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Abstract

Background Previous evidence suggests that higher blood uric acid (UA) levels are associated with adverse
cardiovascular outcomes during pregnancy and subsequent birth outcomes. However, it has been relatively unclear
whether these associations persist in normotensive pregnant women.

Methods The study was based on a retrospective analysis of 18,250 mother-infant pairs in a large obstetric center in
China. Serum UA concentrations in early pregnancy (median: 17.6, IOR: 16.3, 18.6 gestational weeks) were assessed.
Hyperuricemia was defined as > one standard deviation (SD) of the reference value for the corresponding gestational
age. Outcomes of gestational diabetes mellitus (GDM), preterm birth (PB), low birth weight (LBW), macrosomia, small
for gestational age (SGA) and large for gestational age (LGA) were extracted from the medical records.

Results The mean maternal UA level was 0.22 +0.05 mmol/L, and 2,896 (15.9%) subjects had hyperuricemia. After
adjustment for several covariates, UA was associated with several adverse outcomes. The ORs (95%Cl) per one

SD increase in serum UA concentration were 1.250 (1.136, 1.277) for GDM, 1.137 (1.060, 1.221) for PB, 1.134 (1.051,
1.223) for LBW, and 1.077 (1.020, 1.137) for SGA, respectively. Similar adverse associations were found between
hyperuricemia and GDM, PB (ORs: 1.394 and 1.385, P <0.001), but not for LBW, macrosomia, SGA, and LGA. Adverse
associations tended to be more pronounced in subjects with higher BMI for outcomes including PB, LBW, and SGA (P
interaction=0.001-0.028).

Conclusion Higher UA levels in early pregnancy were associated with higher risk of GDM, PB, LBW, and SGA in
normotensive Chinese women.
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Background
Uric acid (UA) is one of the major factors that were asso-
ciated with an increased risk of cardiovascular disease
[1, 2]. Evidence suggests that higher UA levels also con-
tribute to other chronic diseases such as type 2 diabetes
mellitus [3], metabolic syndrome [4], and non-alcoholic
fatty liver disease [5]. During pregnancy, higher UA lev-
els are known to be associated with an increased risk of
gestational hypertension, pre-eclampsia/eclampsia [6-8],
and subsequent adverse birth outcomes [9]. However, the
associations between UA and other complications, such
as gestational diabetes mellitus (GDM) and adverse birth
outcomes, have been relatively unclear in normotensive
subjects. In addition, previous studies in this area have
produced inconsistent results. Several studies have sug-
gested that hyperuricemia is associated with an increased
risk of GDM [10-13] or adverse birth outcomes [14—16].
One study showed that both high and low UA levels
contribute to adverse fetal growth [17]. Marginal or null
associations with these outcomes have been reported for
UA in several other studies [18—22]. The small sample
size of most studies, racial heterogeneity, and different
trimesters studied may partially explain the heterogene-
ity of these findings. However, it should be recognized
that gestational cardiovascular complications (hyper-
tension, pre-eclampsia, eclampsia) share many com-
mon mechanisms with GDM, and independently lead to
adverse birth outcomes. Therefore, without eliminating
the influence of these patients, the associations of UA
with other outcomes in the general population may be
overestimated. In addition, with the potential function
of antioxidant, UA has also been suggested to be benefi-
cial for degenerative diseases such as osteoporosis [23],
and showed U-shaped associations for several diseases
[24-26]. A U-shaped rather than linear association of UA
with fetal growth has been reported [17]. The functional
forms of UA with pregnancy outcomes have been incon-
sistent or poorly investigated in other studies and war-
rant further investigation.

Therefore, we aimed to perform a retrospective analysis
based on medical record data from a large obstetric cen-
ter in southern China to better illustrate these problems.

