between serum THR and incident ABO

The median birth weight in the present study was 3,360 g
with a proportion of 7.4% (854) macrosomia and 4.3%
(494) LBW. Of the 11,553 neonates, 1,792 (15.5%) were
classified as LGA, 1,023 (8.9%) as SGA and 762 (6.6%) as
PTB. Table 2 indicated significant trends across the quin-
tiles of THR toward decreasing incidence of SGA and
LBW and increasing incidence of LGA and macrosomia
(SGA and LBW: 13.0% and 6.9% in Q1, and decreased
to 9.0% and 3.9%, 8.6% and 3.5%, 7.1% and 3.5%, and
6.5% and 3.5% in Q2, Q3, Q4, Q5, respectively; LGA
and macrosomia: 8.6% and 3.0% in QI, and increased
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Table 2 Prospective association between the THR and ABO risk in the study population
Characteristics THR Ptrend Per-SDin-
Q1 (Bot- Q2(1.44-1.88) Q3(1.89-2.38) Q4(2.39-3.16) Q5 (Top) (>3.16) crease in THR
tom)
(<1.44)
Median 1.19 1.67 2.11 2.71 3.97
PTB
No. of cases (percentage) 228 (9.9%) 147 (6.4%) 133 (5.7%) 124 (5.4%) 130 (5.6%) <0.001
Model 1, OR (95% Cl) 1.00  062(050,077)  055(044,069  0.52(041,065  0.54(0.43,068) <0.001 0.86(0.78,0.93)
Model 2, OR (95% Cl) 1.00 0.62 (0.50,0.77) 0.57 (0.45,0.71) 0.51(0.41,0.65) 0.54 (0.43,0.68) <0.001 0.86(0.78,0.94)
Model 3, OR (95% Cl) 1.00  058(046,0.73) 058(046,0.73)  0.52(041,0.66)  0.52(0.41,067) <0.001 0.84(0.76,0.93)
SGA
No. of cases (percentage) 300 (13.0%) 208 (9.0%) 199 (8.6%) 165 (7.1%) 151 (6.5%) <0.001
Model 1, OR (95% Cl) 1.00  066(055080) 063(0.52,076) 0.51(042,063) 047(0.38,057) <0.001 0.73(0.67,0.79)
Model 2, OR (95% Cl) 1.00 0.69 (0.57,0.84) 0.70 (0.58,0.85) 0.55 (0.45, 0.68) 0.55 (045, 0.68) <0.001 0.78(0.71,0.85)
Model 3, OR (95% Cl) 1.00 0.68 (0.56, 0.83) 0.69 (0.56, 0.84) 0.53(043,0.65) 0.48 (038, 0.60) <0.001  0.71(0.65,0.78)
LGA
No. of cases (percentage) 199 (8.6%) 298 (12.9%) 379 (16.4%) 402 (17.4%) 514 (22.2%) <0.001
Model 1, OR (95% Cl) 1.00  157(130,189)  207(1.72,248)  222(1.86,2.66)  3.02(2.54,3.60) <0.001  1.34(1.28,1.40)
Model 2, OR (95% Cl) 100 1.56(1.28,190) 1.98(1.64,240) 2.19(1.81,264) 274(2.28,3.29) <0.001  1.29(1.23,1.35)
Model 3, OR (95% Cl) 1.00 1.60(1.31,1.95) 2.03(1.68, 2.46) 2.27(1.87,2.75) 2.80(2.31,3.40) <0001 140(1.32,1.49)
LBW
No. of cases (percentage) 159 (6.9%) 90 (3.9%) 82 (3.5%) 82 (3.5%) 81 (3.5%) <0.001
Model 1, OR (95% Cl) 1.00 0.55(0.42,0.71) 0.50(0.38,0.65) 0.50(0.38,0.65) 049 (0.37,0.64) <0.001 0.77(0.68,0.86)
Model 2, OR (95% Cl) 1.00  068(046,1.02)  0.75(0.50,1.13)  0.82(0.55,1.23)  0.77(0.51,1.17) 0426  0.86(0.75,0.99)
Model 3, OR (95% Cl) 1.00 0.62 (0.41,0.94) 0.71(0.46,1.07) 0.81(0.54,1.22) 0.64 (041,1.01) 0.152  0.76 (0.65,0.90)
Macrosomia
No. of cases (percentage) 69 (3.0%) 119(5.2%) 178 (7.7%) 198 (8.6%) 287 (12.4%) <0.001
Model 1, OR (95% Cl) 1.00 1.75(1.30,2.37) 2.67(2.01,3.54) 3.01(2.28,3.98) 4.53(347,5.93) <0001 1.38(1.31,1.45)
Model 2, OR (95% Cl) 1.00  159(1.16,2.16)  246(1.83,3.29)  250(1.87,334)  3.75(2.83,4.95) <0.001 134(1.27,142)
Model 3, OR (95% Cl) 1.00 1.59(1.16,2.18) 2.50(1.86,3.36) 2.52(1.88,3.38) 3.80(2.85,5.08) <0.001 1.49(1.38,1.62)

