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Abstract

Background The purpose of this pilot study was to investigate associations between fibrinogen/fibrin degradation
products (FDP) to high density lipoprotein-cholesterol (HDL-C) ratio (FHR) of mothers and the risk of delivering large/
small for gestational age (LGA/SGA) infants and to evaluate the predictive power of FHR on LGA/SGA.

Methods This study retrospectively reviewed 11,657 consecutive women whose lipid profiles and FDP levels were
investigated at the time of admission for delivery at a specialized hospital. The FHR was calculated, and perinatal
outcomes, including clinical parameters, were analyzed.

Results The prevalence of SGA was 9% (n=1034), and that of LGA was 15% (n=1806) in this cohort study. FHR
was significantly lower in women who delivered SGA infants (4.0+3.2 vs. 4.7+ 3.3 mg/mmol, P<0.01) and higher

in women who delivered LGA infants (5.7 +3.8 vs. 4.7+ 3.3 mg/mmol, P<0.01) compared with those who delivered
infants of normal size for their gestational age. Women in the top quartile for FHR (> 5.9 mg/mmol) had a 2.9-fold
higher risk of delivering LGA infants [adjusted odds ratio (OR)=2.9, P<0.01] and a 47% lower risk of delivering SGA
infants (adjusted OR=0.47, P<0.01) than those in the bottom quartile (< 2.7 mg/mmol). In addition, adding FHR to
the conventional models significantly improved the area under the curve for the prediction of delivering LGA (0.725
vs. 0.739, P<0.01) and SGA (0.717 vs. 0.727, P<0.01) infants.

Conclusion These findings suggest that the FHR calculated in late pregnancy is an innovative predictor of delivering
LGA and SGA infants. Combining FHR with perinatal parameters could thus enhance the predictive ability for
predicting the delivery of LGA/SGA infants.
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Introduction

Birth weight is often recognized as an index to evaluate
foetal intrauterine growth. Abnormal foetal growth could
affect the incidence of diseases in adulthood based on
the theory that diseases that occur later on in life origi-
nate from when the foetus is in the womb [1]. Newborns
who are large and small for gestational age (LGA/SGA),
generally referred to as having a birth weight above the
90th and below the 10th percentiles at particular gesta-
tional weeks, have an elevated risk of a variety of adverse
outcomes during the perinatal period and from early
life to adulthood [2]. LGA infants are prone to develop
diabetes, future cancers and obesity, and have an early
onset of cardiovascular diseases [3]. SGA infants are also
known to show early signs of metabolic problems, abnor-
mal body fat distribution, and a high risk of diabetes,
heart disease, and neurodevelopmental disorders [4]. In
recent years, an increased prevalence of SGA and LGA
newborns has been reported in developing countries
and developed countries, respectively [5, 6]. Therefore, it
remains important and challenging in modern antenatal
care to prevent adverse pregnancy outcomes by detecting
foetal growth disorders.

For foetuses to grow properly, there are a variety of
maternal biological and physiological changes that must
occur during pregnancy. Studies on indices of these
modifications are becoming more popular. Until now, a
number of factors, such as maternal micronutrients from
one-carbon metabolism and glucolipid metabolites and
coagulation-related parameters, have been correlated
with neonatal birth weight [7-9]. However, the impacts
of maternal biomarkers on LGA/SGA newborns dur-
ing the uncomplicated pregnancies are inconsistent. For
instance, some studies have found that maternal high
density lipoprotein-cholesterol (HDL-C) during preg-
nancy is adversely associated with neonatal birthweight
and LGA incidence [10-14], while other studies reported
no significant associations [15, 16]. On the other hand,
fibrinogen/fibrin degradation products (FDPs) have tra-
ditionally been used to diagnose disseminated intravas-
cular coagulation (DIC) [17]. To detect thrombophilia in
pregnant women who suffered recurrent pregnancy loss
with unknown causes, Wang et al. established a predic-
tive model including FDP and other coagulation parame-
ters [18]. A previous study reported that the plasma FDP
level at admission for hospital delivery is associated with
neonatal birthweight and LGA risk during normal preg-
nancy [19]. To date, few studies have reported a relation-
ship between FDP level and SGA delivery.

The exploration of more efficient indicators appears
to have important significance not only for foetal

birthweight itself but also for the prediction of adverse
LGA/SGA. It remains unclear whether a combination
of FDP and HDL-C [FDP to HDL-C ratio (FHR)] can
be a reliable indicator of LGA/SGA. The assumption
of this pilot research was that FHR is more efficient in
predicting the delivery of LGA/SGA infants than using
either FDP or HDL-C alone. To bridge this knowledge
gap, the objective of this pilot study was to comprehen-
sively assess the associations of maternal FHR, FDP, and
HDL-C with foetal birthweight and the delivery of LGA/
SGA infants among the Chinese population, and to
evaluate the power of FHR before delivery to predict the
delivery of LGA/SGA infants.

Methods

Study participants and data acquisition

From April 2016 to March 2017, an observational study
was performed in Changzhou city, eastern China. A total
of 13,275 consecutive pregnant women who delivered
at Maternal and Child Health Care Hospital of Chang-
zhou were initially included in this retrospective study
to explore the associations between antenatal measure-
ments of relative biomarkers and adverse birth outcomes.
The inclusion criteria were as follows: (1) pregnancy at
28-41 gestational weeks; (2) singleton pregnancy and
live birth; and (3) clearly completed medical records. The
exclusion criteria were as follows: (1) use of illicit drugs
and alcohol and smoker; (2) major prepregnancy diseases
(chronic hypertension, diabetes mellitus, chronic liver,
kidney and heart diseases, thyroid and immune rheu-
matic disease, and syphilis); (3) foetal congenital mal-
formation; and (4) no results of FDP and HDL-C. A total
of 1618 observational subjects were excluded from the
present cohort for the following reasons: (1) 335 cases
with multiple gestation; (2) 96 cases without live births;
(3) 488 cases with pregestational diseases; and (4) 699
cases without FDP and HDL-C measurements (Fig. 1).
After the above exclusion criteria, 11,657 subjects were
included in the final analysis. Basic information on
mothers and their newborns, including age, body mass
index (BMI), parity, blood pressure (BP), medical his-
tory, bad habits, pregnancy complications, neonatal age,
sex, weight, and height, was obtained from the hospital’s
medical records. Laboratory results were collected from
the hospital’s clinical chemistry database. All partici-
pants were admitted to the hospital for delivery when the
onset of threatened labour occurred. Blood samples were
taken after admission and transferred to the laboratory
for routine measurements, including FDP, lipid profile,
and high sensitivity C reaction protein (hsCRP). Plasma
FDP levels were measured by an automatic automatic
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Fig. 1 Flow diagram