Methods

Subjects

The study was based on retrospective data from the
Southern Medical University Affiliated Maternal & Child
Health Hospital of Foshan from January 1, 2012 to July
31, 2018. The hospital is the largest obstetric center in
Foshan City, Guangdong Province, China, covering a
large population of more than 7.7 million people. Sin-
gleton pregnant women were included in the analyses if
they had serum UA measured at antenatal care visits dur-
ing the first 20 weeks of pregnancy and delivered a live
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birth at the hospital. A total of 27,582 subjects provided
matching information on exposures and outcomes dur-
ing the same pregnancy. Subjects were further excluded
if they met the following criteria: (a) with UA concentra-
tions detected after 20 weeks’ gestation (7,107 subjects);
(b) a history of serious medical conditions: including ges-
tational hypertension/pre-eclampsia/eclampsia (608 sub-
jects), type 1 or type 2 diabetes (47 subjects), malignancy
(15 subjects), and thyroid dysfunction (836 subjects); (c)
missing core data (407 subjects) or suspicious outliers
(>3SD or <-3 SD, 312 subjects). Finally, a total of 18,250
mother-infant pairs were included in the analyses (Fig. 1).

Data collection

Serum UA concentration data were obtained from clini-
cal laboratory records or medical records. Blood samples
were collected during routine obstetric examinations and
measured immediately by the clinical laboratory at the
hospital without freezing. UA was detected by the uric
acid enzyme colorimetric method using an automated
biochemical analyzer (AU5800, Beckman Coulter, Inc,
USA). Commercial kits were purchased from Ningbo
Ruiyuan Biotechnology Co., Ltd, China. The intra- and
inter-assay coefficients of variation were less than 4% and
15%, respectively. To reduce the possibility of influence
from pregnancy complications, we restricted the data
to UA measured before the first 20 weeks of gestation.
Hyperuricemia in early pregnancy is defined as serum
UA concentrations>1 SD of reference values [27] at
the gestational ages (6~12, >12~13, >13~14, >14~15,
>15~16, >16~17, >17~18, >18~19, and >19~20 ges-
tational weeks) in our study, as shown in Supplemental
Table 1.

Information including maternal age, body mass index
(BMI), gestational week of UA measurement, parity,
time of last menstrual period and delivery, history of
related diseases were obtained from medical records.
The outcomes of GDM, PB, LBW, and macrosomia were
diagnosed by professional obstetricians with the same
criteria, and extracted from medical records. GDM
was assessed by the oral glucose tolerance test at 24 to
28 weeks’ gestation, and diagnosed if subjects met any
items of the following criteria: fasting blood glucose=>5.1
mmol/L; one-hour blood glucose after oral glucose
ingestion>10.0 mmol/L; two-hour blood glucose after
oral glucose ingestion>8.5 mmol/L. PB was defined
as delivery at 228 and <37 weeks; gestation. Neonatal
birth weight <2500 g was defined as LBW, and =4000 g
was defined as macrosomia. Based on the latest criteria
(WS/T 800—2022) promulgate by the National Health
Commission of the People’s Republic of China [28],
appropriate for gestational age (AGA) was defined as
neonates whose birth weights were between 10th to 90th
percentile by gestational age. Small for gestational age
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Outcomes(Delivery of snigleton pregnancy):
62,857 subjects

(Information of uric acid measurement):

Exposure

31,305 subjects

(]

61,053 subjects with reconized ID
information for matching

27,582 subjects

Matching information of exposure and outcomes during the same pregnancy:

7,107 subjects with uric acid measured after 20 gestaional weeks

A

20,475 subjects with uric acid measured < 20 gestaional weeks

1,506 subjects were excluded for serious diseases:
1. 608 subjects for gestational hypertension/preeclampsia/eclampsia;
2. 47 subjects for type 1 or type 2 diabetes;
3. 15 subjects for malignancy;
4. 836 subjects for thyroid dysfuction.

18,969 subjects with preliminary data

719 subjects were excluded for core data problems:
1. 407 subjects for core data missing or errors (164 for height and 243 for weight);
2. 312 subjects abnormal data (beyond 3 standard deviations): 143 for BMI, and 169 for uric acid.

18,250 subjects with completed data for final analysis

Fig. 1 Flow characteristic of the study

(SGA) and (LGA) was defined as neonates whose birth
weights were <10th percentile and >90th percentile by
gestational age, respectively.