Notes Models 1 were unadjusted. Models 2 were adjusted forage, BMI, parity, BP, gestational age (except for PTB), assisted reproduction and fetal sex. The models
3 were adjusted for covariates in the model 2 and laboratory results (total protein, albumin, total bilirubin, direct bilirubin, ALT, AST, urea nitrogen, creatinine, total

cholesterol, LDL-C and hsCRP)

Abbreviations THR, triglyceride/HDL-C ratio; ABO, adverse birth outcome; Q, quintile; PTB, preterm birth; SGA/LGA, small/large for gestational age; LBW, low birth
weight; OR, odds ratio; Cl, confidence interval; BMI, body mass index; BP, blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL-C, low
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; hsCRP, high sensitive C-reactive protein
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Fig. 1 Serum triglyceride to HDL-C ratio among women who delivered PTB and FTB, SGA, AGA and LGA, and LBW, NBW and macrosomia (PTB/FTB:
226+147 vs. 245+1.39; SGA/AGA/LGA: 2.14+1.17 vs. 238+ 133 vs. 2.86+1.72; LBW/NBW/macrosomia: 2.17+1.28 vs. 2.40+1.35 vs. 3.03+1.77; all

P<0.001)

to 12.9% and 5.2%, 16.4% and 7.7%, 17.4% and 8.6%,
and 22.2% and 12.4 in Q2, Q3, Q4, Q5, respectively; all
P for trend<0.001). There were significant differences in
serum THR among the participants who delivered PTB/
FTB, SGA/AGA/LGA, and LBW/NBW/macrosomia

newborns (PTB/FTB: 2.26+1.47 vs. 2.45+1.39; SGA/
AGA/LGA: 2.14%1.17 vs. 2.38%1.33 vs. 2.86+1.72;
LBW/NBW/macrosomia: 2.17+1.28 vs. 2.40+1.35 vs.
3.03%£1.77; all P<0.001; Fig. 1). Significant differences
in serum triglyceride and HDL-C concentrations were
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also observed among these participants (Fig S1 and Fig
S2). In crude logistic regression analyses, both higher
triglyceride and THR were associated with decreased
risk of PTB, SGA, and LBW and increased risk of LGA
and macrosomia, and these associations also persisted
significantly after correcting for sociodemographic fac-
tors and laboratory findings, with the exception of LBW
(Table 2 and Table S2). The multi variables-adjusted OR
(95% CI) in the top quintile of THR (>3.16) versus the
bottom quintile (<1.44) were 0.52 (0.41, 0.67) for PTB,
0.48 (0.38, 0.60) for SGA, 0.64 (0.41, 1.01) for LBW, 2.80
(2.31, 3.40) for LGA and 3.80 (2.85, 5.08) for macrosomia,
respectively. In addition, higher HDL-C was associated
with decreased risks of PTB, LGA, and macrosomia; the
adjusted OR (95% CI) were 0.64 (0.45, 0.90), 0.72 (0.56,
0.91), and 0.64 (0.45, 0.90), respectively (Table S3). Each
one standard deviation (SD) increment in serum THR
was associated with 16%, 29%, and 24% decrease risk of
PTB, SGA, and LBW and 40% and 49% increase risk of
LGA and macrosomia, respectively. Similar results were
observed in sensitivity analyses among individuals with-
out advance age (Table S4), obesity (Table S5), multipara
(Table S6) and PTB (for SGA/LGA/LBW/macrosomia,
Table S7). In addition, multivariate-adjusted smooth
curve fitting analyses indicated nonlinear associations of
ABO with triglyceride, HDL-C and THR (Fig. 2. and Fig
S3).

