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Abstract

Objective Our aim was to explore the relationship between serum uric acid (UA) levels in early pregnancy and the
development of gestational diabetes mellitus (GDM), and to further explore whether there is a causal relationship.

Methods 684 pregnant women with GDM and 1162 pregnant women without GDM participated in this study. 311
pregnant women with GDM and 311 matched controls were enrolled in a 1:1 case-control study. We used conditional
logistic regression to explore the relationship between UA levels and the risk of developing GDM. The causal
relationship between the two was examined by two-sample Mendelian randomization (MR) analysis.

Results In the 1:1 matched population, the odds ratio (OR) of developing GDM compared with the extreme tertiles
of UA levels was 1.967 (95% confidence interval [CI]: 1.475-2.625; P<0.001). Restricted cubic spline analyses showed
a linear relationship between UA and GDM when UA exceeded 222 umol/L. GDM and UA levels maintained a
statistically significant positive correlation in different stratified regression analyses (P <0.001). However, no evidence
of a causal relationship between uric acid and GDM was found by MR analyses with an OR of 1.06 (95% Cl: 0.91-1.25)
per unit increase in UA.
Conclusion There is a positive correlation between UA levels in early pregnancy and the subsequent risk of
developing GDM. However, no genetic evidence was found to support a cause-effect relationship between UA and
GDM.
Highlights

« A The positive correlation between serum uric acid level and gestational diabetes mellitus persisted after a 1:1

case-control matching program.
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stratified analyses.

. (MR)

A High uric acid level remained an independent risk factor for developing gestational diabetes mellitus in the

« A The positive correlation between serum uric acid level and the development of gestational diabetes mellitus
increased when serum uric acid exceeded 222 pumol/L.

« A Our two-sample mendelian randomization analysis did not produce genetic evidence of a causal relationship
between uric acid and gestational diabetes mellitus.

Keywords Early pregnancy uric acid (UA), Gestational diabetes mellitus (GDM), Mendelian randomization analysis
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Introduction

GDM is a disease characterized by elevated blood glu-
cose during pregnancy that increases adverse pregnancy
outcomes and poses a significant risk to mother and child
[1]. GDM is a key risk factor for postpartum type 2 dia-
betes in pregnant women [2]. Although early diagnosis
and treatment of GDM can reduce the risk of adverse
pregnancy outcomes, many of the current diagnostic and
management approaches remain controversial. There is a
lot of evidence suggesting that the mechanisms and clini-
cal biomarkers of GDM deserve further investigation for
the early prevention of GDM [3]. Given that blood glu-
cose levels during pregnancy are affected by a variety of
factors, including diet, mood, stress, and medications
and that the diagnosis of GDM using a single oral glucose
tolerance test (OGTT) is subject to a certain degree of
underdiagnosis and misdiagnosis, there is an urgent need
to explore novel biomarkers, mechanisms, and targeted
measures for GDM.

UA was once overlooked except for gout and kid-
ney stones, but the results of large quantities of recent
researches suggest that it is one of the most important
metabolized substances [4]. Some studies have dem-
onstrated that hyperuricemia is positively related to
metabolic syndrome and diabetes mellitus [5]. Although
studies have reported that excessive serum uric acid lev-
els are positively associated with insulin resistance and
risk of type 2 diabetes, the relationship between serum
uric acid and risk of GDM has been inconsistent and rel-
atively limited [6].

Mendelian randomization (MR) analyses assess the
causal effect of genes to predict the relationship between
exposure and outcome through gene-based instrumental
variables [7]. Mendelian and other genetic studies have
been conducted to eliminate potential confounders and
reverse causality [8]. Several MR analyses have explored
the causal relation between serum UA levels and type 2
diabetes, but all have reported negative results [9, 10].
We are aware that no MR studies have been conducted
on the relationship between serum UA levels and the
risk of GDM. Therefore, it is essential to explore whether
there is a causal relationship between the two.

We hypothesized that elevated UA in early pregnancy
is a risk factor for t developing GDM. We analyzed data

from a case-control study to examine the association
between early gestational UA levels and subsequent
GDM risk in pregnant Chinese women. We analyzed data
from the International Consortium to further explore the
possible causal relationship between uric acid and GDM
by two-sample MR analysis.