Statistical analyses

Continuous variables were presented as meanztstan-
dard deviation (SD) or median (interquartile range) and
tested by Student’s t-test or non-parametric test. Cate-
gorical variables were presented as frequencies (percent-
ages) and tested by chi-squared test. Logistic regression
analyses were performed to examine the associations
between UA and outcomes, including GDM, PB, LBW,
macrosomia, SGA, and LGA. UA was analyzed as both
a categorical (hyperuricemia versus normal) and con-
tinuous variable (per one SD increase). Two different
analysis models were performed, model 1 as a univari-
ate model without any adjustment and model 2 adjusted
for maternal age, BMI, parity, and gestational week of
UA measurement. Stratified analyses were performed
for different groups of maternal age (<35 or =35 years),
BMI (<24, overweight: >24 and <28, obesity: >28 kg/m?)
[29], parity (0 or >1), gestational week of UA measure-
ment (<17 or =17 weeks). Analyses were performed with
SPSS software (version 21.0, Chicago, IL, USA). Gener-
alized additive regression models (GAMs) were used to
explore the functional forms of the association between
UA and related outcomes and were performed using the

R software (version 4.3.1, Vienna, Australia). A two-sided
P <0.05 was considered as statistically significant.

Results
A total of 18,250 pregnant women aged 29.2+4.53 years
were included in the analyses, of whom 2,896 (15.9%)
had hyperuricemia. As shown in Table 1, maternal serum
UA concentrations were measured at a median of 17.6
(IQR: 16.3, 18.6) weeks, with a mean value of 0.2210.05
mmol/L. The incidence was highest for LGA (13.2%),
followed by SGA (9.2%), GDM (7.6%), PB (5.0%), LBW
(4.4%), and lowest for macrosomia (2.4%). Subjects
with hyperuricemia tended to have higher BMI (26.6
vs. 25.8 kg/m? P<0.001) and serum UA concentration
(0.30 vs. 0.21 mmol/L, P<0.001); higher incidence of
LGA (15.0% vs. 12.9%, P=0.007), GDM (9.8% vs. 7.2%,
P<0.001), CS (45.8% vs. 42.7%, P=0.002), and preterm
birth (6.1% vs. 4.8%, P=0.004); and have a lower delivery
gestational age (38.7 vs. 38.9 weeks’ gestation, P <0.001).
After adjustment for several potential covariates, higher
UA levels in early pregnancy were associated with several
adverse outcomes (Table 2). The ORs (95%CI) per one SD
increase in UA levels were 1.205 (1.136, 1.277) for GDM,
1.137 (1.060, 1.221) for PB, 1.134 (1.051, 1.223) for LBW,
and 1.077 (1.020, 1.137) for SGA, respectively. Similarly,
hyperuricemia (vs. normal) was associated with a 39.4%
(OR: 1.394, 95%CI: 1.211-1.606) higher risk of GDM,
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Table 1 Characteristic of subjects

Total Normal Hyperuricemia P

(N=18,250) (N=15,354) (N=2,896)
Age, years 29.2+4.53 29.2+4.52 29.2+4.60 0.717
B!\/H,kg/m2 26.0+2.96 258+2.90 266+3.20 <0.001
Gestational age at delivery, weeks 39.2(38.2,40.1) 39.2(38.3,40.1) 39.1(38.2,39.9) <0.001
Neonatal birth weight, kg 3.17+042 3.17+042 3.16+043 0.085
Uric acid, mmol/L 0.22+0.05 0.21+0.04 0.31+0.03 <0.001
Gestational weeks of uric acid measurement, weeks 17.6(16.3,18.6) 176(16.3,18.6) 17.6(16.3,18.6) 0.520
Parity, N (%) 0.06
0 12,932 (70.9) 10,922 (71.1) 2,010 (69.4)
>1 5318(29.1) 4,432 (28.9) 886 (30.6)
Gestational diabetes mellitus, N (%) <0.001
Yes 1,396 (7.6) 1,113(7.2) 283 (9.8)
No 16,854 (92.4) 14,241 (92.8) 2,613(90.2)
Caesarean section, N (%) 0.002
Yes 7,890 (43.2) 6,563 (42.7) 1,327 (45.8)
No 10,360 (56.8) 8,791 (57.3) 1,569 (54.2)
Premature birth, N (%) 0.004
Yes 918 (5.0) 741 (4.8) 177 6.1)
No 17,332 (95.0) 14,613 (95.2) 2,719(93.9)
Low birth weight, N (%) 0.546
Yes 812 (4.4) 677 (4.4) 135(4.7)
No 17,438 (95.6) 14,677 (95.6) 2,761 (95.3)
Macrosomia, N (%) 0.722
Yes 443 (2.4) 370 (2.4) 73 (2.5)
No 17,807 (97.6) 14,984 (97.6) 2823 (97.5)
Weight for gestational age 0.007
Small for gestational age, SGA 1,671(9.2) 1,401 (9.1) 270(9.3)
Appropriate for gestational age, AGA 14,171 (77.6) 11,978 (78.0) 2,193 (75.7)
Large for gestational age, LGA 2,408 (13.2) 1,975 (12.9) 433 (15.0)

