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ABSTRACT

Background: Despite the widespread use of highly active antiretroviral therapy (HAART), renal
insufficiency still exists among HIV infected individuals. This study aimed to use creatinine-based
equations to determine the role of highly active antiretroviral therapy on renal function.

Methods: One hundred and ninety-two (192) HIV individuals consisting of one hundred and four
(104) HIV patients on HAART and eighty-eight (88) HIV HAART naive patients were recruited into
the study. Serum creatinine, urea, CD4 count and weight were determined. Glomerular filtration
rates were estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
and Modification of Diet in Kidney Disease (MDRD) equations.

Result: The calculated renal insufficiency (eGFR<60 ml/min /1.73 mz) among the studied
population was (7.8% for CKD-EPI and 10.9% for MDRD).The prevalence of renal insufficiency in
HAART individuals was lower (1.9% for CKD-EPI and 2.9% for MDRD) than HAART naive
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renal insufficiency.

individuals (14.7% for CKD-EPI and 20.4% for MDRD).

Conclusion: The results of this study provide evidence of a significant improvement in renal
function and a reduced prevalence of renal insufficiency among HIV individuals on HAART showing
the importance and the effectiveness of HAART in improving renal function. Our result confirms the
safety of tenofovir regimens given the fact that none of the patients on tenofovir-based regimen had
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function.
1. INTRODUCTION

HIV infection is associated with numerous kidney
diseases that may results from direct infection of
the kidneys, from coinfections or malignancies
which are commonly associated with HIV-
disease, or from toxicities of medications that are
used to treat HIV infection and its complications
[1]. An abnormal renal function has been
identified in  about 30% of human
immunodeficiency virus (HIV) infected patients
[2], and a more recent analysis of a large urban
United States (US), HIV clinic showed that
approximately 15.5% of the patients had chronic
or end-stage renal disease [3]. Individuals of
African descent have been impacted mostly by
renal disease as a complication of HIV infection
with HIV-associated nephropathy (HIVAN) being
the most commonly detected abnormality [4,5]
but little is known about its prevalence.

In recent times there has been an increase to
about 200-folds in the number of HIV patients
receiving antiretroviral therapy (ART) from 197 in
2003 to over 45,000 in 2010 in Ghana [6].
Despite the increasing access to ART, renal
dysfunction seems to exist in our population [7],
hence there is the need to assess and monitor a
plethora of kidney co-morbidities that are often
present at the initiation or with the ageing of
ART-treated patients. Although the highly active
antiretroviral therapy has helped to curb renal
dysfunction in the absence of other traditional
risks factors for kidney damages, some studies
have attributed renal insufficiency to be caused
by medication [8] whereas others have found
conflicting results [9,10] which have necessitated
the assessment of the impact of highly active
antiretroviral on kidney function.

Several guidelines including initial assessment to
rule out kidney disease and to identify patients at
risk for developing kidney disease [11] have
been proposed for the management of HIV-
infected patients. Glomerular filtration rate (GFR)
compared to serum creatinine or 24- hour urine
creatinine measurement is considered the best

overall index of kidney function in health and
disease because of the attendant problems
associated with creatinine measurement and 24-
hour urine creatinine clearance estimation
[12,13]. This present study aimed to use
creatinine-based equations to assess the role of
HAART in resolving renal insufficiency among
HIV patients on highly active antiretroviral
therapy in Ghana.

2. MATERIALS AND METHODS

2.1 Study Design

This was a case control study carried out at the
Antiretroviral Therapy (ART) Clinic of the Bomso
Specialist hospital in the Ashanti region of Ghana

from August 2015 to March 2016.

2.1.1 Study population

One hundred and ninety two (192) confirmed HIV
seropositive individuals consisting of one
hundred and four (104) HIV patients on highly
active antiretroviral therapy (HAART) and eighty
eight (88) HIV HAART naive patients were
recruited into the study. Patients who were
confirmed HIV seropositive and were above 18
years were recruited into the study. Pregnant
women, hypertensive, diabetic patients and
patients with renal diseases were excluded from
the study. All participants were placed into three
groups according to the center for disease
control classification which indicates the CD4
lymphocytes of patients. The groups were; CD4
counts less than 200 mm'3, CD4 count between
200 and 499 mm™ and the third group consisted
of patients with CD4 above 500 mm™.