coagulometer with a matching reagent (Sekisui Medical,
Japan and Thrombolyzer XRM, Behnk Elektronik, Ger-
many). Serum lipids profiles and hsCRP were detected by
the automatic analysers with supporting reagents (lipid
profile: Beckman Coulter, Japan; hsCRP: Siemens Diag-
nostics, Germany). Reference intervals for FDP, hsCRP,
total cholesterol, triglyceride, low density lipoprotein-
cholesterol (LDL-C) and HDL-C based on previous
reports were 2.50-5.28, 0.60-19.16 mg/L, 5.73-7.44,
2.70-4.02, 1.74-2.32, and 2.95-4.31 mmol/L, respec-
tively [20-22].

The study protocol was approved by the Ethics Com-
mittee in Maternal and Child Health Care Hospital of
Changzhou (ZD201803). Anonymous data were analysed
and written informed consent for observational subjects
was waived in the present study.

Definitions

Maternal age was classified as advanced (=35 years) or
appropriate (<35 years) [23]. Pregnant women at admis-
sion were classified into obese (>30.0 kg/m?), overweight
(25-29 kg/m?) and normal weight (<25 kg/m?) accord-
ing to the World Health Organization classification of
BMI [12]. The diagnosis of pregnancy complications was
described in a previous report and included gestational
diabetes mellitus (GDM), intrahepatic cholestasis of
pregnancy (ICP), pre-eclampsia (PE), pregnancy induced
hypertension (PIH), and preterm birth [24]. According
to the birthweight and gestational week, LGA and SGA
were categorized as birthweights higher than the 90th
and lower than the 10th percentiles of the gestational
week-specific reference intervals [25].

Statistical analysis
The distributions of continuous variables were inves-
tigated by using the Kolmogorov-Smirnov test. The
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variables following skewed distributions were described
as the median [inter-quartile range (IQR)], and those fol-
lowing normal distributions were expressed as the mean
[standard deviation (SD)], and categorical variables were
expressed as percentages. To compare the differences in
anthropometric and laboratory parameters among the
quartiles of maternal FHR, chi-square, Kruskale-Wallis
and ANOVA tests were performed for categorical vari-
ables, nonnormally distributed continuous variables and
normally distributed continuous variables, respectively.
Spearman’s test was applied to determine the correlation
of FHR with other indices. The birth weight and length
were first treated as continuous variables, and linear
analysis models were applied to assess the impacts of dif-
ferent indices (FHR, FDP, and HDL-C) on these variables.
When birth weight (LGA and SGA) was defined as a cat-
egorical variable, logistic analysis models were applied to
investigate associations of LGA/SGA with FHR, FDP, and
HDL-C. Adjusted variables included age, BMI, BP, parity,
gestational age, pregnancy complications, assisted repro-
duction, and foetal sex and the levels of total cholesterol,
triglycerides, LDL-C and hsCRP. Similarly, odds ratios
(ORs) [95% confidence interval (CI)] of FHR on LGA/
SGA across each subgroup were calculated, and their
interactions were determined. Receiver operating char-
acteristic (ROC) curves were analysed to compare the
area under the curve (AUC) calculated by FDP, HDL-C,
FHR and models to predict the delivery of SGA and LGA
infants. Youden’s index was used to determine the cut-off
value to predict the delivery of SGA and LGA infants.

Empower software (version 2.0, X&Y Solutions, USA)
was used in all the statistical analyses. A two-tailed
P<0.05 indicated statistical significance.

Results

Population characteristics

The median age of the participants was 28 years old
(range 15—47). Approximately 75% of observational sub-
jects had a prenatal BMI>25 kg/m?* and more than 60%
of them were nulliparous. The median birth length and
weight, and gestational week were 50 cm, 3337 g, and
39 weeks, respectively. Among the 11,657 newborns,
1806 (15%) were classified as LGA, and 1034 (9%) were
classified as SGA. Table 1 shows the demographic char-
acteristics by quartiles of FHR. The ranges of FHR for
quartiles (Q) 1-4 were <2.70, 2.70-3.98, 3.99-5.90, and
>5.90 mg/mmol, respectively. Significant differences in
terms of age, parity, BP, assisted reproduction, the prev-
alence of pregnancy complications (PTB/GDM/ICP/
PIH), birth length and weight, neonatal sex, and labora-
tory results (hsCRP/total cholesterol/triglyceride) were
found among the quartiles, with the exception of BMI,
the prevalence of PE, and LDL-C levels. A negative rela-
tionship between FHR quartiles and SGA prevalence
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was observed (13.0% in Q1, and decreased to 9.8%, 6.6%,
and 6.1% in Q2, Q3, and Q4, respectively). Additionally,
there was a positive relationship between FHR quartiles
and LGA prevalence (9.4% in Q1, and increased to 14.1%,
16.5%, and 22.0% in Q2, Q3, and Q4, respectively). FDP,
HDL-C, and the FDP:HDL-C ratio were significantly dif-
ferent among the pregnant women who delivered SGA,
AGA, and LGA infants (FDP: 6.91+4.62 vs. 7.85+4.77
vs. 9.04+5.59 mg/L, HDL-C: 1.80£0.38 vs. 1.73%£0.35
vs. 1.6510.33 mmol/L, FHR: 4.02+3.20 vs. 4.70£3.30 vs.
5.72%3.76 mg/mmol; all P<0.01; Fig. 2).

