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(Abstract \

Background: Patients infected with Human Immunodeficiency Virus (HIV) live longer while receiving combination
therapies of Highly Active Anti-Retroviral Therapy (HAART). However, kidney diseases have emerged as significant
causes of morbidity and mortality among these patients. If patients are not monitored, renal complications may develop
and a poor prognosis could result into severe kidney damage. Thisvstudy therefore, investigated the effect of the various
combination therapies given to the patients’ vis a vie their estimated glomerular filtration rate. Methodology: This cross-
sectional study recruited 200 study participants who were receiving HIV healthcare services from St Daniel Comboni
Hospital Kyamuhunga in Bushenyi district. Blood samples were obtained for the analysis of creatinine levels done on a
Reflotron® chemistry analyser. Estimated Glomerular Filtration Rate (¢GFR) was computed using an online calculator
that followed the MDRD (modification of Diet in Renal Disease) equation. Other socio demographic data were obtained
from participants along with their drug combination therapies. Results: Of the 200 study participants, 109 were female.
Most of them were between the ages of 19-49 years. There were 4 drug combination therapies that were investigated in this
study; (AZT+3TC+EFV- 12.5%, AZT+3TC+NVP-21.5%, TDF+3TC+EFV-43.5%, TDF+3TC+NVP-22.5%) and upon
linear regression analysis, none of them had a statistically significant relationship with the eGFR although they seemed
to have both a positive and negative correlation with the latter. Conclusion: Combination therapies given to HIV/AIDS
patients are safe to use and do not pose as such a significant health risk to kidney damage unless they are poorly prescribed
and the patients are not routinely monitored.

N J

Introduction

As patients infected with HIV/AIDS live longer while receiv-
ing antiretroviral therapy, [1,2] kidney diseases have emerged
among them as significant causes of morbidity and mortality.
[3] All over the world, most of the antiretroviral first-line drugs
used in the treatment of HIV patients includes regimen using
a Nucleoside / Nucleotide Reverse Transcriptase Inhibitors
(NRTTI) with a protease inhibitor or a Non-Nucleoside Reverse
Transcriptase Inhibitor (NNRTI) [4]. Uganda’s health minis-
try has implemented the guidelines for administering treat-
ment to naive HIV patients using first-line drug combinations
containing Tenofovir (TDF), Zidovudine (AZT), Lamivudine
(3TC), Efavirenz (EFV), and emicitabine (FTC) as guided by
the World Health Organization (WHO). Although these drugs
usually undergo several clinical trials before they are declared

safe, several reports have indicated that they could possess
nephrotoxic properties [4].

The kidney plays a major role in the excretion of antiretroviral
drugs and this makes it vulnerable to various types of inju-
ries from some of these agents including Acute Kidney Injury
(AKI), tubulopathies, Chronic Kidney Disease (CKD) and end
stage renal disease requiring renal replacement therapy [5].
Antiretroviral therapy can contribute to renal dysfunction di-
rectly by inducing acute tubular necrosis, acute interstitial ne-
phritis, crystal nephropathy, and renal tubular disorders or indi-
rectly via drug interactions. [5] Chronic kidney disease should
be diagnosed in its early stages through routine screening and
careful attention to changes in glomerular filtration rate or
creatinine clearance [6]. It is also important that patients with
Chronic Kidney Disease (CKD) are not denied the best combi-
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nations, especially since most drugs can be adjusted based on
the estimated glomerular filtration rate [7]. With the increase
in HAART use, clinicians must screen patients for the devel-
opment of kidney disease especially if the regimen employed
increases risk of kidney injury.

One of the metabolites which is exclusively filtered by the kid-
ney is creatinine. Most of the creatinine is found in the muscle
tissue where it is present as creatine phosphate and serves as a
high energy storage reservoir for conversion to Adenosine Tri
Phosphate (ATP). Creatinine, the waste product of this reac-
tion, is transported to the kidneys and eliminated [8]. Indepen-
dent of the diet, serum creatinine concentration depends almost
entirely upon its excretion rate by the kidneys. For this reason,
its elevation is highly specific for kidney disease and in this
study, it was used to calculate the eGFR together with other
factors such as the age, race and gender of the study participant.

Materials and Methods

Study area

The study was carried out at the HIV clinic of St Daniel Com-
boni Hospital Kyamuhunga in Bushenyi district. This private
not for profit health facility has a bed capacity of 100 and pro-
vides minimum health care which is comprehensive of cura-
tive, preventive, promotive and rehabilitative care to the rural
community. It is located approximately 300km from Kampala,
the capital city of Uganda.