2.1. 2 Data collection and laboratory analysis

A well-structured questionnaire was used to
obtain demographic and clinical characteristics
from the patients. 4ml of venous blood was taken
from each patient under sterile conditions after a
tourniquet had been applied for less than a
minute. 2 ml out of the blood taken were placed



in anticoagulated sequestrene tubes for CD4 and
CD3 analysis using the Becton Dickenson and
company haematological analyzer called the BD
FACS Count from California in USA. The
remaining blood was centrifuged and the serum
obtained was used for the assay of creatinine,
albumin and urea using an auto-analyzer known
as ATAC® 8000 Random Chemistry System
from USA by Elan Diagnostic System.

2.2 Data Analysis

The data were presented as median interquartile
range (IQR) for all continuous variables whereas
grouped variables were expressed as
proportions. Comparison between HAART
experienced and HAART naive patients were
carried out using Mann Whitney U test. Kruskal
Wallis test was used where appropriate for
comparison between more than two groups.
Linear regression was also used to assess the
predictive performance of creatinine, weight,
CD4 count, age and albumin on GFR. A
probability value less than 0.05 was considered
to be statistically significant. All the analyses
were done using the IBM Statistical package for
social sciences (SPSS) version 20.

3. RESULT

Out of the 192 participants, there were more
females than males for both the HAART
experienced and the HAART naive patients .The
median age of the HAART experienced group
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(41 yrs) was not statistically different (p=0.203)
from the HAART naive group (40 yrs). Out of the
total participants, a majority of them were junior
high school graduates for both the HAART
experienced (27.1%) and the HAART naive
patients (19.8%) whereas trading (88.5%) was
the major occupation of the studied participants
[Table 1].

The median serum albumin of the HAART
experienced group (40.05 g/L,) was significantly
(p=0.0001) higher compared to the median
albumin of the HAART naive (34.75 g/L). The
median CD4 count of the HAART experienced
group (458 mm-3) was significantly (p=0.0001)
higher than the HAART naive group (229 mm-3).
The HAART naive group had a significantly
(p=0.0001) higher creatinine levels (81.50
pmol/L) than the HAART experienced (62.00
pmol/L). Serum urea was also significantly
(p=0.0001) higher in the HAART naive group
(3.2 mmol/L) than the HAART experienced (2.7
mmol/L). Majority of the HAART experienced
patients were on Tenofovir, Lamivudine and
Nevirapine (TDF+3TC+NVP) (57.7%), whereas
only 5.8% were on Zidovudine, Lamivudine and
Nevirapine (AZV+3TC+NVP) as shown in [Table
2].

Table 3 compares the prevalence of renal
dysfunction between the HAART naive and the
HAART experienced using CKD-EPI and MDRD
equations. Using the CDK-EPI equation, the

Table 1. Demographic characteristics of the study population

Parameter HAART group(n=104) HAART naive(n=88) P value
Age(yrs.) 41 (35-53) 40 (31.3-50) 0.203
Gender N (%)

Male 31(16.1) 27(14.1)

Female 73(38.0) 61(31.8) 0.895
Marital status

Married 78(40.6) 63(32.8)

Single 21(10.9) 22(11.5)

Widowed 10.5) e

cohabiting 4(2.1) 3(1.6) 0.697
Educational level

No education 17(8.9) 14(7.3)

Primary 20(10.4) 14(7.3)

JHS 52(27.1) 38(19.8)

SHS 9(4.7) 17(8.9)

Tertiary 6(3.1) 5(2.6) 0.311
Occupation

Trading 94(49.0) 76(39.6)

Formal 5(2.6) 4(2.1)

Students 4(2.1) 8(4.6)

No Job 105 e 0.386
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Table 2. Biochemical parameters of the HAART group and HAART naive group