Methods

Study design and participants

Our case-control study included 1908 singleton pregnant
women. Pregnant women were recruited from the obstet-
rics departments of the Shanghai Fifth People’s Hospital
affiliated with Fudan University between February 2018
and June 2022. The procedure of this retrospective study
was described in Fig. 1.

Pregnant women who have a record of pregnancy in
this institution are included. The exclusion criteria were
twin or multiple pregnancies, diagnosis of diabetes mel-
litus or other metabolic or infectious diseases, UA test-
ing beyond the 24th week of gestation, or incomplete
maternal and fetal records. Ultimately, 1846 women
(1162 without and 684 with GDM) were included in the
analysis.

GDM is diagnosed if at least one of the following
thresholds is reached in the 2-hour 75-g OGTT: fast-
ing plasma glucose=5.1 mmol/L, 1-hour plasma glu-
cose>10.0 mmol/L, or 2-hour plasma glucose>8.5
mmol/L [11]. All 1846 participants had no significant
pre-pregnancy diabetes and 684 women were diagnosed
with GDM.

Pregnancy data collection and laboratory evaluation

After fasting overnight for 12 h, blood samples were col-
lected for biochemical parameter testing (Cobas 8000
Automatic Biochemical Analyzer; Roche, Basel, Switzer-
land). We measured blood pressure and anthropometric
parameters.

Sources of data for MR analysis

Genetic variants related to uric acid were screened
based on a genome-wide association study of 162,255
Japanese, of which the number of participants related
to UA was 109,029 [12]. The study retrieved single-
nucleotide polymorphisms (SNPs) associated with UA
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Pregnant women retrospecively screened (n=1908)

Exclusion criteria:

Twins or multiple births, Established
diabetes,

Urinary system disease,

Cardiovascular system disease,

Uric acid test time over 24 weeks of
gestation, or patient had no complete
maternal and infant record.

1162 women withoutGDM
684 women with GDM

1:1 matched on maternal age,
prepregnancy BMI, diabetes
history, and history of GDM

Women were categorized
by tertile of UA

Entrered into a case-control study
(311 women with GDM; 311
women without GDM)

Entrered into logistic regression
(Model 1, Model 2, Model 3)

Fig. 1 Flowchart of this study

with genome-wide significance (P<5x10™%) and linkage
disequilibrium between SNPs were estimated using the
clumping method (r?<0.001, window size=10,000 kb)
using European samples from the 1000 Genomes Proj-
ect. Forty-three SNPs associated with UA were identi-
fied, and we researched these SNPs in the PhenoScanner
database to examine whether these genetic variants were
associated with potential confounders of GDM. Finally,
35 SNPs were enrolled in the main MR analysis.

Data from the FinnGen consortium were used to ana-
lyze the relationship between the selected SNPs and
GDM. The analysis included 6033 GDM cases in approxi-
mately 123,000 women [13]. Detailed data are shown in
the Supplementary Tables.

Statistical analyses

Continuous variables are expressed as meanzstandard
deviation or median (interquartile range), and for cat-
egorical variables frequencies or percentiles are used.
To avoid potential bias, we used a case-control matching

method to match the variables of age, family history of
diabetes mellitus, parity, and BMI, with matching tol-
erances of 0, 0, 0, 0, 0, and 0.25. To further validate the
relationship between UA and GDM, we created a retro-
spective cohort that included the same subjects, in which
participants were divided into three groups according to
the tertiles of UA: the lowest group (<199 umol/L), mid-
dle group (199-243 pmol/L), and highest group (>243
umol/L). We used conditional logistic regression analysis
to estimate the independent association between UA lev-
els and GDM risk in the case-control study. In the ret-
rospective cohort, we adjusted for UA in Model 1 and
made additional adjustments for lifestyle and metabolic
risk factors, including maternal age, pre-pregnancy BMI,
history of diabetes, and history of GDM in Model 2. In
Model 3, we further adjusted for alanine aminotrans-
ferase (ALT), creatinine (Cr), low-density lipoprotein
(LDL), triglyceride (TG), fasting blood glucose (FBG)
levels and diastolic blood pressure (DBP). In the cohort
study, a restricted cubic spline was used to estimate the



Xilifu et al. Reproductive Biology and Endocrinology (2024) 22:108

relationship between UA and GDM, and subject operat-
ing characteristic curves were plotted.

