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Abstract

Background: Preeclampsia frequently coexists with gestational diabetes mellitus and increases adverse maternal outcomes, yet reliable
early biomarkers remain limited. This study aims to evaluate the predictive value of serum family with sequence similarity 19 member
AS (FAM19AS5) and 25-hydroxyvitamin D [25-(OH)D] for preeclampsia (PE) in women with gestational diabetes mellitus (GDM).
Methods: In this prospective cohort study, 352 GDM women receiving regular prenatal care at the First Affiliated Hospital of Hebei
North University Hospital between June 2023 and January 2025 were enrolled. Based on the subsequent development of PE, participants
were stratified into a PE group (n = 110) and a non-PE group (n = 242). Serum FAM19AS levels were measured by enzyme-linked
immunosorbent assay (ELISA) and 25-(OH)D by chemiluminescence immunoassay (CLIA), and clinical and laboratory parameters were
collected. Multivariable logistic regression was used to identify independent determinants of PE, and receiver operating characteristic
(ROC) curves were constructed to assess predictive performance. Results: FAM19AS5 and 25-(OH)D levels were significantly reduced in
PE patients relative to controls (p < 0.001) and showed a moderate positive correlation (r = 0.389). Multivariable analysis identified both
FAMI19AS5 (odds ratio [OR] = 0.990, 95% confidence interval [CI] 0.988-0.993) and 25-(OH)D (OR = 0.878, 95% CI 0.842-0.915) as
independent protective factors against PE. The area under the curve (AUC) for FAM19AS alone was 0.817 and for 25-(OH)D alone was
0.788; combined use increased the AUC to 0.855 with a specificity of 85.12%. Conclusions: Lower serum FAM19AS and 25-(OH)D
levels are independently associated with increased PE risk in women with GDM; their combined measurement may serve as an early
predictive biomarker for PE.
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1. Introduction Whether FAM19AS5 contributes to PE development among
women with GDM remains unknown.

25-hydroxyvitamin D [25-(OH)D] represents the prin-
cipal circulating metabolite of vitamin D and modulates
immune function, calcium-phosphorus balance, and skele-
tal health [7,8,9]. In GDM, vitamin D supplementation

lowers homeostasis model assessment of insulin resistance

Preeclampsia (PE) is a major obstetric complication
in pregnancies complicated by gestational diabetes melli-
tus (GDM), and the coexistence of both conditions sig-
nificantly increases the risk of adverse maternal outcomes
[1,2]. Early identification of women with GDM who are at
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highest risk for PE is therefore essential to improve preg-
nancy outcomes.

Family with sequence similarity 19 member A5
(FAM19AS) is a recently recognized adipokine. Cir-
culating FAM19AS5 levels correlate inversely with body
mass index (BMI), fasting insulin (FINS), fasting glucose,
and glycated hemoglobin (HbAlc), and its expression is
downregulated in obesity and non-alcoholic fatty liver dis-
ease, suggesting a potential protective role in metabolic
regulation [3,4,5]. FAMI9AS also suppresses vascular
smooth-muscle cell (VSMC) migration and proliferation
via the sphingosine-1-phosphate receptor 2 (S1PR2) path-
way, thereby preserving a vasodilatory and anti-remodeling
phenotype; reduced expression promotes VSMC hyperac-
tivation, exaggerated contractility, and neointimal thick-
ening, indicating a key role in vascular homeostasis [6].

(HOMA-IR) and improves glycemic control, thereby re-
ducing adverse pregnancy outcomes [10]. Moreover, accu-
mulating evidence demonstrates that circulating 25-(OH)D
levels are consistently lower in PE than in normotensive
pregnancies, and adequate vitamin D supplementation dur-
ing gestation decreases PE incidence [11,12,13,14]. How-
ever, data specifically linking maternal 25-(OH)D status to
PE risk in GDM cohorts remain limited.

