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ABSTRACT: Objective: Hyperuricemia is associated with metabolic syndrome in diabetics and could be a
risk factor for coronary heart disease in the general population. However, there is a dearth of information on
hyperuricemia and metabolic syndrome in the context of HIV and antiretroviral therapy (ART). The aim of
this study was to determine the association between hyperuricemia and metabolic syndrome in HIV-infected
patients attending Opportunistic Infections Clinic in Harare, Zimbabwe in 2015. Methods: The cross-sectional
study (N=186) measured uric acid and markers of metabolic syndrome including total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) and blood glucose.
Demographic and anthropometric data such as: age, sex, body mass index (BMI), blood pressure, and duration
of antiretroviral therapy (ART) were collected from participants and clinic records. Results: Of those studied,
80% were female and 20% were ART-naive. There was no difference in all biochemical and anthropometric
data between ART-naive and ART-experienced patients. Prevalence of hyperuricemia was 13% and of
metabolic syndrome was 3.8%. About 1% of the population had both hyperuricemia and metabolic syndrome
and positive correlation was found between hyperuricemia and BMI, depressed HDL-C and hypertension.
However, there was no association between hyperuricemia and metabolic syndrome in all the participants.
Conclusion: Though there was no association between hyperuricemia and metabolic syndrome, significant
association was found between hyperuricemia and BMI, hypertension and depressed HDL-C, respectively.

Hyperuricemia may be a risk factor for coronary heart disease via obesity, depressed HDL-C and hypertension.
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1. INTRODUCTION

Metabolic syndrome is a cluster of interrelated metabolic factors that are associated with increased
risk of developing coronary heart disease. It has been suggested that hyperuricemia be included as a
biochemical marker for metabolic syndrome along with the traditional lipids, glucose, hypertension
and obesity [1]. Metabolic syndrome is also a common feature in HIV positive patients although, it
is not very clear as to the association between HIV infection, and metabolic syndrome due to
contradicting information [1, 2]. Of late, hyperuricemia has gained increasing importance as it has
been found by some researchers to be associated with coronary heart disease risk and to play a role
in the development metabolic syndrome in diabetics [3]. Hyperuricemia has also been associated with
increased risk of coronary heart disease in the general population, in people with hypertension, in
people already with coronary heart disease and in those with metabolic syndrome [4]. Some studies
have documented a positive correlation between hyperuricemia and coronary heart disease, while
others have stated a negative correlation. Those that state a negative correlation suggest that
hyperuricemia is not an independent risk factor for coronary heart disease but will increase the risk if
there is already a risk for coronary heart disease [5, 6, 7]. Disturbances in uric acid metabolism have
prior been associated with HIV infection [1]. Though hyperuricemia is observed, prevalence of gout
has been reported to be very low (less than 1%) in patients on antiretroviral therapy (ART) [1, 8]. On
the other hand, the introduction of ART has changed the clinical picture of HIV infection by reducing
morbidity and mortality rates in the population. However, long-term use of ART has led to toxicities
and metabolic changes that have become challenges to the successful management of HIV infection
[9, 10]. Hence, up to 25% of patients may stop taking their initial ART partly due to adverse side
effects [10]. Physiologic disorders associated with long term ART use include dyslipidemia, insulin
resistance, glucose metabolism abnormalities, osteoporosis, hypertension, changes in fat distribution
and hyperuricemia among others [11, 12]. With respect to uric acid metabolism, ART drugs used in
HIV treatment affect serum uric acid concentration differently. Didanosine, stavudine and ritonavir-
containing antiretroviral regimens have been known to cause acute hyperuricemia and gout. Tenofovir
is associated with hypouricemia and abacavir has been observed to have a neutral effect on uric acid
concentration. Abacavir and tenofovir could therefore be considered to be good drug choices for HIV-
infected people with hyperuricemia [1, 8, 13]. In the context of coronary heart disease risk, studies
have shown that hyperuricemia directly stimulates the production of inflammatory mediators, like C-
reactive protein (CRP) in vascular cells [14]. The findings suggest that uric acid is an endothelium-
injuring factor and it is therefore justified to consider hyperuricemia as an important risk factor for
hypertension and vascular disease [14]. Uric acid also causes a decreased production of adiponectin,
a plasma protein secreted from adipose tissue with anti-inflammatory, anti-oxidative, and vasodilator
effects. Hence hyperuricemia causes both vessel injury and an adiponectin deficiency, increasing risk
of artherosclerosis and coronary heart disease [15]. This study focussed on HIV patients, both ART-
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experienced and ART-naive, to assess the effects of ART on uric acid levels, and find out if there is

