Original Articles
Uric Acid Is as Important as Proteinuria in Identifying Fetal
Risk in Women With Gestational Hypertension
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Abstract—Gestational hypertension is differentiated into higher and lower risk by the presence or absence of proteinuria.
We asked if hyperuricemia, a common finding in pregnancy hypertension, might also be an indicator of increased risk.
We examined fetal outcome data from 972 pregnancies collected from 1997 to 2002 in a nested case-control study.
Participants were nulliparous with no known medical complications. The frequency of preterm birth, the duration of
pregnancy, frequency of small-for-gestational-age infants, and birth weight centile were determined for pregnancies
assigned to 8 categories by the presence or absence of combinations of hypertension, hyperuricemia, and proteinuria.
In women with gestational hypertension, hyperuricemia was associated with shorter gestations and smaller birth weight
centiles and increased risk of preterm birth and small-for-gestational-age infants. Hyperuricemia increased the risk of
these outcomes in the presence or absence of proteinuria. Risk was also increased in a small group of women with
hyperuricemia and proteinuria without hypertension. Women with only hypertension and hyperuricemia have similar or
greater risk as women with only hypertension and proteinuria. Those with hypertension, proteinuria, and hyperuricemia
have greater risk than those with hypertension and proteinuria alone. The risk of these outcomes increased with
increasing uric acid. Hyperuricemia is at least as effective as proteinuria at identifying gestational hypertensive
pregnancies at increased risk. Uric acid should be reexamined for clinical and research utility. (Hypertension. 2005;
46:1263-1269.)
Key Words: gestational hypertension 䡲 preeclampsia 䡲 pregnancy 䡲 uric acid 䡲 intrauterine growth restriction
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ypertensive disorders during pregnancy increase maternal and infant risk. The greatest impact is associated
with the pregnancy-specific syndrome, preeclampsia.1 Preeclampsia, conventionally diagnosed by the gestational onset
of hypertension and proteinuria, increases perinatal mortality
5-fold1 and kills 50,000 women yearly worldwide.2 Its management, delivery to halt the progression of the pathophysiology, is responsible for 15% of preterm births in developed
countries.3 Gestational hypertension without proteinuria has
much less of an adverse effect on maternal or fetal outcome,
whereas the major risk from hypertension that antedates
pregnancy is the superimposition of preeclampsia.4 The
importance of differentiating these conditions is reflected in
several classification schemes in which gestational hypertension with proteinuria is separated from gestational hypertension without proteinuria and hypertension that antedates
pregnancy.4 – 6
These diagnostic criteria currently used to discriminate
high-risk from lower risk women with gestational hypertension are arbitrary. The term “preeclampsia” was coined in the
early 20th century when it was recognized that hypertension

and proteinuria could be precursors to a pregnancy-specific
seizure disorder, eclampsia, which had been recognized for
2000 years. It soon became evident that the combination of
hypertension and proteinuria identified high-risk women and
infants.7 These important findings identified preeclampsia as
an important entity to increase maternal and infant risk.
However, it has never been established that, of the myriad of
other signs, symptoms, or biochemical abnormalities associated with preeclampsia, hypertension and proteinuria are the
best indicators of outcome.
Elevated uric acid is another component of the preeclampsia syndrome that was recognized many years ago.7 It is one
of the most consistent and earliest detectable changes in
preeclampsia and has been cited as a better predictor of fetal
risk than blood pressure.8,9 Despite these findings, uric acid
assessment in the evaluation of gestational hypertension has
fallen into disfavor. A recent publication stated “. . . the
utility of measuring serum uric acid levels in hypertensive
diseases of pregnancy is limited.”10
In the current study, we used a research database in which
preeclampsia had been rigidly diagnosed to ask whether the
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inclusion of uric acid in the diagnosis of preeclampsia would be
an indicator of outcome. We focused primarily on fetal outcomes, gestational age at delivery, and birth weight centiles,
because these adverse outcomes occur more frequently than
severe maternal morbidities. We also assessed measures of
maternal disease severity as indicated by the presence of severe
preeclampsia and the degree of blood pressure elevation in labor.