We therefore investigated the associations of serum
FAM19A5 and 25-(OH)D levels with PE in women with
GDM, with the aim of identifying novel biomarkers for
early prediction and targeted intervention.
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2. Materials and Methods
2.1 Study Population

This prospective observational study was designed to
investigate the risk of PE in patients with GDM. The sam-
ple size was estimated based on the area under the re-
ceiver operating characteristic (ROC) curve (AUC) for each
biomarker independently using PASS 2021 (NCSS, LLC,
Kaysville, UT, USA). Assuming a null AUC of 0.50 (no
discriminatory ability), an expected AUC of 0.70, a two-
sided type I error (alpha) of 0.05, and a statistical power of
80%, the minimum required total sample size was 90 sub-
jects per biomarker (22 with PE and 68 without PE), based
on the reported incidence of PE in patients with GDM [15].
The final enrolled cohort (n = 352) exceeded this require-
ment, ensuring adequate statistical power and precision for
AUC estimation.

From June 2023 to January 2025, 352 women with
GDM admitted to the First Affiliated Hospital of Hebei
North University were enrolled and classified into a PE
group (n = 110) and a non-PE group (n = 242); the partici-
pant flow diagram is presented in Fig. 1. Inclusion criteria
were as follows: (1) a confirmed diagnosis of GDM [16],
established by a 75-g oral glucose tolerance test (OGTT)
performed at 24—28 weeks of gestation at our hospital, with
diagnosis confirmed if any single threshold was met: fast-
ing plasma glucose (FPG) level =5.1 mmol/L, a 1-h glucose
level >10.0 mmol/L, or a 2-h glucose level =8.5 mmol/L.
(2) No history or clinical manifestations of PE prior to GDM
diagnosis. (3) Singleton, naturally conceived pregnancy.
(4) Normal fetal and placental development with a normal
amniotic fluid index. (5) Absence of post-term pregnancy,
with planned regular prenatal care and delivery at our hos-
pital. (6) No use of medications affecting glucose or vita-
min D metabolism within the preceding 4 weeks. (7) Com-
plete clinical and laboratory data available. Exclusion cri-
teria: (1) Multiple gestation. (2) Pre-existing diabetes; (3)
Concurrent pregnancy complications, including gestational
hypertension, abnormal amniotic fluid, placental abruption,
or fetal growth restriction. (4) De novo postpartum PE, de-
fined as new-onset hypertension and proteinuria between 48
h and 6 weeks postpartum in women without clinical mani-
festations of PE prior to delivery. (5) Chronic hypertension,
renal disease, hepatic disease, autoimmune disease, or in-
fectious disease. (6) Cognitive impairment or psychiatric
disorders precluding study participation. (7) Severe dys-
function of vital organs, including the heart, lungs, liver, or
kidneys. (8) Uncontrolled thyroid dysfunction. (9) Use of
calcium or vitamin D supplements, multivitamin prepara-
tions, or fortified foods within the preceding 4 weeks. (10)
Treatment with active vitamin D metabolites or analogs
within the preceding 3 months.

2.2 Follow-up and Group Allocation

All enrolled GDM patients were prospectively fol-
lowed from the date of diagnosis until 48 h postpartum.

During the follow-up period, prenatal visits were conducted
every 2—4 weeks to monitor blood pressure, urinary protein,
and clinical symptoms. The diagnosis of PE was indepen-
dently determined by two or more obstetricians, with de-
partmental consultation conducted when necessary.

PE was diagnosed according to the following criteria
[17]: diagnosed from >20 weeks of gestation until delivery,
with seated blood pressure >140/90 mmHg, plus at least
one of the following: urine protein-to-creatinine ratio >30
mg/mmol, random urine protein (1+), or 24-hour urinary
protein >0.3 g; or without proteinuria but with hematologic,
neurologic, gastrointestinal, or other major organ abnor-
malities, or uteroplacental dysfunction. Based on follow-up
outcomes, participants were categorized into two groups:
the PE group (n = 110), comprising GDM patients who
developed new-onset PE between 20 weeks of gestation
and delivery; and the non-PE group (n = 242), compris-
ing GDM patients who did not develop PE throughout the
follow-up period until 48 h postpartum. New-onset PE oc-
curring between 48 h and 6 weeks postpartum (postpartum
PE) was excluded from the predefined study endpoint. The
flowchart of patient enrollment and group allocation is pre-
sented in Fig. 1.

