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Background: The emergence of highly active antiretroviral therapy (HAART) has dramati-
cally improved quality of life in prolonging survival of human immunodeficiency virus (HIV)-
infected patients on treatment in developed as well as developing countries. However, the main
shortcoming of HAART in long-term use is its potential to cause liver and kidney derangements
that may be life threatening. The drugs are actively accumulated in the proximal renal tubule
resulting in functional disturbance with mitochondrial injury being one of the most important
targets recognized. Therefore, the aim of this study was to assess the adverse effects of HAART
on kidney and liver functions among HIV-infected patients presenting to the University of
Gondar Hospital, Ethiopia.

Materials and methods: An institution-based retrospective study was conducted from 2010 to
2015 on a subset of HIV-infected patients. Data were collected from the registration book of the
University of Gondar Hospital antiretroviral clinic laboratory after checking the completeness
of age, gender, creatinine, blood urea nitrogen, and alanine aminotransferase level. Data were
entered and analyzed using SPSS version 20. Descriptive statistics, chi-square test, one-way
analysis of variance, and logistic regression were done to determine associations. A P-value
<0.05 was considered statistically significant.

Results: A total of 275 study subjects were included in the study. Of these, 62.2% were females,
and the overall prevalence of chronic kidney disease (CKD) before and after treatment was
3.6% and 11.7%, respectively. A majority of the CKD patients were in stage 3 for patients
after treatment. The overall prevalence of hepatotoxicity was 6.5% and 16.7% before and after
treatment, respectively. A majority of the patients developed Grade 2 hepatotoxicity 66.7% and
65.2% before and after treatment, respectively. Binary and multiple logistic regression analysis
indicated that the female gender was a risk factor for CKD.

Conclusion: The prevalence of nephrotoxicity and hepatotoxicity were high among patients
who took HAART. Stage 3 nephrotoxicity and Grade 2 hepatotoxicity had the highest incidences
of the total toxicities, and the female gender was a risk factor for nephrotoxicity. Further pro-
spective studies are recommended to determine the effect of HAART and contributing factors.
Keywords: CKD, hepatotoxicity, nephrotoxicity, HAART, Gondar, Ethiopa

Introduction

Human immunodeficiency virus (HIV) is known to be the cause of a major public
health problem worldwide from the start of the 21st century. If left untreated, within
a decade the vast majority of HIV-infected individuals would develop fatal opportu-
nistic infections as a result of HIV-induced deficiencies in the immune system."? An
estimated 36.9 million people are living with HIV worldwide, with ~15.8 million
people having access to highly active antiretroviral therapy (HAART) based on a
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2015 report.* HAART was developed for managing retroviral
infections such as HIV in order to prolong life. The primary
goal of HAART is maximal and durable suppression of viral
load, preservation and restoration of immunologic function,
improvement of quality of life, and reduction of HIV-related
morbidity and mortality.*

HAART over different durations of time has an effect
on the nephron as well as on liver hepatocytes by inducing
toxicity.’ Renal dysfunction by HAART has been associated
primarily with tenofovir disoproxil fumarate, which is actively
accumulated in the proximal renal tubule.® Liver disease is
known to be caused by a number of antiretrovirals. Following
exposure to the drug, the toxic moiety induces some type of
stress or functional disturbance, with mitochondrial injury
being one of the most important targets recognized.”® For
instance, nevirapine (NVP) and efavirenz (EFV) can cause
hepatotoxicity via a hypersensitivity syndrome reaction that
can result in acute liver necrosis and death.’

The overall rate of severe hepatotoxicity with nucleoside
reverse transcriptase inhibitors (NRTI) therapy has been
reported by Reisler et al'® as 12%, which highlights the
complexity and difficulty in evaluating and managing
hepatotoxicity associated with antiretroviral therapy (ART).
Acute renal failure is a common complication in ambulatory
HIV-infected patients treated with HAART and has recently
been associated with AIDS, hepatitis C virus coinfection, and
liver disease.!'> An overall incidence of HAART related with
hepatotoxicity in observational studies was found to vary
from study to study and increase the risk of hepatitis C virus
coinfection.!*! Therefore, the aim of this study was to assess
the adverse effects of HAART on kidney and liver functions
among HIV-infected patients presenting to the University of
Gondar Hospital, Ethiopia.

