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Objective: To investigate the associations between serum uric acid (UA) and cystatin C (CysC) levels in late pregnancy with major
unfavorable birth outcomes.
Methods: We retrospectively analyzed the maternal UA and CysC levels during late pregnancy and their relationship with
unfavorable birth outcomes in a Chinese population (n = 11,580).
Results: Women with the highest quartile of UA had higher risks of low birth weight (LBW) and small for gestational age (SGA)
babies and a lower risk of preterm birth (PTB) compared to women with the lowest quartile [for LBW, adjusted-odds ratio (OR) =
2.63, 95% CI: 1.76, 3.95; for SGA, adjusted-OR = 2.11, 95% CI: 1.73, 2.57; for PTB, adjusted-OR = 0.55, 95% CI: 0.45, 0.69; all
P for trend <0.001]. Compared to women in the lowest quartile of CysC, higher risks of macrosomia and large for gestational age
(LGA) and lower risks of PTB and SGAwere observed for those in the highest quartile (for macrosomia, adjusted-OR = 2.01, 95% CI:
1.60, 2.51; for LGA, adjusted-OR = 1.97, 95% CI: 1.67, 2.32; for PTB, adjusted-OR = 0.32, 95% CI: 0.26, 0.41; all P for trend
<0.001; for SGA, adjusted-OR = 0.78, 95% CI: 0.64, 0.96; P for trend <0.05).
Conclusion: This study reports the associations of maternal UA and CysC with adverse birth outcomes, and suggests that routine
determination of maternal UA and CysC in late pregnancy is beneficial for assessing the risks of these outcomes.
Keywords: uric acid, cystatin C, birth weight, preterm birth, small for gestational age, large for gestational age, macrosomia

Introduction
Serum uric acid (UA) and cystatin C (CysC) levels are often used as indicators of renal function. Increased uric acid is
associated with both renal disease and risk factors for cardiovascular disease, hypertension, metabolic syndrome, obesity,
and diabetes in adults.1 During pregnancy, elevated uric acid in hyper- or normotensive pregnancy is associated with
unfavorable perinatal outcomes, including preterm birth (PTB), low birth weight (LBW), and small for gestational age
(SGA) newborns.2–6 However, other reports suggest that high uric acid is not associated with these outcomes after
adjusting for confounders.7–9 In a recent study of 885 mothers and their singleton newborns, Rothenbacher et al showed
an inverse correlation of maternal high UA with a reduced risk of SGA in an age-adjusted analysis.10

CysC, an endogenous protease inhibitor with a molecular weight of 13 kDa, belongs to the cystatin superfamily and
plays an important role in the intracellular catabolism of proteins and peptides. Most nucleated cells synthesize CysC,
which is catabolized by renal proximal tubular cells after glomerular filtration. It has been widely studied in pre-
eclampsia (PE) because PE mainly manifests as glomerular endotheliosis, which affects kidney function.11–16 However,
little is known about CysC levels and other adverse pregnancy outcomes, such as gestational diabetes mellitus (GDM),
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intrahepatic cholestasis of pregnancy (ICP), PTB, SGA, large for gestational age (LGA) infants, LBW, and
macrosomia.10 A few reports on the relationship between the CysC concentration and PTB are also inconsistent.8,17,18

Therefore, our hospital-based cohort study investigated the relationship between maternal UA, CysC in late preg-
nancy and adverse pregnancy outcomes in a Chinese population and quantified the risk of major pregnancy outcomes
with varying UA and CysC levels after adjusting for available potential confounders, such as the maternal serum high
sensitivity C-reactive protein (hsCRP) and blood lipids.

Methods
Study Population and Data Collection
This retrospective observational cohort study enrolled consecutive pregnant women admitted for delivery to the
Changzhou Maternity and Child Health Care Hospital affiliated with Nanjing Medical University, Jiangsu Province,
China, between April 2016 and March 2017. The study protocol was approved by the ethics committee of Changzhou
Maternity and Child Health Care Hospital (No. ZD201803). Women were enrolled if they met the following criteria:
singleton pregnancy, available medical records and complete laboratory tests, live birth, and no birth defects. Women
were excluded if they had multiple pregnancies; smoked or used alcohol or illicit drugs during pregnancy; or had major
pre-pregnancy diseases such as active gout, chronic hypertension, diabetes mellitus type 1 or 2, chronic heart, liver, or
kidney disease, thyroid disease, immune rheumatic disease, or syphilis. Data on maternal characteristics [maternal age,
body mass index (BMI), gestational age, gravidity, parity, blood pressure, and pregnancy complications] and on their
infants (sex, birth length, and birth weight) were downloaded from the hospital information system. Maternal UA, CysC,
hsCRP, and blood lipid levels were obtained from the hospital laboratory information system. Pregnant women were
admitted after they developed symptoms of threatened labor onset. ALL of the blood samples in this study were collected
before active labor. UA, CysC, creatinine, blood lipids, and hsCRP were detected using the uricase peroxidase method,
latex enhanced immune turbidimetry, enzymatic procedures, and particle enhanced immunonephelometry, respectively,
on automatic analyzers (AU5800, Beckman Coulter, Japan, for UA, CysC, creatinine, and lipids; BN II System, Siemens
Diagnostics, Germany, for hsCRP). All laboratory analyses were performed in the corresponding gestational weeks at
delivery by laboratory staff unaware of the birth outcomes.