FHR and other parameters

Table 2 displays the correlation between FHR and other
parameters. FHR was positively correlated with age
(r=0.04, P<0.01), gestational age (r=0.07, P<0.01), tri-
glyceride level (r=0.14, P<0.01), FDP level (r=0.93,
P<0.01), and birthweight (r=0.20, P<0.01) and adversely
correlated with systolic BP (r = -0.05, P<0.01), diastolic
BP ((r = -0.05, P<0.01), hsCRP level (r = -0.07, P<0.01),
total cholesterol level (r = -0.06, P<0.01), and HDL-C
level (r=-0.4, P<0.01).

FHR and foetal growth indices and LGA/SGA

The associations of FDP, HDL-C, and FHR with foe-
tal growth, and the delivery of LGA and SGA infants
are presented in Table 3. Neonates born to women in
Q4 of FDP (>9.60 mg/L) were 0.15 cm longer and 168 g
heavier compared with those born to women in Ql
(<4.67 mg/L). Pregnant women with HDL-C levels in the
highest quartile (Q4: HDL-C>1.94 mmol/L) had infants
with a 69.47 g lower neonatal birth weight than preg-
nant women in the lowest quartile (Q1: HDL-C<1.49
mmol/L). Compared with neonates born to women in
the lowest quartile (Q1: FHR<2.7) mg/mmol), neonates
born to women with an FHR index above 5.90 mg/mmol
(Q4) were 0.16 cm longer and 181 g heavier. The mater-
nal FHR index was negatively associated with the delivery
of SGA infants (OR, 0.76, 95% CI, 0.64, 0.91; OR, 0.48,
95% CI, 0.39, 0.58; and OR, 0.47, 95% CI, 0.38, 0.57; for Q
2, Q3, and Q4, respectively; P for trend<0.01). The risk
of delivering a LGA infant showed an increasing trend in
association with women with an FHR in the second, third
and fourth quartile (OR, 1.63, 95% CI, 1.37, 1.94; OR,
2.04, 95% CI, 1.71, 2.43; and OR, 2.85, 95% CI, 2.41, 3.38;
respectively; P for trend <0.01).

Combined impacts of maternal characteristics and FHR on
LGA/ SGA

In subgroup analyses, the effects of other covariates on
the association between FHR (<5.9 vs. >5.9 mg/mmol)
and the delivery of LGA/SGA infants were further evalu-
ated. As presented in Tables 4 and 5, the associations
between elevated FHR and the delivery of LGA/SGA



Zhang et al. Lipids in Health and Disease (2023) 22:221 Page 5 of 12

Table 1 Descriptive statistics for characteristics of 11,657 mothers and their offspring by quartiles of FHR.

FHR (mg/mmol) P value
Q1 (<2.70, Q2 (2.70-3.98, Q3 (3.99-5.90, Q4 (>5.90,
N=2911) N=2917) N=2914) N=2915)

Maternal characteristics

Age (years) 28 (25-31) 28 (26-31) 28 (26-31) 28 (26-32) <0.001
<20 32(1.1%) 29 (1.0%) 31(1.1%) 18 (0.6%) 0.090
20-34 2613 (89.8%) 2656 (91.0%) 2668 (91.5%) 2653 (91.0%)
>35 266 (9.14%) 232 (8.0%) 215 (7.4%) 244 (8.4%)

BMI (kg/mz) a 27 (25-29.3) 269 (25-29.3) 26.9 (24.8-29.3) 27.1(25.1-29.4) 0.137
<25 695 (24.2%) 736 (25.4%) 760 (26.3%) 688 (23.9%) 0415
25-29 1585 (55.2%) 1576 (54.4%) 1564 (54.1%) 1606 (55.7%)
>30 592 (20.6%) 584 (20.2%) 565 (19.6%) 587 (20.4%)

Parity
No child 1681 (57.8%) 1760 (60.3%) 1814 (62.3%) 1742 (59.8%) 0.006
> 1 child 1230 (42.3%) 1157 (39.7%) 1100 (37.7%) 1173 (40.2%)

Systolic BP (mmHg) 121 (110-130) 120 (110-130) 120 (110-130) 120 (110-128) <0.001

Diastolic BP (mmHg) 73 (70-80) 72 (70-80) 72 (70-80) 72 (70-79) <0.001

Gestational age (week) 384+19 387+16 388+16 388+1.5 <0.001

Assisted reproduction 51 (1.8%) 51 (1.7%) 68 (2.3%) 100 (3.4%) <0.001

Delivery mode
Vaginal delivery 1721 (59.1%) 1716 (58.8%) 1722 (59.1%) 1539 (52.8%) <0.001
Cesarean section 1190 (40.9%) 1201 (41.2%) 1192 (40.9%) 1376 (47.2%)

Pregnancy complications °
GDM 186 (6.4%) 235 (8.1%) 260 (8.9%) 296 (10.2%) <0.001
ICP 149 (5.1%) 159 (5.5%) 197 (6.8%) 213 (7.3%) <0.001
PE 121 (4.2%) 96 (3.3%) 97 (3.3%) 92 (3.2%) 0.146
PIH 75 (2.6%) 71 (2.4%) 56 (1.9%) 44 (1.5%) 0.017
PTB 306 (10.5%) 184 (6.3%) 172 (5.9%) 142 (4.9%) <0.001