2.3 Data Acquisition

Clinical data were extracted from the medical records
of enrolled participants, including age, pre-pregnancy BMI,
gestational age at GDM diagnosis, pre-pregnancy smok-
ing history (defined as habitual smoking of >1 cigarette
per day for >6 months before pregnancy), pre-pregnancy
alcohol use history (defined as habitual alcohol consump-
tion of >1 occasions per week with >10 g of alcohol per
occasion for >6 months before pregnancy), place of res-
idence, gravidity, parity, systolic blood pressure (SBP)
and diastolic blood pressure (DBP) at GDM diagnosis,
glucose and lipid metabolism-related indicators including
FPG, 1-h postprandial glucose (1-h PG), 2-h postpran-
dial glucose (2-h PG), HbAlc, FINS, HOMA-IR (calcu-
lated as HOMA-IR = FINS (mU/L) x FPG (mmol/L) /
22.5) [18], total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C). Additional parameters in-
cluded uric acid (UA), creatinine (Cr), and complete blood
count indices comprising hemoglobin (Hb), white blood
cell count (WBC), and platelet count (PLT).

2.4 Determination of Serum FAMI19A45 and 25-(OH)D
Levels

All enrolled GDM patients underwent fasting venous
blood collection within 24 h of GDM diagnosis (the fol-
lowing morning). Considering that participants had already
undergone multiple blood draws on the day of GDM di-
agnosis, study samples were uniformly collected the fol-
lowing morning between 8:00 and 10:00 AM after a fast
of 812 h, in order to minimize repeated venipuncture
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GDM patients admitted to our hospital from

Apply Exclusion Criteria

June 2023 to January 2025 (n = 464)

Excluded (n =112)

(1) Multiple gestation.

(2) Pre-gestational diabetes.

(3) Concurrent pregnancy complications
(gestational hypertension, amniotic fluid
disorders, placental abruption, fetal growth
restriction).

Apply Inclusion Criteria

Included

(4) De novo postpartum preeclampsia
(hypertension and proteinuria first occurring 48
hours to 6 weeks postpartum without prior PE
manifestations).

(5) Chronic hypertension, renal, hepatic,
autoimmune, or infectious diseases.

(6) Cognitive or psychiatric disorders
preventing cooperation.

(7) Severe cardiac, pulmonary, hepatic, or renal
dysfunction.

(8) Uncontrolled thyroid dysfunction.

(9) Use of calcium/vitamin D supplements,
multivitamins, or fortified foods within 4 weeks.
(10) Treatment with active vitamin D

Include GDM patients

(n=352)

(1) GDM diagnosed at 24-28 weeks by 75-g OGTT
(fasting >5.1, 1-h >10.0, or 2-h >8.5 mmol/L).

(2) No PE prior to GDM diagnosis.

(3) Singleton, naturally conceived pregnancy.

(4) Normal fetal/placental development and amniotic
fluid.

(5) Planned delivery at our hospital with regular
prenatal care.

(6) No glucose- or vitamin D—altering drugs within 4
weeks.

(7) Complete maternal—fetal data available..

metabolites or analogs within 3 months.