Definitions of Pregnancy Outcomes
Pregnancy-induced hypertension (PIH), GDM, ICP, and PE were regarded as major pregnancy complications, while PTB,
SGA, LBW, LGA babies, and macrosomia were considered important perinatal outcomes. Following the International
Association for Diabetic Pregnancy Study Group criteria, a 75-g oral glucose tolerance test was used to diagnose GDM at
24–28 weeks of gestation.19,20 The diagnosis of ICP was based on abnormal liver function and elevated serum bile
acids.21 On or after 20 gestational weeks, women without hypertension who developed high blood pressure (systolic
blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg) with significant proteinuria (positive random tests for
urine protein or urine protein ≥300 mg/24 h) were defined as PE, while those without proteinuria were diagnosed as
PIH.22 PTB was defined as a delivery at <37 weeks of gestation.23 According to birth weight, newborns were divided into
LBW (<2500 g), normal birth weight (2500–4000 g), and macrosomia (>4000 g).24,25 Based on a reported reference
curve, SGA and LGA referred to neonates whose birth weights were less than the 10th and more than the 90th percentile
by gestational age, respectively.26

Statistical Analysis
All statistical analyses were performed using Empower Stats software (X&Y solutions, Boston, MA, USA) and R (http://
www.R-project.org). Descriptive statistics were used to describe the characters of mothers and their neonates in different
categories of UA and CysC level. Parametric and nonparametric tests as appropriate were used to determine the statistical
significance of the differences in demographics and birth outcomes in the four quartiles of UA and CysC levels. Maternal
serum UA and CysC levels were defined as quartile 1 (Q1: UA < 249.8 µmol/L; CysC < 0.6 mg/L), quartile 2 (Q2: UA,
249.8 to < 292.1 µmol/L, CysC, 0.6 to < 0.70 mg/L), quartile 3 (Q3: UA, 292.1 to 340.9 µmol/L, CysC, 0.70 to 0.81 mg/
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L), and quartile 4 (Q4: UA, > 340.9 µmol/L; CysC, >0.81 mg/L), respectively. Spearman correlation analysis was used to
investigate the association of maternal UA and CysC with maternal characteristics, blood lipids, and hsCRP.
Furthermore, the associations between maternal UA and CysC and neonatal gestational age, birth weight, and length
were examined using general linear models after adjusting for available confounders. In addition, by adjusting for
confounding factors, logistic regression models were used to estimate odds ratios (ORs) and 95% confidence intervals
(CIs) for major pregnancy complications and birth outcomes (for pregnancy complications, corrected for maternal age,
BMI, gravidity, parity, blood lipids, and hsCRP levels; for PTB, also corrected for anemia, GDM, ICP, PE, PIH, systolic
and diastolic BP at delivery, and infant sex; for SGA, LGA, LBW, and macrosomia, also corrected for gestational age at
delivery).

Results
After excluding 1695 pregnant women with major pre-gestational diseases, medical abortion, multiple pregnancy,
congenital malformation neonates, or no UA or CysC levels, 11,580 mothers and their singletons were eligible for the
study. Tables 1 and 2 show the demographic characteristics of the study population according to the maternal UA and
CysC categories, respectively. Significant differences in UA and CysC quartiles were observed (for both UA and CysC:
maternal gravidity, parity, gestational age, blood pressure, prevalence of ICP, PE, PIH, and PTB, neonatal length and
weight, the incidence of anemia, and GDM; for UA only: maternal age, BMI, delivery mode; for CysC only: neonatal
sex). Among the 11,580 singleton neonates, 798, 519, and 853 were PTB/preterm premature rupture of membranes
(PPROM), LBW, and fetal macrosomia, respectively. Of 11,580 neonates, 1024 were SGA babies and 1793 were LGA
babies.