Materials and methods

Study design, period, and area

An institution-based retrospective study was conducted
from records of 2010-2015 data during March 2016 at the
University of Gondar Hospital ART clinic. The hospital is
located in North Gondar around 747 km away from the capital
city, Addis Ababa, which acts as the referral center for four
district hospitals.

Data collection technique and study

participants

The study participants comprised of a subset of 275 HIV-
infected patients who were on HAART for at least 3 years
and registered for primary care at the University of Gondar
Hospital anti retro viral therapy (ART) clinic. These patients

had been previously screened for renal and liver dysfunction
when they were initiated for HAART. Age, gender, and other
clinical characteristics and laboratory data were gathered in
patient records. Participants who had regular follow-up and
those having creatinine, blood urea nitrogen (BUN), and
alanine aminotransferase (ALT) results during initiation
for HAART were included in the study. However, those
who missed any of the above data were excluded from the
study. For supplying quality test results and for the care
of HIV patients, the ART clinic personnel performed the
clinical chemistry tests using Mindray BS-200 chemistry
analyzer (Shenzen Mindray Bio-Medical electronics Co. Ltd,
Nanshan, People’s Republic of China). The quality of the
results were assured by running daily quality control checks
and regular calibration of the instruments used.

Interpretation for the hepatic enzyme was based on the
AIDS Clinical Trial Group grading system with ALT eleva-
tions >40.0 U/L, which is the upper limit of normal (ULN)
range in individuals with normal ALT values at baseline,
for adults.'

Hepatotoxicity grades were categorized as Grade 1 when
a ALT value lies between 1.25 and <2.5 X ULN, Grade 2
when a ALT value lies between 2.5 and <5.0 x ULN, Grade
3 when a ALT value lies between 5.0 and <10 X ULN, and
Grade 4 when a ALT value lies 210 x ULN.'

The glomerular filtration rate (GFR) was estimated using
the Modification of Diet in Renal Disease Study equation:'’
186 X (serum creatinine [mg/dL])"'%*x age % x 0.742 (if
female) x 1.210 (if African American). Chronic kidney dis-
ease (CKD) was defined by either kidney damage or GFR
<60 mL/min/1.73 m? for >3 months, regardless of the cause.
CKD stages were categorized based on the classification sys-
tem established by the National Kidney Foundation — Kidney
Disease Outcomes Quality Initiative classification. For this
study, CKD was defined as Kidney Disease Outcomes Quality
Initiative CKD stages 3,4, and 5 (estimated glomerular filtra-
tion rate [eGFR] <60 mL/min/1.73 m?): with eGFR 30-59,
15-29, and <15 mL/min/1.73 m?, respectively. Stage 3 was
further classified into 3A (45-59.9) and 3B (30-44.9).1%1°

Data analysis and interpretation

procedure

Data were collected from the registration book of the
University of Gondar Hospital ART clinic laboratory after
checking the completeness of patient’s age, gender, creati-
nine, BUN, and ALT level. The data were then coded and
analyzed using the Statistical Package for the Social Sciences
(SPSS) version 20 software program (IBM Corporation,
Armonk, NY, USA). Descriptive statistics, chi-square test,
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one-way analysis of variance, and logistic regression were
done to determine associations. Those variables having a
P-value <0.2 in bivariate regression were further analyzed
by multiple logistic regression for strength of association
between variables using 95% confidence interval (CI) and a
P-value <0.05 was considered statistically significant.

Ethical considerations

Data were collected after ethical clearance was obtained
from the School of Biomedical and Laboratory Sciences,
College of Medicine and Health Science, University of
Gondar. Consent was not required from patients because it
was retrospective study and patients were not available during
the study period. The School of Biomedical and Laboratory
Sciences, University of Gondar waived this requirement for
patient consent. After discussing the purpose and aim of the
study, permission was obtained from the Head of the Univer-
sity of Gondar Hospital laboratory before data collection who
confirmed that all results obtained would be kept confidential.