Table 2 Associations between early pregnancy serum uric acid levels and gestational diabetes & adverse infant birth outcomes

(N=18,250)

Model 1 Model 2

OR 95%ClI P OR 95%ClI P
Hyperuricemia versus normal (reference)
Gestational diabetes mellitus 1.386 (1.208, 1.589) <0.001 1.394 (1.211,1.606) <0.001
Caesarean section 1.133 (1.046, 1.227) 0.002 1.057 (0.972,1.148) 0.194
Premature birth 1.284 (1.084, 1.520) 0.004 1.385 (1.168, 1.643) <0.001
Low birth weight 1.060 (0.877,1.281) 0.546 1.193 (0.985, 1.444) 0.070
Macrosomia 1.047 (0.812, 1.350) 0.722 0.837 (0.646, 1.084) 0.178
Small for gestational age 1.024 (0.893, 1.174) 0.734 1.124 (0.978,1.291) 0.100
Large for gestational age 1.191 (1.06,1.333) 0.002 1.098 (0.980, 1.231) 0.108
Per one SD increase of uric acid levels
Gestational diabetes mellitus 1.159 (1.095, 1.227) <0.001 1.205 (1.136,1.277) <0.001
Caesarean section 1.048 (1.016, 1.081) 0.003 1.018 (0.985, 1.052) 0.285
Premature birth 1.081 (1.008, 1.159) 0.028 1.137 (1.060, 1.221) <0.001
Low birth weight 1.050 (0.975,1.131) 0.200 1.134 (1.051,1.223) 0.001
Macrosomia 1.031 (0.933, 1.140) 0.544 0918 (0828, 1.017) 0.101
Small for gestational age 1.029 (0.976, 1.086) 0.289 1.077 (1.020, 1.137) 0.008
Large for gestational age 1.015 (0.970, 1.062) 0.523 0.976 (0.932,1.023) 0317

Model 1: without adjustment
Model 2: adjusted for maternal age, BMI, parity, and gestational weeks of uric acid measurement
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and a 38.5% (OR:1.385, 95%CI: 1.168-1.643) higher risk
of PB, but not with LBW, macrosomia, SGA, and LGA.
In the analysis of GAMs, when the equivalent degrees
of freedom (edf) value was closer to 1.0, the relation-
ship between uric acid and outcome tended to be linear.
When the edf value was further from 1.0, the relationship
between uric acid and outcome tended to be non-linear.
A p-value of less than 0.05 indicates a statistical associa-
tion between uric acid and outcome in the GAMs model.
Serum UA levels showed linear relationships with GDM
(edf=1.11, P<0.001), PB (edf=1.00, P<0.001), LBW
(edf=1.00, P=0.002), and SGA (edf=1.00, P=0.007)
based on GAMs (Fig. 2). The association between UA
and LGA tended to be non-linear (edf=2.62, P=0.008).
No significant associations were found between UA and
macrosomia (edf=1.00, P=0.115).

No significant interactions were observed between
higher serum UA levels (both hyperuricemia or per one
SD increase in UA concentration) and the gestational age
of UA measurement on the risk of adverse outcome, as
shown in Table 3. As shown in Table 4, significant inter-
actions were observed between higher serum UA levels
(per one SD increase in UA concentration) and the BMI
groups (<24, >24 and <28, >28 kg/m?) on the risk of PB
(P interaction=0.001), and LBW (P interaction=0.008).
Significant interactions were observed between hyper-
uricemia and the BMI groups (<24, =24 and <28,
>28 kg/m?) on the risk of SGA (P interaction=0.028).
No significant interactions were found between higher
serum UA levels and age (<35 and =35 years) or parity
(0 and >1) on the risk of all outcomes, and the p-values
of the interaction ranged from 0.097 to 0.826 and from
0.133 to 0.986, respectively (data not shown).

