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While dyslipidemia has been implicated in gestational hypertension (GH), individual lipid parameters show in-
consistent associations. The total cholesterol to high-density lipoprotein cholesterol (TC/HDL-C) ratio may bet-
ter reflect this association. This study assessed the association between the TC/HDL-C ratio and GH.

This case-control study included 307 women with GH and 307 normotensive pregnant women as controls in
China (2021-2024). Blood samples were collected after 20 weeks of gestation. The TC/HDL-C ratio was calcu-
lated and categorized into quintiles. Multivariable logistic regression models were used to examine the associ-
ation between TC/HDL-C ratio and GH, adjusting for potential confounders. Restricted cubic splines (RCS) were
employed to assess non-linear associations. Subgroup analyses were performed to evaluate whether this as-
sociation varied among participants with different characteristics.

Higher TC/HDL-C ratio was positively associated with GH (odds ratio [OR]: 1.44, 95% confidence interval [CI]:
1.11-1.88, P=0.006), consistent across 3 models. The odds of GH progressively increased with rising quintiles
of TC/HDL-C ratio. RCS curves revealed a linear relationship, with higher ratios associated with increased GH
odds. Subgroup analyses showed that this association exhibited significant variations among subgroups strat-
ified by hematocrit (HCT) and triglycerides (TG).

We found a positive association between TC/HDL-C ratio and GH; however, body mass index (BMI) was not
available in this study, and this association may partly reflect underlying metabolic status, including adiposity,
rather than a direct lipid-mediated effect.
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Introduction

Gestational hypertension (GH) is defined as a systolic blood
pressure of 140 to 160 mmHg and/or a diastolic blood pres-
sure of 90 to 110 mmHg occurring after 20 weeks of pregnancy
in women who previously had normal blood pressure and no
proteinuria [1]. GH affects approximately 5% to 15% of preg-
nant women worldwide [2-5]. This condition remains a leading
cause of maternal and perinatal morbidity and mortality [6,7].
Despite advances in prenatal care, its etiology is multifactori-
al and not fully elucidated. Therefore, identifying factors as-
sociated with GH is important for generating hypotheses re-
garding early prevention and intervention.

Lipid metabolism has been related to various physiological
and pathological processes, including normal pregnancy and
GH [8,9]. Physiologically, normal pregnancy is characterized by
progressive elevations in total cholesterol (TC) and triglycerides
(TG) to support fetal development, while high-density lipopro-
tein cholesterol (HDL-C) remains relatively stable [10]. In con-
trast, women with GH exhibit pathological dyslipidemia, marked
by exaggerated increases in TC, TG, and low-density lipoprotein
cholesterol (LDL-C), coupled with reduced HDL-C levels [11].
These pathological alterations can impair vascular endotheli-
al function, trigger chronic inflammatory responses, and ele-
vate oxidative stress [12-14], and have been implicated in GH.

Unlike individual lipid parameters, the TC/HDL-C ratio cap-
tures the balance between pro-atherogenic and anti-athero-
genic lipid fractions, offering a more integrated reflection of
lipid metabolism [15]. Beyond lipid profiling, this ratio has
been shown to be correlates with insulin resistance, oxidative
stress, and systemic inflammation [16,17], which are patho-
physiological pathways that are also implicated in hyperten-
sive disorders of pregnancy. These properties suggest that the
TC/HDL-C ratio could serve as a composite marker of meta-
bolic disturbance relevant to GH, but whether it reflects lipid-
specific effects or broader metabolic dysregulation (including
adiposity) remains unclear. Previous research has document-
ed lipid abnormalities in women with GH, but these studies
have primarily examined discrete lipid components such as
TC, HDL-C, LDL-C, and triglycerides [18]. The TC/HDL-C ratio,
which captures the balance between atherogenic and protec-
tive lipoproteins, has received limited attention in the con-
text of GH. Whether this composite marker has a stronger or
more consistent association with GH than individual lipid pa-
rameters remains unclear.

This study aimed to examine the association between the
TC/HDL-C ratio and GH through a single-center retrospective
case-control design. We further evaluated whether this asso-
ciation varies across different age groups and demograph-
ic characteristics. By providing insight into this relationship,
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our findings may generate hypotheses for future prospective
studies and contribute to understanding the role of metabol-
ic status in GH.