In this study, the medians (range) of maternal UA and CysC levels in late pregnancy were 292.1 (45.60–722.40) µmol/L
and 0.70 (0.10–2.39) mg/L, respectively. Interestingly, the incidence of macrosomia and LGA significantly elevated with
increasing CysC quartile. Table 3 shows the distribution of maternal creatinine, blood lipids, and hsCRP with UA and CysC
quartile. With increasing UA and CysC quartiles, triglyceride increased significantly, while HDL-C decreased. There were
also significant correlations between UA or CysC and maternal characteristics (Table 4). Table 5 shows the effects of maternal
UA and CysC levels on the growth of their newborns after adjusting for confounders. With increasing CysC quartile, the
gestational age increased by 0.32, 0.37, and 0.46 weeks, and the neonatal birthweight increased by 32, 56, and 106
g. Compared to women in the lowest quartile of UA, longer gestational age and lower birthweight were observed for those
in the highest quartile (for gestational age, adjusted- β = 0.28, 95%CI: 0.20, 0.37; for birthweight, adjusted- β = –59, 95%CI: –
78, –39). The associations of UA and CysC levels (in quartiles) with the risks of major pregnancy outcomes in the adjusted
models are summarized in Table 6. Women with the highest quartile of UA had higher risks of LBW and SGA babies and
a lower risk of PTB compared to women with the lowest quartile (for LBW, adjusted-OR = 2.63, 95%CI: 1.76, 3.95; for SGA,
adjusted-OR = 2.11, 95%CI: 1.73, 2.57; for PTB, adjusted-OR = 0.55, 95%CI: 0.45, 0.69). Compared to women in the lowest
quartile of CysC, higher risks of macrosomia and LGA and lower risks of PTB and SGAwere observed for those in the highest
quartile (for macrosomia, adjusted-OR = 2.01, 95%CI: 1.60, 2.51; for LGA, adjusted-OR = 1.97, 95%CI: 1.67, 2.32; for PTB,
adjusted-OR = 0.32, 95% CI: 0.26, 0.41; for SGA, adjusted-OR = 0.78, 95% CI: 0.64, 0.96).

Discussion
To our knowledge, this is the largest cohort study to examine the associations of maternal serum indices of renal function
(UA and CysC) with unfavorable birth outcomes in a Chinese population. We found that with increasing UA quartile
from Q3 to Q4, the risk of LBW increased by 1.67- and 2.63-fold, and the risk of SGA increased by 1.43- and 2.11-fold.
With increasing CysC quartile, the risk of macrosomia increased by 1.13, 1.31, and 2.01-fold, and the risk of LGA
increased by 1.25, 1.49, and 1.97-fold. Women in the highest quartiles of UA and CysC had a lower risk of PTB than
those in the lowest quartiles.

The UA level decreases until about the 20th week of gestation, when it stabilizes and increases slightly approaching
the end of pregnancy.27 During early pregnancy, the maternal UA declines because of the increased renal function and
stimulatory effects of estrogens, whereas in late pregnancy UA increases significantly to as high as 238–298 μmol/L.28

High UA levels are attributed mainly to reduced glomerular filtration, elevated resorption, decreased secretion in the
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renal proximal tubules, oxidative stress, tissue damage and placental ischemia, probably leading to pregnancy
complications.29–31 A common limitation of previous studies of the relationship between UA and pregnancy complica-
tions is the heterogeneity of the study populations explored, study design, classification of hyperuricemia, sample size,
pregnancy outcomes chosen, and timing of UA detection. Our study of 11,580 Chinese mothers evaluated the association
between UA in late pregnancy and major pregnancy complications and demonstrated that the highest UA quartile
(>340.9 µmol/L) is associated with increased incidences of GDM, ICP, PE, and PIH as compared to the lowest quartile
(for GDM, 9.64% vs 7.43%; for ICP, 9.26% vs 4.67%; for PE, 7.56% vs 1.59%; and for PIH, 3.73% vs 1.04%). This is
the largest cohort study showing an association between high UA and ICP in Chinese population.