Mediation analysis

Serum THR at the time of admission was significantly
higher in women with pregnancy complications than
those with non-pregnancy complications (NPC) (GDM/
ICP/PE/PIH vs. NPC: 2.92+1.76/2.74+£1.73/2.89+1.45/
2.60£1.36 vs. 2.36+£1.34; all P<0.001; Fig. 3). In media-
tion analyses (Table 3), PE explained —19.8%, -10.6%
and —24.6% of the association of THR with PTB, SGA
and LBW, respectively. The proportions mediated by
GDM were —3.7%, 6.8% and 4.3% for the association of
THR with PTB, LGA and macrosomia, respectively. ICP
also had a slight mediating effect of THR on incident
PTB and LBW (proportions mediated: -1.9% and —2.1%,
respectively).

Predicting ABO with THR and related models

ROC curves were constructed to evaluate sensitivity and
specificity of triglycerides, HDL-C and THR separately in
predicting ABO (Fig. 4). THR had shown better power in
detecting SGA, LGA and macrosomia than using either
triglycerides or HDL-C alone, which was determined by
area under the curve (AUC) calculated in ROC analysis
(SGA: 0.580 vs. 0.567/0.559; LGA: 0.604 vs. 0.587/0.582;
macrosomia: 0.636 vs. 0.614/0.605; all P<0.001, Table 4).
The optimal THR cutoff values for detecting SGA, LGA,
and macrosomia were 1.76, 2.13, and 2.14, respectively.

Page 6 of 13

To establish the predictive models of ABO at the time of
admission, prenatal characteristics and laboratory find-
ings were included. Compared with the models with-
out THR, the addition of THR increased the AUC of
SGA, LGA, and macrosomia from 0.743 to 0.753, 0.734
to 0.745, and 0.786 to 0.800, respectively (all P<0.001,
Table 4).

Discussion

Main findings

In the present real-world study using a single central
dataset, women in the top quintile of serum THR (>3.16)
measured at admission for delivery had higher risk of
LGA and macrosomia and lower risk of PTB, SGA,
and LBW compared with those in the bottom quintile
(<1.44). Except for the association of LBW, the remaining
associations were still statistically significant after adjust-
ment for potential confounders. The observed associa-
tions were partially mediated by the prevalence of PE,
GDM and ICP. In addition, THR was superior to triglyc-
erides and HDL-C for predicting SGA, LGA and macro-
somia, and adding THR to ABO predictive models could
improve the predictive efficiency for these outcomes in
this real-world analysis. These findings reveal serum THR
measured at admission for delivery could be a potential
predictor of ABO (SGA, LGA and macrosomia).

