ORIGINAL PAPER

Serum uric acid in HIV infected children and
correlation to cardiovascular risk factors

Aleksandra Stanska-Perka', Magdalena Marczynska'?, Konrad Zawadka'?, Jolanta Popielska'-

"Hospital of Infectious Diseases, Warsaw, Poland
*Department of Children’s Infectious Diseases, Medical University of Warsaw, Poland

Abstract

Introduction: Serum uric acid (SUA) has been reported to be associated with hypertension and
metabolic syndrome. Metabolic disorders leading to increased cardiovascular risk are often observed
in human immunodeficiency virus (HIV)-infected children. The aim of the study was to assess the level
of SUA and its association with metabolic abnormalities and high blood pressure.

Material and methods: Fasting SUA, total cholesterol, triglyceride, high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), insulin, and glucose measure-
ments were performed in 54 HIV-infected children (mean age 12.3 years), 46% male. All but two
were treated with highly active antiretroviral therapy (HAART). HOMA-IR (Homeostatic Model
Assessment of Insulin Resistance) was calculated using the formula HOMA-IR = (insulin [mU/1] x
glucose [mmol/1])/22.5. All children underwent anthropometric measurements. Body mass index
(BMI) was calculated by dividing weight in kilograms by square of height in metres.

Results: Mean SUA was 239.8 umol/l, and no patient showed hiperuricaemia. SUA was higher in
boys and in older children. Nadir immunologic category 3 was associated with higher SUA com-
pared to category 1 and 2 together. Children with abnormal triglycerides, HDL-C, insulin, and
HOMA-IR had significantly higher SUA. Regression analysis showed that all metabolic parameters
apart from HDL-C influence SUA. Children treated with HAART based on non-nucleoside reverse
transcriptase inhibitors (NNRTIs) had lower SUA in contrast to children receiving a protease in-
hibitor (PI)-based or other HAART scheme. We did not observe any association between SUA and
high blood pressure.

Conclusions: We showed correlation between SUA and metabolic parameters in HIV-infected chil-
dren. Metabolic abnormalities are the result of both HIV infection and antiretroviral treatment. As-
sociation of SUA with CD4 nadir and HAART may indicate the effect of HIV itself or its treatment.
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Introduction bolic syndrome, cardiovascular disease, and renal failure [1-4].
Its usefulness as a marker of cardiovascular abnormali-

Serum uric acid (SUA) has been reported to be associated  ties is observed especially in high-risk populations [2, 5].
with multiple metabolic abnormalities: hypertension, meta- ~ SUA concentration is higher in obese children compared
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Table 1. General characteristics of the study group

Age, y mean (SD) 12.02 (4.35)
Male, n (%) 25 (46)
HAART, yes, n (%) 52 (96)
Immunological status, n (%)

1 50 (92.5)

2 4(7.5)

3 0
Clinical status, n (%)

A 47 (87)

B 102

C 6 (11)
BMI z-score, mean (SD) 0.01 (0.83)
SBP z-score, mean (SD) 0.07 (1.24)
DBP z-score, mean (SD) 0.39 (0.88)
SUA, umol/l, mean (SD) 239.8 (65.7)
TC, mg/dl|, mean (SD) 179.9 (36.7)
HDL-C, mg/dl, mean (SD) 60.1 (19)
LDL-C, mg/d|, mean (SD) 93.7 (29.6)
TG, mg/d|, mean (SD) 171.4 (95.5)
Insulin, umol/ml, mean (SD) 14.2 (11.5)
Fasting glucose, mg/dl, mean (SD) 87.5(7.1)
Glucose in 120’ OGTT, mean (SD) 98.9 (23.8)
HOMA-IR, mean (SD) 2.86 (1.83)

HAART - highly active antiretroviral therapy, BMI — body mass index,

SBP — systolic blood pressure, DBP — diastolic blood pressure, SUA — serum
uric acid, TC - total cholesterol, HDL-C — high-density lipoprotein cholesterol,
LDL-C - low-density lipoprotein cholesterol, TG — triglyceride, OGTT — oral
glucose tolerance test, HOMA-IR — Homeostatic Model Assessment of Insulin
Resistance

to their counterparts [1]. It has been reported that the inci-
dence of metabolic syndrome in adults increases with higher
SUA concentration [1]. Hyperuricaemia has been described
as a causative factor of vascular changes leading to hyper-
tension in rats. This effect seems to be reversible in the early
stages, but leads to unchangeable abnormalities in vessels
walls. Hypotensive effect of uric acid lowering agents shows
that this mechanism may occur in humans as well. SUA has
been described as a marker for hypertension in both paedia-
tric and adult populations [2].