Newborn characteristics

Sex
Female 1212 (41.6%) 1283 (44.0%) 1449 (49.7%) 1554 (53.3%) <0.001
Male 1699 (58.4%) 1634 (56.0%) 1465 (50.3%) 1361 (46.7%)

Birth length (cm) 496+18 498+13 499+1.2 500+13 <0.001

Birth weight (g) 3250 (2950-3510) 3340 (3050-3630) 3400 (3110-3680) 3460 (3170-3750) <0.001

Weight for gestational age
SGA 379 (13.0%) 286 (9.8%) 192 (6.6%) 177 (6.1%) <0.001
AGA 2258 (77.6%) 2219 (76.1%) 2242 (76.9%) 2098 (72.0%)

LGA 274 (9.4%) 412 (14.1%) 480 (16.5%) 640 (22.0%)

Laboratory tests
hs-CRP (mg/L) 3.2(1.8-5.5) 3.0 (1.6-5.1) 2.8 (1.5-5.0) 2.7 (1.5-4.8) <0.001
Total cholesterol (mmol/L) 6.4 (5.7-7.2) 6.3 (5.6-7.1) 6.3 (5.5-7.1) 6.2 (54-7.1) <0.001
Triglyceride (mmol/L) 34(6-43) 3.5(2.7-45) 3.7(2.8-4.8) 3.8(3.0-4.9) <0.001
LDL-C (mmol/L) 33(2.8-3.9) 3.3(2.8-4.0) 33(2.7-3.9) 33(2.7-4.0) 0.331
HDL-C (mmol/L) 1.9 (1.7-2.1) 1.7(1.5-1.9) 1.6 (1.4-1.9) 1.6(1.4-1.8) <0.001
FDP (mg/L) 3.8(3.2-4.5) 5.7 (5.0-4.5) 7.9 (6.8-9.1) 129(10.6-16.3) <0.001

).

Notes: Data were presented as mean+SD, median (IQR) and N (%). ® BMI was

diagnosed with two complications.

not calculated in 119 women due to missing height or weight. ® 227 women were

Abbreviations: FHR, FDP/HDL-C ratio; Q, quartile; BMI, body mass index; BP, blood pressure; PTB, preterm birth; GDM, gestational diabetes mellitus; ICP, intrahepatic
cholestasis of pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension; SGA/AGA/LGA, small/appropriate/large for gestational age; hsCRP, high
sensitive C-reactive protein; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; FDP, fibrin/fibrinogen degradation products;

SD, standard deviation; IQR, interquartile range.

infants were consistent for the following subclassifica-
tions: age, BMI, parity, reproductive mode, and preg-
nancy complications, with the exception of PE on SGA
(P for the interactions>0.05). Notably, the incidence

of SGA infants delivered by obese pregnant women
(BMI=30 kg/m2) with high FHRs (>5.9 mg/mmol) was
significantly lower than that of SGA infants delivered by
normal weight women (BMI<25 kg/m2) with low FHRs
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Fig. 2 FDP, HDL-C and their ratio in women who delivered SGA, AGA and LGA offspring. FDP, HDL-C and their ratio were significantly different among
the pregnant women who delivered SGA, AGA, and LGA offspring (FDP: 6.91 £4.62 vs. 7.85+4.77 vs.9.04 +5.59 mg/L, HDL-C: 1.80+0.38 vs. 1.73+£0.35 vs.
1.65+0.33 mmol/L, FHR: 4.02 +3.20 vs. 4.70+3.30 vs. 5.72 +3.76 mg/mmol; all P<0.001)

Table 2 Correlation between FHR and characteristics and
laboratory results at hospitalization for delivery

r Pvalue

Age 0.036 <0.001
BMI 0.007 0488

Systolic BP -0.045 <0.001
Diastolic BP -0.050 <0.001
Parity -0.017 0.060

Gestational age 0.066 <0.001
Birthweight 0.197 <0.001
hs-CRP (mg/L) -0.066 <0.001
Total cholesterol (mmol/L) -0.059 <0.001
Triglyceride (mmol/L) 0.136 <0.001
LDL-C (mmol/L) -0.014 0.137

HDL-C (mmol/L) -0.350 <0.001
FDP (mg/L) 0.930 <0.001

Abbreviations: FHR, FDP/HDL-C ratio; BMI, body mass index; BP, blood pressure;
hsCRP, high sensitive C-reactive protein; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; FDP, fibrin/fibrinogen
degradation products.

(£5.9 mg/mmol; 2.7% vs. 17.0%), indicating a 14.8%
decrease in absolute risk and an 84% decrease in relative
risk (OR, 0.16, 95% CI, 0.10, 0.28; P<0.01). Additionally,
the incidence of LGA infants delivered by obese pregnant
women with high FHRs was significantly elevated com-
pared with that of LGA infants delivered by obese preg-
nant women with normal weights and low FHRs (37.0%
vs. 5.1%), indicating a 31.9% increase in absolute risk and
an 8.8-fold relative risk (OR, 8.76, 95% CI, 6.68, 11.49;
P<0.01).

Predictive power of FHR and relevant models for SGA and
LGA

To determine the cut-off points of FDP, HDL-C, FHR
and related models for the prediction of delivering SGA
and LGA infants, a ROC analysis was performed (Fig. 3).
The AUCs of FHRs of women who delivered SGA and
LGA infants were significantly higher than those of FDP
and HDL-C (SGA: 0.587 vs. 0.577/0.544; LGA: 0.595 vs.
0.573/0.576; all P<0.01, Table 6). The optimal thresholds

of FHR for predicting the delivery of SGA and LGA
infants were 3.72 and 4.30 mg/mmol, with sensitivities
of 59.96% and 56.92%, specificities of 53.96 and 56.69,
negative predictive values of 92.00% and 86.53%, and
positive predictive values of 13.25% and 21.21%, respec-
tively. Additionally, two types of models incorporating
clinical variables and laboratory indicators for predicting
SGA and LGA were further investigated. Type 1 models
included maternal age, BMI, BP, parity, gestational age,
pregnancy complications, assisted reproduction, and
neonatal sex and the levels of hsCRP and triglycerides,
total cholesterol, and LDL-C. Type 2 models (FHR plus
Type 1) significantly increased the AUC of LGA from
0.725 to 0.739 (P<0.01) and the AUC of SGA from 0.717
to 0.727 (P<0.01).