Methods
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We evaluated data acquired from 1997 to 2002 as part of an ongoing
study of preeclampsia approved by the Magee-Womens Hospital
Institutional Review Board. Eligibility criteria were nulliparous women
with singleton gestations and no obstetric or medical problems. Sociodemographic and clinical data were ascertained by an interview at entry
to the study and medical chart abstraction after delivery.
We studied all of the nulliparous women in the database who had
gestational hypertension and/or proteinuria and delivered a live birth
(n⫽437), as well as a random sample of 628 nulliparous women who
had neither gestational hypertension nor proteinuria and delivered a
live birth. Plasma uric acid concentration was measured in the
hospital on samples collected on admission for delivery on 92% of
the 437 women with gestational hypertension and/or proteinuria and
on 9% of the 628 women with neither gestational hypertension nor
proteinuria. We measured serum uric acid concentrations on samples
collected at admission for labor and delivery for the remaining
women. Of the 1065 women available, 80 with either gestational
hypertension and/or proteinuria and 13 with neither gestational
hypertension nor proteinuria had missing data on 1 of the confounders and were excluded from the final analysis. Compared with the
sample of 1065 women, the final sample of 972 was less likely to
have hypertension, proteinuria, and hyperuricemia (14.5% versus
17.3%), to deliver before 37 weeks (14.7% versus 17.4%), and to
have an infant born at ⬍5th centile (5.5% versus 6.1%). There were
no meaningful differences in maternal race, smoking, or age.
Preeclampsia was defined by the research criteria recommended
by the National High Blood Pressure Education Program4: gestational hypertension, proteinuria, and return of all abnormalities to
normal by 12 weeks postpartum. Gestational hypertension was
defined as diastolic blood pressure persistently ⱖ140 mm Hg systolic and/or ⱖ90 mm Hg diastolic for the first time after 20 weeks of
gestation. In this study, we determined blood pressure as the average
of the last 5 blood pressures obtained in semi-Fowlers position after
hospital admission for delivery but before medications or clinical
perturbations that would alter blood pressure. Proteinuria was the
excretion of ⬎300 mg of protein in 24 hours, a random sample of 2
plus, a catheterized sample of 1 plus, or a protein creatinine ratio of
⬎0.3. Hyperuricemia was defined as serum or plasma uric acid
concentrations ⱖ1 SD above normal for gestational age,11 a value
that corresponds with what is considered hyperuricemia at term in
most studies.8,12,13 We chose 1 SD rather than a fixed value as
abnormal, because uric acid increases strikingly11 with advancing
gestation. For the same reason, the analysis of uric acid as a
continuous variable is presented as z scores to account for gestationspecific changes in uric acid.
Plasma uric acid was measured by autoanylyzer in the MageeWomens Hospital clinical laboratories or in a blinded fashion on
stored specimens from our database by a diagnostic kit (Pointe
Scientific). In preliminary studies, we found uric acid to be extremely stable. Values for serum uric acid concentration performed
in our laboratory using the diagnostic kit on samples stored from 6
to 72 months at ⫺70°C agreed with values obtained in the clinical
laboratory (r2⫽0.8). The intra-assay variation in our laboratory
assays of uric acid was 8.8%. Severe disease was defined as
including any of the following: systolic blood pressure ⱖ160,
diastolic blood pressure ⱖ110, platelets ⱕ100,000, proteinuria ⱖ5 g
on a 24-hour collection, or elevated liver enzymes.
Preterm birth was defined as ⱕ37 completed weeks of gestation.
Gestational age-specific birth weight centile was based on data from
Magee-Womens Hospital adjusted for sex and race. Small-for-

gestational age (SGA) was defined as birth weight ⱕ10th centile and
ⱕ5th centile.
Maternal race and smoking status were self-reported at enrollment. Prepregnancy body mass index [weight (kg)/height (m)2] was
based on measured height and maternal self-report of prepregnancy
weight at the initial visit.

Statistical Analysis
The 2 test for homogeneity and 1-way ANOVA were used to test for
differences in categorical and continuous maternal characteristics,
respectively, by diagnostic criteria. Multivariable log-binomial regression was used to calculate risk ratios associated with the
independent effect of diagnostic criteria on the risk of preterm birth
and SGA infants. Multivariable linear regression was used to assess
the independent effect of diagnostic criteria on gestational age at
delivery and birth weight centile. Covariates entered into the full
models were maternal age (continuous), race [white or other (98%
African-American)], education (⬍12, 12, or ⬎12 years), marital
status (married, nonmarried, or marriage-like), prepregnancy body
mass index (⬍18.5, 18.5–24.9, 25.0 –29.9, or ⱖ30.0 kg/m2),14
gravidity (1 or ⱖ2), and smoking status (smoker or nonsmoker). Full
models were reduced using backward elimination, where confounding was defined as a change of ⬎10% in a comparison of the
unadjusted and adjusted estimates for the association between
diagnostic criteria and the outcome.
Interactions among the 3 diagnostic criteria (gestational hypertension, proteinuria, and hyperuricemia) were statistically significant for
all of the models except for preterm birth but were maintained in this
model for consistency. Because of the interaction among diagnostic
criteria, we categorized each woman into 1 of 8 groups: gestational
hypertension, proteinuria, and hyperuricemia (HPU); gestational
hypertension and proteinuria only (HP); gestational hypertension and
hyperuricemia only (HU); proteinuria and hyperuricemia only (PU);
gestational hypertension only (H); proteinuria only (P); hyperuricemia only (U); and normal values of blood pressure, urinary protein,
and serum or plasma uric acid (NNN).
We examined the relation between uric acid z score11 and odds of
preterm birth and SGA infants ⱕ10th centile using logistic regression (Figure). Because of the interactions between hypertension and
proteinuria, we studied this relation within 3 strata: (1) women with
neither hypertension nor proteinuria; (2) women with hypertension
but without proteinuria; and (3) women with hypertension and
proteinuria. Nonparametric smoothing with locally weighted regression15 was used to determine the appropriate specification of uric
acid z score in each model. Differences were considered significantly
if P⬍0.05.