Material and Methods

Ethics Statement

This study was approved by the Ethics Committee of Guilin
Maternal and Child Health Hospital (Approval Number: 2025-
048KY). The need for informed consent was waived due to the
retrospective nature of this study and the use of de-identified
data from electronic medical records.

Study Design and Population

This was a single-center case-control study conducted at Guilin
Maternal and Child Health Hospital, Guilin, China, between
January 2021 and December 2024. GH is defined as a systolic
blood pressure (BP) 2140 and <160 mmHg and/or a diastolic
BP of 290 and <110 mmHg on at least 2 separate occasions
at least 4 hours apart after 20 weeks’ gestation, in a woman
who previously had normal blood pressure and without evi-
dence of significant proteinuria (urine protein <300 mg in a
24-hour urine collection) [19]. All diagnoses were confirmed
by obstetricians according to these criteria through systematic
review of prenatal records, including documented blood pres-
sure measurements and laboratory results. To ensure a homo-
geneous study population focused exclusively on gestational
hypertension, we excluded cases with preeclampsia-eclampsia,
chronic hypertension (hypertension present before pregnancy
or diagnosed before 20 weeks of gestation), and preeclamp-
sia superimposed on chronic hypertension. The present study
exclusively encompassed singleton pregnancies confirmed
by ultrasonography. Patients with previously known second-
ary hypertension (eg, chronic kidney disease, primary aldo-
steronism, Cushing’s syndrome), autoimmune disease, acute
fatty liver of pregnancy, intrahepatic cholestasis of pregnan-
cy, severe infection, multiple organ injury, cancer, and incom-
plete clinical records were excluded from this study. Secondary
causes of hypertension were ruled out by reviewing electron-
ic medical records for documented clinical assessments, rele-
vant laboratory findings, and imaging results obtained during
routine prenatal care.

Demographic Characteristics Collection

Electronic medical record systems were used to obtain clini-
cal features, such as age, white blood cells (WBC), red blood
cells (RBC), hemoglobin (HGB), hematocrit (HCT), platelets
(PLT), neutrophils, lymphocytes, monocytes, red cell distri-
bution width (RDW), total cholesterol (TC), triglycerides (TG),
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high-density lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), and TC/HDL-C ratios. Data extrac-
tion was performed by querying the system with each patient’s
unique hospital ID number to retrieve laboratory results and
clinical records. Blood samples were collected after 20 weeks
of gestation. Hematological parameters were measured us-
ing the Mindray BC-6800Plus automated hematology analyz-
er (Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China).
Biochemical parameters were analyzed using the HITACHI
LABOSPECT 008 AS automated chemistry analyzer (Hitachi,
Ltd). Reference ranges for laboratory parameters in our institu-
tion are as follows: WBC (3.5-9.5)x10%/L, RBC (3.8-5.1)x10%/L,
HGB (115-150) g/L, HCT (35-45)%, PLT (125-350)x10%/L, neutro-
phils (1.8-6.3)x10°/L, lymphocytes (1.1-3.2)x10°/L, monocytes
(0.1-0.6)x10°/L, RDW (11.5-14.5)%, TC <5.18 mmol/L, TG <1.17
mmol/L, HDL-C (1.29-1.55) mmol/L, and LDL-C <3.37 mmol/L.
These reference ranges are established based on the manu-
facturer’s recommendations and validated for the local pop-
ulation. Women with documented preconception hypercho-
lesterolemia or those receiving lipid-lowering therapy before
pregnancy were excluded to minimize confounding from pre-
existing dyslipidemia. Altogether, a total of 307 patients with
GH and 307 age-matched normotensive pregnancy controls
(1: 1) were enrolled in this study.

Study Variables

In the present investigation, factors that may have an impact
on the connection between GH and the TC/HDL-C ratio were
regarded as covariates. Covariates such as age, WBC, RBC,
HGB, HCT, PLT, neutrophils, lymphocytes, monocytes, RDW, TG,
and LDL-C were considered. We recognize that body mass in-
dex (BMI) is a potential upstream confounder, as it influenc-
es both lipid metabolism (including TC/HDL-C ratio) and GH.
However, BMI data were not systematically recorded in our
electronic medical records during the study period and thus
could not be included in the analysis. This is a limitation of
the study, as residual confounding from unmeasured adiposi-
ty cannot be excluded. To avoid multicollinearity, variance in-
flation factor (VIF) analysis was performed for all candidate
covariates. Variables with VIF >5 (WBC, RBC, and HGB) were
excluded from the final multivariable model.