PE group (n=110)

Non-PE group (n=242)

Fig. 1. Flowchart of patient enrollment and group allocation. GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test;

PE, preeclampsia; BP, blood pressure.

and ensure a standardized fasting state. After collection,
samples were allowed to stand at room temperature for
30 minutes and then centrifuged at 1000 xg for 15 min-
utes at 4 °C. The resulting supernatant was aliquoted and
stored at —80 °C until analysis. All samples were sub-
jected to a single freeze-thaw cycle to prevent protein degra-
dation. Prior to analysis, serum samples and all reagents
were equilibrated to room temperature (21-26 °C). Serum
FAMI19AS5 concentrations were determined by a sandwich
enzyme-linked immunosorbent assay (ELISA) kit (Cata-
log Number: ml104974; Shanghai Enzyme-linked Biotech-
nology Co., Ltd., Shanghai, China), with all procedures
performed strictly according to the manufacturer’s instruc-
tions. Serum 25-(OH)D levels were measured by chemi-
luminescence immunoassay (CLIA) on the ADVIA Cen-
taur XP Immunoassay System (Siemens Healthineers, Er-
langen, Germany). Both biomarkers were assayed in the
same batch in duplicate, and all analyses were completed
within 2 h of sample thawing. Intra- and inter-assay coef-
ficients of variation (CVs) were both <10%. Samples were
randomly ordered using unique identification numbers, and
laboratory personnel remained blinded to clinical group as-
signments throughout the analytical process.

2.5 Statistical Analysis

Statistical analyses were performed using SPSS Statis-
tics version 26.0 (IBM Corp., Armonk, NY, USA), and
graphs were prepared in GraphPad Prism 9.5 (GraphPad
Software, Boston, MA, USA). The normality of continu-
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ous variables was assessed using the Kolmogorov—Smirnov
test. Continuous variables following a normal distribution
are summarized as mean * standard deviation (SD) and
compared between the two groups using the independent
samples #-test. Non-normally distributed continuous vari-
ables were expressed as median with interquartile range
[M (P;s, P75)] and compared between the two groups us-
ing the Mann—Whitney U test. Categorical variables were
expressed as frequencies (n) and percentages (%) and com-
pared using the chi-square () test. The association be-
tween serum FAM19AS5 and 25-(OH)D was assessed us-
ing Pearson correlation analysis. ROC curves were con-
structed to evaluate the predictive value of serum levels of
FAMI19AS5 and 25-(OH)D, both individually and in combi-
nation, for the development of PE in patients with GDM.
The predicted probability derived from multivariable logis-
tic regression was used as the test variable in the combined
model, and an ROC curve was plotted to assess its predic-
tive performance. DeLong’s test was employed to compare
the AUCs of the combined model with those of each indi-
vidual biomarker. Bootstrap internal validation (1000 itera-
tions) was performed to correct for optimism. Multivariable
logistic regression was performed to identify factors asso-
ciated with PE in patients with GDM. Variable inclusion
criteria: Variables with p <0.05 on univariate analysis were
entered into the multivariable model; the primary exposures
of interest, FAM19A5 and 25-(OH)D, were forced into the
model regardless of their univariate p-values, based on the
study hypothesis. The variance inflation factor (VIF) was
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Fig. 2. Comparison of serum FAM19AS and 25-(OH)D levels between the two groups. (A) Comparison of serum FAM19AS5 levels
between the non-PE and PE groups. (B) Comparison of serum 25-(OH)D levels between the non-PE and PE groups. FAM19AS5, family

with sequence similarity 19 member AS; 25-(OH)D, 25-hydroxyvitamin D.

calculated for all covariates to assess multicollinearity, with
VIF <5 indicating no substantial collinearity. A p-value <
0.05 was considered statistically significant.

3. Results
3.1 Comparison of Clinical Characteristics

Compared with the non-PE group, the PE group ex-
hibited significantly higher pre-pregnancy BMI, SBP, DBP,
FPG, HbAlc, HOMA-IR, TC, TG, UA, and Cr, and signif-
icantly lower HDL-C (p < 0.05). No significant differences
were observed between the two groups in the remaining
baseline parameters (p > 0.05).