Results

A total of 275 study participants, 104 (37.8%) males and 171
(62.2%) females were included in the study. A majority (218
[79.2%]) of the study participants were in the age group <40
years old and most of them (234 [85.1%]) took HAART for
an average of >4 years (Table 1). The mean values of cre-

Table | Clinical characteristics of study participants among
patients presenting to the University of Gondar Hospital ART
clinic from 2010 to 2015

Characteristics Frequency (%)
Gender

Male 104 (37.8)
Female 171 (62.2)
Age (years)

<15 32(11.7)
15-25 27 (9.8)
25-40 159 (57.8)
>40 57 (20.7)
HAART duration (years)

<4 41 (14.9)
4-6 137 (49.8)
>6 97 (35.3)
Type of drug administered

d4T+3TC+NVP 22 (8.0)
d4T+3TCHEFV 8 (2.9)
TDF+3TC+NVP 19 (6.9)
TDF+3TC+EFV 25 (9.1)
ZDV+3TC+NVP 137 (49.8)
ZDV+3TC+EFV 64 (23.3)

atinine (0.8320.38 vs. 0.88+0.50; for <4 years and >4 years
of therapy, respectively), BUN (14.34£8.9 vs. 14.847.3), and
ALT (28.5£17.9 vs. 31.0£21.7) for patients after treatment
were higher than the values before treatment (0.8210.48,
12.8+10.8, and 28.2+18.0 for creatinine, BUN, and ALT,
respectively) but were not statistically significant (Table 2).

For patients on zidovudine-based regimens the mean
values for creatinine (0.87+0.38), BUN (14.8617.53), and
ALT (32.2423) were higher than the values for patients on
stavudine-based (0.85+0.25, 13.85+6.5, and 23.0+12.3 for
creatinine, BUN, and ALT, respectively) and tenofovir-based
(0.83%£0.36, 11.7444.17, and 31.1%4.2 for creatinine, BUN,
and ALT, respectively) regimen users from the nucleoside
analog. Furthermore, ALT was higher for NVP-based
(29.8£16.6) regimen users than for EFV-based (28.17121.0)
regimen users from the nonnucleoside analogs. Only creati-
nine was statistically significant (P=0.002; Table 3).

The overall prevalence of CKD before and after treatment
was 3.6% and 11.7%, respectively. A majority of the CKD
cases were observed in stage 3; 30 (93.8%) after treatment and
10 (100%) before treatment. Moreover, 3.1% of the patients
had renal failure after treatment. The overall prevalence of
hepatotoxicity was 18 (6.5%) and 46 (16.7%) among patients
before and after treatment, respectively. A majority of the
patients developed Grade 2 hepatotoxicity: 12 (66.7%) and
30(65.2%) before and after treatment, respectively (Table 4).

Binary logistic regression analysis showed female gender,
increase in age, and taking stavudine-based regimen had a
P-value <0.2; of these, only female gender was significantly
associated with CKD (Tables 5 and 6).

Discussion

In this study, we recruited patients who were actively taking
HAART. The mean values of serum BUN, creatinine, and
ALT were increased among patients on HAART over different
durations of time has an effect on the nephron as well as on
liver hepatocytes by inducing toxicity that may not related

Table 2 Mean of the biochemical profiles by duration of therapy
among patients presenting to the University of Gondar Hospital
ART clinic from 2010 to 2015

Parameters Before After treatment P-value
treatment <4 years >4 years
(N=275) (n=41) (n=234)
BUN 12.8+10.8 14.348.9 14.847.3 0.73
Creatinine 0.82+0.48 0.83+0.38 0.88+0.50 0.54
ALT 28.2+18.0 28.5+17.9 31.0+21.7 0.48

Abbreviations: ART, antiretroviral therapy; d4T, stavudine; EFV, efavirenz; 3TC,
lamivudine; HAART, highly active antiretroviral therapy; NVP, nevirapine; TDF,
tenofovir disoproxil fumarate; ZDV, zidovudine.

