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Abstract

Objective—To compare serum uric acid levels in adolescents born prematurely and adolescents
born at term and to assess the correlation between serum uric acid and blood pressure in those
born prematurely.

Study design—In this observational cohort study, 124 adolescents born prematurely and 44
adolescents born at term were studied at 14 years of age. Multivariate analyses were used to
describe the relationship of premature birth to serum uric acid, while adjusting for confounding
variables. Pearson correlation was used to describe the relationship between uric acid and systolic
blood pressure among those born prematurely.

Results—Adjusting for race, sex, maternal hypertension and fetal growth, preterm adolescents
had higher serum uric acid levels than adolescents born at term [adjusted mean difference (95%
confidence interval: 0.46 (0.10, 0.81) mg/dL, 27.4 (6, 48.2) umol/L, p=0.012]. Among those born
prematurely, uric acid was positively correlated with systolic blood pressure [Pearson correlation
coefficient: 0.29 (0.12, 0.44; p=0.0013).

Conclusions—Serum uric acid levels are higher in adolescents born prematurely than in those
born at term and this difference could contribute to higher blood pressure among individuals born
prematurely.
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Preterm birth (<37 completed weeks gestation) and very low birth weight (VLBW,; <15009)
are associated with elevated blood pressure (BP) in children and young adults.12 The
etiology of this association is not well understood. Because systolic blood pressure (SBP) in
adolescence is associated with adult hypertension3 and risk for coronary artery disease,
information about the relationship of preterm birth and BP in adolescence could inform
efforts to improve cardiovascular health among adults born prematurely.

There is growing interest in the role of uric acid in the etiology of essential hypertension. In
animal models, increased serum uric acid causes hypertension.® In childhood, uric acid
levels are positively associated with BP 6.7:89.10.7 and predict adult BP.11 Treatment with
allopurinol significantly lowers uric acid and BP in adolescents with newly diagnosed
essential hypertension.12 Additionally, uric acid is negatively correlated with both birth
weight 8131415 and gestational age 16 in cohorts of term or mostly term-born children.
Thus, we hypothesized that adolescents born prematurely with VLBW would have elevated
serum uric acid compared with term-born peers and that among those born preterm, serum
uric acid levels would be positively correlated with blood pressure.

The preterm sample was derived from a cohort of consecutive VLBW births at the regional
perinatal center in Forsyth County, North Carolina from January 1, 1992, to June 30, 1996.
Eligible preterm infants (n = 479) were singleton at birth, had no major congenital
malformation, and returned for evaluation at one year adjusted age. Among eligible children,
193 were studied at 14 years of age as part of a larger study of BP; participants with a blood
sample for uric acid are included in the analysis. Adolescents who were born at the same
medical center at term with birth weight >2500g were recruited using fliers, newspaper ads,
and word of mouth. They were also singletons, had no major congenital malformation, but
had not been evaluated at the medical center at one year of age. Data from participants born
at term who provided a blood sample for uric acid are included in the analysis.

This study was approved by the Wake Forest School of Medicine Institutional Review
Board. Written informed consent was obtained from parents or legal guardians and
participants gave assent.

We reviewed medical records and delivery logs to determine birth weight, gestational age,
and mode of delivery. For the preterm cohort, a first trimester ultrasound, when available,
was used to estimate gestational age. Otherwise, we used, in order of priority, the mother’s
last menstrual period or a clinical assessment of the newborn infant. Maternal hypertension
during pregnancy was obtained by questionnaire administered to the parent or guardian. As
an index of fetal growth we used sex-specific birth weight z-score, calculated using US
natality data.l” Race was categorized as black or non-black, based on parent’s report.

A random non-fasting venous sample was obtained by venipuncture, after application of 4%
lidocaine. Serum uric acid was determined by uricase.

Blood pressure was measured in the right arm with an oscillometric device (Dinamap® Pro
100, Critikon) by nursing staff certified in BP measurement. Guidelines established by the
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National High Blood Pressure Education Program Working Group on Hypertension Control
in Children and Adolescents were followed to determine cuff size.18 The participants were
seated quietly for five minutes with back supported, the cubital fossa supported at heart
level, and feet on the floor. The average of five measurements was used to estimate the SBP
and diastolic (DBP) BP.

Anthropometric measurements were made in triplicate. After the participant removed his or
her shoes, height was measured using a wall-mounted stadiometer and weight was measured
using a digital platform scale. Abdominal circumference was assessed to the nearest tenth of
a centimeter with a measuring tape according to procedures of National Health and Nutrition
Examination Survey (NHANES) 111.19

Statistical Analyses

Results

To describe the study groups, we used means and standard deviations for continuous
variables, and counts and percentages for categorical variables. Stratified by sex, we
compared characteristics in preterm and term groups using Wilcoxon Rank Sum Tests for
continuous variables and Fisher’s Exact Test for categorical variables. We estimated the
adjusted mean difference in uric acid between preterm and term participants using
multivariate general linear models that included the variables sex, race, hypertensive
pregnancy, and birth weight z-scores — variables which could confound the relationship
between prematurity and uric acid. To evaluate whether sex modifies the preterm birth-uric
acid relationship, an interaction term was used. Pearson correlation was used to describe the
linear relationship between uric acid and SBP among those born prematurely.