Table 1 Characteristics of the 11,579 Mothers and Their Babies According to the Quartile of Maternal UA Levels

Maternal UA Levels (µmol/L) P-value

Q1 (<249.8, n=2892) Q2 (249.8–292, n=2894) Q3 (292.1–340.9, n=2898) Q4 (>340.9, n=2895)

Maternal characteristics

Maternal age at delivery (years) 28 (26–32) 28 (26–31) 28 (26–31) 27 (25–30) <0.001

≤ 25 [n (%)] 566 (19.57%) 674 (23.29%) 704 (24.29%) 786 (27.15%) <0.001

26–29 [n (%)] 1155 (39.94%) 1192 (41.19%) 1254 (43.27%) 1261 (43.56%)

≥ 30 [n (%)] 1171 (40.49%) 1028 (35.52%) 940 (32.44%) 848 (29.29%)

BMI at delivery (kg/m2) 26.61 (24.75–28.91) 26.91 (24.94–29.30) 27.43 (25.01–29.55) 27.34 (25.27–29.72) <0.001

<25 [n (%)] 797 (27.84%) 738 (25.71%) 691 (24.12%) 636 (22.21%) <0.001

≥25 [n (%)] 2066 (72.16%) 2133 (74.29%) 2174 (75.88%) 2228 (77.79%)

Gravidity

<3 [n (%)] 1915 (66.22%) 2042 (70.56%) 2105 (72.64%) 2169 (74.92%) <0.001

≥3 [n (%)] 977 (33.78%) 852 (29.44%) 793 (27.36%) 726 (25.08%)

Parity

No child [n (%)] 1527 (52.80%) 1723 (59.54%) 1794 (61.90%) 1909 (65.94%) <0.001

≥1 child [n (%)] 1365 (47.20%) 1171 (40.46%) 1104 (38.10%) 986 (34.06%)

Gestational age at delivery (week) 38.45 ± 1.98 38.73 ± 1.53 38.82 ± 1.50 38.77 ± 1.59 <0.001

Systolic BP at delivery (mmHg) 119 (110–127) 120 (110–129) 120 (110–130) 122 (111–130) <0.001

Diastolic BP at delivery (mmHg) 71 (70–78) 71 (70–78) 73 (70–80) 75 (70–81) <0.001

Delivery mode

Vaginal delivery 1611 (55.71%) 1635 (56.50%) 1692 (58.39%) 1716 (59.27%) 0.022

Cesarean section 1281 (44.29%) 1259 (43.50%) 1206 (41.61%) 1179 (40.73%)

Anemia (hemoglobin < 110 g/L) 685 (23.69%) 577 (19.94%) 583 (20.12%) 582 (20.10%) <0.001

GDM 215 (7.43%) 217 (7.50%) 258 (8.90%) 279 (9.64%) <0.001

ICP 135 (4.67%) 130 (4.49%) 183 (6.31%) 268 (9.26%) <0.001

PE 46 (1.59%) 39 (1.35%) 94 (3.24%) 219 (7.56%) <0.001

PIH 30 (1.04%) 45 (1.55%) 63 (2.17%) 108 (3.73%) <0.001

PTB 274 (9.47%) 178 (6.15%) 153 (5.28%) 192 (6.63%) <0.001

Newborn characteristics

Sex

Female 1358 (46.96%) 1367 (47.24%) 1389 (47.93%) 1345 (46.46%) 0.726

Male 1534 (53.04%) 1527 (52.76%) 1509 (52.07%) 1550 (53.54%)

Birth length (cm) 49.69 ± 1.77 49.90 ± 1.08 49.89 ± 1.13 49.76 ± 1.60 <0.001

Birth weight (g) 3350 (3060–3620) 3360 (3100–3670) 3360 (3080–3650) 3350 (3050–3650) 0.004

<2500 167 (5.77%) 94 (3.25%) 96 (3.31%) 162 (5.60%) <0.001

2500–4000 2537 (87.72%) 2578 (89.08%) 2605 (89.89%) 2487 (85.91%)

>4000 188 (6.50%) 222 (7.67%) 197 (6.80%) 246 (8.50%)

Weight for gestational age

SGA 197 (6.81%) 198 (6.84%) 259 (8.94%) 370 (12.78%) <0.001

AGA 2259 (78.11%) 2232 (77.13%) 2208 (76.19%) 2063 (71.26%)

LGA 436 (15.08%) 464 (16.03%) 431 (14.87%) 462 (15.96%)

Note: Data are presented as median (interquartile range), mean ± standard deviation or number (percentage).
Abbreviations: UA, uric acid; Q, quartile; BMI, body mass index; BP, blood pressure; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE,
preeclampsia; PIH, pregnancy induced hypertension; PTB, preterm birth; SGA/AGA/LGA, small/appropriate/large for gestational age.
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Previous studies have found that the CysC level increases with the progress of uncomplicated pregnancy and
decreases after 6 weeks postpartum, returning to the level of non-pregnant women.32,33 Compared with UA, there is
less evidence of correlations between maternal CysC and unfavorable birth outcomes. A cross-sectional study of 203
pregnant women from Turkey evaluated the predictive value of CysC levels in early pregnancy for PTB (cut-off value
0.505 mg/L, sensitivity 91.9%, specificity 27.7%).15 Wattanavaekin et al showed a significant positive correlation
between CysC and PTB in 26 severe preeclampsia patients from Thailand (OR = 32.52).17 Contrasting with their
findings, we found a negative association with PTB for Q4 vs Q1 (OR = 0.38, 95% CI: 0.30, 0.49). The inconsistent
correlation can be explained by the different study populations and design, sample size, and lack of adjustment for some