Human immunodeficiency virus (HIV) infection itself,
as well as antiretroviral treatment, are factors promoting
metabolic abnormalities leading to cardiovascular disease.
It has been widely described in both adult and paediatric
populations. Children are of special concern due to life-
span therapy. Children infected with HIV are characterised
by hyperlipidaemia, insulin resistance, and altered body fat
accumulation; however, the prevalence of metabolic syn-
drome is low, mainly due to observed growth retardation.
Cardiovascular risk, assessed by measurement of carotid
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intima-media thickness (cIMT), is also heightened; however,
cardiovascular episodes are not observed in this population.
It is necessary to establish an easy path for the assessment
of cardiovascular risk, especially in resource-limited set-
tings, thus the level of SUA may serve as a surrogate marker
for cardiovascular disease (CVD).

The aim of the study was to assess SUA concentration
and its association with risk factors for cardiovascular dis-
ease in HIV-infected children treated with highly active anti-
retroviral therapy (HAART).

Material and methods

A cross-sectional study was carried out in HIV-infected
children. We included 54 children under care of the Depart-
ment of Children’s Infectious Disease Medical University
of Warsaw (Table 1). Our centre takes care of approximately
70% of children infected with HIV in Poland. Legal guard-
ians and patients, if aged above 16 years, signed a written in-
formed consent. The study protocol was approved by Ethics
Committee of the Medical University of Warsaw.

Every subject was examined during standard hospitali-
sation as part of routine care. None had acute infection, and
none received steroids in the three months before the visit.
All but two were treated with combination antiretroviral
therapy (cART), both due to not fulfilling the recommen-
dations to implement treatment: one after newly diagnosed
HIV infection, the second after his own decision to stop ther-
apy. We collected data about treatment regimen, nadir, and
current immunological and clinical classification according
to Centers for Disease Control and Prevention (CDC).

Anthropometric measurements

Every child underwent measurement of height and
weight. Height was measured to the nearest 0.5 cm, weight
to the nearest 0.1 kg. Body mass index (BMI) was calculated
as weight (kg)/height (m)%~ BMI was expressed as z-score,
using the formula:

BMI z-score = (((XM)L) - 1)/LS,

where X is the obtained BMI value, L is the pow-
er in the Box-Cox transformation, M is the median, and
S is the generalised coeflicient of variation. Children with
z-score values between 85" and 95" percentile were classi-
fied as overweight, and when z-score was above the 95 per-
centile the child was classified as obese.

Blood pressure (BP) measurement was performed using
a sphygmomanometer with a cuff size adjusted to the arm
circumference. Results was expressed as a z-score. BP z-score
was calculated using the formula:

BP z-score = (x-p)/0,

where x is the obtained BP value, yu is the expected value
of BP for age, and o is the standard deviation [6]. Children
with BP z-score below 1.28 (90" percentile) were classified
as a normotensive, with z-score value between 1.28 (90™
percentile) and 1.645 (95% percentile) were classified as pre-
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hypertensive, and with z-score exceeding 1.645 were classi-
fied as hypertensive.

Blood samples to all laboratory tests (SUA, insulin and
glucose concentration, lipids) were obtained after a night
fasting rest, then an oral glucose tolerance test was per-
formed by administering a glucose in a dose of 1.75 g per
kilogram body mass, max. 75 g. Blood samples were col-
lected twice during the oral glucose tolerance test (OGTT):
60 and 120 minutes after glucose administration. Homeostasis
model assessment for insulin resistance was used to estimate
insulin resistance. It was calculated using the formula:

HOMA-IR = (insulin [mU/1] x glucose [mmol/1])/22.5.

Insulin resistance was defined as HOMA-IR values ex-
ceeding 3.16 [7] (Table 2).

Received results of cholesterol and its fractions were
multiple by 38.67 and triglycerides by 88.57, to obtain values
in mg/dl. Hypercholesterolaemia was diagnosed with values
> 200 mg/dl, for hypertriglyceridaemia > 100 when aged
<9years, > 130 mg/dl for older than 9 years, hypo-HDL-C < 40,
and hyper-LDL-C > 130 [8, 9].