Results
HP Versus HPU
We asked if the addition of hyperuricemia (HPU) to the standard
diagnosis of preeclampsia (HP) identified a subset of women
with a more severe form of preeclampsia. Neither blood pressure
before 20-weeks gestation nor any of the maternal characteristics
was different in the 2 groups (Table 1). HPU defined a more
severe disorder. Diastolic and systolic blood pressures at labor
were higher (P⬍0.003), and severe preeclampsia and hemolysis,
low platelets, and elevated liver enzymes were diagnosed in
19.9% and 2.8%, respectively, of women with HPU and in
16.7% and 0%, respectively, of women with HP. We also
examined the impact of the inclusion of hyperuricemia on the
duration of pregnancy and fetal growth (Tables 2– 4). Compared
with pregnancies with HP, pregnancies with HPU delivered an
average of 3.6 weeks earlier (Table 4) and were nearly 7 times
as likely to deliver preterm (Table 2). As expected, the majority
of early deliveries were induced as treatment of preeclampsia,
[indicated preterm births (HP, 3 of 4, and HPU, 71 of 81)].
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TABLE 1.

Outcomes in Hypertensive Hyperuricemic Pregnancy
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Maternal Characteristics by Diagnostic Criteria
NNN
(n⫽431)

H
(n⫽83)

P
(n⫽21)

U
(n⫽184)

HP
(n⫽48)

HU
(n⫽52)

PU
(n⫽12)

HPU
(n⫽141)

White

65.7

62.7

71.4

76.6

72.9

75.0

83.3

78.7

Other

34.3

37.4

28.6

23.4

27.1

25.0

16.7

21.3

⬍18

10.0

8.5

9.5

7.1

6.3

5.8

8.3

5.7

19–21

42.9

48.2

38.1

31.5

27.1

23.1

16.7

17.0

22–24

15.5

15.7

9.5

19.0

10.4

9.6

25.0

18.4

25–29

16.2

10.8

23.8

20.7

25.0

38.5

41.7

27.7

30–34

11.8

13.3

14.3

16.3

18.8

19.2

8.3

20.6

3.5

3.6

4.8

5.4

12.5

3.9

0.0

10.6

Characteristic

⬍0.001

Race (%)

⬍0.001

Age, y (%)

ⱖ35
Smoking status (%)

0.06
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Nonsmoker

68.7

78.3

81.0

69.0

72.9

76.9

91.7

80.1

Smoker

31.3

21.7

19.0

31.0

27.1

23.1

8.3

19.9

7.4

1.2

0.0

6.0

2.1

0.0

0.0

3.6

18.5–⬍25

57.8

36.1

52.4

46.7

41.7

42.3

50.0

39.0

25–⬍30

20.4

37.4

28.6

26.1

29.2

26.9

25.0

30.5

ⱖ30

14.4

25.3

19.1

21.2

27.1

30.8

25.0

27.0

⬍0.001

Prepregnancy BMI (kg/m2) (%)
⬍18.5

⬍0.001

Education, y (%)
⬍12

22.7

18.1

19.1

32.1

16.7

7.7

8.3

7.1

12

26.9

27.7

19.1

25.5

29.2

30.8

58.3

29.8

⬎12

50.4

54.2

61.9

42.4

54.2

61.5

33.3

63.1

Married

25.3

24.1

28.6

34.2

45.8

50.0

50.0

47.5

Not married

58.7

61.5

66.7

50.0

52.1

36.5

50.0

48.9

Marriage-like relationship

16.0

14.5

4.86

15.8

2.1

13.5

0.0

3.6

112 (7.6)

117 (7.9)

114 (7.2)

113 (7.7)

119 (9.0)

117 (8.3)

117 (10.1)

⬍0.001

Marital status (%)

Systolic BP ⬍20 weeks, mean (SD)
Diastolic BP ⬍20 weeks, mean (SD)
Systolic BP at labor, mean (SD)

P
Value

117 (8.6)

69 (5.5)

71 (6.5)

69 (5.9)

68 (5.8)

72 (7.0)

72 (6.0)

73 (6.1)

72 (7.2)

118 (9.2)

148 (10.4)

126 (10.7)

121 (10.1)

154 (11.6)

148 (11.4)

133 (7.5)

160 (14.9)

73.0 (6.9)

90.1 (8.7)

88.1 (7.4)

⬍0.001
0.002
⬍0.001

71.6 (6.9)

86.3 (7.5)

73.5 (8.5)

76.6 (4.8)

94.0 (10.6)

⬍0.001

⫺0.15 (0.81)

⫺0.18 (0.94)

⫺0.24 (0.80)

2.0 (0.83)

0.02 (0.71)

1.9 (0.90)