Two-sample MR analysis was performed using the
“TwoSampleMR” R package [14]. In the main analysis,
we used MR inverse variance weighting (IVW), which
is a regression weighted by the inverse of the SNP-out-
come association variances [15]. The MR-Egger intercept
test [16] and MR-PRESSO test [17] were used to iden-
tify and account for potential horizontal pleiotropy. The
Cochran’s Q test [18] was used to detect heterogeneity.

All statistical analyses were performed using SPSS soft-
ware (version 25.0; IBM SPSS Inc., Chicago, IL, USA) and
R software version 4.0.2. All P-values were two-tailed,
and statistical significance was set at P<0.05.

Results

Association between serum UA levels and GDM in
observational study

Table 1 shows the demographic and metabolic charac-
teristics of the participants categorized as women with-
out GDM (control group, n=1162) and those with GDM
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(GDM group, n=684). The control group consisted of
women with physiologic pregnancies who were rou-
tinely screened for GDM at mid-pregnancy with nega-
tive results. The average age of the women with GDM
was significantly higher than that of the control group,
whereas no differences were found in systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), fasting blood
glucose (FBG), aspartate transaminase (AST), and cho-
lesterol. Pre-pregnancy BMI and alanine aminotransfer-
ase (ALT), creatinine (Cr), UA, triglycerides (TG), and
low-density lipoprotein cholesterol (LDL-C) levels were
higher in women who developed GDM than in women in
the control group.

A 1:1 case-control matching procedure was used to
avoid possible bias. After 1:1 a case-control matching
procedure, matching for parameters such as age, family
history of diabetes mellitus, parity, and BMI, the results
of the conditional logistic regression analysis (enter
method) showed a positive association between UA and
GDM (OR: 1.967; 95% CI: 1.475-2.625, in the highest ter-
tile vs. the lowest tertile; P<0.001), as shown in Table 2.

Table 1 Characteristics of women with GDM and without in all subjects and matched case-control study

All subjects Matched case-control
Women Women P Women Women P
without GDM with GDM without GDM with GDM
N 1162 684 311 311
Anthropometric parameters
Age (years) 288+4.2 31.6+44 <0.001 30+3 30+3 1.000
Parity
Nulliparous 307 (26.4%) 93 (13.6%) 0.001 42 (13.5%) 42 (13.5%) 1.000
Parous 855 (73.6%) 591 (86.4%) 269 (86.5%) 269 (86.5%)
Previous GDM
No 848 (73.0%) 548 (80.1%) <0.001 268 (86.2%) 268 (86.2%) 1.000
Yes 7 (0.6%) 43 (6.3%) 1(0.3%) 1(0.3%)
Nulliparous 307 (26.4%) 93 (13.6%) 42 (13.5%) 42 (13.5%)
Family history of DM
No 1135 (97.7%) 608 (88.9%) <0.001 311 (100%) 311 (100%) 1.000
Yes 27 (2.3%) 76 (11.1%) 0 (0%) 0 (0%)
Pregnancy BMI (kg/m?) 216£33 24.7+46 <0.001 224+28 224+28 0.199
SBP (mmHg) 115+10 116+12 0.109 115+10 115+10 0.702
DBP (mmHg) 72+8 72£10 0.632 72+8 71+9 0.060
FBG (mmol/L) 442+0.34 445+040 0.119 442+033 444+0.37 0.504
ALT (U/L) 120(9.0t0 18.1) 13.0(9.3t019.8) 0.003 114 (8310 15.0) 13.0(9.1t0 19.0) 0.006
AST (U/L) 170 (140 t0 22) 17.3 (14.3 10 22.0) 0.804 17.0(14.0 to 22.0) 176 (14.0 t0 22.0) 0.004
Cr (mmol/L) 48+7 47+8 <0.001 47+7 46+8 0.040
UA (umol/L) 211 (184 to 238) 243 (203 to 300) <0.001 196 (171-222) 232 (192-289) <0.001
TG (mmol/L) 1.66 (1.25t0 2.19) 2.07 (16110 2.75) <0.001 1.73(1.28 t0 2.30) 2.03(1.57t0 2.73) 0.004
CH (mmol/L) 504£1.16 510115 0272 508+1.15 4.98+1.00 0.279
HDL-C (mmol/L) 1.76£0.39 1.70+0.38 0.005 1.77+0.38 1.70+0.39 0.060
LDL-C (mmol/L) 2.53£0.69 292+0.89 <0.001 255+0.68 293+0.87 <0.001