Statistical Analysis

Data were checked for completeness, and no missing val-
ues were identified for the variables included in the analy-
sis. Normality of continuous variables was assessed using the
Shapiro-Wilk test. Demographic and clinical characteristics
were compared between groups based on the presence of
GH. Categorical variables were presented as counts (weighted
percentages) and compared using Chi-square test. Continuous
variables were presented as median (1%t quartile, 3" quartile)
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for skewed distributed variables and compared using Mann-
Whitney U tests. Univariate and multivariate logistic regres-
sion models were employed to evaluate the association be-
tween the TC/HDL-C ratio and GH, with odds ratios (ORs) and
95% confidence intervals (Cls) being reported. The modeling
strategy involved a hierarchical approach with 3 progressive-
ly adjusted models to assess the robustness of the associa-
tion across different levels of covariate control. Model 1 was
unadjusted; Model 2 was adjusted for age as a fundamental
demographic confounder; and Model 3 included comprehen-
sive adjustment for age, HCT, PLT, neutrophils, lymphocytes,
monocytes, RDW, TG, and LDL-C. Variables with VIF >5 were ex-
cluded from Model 3 to minimize multicollinearity. The good-
ness-of-fit of the multivariable logistic regression models was
evaluated using the Hosmer-Lemeshow test, with P>0.05 in-
dicating acceptable model calibration. We acknowledge that
TG and LDL-C in Model 3 may lie on the causal pathway be-
tween the TC/HDL-C ratio and GH, potentially leading to over-
adjustment. However, we included these variables to provide a
comprehensive assessment of the association independent of
other lipid parameters and to evaluate the robustness of the
findings under maximal adjustment. Restricted cubic spline
(RCS) analysis was performed to examine potential non-lin-
ear associations between TC/HDL-C ratio and GH. Four knots
were positioned at the 5t 35" 65" and 95% percentiles of
the TC/HDL-C distribution, following standard practice for RCS
modeling. The median TC/HDL-C value was used as the ref-
erence point. Non-linearity was assessed using the likelihood
ratio test. RCS curves were generated for Model 1 (unadjust-
ed), Model 2 (adjusted for age), and Model 3 (fully adjusted)
to examine whether the association pattern changed with
progressive covariate adjustment. Furthermore, the multiple
logistic regression models incorporated both continuous and
categorical models. The TC/HDL-C was divided into quintiles,
after which the linear trends were conducted by considering
the median value of every subgroup as the continuous vari-
able. To explore potential effect modification, subgroup anal-
yses were performed stratified by the covariates included in
Model 3 (age, HCT, PLT, neutrophils, lymphocytes, monocytes,
RDW, TG, and LDL-C). These analyses aimed to assess whether
the association between TC/HDL-C ratio and GH varied across
different levels of these clinical and demographic characteris-
tics. Interaction terms were tested to evaluate statistical evi-
dence for effect modification. For continuous covariates, quar-
tile-based categorization was used, a standard approach in
epidemiological research for examining exposure-response re-
lationships and facilitating clinical interpretation. These sub-
group analyses should be considered exploratory, as no cor-
rection for multiple comparisons was applied, and the findings
require confirmation in independent studies. All statistical anal-
yses in this study were performed using R (v4.5.1), along with
Zstats v1.0 (www.zstats.net). A 2-sided P value of less than
0.05 was considered statistically significant.
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Table 1. Baseline characteristics of study participants by GH status.