association with metabolic syndrome in this group of patients.

2. MATERIALS AND METHODS

Setting

This study was a cross sectional study done on HIV infected patients attending treatment at an
Opportunistic Infections Clinic in Harare, Zimbabwe.

Ethical considerations

The study was ethically cleared by the Joint Research Ethics Committee of the University of
Zimbabwe and Parirenyatwa Group of Hospitals (JREC). Participants were informed about the study,
its risks and benefits before giving written consent. To keep the confidentiality of the participants, no
names or other personal details were used and participants were assigned unique codes as identifiers.
Participants

HIV* adults (ART-experienced and ART-naive), aged 18 years and above who met inclusion criteria
were recruited into the study.

Inclusion criteria

HIV* adults (ART-experienced and ART-naive) who are able to give written informed consent
Exclusion criteria

Patients on anti-TB drugs, with hepatic disorders, with renal disease, those who are documented
alcoholics and those taking uric acid lowering drugs

Sample and data collection

Blood was collected into EDTA tubes and plasma was separated within 12 hours and stored at -80°C
until assay. Uric acid levels and markers of metabolic syndrome including total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) and glucose
were measured on the Mindray BS120 analyser. Height and weight measured were used to calculate
body mass index (BMI). Weight was measured in kilograms and height in meters. BM1 was calculated
as: mass/height? (kg/m?). Blood pressure was measured using a clinical sphygmomanometer.
Statistical analysis

Statistical analysis was done using STATA® version 13 (Texas, USA). Categorical data were
analyzed using chi-square tests. Continuous variables were compared using student’s t-tests.
Univariate linear regression analysis was used to assess associations of hyperuricemia with individual
markers of metabolic syndrome and metabolic syndrome, respectively.

Definition of Metabolic Syndrome

Using the National Cholesterol Education Program (NCEP) Adult Treatment Plan (ATP) definition,
metabolic syndrome was defined as a condition where a person has 3 or more of the following (1):

I. Glucose > 6.0 mmol/L or on anti-diabetic treatment

ii. Triglycerides >1.69 mmol/L or on treatment
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iii. HDL-C: <1.04 mmol/L in men and 1.29 mmol/L in women

iv. Body Mass Index (BMI) > 30kg/m2 ( or waist circumference > 102 ¢cm in men and > 88 c¢m in
women)

v. High Blood Pressure/Hypertension: SBP>130mmHg and DBP>85mmHg or on anti-hypertension
medication

3. RESULTS AND DISCUSSION

Table 1 shows the demographic and clinical data of all the participants, including age, sex, BMI and

blood pressure. The average age for both males and females was 40.1 + 10.1 years.

