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Abstract

Background: HAART is anticipated to result in an increase in long-term survival, but may present with the development of
associated complications. The aim of this study was to assess the renal function of HIV-infected patients on antiretroviral
therapy.

Methods: A case-control study (January to May 2013) conducted at the Suntreso Government Hospital, Kumasi, Ghana. A
total of 163 HIV-infected patients (mean age 39.9610.22) were studied, of which 111 were on HAART (HIV-HAART) and 52
were not (HIV-Controls). Serum urea, creatinine, potassium, sodium, chloride and CD4 counts were measured with the
determination of eGFR (CKD-EPI and MDRD). Data was analysed using GraphPad Prism. The Chi-square, t-test, one-way
ANOVA and Spearman’s correlation were used. P values ,0.05 were considered significant.

Results: Mean CD4 count of HIV-Controls was higher than that of HIV-HAART but was not significant (p = 0.304). But for
sodium levels which were higher in HIV-Controls (p = 0.0284), urea (p = 0.1209), creatinine (p = 0.7155), potassium (p = 0.454)
and chloride (p = 0.6282) levels did not differ significantly between both groups. All serum biochemical parameters did not
differ significantly, irrespective of duration on therapy and CD4 counts. Based on regimen, sodium, chloride, urea and
creatinine did not differ significantly between TDF, EVF and NVP-based therapies. Prevalence of CKD (eGFR ,60 ml/min/
1.73 m2) in the total population was 9.9% and 3.7% with the MDRD and EPI-CKD equations respectively.

Conclusions: Renal insufficiency remains prevalent in HIV patients. Changes in renal function occur in HIV infection and over
the course of HAART but the difference at either stage is not significant. This suggests the role of HIV infection, HAART and
the presence of traditional risk factors but not HAART in itself, in renal dysfunction. We however recommend a close
monitoring of patients before and during HAART, to aid in evaluating drug combinations and implement dose
modifications when necessary.
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Introduction

The Human Immunodeficiency Virus (HIV) has been of

immense concern over the years. It belongs to a larger group,

the Retroviruses, based on mode of replication, and to a smaller

group, the Lentiviruses, based on duration for onset of symptoms

[1]. To help combat the infection, Highly Active Antiretroviral

Therapy (HAART), a term that refers to the use of combinations

of three or more antiretroviral agents was introduced. This has

dramatically altered the treatment and life expectancy of HIV-

infected individuals [2,3].

Shortly after 1981 an entity now known as HIV-associated

nephropathy (HIVAN), became evident and it remains the

most common form of kidney disease among HIV-infected

individuals [4,5]. Studies have shown that there is significant

renal impairment among HIV-infected patients who are naive

to HAART [6]. In a recent study, a prospective analysis of 754

HIV-infected patients reported an incidence of 5.9 cases of

acute renal failure per 100 patient-years [7]. In Ghana, it has

been established that there is renal dysfunction among both

patients on HAART and those yet to start HAART, and

suggested a need for dose adjustments, especially before onset

of therapy [8].

At all stages of HIV infection, renal disorders may be

evident, ranging from fluid and electrolyte imbalances to end-

stage renal disease (ESRD). Loss of kidney function may be

attributable to treatment-related factors, intermittent viraemia,

and traditional risk factors for kidney disease [5].

PLOS ONE | www.plosone.org 1 June 2014 | Volume 9 | Issue 6 | e99469

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0099469&domain=pdf


Improved survival among patients with HIV infection is

anticipated to result in an increase in the long-term develop-

ment of HAART-associated metabolic complications, such as

diabetes and dyslipidemia, which in turn, can contribute to

vascular changes and decreased renal function [9].

Metabolic alterations associated with HAART may also lead to

significant elevations in serum lipid levels, accelerating the

development of diabetes and the metabolic syndrome. These

long-term metabolic changes will possibly cause an increase in

diabetic and hypertensive renal disease as well as vascular

complications [9].

Renal damage caused by antiretroviral drugs can result in a

variety of toxic drug effects presenting as acute renal failure,

tubular necrosis, kidney stones, or chronic renal disease [9].