Normotensive pregnancy

Variables (n=307) P values
Age, years 32.0 (28.0, 35.0) 32.0 (27.0, 34.5) 32.0 (28.0, 36.0) 0.118
weG L 850 (729,992 824 (691,961) 888 (751,1021) w0001
CRBG 10N 426 (401,459 418 (395446) 435 (410,468 w0oo1
HeB gL 12600 (11800,133.00) 12300 (11600,13100) ~ 127.00 (11800,13500) <0001
CHCT% 3665 (3440,3877) 3590 (33.90,37.80) 3750 (35.50,39.50) woo1
R0 25200 (21425,29375) 24200 (211.00,290.50) 26000 (219.00,29450) 0039
Neutrophils, <1071 610 (512,7.40) 584 (477,725 646 (536,758 w0001
lymphocytes, x10L 172 (141,206) 167 (138,200 176 (146,210 0013
Monocytes, x100 043 (03505) 042 (034,05) 044 (037,05) 0065
RoW 1300 (1260,1360) 1300 (12251365 1300 (1260,1360) 0156
CTCmmolt 461 (410,523 455 (404,519 465 (412,528 0135
CT6mmol 159 (122,211) 158 (1252000 160 (117,220) 0675
CHDLGmmoUL 139 (120,163 143 (121,170) 136 (119,158 0014
LG mmo/L 241 (200,289) 235 (198,275 247 (207,297) 0005
CToMDLC 336 (92,379) 322 @77,371) 342 (306,388 woo1

APPROVED GALLEY PROOF

Data are presented as median (1% quartile, 3 quartile) for skewed variables. The Mann-Whitney U test was used to compare
differences between groups. Abbreviations: GH, gestational hypertension; WBC, white blood cells; RBC, red blood cells;

HGB, hemoglobin; HCT, hematocrit; PLT, platelets; RDW, red cell distribution width; TC, total cholesterol; TG, triglycerides;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Results

Baseline Characteristics of Participants

A total of 614 participants were included in this study, with
307 in the GH group and 307 in the normotensive pregnan-
cy group (Table 1). Women with GH had significantly higher
TC/HDL-C ratios compared to normotensive controls (P<0.001).
They also exhibited higher levels of WBC, RBC, HGB, HCT, PLT,
neutrophils, lymphocytes, and LDL-C, alongside lower HDL-C
levels (all P<0.05).

Association Between TC/HDL-C Ratio and GH

We used logistic regression to examine the relationship be-
tween TC/HDL-C ratio and GH (Table 2). The TC/HDL-C ratio
was positively associated with GH in all models. In the fully
adjusted Model 3 (adjusted for age, HCT, PLT, neutrophils, lym-
phocytes, monocytes, RDW, TG, and LDL-C), each unit increase
in TC/HDL-C ratio was associated with 44% higher odds of GH
(OR: 1.44, 95% Cl: 1.11-1.88, P=0.006, Table 2). It should be
noted, however, that BMI was not included in the adjustment

set due to data unavailability; as BMI is closely related to both
lipid levels and blood pressure in pregnancy, residual confound-
ing by adiposity cannot be ruled out, and this OR should not be
interpreted as an independent effect of lipid imbalance. When
categorized into quintiles, a monotonic increase in GH odds
was observed across TC/HDL-C quintiles, with higher quin-
tiles showing progressively greater odds of GH compared to
the lowest quintile (Q1). The ORs for Q2 through Q5 ranged
from 2.12 to 2.89 in Model 3, all statistically significant (P for
trend=0.006, Table 2). However, given that BMI was unavail-
able for adjustment, this gradient may partly or substantial-
ly reflect differences in adiposity across quintiles rather than
being a direct effect of lipid imbalance, and should therefore
be interpreted as an observed trend rather than evidence of a
biologically meaningful dose-response relationship.

Dose-Response Relationship Between TC/HDL-C Ratio and
GH

Figure 1 illustrates the association between TC/HDL-C ratio
and GH across the continuous range of values, estimated us-
ing restricted cubic spline logistic regression. We found no
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Table 2. Association between TC/HDL-C ratio and GH: logistic regression models and trend tests.

GH OR (95% Cl)

P for trend <0.001 <0.001 0.006

Model 1: unadjusted. Model 2: adjusted for age. Model 3: adjusted for age, HCT, PLT, neutrophils, lymphocytes, monocytes, RDW, TG,
and LDL-C. Abbreviations: GH, gestational hypertension; OR, odds ratio; Cl, confidence interval; HCT, hematocrit; PLT, platelets;
RDW, red cell distribution width; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol.