Table 2 Characteristics of the 11,578 Mothers and Their Babies According to the Quartile of Maternal CysC Levels

Maternal CysC Levels (mg/L) P -value

Q1 (<0.6, n=2718) Q2 (0.6–0.69, n=2935) Q3 (0.70–0.81, n=2947) Q4 (>0.81, n=2978)

Maternal characteristics

Maternal age at delivery (years) 28 (26–31) 28 (26–31) 28 (26–31) 28 (26–31) 0.338

≤ 25 [n (%)] 641 (23.58%) 717 (24.43%) 668 (22.67%) 704 (23.64%) 0.269

26–29 [n (%)] 1128 (41.50%) 1213 (41.33%) 1227 (41.64%) 1294 (43.45%)

≥ 30 [n (%)] 949 (34.92%) 1005 (34.24%) 1052 (35.70%) 980 (32.91%)

BMI at delivery (kg/m2) 26.95 (24.96–29.34) 26.95 (24.98–29.30) 26.95 (25.00–29.36) 27.01 (25.00–29.30) 0.602

<25 [n (%)] 686 (25.60%) 732 (25.14%) 723 (24.71%) 722 (24.52%) 0.796

≥25 [n (%)] 1994 (74.40%) 2180 (74.86%) 2203 (75.29%) 2222 (75.48%)

Gravidity

<3 [n (%)] 1847 (67.95%) 2086 (71.07%) 2095 (71.09%) 2202 (73.94%) <0.001

≥3 [n (%)] 871 (32.05%) 849 (28.93%) 852 (28.91%) 776 (26.06%)

Parity

No child [n (%)] 1401 (51.55%) 1739 (59.25%) 1829 (62.06%) 1983 (66.59%) <0.001

≥1 child [n (%)] 1317 (48.45%) 1196 (40.75%) 1118 (37.94%) 995 (33.41%)

Gestational age at delivery (week) 38.36 ± 2.11 38.73 ± 1.53 38.79 ± 1.48 38.86 ± 1.46 <0.001

Systolic BP at delivery (mmHg) 119 (110–128) 120 (110–129) 120 (110–130) 121 (110–130) <0.001

Diastolic BP at delivery (mmHg) 72 (70–78) 72 (70–79) 73 (70–80) 74 (70–80) <0.001

Delivery mode

Vaginal delivery 1541 (56.70%) 1734 (59.08%) 1702 (57.75%) 1676 (56.28%) 0.133

Cesarean section 1177 (43.30%) 1201 (40.92%) 1245 (42.25%) 1302 (43.72%)

Anemia (hemoglobin < 110 g/L) 605 (22.26%) 647 (22.04%) 583 (19.78%) 592 (19.89%) 0.025

GDM 187 (6.88%) 230 (7.84%) 241 (8.18%) 311 (10.44%) <0.001

ICP 148 (5.45%) 174 (5.93%) 166 (5.63%) 227 (7.62%) <0.001

PE 44 (1.62%) 72 (2.45%) 105 (3.56%) 177 (5.94%) <0.001

PIH 32 (1.18%) 61 (2.08%) 67 (2.27%) 86 (2.89%) <0.001

PTB 295 (10.85%) 186 (6.34%) 181 (6.14%) 136 (4.57%) <0.001

Newborn characteristics

Sex

Female 1363 (50.15%) 1438 (48.99%) 1400 (47.51%) 1257 (42.21%) <0.001

Male 1355 (49.85%) 1497 (51.01%) 1547 (52.49%) 1721 (57.79%)

Birth length (cm) 49.56 ± 1.93 49.87 ± 1.11 49.87 ± 1.21 49.93 ± 1.34 <0.001

Birth weight (g) 3270 (2980–3570) 3340 (3060–3620) 3380 (3100–3660) 3430 (3150–3730) <0.001

<2500 216 (7.95%) 105 (3.58%) 95 (3.22%) 103 (3.46%) <0.001

2500–4000 2367 (87.09%) 2655 (90.46%) 2638 (89.51%) 2546 (85.49%)

>4000 135 (4.97%) 175 (5.96%) 214 (7.26%) 329 (11.05%)