3.2 Serum FAM19A45 and 25-(OH)D Levels

Compared with non-PE controls, the PE group dis-
played markedly lower circulating FAM19AS5 and 25-
(OH)D concentrations (p < 0.001; Fig. 2).

3.3 Correlation Between Serum FAM19A45 and 25-(OH)D
Levels

Pearson analysis revealed a significant direct associa-
tion between circulating FAM19AS and 25-(OH)D concen-
trations (r = 0.389, p <0.001; Fig. 3).

3.4 Multivariable Logistic Regression Analysis of Factors
Associated With PE in Women With GDM

During multivariable model construction, SBP and
DBP were excluded from the multivariable logistic regres-
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Fig. 3. Correlation between serum FAM19AS levels and 25-
(OH)D levels. 25-(OH)D, 25-hydroxyvitamin D.

sion analysis. Although these measurements were obtained
at the time of GDM diagnosis (24 to 28 weeks of gesta-
tion), predating the clinical diagnostic window for PE, el-
evated blood pressure (=140/90 mmHg) constitutes a core
diagnostic criterion for PE. Their inclusion risked structural
overlap between predictor variables and the outcome defini-
tion; exclusion therefore ensured accurate assessment of the
independent predictive values of FAM19AS5 and 25-(OH)D.

Multivariable logistic regression analysis was per-
formed with PE occurrence in patients with GDM as the
dependent variable (yes = 1, no = 0). Independent variables
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Table 1. Comparison of clinical characteristics between the PE and non-PE groups.

Variable Non-PE (n = 242) PE (n=110) tZly*  p-value
Age [M (Pys, P7s), years] 29 (26, 32) 30 (27, 33) -1.369# 0.171
Pre-pregnancy BMI (mean + SD, kg/m?) 22.39+3.12 2428 £3.85 —4.882* <0.001
Gestational week at GDM diagnosis [M (Pys, P75), weeks] 26 (25, 27) 26 (25, 27) —0.556# 0.578
Pre-pregnancy smoking history [n (%)] 26 (10.74) 15 (13.64) 0.615~  0.433
Pre-pregnancy alcohol consumption history [n (%)] 43 (17.77) 23 (20.91) 0.490"  0.484
Residence (n/%) 0.368"  0.544
Urban 106 (43.80) 52 (47.27)
Rural 136 (56.20) 58 (52.73)
Gravidity (n/%) 1.369~  0.242
1 77 (31.82) 42 (38.18)
=2 165 (68.18) 68 (61.82)
Parity (n/%) 0.795~ 0373
0 113 (46.69) 57 (51.82)
>1 129 (53.31) 53 (48.18)
SBP [M (Pys, P75), mmHg] 110 (102, 120) 156 (145, 162) —14.846# <0.001
DBP [M (P35, P75), mmHg] 71 (66, 76) 96 (90, 102) —14.407# <0.001
FPG [M (P35, P75), mmol/L] 4.90 (4.60, 5.20) 5.40 (4.90, 5.70) —5.910# <0.001
1-h PG (mean + SD, mmol/L) 9.84+1.58 10.16 £1.35 —1.840* 0.067
2-h PG (mean + SD, mmol/L) 8.25+1.32 8.42+£1.26 —1.120* 0.263

HbAlc [M (Pas, Prs), %] 5.40 (5.10, 5.60) 5.60(5.30,6.00)  —5.061# <0.001
HOMA-IR [M (P35, P75)] 2.20 (2.00, 2.50) 3.20(2.90,3.40)  —13.603# <0.001
TC (mean = SD, mmol/L) 525+1.16 586+ 1.22 ~4.500* <0.001
TG [M (P35, P7s), mmol/L] 2.18 (2.05,2.34) 3.16(2.92,335)  —14.700# <0.001
LDL-C (mean + SD, mmol/L) 2.62+0.69 2.68+0.72 ~0.746%  0.456

HDL-C [M (P»s, P75), mmol/L]
UA [M (P25, P75), pmol/L]
Cr [M (P25, P5), pmol/L]