Discussion

In this study based on retrospective data from an
18,250 mother-infants cohort in southern China, we
observed that higher serum UA (both as a categorical
and continuous variable) in early pregnancy was associ-
ated with higher risk of GDM, PB, LBW, and SGA. The
dose-response models tended to be linear for most out-
comes. Results tended to be more pronounced in sub-
jects with higher BMI for the outcomes of PB, LBW, and
SGA, with significant interactions being found for these
associations.

The prevalence of hyperuricemia in our study was
15.9% (subjects), which was relatively higher than that of
nonpregnant Chinese adults in a study of 5,939 subjects
(14.1%) [30] and a study of 11,601 subjects (11.15%) in
Shanghai City [31]. Serum UA concentrations increased
during pregnancy and are affected by gestational age,
which may partly explain why the prevalence of hyper-
uricemia was higher than that in nonpregnant subjects,
although we tried to adjust hyperuricemia for gestational
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age. However, the prevalence of hyperuricemia in our
study was relatively lower when compared with another
study of 404 normotensive singleton women (103 sub-
jects, 25.4%) [15]. The prevalence of hyperuricemia was
barely mentioned in the previous study, moreover, hyper-
uricemia was common defined as =1 SD values at corre-
sponding age, was sample-based, and UA was measured
at different trimesters. These increased the difficulty in
comparing the prevalence of hyperuricemia among dif-
ferent populations, and these issues should be further
considered in the future.

The positive associations found in our study were con-
sistent with several previous studies. Higher UA levels
(or hyperuricemia) in the first 20 weeks of pregnancy
were associated with a 2.34- and 1.11- fold increased risk
of GDM in 1000 Chinese [11] and 5507 Israeli women
[12], respectively. Similar results have been observed in
a retrospective cohort study of 23,843 Chinese with UA
measured before 24 weeks of gestation [32] and other
studies [10, 13]. However, several studies also reported
marginal or null associations between UA and GDM [18,
20, 22]. Adverse associations with PB, SGA, or BW were
also found in several studies with small sample size of less
than 500 [14—16], which were consistent with ours. In a
retrospective study of 11,580 Chinese, higher UA in late
pregnancy (the corresponding gestational weeks at deliv-
ery) was associated with a higher risk of LBW, SGA, but
also associated with a lower risk of PB [33]. Marginal or
null significant results were found in a cross-sectional
study of 885 Germans [19] and in a prospective cohort
of 1541 Americans [21]. In another prospective cohort
of 1291 Americans, both too high and too low UA lev-
els were detrimental to fetal growth [17]. The UA mea-
sured in different trimesters or periods of pregnancy may
partly explain the heterogeneity of these results, as UA
levels tend to be influenced by the course of pregnancy
[27]. In our study, linear rather than U-shaped relation-
ships were observed for UA and most gestational or birth
outcomes. Highlighting the associations with adverse
outcomes of UA in early pregnancy instead of late preg-
nancy, may provide a better opportunity for pregnant
women to improve their UA status and possibly partially
prevent the occurrence of adverse outcomes. In addi-
tion, the longer time between UA measurement (early
versus late pregnancy) and outcomes increases the abil-
ity to avoid the possibility of causal inversion. Our study
included a large number of subjects, which may reduce
the possibility of false-negative results that may have
occurred in previous studies with much smaller sample
sizes. Our results, along with several, but not all, studies,
underscore the importance of UA in early pregnancy as
an indicator of GDM and adverse birth outcomes, even
in normotensive subjects.
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Fig. 2 The relationships between early pregnant serum uric acid levels and outcomes of gestational diabetes mellitus (A), preterm birth (B), low birth
weight (C), macrosomia (D), small for gestational age (E), and large for gestational age (F) based on the generalised additive regression models (n=18,250).
The covariates were maternal age, BMI, parity, and gestational weeks of uric acid measurement. Dotted lines represented the 95% confidence intervals.
When the equivalent degrees of freedom (edf) value was close to 1.0, the relationship between uric acid and outcome tended to be linear. When the
edf value was further from 1.0, the relationship between uric acid and outcome tended to be non-linear. A-p value of less than 0.05 indicates a statistical
association between uric acid and outcome in the GAMs model
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Table 3 Associations between early pregnancy serum uric acid levels and gestational diabetes & adverse infant birth outcomes