Discussion

Main findings

In this pilot study, the maternal FHR index before
labour was positively associated with LGA delivery and
negatively associated with SGA delivery. The associa-
tions between FHR and LGA/SGA risk were markedly
enhanced by BML In addition, FHR had a significantly
higher AUC in predicting the delivery of LGA/SGA
infants than FDP and HDL-C. Notably, these findings
demonstrated that adding FHR into the traditional mod-
els could significantly increase the power of predicting
the delivery of SGA and LGA infants.

Interpretation

Maternal TC, TG, and LDL-C levels increase gradually as
the pregnancy progresses, reaching a peak in late preg-
nancy. In contrast, HDL-C concentration increases from
early and middle pregnancy with a slight fall in late preg-
nancy [26, 27]. Maternal physiological shifts from glucose
metabolism to an increasing preference for lipid metabo-
lism contributes to these changes [28]. The lipid metabo-
lism is an important determinant of foetal growth. Until
recently, it remains controversial that maternal disorders
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Table 3 The association of FDP, HDL-C and their ratio with fetal birth length, birth weight, and risks of SGA and LGA.
Birth length Birth weight SGA LGA
B (95% CI) P B (95% C1) P OR(95%Cl) P OR(95%Cl) P
value value value value

Unadjusted model
FDP (mg/L)

Q1 (<4.67) Ref. Ref. Ref. Ref.

Q2 (4.68-6.64) 0.27(0.19,034) <0001 11740(9242,14238) <0.001 0.75(064,0.88) <0.001 1.22(1.04,142) 0014

Q3 (6.65-9.60) 041(0.34,048) <0.001 192.04(166.77,217.30) <0.001 0.53(044,064) <0001 140(1.20,1.63) <0.001

Q4 (>9.60) 045(038,0.52) <0.001 241.39(216.32,26647) <0.001 0.51(043,061) <0.001 191(1.65,221) <0.001
P for trend <0.001 <0.001 <0.001 <0.001
HDL-C (mmol/L)

Q1 (<1.49) Ref. Ref. Ref. Ref.

Q2 (1.49-1.70) 0.09(0.01,0.16)  0.021 -11.68(-37.07,13.72) 0.367 0.94(0.77,1.14) 0523 0.78(0.68,0.89) <0.001

Q3(1.71-1.94) 0.01 (-0.07,0.08) 0.841 -60.82 (-86.27,-35.36)  <0.001 1.08(0.89,1.30) 0.449 0.62 (0.54,0.72) <0.001

Q4 (>1.94) 001 (-0.08,007) 0.844  -114.14 (-139.46, <0001 136(1.14,163) <0001 0.50(043,057) <0001

-88.83)

P for trend 0.400 <0.001 <0.001 <0.001
FHR (mg/mmol)

Q1 (<2.70) Ref. Ref. Ref. Ref.

Q2 (2.70-3.98) 0.27(0.20,035) <0.001 12967 (104.67,15467) <0.001 0.77(0.65,091) 0.002 1.53(1.30,1.80) <0.001

Q3 (3.99-5.90) 0.33(0.25,040) <0.001 185.11(160.10,210.12) <0.001 0.51(042,061) <0001 1.76(1.50,2.07) <0.001

Q4 (>5.90) 041(034,049) <0001 263.61(238.60,28861) <0.001 050(042,061) <0001 251(2.16,293) <0.001
P for trend <0.001 <0.001 <0.001 <0.001
Adjusted model ?
FDP (mg/L) ®

Q1 (<4.67) Ref. Ref. Ref. Ref.

Q2 (4.68-6.64) 0.06 (0.01,0.11)  0.012 70.35(51.56, 89.14) <0.001 0.72(0.60,0.86) <0.001 142(1.20,1.69) <0.001

Q3 (6.65-9.60) 0.10(0.05,0.14)  <0.001 11837(99.19,137.54) <0.001 049(041,0.60) <0.001 1.73(1.46,2.05) <0.001

Q4 (>9.60) 0.15(0.10,0.20) <0.001 167.58(14834,186.82) <0.001 046 (0.37,0.56) <0.001 2.50(2.12,2.95) <0.001
P for trend <0.001 <0.001 <0.001 <0.001
HDL-C (mmol/L) ©

Q1 (<1.49) Ref. Ref. Ref. Ref.

Q2 (1.49-1.70) 0.03(-0.02,0.08) 0247  0.18(-19.66, 20.03) 0986  0.85(0.69, 1.06) 0.153  0.87(0.74,1.01) 0.066

Q3 (1.71-1.94) -0.02 (-0.08,0.03) 0419  -33.32(-55.11,-11.53)  0.003  098(0.78,1.24) 0896 0.74(0.62,0.88) <0.001

Q4 (>1.94) -0.05(-0.12,0.01) 0.110 -69.47 (-95.40,-43.54)  <0.001 1.15(0.88,1.51) 0.290 0.60(0.48,0.74) <0.001
P for trend 0.042 <0.001 0.122 <0.001
FHR (mg/mmol)

Q1 (<2.70) Ref. Ref. Ref. Ref.

