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Abstract
BACKGROUND—The association of elevated serum uric acid with the development of
hypertension is established outside of pregnancy. We investigated whether first trimester uric acid
was associated with the development of the following: gestational hypertension or preeclampsia,
these outcomes stratified by presence of hyperuricemia at delivery since this denotes more severe
disease, preterm birth or small for gestational age (SGA).

METHODS—Uric acid was measured in 1541 banked maternal plasma samples from a prior
prospective cohort study that were collected at a mean gestational age of 9.0 (± 2.5) weeks.
Polytomous regressions were performed and adjusted for parity and pre-pregnancy body mass
index.

RESULTS—First trimester uric acid in the highest quartile (>3.56 mg/dL) compared to lowest
three quartiles was associated with an increased risk of developing preeclampsia (adjusted OR =
1.82; 95% CI, 1.03–3.21) but not gestational hypertension. In women with hypertensive disease
complicated by hyperuricemia at delivery, high first trimester uric acid was associated with a 3.22-
fold increased risk of hyperuricemic gestational hypertension and a 3.65-fold increased risk of
hyperuricemic preeclampsia. High first trimester uric acid was not associated with gestational
hypertension or preeclampsia without hyperuricemia at delivery, preterm birth, or SGA. In women
who developed hypertensive disease, elevated uric acid at delivery was only partly explained by
elevated uric acid in the first trimester (r2 = .23).

CONCLUSIONS—First trimester elevated uric acid was associated with later preeclampsia and
more strongly with preeclampsia and gestational hypertension with hyperuricemia.
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INTRODUCTION
Elevated uric acid is associated with both cardiovascular disease events and risk factors,
such as hypertension, metabolic syndrome, chronic kidney disease, obesity, and diabetes in
non-pregnant adults.1 All of these are also known to increase the risk of developing the
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pregnancy syndrome preeclampsia.2 While uric acid has been mainly described as a
biomarker for these diseases, evidence is emerging that uric acid not only predicts the
development of hypertension, but may be part of the causal pathway.3 In pregnancy,
hyperuricemia frequently occurs before the development of hypertension and proteinuria,
and has been proposed to have a pathogenic role in the development of preeclampsia.4, 5

While the association of elevated serum uric acid with development of hypertension is
established outside of pregnancy, less is known about whether women who begin pregnancy
with elevated serum uric acid have an increased risk of developing hypertensive disease
during pregnancy. In healthy pregnancies, uric acid decreases from an average of 4.2 mg/dl
pre-pregnancy to 3.1 ± 1.1 mg/dl in the first trimester, and slowly increases during gestation
to an average of 5.1 ± 1.2 mg/dl from 35 weeks gestation to term.4, 6 Serum uric acid
concentration was higher in the first trimester in women with pre-gestational diabetes who
developed preeclampsia in the third trimester compared to women with pre-gestational
diabetes who did not develop preeclampsia.7 In non-diabetic women, the average serum uric
acid concentration at 13 weeks gestation was higher in women who developed both
gestational hypertension and preeclampsia, and hypertensive disease complicated by SGA,
although the numbers with these outcomes were small.8

We have previously reported on the association between elevated first trimester uric acid
and increased risk for development of gestational diabetes.9 In this study, we initially
explored whether first trimester hyperuricemia would be associated with the development of
gestational hypertension and preeclampsia. In prior studies we have demonstrated that
gestational hypertension with hyperuricemia (HU) or preeclampsia with hyperuricemia
(HPU) defines a more severe form of hypertensive disease, with increased risk of adverse
fetal outcomes including preterm birth and small for gestational age (SGA) compared to
women with gestational hypertension or preeclampsia without hyperuricemia (H or HP).10

Therefore we further explored whether first trimester uric acid concentration was associated
with increased risk for developing hypertensive disease during pregnancy with (HU, HPU)
and without hyperuricemia at delivery (H, HP). Finally, since hyperuricemia at delivery in
women with gestational hypertensive disease is associated with increased risk of preterm
birth and having an SGA infant, we also explored whether first trimester uric acid
concentration is associated with an increased risk for these outcomes.