Therefore, a plethora of comorbidities are often times present

at the initiation of HAART or may emerge with the ageing of

HAART-treated patients, thereby limiting therapeutic options

and creating a therapeutic dilemma for clinicians.

Renal dysfunction may therefore be a common finding in

patients infected with HIV, and necessitates increased surveillance

and adaptation of dosages of HIV drugs [9]. Knowledge on the

Table 1. Socio-demographic characteristics of study participants.

Parameter Total (n = 163) HIV-HAART (n = 111) HIV-Controls (n = 52) p value

Age

Mean 6 SD 39.9610.22 40.26610.219 39.13610.290 0.5137

20–29 n (%) 32 (19.6) 20 (18.0) 12 (23.0) 0.8538

30–39 n (%) 53 (32.5) 36 (32.4) 17 (32.7)

40–49 n (%) 43 (26.4) 31 (27.9) 12 (23.1)

50–60 n (%) 35 (21.5) 24 (21.6) 11 (21.2)

Sex

Male n (%) 36 (22.1) 25 (22.5) 11 (21.2) 1.000

Female n (%) 127 (77.9) 86 (77.5) 41 (78.8)

Marital status

Married n (%) 64 (39.3) 41 (37.0) 23 (44.2) 0.3939

Unmarried n (%) 99 (60.7) 70 (63.1) 29 (55.8)

Occupation

Administrative n (%) 4 (2.5) 2 (1.8) 2 (3.8) 0.0003

Agricultural n (%) 31 (19.0) 23 (20.7) 8 (15.4)

Trading n (%) 73 (44.8) 47 (42.3) 26 (50.0)

Vocational n (%) 18 (11.0) 6 (5.4) 12 (23.1)

Unemployed n (%) 37 (22.7) 34 (30.6) 3 (5.8)

Education

Illiterate n (%) 35 (21.5) 28 (25.2) 7 (13.5) 0.1758

Primary n (%) 70 (43.0) 48 (43.2) 22 (42.3)

High School n (%) 55 (33.7) 34(30.6 21 (40.4)

Tertiary n (%) 3 (1.8) 1 (0.9) 2 (3.8)

n = Number. All p values ,0.05 were considered significant.
doi:10.1371/journal.pone.0099469.t001

Table 2. Serum biochemical and immunological characteristics of study participants.

Parameter Total (n = 163) HIV-HAART (n = 111) HIV-Controls (n = 52) p value

CD4 count (cells/mL) 522.66288.4 506.66245.27 556.66364.3 0.3040

Sodium (mmol/L) 136.962.579 136.662.747 137.662.062 0.0284

Potassium (mmol/L) 4.05860.3768 4.04360.376 4.09060.382 0.4540

Chloride (mmol/L) 97.6867.027 97.8667.67 97.2965.471 0.6282

Urea (mmol/L) 3.42761.226 3.53061.106 3.21061.434 0.1209

Creatinine (mmol/L 76.61622.96 77.07622.245 75.65624.590 0.7155

All data are presented as mean 6 SD. n = Number. p values ,0.05 were considered significant.
doi:10.1371/journal.pone.0099469.t002
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renal function status of such individuals from time to time, will

improve management strategies.

The present study therefore aimed at assessing the renal

function of HIV-infected patients on antiretroviral therapy.

Methods

Study Design/Site
A prospective case-control study, conducted from January to

May 2013 at the Sexually Transmitted Infections (STI) clinic of

the Suntreso Government Hospital, Kumasi, Ghana. A total of

one hundred and sixty-three (163) HIV-infected participants were

involved in the study, of which 111 were on HAART (designated

as HIV-HAART) and 52 were not (designated as HIV-Controls).

HIV-Controls were recruited such that there was no significant

difference in age when compared to HIV-HAART individuals. To

be included in the study, participants had to be diagnosed and

confirmed HIV-patients, with ages ranging from 18 to 65 years.

Ethical Consent
The study was approved by the Committee on Human

Research Publication and Ethics (CHRPE) of the School of

Medical Sciences (SMS), Kwame Nkrumah University of Science

and Technology (KNUST) and Komfo Anokye Teaching Hospital

(KATH) - CHRPE/AP/083/13. Written, informed consent was

obtained from all participants, after detailed explanation of the

study and its associated protocols.