2.0 (1.6)

2.8 (1.5)

⬍0.001

Severe disease (%)

0

2.2

0

0.5

16.7

5.4

6.7

19.9

⬍0.001

HELLP syndrome (%)

0

0

0

0

0

0

0

2.8

⬍0.001

Spontaneous vaginal at term

63.8

54.2

38.1

54.9

27.1

34.6

25.0

7.8

Induced vaginal delivery at term

15.6

20.5

23.8

16.3

37.5

26.9

16.7

18.4

Cesarean at term

14.4

20.5

28.6

21.7

27.1

19.2

41.7

16.3

Spontaneous vaginal preterm

4.4

2.4

4.8

4.4

2.1

5.8

0

7.1

Induced vaginal delivery preterm

0.7

1.2

4.8

1.6

4.2

7.7

16.7

22.7

Cesarean preterm

1.2

1.2

0

1.1

2.1

5.8

0

27.7

Diastolic BP at labor, mean (SD)
Uric acid z score, mean (SD)

⬍0.001

Labor type and route of delivery

BMI indicates body mass index; BP, blood pressure; P value indicates significance of  test for homogeneity or F-test for a 1-way ANOVA; severe disease includes at least
one of: systolic blood pressure ⱖ160, diastolic blood pressure ⱖ110, platelets ⱕ100 000, proteinuria ⱖ5 grams on a 24-hour collection, or elevated liver enzymes.
2

We examined fetal growth adjusted for gestational age in
the HP and HPU compared with NNN pregnancies and with
each other. After adjusting for confounders, the risk of an
infant having a birth weight ⱕ10th or ⱕ5th centile was
significantly higher in the HPU group compared with NNN
women, but there was no difference between pregnancies
with HP and NNN (Table 3). Although the mean birth weight
centile was smaller for infants born to HP and HPU women
than for infants of women in the NNN group, the adjusted

mean birth weight centile was significantly lower for the
HPU group than for the HP women (Table 4).

HP Versus HU
We identified women with gestational hypertension who did
not achieve the diagnostic increase of both increased protein
and uric acid (negative data were present on all of the
women). We asked whether HU had implications for the
severity of the disease or impact on fetal outcome and if
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TABLE 2. Association Between Diagnostic Criteria and Risk of
Preterm Birth <37 Weeks Gestation (nⴝ972)
Diagnostic
Group

Unadjusted Prevalence
of Preterm Birth (%)

Adjusted* RR†
(95% CI)

H Versus HU
The current diagnosis of transient hypertension of pregnancy
is based on diagnostic gestational hypertension without proteinuria.4 This diagnosis includes women with and without
hyperuricemia. Two women (2.2%) with H alone had severe
disease because of high blood pressure. By contrast, 3 women
(5.4%) with HU had severe disease with 2 of the 3 having the
diagnosis based on elevated liver enzymes and low platelets,
as well as high blood pressure. As is evident from the data
presented above, the HU women are a group with shorter
pregnancies and lower birth weight centiles than NNN
women. This was not the case for H women, who had no
increase in risk of preterm birth, SGA or reduced length of
gestation, or birth weight centile compared with NNN women
(Tables 2– 4). This was despite blood pressures in labor being
similar in both the HU and H groups (Table 1). Maternal
characteristics were different between the H and HU women.
Women in the HU group were older (P⬍0.04 for ages ⬍34
years) and more likely to be white (P⫽0.03), to have ⬎12
years of education (P⫽0.02), and to be married (P⫽0.001).

P
Value

NNN

6.3

1.0 (referent)

—

H

4.8

0.8 (0.3, 2.7)

0.69

P

9.5

1.7 (0.4, 6.6)

0.45

U

7.1

1.1 (0.6, 2.2)

0.69

HP

8.3

1.4 (0.5, 3.8)

0.51

HU

19.2

3.3 (1.7, 6.4)

⬍0.001

PU

16.7

3.0 (0.8, 11.1)

0.10

HPU

57.5

9.7 (6.5, 14.3)

⬍0.001

RR indicates risk ratio.
*Adjusted for prepregnancy body mass index and smoking.
†Other contrasts of interest are as follows 关RR (95% CI)兴: HPU vs HP: 6.9
(2.7–17.9), P⬍0.001; HU vs HP: 2.4 (0.8 –7.0), P⫽0.12; HU vs H: 4.0
(1.3–12.2), P⫽0.01.
Downloaded from http://hyper.ahajournals.org/ by guest on April 4, 2017

the maternal characteristics were similar to women with HP.
Aside from HP women being more likely to be unmarried
(Table 1; P⫽0.04), there were no differences in maternal
characteristics. Severe disease was diagnosed in 16.7% of
women with HP and in 5.4% of women with HU (P⬎0.05).
Blood pressure elevation in labor was similar (Table 1). The
adjusted risk of preterm birth among women with HU was 3.3
times that of NNN women (Table 2), but the risk was not
significantly elevated for women with HP. Of the HU preterm
births, 7 of 10 were indicated deliveries. HU women were
also ⬎10 times as likely as HP women to have an SGA infant
less than the 10th or 5th centile, although estimates were
imprecise (Table 3). The adjusted gestational age at delivery
and birth weight centile were decreased among women in
both HU and HP groups compared with NNN women (Table 4),
but the difference was significantly greater in the HU than HP
group.
TABLE 3.