Interpretation

Serum triglyceride level increases gradually with the
gestational progress and reaches a peak in the third tri-
mester of pregnancy, while the level of HDL-C increases
from the first trimester and decreased slightly in the sec-
ond and third trimesters [34]. Gestational dyslipidemia,
characterized by a high THR, has been demonstrated in
women with GDM at the time of oral glucose tolerance
test and those who developed GDM in pre-pregnancy
and early pregnancy, representing THR as a reliable
index for predicting GDM (15-19,21,23,24,26]. In addi-
tion, Arbib et al. in Israel reported that a high THR (=3)
before pregnancy (up to 52 weeks) was associated with
increased risk of PE [23]. Another longitudinal study
from Colombia observed a significant elevation in mater-
nal THR as pregnancy progressed with no significant
difference between PE and healthy women [20]. The pres-
ent study revealed that THR was significantly higher in
women with GDM, PE, PIH and ICP compared to those
without pregnancy complications in late gestation. To
the best of our knowledge, this is the first cohort study
comparing serum late-gestational THR between ICP and
NPC women. Therefore, these findings draw one hypoth-
esis that gestational dyslipidemia might contribute to the
development of pregnancy complications in the mecha-
nism, which has been demonstrated in a mouse model of
GDM and the placenta of PE women [35, 36].
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Fig. 2 Smooth curve fitting analysis of THR with ABO risk. Adjusted for age, BMI, parity, BP, gestational age (except for PTB), assisted reproduction, fetal
sex and laboratory results (total protein, albumin, total bilirubin, direct bilirubin, ALT, AST, urea nitrogen, creatinine, total cholesterol, LDL-C and hsCRP)

Several studies have reported a significant positive cor-
relation of maternal THR with neonatal birthweight and
the risk of LGA or macrosomia during early, mid and late
pregnancies among women with/without GDM [16, 21,
22, 24]. However, Wang et al. in China argued that only
apolipoprotein B/A1 ratio (not THR) in the first trimester

was significant impact factor for the prevalence of LGA
neonates. In the current study, THR in top quintile
(compared with bottom quintile) in late pregnancy was
significantly associated with increased risk of LGA and
macrosomia and decreased risk of PTB and SGA, but not
with decreased risk of LBW (LGA: adjusted OR=2.80,
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Fig. 3 Serum triglyceride to HDL-C ratio in women with and with pregnancy complications (GDM/ICP/PE/PIH vs. NPC: 292 +1.76/2.74+1.73/2.89+£ 145

/2.60£1.36 vs. 236+ 1.34; all P<0.001)

P<0.001; macrosomia: adjusted OR=3.80, P<0.001; PTB:
adjusted OR=0.52, P<0.001; SGA: adjusted OR=0.48,
P<0.001; LBW: adjusted OR=0.64, P=0.152). Addition-
ally, the present study confirmed that THR is a more
effective indicator than separately using triglycerides or
HDL-C when predicting the delivery of SGA/LGA neo-
nates and macrosomia. ROC analysis demonstrated that
the AUC of the best cut-point of >2.14 for macrosomia
is higher than those of the cut-points of >2.13 for LGA
and <1.76 for SGA (0.636 vs. 0.604 vs. 0.580). The AUC
of the optimal cut-points for ABO is relatively weak, sug-
gesting that it is necessary to develop prediction models
to improve the predictive efficiency. Based on maternal
antenatal parameters and laboratory findings, this study
established two types of prediction models (models 1
excluded THR and models 2 included THR), suggesting
that incorporating THR to the models promoted the abil-
ity of predicting these outcomes (for macrosomia: 0.800
vs. 0.786; for LGA: 0.745 vs. 0.734; for SGA: 0.753 vs.
0.743; all P<0.001). However, THR did not improve the

predictive power of the modes 1 for PTB and LBW (for
PTB: 0.749 vs. 0.745, P=0.052; for LBW: 0.958 vs. 0.957,
P=0.280). Interestingly, the AUC of the best thresh hold
of <-0.315 in the model 1 for LBW was up to 0.957, with
sensitivity and specificity of 87.9% and 91.7%, respec-
tively. Multiple-center prospective studies with large
sample size are necessary to confirm these finding in the
present study.