METHODS
Study design and population

We used banked maternal plasma samples from specimens drawn at < 15 weeks gestation
from subjects enrolled in the Pregnancy Exposures and Preeclampsia Prevention Study
(PEPP). PEPP is an ongoing study of preeclampsia approved by the University of Pittsburgh
Institutional Review Board. Women with a singleton gestation were recruited from the
outpatient clinics and private practices. Of the 4045 women who were approached, 2891
(71.5%) agreed to participate. We investigated 2211 pregnancies in the longitudinal
component of this study from 1997–2002, of which 1604 had samples available. Baseline
demographic information and medical history were collected via a structured interview.
Pregnancy outcomes were also recorded from the medical record as part of the study and
were available for analysis. Eight women had two or more samples available in the first
trimester, and in these cases the earliest gestational age sample was used. We excluded
women with chronic hypertension (n=23) and women with incomplete data or unknown uric
acid concentration at delivery. Patients with previous preeclampsia were not excluded since
these women may evidence elevated uric acid, and therefore represent an interesting study
group (n=4). A total of 1541 samples were available < 15 weeks for analysis. This subset of
women did not differ from the larger longitudinal cohort as far as maternal entry age (25.2
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versus 25.2 years, p > 0.9), pre-pregnancy BMI (25.4 versus 25.5 kg/m2, p > 0.9), or at least
high school education (81.6% versus 80.2%, p = 0.3).

Gestational hypertension (H) was defined as new-onset elevated blood pressure 140 mmHg
systolic or ≥ 90 mm/Hg diastolic after 20 weeks of gestation. Preeclampsia was
characterized as gestational hypertension with proteinuria (HP) as defined by ≥ 300 mg in a
timed 24 hour urine collection, > 2+ on a voided or >1+ on a catheterized random urine
specimen, or a spot urine protein to creatinine ratio ≥ 0.3. Uric acid concentration was
assessed at delivery and hyperuricemia (U) was defined as ≥ 1 standard deviation above the
mean value of uric acid at the gestational age the sample was obtained.6 Normotensive
women were those without gestational blood pressure elevations. Neonatal outcomes
assessed included birth weight and birth weight centile, adjusted for race, sex and gestational
age at delivery from a reference population of over 10,000 births at Magee-Womens
Hospital.10 Small for gestational age (SGA) was defined as birth weight < 10th centile.
Maternal race was classified as either non-black or black because of the low frequencies of
non-white, non-black participants. The baseline characteristics of the non-white, non-black
participants were comparable to white participants, and therefore we elected to combine
these groups. Education was categorized as less than high school (12 years), or at least a
high school level (≥ 12 years). Gestational age was determined by best obstetrical
assessment, using early ultrasound data where available.

Plasma samples
Banked maternal plasma samples were stored at −70° C until assayed. We have previously
performed analyses demonstrating that uric acid concentrations are stable with prolonged
storage over 10 years and multiple freeze thaws in our laboratory. Uric acid was measured
using an uricase based colorimetric assay from Pointe Scientific, Inc. (Canton, MI) Kit
U7581-120 with a lower detection limit of 1 mg/dL. The coefficient of variance was 9.0%.

Statistical Analysis
Demographic data were summarized by uric acid quartiles, as means and standard deviations
or numbers of subjects and percents, and test for trend was performed using linear or logistic
regression. Mean first trimester uric acid concentrations were compared among groups with
analysis of variance (ANOVA) and Scheffe test. Polytomous logistic regression was
performed to calculate the adjusted odds ratio (OR) for developing hypertensive disease
(preeclampsia or gestational hypertension; and H, HU, HP, or HPU) compared to remaining
normotensive given the first trimester uric acid concentrations. Uric acid concentration was
evaluated as both a continuous and a categorical variable. Our final analysis evaluated uric
acid concentration by quartile for the entire study population, comparing the highest quartile
to the lower three quartiles. Covariates that were considered included maternal age at entry
to the study, parity, pre-pregnancy body mass index (BMI, kg/m2 calculated from maternal
pre-pregnancy weight by self report and measured height), maternal race, smoking,
education, gestational age at sampling and gestational age at delivery. Only parity and pre-
pregnancy body mass index significantly contributed to the final model with a p-value < .05.
Additional adjustment for gestational age at sampling did not change the results, so we did
not adjust for this covariate. An interaction between uric acid and BMI was tested in our
final analysis and was not significant (P = .3). There were ten women who were potential
influential or leverage points. They all had a BMI > 30 kg/m2, and nine had a BMI > 43 kg/
m2. Three of these women with morbid obesity had first trimester uric acid concentrations >
7.5 mg/dL. When evaluating the association between hypertensive disease and first trimester
uric acid as a continuous variable, the significant relative risk ratios remained significant
after dropping these ten women from the model, although the association was mildly
decreased. When evaluating the association between hypertensive disease and uric acid in
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the highest quartile, the results did not change significantly when these influential and
leverage points were dropped from the model, so they were retained for all analyses. For the
overall model an α level of < 0.05 was considered statistically significant.