Data are means £ SD, median (interquartile range) or n (%)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; CHO, cholesterol; Cr, creatinine;SBP, systolic blood pressure;
DBP, diastolic blood pressure; FBG, fasting blood glucose; GDM, gestational diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; TG, triglycerides; UA, uric acid
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Table 2 Conditional logistic regression analysis (enter method)
to determine the risk factors for development of GDM in
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Table 5 Odds ratios (95% Cl) of GDM associated with tertiles of
UA in subgroup analyses

matched case-control study Variables Range Lowest  Middle Highest
In all mothers (n=622) Age, years
OR P <28 203/23837 Reference 1477(0.768 2676(1412
Tertiles of UA (umol/L) t0 2.840) to0 5.070)
Lowest Reference >28 198.47/244 Reference 0.952 2.989
Middle 1167 (0,844 t0 1612) 0350 (0.681-1.331)  (2.113-4.228)
2
Highest 1967 (1475 10 2.625) <0.001 BMI kg/m
ALT (U/L) 1.004 (0996 to 1.01 3) 0314 <22 19282/227 Reference 0.758 (0476 2.281 (1 495
Cr (mmol/L) 0.986 (0.970 to 1.002) 0076 t01.209) t03479)
16 (mmol/L) 0.990 (0.887 to 1.104) 0857 >22 211.98/260 Reference 1.683(1.129  3.358 (2.206
to 2.507) to 5.111)
LDL-C (mmol/L) 1211 (1.057 to 1.387) 0.006 ) )
Without Family  199/239.41 Reference 1.001(0.732  2.850 (2.097
history of DM to 1.368) t03.875)
Table 3 Comparison of parameters among three groups Without history 199.25/242 Reference 1.066 (0.782  2.832 (2.090
categorized by tertiles of UA of GDM to 1.453) t0 3.835)

Lowest Middle Highestgroup P
group group
UA (umol/L) Below 199 199to 243 above 243
n 616 620 610
Women with 164 (266) 178(28.7)  342(56.12)"* <0.001
GDM, n (%)
GDM history, 14 (2.3) 15 (24) 21 (34) 0638
n (%)
Family history of  601(97.6) 587 (947)" 555(91.0) * <0.007
DM, n (%)
Parous, n (%) 447 (726) 484 (78.1)" 515(84.4) ™" <0.001
SBP (mmHg) 115£10  115+10 115412 0.391
DBP (mmHg) 71+9 7149 7397 <0.001
FBG (mmol/L)  445+036 442+037 443+038 0514
ALT (U/L) 120(90to 120(090to 127 (94to 0016
17.1) 19.0) 19.2) *
AST (U/L) 166 (140 170(140  17.9(150to0 0.001
to 20.6) t0 22.5) 220)*

Cr (mmol/L) 46+8 48+8" 48+8" <0.001
TG (mmol/L) 157(117 182(130 208(166t0 <0.001
to 2.07) to244)" 277
CH (mmol/L) 483+102 504+1.22" 533+117% <0.001
HDL-C (mmol/L) 1.80+039 173+038 1.67+040* <0.001
LDL-C (mmol/L)  261+076 257+079 2.86+081* <0.001

The participants’ characteristics across the tertiles of
UA levels were shown in Table 3. There were no differ-
ences in SBP, FBG levels or history of GDM across the
tertiles of UA levels. Participants with higher levels of UA

were likely to have higher DBP and ALT, AST, TG, cho-
lesterol, and LDL-C levels but lower high-density lipo-
protein cholesterol (HDL-C) levels. In the fully adjusted
model, the OR for the occurrence of GDM comparing
with the extreme tertiles of UA levels was 2.788 (95%
CI: 2.060-3.772; P<0.001), and the P-values were stable
during the process of adjusting for different models, as
shown in Table 4. After regression analysis of the differ-
ent subgroups, UA still showed a significant correlation
with GDM, as shown in Table 5.