Sample Collection and Preparation
About 5 ml venous blood sample was taken from each

participant. Three millilitres (3 ml) of the blood sample was

dispensed into serum separator tubes (SST), allowed to clot and

centrifuged at 3000rpm for 5 minutes. The serum was dispensed

into eppendorf tubes and aliquots stored at 280uC until

biochemical assays (urea and creatinine - Mindray BS 380 auto

analyzer; sodium, potassium and chloride - Roche 9180 electrolyte

analyzer) were performed. The remaining 2 ml of blood was put

into ethylenediaminetetraacetic acid (EDTA) tubes for CD4 count

estimation (BD FACS Count System-Becton Dickenson and

Company, California, USA).

Renal Function
The Chronic Kidney Disease Epidemiology Collaboration

(CKD-EPI) and the Modification of Diet in Renal Disease

(MDRD) study equations were used to assess renal function in

HIV patients. The calculated estimated Glomerular Filtration

Rate (eGFR) was used to stratify the study population into the five

stages of Chronic Kidney Disease (CKD), based on the staging

system of the Kidney Disease Outcomes Quality Initiative (K/

DOQI). Stage 1 (Normal or increased eGFR) = $90 ml/min/

1.73 m2; Stage 2 (Mildly decreased eGFR) = 60–89 ml/min/

1.73 m2; Stage 3 (Moderately decreased eGFR) = 30–59 ml/

min/1.73 m2; Stage 4 (Severely decreased eGFR) = 15–29 ml/

min/1.73 m2 and Stage 5 (Kidney failure) = ,15 ml/min/

1.73 m2.

The MDRD equation for creatinine in mmol/L:

175 |Scr|0:0113{1:154|Age{0:204|

1:212 if blackð Þ½ �| 0:742 if femaleð Þ½ �

The CKD-EPI equation for creatinine in mmol/L:

141|min Scr=k, 1ð Þa|max Scr=k, 1ð Þ{1:209
|0:993 Age|1:018

if femaleð Þ|1:159 if blackð Þ
where Scr is serum creatinine in mmol/L, k is 61.9 for females

and 79.6 for males, a is 20.329 for females and 20.411 for males,

min indicates the minimum of Scr/k or 1, and max indicates the

maximum of Scr/k or 1.

Statistical Analysis
Data collected was sorted, coded, and entered into a Microsoft

Excel spreadsheet for analysis using GraphPad Prism for

Windows, version 5.0 (GraphPad Software, San Diego, CA,

USA). Continuous variables were summarized by means 6 (SD)

and categorical variables were summarized by frequencies and

Table 3. Serum biochemical parameters of HIV-HAART participants stratified by gender.

Gender Sodium (mmol/L) Potassium (mmol/L) Chloride (mmol/L) Urea (mmol/L) Creatinine (mmol/L)

Male (n = 25) 136.861.444 4.12160.3706 99.2163.451 3.97161.040 90.60619.90

Female (n = 86) 136.663.016 4.02160.3770 97.4968.459 3.40761.099 73.29621.47

p value 0.7144 0.2519 0.3336 0.0266 0.0006

All data are presented as mean 6 SD. n = Number. p values ,0.05 were considered significant.
doi:10.1371/journal.pone.0099469.t003

Table 4. Serum biochemical parameters of HIV-Controls stratified by gender.

Gender Sodium (mmol/L) Potassium (mmol/L) Chloride (mmol/L) Urea (mmol/L) Creatinine (mmol/L)

Male (n = 11) 138.361.348 4.20960.2508 98.8261.471 4.10962.071 105.3637.17

Female (n = 41) 137.462.188 4.05960.4037 96.8866.067 2.96861.126 67.71610.94

p value 0.1982 0.2465 0.3009 0.0176 , 0.0001

All data are presented as mean 6 SD. n = Number. p values ,0.05 were considered significant.
doi:10.1371/journal.pone.0099469.t004
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percentages. The Chi-square, one-way ANOVA and student’s t-

test were used to compare variables, where appropriate. Spear-

man’s correlation was used to determine the relationship between

serum renal function parameters and duration on HAART. All p

values ,0.05 were considered significant.