Other Relationships
Pregnancy outcomes for the other combinations of variables
showed no significant difference in outcomes from NNN
pregnancy with the exception of the PU group. Despite small
sample size (n⫽12), this group had significantly greater
incidence of SGA both at the 5th and 10th centile and a lower
mean gestational age at delivery and birth weight centile than
NNN pregnancies (Tables 3 and 4).

Preterm Labor and SGA Diagnosis in Relation to
Uric Acid Concentration
Among the women without hypertension and without proteinuria (n⫽615), there was no relation between the uric acid
concentration z score and the odds of either preterm birth or
SGA (data not shown). By contrast, among those with
hypertension but without proteinuria (n⫽135), there was a

Association Between Diagnostic Criteria and SGA (nⴝ972)
SGA ⬍10th Centile

Diagnostic
Group

SGA ⬍5th Centile

Unadjusted
Prevalence (%)

Adjusted* RR‡
(95% CI)

NNN

8.5

1.0 (referent)

—

4.6

1.0 (referent)

—

H

2.2

0.3 (0.1, 1.2)

0.09

1.1

0.3 (0.1, 2.1)

0.21

P

4.2

0.7 (0.1, 4.5)

0.66

4.2

1.2 (0.2, 8.7)

0.83

U

7.4

0.9 (0.5, 1.7)

0.77

2.1

0.5 (0.2, 1.4)

0.16

HP

12.3

1.3 (0.5, 3.2)

0.53

4.6

0.9 (0.2, 3.9)

0.93

HU

22.4

3.5 (2.0, 5.9)

⬍0.001

15.5

4.6 (2.2, 9.7)

⬍0.001

PU

33.3

6.1 (3.0, 12.7)

⬍0.001

20.0

7.4 (2.4, 22.1)

⬍0.001

HPU

23.9

2.6 (1.7, 4.1)

⬍0.001

12.5

2.2 (1.2, 4.5)

0.02

P Value

Unadjusted
Prevalence (%)

Adjusted† RR§
(95% CI)

P Value

RR indicates risk ratio.
*Adjusted for race, smoking, and marital status.
†Adjusted for prepregnancy body mass index, smoking, and marital status.
‡Other contrasts of interest are as follows 关RR (95% CI)兴: HPU vs HP: 2.0 (0.8 – 4.8), P⫽0.13; HU vs HP: 11.4
(2.7– 48.1), P⫽0.001; HU vs H: 2.6 (1.1– 6.6), P⫽0.04.
§Other contrasts of interest are as follows 关RR (95% CI)兴: HPU vs HP: 2.4 (0.6 –10.0), P⫽0.24; HU vs HP: 16.4
(2.2–125.1), P⫽0.007; HU vs H: 4.9 (1.1–21.3), P⫽0.03.
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Relation Between Diagnostic Criteria and Length of Gestation and Birth Weight Centile (nⴝ972)
Gestational Age at Delivery

Diagnostic
Group

1267

Unadjusted Gestational
Age at Delivery
(weeks)*

Adjusted†
Coefficient‡,§
(95% CI)

Birth Weight Centile

P
Value

Unadjusted Birth
Weight Centile*

Adjusted㛳
Coefficient‡,¶
(95% CI)

P
Value

NNN

39.5 (1.9)

0.0 (referent)

—

50.0 (28.0)

0.0 (referent)

—

H

39.4 (1.5)

⫺0.12 (⫺0.66, 0.42)

0.67

50.2 (28.1)

⫺3.4 (⫺10.0, 3.1)

0.31

P

38.6 (4.2)

⫺0.95 (⫺1.94, 0.05)

0.06

55.9 (28.6)

3.1 (⫺9.0, 15.2)

0.61

U

39.5 (1.8)

0.03 (⫺0.37, 0.42)

0.90

51.7 (29.0)

⫺0.21 (⫺4.6, 5.0)

0.93

HP

39.0 (1.5)

⫺0.53 (⫺1.21, 0.15)

0.13

42.8 (28.7)

⫺11.7 (⫺19.0, ⫺2.4)

0.01

HU

38.7 (2.0)

⫺0.89 (⫺1.55, ⫺0.23)

0.008

38.9 (31.8)

⫺14.8 (⫺22.9, ⫺6.8)

⬍0.001

PU

38.0 (2.1)

⫺1.62 (⫺2.93, ⫺0.31)

0.02

33.3 (31.1)

⫺21.3 (⫺37.2, ⫺5.4)

HPU

35.4 (3.7)

⫺4.15 (⫺4.59, ⫺3.71)