1.41(1.12, 1.74) 1.22 (0.96, 1.48) —4.013# <0.001
221.00 (207.75, 234.25) 344.50 (329.00, 362.00) —15.042# <0.001
68.25 (64.48,72.10)  98.90 (93.60, 104.28) —15.028# <0.001

Hb (mean + SD, g/L) 130.12 £21.15 128.85 +£20.68 0.526*  0.599
WBC (mean + SD, x10%/L) 10.74 £2.10 11.02 +£2.17 -1.150*% 0.251
PLT (mean £ SD, x10°/L) 228.21£31.15 223.68 £34.21 1.223* 0.222

Note: * indicates ¢ value, # indicates Z value, * indicates y° value.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 1-h PG, 1-
h plasma glucose; 2-h PG, 2-h plasma glucose; HbAlc, glycated hemoglobin Alc; HOMA-IR, homeostatic model assessment
for insulin resistance; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

lipoprotein cholesterol; UA, uric acid; Cr, creatinine; Hb, hemoglobin; WBC, white blood cell count; PLT, platelet count.

included all parameters that reached statistical significance
(p < 0.05) in Table 1 (pre-pregnancy BMI, FPG, HbAlc,
HOMA-IR, TC, TG, HDL-C, UA, and Cr), as well as serum
FAM19AS5 and 25-(OH)D levels. The results identified el-
evated pre-pregnancy BMI, FPG, HbAlc, HOMA-IR, TC,
TG, UA, and Cr as independent risk factors for PE devel-
opment in GDM patients, whereas elevated HDL-C, serum
FAM19AS5, and 25-(OH)D levels were each independently
associated with a reduced risk of PE (p < 0.05). The VIF
for all variables was <5, indicating no significant multi-
collinearity (Table 2).

3.5 Serum FAM19A5 and 25-(OH)D for Predicting PE
Risk in Patients With GDM

ROC curve analysis revealed AUCs of 0.817, 0.788,
and 0.855 for serum FAM19A5, 25-(OH)D, and their com-
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bination, respectively, in predicting PE in patients with
GDM, with the combined model demonstrating higher
specificity than either individual marker. DeLong’s test
confirmed that the differences in AUC between the com-
bined model and FAM19AS5 or 25-(OH)D alone were sta-
tistically significant (Z = 4.143 and 2.441, respectively; p <
0.05) (Table 3, Fig. 4). Bootstrap internal validation (1000
iterations) yielded an optimism-corrected AUC of 0.839
(95% confidence interval [CI]: 0.793-0.885) for the com-
bined model, reflecting a 0.016 decrease from the original
AUC 0f 0.855 and an optimism estimate of 1.9%, indicative
of acceptable model stability.

4. Discussion

In the present study, among 352 pregnant women with
GDM, serum FAM19A5 and 25-(OH)D levels were signifi-
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Table 2. Multivariable logistic regression of factors associated with PE in women with GDM.

Variable B S.E. Wald p-value OR 95% CI VIF
Pre-pregnancy BMI  0.164 0.036 21.037 <0.001 1.179 1.099-1.265 1.073
FPG 1.477 0.262 31.727 <0.001 4.382 2.620-7.327 1.145
HbAlc 1.475 0.295 24979 <0.001 4.369 2.451-7.791 1.118
HOMA-IR 0.154 0.046 11.312 0.001 1.166 1.066-1.276 2.322
TC 0360 0.143 6328 0.012 1.433 1.083-1.896 1.079
TG 0.425 0.141 9.101 0.003 1.530 1.161-2.017 3.224
HDL-C -1.017 0.265 14.768 <0.001 0.362 0.215-0.608 1.098
UA 0.247 0.079 9.820 0.002 1.281 1.097-1.495 2.301
Cr 0.718 0.203 12.488 <0.001 2.049 1.387-3.051 2.751
FAMI19A5 —0.010 0.001 48.797 <0.001 0.990 0.988-0.993 1.364
25-(OH)D -0.130 0.021 37.178 <0.001 0.878 0.842-0.915 1.298

Note: B, regression coefficient; S.E., standard error; Wald, Wald statistic; OR, odds
ratio; CI, confidence interval; VIF, variance inflation factor.