Note: All data are presented as mean®SD.
Abbreviations: ALT, alanine aminotransferase; ART, antiretroviral therapy; BUN,
blood urea nitrogen; SD, standard deviation.
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Table 3 Mean of serum biochemical parameters based on HAART regimens among patients presenting to the University of Gondar
Hospital ART clinic from 2010 to 2015

Parameters Different HAART regimens P-value
d4T based ZDV based TDF based EFV based NVP based

BUN 13.85+6.5 14.86+7.53 11.74+4.17 14.318.11 13.14£5.2 0.029

Creatinine 0.85+.25 0.87+.38 0.83+.36 1.09+.91 0.84+.31 0.002

ALT 23.0+123 32.2423 311442 28.17+21.0 29.8%16.6 0.18

Note: All data are presented as meantSD.
Abbreviations: ALT, alanine aminotransferase; ART, antiretroviral therapy; BUN, blood urea nitrogen; d4T, stavudine; EFV, efavirenz; HAART, highly active antiretroviral
therapy; NVP, nevirapine; TDF, tenofovir disoproxil fumarate; ZDV, zidovudine; SD, standard deviation.

Table 4 Prevalence of CKD according to K/DOQI classification, MDRD estimation equation, and hepatotoxicity according to the
Division of AIDS (DAIDS), National Institute of Allergy and Infectious Diseases among patients presenting to the University of Gondar
Hospital ART clinic from 2010 to 2015

Presence of CKD, n (%)

Stages Description eGFR (mL/min/1.73 m?) Before treatment After treatment P-value
0-2 CKD absent >60 265 (96.4) 243 (88.3)
3-5 CKD present <60 10 (3.6) 32 (11.7) 0.065
-2 Intermediate with LT GFR 60-89.9 46 (16.7) 55 (20)
3 Moderate | GFR 30-59.9 10 (100) 30 (93.8)
3A Mild to moderate GFR 45-59.9 7 (70) 25 (78)
3B Moderate to severe 4 GFR 30-44.9 3(30) 5 (15.6)
4 Severe L GFR 15-29.9 - 1 3.1
5 Kidney failure <I5 - I 3.1)
Presence of hepatotoxicity, n (%)
Absent 257 (93.5) 229 (83.3)
Present 18 (6.5) 46 (16.7) 0.001
Grade | 3(l6.7) 6 (13.1)
Grade 2 12 (66.7) 30 (65.2)
Grade 3 3(16.7) 10 (21.7)

Note: = decrement, T= increment.
Abbreviations: ART, antiretroviral therapy; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; K/DOQ)I, Kidney Disease Outcomes Quality Initiative;
MDRD, modification of diet for renal disease.

Table 5 Risk factors associated with CKD according K/DOQI classification using MDRD estimation equation among patients presenting
to the University of Gondar Hospital ART clinic from 2010 to 2015

Presence of CKD, n (%)

Parameters Before treatment After treatment COR AOR
Yes No Yes No
Gender
Male (n=104) 4(3.8) 100 (96.2) 7 (6.7) 97 (93.3) 1.00
Female (n=171) 6 (3.5) 165 (96.5) 25 (14.6) 146 (85.4) 3.4 (1.1-1.4)* 2.5 (1.0-6.0)
Age (years)
<40 (n=218) 5(2.3) 213 (97.7) 22 (10) 196 (90) 1.00
>40 (n=57) 5(8.8) 52 (91.2) 10 (17.5) 47 (82.8) 1.05 (0.23—1.2)* 1.2 (0.18-1.04)
Types of HAART
EFV based (n=95) 16 (16.8) 79 (83.2) 1.00
NVP based (n=180) 16 (8.9) 164 (91.1) 0.3 (0.035-2.6)
ZDV based (n=202) 23 (11.4) 179 (88.6) 1.00
d4T based (n=30) 4(13.3) 26 (86.7) 2.8 (0.051-0.1.56)%
TDF based (n=43) 5(11.6) 38 (88.4) 0.63 (0.11-3.57)
HAART duration (years)
<4 (n=41) 6 (14.6) 35 (85.4) 1.00
>4 (n=234) 26 (11.1) 208 (88.9) 0.4 (0.52-3.57)

Note: *P<0.005; “P<0.2.