Q2 (2.70-3.98) 0.09 (0.04,0.13)  <0.001 72.04(53.19,90.90) <0.001 0.76(0.64,091) 0.003 1.63(1.37,1.94) <0.001

Q3 (3.99-5.90) 0.12(0.08,0.17)  <0.001 125.67(106.55, 144.78) <0.001 048(0.39,0.58) <0.001 2.04(1.71,243) <0.001

Q4 (>5.90) 0.16(0.12,021)  <0.001 180.87(161.41,200.32) <0.001 047(0.38,0.57) <0.001 285(241,338) <0.001
P for trend <0.001 <0.001 <0.001 <0.001

Notes: ? adjusted for age, BMI, systolic and diastolic BP, parity, gestational age, pregnancy complications, assisted reproduction, fetal sex and the levels of total
cholesterol, triglyceride, LDL-C and hs-CRP. ® additionally adjusted for HDL-C level.  additionally adjusted for FDP levels.

Abbreviations: FDP, fibrin/fibrinogen degradation products; HDL-C, high density lipoprotein cholesterol; SGA/LGA, small/large for gestational age; Cl, confidence
interval; OR, odds ratio; Q, quartile; FHR, FDP/HDL-C ratio; BMI, body mass index; BP, blood pressure; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis
of pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension; hsCRP, high sensitive C-reactive protein; LDL-C, low density lipoprotein cholesterol.

in lipid metabolism leads to foetal overgrowth in non-
diabetic pregnancies. Several epidemiological studies
revealed that there is a remarkable correlation between
maternal dyslipidaemia during early-mid pregnancy with
foetal birthweight and delivery of LGA infants [14, 29—
32]. However, results from a Turkish cohort study indi-
cated that none of the lipids (triglycerides/cholesterol/

HDL-C/LDL-C) during the first trimester of pregnancy
were related to the delivery of LGA infants [15]. Another
cohort study from Canada further reported that among
pregnant women without GDM, maternal leptin lev-
els but not lipid levels (triglycerides/HDL-C/LDL-C),
were related to the delivery of LGA infants during the
late second or early third trimester of pregnancy [16].
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Table 4 Subgroup analysis of effect modification of perinatal parameters on association between FHR and SGA offspring
Low FHR (Q1-Q3) HighFHR(Q4) Crude Adjusted ®
Total SGA (%) Total SGA (%) OR(95%Cl) P OR (95%(Cl) P
value value
Age (years)
<35 7747 775 2565 164 067(0.57,0.80) <0.001 0.66(0.54,0.79) <0.001
(10.0%) (6.4%)
>35 996  82(8.2%) 349 13(3.7%) 048(027,0.84) 0010 059(0.32,1.10) 0.096
BMI (kg/m?) P
<25 2191 372 688 77 065 (0.50,0.84) 0001  0.63(0.48,0.83) 0001
(17.0%) (11.2%)
25-29 4726 384(8.1%) 1605 78(4.9%) 030(0.24,039) <0.001 030(0.23,039 <0.001
>30 1741 91(52%) 587 16 (2.7%) 0.21(0.12,035) <0.001 0.16(0.10,0.28) <0.001
Parity
No child 5255 589 1742 119 0.63(0.52,0.78) <0.001 0.63(0.50,0.78) <0.001
(11.2%) (6.8%)
> 1 child 3488 268(7.7%) 1172 58(49%) 0.52(0.39,069) <0.001 0.58(042,0.79) <0.001
Assisted reproduction
No 8573 843(9.8%) 2814 177 0.68(0.58,0.81) <0.001 0.67(0.55,0.80) <0.001
(6.3%)
Yes 170 14 (8.2%) 100  0(0.0%) — — — —
Pregnancy complications ©
No 7199 681(95%) 2338 133 0.63(0.52,0.77) <0.001 0.62(0.51,0.76) <0.001
(5.7%)
GDM 681 44 (6.5%) 296  9(3.0%) 042(022,083) 0012 036(0.16,0.78) 0.010
ICP 505 60(11.9%) 213 17 (8.0%) 0.95(0.57,1.58) 0.845 0.76 (0.43,1.34) 0346
PE 314 78(248%) 92 23 3.66(223,602) <0001 3.76(202,698) <0.001
(25.0%)
PIH 202 21(104%) 44 1(23%) 0.29(0.04,209 0218 038(0.05,3.03) 0.360

Notes:  Adjusted for age, BMI, BP, parity, assisted reproduction, hs-CRP, LDL-C, total cholesterol, triglyceride, except for the covariate that was categorized.® BMI was
not calculated in 119 participants due to missing height or weight. © 227 participants were diagnosed with two complications.

Abbreviations: FHR, FDP/HDL-C ratio; SGA, small for gestational age; Q, quartile; OR, odds ratio; Cl, confidence interval; BMI, body mass index; GDM, gestational
diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension; FDP, fibrin/fibrinogen degradation products;
HDL-C, high density lipoprotein cholesterol; BP, blood pressure; hsCRP, high sensitive C-reactive protein; LDL-C, low density lipoprotein cholesterol.

In addition, the association during the third trimes-
ter of pregnancy appears to be more complex. Misra et
al. in the US reported a significant negative association
between HDL-C and neonatal birth weight during all
trimesters of pregnancy only among overweight women
(pregestational BMI>25 kg/m2), and found no significant
associations between birth weight and lipids (triglycer-
ides/cholesterol/HDL-C/LDL-C) in late gestation among
normal weight women [33]. Kulkarni et al. in India fur-
ther suggested that among thin women, HDL-C at both
18- and 28-week gestation were not associated with birth
weight [34]. Mossayebi et al. in Iran argued that only tri-
glyceride levels (not cholesterol/HDL-C/LDL-C levels)
in late pregnancy (not early pregnancy), might be an
independent predictor of LGA in women without GDM,
obesity, and hypertension [35]. A previous cohort study
revealed that both high triglycerides and low HDL-C (not
total cholesterol/LDL-C) levels during late pregnancy are
significantly and independently associated with high risk
of delivering LGA infants among pregnant women with
no complications, which are in line with previous stud-
ies from China [11-14, 19, 36, 37]. From the authors’