A 2.5 B 2.5
| Pforoverall=0.001 | Pforoverall=0.001
P for nonlinear=0.046 P for nonlinear=0.056
2.0 2.0
=15 K15
= =
2 2
Z 10— 2 10—
2 2
o o
0.5 0.5
0.0 0.0
15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55
TC/HDL-C TC/HDL-C
C
30 P for overall=0.011
P for nonlinear=0.100
25
S 20
=
=
2 15
§ 1.0 — —_ — — -
0.5
0.0
1.5 20 25 30 35 40 45 50 55

TC/HDL-C

Figure 1. Dose-response relationship between TC/HDL-C ratio and GH assessed by RCS analysis. RCS curves illustrate the association
between TC/HDL-C ratio and GH across 3 adjustment models. (A) Model 1 was adjusted for none. (B) Model 2 was
adjusted for age. (C) Model 3 was adjusted for Age, HCT, PLT, Neutrophils, Lymphocytes, Monocytes, RDW, TG, and LDL-C.

Abbreviations: GH, gestational hypertension; RCS, restricted cubic spline; TC, total cholesterol; HDL-C, high-density lipoprotein

cholesterol; HCT, hematocrit; PLT, platelets; RDW, red cell distribution width; TG, triglycerides; LDL-C, low-density lipoprotein
cholesterol.
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Variable Group OR(95% Cl) pvalue Interaction p value
Age <30 o 213 (132t03.42) 0.002 0.113
>30 b. 117 (0.85t01.62) 0.340
HeT 0 K 129 (0.73t02.27) 0374 0.025
Q 4 094 (057t01.53) 0.791
® -—o—a 217 (121t03.91) 0.010
04 ——— 386 (1.56t09.56) 0.004
PLT Q1 Fo—i 192 (1.07t03.47) 0.030 0.948
Q m—. 169 (0.84103.42) 0.143
®3 Fo— 162 (0.97t02.70) 0067
04 ot 114 (0.6402.05) 0.650
LL Neutrophils Q1 sb- 114 (0.68t01.91) 0.615 0.546
O ) ——i 2.99 (1.49106.00) 0.002
(] o 131 (0.73t0235) 0372
O Q4 ...—. 153 (0.84102.79) 0.161
4 Lymphocytes Q1 o 171 (1.01t02.90) 0.047 0.073
al Q e 106 (0.61t01.84) 0.835
>_ ® »—o—i 313 (1.49106.58) 0.003
L 04 - 111 (0.61t02.01) 0.732
_l Monocytes Q1 El—.—l 211 (1.15t03.87) 0.016 0.548
| Q o 108 (0.63t01.85) 0.793
< ® — 235 (12210450) 0.010
O 4 -+-4 0.95 (0.51t01.78) 0.882
RDW Q1 o 128 (0.71t0232) 0.409 0.052
D ) ro—i 225 (1.09t04.66) 0.029
L (] o 130 (0.71t02.38) 0.388
> 04 m 141 (0.8610232) 0.173
O TG <171 v 200 (138102.90) <0.001 0.007
Y >171 o- 102 (0.69t0151) 0.904
LDL-C Q1 o 152 (0.87t02.79) 0.140 0.805
o ) ro—i 170 (091t03.17) 0.097
ol (] o 137 (0.81t0231) 0.241
< 04 v-o—a 148 (0.84t02.61) 0.180
I |
1 10

Figure 2. Subgroup analysis of the association between TC/HDL-C ratio and GH stratified by clinical characteristics. Forest plot
displays OR and 95% Cl for the association between TC/HDL-C ratio and GH across different subgroups defined by baseline
clinical and laboratory parameters. P values for interaction tests are shown to assess effect modification. Abbreviations: GH,
gestational hypertension; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; HCT, hematocrit; PLT, platelets;
RDW, red cell distribution width; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; Cl, confidence
interval.
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strong evidence of non-linearity between TC/HDL-C ratio and
GH. The magnitude of the observed association was found to
be statistically significant in the unadjusted model 1 (Figure 1).
However, when Model 3 was incrementally adjusted for age,
HCT, PLT, neutrophils, lymphocytes, monocytes, RDW, TG, and
LDL-C, the association displayed linearity (Figure 1). As BMI
was not available for adjustment, the possibility that this lin-
ear trend is driven by residual confounding from adiposity or
related metabolic factors cannot be excluded.