We studied 124 adolescents who were born prematurely (23-34 weeks) with VLBW and 44
adolescents born at term with birth weight > 25009 at 14 years of age (Figure). The neonatal
characteristics of those born prematurely who were eligible for, but not included in, the
study were not different from those included; the BP, body mass index, race, and sex of the
adolescents who participated in the main study of BP but did not have a blood sample for
uric acid were not different from participants with a uric acid sample in either preterm or
term group (data not shown). A description of the study sample and comparisons of preterm
and term participants at birth and 14 years of age are shown in the Table.

The unadjusted mean difference (95% CI) in uric acid between preterm and term adolescents
was 0.53 (0.11, 0.95) mg/dL, 31.5 (6.5, 56.5) umol/L, p=0.014. When adjusted for potential
confounding variables sex, race, maternal hypertension during pregnancy, and birth weight
z-score, the mean difference was 0.46 (0.10, 0.81) mg/dL, 27.4 (6, 48.2) umol/L, p=0.012.
We explored the data for sex differences using an interaction term (preterm/term group X
sex) for which the p value was 0.42. Thus, further analyses were not stratified by sex. In
both unadjusted analyses as well as analyses adjusted for sex, race, maternal hypertension
during pregnancy, and birth weight z-score, no difference was found for uric acid between
preterm participants exposed to antenatal steroids and those not exposed (p=0.7 and p=0.14,
respectively). The Pearson correlation coefficient for uric acid and SBP among those born
preterm was 0.29 (0.12, 0.44), p= 0.0013.
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Discussion

We found higher serum uric acid levels among adolescents who were born prematurely with
VLBW when compared with peers who were born at term with normal birth weight. Uric
acid was positively correlated with SBP among those born prematurely.

Similar to our findings, Park et al described an inverse relationship between uric acid and
gestational age in a cohort of 3 year olds who were mostly born at term (mean gestational
age for this cohort of 136 participants was 37.7 weeks with 16 born at < 34 weeks
gestation).16 Inverse associations between birth weight and uric acid have been described in
children born at term, suggesting a link between intrauterine growth restriction and elevated
uric acid.81%14 |ikewise, lower birth weight was associated with increased uric acid in a
cohort of Japanese school children; although the gestational age of this cohort was not
available, their birth weights ranged from 1420-4704g, with a mean of 3.143g.13 In our
cohort of VLBW infants, adjustment for birth weight z-score, an estimate of intrauterine
growth, did not alter the preterm-term uric acid difference. Although we did not identify sex
differences in the preterm-term uric acid relationship, DeBoer et al found that non-Hispanic
white males in the NHANES sample had the strongest relationship between uric acid and
metabolic syndrome, and non-Hispanic white females had the weakest.2°

Even though our study is limited by its observational design and modest sample size, it is a
large study of uric acid in children born prematurely and adds to the growing body of work
showing positive associations of uric acid with BP in adolescents and increased uric acid in
those born prematurely. It’s generalizability to the current VLBW population in the US may
be limited by lack of participants of Hispanic ethnicity. Nonetheless, we hypothesize that
programmed alterations in the kidney might lead to increased uric acid which contributes to
the higher BP found in adolescents who were born prematurely with VLBW.

Uric acid is a breakdown product of the purine mononucleotides and since the early 20t"
century, uric acid levels have almost doubled with the increase in purine-rich foods and
sugar in the Western diet. Two thirds of uric acid is excreted by the kidney. Nearly all blood
urate enters the glomerular filtrate, so renal function can influence serum urate levels. Urate
transport, both reabsorption and secretion, is localized in the proximal tubule and in humans
only about 10% of the filtered urate load is excreted. Recent genome-wide association
studies have identified multiple urate transporters for reabsorption and secretion.?! In a
cohort of children with essential hypertension, hyperuricemia was attributed to decreased
urate clearance, and as the glomerular filtration rates of the hyperuricemic participants were
not different from those with lower uric acid, the decreased clearance was likely due to
increased tubular reabsorption or diminished secretion.2? Likewise, Feig et al report no
correlation between uric acid and glomerular filtration rate in a cohort containing both
children with normal and elevated blood pressure.10

In animals, elevation of uric acid increases BP through stimulation of the renin-angiotensin
system and decreased endothelial nitric oxide which is reversible with uric acid reduction or
blockade of the renin angiotensin system.>23 However, continued hyperuricemia causes
microvascular disease in the kidney which results in sodium sensitive hypertension
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independent of uric acid levels.2* This finding might explain why the uric acid-BP
relationship is weaker in older populations2® and suggests a window in which strategies to
lower uric acid might have the most benefit.

Mechanisms that might explain the developmental origins of hypertension in those born
preterm include decreased nephron number,28 altered renal tubular function,2’-28 altered
balance of the renin angiotensin system,29 decreased vascular dilation to nitric oxide,3°
increased vascular stiffness,3! and increased sympathetic activity (higher heart rate)32,
Clinical studies have linked uric acid levels to the renin angiotensin system,33, vascular
stiffness34, and sympathetic activity.3® Thus, it is plausible that uric acid is involved in the
development of programmed hypertension. To that end, Feig et al proposed that
transplacental passage of maternal uric acid might cause intrauterine growth restriction and
impair fetal nephron formation through endothelial dysfunction.14

Adolescents born prematurely with VLBW have higher uric acid than their peers born at
term and this finding might contribute to their higher blood pressure. Further work is needed
to determine why this difference in uric acid exists and the mechanism(s) through which it is
correlated with BP. Uric acid might provide a target for treatment in this population to
improve their future cardiovascular health.
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Figure.

Progress of the participants through the observational study.
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