Parameter HIV-HAART HIV Controls P value
CD4 COUNT 458.00(307.50-633.75) 229.00(136.25-338.75) 0.0001
Albumin (g/L) 40.05(36.50-41.28) 34.75 (32.10-39.10) 0.0001
Urea (mmol/L) 2.70(2.30-3.20) 3.20 (2.70-4.60) 0.0001
Creatinine (umol/L) 62.00(55.00-69.75) 81.50 (67.00-108.75) 0.0001
BMI(kg/mz) 23.30(20.33-26.85) 22.55(19.13-26.98) 0.521
HAART regimens

TDF+3TC+NVP 60(57.7)

AZT+3TC+ NVP 6(5.8)

CBV+NVP 18(17.3)

TDF+3TC+EFV 20(19.2)

CBV: Combivir, NVP: Nevirapine, EFV: Efavirenz, 3TC: Lamivudine, TDF: Tenofovir, AZV: Zidovudine

prevalence of renal insufficiency (eGFR<60
ml/min /1.73 m2) was 7.8% in the studied
participants. However, a high proportion (13,
14.7%) of the HAART naive had renal
insufficiency than the HAART experienced
patients (2, 1.9%).There was a significantly high
(p=<0.0001) number (96, 92.3%) of the HAART
experienced having an increased renal function
(Stage 1, eGFR=90 ml/min /1.73 m2) than the
HAART naive (44, 50%).With the MDRD
equation, the prevalence of renal insufficiency
was 10.9 % in the studied participants. However,
a high number (18, 20.4%) of the HAART naive
had renal insufficiency than the HAART
experienced ( 3, 2.9%).There was a significantly
high (p=<0.0001) number (92, 88.5%) of the
HAART experienced patients having an
increased renal function (Stage 1, eGFR=90
ml/min /1.73 m2) than the HAART naive (44,
50.0%).

None of the subjects on tenofivir based regimen
had renal insufficiency (eGFR<60 ml/min /1.73

m2) as compared to individuals on zidovudine
based regimen which had subjects experiencing
renal insufficiency as shown in [Table 4].

The median GFR values within the CD4 count
categories are shown in [Table 5].With the CKD-
EPI, GFR was significantly (p=<0.0001)
increased with an increased in CD4 count for
both the HAART experienced and the HAART
naive patients. Comparing the GFR between the
HAART experienced and the HAART naive
subjects on the basis of the same CD4 category
showed a significantly higher median GFR
values in the HAART experienced than the
HAART naive except CD4 count category
<200mm™. A similar trend was observed for the
MDRD equation as shown in [Table 5].

Table 6 shows the beta and r* values from linear
regression analysis .Creatinine showed an
inverse relationship with the estimated GFR in
both CKD-EPI and MDRD equations. Creatinine
consistently showed a higher r* than the other

Table 3. Comparison of renal insufficiency among the study population

Total(n=192) HIV-HAART(n=104) HIV Control (n=88) P value
CKD-EPI
Stage 1(eGFR>90) 147(76.6%) 96(92.3%) 51(58.0%) <0.0001
Stage 2(eGFR 60-89) 30(5.6%) 6(5.8%) 24(27.3%) <0.0001
Stage 3(eGFR 60-89) 14(7.3%) 2(1.9%) 12(13.6%) <0.0001
Stage 4(eGFR 30-59) 1(0.5%) 0(0.0%) 1(1.1%) >0.05
Stage 5(eGFR <15) 0(0.0%) 0(0.0%) 0(0.0%) -
Renal insufficiency 15(7.8%) 2(1.9%) 13(14.7%)
MDRD
Stage 1(eGFR >90) 136(70.8%) 92(88.5%) 44(50.0%) <0.0001
Stage 2(eGFR 60-89) 35(18.2%) 9(8.7%) 26(29.5%) <0.0001
Stage 3(eGFR 30-59) 20(10.4%) 3(2.9) 17(19.3%) <0.0001
Stage 4(eGFR 15-29)  1(0.5%) 0(0.0%) 1(1.1%) >0.05
Stage 5(eGFR <15) 0(0.0%) 0(0.0%) 0(0.0%) -
Renal insufficiency 21(10.9%) 3(2.9%) 18(20.4%)