Statistical methods

Statistical calculations were performed using Statisti-
ca 13 (StatSoft). Continuous data were tested with Shapiro
Wilk test to establish normal and non-normal distribution,
and were shown as mean with SD. The continuous data were
compared using t-test or U Mann-Whitney test depending
on distribution.

Two linear regression analyses were performed to identi-
fy variables associated with SUA concentration. Variables in-
cluded in the first model were age, sex, BMI z-score, systolic
blood pressure (SBP) z-score, diastolic blood pressure (DBP)
z-score, and waist circumference above 90 c. Variables in
the second model included total cholesterol (TC), triglycer-
ide (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), non-HDL-C,
insulin, and HOMA-IR.

Statistical significance was set at the level p < 0.05.

Results

The study group consisted of 54 children treated in
the Department of Childrens Infectious Diseases of the Me-
dical University of Warsaw, aged 4-19 years (mean 12.3),
25 (46%) boys. All children but two received HAART. In
the study group none had severe immunodeficiency, four
(7%) had moderate immunodeficiency, and 50 (93%) had
no immunodeficiency, based on CD4 count. Forty-seven pa-
tients (87%) showed no or mild clinical symptoms (group N
or A by CDC), one presented group B clinical symptoms by
CDC, and six were classified as group C. All six children were
classified to one immunological category. Clinical category C
was due to HIV encephalopathy diagnosis. The worst clinical
classification N/A, B, and C was in 24 (44.4%), 10 (18.5%),
and 19 (35.1%) patients, respectively. Sixteen (29.6%)

Table 2. Correlation of serum uric acid (SUA) and metabolic
parameters

Factor SUA
r p

Age 0.4352 0.001
BMI z-score 0.1039 0.455
SBP z-score -0.0007 0.996
DBP z-score -0.073 0.6
TC -0.1666 0.233
TG 0.3959 0.004
HDL -0.3578 0.01
LDL 0.0748 0.598
Insulin 0.3787 0.005
Fasting glucose 0.2185 0.12
Glucose in 120’ OGTT 0.2213 0.122
HOMA-IR 0.3193 0.021

BMI - body mass index, SBP - systolic blood pressure, DBP — diastolic

blood pressure, TC — total cholesterol, TG — triglyceride, HDL — high-density
lipoprotein, LDL - low-density lipoprotein, OGTT - oral glucose tolerance test,
HOMA-IR — Homeostatic Model Assessment of Insulin Resistance

Table 3. Comparison of serum uric acid (SUA) between
groups with and without metabolic abnormalities

Factor SUA (umol/1) p
. No 239.70

Hypertension 0.940
Yes 240.20
No 239.89

Hyper-TC 0.888
Yes 229.33
No 209.15

Hyper-TG 0.012
Yes 254.16
No 232.00

Hypo-HDL-C 0.055
Yes 284.83
No 237.89

Hyper-LDL-C 0.989
Yes 228.83
No 22241

IR 0.015
Yes 266.78

HAART scheme
Yes 193.68

2NRTI + NNRTI 0.000003
No 264.80
yes 265.55

2NRTI + PI 0.012
No 222.06
yes 275.27

Other 0.020
No 230.70

HAART - highly active antiretroviral therapy, NRTI — nucleoside reverse
transcriptase inhibitor, NNRTI — non-nucleoside reverse transcriptase
inhibitor, Pl — protease inhibitor
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patients were in group 1 immunological nadir classification,
20 (37%) in group 2, and 17 (31.4%) in group 3. We lacked
data on nadir clinical and immunological classification in
one patient. Mean concentration of SUA was 239.8 umol/],
no subject had a level exceeding the normal range. Boys had
significantly higher levels of SUA. Higher levels of SUA were
associated with age, higher level of triglycerides, insulin, and
HOMA-IR, and lower levels of HDL-C. The correlation be-
tween SUA and metabolic parameters is shown in Table 3.

Analysis of the impact of advancement of clinical and
immunological disorders on SUA showed that children with
nadir severe immunodeficiency (stage 3 according to CDC
classification) had significantly higher SUA.

SUA level comparison between groups with and with-
out hypertension, hypercholesterolaemia, hypertriglycer-
idaemia, hypo-HDL-cholesterolaemia, hyper-LDL-chole-
sterolaemia, and insulin resistance showed significant
differences only in relation to hyper-TG and IR. Children
with hypo-HDL-cholesterolaemia had higher values of SUA,
but the differences did not reach statistical significance
(p=0.055).