Table 1: Demographic and clinical data of participants

Characteristic Number (%)
Number of participants 186 (100)
Sex: male (%) 38(20.4)
female (%) 148 (80.6)
Smoking history (%) 52.7)
History of heart disease (%) 10 (5.4)
History of stroke (%) 9@4.3)
Characteristic Mean + SD
Age (years) 40.1 +10.1
BMI (kg/m?) 24.5+4.9
SBP (mmHg) 125.4+18.9
DBP (mmHg) 81.4 +15.7

SD, standard deviation; BMI, body mass index; n, number; SBP, Systolic blood pressure; DBP, Diastolic blood pressure
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The age distribution of participants by males and females is shown in Figure 1.
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Figure 1: Age distribution of participants, by sex

Most of the participants (80%, n=149) were ART-experienced. Of those on ART, only 5% (n=7) were
on protease inhibitor (PI)-based second line ART while the rest were on first line ART comprising
lamivudine, tenofovir and either nevirapine or efavirenz. Most reported that the main reason they
attended the opportunistic infections (OI) clinic for the first time was to seek treatment for
opportunistic infection such as tuberculosis, diarrhoea and severe cough. When participants were
compared by ART experience there was no difference in mean levels of glucose, lipids (TC, HDL-C,
LDL-C), uric acid and BMI, respectively (Table 2).

Table 2: Comparison between ART-naive and ART-experienced patients

Statistic Mean +SD ART-naive (n=37,20%) ART-experienced (n=149, 80%) P-value
RBS (mmol/L) 5.0 40.9 52409 0.217
TC (mmol/L) 3.69+0.7 4.06+1.2 0.115
LDL-C(mmol/L) 257407 245410 0.563
TC/HDL-C ratio 1410 35124 0.327
HDL-C (mmol/L) 130 +0.4 134405 0.657
2
BMI (kg/m?) 24.1+49 245+49 0.636
Uric acid(umol/L) 252.6 +88.1 246.6 + 84.1 0.734

SD, standard deviation; ART, antiretroviral therapy; RBS, random blood sugar; TC, total cholesterol; LDL-
C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; BMI, body mass index
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Mean uric acid concentration for all participants was 248 +85umol/L. The proportion of HIV patients

with hyperuricemia was 13% (n=24) and proportion of patients with metabolic syndrome was 3.8%
(n=7). Approximately 1% (n=2) of patients had both hyperuricemia and metabolic syndrome. Table
3 shows the P-values and r? values obtained from univariate regression analysis for association
between uric acid and individual markers of metabolic syndrome such as blood glucose, lipids and
body mass index. Table 4 shows P-value and r* values for association between hyperuricemia and
metabolic syndrome.

Table 3: Association between hyperuricemia and markers of metabolic syndrome using

univariate linear regression analysis

Hyperuricemia r? value P-value
RBS 0.0092 0.1960
TC 0.0117 0.1474
LDL-C 0.0000 0.9447
TC/HDL-C 0.0198 0.0570
HDL-C 0.0360 0.0104
BMI 0.0314 0.0161
Hypertension

SBP 0.0759 0.0002

DBP 0.0311 0.0167

12, coefficient of determination; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density
lipoprotein cholesterol; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure
Table 4: Association between hyperuricemia metabolic syndrome
using univariate linear regression analysis

r? value P-value
Hyperuricemia
Metabolic 0.00017 0.5460
syndrome

12, coefficient of determination
Most of the 186 participants were women (80%) (Table 1), young adults (<50 years) (Figure 1) and
were mostly ART-experienced (80%). The demographic and biochemical data for the ART-naive and
ART-experienced participants (Table 2) showed little significant difference between the two groups
(P>0.05). In contrast, many earlier studies report differences due to ART exposure, as ART is thought
to cause metabolic syndrome [16]. The reason for the difference obtained in this study might be due

© 2017 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2017 Sept- Oct RILBPCS 3(3) Page No.60


http://www.rjlbpcs.com/

Enita Zinyando etal RJLBPCS 2017  www.rjlbpcs.com  Life Science Informatics Publications
to the small number of ART-naive participants as opposed to the ART-experienced participants