Results

A total of one hundred and sixty-three (163) participants were

studied, with mean age, 39.9 6 10.22 years and no significant

difference in age between HIV-HAART and HIV-Controls

(p = 0.5137). There were more females 127 (77.9%) than males

36 (22.1%) but this did not differ significantly when compared

between HIV-HAART and HIV-Controls (p = 1.000). Most of the

study participants were unmarried (60.7%) and involved in trading

activities (44.8%). There was a significant variation in the kinds of

occupation the participants were involved in (p = 0.0003). About

80% of participants had attained some level of education with

most of them having had at least primary education (43.0%)

[Table 1].

Mean CD4 count of HIV-Controls was higher than that of

HIV-HAART individuals but was not significant (p = 0.304).

Potassium (p = 0.454) and chloride (p = 0.6282) levels did not differ

significantly between HIV-HAART and HIV-Controls. Sodium

levels were significantly higher in HIV-Controls when compared

to HIV-HAART individuals (p = 0.0284). Urea and creatinine

levels were higher among HIV-HAART individuals but was not

significant (p = 0.1209, p = 0.7155 respectively) [Table 2].

Table 3 shows the serum biochemical parameters of HIV-

HAART individuals, relative to gender. Although higher in males,

mean sodium, potassium and chloride levels did not differ

significantly with gender (p = 0.714, p = 0.252, p = 0.334 respec-

tively). Urea (p = 0.0266) and creatinine (p = 0.0006) levels were

significantly higher in males than females.

Table 4 shows serum biochemical parameters of HIV-Controls,

relative to gender. Similarly, mean sodium, potassium and

chloride levels were higher in males but was not significant

(p = 0.198, p = 0.247, p = 0.301 respectively). Like in HIV-

HAART individuals, urea (p = 0.0178) and creatinine (p,

0.0001) levels amongst HIV-Controls were higher in males than

females.

In Table 5, the effect of HAART duration on serum

biochemical parameters is shown. Although there were changes

in serum biochemical parameters over the course of HAART,

parameters did not differ significantly, irrespective of HAART

duration.

A Spearman’s correlation showed a non-significant positive

correlation between duration on HAART, with sodium, urea and

creatinine levels. Conversely, these parameters increase with

ageing of HAART. There was however a non-significant negative

correlation between HAART duration, potassium, and chloride

levels [Table 6].

But for potassium leves, participants on Tenofovir (TDF)-based

therapy showed a trend of lower levels of biochemical parameters

compared to those on Efavirenz (EFV) and Nevirapine (NVP)-

based antiretroviral regimens. Levels of sodium, chloride, urea and

creatinine did not differ significantly among particpants on

different regimens. Potassium levels were highest amongst

individuals on EVF-based regimen and differed significantly

between the three groups compared (p = 0.0171) [Table 7].

Based on CD4 count categories (,200, 200 to 499 and $

500 cells/uL), serum electrolytes did not differ amongst HIV-

HAART individuals when compared to HIV-Controls [Table 8].

Table 9 compares the prevalence of renal dysfunction using the

MDRD and CKD-EPI criteria. With the MDRD equation,

prevalence of CKD (eGFR ,60 ml/min/1.73 m2) was 9.9%.

Thirty-two (28.8%) HIV-HAART individuals, had normal eGFR

$90 ml/min/1.73 m2 but 68 (61.80%) had eGFR between 60–

89 ml/min/1.73 m2 (mild renal impairment). Ten HIV-HAART

individuals, representing 9.10%, had eGFR between 30–59 ml/

min/1.73 m2 (moderate renal impairment), 1 (0.90%) had eGFR

between 15–29 ml/min/1.73 m2 (severe renal impairment). No

participant had renal failure, based on this equation or classifica-

tion mode.