CKD-EPI- Chronic Kidney Disease Epidemiology Collaboration, MDRD- Modification of Diet in Kidney Disease,
eGFR: estimated Glomerular Filtration Rate
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Table 4. Renal function stratified by Type of HAART

TDF+3TC+NVP TDF+3TC+EFV AZT+3TC+ NVP CBV+NVP

CKD-EPI

Stage 1 (eGFR>90) 58 (60.4%) 19(19.8%) 3(3.1% ) 16(16.7%)
Stage 2(eGFR 60-89) 2(33.3%) 1(16.7%) 2(33.3%) 1(16.7%)
Stage 3(eGFR 30-59) 0(0.0%) 0(0.0%) 1(50.0%) 1(50.0%)
Stage 4(eGFR 15-29) --- -—-- - -

Stage 5(eGFR <15) —_— - -—-- -

Renal insufficiency === ae-e- 1 1

MDRD

Stage 1(eGFR >90) 56(60.9%) 17(18.5%) 3 (3.3%) 16(17.4%)
Stage 2(eGFR 60-89) 4(44.4%) 3(33.3%) 2(22.2%) 0(0.0%)
Stage 3(eGFR 30-59) 0(0.0%) 0(0.0%) 1(33.3%) 2 (66.7%)
Stage 4(eGFR 15-29) - e e

Stage 5(eGFR <15) — e e

Renal insufficiency ~ ===--  —emem- 1 2

CKD-EPI- Chronic Kidney Disease Epidemiology Collaboration, MDRD- Modification of Diet in Kidney Disease,
eGFR: estimated Glomerular Filtration Rate. CBV: Combivir, NVP: Nevirapine, EFV: Efavirenz, 3TC: Lamivudine,
TDF: Tenofovir, AZV: Zidovudine

Table 5. Median GFR levels stratified by CD4 categories using CKD-EPI and MDRD

Median GFR

Total HIV-HAART HIV Control P value
CD4 categories CKD-EPI
<200 90.50(61.75-104.00) 101.00(84.00-124.25)  80.50(57.25-102.25) 0.104
200-499 112.00(94.00-125.75) 117.00(100.50-130.50) 104.00(82.00-121.00) 0.003
<500 128.00(116.00-139.00)  132.00(118.50-139.50) 108.00(90.00-118.00) 0.002
P value <0.0001 <0.0001 <0.0001
CD4 categories MDRD
<200 85.00(58.00-97.00) 93.50(79.25-111.25) 74.50(54.00-96.00) 0.091
200-499 102.00(87.25-118.75) 108.00(95.00-130.50)  94.00(76.00-109.00) 0.003
<500 130.500(113.75-142.50) 133.00(121.00-144.50) 98.00(81.50-106.50) 0.001
P value <0.0001 <0.0001 <0.0001

CKD-EPI- Chronic Kidney Disease Epidemiology Collaboration, MDRD- Modification of Diet in Kidney Disease,

Table 6. Beta and r* values from linear regression of some studied variables

Total subject HIV HAART HIV Control

CKD-EPI BETA r BETA r BETA r

Age -0.27 +0.17 0.07 -0.56+0.16 0.31 -0.19+0.25  0.03
Weight 0.17+0.14 0.02 0.09+0.13 0.01 0.27+0.24 0.06
Creatinine -0.87+0.03 0.75 -0.79+0.08 0.61 -0.88+0.04  0.77
Albumin 0.46+0.42 0.21 0.36+0.51 0.12 0.26+0.76 0.06
CD4 0.47+0.01 0.22 0.39+0.01 0.15 0.31+0.02 0.08
MDRD BETA r BETA r BETA r