stratified by gestational weeks of measurement

<17 weeks (N=6,613) >17 weeks (N=11,637) Crude P-inter-

OR 95%C| P OR 95%Cl P P-interaction action
Hyperuricemia versus normal (reference)
Gestational diabetes mellitus 1.365 (1.100, 1.695) 0.005 1417 (1.175,1.707) <0.001 0.756 0.834
Premature birth 1.338 (1.012,1.768) 0.041 1414 (1.140, 1.754) 0.002 0.709 0.777
Low birth weight 1.122 (0.821,1.534) 0471 1.238 (0.973,1.577) 0.083 0403 0.630
Macrosomia 0.981 (0.655, 1.469) 0.925 0.760 (0.542, 1.066) 0.112 0.758 0472
Small for gestational age 1.151 (0911, 1.455) 0.239 1.112 (0.936,1.321) 0.226 0919 0.970
Large for gestational age 1.025 (0.849, 1.239) 0.795 1.143 (0.990, 1.319) 0.068 0.486 0.395
Per one SD increase in uric acid concentration
Gestational diabetes mellitus 1.235 (1.129,1.351) <0.001 1.183 (1.094, 1.278) <0.001 0.676 0419
Premature birth 1.166 (1.039, 1.308) 0.009 1.120 (1.024, 1.225) 0.013 0677 0.550
Low birth weight 1.197 (1.060, 1.352) 0.004 1.095 (0.995, 1.206) 0.063 0.364 0.241
Macrosomia 0.982 (0.830, 1.162) 0.835 0.884 (0.777,1.007) 0.063 0.398 0.512
Small for gestational age 1.098 (0.999, 1.206) 0.052 1.068 (0.999, 1.142) 0.053 0.828 0.786
Large for gestational age 0.928 (0.858, 1.003) 0.060 1.004 (0.948, 1.065) 0.884 0.184 0.150

The mean (sd) gestational weeks were 14.7 (1.89), and 18.3 (0.83) for the <17 weeks, and the > 17 weeks groups, respectively

The associations were adjusted for maternal age, BMI, parity, and gestational weeks of uric acid measurement

Crude P-interaction: P-interaction calculated without adjustment of other covariates

P-interaction: P-interaction calculated with full adjustment of covariates

Table 4 Associations between early pregnancy serum uric acid levels and gestational diabetes & adverse infant birth outcomes

stratified by BMI

BMI<24 kg/m? (N=4,727) 24<BMI<28 kg/m? BMI>28 kg/m? (N=4,221)  Crude P-inter-
(N=9,302) P-interaction action
OR  95%CI P OR 95%Cl P OR  95%CI P

Hyperuricemia versus normal (reference)

Gestational diabetes 1.149 (0.823,1.604) 0415 1517 (1.238,1859) <0.001 1351 (1.057,1.725) 0.016 0294 0467

mellitus

Caesarean section 1.039 (0.866,1.246) 0.681 1.057 (0.938,1.190) 0365 1.057 (0.907,1.232) 0475 0224 0.700

Premature birth 1269 (0.928,1.736) 0.136 1.221 (0.939, 1.589) 0136 1.806 (1.296,2.515) <0.001 0.081 0.064

Low birth weight 0931 (0.674,1.285) 0663 1419 (1.069, 1.885) 0.016 1.196 (0.769,1.859) 0426  0.115 0.076

Macrosomia 1.143 (0.440,2967) 0.784 0847 (0.553,1.297) 0445 0.822 (0.583,1. 159) 0264 0738 0.523

Small for gestationalage  0.930 (0.730,1.184) 0556  1.177 (0.962, 1.440) 0.113 1.383 (1.008,1.896) 0.045 0.074 0.028