Subgroup Analysis

We performed exploratory subgroup analyses with interaction
tests to examine whether the association between TC/HDL-C
ratio and GH varied across clinical characteristics. Statistical
interactions were observed for HCT (P for interaction=0.025)
and TG (P for interaction=0.007). Higher TC/HDL-C ratios were
associated with greater odds of GH among participants with
higher HCT levels (Q3-Q4) and lower TG levels (<1.71 mmol/L).
These subgroup analyses are exploratory in nature and are
highly susceptible to residual confounding, particularly by un-
measured BMI. Sensitivity analysis adjusting for BMI could not
be performed, as these data were not collected in this study.
The observed interactions should not be interpreted as evi-
dence of true biological effect modification, as differential dis-
tribution of unmeasured confounders (eg, adiposity and re-
lated metabolic factors) across subgroups may explain these
findings. Detailed subgroup results are provided in Figure 2.

Discussion

This case-control study examined the relationship between
the TC/HDL-C ratio and GH in 614 singleton pregnancies from
2021 to 2024. We found a statistically significant positive as-
sociation between the TC/HDL-C ratio and GH across all 3 ana-
lytical models. A monotonic increase in GH odds was observed
across TC/HDL-C ratio quintiles, and RCS analysis indicated a
linear trend across the continuous range of values; however, as
discussed below, this pattern may partly reflect residual con-
founding by adiposity, given that BMI was unavailable for ad-
justment. Exploratory subgroup analyses stratified by HCT and
TG yielded statistical interactions, but these findings should
be interpreted with caution. Because BMI and other metabolic
variables were unavailable for subgroup-specific adjustment,
the observed heterogeneity may reflect differential distribu-
tion of unmeasured confounders (particularly adiposity) across
subgroups rather than true biological effect modification.

Existing evidence suggests that abnormal lipid metabolism is
associated with the development of GH. Numerous previous
studies have reported the relationship between blood lipid
levels and hypertensive disorders complicating pregnancy. For
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instance, Jin et al [20] found that the serum levels of TC, TG,
and LDL-C in GH patients were significantly higher than those
of the control group, while the level of serum HDL-C was sig-
nificantly decreased in GH patients compared to the control
group. Several case-control studies also reported that the levels
of serum TC, TG, and LDL-C were significantly elevated, while
HDL-C was lower among women with pregnancy-induced hy-
pertension, such as preeclampsia, eclampsia, GH, chronic hy-
pertension in pregnancy, compared to normotensive pregnant
women [21-24]. A recent systematic review and meta-analy-
sis by Qin et al [18] further confirmed these findings, demon-
strating that patients with GH and preeclampsia had signif-
icantly lower HDL levels and elevated LDL, TC, and TG levels
compared to healthy pregnant women. Recent studies have
demonstrated that elevated levels of TC, TG and LDL-C were
associated with PE and GH [25-27]. Our findings align with
these previous reports, as we observed significantly higher
LDL-C and lower HDL-C levels in women with GH compared
to normotensive controls. In summary, this evidence suggests
that abnormal lipid metabolism is associated with GH, but the
temporal sequence and causal nature of this relationship re-
main to be established.

Although individual lipid parameters (TC, LDL-C, HDL-C) have
been associated with GH as described above, the TC/HDL-C ra-
tio may provide complementary clinical information. The TC/
HDL-C ratio is considered a composite lipid marker that inte-
grates both atherogenic and protective components, potential-
ly providing a more accurate reflection of disease odds than
isolated lipid parameters. Unlike single measurements, the ra-
tio reflects the net balance between pro-atherogenic and anti-
atherogenic forces. For instance, a woman with only mildly ele-
vated TC but markedly reduced HDL-C may have a substantially
elevated TC/HDL-C ratio, identifying her as higher odds despite
unremarkable TC levels alone. Thus, the ratio may capture met-
abolic imbalance that isolated parameters overlook. Notably,
Egeland et al. [28] reported in a large prospective cohort study
that a preconception TC/HDL-C ratio »5 was associated with
both gestational hypertension and preeclampsia, highlighting
the clinical relevance of this threshold. Our findings are consis-
tent with this observation, as we found that each unit increase
in TC/HDL-C ratio was associated with 44% higher odds of GH
(OR: 1.44, 95% Cl: 1.11-1.88) after adjusting for multiple con-
founders. Nevertheless, this estimate should be interpreted cau-
tiously, as it may partly reflect the influence of maternal adipos-
ity given that BMI was not measured in the present study. The
linear trend observed in our RCS analysis and the monotonic
gradient across quintiles are consistent with a positive associ-
ation, but should be regarded as descriptive findings; wheth-
er this pattern reflects a true lipid-mediated relationship or is
substantially attributable to unmeasured adiposity and relat-
ed metabolic factors cannot be determined from the present
data. Previous studies have shown that elevated TC/HDL-C ratio
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is positively associated with metabolic syndrome, stroke, coro-
nary artery disease, and diabetes [29-32], conditions that share
pathophysiological features with GH. An elevated TC/HDL-C ra-
tio has been linked to systemic inflammation, endothelial injury,
and atherosclerosis in other cardiovascular conditions [33-35],
and similar processes have been implicated in the pathophysi-
ology of GH; however, whether these mechanisms are relevant
to the observed association in our study cannot be established
given the cross-sectional design and the absence of BMI adjust-
ment. Whether elevated TC/HDL-C ratio precedes and contrib-
utes to GH development, or whether it represents a metabolic
consequence of the hypertensive state itself, cannot be deter-
mined from our cross-sectional case-control design. Therefore,
the present findings suggest that an elevated TC/HDL-C ratio
is associated with GH, but this association may reflect the ra-
tio serving as a surrogate marker of broader metabolic status
rather than a direct lipid-mediated effect. Prospective studies
with serial lipid measurements beginning in early pregnancy and
mandatory BMI assessment are needed to clarify the temporal
sequence of this relationship, distinguish lipid-specific from ad-
iposity-related effects, and determine whether this marker has
potential clinical implications.