Weight for gestational age

SGA 275 (10.12%) 259 (8.82%) 253 (8.59%) 237 (7.96%) <0.001

AGA 2114 (77.78%) 2277 (77.58%) 2220 (75.33%) 2150 (72.20%)

LGA 329 (12.10%) 399 (13.59%) 474 (16.08%) 591 (19.85%)

Note: Data are presented as median (interquartile range), mean ± standard deviation or number (percentage).
Abbreviations: CysC, cystatin C; Q, quartile; BMI, body mass index; BP, blood pressure; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE,
preeclampsia; PIH, pregnancy induced hypertension; PTB, preterm birth; SGA/AGA/LGA, small/appropriate/large for gestational age.
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important confounders in the analysis, such as inflammatory biomarkers. We are the first to demonstrate that higher CysC
levels (Q4) in late pregnancy have an increased risk of GDM compared to Q1 (OR = 1.45, 95% CI: 1.17, 1.79).

The previous study demonstrated that the correlation between the presence of the metabolic syndrome and an
increased level of CysC contributed to GDM.34 In addition, some data have shown that there is a link between serum
CysC and HOMA-IR.35 Thus, the association of GDM with maternal CysC level might be attributed to the close
connection between CysC and insulin resistance, although the underlying causal mechanism between them is currently
unknown.

There are only a few reports on the relationships between UA and CysC and birth weight. Laughon et al reported
that hyperuricemia was associated with LBW in 263 normotensive women from the USA.4 Paula et al and Akahori
et al found that UA levels were negatively correlated with birth weight in 58 Brazilian hypertensive pregnant women
(r = –0.27, p = 0.04) and 120 Japanese pregnant women (r = –0.59, p = 0.006), respectively.5,7 A study of 116 Indian
pregnant women showed an association of high UA levels with an increased risk of LBW in unadjusted analysis (crude

Table 3 Distribution of Maternal Serum Biochemistry Parameters According to Categories of UA and CysC Levels

hsCRP (mg/L) Triglyceride (mmol/L) LDL–C (mmol/L) HDL–C (mmol/L) Total Cholesterol
(mmol/L)

UA (µmol/L)

Q1 (<249.8) 2.71 (1.48–4.89) 3.38 (2.63–4.37) 3.32 (2.75–3.97) 1.75 (1.52–1.99) 6.27 (5.54–7.06)

Q2 (249.8–292) 2.92 (1.63–5.01) 3.50 (2.74–4.49) 3.33 (2.74–3.98) 1.72 (1.50–1.96) 6.33 (5.56–7.11)

Q3 (292.1–340.9) 3.02 (1.67–5.12) 3.64 (2.88–4.71) 3.29 (2.74–3.89) 1.69 (1.47–1.92) 6.31 (5.58–7.09)

Q4 (>340.9) 3.06 (1.69–5.34) 3.89 (3.00–5.01) 3.25 (2.67–3.91) 1.67 (1.44–1.92) 6.35 (5.51–7.18)

P -value <0.001 <0.001 0.005 <0.001 0.700

CysC (mg/L)

Q1 (<0.6) 3.00 (1.65–5.40) 3.30 (2.54–4.34) 3.16 (2.64–3.81) 1.74 (1.52–1.98) 6.17 (5.49–6.97)

Q2 (0.6–0.69) 3.05 (1.62–5.14) 3.50 (2.74–4.52) 3.30 (2.72–3.92) 1.73 (1.51–1.96) 6.30 (5.56–7.11)

Q3 (0.70–0.81) 2.96 (1.64–5.10) 3.64 (2.88–4.66) 3.33 (2.78–3.98) 1.69 (1.47–1.93) 6.37 (5.56–7.14)

Q4 (>0.81) 2.75 (1.55–4.77) 3.86 (3.05–4.98) 3.38 (2.79–4.02) 1.65 (1.44–1.91) 6.38 (5.57–7.24)

P -value 0.035 <0.001 <0.001 <0.001 <0.001

Note: Data are presented as median (interquartile range).
Abbreviations: UA, uric acid; CysC, cystatin C; hsCRP, high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; Q, quartile.