Up to date, the exact mechanism leading to the asso-
ciation of THR with fetal growth-related ABO remains
unclear. Prior studies have shown that the importance of
pregnancy complications including PE, GDM, ICP and
PIH in modulating fetal growth, adversely impacted fetal
gestational age and birthweight in pregnant women [27-
29]. Another interesting finding of this study is that PE,
GDM, and ICP make substantial mediating contributions
in the association between THR and ABO, which has
never been reported previously to our knowledge. This
finding reinforces the importance of developing effec-
tive comprehensive interventions for these complications
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Fig. 4 ROC curves analysis to compare triglyceride, HDL-C, THR and the predictive models for ABO. Model 1 included age, BMI, parity, BP, gestational
age (except for PTB), assisted reproduction, fetal sex and laboratory results (total protein, aloumin, total bilirubin, direct bilirubin, ALT, AST, urea nitrogen,

creatinine, hsCRP, total cholesterol, and LDL-C. Model 2, Model 1 plus THR

as a means of preventing ABO among individuals with
dyslipidemia.

Strengths and limitations

Several crucial strengths of this study are worth mention-
ing. Firstly, for the first time, the present study demon-
strated significant associations between high THR and
decreased risk of PTB and SGA based on an analysis of
real-world data including a large number of clinical and
laboratory data on pregnant women. Sensitivity analy-
sis was performed to ensure robustness of the findings.
Secondly, this study further revealed the first evidence of
underlying mechanism of THR-associated ABO risk. Sig-
nificant mediating effect of co-existing pregnancy com-
plications (PE/GDM/ICP) on the associations between
serum THR and ABO risk provided crucial clues for
further studies on mechanism. Thirdly, lipid profiles and
other biochemical indicators were retrieved from rou-
tine laboratory tests. The measurements are objective,
reliable, accurate and free from the influence of observer
bias. The levels of these indicators are closer to pathol-
ogy, potentially providing mechanistic insights. There-
fore, some indicators are widely accepted and become an

important part of real-world datasets. Lastly, the poten-
tial confounding factors were comprehensively controlled
in the statistical analysis of this study, including maternal
demographics and other biochemical parameters.

Some limitations of this study should also be acknowl-
edged. Firstly, in view of the observational nature of this
study, residual confounding effects could not be com-
pletely excluded. The maternal, demographic, and medi-
cal history data were obtained from the database without
direct confirmation. Additionally, some important con-
founding factors, such as education, family income, his-
tory of adverse pregnancy outcomes, and gestational
weight gain (GWG), could not be controlled due to a
lack of this information in the current real-world data-
sets. Secondly, this is a single-center study conducted
at a large-scale public specialized hospital, which has a
relatively high proportion of high-risk pregnant women.
In the statistical analysis, we adjusted for prenatal BMI
rather than pre-gestational BMI, as pre-gestational
weight values were not available. More than 20% (2,030)
of the participants were obese, and 54% (6,337) were
overweight. Although a sensitivity analysis was per-
formed among pregnant women without obesity, caution
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Table 4 Accuracy of triglyceride, HDL-C, THR and models to predict ABO

AUC 95% CI P value Best threshold Specificity (%) Sensitivity (%) PPV (%) NPV (%)
PTB
Triglyceride (mmol/L) 0.601 0.579,0.622 <0.001 2.89 73.58 4291 10.29 94.81
HDL-C (mmol/L) 0.541 0.520,0.563 <0.001 148 76.62 30.18 8.35 93.95
THR 0.563 0.541,0.585 1.82 63.46 47.77 845 94.51
Model 1 0.745 0.725,0.764 0.052 -2.32 82.58 56.57 18.68 96.41
Model 2 0.749 0.730,0.768 -2.35 81.52 57.24 17.97 96.42
SGA
Triglyceride (mmol/L) 0.567 0.548,0.586 <0.001 2.96 70.96 39.20 11.59 92.32
HDL-C (mmol/L) 0.559 0.540,0.578 <0.001 1.89 70.23 39.10 11.32 92.23
THR 0.580 0.562,0.599 1.76 67.14 45.26 11.80 92.66
Model 1 0.743 0.727,0.759 <0.001 -2.29 69.33 68.69 17.81 95.81
Model 2 0.753 0.738,0.769 -2.33 68.03 70.58 17.60 95.98
LGA
Triglyceride (mmol/L) 0.587 0.572,0.601 <0.001 3.17 3872 73.83 18.11 88.96
HDL-C (mmol/L) 0.582 0.568, 0.596 <0.001 1.73 49.77 62.56 18.61 87.86
THR 0.604 0.590,0.618 213 5323 62.50 19.70 88.55
Model 1 0.734 0.722,0.746 <0.001 -1.80 6391 70.53 2643 92.18
Model 2 0.745 0.733,0.757 -1.77 66.36 69.68 27.58 92.25
LBW
Triglyceride (mmol/L) 0.603 0.576,0.630 <0.001 274 77.60 39.07 723 96.61
HDL-C (mmol/L) 0515 0.487,0.542 <0.001 148 7641 29.15 523 96.02
THR 0.576 0.549,0.603 1.51 77.28 3583 6.58 96.42
Model 1 0.957 0.947,0.968 0.280 -0.315 91.70 8791 3391 99.37
Model 2 0.958 0.948,0.969 -0.349 89.13 90.57 2878 99.49
Macrosomia
Triglyceride (mmol/L) 0614 0.595,0.633 <0.001 325 40.67 75.79 9.22 9548
HDL-C (mmol/L) 0.605 0.586,0.625 <0.001 1.72 50.27 65.69 9.51 94.85
THR 0.636 0.618,0.655 214 52.57 67.69 10.19 95.34
Model 1 0.786 0.772,0.801 <0.001 -2.58 68.79 7444 16.03 97.11
Model 2 0.800 0.786,0.814 -2.58 70.10 7574 16.86 97.30