⬍0.001

33.7 (26.5)

⫺20.5 (⫺25.9, ⫺15.11)

0.01
⬍0.001
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*Mean (SD).
†Adjusted for prepregnancy body mass index, smoking, and education.
‡Each coefficient represents the change in the gestationalage at delivery (weeks) or birth weight centile associated with having gestational
hypertension, proteinuria, and/or hyperuricemia compared with normal women.
§Adjusted for prepregnancy body mass index, smoking, and marital status.
㛳Other contrasts of interest are as follows 关coefficient (95% CI), P value兴: HPU vs HP: ⫺3.63 (⫺4.37 to ⫺2.88), P⬍0.001; HU vs HP: ⫺0.78 (⫺1.57
to 0.01), P⫽0.05; HU vs H⫽⫺0.37 (⫺1.23 to 0.52), P⫽0.42.
¶Other contrasts of interest are as follows 关coefficient (95% CI), P value兴: HPU vs HP: ⫺9.8 (⫺18.8 to ⫺0.79), P⫽0.03; HU vs HP: ⫺11.4 (⫺21.0
to ⫺1.79), P⫽0.02; HU vs H⫽⫺4.2 (⫺15.0 to 6.68), P⫽0.45.

striking positive relationship between uric acid z score and
the odds of preterm birth and SGA (Figure 1 a and b). Every
1-unit increase in uric acid z score increased the odds of
preterm birth by 2.3-fold (odds ratio, 2.3; 95% CI, 1.4 –3.7)
and SGA by 1.8-fold (odds ratio, 1.8; 95% CI, 1.2–2.7). The
results for women with both hypertension and proteinuria
(n⫽189) also showed an increase in the odds of preterm birth
with increasing uric acid (Figure 1c). Every 1-unit increase in
uric acid z score increased the odds of preterm birth by
2.3-fold (odds ratio, 2.3; 95% CI, 1.7–2.9). The SGA relationship was not as clear. The odds of SGA increased with
uric acid concentration to a z score of 4. However, as shown

in Figure 1d, estimates were imprecise beyond z scores of 4
because of sparse data. Adjusting for aforementioned covariates had no effect on these relationships.

Discussion
The data presented indicate that in women with gestational
hypertension with or without proteinuria, elevated uric acid
concentration identifies a group of pregnancies at increased
risk for SGA and preterm delivery compared with each
condition in the absence of hyperuricemia. The increased
incidence of preterm delivery in this study in most instances
reflects the severity of disease rather than natural history

Association between uric acid z score
and odds of preterm birth and SGA
⬍10th centile. (a and b) these relations
among women who had gestational
hypertension but no proteinuria (n⫽135);
(c and d) these relations among women
who had both gestational hypertension
and proteinuria (n⫽189). Solid lines indicate the point estimate; dotted lines indicate the upper and lower 95% confidence bands.
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because most early deliveries with hypertension and proteinuria were medically indicated preterm inductions and births.
The relationship of uric acid to gestational age and birth
weight centile in women with gestational hypertension is
concentration dependent. In the presence of hypertension
with or without proteinuria, the incidence of preterm delivery
increased as uric acid increased. A similar linear trend was
seen for the incidence of SGA among women with hypertension and no proteinuria.
In our study, HU and H women were substantially different, despite the fact that, in all of the classification schemes,
these groups would be combined. HU women were more
likely to be white, older, more educated, and married. More
importantly, they had an increased risk of early delivery and
SGA that was not present in women with gestational hypertension alone. Data from the PU women indicating increased
SGA and shortened pregnancies is intriguing and supports
preeclampsia as a syndrome in which perhaps any 2 pathophysiological abnormalities will identify a pregnancy at increased risk.
There are obvious limitations to this study. Twenty-fourhour urine collections for the determination of proteinuria
were performed on only a small percentage of women. It is
well recognized that with the hectic protein excretion of
preeclampsia, random urines with negative findings can be
associated with increased protein excretion.16 This could have
led us to conclude that women with HU did not have
proteinuria. However, twenty-four-hour urines were done in a
fairly similar proportion of HU (15%) and HP (25%) women,
although 35% of HPU women had this determination. In
addition, if uric acid did influence delivery decisions, this
would account for the increased frequency of indicated
preterm birth. However, like most U.S. institutions, uric acid
is not considered in management decisions at our institution.
This is supported by the similar frequency of indicated
delivery in women with HP or HPU. Additionally, this
potential bias would not explain the excess of SGA infants
with increased maternal uric acid concentration. Although the
women in this sample are racially and socioeconomically
diverse, data comes from a single center, which may limit
generalizability.
Despite the fact that hyperuricemia is not a conventionally
used diagnostic criterion for preeclampsia and not typically
considered a useful aid to management, several observations
have suggested that the presence of hyperuricemia may
identify a form of pregnancy hypertension with increased
risk. Redman8 25 years ago demonstrated an increased risk of
fetal death in preeclampsia with elevated uric acid. Likewise,
in another study, there was an increase in SGA among
gestationally hypertensive women with proteinuric and nonproteinuric hyperuricemia.17 Elevated uric acid has been
related to eclamptic seizures.18 The duration of hypertension
after a hypertensive pregnancy was similar in women with
hypertension and either hyperuricemia or proteinuria and
longer than in women with gestational hypertension alone.19
There seems to be a special interrelationship between the
renal lesion of preeclampsia and hyperuricemia. In a study of
62 pregnant women with gestational hypertension without
proteinuria, the characteristic preeclamptic renal lesion,