We examined the relation between each standard deviation change in first trimester uric acid
concentration (z-score) and the odds of developing hypertensive disease compared to
remaining normotensive using polytomous regression and predicted probabilities for the
specific hypertensive outcome (i.e. HU or HPU). Nonparametric smoothing with locally
weighted regression (lowess) was used. Differences were considered significant for P <
0.05.

Linear or logistic regression was also performed to investigate the association between first
trimester uric acid concentrations and birth weight, birth weight percentile, having an SGA
infant and delivering an infant preterm. The proportions of women with first trimester uric
acid in the fourth quartile who developed hypertensive disease (H, HU, HP, or HPU) and
had a preterm birth or SGA infant were compared to the proportion of women with first
trimester uric acid in the fourth quartile who remained normotensive (N) and had a preterm
birth or SGA infant using a two sample test of proportion. Analyses were performed with
Stata (StataCorp LP, College Station, TX), version 10.0 for Windows.

RESULTS
Plasma samples analyzed for the 1,541 women in the study were collected, on average, at
9.0 ± 2.5 weeks gestation. With higher first trimester uric acid, women were slightly
younger, the gestational age at sampling decreased, and pre-pregnancy BMI increased
(Table 1).

Uric Acid and Gestational Hypertensive Disease
Overall, 111 (7.2%) women developed gestational hypertension, 60 (3.9%) women
developed preeclampsia, and 1370 (88.9%) women remained normotensive. The mean first
trimester uric acid concentration for women who remained normotensive was 3.1 ± 0.8 mg/
dL, which was similar to concentrations in women who developed gestational hypertension
(mean 3.1 ± 0.8 mg/dL, P = .9) but significantly less than the mean first trimester uric acid
concentration of women who developed preeclampsia (mean 3.4 ± 1.0 mg/dL, P = .01).

First trimester uric acid in the highest quartile compared to the lowest three quartiles was not
associated with developing gestational hypertension (adjusted OR 1.12; 95% CI, 0.71 –1.78)
compared to remaining normotensive, but was associated with an increased risk of
developing preeclampsia (adjusted OR 1.82; 95% CI, 1.03–3.21, Table 2).

Uric Acid and Gestational Hypertensive Disease by Hyperuricemia Status
Of the 111 women who developed gestational hypertension, 23 (20.7%) had hyperuricemia
at delivery (HU). For the 60 women who developed preeclampsia, 32 (53.3%) had
hyperuricemia at delivery (HPU).

When comparing women who remained normotensive to those women who developed
hypertensive disease by the presence or absence of hyperuricemia, the mean first trimester
uric acid concentration was significantly lower in normotensive women (3.1 ± 0.8 mg/dL)
compared to women who developed the hyperuricemic forms of gestational hypertension
(HU, mean 3.7 ± 0.8 mg/dL, P = .03) and preeclampsia (HPU, mean 3.7 ± 0.8 mg/dL, P < .
01), but not compared to women who developed gestational hypertension or preeclampsia
without hyperuricemia (data not shown).
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There was a significantly increasing risk for women to develop either of the hyperuricemic
forms of hypertensive disease (HU or HPU) with increasing first trimester uric acid quartile
(Table 2). This was not the case for women who developed the non-hyperuricemic forms of
hypertensive disease (H or HP) or for women who remained normotensive. The risk of
developing HU or HPU compared to women who remained normotensive was more than 3-
fold higher if women had first trimester uric acid in the highest quartile (> 3.56 mg/dL)
compared to the lower three quartiles (Table 2).

Among women with hypertension and hyperuricemia (HU or HPU), there was a positive
relationship between increasing first trimester uric acid concentration (expressed as z-score)
and the odds of developing hyperuricemic hypertensive disease compared to remaining
normotensive (Figure 1). For each standard deviation increase in first trimester uric acid, the
adjusted odds of developing HU compared to remaining normotensive increased by 1.74
(95% CI, 1.20–2.52) and the adjusted odds of developing HPU compared to remaining
normotensive increased by 1.96 (95% CI, 1.42–2.71).