Analysis of factors that may impact SUA levels, includ-
ing HAART agents, showed strong association with the ad-

Table 4. Multivariate regression model of the anthropomet-
ric predictors of serum uric acid (SUA) level

Factor B p

Age at assessment 0.41 0.003
Gender male -0.32 0.01
BMI z-score 0.01 0.12
SBP z-score 0.07 0.62
DBP z-score 0.02 0.88
Waist circumference > 90 ¢ 0.01 0.92
R? of the model 0.3 0.007

BMI - body mass index, SBP - systolic blood pressure, DBP — diastolic blood
pressure

Table 5. Multivariate regression model of the metabolic pre-
dictors of serum uric acid (SUA) level

Factor B p
TC 0.43 0.02
TG 0.54 0.004
HDL-C 0.27 0.24
LDL-C 0.78 0.03
Insulin -1.59 0.009
HOMA-IR 1.76 0.003
R? of the model 0.44 0.0004

TC - total cholesterol, TG - triglyceride, HDL-C — high-density lipoprotein
cholesterol, LDL-C - low-density lipoprotein cholesterol,
HOMA-IR — Homeostatic Model Assessment of Insulin Resistance
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ministered treatment. Children treated with non-nucleoside
reverse transcriptase inhibitors (NNRTIs)-based HAART
showed significantly lower SUA concentrations, unlike
the results of either protease inhibitor (PI)-based or other
HAART schemes.

The associations between SUA concentration and an-
thropometric and metabolic parameters are shown in Tables 4
and 5. Among anthropometric confounders age and sex sig-
nificantly influenced SUA concentration. The metabolic pa-
rameters model showed association between SUA and each
confounder except HDL-C.

Discussion

In this cross-sectional study among HIV infected chil-
dren and adolescents we found an association between SUA
and traditional markers for CVD such as TC, TG, low-densi-
ty lipoprotein (LDL), high-density lipoprotein (HDL), or in-
sulin resistance. PI exposure was associated with higher lev-
els of SUA in opposition to NNRTI exposure. Uric acid has
been recently described in the general paediatric population
as a marker of risk factor for future cardiovascular disease.
The paediatric population is of special concern because
atherosclerosis begins early in childhood and remains asymp-
tomatic for a long time. Therefore, it is necessary to assess
markers that give the possibility to recognise children at risk
as early as possible, to be able to stop progress of the disease
and to avoid developing clinical symptoms.

Hyperuricaemia plays an important role in developing
hypertension, as well as in type II diabetes, and remains
an independent risk factor for cardiovascular disease. Re-
sults of the Framingham study showed increased risk
of ischaemic heart disease or cardiac arrest in patients with
high concentrations of SUA. The Polish Society of Hyper-
tension recommends consideration of implementation
of allopurinol in patients with hypertension and asymptomatic
hyperuricaemia [10, 11].

The biologic mechanism of uric acid in promoting hyper-
tension seems to be two-stage: the first is reversible, unlike
the second. The first phase is the result of increased renin
production and decreased circulating plasma nitrates, which
leads to excessive vasoconstriction. After lowering the SUA
concentration the blood pressure decreases proportionally
to SUA reduction. Long exposure to high SUA levels leads to
rebuilt in renal vascular. Reaching of smooth muscle cells by
uric acid anion transporter 1 (UAAT-1) results in its prolif-
eration mediated by PDGF and MCP-1. The ultimate effect is
reduced compliance of renal afferent arterioles, shifted pres-
sure natriuresis curve, and sodium-sensitive hypertension.
Thislevel cannot be modified by SUA lowering agents [12-15].
A hypertensive effect of uric acid has been described in rats;
however, it seems to be transferable to humans. Moreover, it
has been shown that uric acid lowering agents have a hypo-
tensive effect, regardless of the drug mechanism [16].
It may be a modifiable risk factor for hypertension, so study
results support a favourable effect of lowering SUA [16].
On the other hand, it has been reported that higher levels
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of uric acid limits changing lifestyle and body mass reduc-
tion effects on BP values. It is of special concern that uric
acid, independently of other risk factors (i.e. insulin re-
sistance or overweight/obesity), affects future hyperten-
sion [17]. Therefore, it is possible that uric acid promotes
hypertension regardless of other known risk factors, and its
lowering may be beneficial as the only intervention.