Table 3. Diagnostic performance of serum FAM19AS5 and 25-(OH)D for predicting PE in women with GDM.

Variable AUC 95% CI Cutoff Sensitivity (%) Specificity (%)
FAMI19A5 0.817 0.771-0.863 467.10 pg/mL 71.82 79.75
25-(OH)D 0.788 0.742-0.835 26.02 nmol/L 76.36 69.01
FAM19A5+25-(OH)D 0.855 0.814-0.896 - 71.82 85.12

Note: AUC, area under the curve; Cutoff, cutoff value.
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Fig. 4. ROC curves of serum FAM19AS and 25-(OH)D for
predicting PE in women with GDM. ROC, receiver operating

characteristic.

cantly lower in the PE group than in the non-PE group. Mul-
tivariable logistic regression confirmed that higher serum
FAMI19AS5 and 25-(OH)D levels were independently as-
sociated with a reduced risk of PE in women with GDM.

ROC analysis further demonstrated that the combination of
FAM19AS5 and 25-(OH)D yielded an AUC of 0.855 for PE
prediction, which was significantly superior to that of ei-
ther biomarker alone, suggesting that this combined panel
may serve as a potential early predictive biomarker for PE
in women with GDM.

In this study, serum levels of FAM19A5 and 25-
(OH)D were significantly decreased in the PE group, sug-
gesting that reductions in both markers may be associ-
ated with an increased risk of PE in patients with GDM.
The potential underlying mechanisms are further described.
Serum FAMI19AS is significantly decreased in obese in-
dividuals and is negatively correlated with HOMA-IR,
indicating a potential role in improving insulin sensitiv-
ity. Its decline may further exacerbate pre-existing in-
sulin resistance in patients with GDM, perpetuating hy-
perglycemia, hyperinsulinemia, and lipid metabolism dys-
regulation. This, in turn, may promote the accumulation
of free fatty acids and Advanced Glycation End-products
(AGEs), activate systemic oxidative stress and inflamma-
tory responses, induce vascular endothelial dysfunction,
and contribute to impaired placental vascular remodeling
[19,20]. Furthermore, FAM19AS5 can inhibit VSMC pro-
liferation and migration via paracrine signaling. Reduced
FAMI19AS5 levels may therefore lead to excessive VSMC
proliferation and migration into the intima, resulting in ar-
terial wall thickening and lumen narrowing in systemic
small arteries and uterine spiral arteries, reducing placen-
tal perfusion, and thereby further increasing the risk of
PE [3,4,6,21]. Additionally, reduced 25-(OH)D may fur-
ther impair insulin secretion by attenuating calcium signal-
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ing, thereby aggravating insulin resistance and glucose dys-
metabolism and compromising vascular endothelial func-
tion [22,23]. Moreover, decreased 25-(OH)D may weaken
immune tolerance, inhibit trophoblast invasion and angio-
genesis, and intensify oxidative stress and systemic inflam-
mation, collectively contributing to impaired placental per-
fusion and endothelial dysfunction that drive progression
from GDM to PE [24]. This study also identified a positive
correlation between 25-(OH)D and FAM19AS, suggesting
that reductions in both markers may synergistically amplify
insulin resistance, vascular injury, and impaired placen-
tal vascular remodeling, jointly driving progression from
GDM to PE. Furthermore, ROC curve analysis demon-
strated that FAM19A5 and 25-(OH)D, both individually
and in combination, exhibited predictive value for PE de-
velopment in patients with GDM. Accordingly, simultane-
ous clinical monitoring of serum 25-(OH)D and FAM19AS
levels may represent a novel strategy for the early identifi-
cation of patients with GDM at risk of progression to PE,
potentially enabling timely intervention and reducing the
risk of PE.