First Trimester Uric Acid and Preterm Birth
There were 138 (9.0%) births that were preterm < 37 weeks gestation. First trimester uric
acid in the fourth quartile (> 3.56 mg/dL) compared to the lowest three quartiles was not
associated with an increased risk of preterm birth in all women (OR, 1.25; 95% CI, 0.85–
1.84), nor in women who developed gestational hypertension (H and HU) or preeclampsia
(HP and HPU, OR, 0.53; 95% CI, 0.23–1.22 and OR, 0.87; 95% CI, 0.27–2.81,
respectively). There were too few outcomes to investigate the association of having first
trimester UA in the 4th quartile and a preterm birth for women who developed gestational
hypertension or preeclampsia by hyperuricemia at delivery status (H, HU, HP or HPU).
However, women who developed HPU and delivered preterm (n=10) were more likely to
have a first trimester uric acid in the fourth quartile compared to women who remained
normotensive and delivered preterm (n=111, Figure 2A).

First Trimester Uric Acid and Small for Gestational Age
There were 135 (8.8%) neonates that were small for gestational age (SGA). There was no
linear association between first trimester uric acid and birth weight or birth weight percentile
in the entire cohort (P = .3 and P = .1, respectively). First trimester uric acid in the fourth
quartile (> 3.56 mg/dL) compared to the lowest three quartiles was not associated with an
increased risk of having an SGA infant in the entire cohort (OR, 0.73; 95% CI, 0.47–1.13),
nor in women who developed gestational hypertension or preeclampsia (OR, 0.88; 95% CI,
0.17–4.63 and OR, 2.07; 95% CI, 0.55–7.45, respectively). There were too few outcomes to
investigate the association of having first trimester UA in the 4th quartile and an SGA infant
for women who developed gestational hypertension or preeclampsia by hyperuricemia at
delivery status (H, HU, HP or HPU). However, women who developed HU or HPU and had
an SGA infant (n=3 and n=6, respectively) were more likely to have a high first trimester
uric acid compared to women who remained normotensive and had an SGA infant (n=116,
Figure 2B).

First Trimester Uric Acid and Uric Acid at Delivery
The extent to which elevated uric acid at delivery was the result of having elevated uric acid
in the first trimester was determined (Figure 3). In women who remained normotensive,
12% of the variance in uric acid concentrations at delivery was explained by uric acid
concentrations in the first trimester (P < .001, Figure 3A). In women who developed
hypertensive disease (H, HP, HU or HPU), 23% of the variance in uric acid concentrations
at delivery was explained by uric acid concentrations in the first trimester (P < .001, Figure
3B).
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DISCUSSION
Higher uric acid concentrations in the first trimester (> 3.56 mg/dL) were associated with an
increased risk of developing preeclampsia but not gestational hypertension. Women with
elevated uric acid in the first trimester had a higher risk of developing gestational
hypertension and preeclampsia with hyperuricemia (HU or HPU), but not without
hyperuricemia (H or HP), an important association because prior studies have found
hyperuricemic forms of gestational hypertension and preeclampsia to be associated with
increased risk for adverse neonatal outcomes of preterm birth and SGA.10. Despite the
obvious possibility that higher uric acid concentrations in later pregnancy were merely an
extension of higher uric acid in early pregnancy, most of the higher uric acid at delivery was
not explained by elevated uric acid in the first trimester.

The increased glomerular filtration rate early in pregnancy is normally associated with a
decrease in serum uric acid concentration. Our group previously demonstrated that uric acid
concentrations are elevated across pregnancy in women who develop the hyperuricemic
forms of gestational hypertension (HU) and preeclampsia (HPU) compared to controls and
these elevations were not related significantly to concomitant serum creatinine
concentration.4 A limitation of our study is that we did not measure serum creatinine to
assess renal function; however, in women who developed HU and HPU, the uric acid
concentration followed a similar curve to controls, but at higher concentrations, and had a
steeper increase near the time of diagnosis. The elevated uric acid in the first trimester may
represent concentrations before pregnancy, such as from metabolic syndrome or pre-
hypertension, or also could be a result of poor adaptation to pregnancy (i.e. abnormal
placentation). Furthermore, we have previously reported striking increases in xanthine
oxidase, a synthetic enzyme for uric acid, in the cytotrophoblast and skin of preeclamptic
women.11, 12