Table 4 Spearman Correlations Between UA and CysC, and Other Variables (Maternal
Characteristics and Available Biochemistry Parameters)

UA (r, P -value) CysC (r, P -value)

Age −0.0913** 0.0050

BMI 0.0787** 0.0147
Gravidity −0.0909** −0.0661**
Parity −0.0988** −0.1118**
Gestational age 0.0588** 0.0758**
Systolic BP 0.1066** 0.0664**

Diastolic BP 0.1165** 0.0655**

hsCRP 0.0470** −0.0386**
Triglyceride 0.1407** 0.1548**

LDL–C −0.0319** 0.0748**

HDL–C −0.0897** −0.0922**
Total cholesterol 0.0078 0.0502**

Note: ** P < 0.01.
Abbreviations: UA, uric acid; CysC, cystatin C; BMI, body mass index; BP, blood pressure; hsCRP, high sensitivity
C-reactive protein; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
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OR = 2.49, 95% CI: 1.01, 6.17), and no correlation between CysC and LBW.8 By contrast, in a recent study of 885
pregnant women from Germany, Rothenbacher et al indicated that maternal increased CysC levels (Q4) were
associated with an increased risk for LGA and a decreased risk for SGA compared to Q1 (for LGA, OR = 5.92,
95% CI: 2.27, 15.44; for SGA, OR = 0.35, 95% CI: 0.16, 0.77), and there was no association between UA and birth
weight.10 In our cohort study, the associations between high CysC levels and an increased risk of LGA and between
high UA levels and an elevated risk of SGA were extended to the Chinese population. Previous reports suggested that
women with GDM had a higher incidence of LGA compared to those without pregnancy complications among
individuals who underwent serum screening for Down syndrome (25.82% vs 13.80%) or noninvasive prenatal
screening (29.7% vs 18.6%).36,37 In this study, the incidence of GDM was significantly increased between the maternal
CysC quartile levels (from 6.88% to 10.44%). In addition, previous study demonstrated that maternal high triglyceride
in the third trimester is significantly associated with an increased risk of LGA in Chinese population.38 Our study
suggested that maternal CysC levels were positively correlated with triglyceride levels. Therefore, the association
between maternal CysC levels and LGA in this study may be explained by maternal hyperglycemia and high
triglyceride or other causes.

This cohort study’s strengths include the following: 1) its large sample size (11,580 pregnant women) with
various levels of UA and CysC and different adverse birth outcomes, 2) the exclusion of cases with pre-existing
disease or fetal congenital malformations, which are the main confounders affecting maternal UA and CysC levels
and perinatal outcomes, 3) adjusting for the confounding factors maternal age, BMI, anemia, blood pressure,
creatinine, hsCRP, and blood lipids, and 4) the determination of UA, CysC, creatinine, hsCRP, and blood lipids in
a single laboratory using the same blood samples, instruments, and settings to minimize the differences caused by
testing. Some limitations of this observational study should also be considered. One is the lack of a control for
other maternal clinical risk factors and undetected variables, such as maternal education and family income,
history of hypertension or diabetes in their previous pregnancies, which might contribute to potential bias.
Another is that we did not examine the relationship between the two indicators of kidney function and risk for
adverse pregnancy outcomes during early and middle pregnancy due to the retrospective, observational design.
A longitudinal prospective investigation of the fluctuations in these markers during pregnancy and their relation-
ship with pregnancy outcomes is necessary.

Table 5 Regression Coefficients [β (95% Confidence Interval)] for Neonatal Growth Parameters Associated with the
Quartiles of UA and CysC Levels

Gestational Age (Weeks)a Birth Weight (g)b Birth Length (cm)b

UA (µmol/L)

Q1 (<249.8) 0 0 0

Q2 (249.8–292) 0.20 (0.12, 0.29)** –0.78 (–19.67, 18.10) –0.01 (–0.06, 0.03)
Q3 (292.1–340.9) 0.30 (0.22, 0.38)** –31.67 (–50.68, –12.67)** –0.05 (–0.09, 0.00)

Q4 (>340.9) 0.28 (0.20, 0.37)** –58.50 (–77.89, –39.11)** –0.12 (–0.16, –0.07)**

P for trend <0.001 <0.001 <0.001
CysC (mg/L)

Q1 (<0.6) 0 0 0
Q2 (0.6–0.69) 0.32 (0.24, 0.40)** 31.91 (12.81, 51.01)** 0.02 (–0.03, 0.07)

Q3 (0.70–0.81) 0.37 (0.28, 0.45)** 55.50 (36.19, 74.81)** 0.01 (–0.04, 0.05)

Q4 (>0.81) 0.46 (0.38, 0.55)** 106.14 (86.47, 125.82)** 0.05 (0.00, 0.10)*
P for trend <0.001 <0.001 0.051

Notes: aAdjusted for maternal age, gravidity, parity, gestational age, body mass index, systolic and diastolic blood pressure at delivery, blood lipids, and high
sensitivity C-reactive protein levels, anemia, gestational diabetes mellitus, intrahepatic cholestasis of pregnancy, preeclampsia, pregnancy induced hypertension
and infants sex. bAdditionally corrected for gestational age. * P < 0.05, ** P < 0.01.
Abbreviations: UA, serum uric acid; CysC, cystatin C; Q, quartile.
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Table 6 Odds Ratios and 95% Confidence Intervals for Different Pregnancy Outcomes with the Quartiles of UA and CysC Levels