Using the CKD-EPI equation however, prevalence of CKD

(eGFR ,60 ml/min/1.73 m2) was 3.7%. A greater number, 67

(60.0%) of HIV-HAART individuals had normal renal function

($90 ml/min/1.73 m2) with 38 (34.50%) having mild renal

Table 5. Serum biochemical parameters of HIV-HAART participants stratified by duration on HAART.

Parameter Below 1yr (n = 9) 1–2.9 yrs(n = 42) 3–4.9 yrs (n = 44) $5 yrs (n = 3) p value

Sodium (mmol/L) 137.7062.85 136.50618.73 136.60620.30 136.5063.39 0.7518

Potassium (mmol/L) 4.0660.81 4.1062.59 4.01662.59 3.9360.54 0.4839

Chloride (mmol/L) 98.86610.02 97.98624.70 97.50675.88 98.1364.38 0.9715

Urea (mmol/L) 3.76761.099 3.3761.2576 3.55761.027 4.460.1732 0.3997

Creatinine (mmol/L) 78.57616.79 72.61614.15 80.36630.55 85.43613.50 0.4209

All data are presented as mean 6 SD. n = Number. p values ,0.05 were considered significant.
doi:10.1371/journal.pone.0099469.t005

Table 6. Spearman’s correlation of duration on HAART with serum biochemical parameters.

Sodium Potassium Chloride Urea Creatinine

Duration on HAART (r) 0.014 20.111 20.013 0.090 0.159

p value 0.888 0.267 0.900 0.369 0.113

p values ,0.05 were considered significant. r = correlation co-efficient.
doi:10.1371/journal.pone.0099469.t006
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impairment. Five (4.50%) HIV-HAART individuals had eGFR

between 30–59 ml/min/1.73 m2 (moderate renal impairment).

Likewise, the same number of HIV-HAART individuals had

severe renal impairment and no participant had renal failure.

Renal function however did not differ significantly between

HIV-HAART and HIV-Controls based on both equations.

Discussion

The present study describes the levels of various serum renal

biochemical parameters as well as the assessment of renal function

in HIV-infected individuals, on and off antiretroviral therapy.

HIV patients increasingly require careful monitoring and evalu-

ation for altered renal function, to prevent comorbidities of

treatment and non-treatment-related nephrotoxicity. While

HAART has dramatically changed treatment approach and

increased longevity of HIV-infected individuals, various antiretro-

viral renal side effects are associated with different classes of

antiretroviral combinations. In order to control HIV and non-

HIV-related renal toxicities, renal function must be evaluated

frequently and clinicians need to closely evaluate drug combina-

tions to implement dose modifications when necessary.

Overall, we reported a high proportion of female HIV-infected

individuals, but this did not differ significantly when compared

between HIV-HAART and HIV-Controls. It is estimated that of

the total number of people living with HIV/AIDS, women make

up the majority. This is especially evident in countries with high

HIV prevalence (including Lesotho, Namibia, and Zimbabwe),

where an estimated three women are infected with HIV for every

two men [10,11]. Thus prevalence of HIV infection is higher by

female proportion, hence the finding in the current study.

Furthermore, women are more likely to contract HIV,

especially through vaginal intercourse than males [12,13]. Factors

such as early onset of sexual activity, sexually transmitted diseases,

wider surface area of the vagina and longer semen-vaginal contact

have been attributed to this [10]. With these factors apparent, the

low level of education, occupation and hence standard of living

may be a reflection of an increase in commercial sex workers,

dominated by women, hence an increased prevalence of HIV-

infection amongst women [10].

In addition, the total hospital attendance in Ghana is dominated

by women, hence there is a higher likelihood for detection and

diagnosis of various diseases and infections amongst women than

in men. A theory which could explain this finding is that women

are more likely to seek medical help than men. As such more

women have the tendency to report to facilities even when they

appear to be in good shape for routine checks where subclinical

diseases and infections can be detected and diagnosed. It is

assumed that men are more likely to employ a public reluctance to

seek help as a way of demonstrating masculinity [14], hence data

picked up in hospitals are more likely to be dominated by women.

Majority of participants in the present study were unmarried.