First trimester uric acid was not associated with preterm birth or SGA. The lack of
association between elevated first trimester uric acid and neonatal outcomes may be due to
our small numbers, but alternatively it may be explained by the different relations of uric
acid to other risk factors in early pregnancy. For example, we have previously demonstrated
that uric acid in mid-gestation is associated with insulin resistance and that hyperuricemia
without insulin resistance is associated with decreased birth weight.13 Thus, the relationship
between elevated first trimester uric acid and birth weight may be complex because of the
strong association of higher uric acid with maternal BMI and insulin resistance, both of
which are known to promote rather than restrict fetal growth. We were not able to assess the
association of elevated first trimester uric acid and SGA or preterm birth in women with
hypertensive disease by hyperuricemia status because there were too few women with the
combination of these outcomes. Uric acid may simply be a biomarker for the development
of hyperuricemic gestational hypertension and preeclampsia (HU, HPU), although there is
mounting evidence that it may be involved in the pathogenesis of hypertensive disorders.5 In
epidemiologic studies of non-pregnant adults, uric acid is an independent risk factor for
developing hypertensive disease, and it is elevated prior to the development of hypertension.
14–16 A causal role for uric acid in the development of hypertension is also supported by
animal data. In rats, increasing uric acid by blocking uricase leads to the development of
hypertension, an effect that can be reversed when an agent to either block the production or
increase excretion of uric acid is given.17 In vitro, elevated uric acid decreases endothelial
cell proliferation and migration, which could lead to poor placental development, and
ultimately preeclampsia.5 In our studies, uric acid in vitro inhibits placental amino acid
uptake, trophoblast invasion and the incorporation of trophoblast into endothelial
monolayers.18, 19 These observations support an association between uric acid and the
development of preeclampsia.
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In conclusion, we have demonstrated that elevated serum uric acid in early pregnancy is
associated with the development of preeclampsia which is consistent with the association of
elevated serum uric acid with the development of hypertension outside of pregnancy.1 While
first trimester uric acid concentration may not be useful as a clinical predictor, it potentially
could be used in combination with other clinical and biochemical factors to improve
prediction of preeclampsia, and also as a screening tool to enrich the sample of preeclampsia
in research studies. Our findings also support the concept of preeclampsia as a
heterogeneous syndrome since first trimester uric acid was associated with hyperuricemic
forms of hypertensive disease, HU and HPU, but not the less serious non-hyperuricemic
forms of hypertensive disease, H and HP. Perhaps gestational hypertension and
preeclampsia with hyperuricemia are separate disease processes with different etiologies
than gestational hypertension and preeclampsia without hyperuricemia.20 Long term cohort
studies are needed to investigate whether women with hyperuricemia early in pregnancy are
at risk for developing both hypertensive disease with more adverse outcomes during
pregnancy and diseases in their lifetime including hypertension, metabolic disease, diabetes
and cardiovascular disease.1
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Figure 1. First trimester uric acid z score and the odds of developing A. hyperuricemic
gestational hypertension, or B. hyperuricemic preeclampsia
Uric acid and neonatal outcomes.
Association between first trimester uric acid z score and the odds of developing A.
hyperuricemic gestational hypertension (HU); or B. hyperuricemic preeclampsia (HPU)
compared to remaining normotensive, adjusted for parity and pregestational body mass
index. Of note the estimates were imprecise beyond a z score of 2 in figure 2b. because there
was only one data point. The solid lines indicate point estimates; the upper and lower dashed
lines indicate 95% confidence bands by nonparametric smoothing with locally weighted
regression (lowess).
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Figure 2.
Figure 2A. For women who had a preterm birth, percent with first trimester uric acid
concentration in the fourth quartile. The reference category is for women who remained
normotensive (N). In women who developed hypertensive disease (H=gestational
hypertension, HU= hyperuricemic gestational hypertension, HP= preeclampsia, or HPU=
hyperuricemic preeclampsia), only women who developed HPU had a significantly higher
proportion of first trimester uric acid concentration in the fourth quartile (P = .04)*.
B. For women who had a small for gestational age infant, percent with first trimester uric
acid concentration in the fourth quartile. The reference category is for women who remained
normotensive (N). In women who developed hypertensive disease (H, HU, HP or HPU),
only women who developed HU or HPU had a significantly higher proportion of first
trimester uric acid concentration in the fourth quartile (P = .02*and P = .001**,
respectively).
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Figure 3. Uric acid in the first trimester compared to uric acid at delivery in women who A.
remained normotensive, or B. developed hypertensive disease
Figure 3A. In women who remained normotensive, 12% of the variance of uric acid at
delivery was explained by uric acid in the first trimester; B. In women who developed
hypertensive disease (H=gestational hypertension, HP= preeclampsia, HU= hyperuricemic
gestational hypertension, and HPU= hyperuricemic preeclampsia), 23% of the variance of
uric acid at delivery was explained by uric acid in the first trimester. The closed circles
represent women who developed H or HP and the open circles represent women who
developed HU or HPU.
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