GDM ICP PE PIH PTB LBW Macrosomia SGA LGA
Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted OR
(95% CI)

UA (µmol/L)

Q1 (<249.8) 1 1 1 1 1 1 1 1 1

Q2 (249.8–292) 0.98 (0.80, 1.20) 0.95 (0.74, 1.21) 0.78 (0.51, 1.21) 1.38 (0.86, 2.21) 0.67 (0.54, 0.82)** 1.18 (0.77, 1.79) 1.14 (0.92, 1.41) 1.08 (0.88, 1.34) 1.12 (0.97, 1.31)

Q3 (292.1–340.9) 1.25 (1.02, 1.52)* 1.38 (1.09, 1.74)** 1.81 (1.25, 2.62)** 1.88 (1.21, 2.94)** 0.52 (0.42, 0.65)** 1.67 (1.10, 2.55)* 0.87 (0.70, 1.09) 1.43 (1.17, 1.76)** 1.01 (0.86, 1.18)

Q4 (>340.9) 1.49 (1.22, 1.81)** 2.24 (1.80, 2.79)** 4.85 (3.47, 6.78)** 3.39 (2.23, 5.16)** 0.55 (0.45, 0.69)** 2.63 (1.76, 3.95)** 1.04 (0.84, 1.29) 2.11 (1.73, 2.57)** 1.09 (0.93, 1.27)

P for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.799 <0.001 0.551

CysC (mg/L)

Q1 (<0.6) 1 1 1 1 1 1 1 1 1

Q2 (0.6–0.69) 1.14 (0.93, 1.41) 1.09 (0.86, 1.37) 1.65 (1.11, 2.46)* 1.82 (1.17, 2.83)** 0.56 (0.45, 0.68)** 0.73 (0.50, 1.06) 1.13 (0.88, 1.44) 0.86 (0.72, 1.04) 1.25 (1.05, 1.47)*

Q3 (0.70–0.81) 1.14 (0.92, 1.40) 1.00 (0.79, 1.26) 2.34 (1.61, 3.41)** 1.94 (1.25, 3.01)** 0.54 (0.44, 0.67)** 0.71 (0.48, 1.05) 1.31 (1.03, 1.66)* 0.90 (0.74, 1.09) 1.49 (1.26, 1.76)**

Q4 (>0.81) 1.56 (1.28, 1.91)** 1.41 (1.13, 1.77)** 4.13 (2.89, 5.92)** 2.61 (1.70, 4.00)** 0.32 (0.26, 0.41)** 0.92 (0.61, 1.38) 2.01 (1.60, 2.51)** 0.78 (0.64, 0.96)* 1.97 (1.67, 2.32)**

P for trend <0.001 0.002 <0.001 <0.001 <0.001 0.774 <0.001 0.031 <0.001

Notes: Odds ratios were adjusted for maternal age, body mass index, gravidity, parity, blood lipids, and high sensitivity C-reactive protein levels. Parameters of PTB were additionally corrected for anemia, GDM, ICP, PE, PIH, systolic and
diastolic blood pressure at delivery and infant sex. The values of SGA, LGA, LBW and macrosomia were additionally corrected for gestational age at delivery. * P < 0.05, ** P < 0.01.
Abbreviations: UA, uric acid; CysC, cystatin C; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, preeclampsia; PIH, pregnancy induced hypertension; PTB, preterm birth; LBW, low birth weight; SGA/
LGA, small/large for gestational age; OR, odds ratio; CI, confidence intervals; Q, quartile.
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Conclusion
Our cohort study confirmed the associations between maternal UA and CysC levels in late pregnancy and the risk of
adverse birth outcomes and suggests that routine determination of maternal UA and CysC in late pregnancy is beneficial
for assessing the risks of these outcomes.

Abbreviations
UA, uric acid; CysC, cystatin C; LGA, large for gestational age; PTB, preterm birth; LBW, low birth weight; SGA, small
for gestational age; OR, odds ratio; CI, confidence interval; GDM, gestational diabetes mellitus; ICP, intrahepatic
cholestasis of pregnancy; PE, preeclampsia; PIH, pregnancy-induced hypertension; hsCRP, high sensitivity C-reactive
protein; BMI, body mass index; IADPSG, international association for diabetic pregnancy study group; OGTT, oral
glucose tolerance test.
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