point of view, racial/ethnic differences might contribute
to these conflicting results, which means that racial dif-
ferences play an important role in affecting a dynamic
change of HDL-C levels during pregnancy and foetuses
of different races might be disproportionately influenced
by maternal lipid metabolism [38]. The current study fur-
ther demonstrated that, among all Chinese women (those
that are healthy and those that have pregnancy compli-
cations), HDL-C levels in the highest quartile (compared
with the lowest quartile) in late pregnancy is significantly
associated with deceased birthweight and with reduced
risk of delivering LGA infants, but not with increased
risk of delivering SGA infants (birthweight: adjusted p =
-69.47 g, P<0.01; LGA: adjusted OR=0.60, P<0.01; SGA:
adjusted OR=1.15, P=0.29). Additionally, this study
determined the predictive value of HDL-C to the delivery
of LGA infants and SGA infants by using ROC analysis
and found that the AUC of the optimal cut-point of <1.73
mmol/L for the delivery of LGA infants is higher than
that of the cut-point of >1.89 mmol/L for the delivery of
SGA infants (0.576 vs. 0.544).
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Table 5 Subgroup analysis of effect modification of maternal characteristics on associations between FHR and LGA offspring

Low FHR (Q1-Q3) High FHR (Q4) Crude Adjusted b
Total LGA (%) Total LGA (%) OR (95%Cl) P OR (95%Cl) Pvalue
value
Age (years)
<35 7747 963 (124%) 2565 515(20.1%) 1.70(1.51,1.92) <0.001 1.80(1.58,2.05 <0.001
>35 996 203 (204%) 349 125(35.8%) 3.70(2.93,4.66) <0.001 239(1.85,3.10) <0.001
BMI (kg/m?) @
<25 2191 112 (5.1%) 688 65 (9.4%) 1.81(1.32,250) <0.001 1.80(1.30,2.50) <0.001
25-29 4726 611(12.9%) 1605 353 (22.0%) 4.58(3.66,5.74) <0001 4.17(3.29,527) <0.001
>30 1741 432(248%) 587  217(37.0%) 9.34(7.24, <0.001 8.76 (6.68, <0.001
12.06) 11.49)
Parity
No child 5255 527(100%) 1742 306(17.6%) 1.82(1.56,2.13) <0.001 1.90(1.61,224) <0.001
> 1 child 3488 639(183%) 1172 334(285%) 3.36(287,393) <0001 251(209,3.01) <0.001
Assisted reproduction
No 8573 1136(133%) 2814 610(21.7%) 1.75(1.56,1.95) <0.001 1.82(1.61,2.05 <0.0001
Yes 170 14 (8.2%) 100 30 (30.0%) 249(1.61,3.83) <0001 1.91(1.18,3.10) 0.008
Pregnancy complications
No 7199 883(12.3%) 2338 470(20.1%) 1.73(1.53,1.96) <0.001 1.80(1.57,2.06) <0.001
GDM 681 166 (24.4%) 296 111(337.5%) 4.02(3.14,5.16) <0.001 3.26(246,4.34) <0.001
ICP 505  65(12.9%) 213 48(22.5%) 2.07(148,2.89) <0001 1.91(1.30,2.81) 0.001
PE 314 48(15.3%) 92 17 (18.5%) 2.09(1.20,3.62) 0.009 1.09(0.53,2.24) 0818
PIH 202 36(17.8%) 44 14 (31.8%) 3.08(1.62,585) <0001 339(1.60,7.16) 0.001

Notes: Adjusted for age, BMI, BP, parity, assisted reproduction, hs-CRP, LDL-C, total cholesterol, triglyceride, except for the covariate that was categorized. # BMI was
not calculated in 119 women due to missing height or weight. ® 227 women were diagnosed with two complications.

Abbreviations: FHR, FDP/HDL-C ratio; LGA, large for gestational age; Q, quartile; OR, odds ratio; Cl, confidence interval; BMI, body mass index; GDM, gestational
diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension; FDP, fibrin/fibrinogen degradation products;

HDL-C, high density lipoprotein cholesterol; BP, blood pressure; hsCRP, high sensitive C-reactive protein; LDL-C, low density lipoprotein cholesterol.

It is generally believed that FDP level remains stable
throughout pregnancy despite hypercoagulability dur-
ing pregnancy [39]. However, a previous report demon-
strated that FDP level progressively increases during late
pregnancy until labour [19]. Increased FDP levels can
not only be used to diagnose thrombosis and dissemi-
nated intravascular coagulation but also help to predict
macrosomia/the delivery of LGA infants in normal preg-
nancies [17, 19]. Thus, FDP investigated in this study to
assess the birth weight as well as risk of delivering LGA/
SGA infants, increasing the clinical significance of FDP
measurement during late pregnancy. Unsurprisingly, the
present study further revealed significant associations of
elevated FDP level with decreased risk of delivering SGA
infants and increased risk of delivering LGA infants and
for Q4 vs. Q1 among all Chinese women (LGA: adjusted
OR=2.50; SGA: adjusted OR=0.46; all P<0.01). In addi-
tion, ROC analysis suggests that FDP levels have a similar
AUC for predicting the delivery of LGA or SGA infants
(0.573 vs. 0.577). However, the AUC of the best cut-off
values for SGA and LGA infants was relatively poor,
suggesting that it is unsatisfactory for predicting these
outcomes based on FDP or HDL-C levels alone. Then,
FHR was introduced to improve the predictive power.
Although FHR had a significantly greater AUC for pre-
dicting the delivery of SGA/LGA infants than FDP and

HDL-C, the AUC was still unsatisfactory (for SGA: 0.587;
for LGA: 0.595). The feasible predictive models based on
prenatal clinical parameters may provide an opportunity
to identify women at risk of delivering LGA/SGA infants.
This study revealed that FHR, by itself, showed poor
power for predicting the delivery of LGA/SGA infants
in late pregnancies; however, adding FHR to the models
based on prenatal parameters in late pregnancy increased
the ability to predict these outcomes (for SGA: 0.727; for
LGA: 0.739). In addition, until s the exact mechanism
contributing to the association between the FHR and
birth weight remains unclear.