Restricted cubic splines showed a positively correlated
linear relationship between uric acid levels and GDM
risk, especially when uric acid was above 222 umol/L (P
for nonlinearity<0.001, P overall<0.001, Fig. 2). The area
under the receiver operating characteristic curve (ROC)
of UA combined with basal factors (age, GDM history,
pre-pregnancy BMI, TG, ALT, Cr, LDL, FBG, and DBP)
for predicting GDM was 0.803 (95% CI: 0.781-0.826,
P<0.001, Fig. 3).

Association between genetic variants of UA and GDM

We further performed MR analysis to estimate the causal
effect size of genetically determined UA levels on GDM.
The characteristics of the selected SNPs and their asso-
ciations with GDM risk and UA levels are shown in
Supplementary Table 1. We detected an outlier SNP

Table 4 Logistic regression analysis (enter method) to determine the risk factors for development of GDM

Model 1 Model 2 Model 3

OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
UA (umol/L)
Lowest Reference Reference Reference
Middle 1.110 (0.865 to 1.424) 0412 0.972 (0.734 to 1.286) 0.841 1.107 (0.818 to 1.499) 0.509
Highest 3517 (2.767 to 4470) <0.001 2.650 (2.015 to 3.486) <0.001 2.788 (2.060 t0 3.772) <0.001
Model 1:UA

Model 2: UA, age, BMI, Previous GDM, Family history of DM

Model 3: UA, age, BMI, Previous GDM, Family history of DM, ALT, Cr, TG, LDL, FBG, DBP
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Fig. 2 Dose-response relationship between UA concentrations and risk of GDM in restricted cubic spline analysis
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Fig. 3 ROC curves combined basal factors (age, previous GDM history,
pre-pregnancy BMI, TG, ALT, Cr, LDL, FBG and DBP) with serum UA

Table 6 Mendelian randomization analysis of UA on the risk of

GDM

Methods Estimates Odds ratios (95% Cls) P

MR Egger 0.15 1.17 (090 t0 1.52) 0.254
Weighted median 0.07 1.08 (0.89to 1.31) 0.462
Inverse variance weighted  0.06 1.06 (0.91 to 1.25) 0.448
Simple mode 0.09 1.09 (0.79 to 1.52) 0.600
Weighted mode 0.10 1.11 (0.94 to 1.30) 0.225

Abbreviations: MR, Mendelian randomization; UA, uric acid; OR, odds ratio;
Cl, confidence interval; SNP, single nucleotide polymorphism; IVW, inverse
variance-weighted

(rs1260326) using the MR-PRESSO test and performed
MR analysis after deleting this SNP. No evidence of a
causal relationship between serum UA and GDM risk
was found (OR: 1.06, 95% CI: 0.91-1.25) per standard
deviation increase in UA (IVW-MR in Table 6). Similar
results were observed for the weighted median method,

Table 7 Heterogeneity analysis of the mendelian randomization
(MR) analysis results of GDM and UA

Methods Q Q_df P
VW 47.75 33 0.047
MR Egger 46.62 32 0.046

simple mode, weighted mode, and MR-Egger regres-
sion (Table 6). The MR-Egger intercept test suggested no
unbalanced horizontal pleiotropy (MR-Egger intercept =
-0.007; P=0.385). Cochran’s Q statistics using separately
selected SNPs showed significant heterogeneity (2<0.05)
in UA (Table 7). More Details of the MR analysis were
summarized in Supporting Information (Supfig 1-4).

Discussion

Our study found a positive association between elevated
serum UA levels and increased risk of GDM. However,
MR analysis fails to demonstrate a causal relationship
between serum UA levels and GDM risk.

Many observational studies support a positive correla-
tion between serum UA levels and diabetes risk as well as
GDM. Rasika et al. [19]. Susan reported that the risk of
GDM in pregnant women increases as serum UA levels
rise in the first trimester. In a prospective study, Duo et
al. [20]. demonstrated that elevated serum UA levels were
positively associated with the development of GDM, and
the association was enhanced when serum UA exceeded
240 pmol/L. A systematic review and meta-analysis
showed that elevated UA levels are positively related to
the risk of GDM, especially in early pregnancy [6]. Our
results are consistent with these findings. We conducted
a 1:1 case-control matching program and found that the
significant correlation between UA and GDM persisted
after matching.