Notes Model 1 included age, BMI, systolic and diastolic BP, parity, gestational age (except for PTB), pregnancy complications, assisted reproduction, fetal sex and
laboratory results (total protein, albumin, total bilirubin, direct bilirubin, ALT, AST, urea nitrogen, creatinine, total cholesterol, LDL-C and hsCRP). Model 2, model 1
plus THR. P values indicated the significance of differences between THR and triglyceride /HDL-C or between Model 1 and Model 2

Abbreviations AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; PTB, preterm birth; SGA/LGA, small/
large for gestational age; HDL-C, high density lipoprotein cholesterol; THR, triglyceride/HDL-C ratio; ABO, adverse birth outcome; BMI, body mass index; BP, blood
pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL-C, low density lipoprotein cholesterol; hsCRP, high sensitive C-reactive protein

should be exercised when generalizing the current results
to general population. Thirdly, the present study focuses
on the association between THR and ABO only in late
pregnancy, and its application value is limited due to
less time for clinical intervention. Longitudinal stud-
ies may be combined with findings of the first and sec-
ond trimesters to promote the predictive power. Finally,
sample collection for this study was conducted at the
time of admission for delivery (28—41 weeks of gestation)
rather than at a uniform gestational week. Although we
adjusted for gestational age in the statistical analyses and
performed a sensitivity analysis among non-PTB partici-
pants, the influence of gestational age on the association
between THR and ABO (particularly for PTB and LBW)
cannot be entirely ruled out. Large-scale, well-designed
prospective studies are needed to confirm our findings.

Conclusion

Real-world evidence showed an association between
serum THR in late pregnancy and ABO risk, after adjust-
ing for potential confounders. This association may be
partially mediated by the prevalence of PE, GDM and
ICP. In addition, adding THR to the designed predictive
models may improve the prediction ability of ABO (SGA/
LGA/macrosomia). These results from real world data
indicated that serum THR at the time of admission for
delivery may be a potential predictor of ABO risk, repre-
senting a simple marker to consider when studying fetal
growth-related outcomes.

Abbreviations

HDL-C High-density lipoprotein cholesterol
THR Triglyceride/HDL-C ratio
ABO Adverse birth outcomes

PTB Preterm birth
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SGA/AGA/LGA  Small/appropriate/large for gestational age
LBW Low birthweight

GDM Gestational diabetes mellitus

ICP Intrahepatic cholestasis of pregnancy

PE Preeclampsia

PIH Pregnancy-induced hypertension

PTB Preterm birth

LDL-C Low-density lipoprotein cholesterol

hsCRP High-sensitive C-reactive protein
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