termed glomeruloendotheliosis, was only present in women
with hyperuricemia.20
Is it biologically plausible that increased uric acid could be
associated with adverse outcome? The hyperuricemia of
preeclampsia has been variably suggested to be associated
with lactic acidosis, altered renal function, or oxidative stress.
The currently favored concept is that increased circulating
uric acid is secondary to reduced renal urate clearance, as can
be seen with hypovolemia. Uric acid is the end product of
purine catabolism catalyzed by the enzyme xanthine oxidase/
dehydrogenase. This bifunctional enzyme in its dehydrogenase form produces uric acid and reduced nicotinamideadenine dinucleotide and, in the oxidase form, produces uric
acid and superoxide. The enzyme is upregulated, and the
expression of the oxidase form increased proportionally with
hypoxia. Thus, increased uric acid production occurs in a
setting of hypoxia, local acidosis, or increased tissue breakdown or with reduced renal function and can increase
oxidative stress—all of which would indicate more severe
preeclampsia. Recently, an additional possibility has been
suggested, that uric acid might itself be causally related to
hypertension.21,22 In animal experiments, rats rendered minimally hyperuricemic by inhibiting uricase had increased
blood pressure that could be reversed by lowering uric acid.23
It has been suggested that, in humans, uric acid might
increase hypertension by increasing salt sensitivity and vascular smooth muscle proliferation.24

Perspectives
What are the clinical implications of these findings? Based on
the limitations of our design, it is important that the relationships we observed are examined prospectively and tests
performed to determine whether management based on this
additional information positively and cost effectively affects
outcome. It is quite likely based on prior studies that uric acid
will add little to the armamentarium used in the complex
decision making for delivery, the cornerstone of management
in women with preeclampsia.25 It does appear, however, that
plasma or serum uric acid—a simple, inexpensive and
readily available test—should be additionally evaluated.
Our data suggest that uric acid is at least as important as
proteinuria in identifying pregnancies with gestational
hypertension with at-risk infants. Although currently available data support the concept that gestational hypertension
without proteinuria has an outcome far better than when
the hypertension is accompanied by proteinuria, there is
still evidence of increased risk.26 An important question to
resolve is whether, as is suggested by our data, the adverse
outcomes are only present with concomitantly increased
uric acid. Finally, this finding encourages a reevaluation of
the current classification of pregnancy hypertension using
different markers of pathophysiology.
The research implications are more direct. Including uric
acid in the research diagnosis of preeclampsia identifies a
more severe group that is likely to have a more homogeneous
pathophysiology than when this marker is not included.
Certainly in the evaluation of gestational hypertension without proteinuria as a “control” for preeclampsia, the absence of
hyperuricemia identifies a lower risk group.

Roberts et al

Outcomes in Hypertensive Hyperuricemic Pregnancy

Acknowledgments
This work was supported by National Institutes of Health grants HD
30367 and CRC# MO1RR00056.

References

Downloaded from http://hyper.ahajournals.org/ by guest on April 4, 2017

1. Roberts JM. Pregnancy related hypertension. In: Creasy RK, Resnik R,
eds. Maternal Fetal Medicine. 4th Ed. Philadelphia, PA: W.B. Saunders;
1998:833– 872.
2. Duley L. Maternal mortality associated with hypertensive disorders of
pregnancy in Africa, Asia, Latin America and the Caribbean. Br J Obstet
Gynaecol. 1992;99:547–553.
3. Goldenberg RL, Rouse DJ. Prevention of premature birth. N Engl J Med.
1998;339:313–320.
4. Group NHBPEPW. Report of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy.
Am J Obstet Gynecol. 2000;183:S1–S22.
5. Helewa ME, Burrows RF, Smith J, Williams K, Brain P, Rabkin SW.
Report of the Canadian Hypertension Society Consensus Conference: 1.
Definitions, evaluation and classification of hypertensive disorders in
pregnancy. Can Med Assoc J. 1997;157:715–725.
6. Brown MA, Hague WM, Higgins J, Lowe S, McCowan L, Oats J, Peek
MJ, Rowan JA, Walters BN, Australasian Society for the Study of
Hypertension in Pregnancy. The detection, investigation and management of
hypertension in pregnancy: executive summary. Aust NZ J Obstet Gynaecol.
2000;40:133–138.
7. Chesley LC. Hypertensive disorders of pregnancy. New York: AppletonCentury-Crofts; 1978.
8. Redman CW, Beilin LJ, Bonnar J, Wilkinson RH. Plasma-urate measurements in predicting fetal death in hypertensive pregnancy. Lancet.
1976;1:1370 –1373.
9. Chesley LC. Diagnosis of preeclampsia. Obstet Gynecol. 1985;65:
423– 425.
10. Lim KH, Friedman SA, Ecker JL, Kao L, Kilpatrick SJ. The clinical
utility of serum uric acid measurements in hypertensive diseases of
pregnancy. Am J Obstet Gynecol. 1998;178:1067–1071.
11. Lind T, Godfrey KA, Otun H. Changes in serum uric acid concentrations
during normal pregnancy. Br J Obstet Gynaecol. 1984:128 –132.
12. Jacobson SL, Imhof R, Manning N, Mannion V, Little D, Rey E, Redman
C. The value of Doppler assessment of the uteroplacental circulation in
predicting preeclampsia or intrauterine growth retardation. Am J Obstet
Gynecol. 1990;162:110 –114.