Age -0.15+0.19 0.02 -0.34+0.23 0.11 -0.09+0.25  0.01
Weight 0.13+0.16 0.01 0.06+0.18 0.00 0.22+.024 0.04
Creatinine -0.81+0.05 0.65 -0.75+0.12 0.55 -0.84+0.05  0.69
Albumin 0.47+0.47 0.22 0.42+0.65 0.17 0.21+0.77 0.03
CD4 0.55+0.01 0.29 0.51+0.01 0.25 0.29+0.02 0.08

variables. Age also showed an inverse 4.DISCUSSION

relationship with the estimated GRF in both

equations. CD4, weight and albumin had a In this study, we found that majority (76.6%) of
positive relationship with GFR in both equations.  the subjects to had normal renal function or



increased renal function using the CKD-EPI
equation. This is similar to reports by [7] (75.7%)
and (61.1%) by [14] .We also found a significant
number of the HAART experienced individuals to
had normal renal function and a minimal damage
in renal function compared to HAART naive
patients. A study in Uganda by [15] reported
improvement in renal function in HIV infected
individuals after the initiation of HAART. An
earlier retrospective study by [16] have also
reported higher prevalence of renal insufficiency
in HAART naive individuals (44%) than
individuals on HAART (15%). Although these
studies did not include tenofivir based regimen, a
study conducted by [17] in Zimbabwe and
Uganda reported improvement in renal function
regardless of HAART type including tenofivir
based regimen [16-18] This highlights the
effectiveness of HAART in maintaining the
kidney in health like state thereby improving it
function. Hence, in the face of conflicting reports
on the utilty of HAART in improving renal
function, the findings of this study provide
evidence of the safety of HAART in curbing renal
insufficiency. A meta-analysis conducted by [18]
found tenofovir to be associated with a
significant, though clinically-modest, loss of renal
function. Notably, none of the studies included in
the meta-analysis was conducted in sub-Saharan
Africa. Although other studies conducted to
assess the safety of tenofovir in sub- Saharan
Africa have yielded conflicting reports, leading to
concerns about utilization of tenofovir in
resource-limited settings [19-21], our result
confirms the safety of tenofovir regimens,
given the fact that none of the patients on
tenofovir based regimen had renal insufficiency.
The result of our study also supports the
recommendation  of the World Health
Organization on the utility of tenofivir as first line
ART regimen [22].

In this study, the prevalence of renal insufficiency
stage 3 in the HAART experienced individuals
was significantly lower (CKD-EPI 1.9% and
MDRD 2.9%) than in the HAART naive
individuals (CKD-EPI 13.6% and MDRD 19.3%).
Also the calculated renal insufficiency (eGFR<60
ml/min /1.73 m?) in the HAART naive was higher
(CKD-EPI 14.7% and MDRD 20.4%) than those
on HAART (CKD-EPI 1.9% and MDRD 2.9%). In
a related study, renal insufficiency in an
antiretroviral (ARV) naive Kenyan population,
[23] was 11.5% and 4.8% (CrCl, 60 ml/min/1.73
m? and, 50 mi/min/ 1.73 m’ respectively). A
recent study among HAART naive individuals
reported 14.7% renal insufficiency [24] which
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was similar to our study which reported 14.7%.
This is an indication that chronic kidney diseases
still exist in our population especially among
patients who are HAART naive.

In the quest to identify predictors of GFR among

our study population, aging was associated with
a decline in GFR in both equations. This is in line
with earlier reports by [7,25]. This can be
explained by the lower muscle mass in older
persons which causes lower urine creatinine
excretion because of the lower serum creatinine
concentration. We found a significant increase in
CD4 count to be associated with an increase in
GFR in both the HAART experienced and the
HAART naive individuals. However, among
individuals of the same CD4 category, the
HAART experienced had a higher GFR values
than the HAART naive individuals. This can be
attributed to the fact that, HAART in an attempts
to bring down viral loads and increase CD4
counts, leads to a decrease in the rate of
damage caused by HIV infection [26].Creatinine
was found to be the best predictor of GFR
among the studied variables.

5. CONCLUSION

The study has shown a significant improvement
in renal function among HAART experienced
individuals compared to HAART naive individuals
thus highlighting the effectiveness of HAART in
reducing the prevalence of renal insufficiency
among individuals placed on HAART. Our result
confirms the safety of tenofovir regimens given
the fact that none of the patients on tenofivir
based regimen had renal insufficiency.
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