The present study has several strengths. We observed a positive
association between the TC/HDL-C ratio and GH in a Chinese
population using a moderately sized sample with adjustment
for multiple laboratory covariates. Restricted cubic spline mod-
els and exploratory subgroup analyses provided further in-
sights into this relationship, but these findings should be inter-
preted with caution given their hypothesis-generating nature.
However, several important limitations must be acknowledged.
Most critically, BMI data were unavailable in this study. BMI is
a well-established determinant of both lipid metabolism and
blood pressure regulation in pregnancy, and its absence from
the adjustment set means that the observed association be-
tween TC/HDL-C ratio and GH may, at least in part, reflect un-
derlying adiposity rather than a direct lipid-mediated effect. In
particular, the monotonic increase in GH odds across TC/HDL-C
quintiles may reflect a gradient in unmeasured BMI or related
metabolic factors rather than a biologically meaningful dose—
response effect. Accordingly, the reported OR of 1.44 should
not be interpreted as an independent association, and the pos-
sibility of substantial residual confounding by BMI cannot be
dismissed. Additionally, other potentially important confound-
ing variables were not available in our dataset, including parity,
smoking status, gestational age at blood sampling, and socio-
economic factors. These unmeasured confounders may have in-
fluenced the observed associations. While these variables may
also contribute to residual confounding, their impact is second-
ary to that of BMI. Second, this was a single-center case-con-
trol study conducted in a specific regional population in China,
which may limit the external generalizability of our findings to
other populations with different genetic backgrounds, dietary
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patterns, and healthcare systems. Therefore, our results should
be validated through multicenter studies in diverse popula-
tions. Third, the case-control design with cross-sectional lipid
measurements precludes determination of temporal relation-
ships. We cannot distinguish whether the elevated TC/HDL-C
ratio is a cause or consequence of GH. Prospective cohort stud-
ies with serial lipid measurements from early pregnancy, man-
datory BMI assessment, standardized measurement protocols,
and comprehensive covariate collection are needed to confirm
these findings and establish temporal relationships.

Conclusions

This study observed a positive association between the TC/
HDL-C ratio and GH in women with singleton pregnancy, with
higher ratios corresponding to increased odds of GH. However,
the absence of BMI data is a critical limitation, and the ob-
served association may reflect the TC/HDL-C ratio functioning
as a surrogate marker of broader metabolic status, including
unmeasured adiposity and related metabolic disturbances,
rather than an independent lipid-mediated effect. Given the
retrospective case-control design, temporal relationships and
causality cannot be established from our data. These findings
are hypothesis-generating and warrant validation in prospec-
tive cohort studies with comprehensive metabolic character-
ization, including mandatory BMI assessment, to determine
whether elevated TC/HDL-C ratios precede GH onset, clari-
fy the underlying mechanisms, and to evaluate whether this
marker has clinical applicability when interpreted within the
context of overall metabolic assessment.
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