Multivariable logistic regression further confirmed
that elevated pre-pregnancy BMI, glucolipid metabolic dis-
turbances (increased FPG, HbAlc, HOMA-IR, TC, and
TG), and elevated UA and Cr levels were independent risk
factors for PE development in patients with GDM, whereas
higher HDL-C was independently protective, consistent
with previous reports [15,25,26,27]. Therefore, in patients
with GDM presenting with the aforementioned metabolic
abnormalities or early renal dysfunction, intensified inte-
grated management of blood pressure, glucose, and lipid
levels, along with close monitoring of PE-related target or-
gan injury markers, is warranted to minimize the risk of
PE onset. In the present study, serum FAM19AS5 and 25-
(OH)D levels were measured within 24 h of GDM diag-
nosis (at 24-28 weeks of gestation), a time point clearly
preceding the clinical diagnosis of PE. Thus, biomarker as-
sessment occurred prior to the occurrence of the outcome
event, satisfying the temporal precedence requirement of a
prospective predictive study.

Limitations

This study has several limitations. First, this was a
single-center study, with all samples collected exclusively
from the First Affiliated Hospital of Hebei North Univer-
sity, which may have introduced selection bias. Second,
the sample size was limited; although a total of 352 pa-
tients with GDM were enrolled, only 110 were in the PE
group, potentially restricting statistical power. Third, ex-
ternal validation was not performed, and the absence of an
independent validation cohort means that the generalizabil-
ity of these findings requires further confirmation. Fourth,
as an observational study, we were unable to determine
whether decreased FAM19AS5 and 25-(OH)D levels directly
cause PE; thus, the causal relationship remains unclear.
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Moreover, the influence of residual confounding cannot
be entirely excluded. Although adjustment was made for
known clinical and metabolic covariates to the extent pos-
sible, unmeasured or imprecisely measured confounders—
such as dietary patterns, physical activity levels, sun ex-
posure duration, vitamin D supplementation, and genetic
background—may still have affected the results. These
factors may be associated with both FAM19AS5 and 25-
(OH)D levels and the occurrence of PE, potentially influ-
encing the observed correlations. Therefore, all findings
from this study should be interpreted as statistical associ-
ations rather than causal inference. Fifth, blood samples
in this study were collected at the time of GDM diagnosis
(gestational weeks 24-28), which is later than the critical
window for spiral artery remodeling in the first trimester.
Consequently, the predictive value of FAM19AS5 and 25-
(OH)D during the first trimester could not be assessed, and
the present findings do not support their clinical application
as early-pregnancy screening tools for PE. Therefore, fu-
ture prospective cohort studies are warranted, incorporating
baseline blood sample collection during the first trimester
and longitudinal follow-up through delivery, to clarify the
predictive efficacy of these two biomarkers in early preg-
nancy and to identify the optimal window for intervention.
Finally, dietary intake, sunlight exposure duration, and vita-
min D supplementation were not accounted for as potential
confounders in this study, which may have influenced the
results to some degree.

5. Conclusions

In conclusion, this prospective cohort study demon-
strated that lower serum FAM19AS5 and 25-(OH)D levels
in women with GDM were independently associated with
the subsequent development of PE. Reduced levels of both
markers were associated with an increased risk of PE in
GDM patients, and their combination demonstrated supe-
rior predictive performance compared with either marker
alone, suggesting potential utility as combined biomarkers
for the early prediction of PE in this population. Future mul-
ticenter prospective studies with large sample sizes are war-
ranted to validate the generalizability and reproducibility
of these findings. In parallel, further investigation into the
specific mechanisms by which FAM19AS5 and 25-(OH)D
contribute to the pathogenesis of PE in the setting of GDM
may identify more precise targets for clinical intervention,
ultimately improving maternal and neonatal outcomes.
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