(Table 2). This can be explained by the fact that most participants at the study site had to be introduced
to ART as soon as they started attending the Ol clinic due to opportunistic infections. A larger study
group may however be needed in future to increase the power of the study. The prevalence of
hyperuricemia was 13% in HIV-infected individuals. The results showed that 3.8% of the participants
had metabolic syndrome, and only 1.1 % had both hyperuricemia and metabolic syndrome. From the
results obtained, for association between hyperuricemia and individual markers of metabolic
syndrome, univariate regression analysis showed association between hyperuricemia with some
metabolic syndrome components (HDL-C, BMI, SBP and DBP) but no association for some (RBS,
TC, LDL-C and TC/HDL-C) (Table 3). These results are in contrast to many earlier studies which
reported an association between hyperuricemia and metabolic syndrome [17]. Different mechanisms
have been suggested to link the association between hyperuricemia and hypertension (high SBP and
DBP). Hyperuricemia has been suggested as either the cause of hypertension or the result of
hypertension. Other studies suggest that hyperuricemia could both be a cause and a consequence of
hypertension [18]. Traditionally, metabolic syndrome has been defined to include low HDL-
cholesterol, high triglycerides, hypertension, and hypergylcemia or diabetes mellitus [19]. Studies
done over the years have brought forward increasing evidence that uric acid levels play a role in
metabolic syndrome, stroke and coronary heart disease. The role of uric acid in these diseases is not
very clear and currently under debate, and whether hyperuricemia should be included in the definition
for metabolic syndrome [3, 20]. This is because it is usually accompanied by other risk factors such
as hypertension, obesity, dyslipidemia, dietary factors and lack of exercise [21, 22, 23]. There was
no association between hyperuricemia and metabolic syndrome in HIV-infected individuals in the
current study, (p=0.5460) (Table 4). The main limitation of this study was the fact that fasting glucose
and triglycerides were not measured. This is because some patients were not fasting as required for
the two biochemical measurements. These two are important in identifying metabolic syndrome in
participants. Instead, three components were used to define metabolic syndrome (hypertension, BMI
and low HDL-cholesterol) and the participant had to have all of them. This may explain the low
percentage of metabolic syndrome as compared to the prevalence found in other studies. Another
limitation of the study was the small number of the ART-naive participants as most participants had
already started ART. A higher number of ART-naive participants is needed to increase the power of
study.

4. CONCLUSION

In conclusion, no significant association was found between hyperuricemia and metabolic syndrome,
but significant associations were found between hyperuricemia and BMI, hypertension and low HDL-
cholesterol in the group of HIV-infected adults studied. Hyperuricemia is therefore a risk factor for
coronary heart disease due to its association with factors known to increase risk of coronary heart
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disease in the general population.

CONFLICT OF INTEREST

No conflict of interest to declare

ACKNOWLEDGEMENTS

University of Zimbabwe College of Health Sciences Departments of Medical Laboratory and

Chemical Pathology for providing resources and laboratory equipment used for this study.
REFERENCES

1.

10.

11.

12.

13.

Patel NJ, Sheth HS, Rajan R, Espinoza LR. Hyperuricemia, its Prevalence and Correlation with
Metabolic Syndrome in Anti-Retroviral Naive HIV Cohort: Review of the Literature, J Immunol
Tech Infect Dis. 2013; 2:2

Eckel RH, SM Grundy, PZ Zimmet. The Metabolic Syndrome. Lancet. 2005; 365 (9468):1415-
28

Ogbera O, Azenabar A. Hyperuricemia and the metabolic syndrome in type 2 Diabetes Mellitus.
Diabetology & Metabolic Syndrome. 2010; 2:24

Billiet L, Doaty S, Katz JD, Manuel T, Velasquez MT. Review of Hyperuricemia as New Marker
for Metabolic Syndrome. ISRN Rheumatology. 2014; vol. 2014, Article ID 852954, 7 pages
Fessel WJ. High uric acid as an indicator of cardiovascular disease: Independence from obesity.
Am J Med. 1980; 68:401-404.