1269

13. Schuster E, Weppelmann B. Plasma urate measurements and fetal
outcome in preeclampsia. Gynecol Obstet Invest. 1981;12:162–999.
14. WHO Consultation on Obesity. Obesity: Preventing and Managing the
Global Epidemic. Geneva, Switzerland: World Health Organization;
2000.
15. StataCorp. Stata Statistical Software: Release 7.0. College Station, TX:
Stata Corporation; 2001.
16. Meyer NL, Mercer BM, Friedman SA, Sibai BM. Urinary dipstick
protein: a poor predictor of absent or severe proteinuria. Am J Obstet
Gynecol. 1994;170(1 Pt 1):137–141.
17. D’Anna R, Baviera G, Scilipoti A, Leonardi I, Leo R. The clinical utility
of serum uric acid measurements in pre-eclampsia and transient hypertension in pregnancy. Panminerva Medica. 2000;42:101–103.
18. Wakwe VC, Abudu OO. Estimation of plasma uric acid in pregnancy
induced hypertension (PIH). Is the test still relevant? Afr J Med Med Sci.
28:155–158, 1999.
19. Ferrazzani S, De Carolis S, Pomini F, Testa AC, Mastromarino C, Caruso
A. The duration of hypertension in the puerperium of preeclamptic
women: relationship with renal impairment and week of delivery. Am J
Obstet Gynecol. 1994;171:506 –512.
20. Nochy D, Birembaut P, Hinglais N, Freund M, Idatte JM, Jacquot C,
Chartier M, Bariety J. Renal lesions in the hypertensive syndromes of
pregnancy: immunomorphological and ultrastructural studies in 114
cases. Clin Nephrol. 1980;13:155–162.
21. Kang DH, Finch J, Nakagawa T, Karumanchi SA, Kanellis J, Granger J,
Johnson RJ. Uric acid, endothelial dysfunction and pre-eclampsia:
searching for a pathogenetic link. J Hypertens Feb. 2004;22:229 –235.
22. Feig DI, Nakagawa T, Karumanchi SA, Oliver WJ, Kang DH, Finch J,
Johnson RJ. Hypothesis: uric acid, nephron number, and the pathogenesis
of essential hypertension. Kid Int Jul. 2004;66:281–287.
23. Mazzali M, Hughes J, Kim YG, Jefferson JA, Kang DH, Gordon KL, Lan
HY, Kivlighn S, Johnson RJ. Elevated uric acid increases blood pressure
in the rat by a novel crystal-independent mechanism. Hypertension Nov.
2001;38:1101–1106.
24. Watanabe S, Kang DH, Feng L, Nakagawa T, Kanellis J, Lan H, Mazzali
M, Johnson RJ. Uric acid, hominoid evolution, and the pathogenesis of
salt-sensitivity. Hypertension. 2002;40:355–360.
25. Odendaal HJ, Pienaar ME. Are high uric acid levels in patients with early
pre-eclampsia an indication for delivery? S Afr Med J. 1997;87(2 Suppl):
213–218.
26. Brown MA, Buddle ML. The importance of nonproteinuric hypertension
in pregnancy. Hypertens Preg. 1995;14:57– 65.

Uric Acid Is as Important as Proteinuria in Identifying Fetal Risk in Women With
Gestational Hypertension
James M. Roberts, Lisa M. Bodnar, Kristine Y. Lain, Carl A. Hubel, Nina Markovic, Roberta B.
Ness and Robert W. Powers
Downloaded from http://hyper.ahajournals.org/ by guest on April 4, 2017

Hypertension. 2005;46:1263-1269; originally published online October 24, 2005;
doi: 10.1161/01.HYP.0000188703.27002.14
Hypertension is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2005 American Heart Association, Inc. All rights reserved.
Print ISSN: 0194-911X. Online ISSN: 1524-4563

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://hyper.ahajournals.org/content/46/6/1263

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Hypertension can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Hypertension is online at:
http://hyper.ahajournals.org//subscriptions/