Abbreviations: AOR, adjusted odds ratio; ART, antiretroviral therapy; COR, crude odds ratio; CKD, chronic kidney disease; d4T, stavudine; EFV, efavirenz; HAART, highly
active antiretroviral therapy; K/DOQI, Kidney Disease Outcomes Quality Initiative; MDRD, modification of diet renal disease; NVP, nevirapine; TDF, tenofovir disoproxil
fumarate; ZDV, zidovudine.
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Table 6 Risk factors associated with hepatotoxicity according to the Division of AIDS (DAIDS), National Institute of Allergy and
Infectious Diseases among patients presenting to the University of Gondar Hospital ART clinic from 2010 to 2015

Presence of hepatotoxicity, n (%)

Parameters Before treatment After treatment COR

Yes No Yes No
Gender
Male (n=104) 7 (6.7) 97 (93.3) 16 (15.4) 88 (84.6) 1.00
Female (n=171) (54 160 (94.6) 30 (17.5) 141 (82.5) 0.85 (0.44—1.65)
Age (years)
<40 (n=218) 15 (6.9) 203 (93.1) 36 (16.5) 182 (83.5) 1.00
>40 (n=57) 3 (5.3) 54 (94.7) 10 (17.5) 47 (82.5) 3.2 (0.43-2.0)
Types of HAART
EFV based (n=95) 17 (17.9) 78 (82.1) 1.00
NVP based (n=180) 29 (l6.1) 151 (83.9) 1.1 (0.35-1.4)
d4T based (n=30) I (3.3) 29 (96.7) 1.00
TDF based (n=43) 8 (18.6) 35 (81.4) 0.53 (0.41-2.4)
ZDV based (n=202) 37 (18.3) 165 (81.7) 1.9 (0.74-1.3)
HAART duration (years)
<4 (n=41) 6 (14.6) 35 (85.4) 1.00
>4 (n=234) 40 (17.1) 194 (82.9) 1.8 (0.32-2.1)

Abbreviations: ART, antiretroviral therapy; COR, crude odds ratio; d4T, stavudine; EFV, efavirenz; HAART, highly active antiretroviral therapy; NVP, nevirapine; TDF,

tenofovir disoproxil fumarate; ZDV, zidovudine.

to the virus it self only.” Regarding the effect of different
HAART regimens, in this study, the ZDV-based regimen
has the greatest impact on alteration of creatinine, BUN, and
ALT values compared with other nucleoside analogs, while
the tenofovir-based regimen is the safest. Patients who were
on EFV-based regimens showed a significant effect on liver
and kidney parameters than those who were on NVP-based
regimen from the nonnucleoside analog with a P-value of
(0.029 vs 0.002) for BUN and creatinine, respectively. This
is supported by the findings from two studies in Ghana and
one in Cameroon.”* Another similar study also reported
that renal dysfunction as a side effect of HAART, that has
been associated primarily with the parent tenofovir, which
is accumulated in proximal renal tubule.?

CKD is the major problem in HAART patients and can
lead to loss of kidney function, leading to complications and
kidney failure, and development of cardiovascular disease."
The prevalence of CKD in our study was 11.7% among
HAART-treated individuals, using the Modification of Diet
in Renal Disease method of estimation, which is in line with
the prevalence of 9.9% in a study conducted in Ghana® but
lower than that in studies conducted in Nigeria and Burundi
with CKD prevalence of 47.6% and 45.7% among HIV
patients, respectively.?*?

However, this study had higher prevalence than the
study conducted in Tanzania (1.2%).% In this study, stage
3 (eGFR, 30-59.9) was the highest (100% vs. 93.7%)
among the CKD patients before and after treatment, but
the results of previous studies did not support our finding;