Marital status has been reported to be associated with HIV

seropositivity for both men and women and reports are that male-

to-female ratio of HIV infection is often seen in the unmarried

[15]. This is an indication that other factors may influence

transmission and prevalence of HIV infection, especially in the

unmarried. It is more likely that unmarried individuals have the

tendency to engage in sexual activity at a younger age and with

multiple partners, thereby reducing safe practices and increasing

risk of HIV infection. In a joint study in Kenya and Zambia, the

risk of HIV infection was most apparent in the younger

population, the divorced and widowed. Prevalence was lowest

amongst those who married as virgins and the risk of infection

decreased after adjusting for marriage [15]. These suggest that safe

practices are reduced and HIV is more prevalent amongst the

unmarried, hence the finding in the present study.

We observed that about 80% of the study participants were

educated. This is in line with reports that education results in the

more educated less likely to be infected, a negative linear

relationship between years of education and HIV [16,17]. It is

noteworthy that although the proportion of illiteracy was low in

the present study, the level of attainment and years of study was

also low. Education progressively increases the individual’s

capacity to process and understand information related to risks

of HIV infection. Hence the higher the educational status, the

higher the perceived risks and tendency to analyse behavioural

choices and unmask potential risks [17]. Contrary findings have

however been reported, where a higher level of attainment in

education was associated with a low risk perception of HIV

infection [18]. Thus effectiveness of eductaion may play a huge

role in risk perception.

Occupation is known to affect HIV transmission and preva-

lence, especially in health care workers and occupations involving

human and animal contact [19,20]. In our case however, majority

were involved in trading. Evidence suggests that street traders are

restricted by lack of education and access to resources, and

therefore remain at near-end survival. They also have poor

occupational health and safety standards and face greater

exposure to work-related risks including the heightened risk of

ill-health [21]. To the best of our knowledge, there is little research

that links work in the informal sector with HIV infection.

However, one such conducted in Uganda found that women

living and working in urban trading areas are at a far higher risk of

HIV infection [22].

Upon HIV infection, CD4 counts are expected to begin

dropping with time and HAART is expected to help the situation.

Contrary to other studies, CD4 counts were lower in HIV-

HAART individuals when compared to HIV-Controls. This could

Table 7. Serum biochemical parameters of HIV-HAART participants based on regimen.

Parameter TDF-based EFV-based NVP-based p value

Sodium (mmol/L) 133.563.536 136.762.083 136.663.609 0.2727

Potassium (mmol/L) 4.00060.282 4.12060.3783 3.90860.3437 0.0171

Chloride (mmol/L) 89.00614.14 97.9969.271 98.1062.326 0.2578

Urea (mmol/L) 2.70061.273 3.62661.131 3.40361.056 0.3424

Creatinine(mmol/L) 57.4566.293 78.91626.05 74.80613.12 0.2984

All data are presented as mean 6 SD. TDF = Tenofovir, EFV = Efavirenz, NVP = Nevirapine. p values ,0.05 were considered significant.
doi:10.1371/journal.pone.0099469.t007
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be due to the fact that most HIV-Controls, although with lowering

levels of CD4 counts, did not have values so low as to initiate

HAART. Studies have shown that HAART is associated with an

increase in CD4 count [23]. Smith and colleagues demonstrated

that, after 6, 12, and 24 months of HAART, the median increases

in CD4 cell counts were 114, 181, and 248 cells/uL3, respectively.

In the current study therefore, HIV-HAART individuals may

have had increased CD4 counts upon initiation of HAART, but

the slightly higher CD4 levels of HIV-Controls may have masked

this. As such the possibility of an increase in CD4 counts, as

demonstrated in other studies cannot be ruled out. Furthermore,

our study did not focus on adherence monitoring and with others

[24] having demonstrated that adherence to HAART is highly

essential to the achievement of the purpose of the therapy, this

may be a possible cause explanation to the findings in the present

study.

Urea and creatinine levels were significantly higher in males

than females. This is in line with standards and reference ranges

established for both sexes for these analytes. Urea and creatinine

levels are expected to be slightly higher in males than in females

due to greater muscle mass and variations in metabolism, hence

the finding in the present study [25].