Strengths and limitations

The strengths of this pilot study included the observa-
tional design, larger mother-and-singleton-offspring
birth cohort, measurements of various parameters by
trained professionals in the same specialized laboratory
and sets of covariates. This study provides a better under-
standing of the combination of FDP and HDL-C (FHR),
which could improve the detection of foetal growth dis-
orders and potentially provide an effective and inexpen-
sive indicator to predict the risk of delivering LGA/SGA
infants. To the best of the authors’ knowledge, this is the
first and largest study to determine associations between
maternal FHR index and birthweight and delivery of



Zhang et al. Lipids in Health and Disease (2023) 22:221

A SGA

1.0

0.8

0.6

Sensitivity

0.4
1

AUC
FHR : 0.587

— FDP: 0.577

— HDL-C: 0.544

T T T T T T
0.0 0.2 0.4 0.6 0.8 10
1 - Specificity

C SGA

0.8 1.0

0.6

Sensitivity

AUC
—— Model 1: 0.717
—— Model 2: 0.727

T T
0.0 0.2 04 0.6 0.8 1.0
1 - Specificity

Page 10 of 12

B LGA

0.8 1.0

0.6

Sensitivity

0.4

AUC

— FHR : 0.595
— HDL-C: 0.576
— FDP: 0.573
o
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
D LGA

0.8 1.0

0.6

Sensitivity

0.4

AUC
—— Model 1: 0.725
—— Model 2: 0.739

0.2

0.0

T T T T T T
0.0 0.2 04 0.6 0.8 1.0
1 - Specificity

Fig. 3 ROC curves analysis comparing FDP, HDL-C, FHR and the models to predict SGA and LGA. Model 1 included age, BMI, systolic and diastolic BP,
parity, gestational age, pregnancy complications, assisted reproduction, fetal sex and the levels of total cholesterol, triglyceride, LDL-C and hs-CRP. Model

2, Model 1 plus FHR.

LGA/SGA infants and to reveal the predictive value of
FHR for the delivery of LGA/SGA infants in Chinese
pregnant women. However, several limitations in this
study should be mentioned. First, due to a lack of follow-
up data on the clinical outcomes of offspring, whether
FHR changes will affect long-term health outcomes and
the occurrence of metabolic disease needs further study.
Second, although multivariable adjusted regression mod-
els were applied, some uncollected or unknown factors
might have an impact on LGA/SGA deliveries, such as
maternal socioeconomic status, gestational weight gain,
and history of GDM and LGA/SGA infant deliveries.
Therefore, the effects of residual confounding factors
cannot be excluded completely. Third, this is a retro-
spective single-centre pilot study, and selective bias is
unavoidable. All of the subjects observed in this study

were Chinese women, so the findings need to be con-
firmed in other ethnic populations.

Conclusions

In this study, the FHR was used as an innovative indica-
tor of foetal birthweight to examine associations between
the maternal FHR before labour and foetal growth out-
comes. This study found that an elevated FHR is associ-
ated with increased birth length and weight of infants
and risk of delivering LGA infants and associated with
decreased risk of delivering SGA infants. Furthermore,
the FHR combined with traditional risk factors for deliv-
ering SGA and LGA infants have shown to increase pre-
dictive power. These findings suggested that the maternal
FHR in late pregnancy could be a reliable and alternative
indicator for predicting the delivery of LGA/SGA infants,
representing an index worth taking into account when
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Table 6 Accuracy of FDP, HDL-C, FHR and the models to predict SGA and LGA.

AUC 95% ClI P value Best threshold Specific- Sensi- PPV (%) NPV
ity (%) tivity (%)
(%)

SGA
FDP (mg/L)? 0.577 0.558-0.595 <0.001 6.65 4981 62.65 12.77 91.92
HDL-C (mmol/L)? 0.544 0.525-0.563 <0.001 1.89 68.67 38.79 12.72 90.50
FHR (mg/mmol) 0.587 0.569-0.606 372 53.96 59.96 13.25 92.00
Model 1° 0.717 0.700-0.734 0.001 -2.18 65.25 67.73 18.46 94.57
Model 2 0.727 0.711-0.744 -2.17 66.19 67.73 18.88 94.64
LGA
FDP (mg/L)? 0573 0.559-0.588 <0.001 7.75 61.84 49.55 21.18 85.56
HDL-C (mmol/L)* 0.576 0.562-0.591 <0.001 1.73 4894 62.50 20.05 86.43
FHR (mg/mmol) 0.595 0.581-0.609 430 56.69 56.92 21.21 86.53
Model 1° 0.725 0.712-0.737 <0.001 -161 66.29 67.21 29.04 90.78
Model 2 0.739 0.726-0.751 -1.71 63.61 7157 28.76 91.59

Notes: Model 1 included age, BMI, systolic and diastolic BP, parity, gestational age, pregnancy complications, assisted reproduction, fetal sex and the levels of total

cholesterol, triglyceride, LDL-C and hsCRP. Model 2, model 1 plus FHR.

Abbreviations: AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; BMI, body mass index; FDP, fibrin/
fibrinogen degradation products; HDL-C, high density lipoprotein cholesterol; FHR, FDP/HDL-C ratio; P values expressed the significance of differences between FHR

and FDP/HDL-C or the difference between Model 1 and Model 2.

studying foetal birthweight-related changes. Consider-
ing the FHR in combination with routine risk factors is
a simple and practical way to detect pregnant women at
risk for delivering SGA/LGA infants, which may be help-
ful in a clinical setting and in obstetric management.
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