they found a high prevalence of CKD in stage 2 (eGFR,
60-89.9).2°2¢ The reason for this difference could be that
in our study eGFR values between 60-89.9 were not
considered as presence of CKD because we could not
measure urine albumin as another alternative mean values
for determining CKD when eGFR values were >60. In our
study, a 3.1% prevalence of severe kidney disease and a
3.1% prevalence of renal failure were observed. Another
study of hospitalized patients with complications of HIV
reported increased risk for acute renal failure and is
associated with liver disease, CKD, and increased mor-
tality related to volume depletion, hemodynamic stress,
and the acute administration of nephrotoxic medications
or radio contrast.'? Taking gender into account, a higher
proportion of females (62.2%) were recruited; this higher
proportion might indicate their ease of susceptibility to
HIV infection due to biological and other factors. In the
logistic regression analysis, female gender was found to be
arisk factor for CKD with an AOR of 2.5 (1.0-6.0), which
agrees with the study conducted in San Diego, California,
which reported a reduction in GFR for female gender,”
but does not agree with the study conducted in Tanzania?®
with an odds ratio of 1.5 (0.7-3.3). This study shows an
increment for patients aged >40 years old in the likelihood
of developing CKD (8.8% vs. 17.5%) before and after
treatment, which is high when compared with that for those
<40 years of age, which agrees with the study conducted
in San Diego, California, reported as per 10-year increase
there was a significant development of CKD.?’
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With regard to HAART regimen, a majority of the par-
ticipants (73%) in this study were ZDV-based regimen users,
but a high proportion of patients (13.3%) develop CKD
among stavudine based regimen users, which is supported
by a clinical trial and animal study conducted elsewhere?®®
that induce to some extent for mitochondrial toxicity.

In our study, patients who took HAART for >4 years
have shown a strong association with CKD, which is sup-
ported by a previous study, that indicates longer duration of
treatment as significantly associated with CKD.?? Further-
more, another cross-sectional study has demonstrated that
subjects who took HAART for longer periods showed strong
association with renal dysfunction.?® Different studies in
sub-Saharan Africa reported that long-term infection with
HIV is associated with a wide spectrum of renal diseases
with variable prevalence of these diseases in HIV-infected
patients: 6% in South Africa, 38% in Nigeria, 26% in Cote
d’Ivoire, 28% in Tanzania, 25% in Kenya, 20%—48.5% in
Uganda, and 33.5% in Zambia and Nigeria. Results from
these histopathological studies also suggested that broader
spectrum of tissue damage in HIV-associated kidney dis-
ease, exists in the African population than was previously
thought,* whereas in our study it did not show significant
association (95% CI=0.52-3.57); the reason might be that
a majority of the participants took HAART for a lower
duration in the category that we used to explain the results.

Hepatotoxicity may result from HIV infection itself and
other factors including hepatitis B and C virus infections, and
systemic opportunistic infections, if patients are coinfected.’!
Moreover, the impact is severe in patients undergoing long-
term treatment with different combinations of HAART and
is associated with substantial toxicity, adherence difficulties,
and, finally, drug resistance with variable prevalence from
different studies.?? In this study, we found a 16.7% and 6.5%
prevalence of hepatotoxicity after and before treatment,
respectively. This study has a slightly lower prevalence than
the prevalence from the cohort study conducted in Atlanta,
Georgia, which had a total prevalence rate of 23%.>* Another
similar study reported that the overall rate of severe hepato-
toxicity with NRTI therapy of 12% reported by Reisler et al'
is lower than in our study which might be due to the ability
of NVP and EFV to cause hepatotoxicity via a hypersensitiv-
ity syndrome reaction that can result in acute liver necrosis
and death. The variation in prevalence in the stated country
might be due to the presence of coinfection by hepatitis virus
which has the capability of increasing hepatotoxicity. Grade
2 hepatotoxicity accounts for the majority of the hepatotoxic-
ity grades in this study (63%), which is similar to the results
of the study conducted in Atlanta, Georgia, that had a high

prevalence rate for Grade 2 hepatotoxicity among the four
grades of toxicities,*® while it differs from the findings of two
studies conducted in Cameroon.?>*

Limitations

The limitations of this study were the cross-sectional nature
of the study, the underlying etiology of liver and renal disease
was unknown in study participants, and the results of urine
specimens were not available to evaluate for albuminuria, all
of which underestimate the prevalence.

Conclusion

The mean values of creatinine, BUN, and ALT were higher
among HA ART-treated patients, and there was a significant
difference in the mean values of BUN and creatinine with
respect to the different regimens used. The prevalences of
nephrotoxicity and hepatotoxicity were high among HAART
patients in this study. Stage 3 nephrotoxicity and Grade
2 hepatotoxicity were the commonly observed toxicities.
Female gender was a risk factor for nephrotoxicity.
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