We observed that irrespective of CD4 counts and duration of

HAART, biochemical parameters did not differ between HIV-

HAART and HIV-Controls. This is in line with a study conducted

in Nigeria [5]. Okuonghae and colleagues established that there

are no significant differences in renal function parameters in

participants on and off HAART, when compared to normal

healthy controls. They attributed this to the fact that sampling at

the time of the study was such that infection was still in its early

stages and thus renal damage was minimal [5]. In the present

study, most of the participants had normal or minimal damage to

renal function, based on classification criteria. This may be

attributed to the absence of traditional risk factors like diabetes

and high blood pressure, which are known to be associated with

renal impairment [26]. Evidence from a study conducted to assess

renal function among diabetics and HIV-infected individuals

showed that diabetic patients exhibit greater electrolyte distur-

bances than people living with HIV/AIDS (HAART and non-

HAART) [27].

Furthermore, the largely normal renal function in HIV-

HAART individuals could be attributed to the fact that HAART,

in attempts to bring down viral loads and increase CD4 counts,

leads to a decrease in the rate of damage caused by HIV infection

[5].

The present study showed that participants on Tenofovir

(TDF)-based therapy had lower levels of serum renal biochemical

parameters compared to those on Efavirenz (EFV) and Nevirapine

(NVP)-based antiretroviral regimens. Similarly, studies have

reported subclinical alteration of renal function in patients on

TDF [28] and that TDF-related severe nephrotoxicity is an

uncommon and reversible event, if it occurs at all [9,29]. The

observation in the present study could also be due to other factors

such as hydration status and muscle mass which may influence

such analytes.

Potassium levels differed significantly between the three groups

compared (TDF, EFV and NVP). The mean levels observed in all

groups of antiretroviral regimens were however within normal

range [30]. The observed difference is indictive of the fact that

HAART may be associated with significant changes in potassium

levels and close monitoring may be warranted upon initiation of

therapy.

Using the CKD-EPI equation, stage 2 renal insufficiency was

34.5% and 32.7% in HIV-HAART and HIV-Controls respec-
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tively. Previous studies have however reported higher incidences of

stage 2 renal insufficiencies as 51.8%, [31] 55.8%, [32] and 48.5%

[33]. Prevalence of stage 3 renal insufficiency (MDRD-9.60% and

CKD-EPI-9.10%) in the present study is in agreement with

findings in previous studies from other parts of the world [34,35].

In the present study, the calculated prevalence of CKD (GFR ,

60 ml/min/1.73 m2; stages 3, 4 & 5) in the total population was

9.90% and 3.70% based on the MDRD and EPI-CKD equations

respectively. In a related study, renal insufficiency in an

antiretroviral (ARV) naive Kenyan population, [36] was 11.5%

and 4.8% (CrCl ,60 ml/min/1.73 m2 and ,50 ml/min/

1.73 m2 respectively). Despite being higher than that in the

present study, our findings suggest that CKD is a growing health

concern in this population, irrespective of therapy and caution

must be exercised in the management of such patients.

In a similar study conducted in Ghana [8] a significant

proportion of the Ghanaian HIV-infected population (9.8%

males, 11.1% females) were found to have renal insufficiency

and a dose adjustment was recommended upon initiation of

therapy. This recommendation may have been adhered to in

recent times and this reflected in the current study, with a lower

proportion of HIV-HAART individuals with renal insufficiency. It

is therefore evident that, provided dose recommendations and

adjustments are adhered to for the majority of antiretroviral

substances, HAART-related effects on renal function with regards

to nephrotoxicity will be reduced [9].

Conclusions

The findings in the present study demonstrates that renal

insufficiency is still prevalent in HIV patients. Changes in renal

function occur in HIV infection and over the course of HAART

but the difference at either stage is not significant. This suggests the

role of HIV infection, HAART and the presence of other

traditional risk factors but not HAART in itself, in renal

dysfunction. As suggested by others [8,9] we recommend a close

monitoring of patients before and during HAART to aid in

evaluating drug combinations and implement dose modifications

when necessary.
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