Large for gestational age  1.016 (0.766,1.347) 0911 1.070 (0.899,1.272) 0446 1.148 (0.957,1.378) 0.138 0.169 0355

Per one SD increase in uric acid concentration

Gestational diabetes 1177 (1.041,1.332) 0.009 1213 (1.114,1.320) <0.001 1.199 (1.075,1.337) 0.001 0.619 0.679

mellitus

Caesarean section 1.022 (0.955,1.093) 0530 1.001 (0.956,1.048) 0972 1.044 (0.978,1.115) 0.196 0.117 0.342

Premature birth 1.002 (0.885,1.133) 0978 1.146 (1.032,1.273) 0.011 1.330 (1.140,1.552) <0.001 0.002 0.001

Low birth weight 1.027 (0915,1.154) 0646 1.191 (1.059,1.339) 0.003 1.247 (1.031,1.509) 0.023 0.019 0.008

Macrosomia 0.934 (0.644,1357) 0.721 0938 (0.799, 1.100) 0430 0.909 (0.787,1.049) 0.193 0.276 0.609

Small for gestational age  1.022 (0.936,1.116) 0.629 1.107 (1.022,1.199) 0.013 1.126 (0.977,1.298) 0.100 0.247 0.110

Large for gestational age  0.954 (0.859,1.060) 0384 0.960 (0.896, 1.028) 0245 1.001 (0.924,1.085) 0.980 0.139 0322

The associations were adjusted for maternal age, BMI, parity, and gestational weeks of uric acid measurement

Crude P-interaction: P-interaction calculated without adjustment of other covariates

P-interaction: P-interaction calculated with full adjustment of covariates

Several mechanisms may contribute to the adverse
associations of UA. Higher UA might affect GDM by
increasing the risk of insulin resistance during pregnancy
[34], through several potential pathways, including endo-
thelial dysfunction [35], decreased production of nitric

oxide [36, 37], and induction of metabolic inflammation
[38]. Apart from the mechanisms mentioned above, ele-
vated UA might inhibit amino acid uptake in the placenta
[39], and attenuate trophoblast invasion and integration
into endothelial cell monolayers [40], leading to poor
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placental development. Most of these mechanisms have
also been implicated in the development of adverse ges-
tational cardiovascular complications. Because adverse
associations were observed in pregnant women without
the occurrence of cardiovascular complications, other
potential mechanisms may exist, and need to be well
characterized by further studies.

More pronounced adverse associations were found in
subjects with higher BMI for outcomes of PB, LBW, and
SGA. Indeed, obesity is one of the most important path-
ways for adverse outcomes [41]. Moreover, obesity also
leads to higher UA levels [42, 43], although we tried to
attenuate its influence by adjusting for BMI. Our results
suggest that clinicians should make more precise consid-
erations for subjects with both high UA levels and obesity
in early pregnancy.

Our study has several strengths. The study was based
on a large sample of 18,250 subjects, which provided
more precise estimates of the associations. Serum UA
data were measured and collected in early pregnancy,
which established the temporal sequence of the observed
associations. We examined the functional forms of the
dose-response associations, and potential interactions
from multiple variables, including age, BMI, UA mea-
surement times, and parity. Our results provided further
evidence for obstetric clinicians to identify higher UA
levels and potential high-risk patients.

There are also several limitations to the study that
deserve careful consideration. First, serum levels of UA
were measured and recorded only once during the preg-
nancy in subjects without gestational cardiovascular
complications, so we were unable to analyze the dynamic
course of UA and its influence on outcomes during the
early pregnancy. Second, the study was based on data
from an obstetric center instead of a community, which
might have weakened the representativeness of the
sample, but this could partly be counteracted because
the obstetric center was the largest one in the areas and
received patients from different regions of the city. In
addition, it would be of very difficult to collect medical
record information from the community for a retrospec-
tive study. Third, although we adjusted for several poten-
tial covariates, there may still be residual confounding.

Conclusions

In conclusion, this retrospective cohort study found that
higher UA levels in early pregnancy were associated with
higher risk of GDM, PB, LBW, and SGA in normotensive
Chinese women.
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