Previous studies have identified several potential
risk factors for GDM (age, BMI, family history of dia-
betes, and history of GDM) [21, 22]. To correct these
potential consolidating factors, we conducted a strati-
fied regression analysis. Even after adjusting for meta-
bolic risk factors in the model, high UA levels remained
an independent risk factor for developing GDM. We
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used spline regression analysis to explore the relation-
ship between UA levels and the occurrence of GDM.
When we examined the association between UA levels
and GDM, a J-shaped association was observed. When
serum UA exceeded 222 pumol/L, the positive correlation
between serum UA levels and the development of GDM
increased. Various mechanisms may account for the posi-
tive association between UA levels and GDM risk. Firstly,
hyperuricemia may potentially cause B-cell dysfunction
by inducing oxidative stress, inducible nitric oxide (NO)
synthase and inflammation within B-cells [23-26]. Sec-
ondly, insulin resistance plays a critical role in the patho-
genesis of GDM, and the results of many researches have
shown that hyperuricemia is closely associated with insu-
lin resistance [27-31]. Furthermore, hyperuricemia may
induce oxidative stress, which in turn leads to endocrine
dysfunction in adipose tissue, leading to the development
of metabolic syndrome [32].

Although many studies have indicated that UA is a
crucial factor in the development of GDM, evidence
reveals that UA may play only a bystander role in the risk
of GDM. Maged et al. [33]. reported that the serum UA
concentration was not positively related to the develop-
ment of GDM. Giingor et al. [34]. also proved that UA
levels were higher in patients with diabetes; however, this
elevation was not statistically significant. Therefore, it
remains unknown whether there is a causal relationship
between serum UA levels and GDM risk.

Yan et al. [35]. provided evidence of a causal associa-
tion between UA and macrovascular disease in Chinese
diabetic women using MR analysis. Although several MR
studies have evaluated the potential causal relationship
between serum UA levels and diabetes risk, no positive
results have been reported. Three European studies and
a Chinese study found no causal association between
UA and diabetes risk [9, 10, 36, 37]. We are unaware of
any studies that have performed MR analyses of UA and
GDM to explore their genetic causality. Therefore, addi-
tional MR studies are necessary to explore the causal
associations between serum UA levels and GDM risk.
Although serum UA levels were significantly correlated
with an increased incidence of GDM, our two-sam-
ple MR analysis did not produce genetic evidence of a
causal relationship between them. There are several pos-
sible reasons for these negative results. Firstly, this study
used summary-level data, which could lead to potential
mediators between genotype and disease risk that may
not have been controlled for. Secondly, datasets of expo-
sures and outcomes were obtained from individuals of
Japanese and European descent who had varying risks
of developing GDM. In addition, the limited number of
SNPs included in the MR analysis and the relatively small
effect of SNPs on UA levels may lead to negative conclu-
sions. Finally, in observational studies, blood UA may be
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a secondary factor to adverse metabolic phenotypes, and
residual confounders may induce a positive association of
UA and GDM in previous studies. Notably, factors such
as alcohol consumption, smoking, physical activity, renal
function, or diuretic use have all been reported to be
associated with GDM and serum uric acid levels, but only
a few studies have corrected for them. Therefore, addi-
tional MR and prospective cohort studies are necessary
to examine the causal relationship between serum UA
levels and GDM risk, especially in different populations.

Our study has several advantages. First, our study
included a well-matched retrospective design, making it
even more compelling. Second, as far as we know, this
is the first Mendelian randomized study to investigate
the relationship between UA and GDM. The MR design
effectively minimizes the potential biases caused by con-
founding and reverse causality in observational studies.
However, this study had certain limitations. Firstly, con-
sistent with previous MR studies, the SNPs employed in
the present study explained only a portion of serum UA
changes. In future studies, it will be necessary to iden-
tify additional UA susceptibility genes to investigate the
causal relationship between these two factors. Secondly,
our analysis was limited to specific racial populations,
which limits its generalization to other populations.
Finally, although we considered the possible GDM risk
factors, the possibility of residual confounders could not
be excluded.

In conclusion, although elevated serum UA levels were
significantly related to an increased risk of GDM, the
results of the MR study did not provide evidence of a
causal relationship between serum UA levels and GDM
risk.
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