Bengtsson C, Lapidus L, Stendahl C, Waldenstrom J. Hyperuricemia and risk of cardiovascular
disease and overall death. A 12 year follow-up of participants in the population study of women
in Gothenburg. Sweden Acta Med Scand. 1988; 224: 549-555

Freedman DS, Williamson DF, Gunter EW, Byers T. Relation of serum uric acid to mortality and
ischemic heart disease. The NHANES 1 Epidemiologic Follow-up Study. Am J Epidemiol. 1995;
141:(7) 637-644

Blake Max B, Sherer R. Management of the Adverse Effects of Antiretroviral Therapy and
Medication Adherence. CID. 2000; 30 (Suppl 2) S96-S116

Smith J, Daniel R. Following the path of the virus: The explorations of host DNA repair
mechanisms by retroviruses. ACS. Chem. Biol. 2006; 1(4):217-26

Denis P, Becker C, (eds) The HIV/AIDS epidemic in Sub-Saharan Africa in a historical
perspective. 2006. Academia-Bruylant (Louvain-la-Neuve) and Karthala (Paris), Online edition, 5-
7

Ogunbodede E. HIV/AIDS situation in Africa. International Dental Journal. 2004; 54 (S6), 352-
360

Montessoni V, Press N, Harris M, Akago L. Adverse effects of antiretroviral therapy for HIV
infection. JAMC. 2004; 170 (2): 220-229

Wu P, Hung C, Liu W, Hsieh C, Sun H, Lu C, Wu H, Chien K. Metabolic syndrome among HIV-

© 2017 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2017 Sept- Oct RILBPCS 3(3) Page No.62


http://www.rjlbpcs.com/

Enita Zinyando etal RJLBPCS 2017  www.rjlbpcs.com  Life Science Informatics Publications

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

infected Taiwanese patients in the era of highly active antiretroviral therapy: prevalence and
associated factors. J Antimicrob Chemother. 2012; 67 (4): 1001-9

Pao 'V, Lee G, Grunfeld C. HIV therapy, metabolic syndrome and cardiovascular disease, Current
Atherosclerosis Reports. 2008; 10: 61-70

Cameron A, Shaw J, Zimmet P. The metabolic syndrome: Prevalence in worldwide populations.
Endocrinol. Metab. Clin. North. Am. 2004; 33: 351-75

Paula A A, Falcdio MC, Pacheco AG. Metabolic syndrome in HIV-infected individuals:
underlying mechanisms and epidemiological aspects. AIDS Research and Therapy. 2013; 10: 32
Li C, Hsieh M, Chang S. Metabolic syndrome, Diabetes mellitus and Hyperuricemia.
Rheumatology. 2013; 25(2): 200-216

Pasalic D, Marinkovic N, Tarkovic S. Uric acid as one of the important factors in multifactorial
disorders- facts and controversies. Biochemica Medica. 2012; 22 (1): 63-75

Alshehri AM. Metabolic syndrome and cardiovascular risk. Journal of Family and Community
Medicine. 2010; 17(2), 73-78

Lee D, Choi W, Oh J, Yi M, et al. The relevance of hyperuricemia and metabolic syndrome and
the effect of blood lead levels on uric acid concentration in steelmaking workers. Annuls of
Occupational and Environmental Medicine. 2013; 25:27

Peng T, Wang C, Kao T, Chan J, et al. Relationship between hyperuricemia and lipid profiles in
US adults, Biomed Research International, 2015; 1-7

Reunanen A, Takkunen H, Knett P, Aroman P. Hyperuricemia as a risk factor for cardiovascular
mortality, Acta Med Scand Suppl, 1982; 668: 49-59

Brand F, McGee, Castelli W, Hyperuricemia as a risk factor of coronary heart disease: The

Framingham study, AMJ Epidemiol. 1985; 121: 11-18

© 2017 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2017 Sept- Oct RILBPCS 3(3) Page No.63


http://www.rjlbpcs.com/