SUA was initially associated with essential hyperten-
sion as well as with prehypertension, especially in the over-
weight/obese [12, 18]. The predictive value of increased uric
acid is not limited to hypertension, but it refers also to car-
diovascular disease, obesity, and metabolic syndrome. A re-
lationship between insulin resistance and hypertension has
been reported in both adults and children. Insulin resistance
is a predictor for hypertension independently of traditional
risk factors, e.g. obesity [19]. This shows that insulin resis-
tance promotes the development of hypertension not only
through impaired metabolism of fat tissue but it also has its
own pattern. Our study results showed an association be-
tween SUA and both HOMA-IR level and insulin resistance.

HIV infection has been widely described as a risk fac-
tor for metabolic abnormalities and early atherosclerosis.
Both HIV itself and HAART promote the abnormalities in-
dependently. It remains clinically invisible for a long time;
however, the lifespan exposure to infection and treatment
cause cardiovascular episodes earlier than in the healthy
population.

Nowadays, due to HAART, HIV-infected children are
expected to live to adulthood. The incidence of the ac-
quired immunodeficiency syndrome (AIDS) condition is
decreasing, and it is replaced by non-AIDS defining diseas-
es — mostly side effects of HAART, among which metabol-
ic abnormalities are prevalent. Dyslipidaemia and insulin
resistance are widely described in HIV-infected children
and adolescents, with prevalence differing between studies.
One of the reasons for this is a multifactorial condition with
causes surpassing of HIV infection and HAART. These are
related to lifestyle, diet, physical activity, and heredity. Re-
sults of studies assessing the influence of HAART on meta-
bolic abnormalities are consistent. PI exposure is associated
with increased prevalence and advancement of lipid and
glucose metabolism abnormalities, whereas NNRTT shows
the opposite influence. The beneficial effect of INSTT on lipid
profile seen in adults may occur also in children; however,
the drugs are registered in patients above 12 years old [20].
Children and youths are of special concern mainly due to
a life exposure to HIV and HAART. However, it is particu-
larly important to recognise and establish reliable markers
for future cardiovascular disease.

There have been several studies assessing the incidence
of hypertension in HIV-infected children. The results remain
inconsistent. Our study group was characterised by similar
incidence of increased blood pressure as in data from other
studies. Surprisingly, subjects with and without hyperten-
sion had similar SUA levels. It is uncommon regarding data
from studies describing SUA as a marker for hypertension
and prehypertension. It has also been assessed as marker for

future hypertension, with excellent correlation with risk fac-
tors, e.g. obesity or heredity.

Data on the prevalence of hypertension in HIV-infect-
ed children are inconsistent. Our small population showed
a hypertension prevalence of 16%, which is higher than
the prevalence reported by Sainz et al. [21] and more similar
to results of Chatterton-Kirchmeier et al. [22]. We did not
perform a comparison with uninfected children; however,
our prevalence is much higher than the approximately 4%
estimated in the Polish population [23]. Data from most
studies show no differences in both prevalence of hyper-
tension and values of blood pressure between HIV-infected
and uninfected children [21, 24-26]. No association between
SUA and blood pressure or hypertension was shown. It is
surprising due to multiple study results showing a strong
correlation between blood pressure and SUA.

Risk factors for hypertension seem to be similar to
those for other metabolic abnormalities in HIV infection.
It is the result of multiple overlapping factors: HIV itself,
persistent immunological activation, and HAART side ef-
fects. We are not able to accurately identify the border be-
tween them, so the results of studies assessing risk factors
are difficult to interpret and transfer to clinical settings.
Metabolic abnormalities are better recognised mainly as
side effects of HAART. Until now only a few studies have
assessed hypertension in HIV-infected children, but none
have reported an association between HT and HAART.
Our results show correlation with not all metabolic pa-
rameters but with those especially connected with antiret-
rovirals. Moreover, strong correlation between SUA and
HAART, with typical pattern, e.g. cardioprotective activity
of NNRTT and opposite result of PI, indicates that factors
resulting from HIV infection may play a leading role in
developing hypertension in this specific population. How-
ever, the question of whether SUA is part of the patholo-
gical process leading to CVD or a result of the process
remains unanswered. Lack of correlation between hyper-
tension and SUA sustain that HIV and associated factors
may outweigh traditional risk factors.
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