Study design and population

This was an observational study that recruited known HIV/
AIDS patients who had been receiving antiretroviral therapy
for at least 6 months and had no debilitating illness that could
otherwise impede them from participation. Only Adults who
were of either sex were enrolled to participate in this study
during the months of January to March 2013. The participants
were recruited following the systematic random sampling tech-
nique. Those who met the study criteria were asked to con-
sent to participation before they were subjected to the study
questions on the data collection form. Our study was approved
by a select committee from the School of Allied Health Sci-
ences and the Department of Medical Laboratory Sciences at
Kampala International University. Permission was sought from
the management of St Daniels Comboni hospital before com-
mencement of the data collection activities. Written informed
consent was obtained from participants prior to being recruit-
ed into the study. To ensure confidentiality, study identifica-
tion numbers were used rather than participants’ names. No
names were used on data collection documents except consent
forms. All documents in this study were safely locked up and
accessed by only the study team. Data collection tools were
stored separately from consent forms. Those Study participants
who wished not to participate in the study had a right to opt out
at any point during the study and this was not to affect their
routine healthcare at the clinic.

Sample Size determination

The Sample size was calculated from Fischer’s formula [9] in-
dicated below:

n=Z2P (1-P)/W2

Where,

n = minimum sample size, Z=1.96 (for 95% confidence inter-
val), P = 15% estimated population with HIV/AIDS and are
on antiretroviral therapy and W is the margin of error which is
5%. Therefore, 200 participants were recruited into this study.
Laboratory analysis of creatinine

Approximately 4 milliliters of whole blood were collected
from each participant into an Ethylene Diamine Tetra Acetic
acid (EDTA) coated vacutainer following standard operating
procedures for venepuncture. The specimen was further pro-
cessed on a Reflotron® chemistry analyser using system com-
patible reagent kits. During analysis, the instrument displayed
the results of creatine levels after 1.5 minutes in mg/dl. The
results were subsequently recorded and used to compute the
estimated glomerular filtration rate.

Computation of the estimated Glomerular Filtration
Rate

This was done using an online calculator which follows the
MDRD equation for the computation of the estimated Glomer-
ular Filtration Rate (eGFR) found at https://www.mdcalc.com/
mdrd-gfr-equatin#next-steps This equation utilizes informa-
tion about the study participants age, race, gender and creati-
nine levels in either pmol/l or mg/dl. After obtaining the eGFR,
the value was interpreted on a scale found at the same website.
This scale was modified to suite the study sample size and two
categories of pre-clinical and clinical cases with kidney disease
were developed.

Data Analysis

The generated data was analyzed using Epi info 7, a data anal-
ysis software program developed by the Centers for Disease
Control and Prevention available via the link https://www.cdc.
gov/epiinfo/index.html Descriptive statistics of the study pop-
ulation such as the age, sex and combination therapy were ana-
lyzed using frequencies and percentages. Means and Standard
deviation were used to describe the continuous variables such
as the creatinine levels and the estimated glomerular filtration
rate. Through cross tabulation, Fischer’s exact test was used to
check for significance among the different combination thera-
pies with the age and gender of the study participants. Linear
regression was done to ascertain any significant relationship
between the glomerular filtration rate and the combination
therapies.

Results and Discussion
Table 1: Characteristics of the study population, N=200

Variable f(;)e)quency, " | Mean (SD)
Age Group

19 - <49 174(87)

49 - <70 26(13)

Gender

Male 91(45.5)

Female 109(54.5)

eGFR staging

Pre-Clinical 171(85.5)

Clinical 29(14.5)

Combination therapy

AZT+3TC+EFV 25(12.5)

AZT+3TC+NVP 43(21.5)

TDF+3TC+EFV 87(43.5)

TDF+3TC+NVP 45(22.5)

Creatinine levels (mg/dl) 0.86(0.46)
eGFR measurements

(mL/min/1.73m?) 135.21(110.35)
Age (years) 34.76(9.9)

Abbreviations: eGFR: estimated Gleomerular Filtration
Rate; TDF': Tenofovir, AZT: Zidovudine; 3TC: Lamivudine;
EFV: Efavirenz; NVP: Nevirapine; mL: milliliter; min: minute;
m’: meters squared
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Table 2: Crosstabulation of Age group, Sex and eGFR staging
with different combination therapies

Combi- AZ- AZ- TD- TD- Chi

nation T+3TC+ | T+3TC+ F+3TC+ F+3TC+ Square

Therapy EFVn NVPn EFVn NVPn P value
(%) (%) (%) (%)

Age Group

19 - <49 25(100) 36(83.72) | 75(86.21) | 38(84.44) | 0.1486

49 - <70 0(0) 7(16.28) 12(13.79) | 7(15.56)

Sex

Male 7(28) 22(51.16) | 41(47.13) | 21(46.67) | 0.2939

Female 18(72) 21(48.84) | 46(52.87) | 24(53.33)

eGFR

Staging

Pre-clinical | 23(92) 36(83.72) | 78(89.66) | 34(75.56) 0-1435

Clinical 2(8) 7(16.28) 9(10.34) 11(24.44)

P>0.05 was statistically significant.

Abbreviations: eGFR: estimated Glomerular Filtration Rate;
TDF: Tenofovir; AZT: Zidovudine; 3TC: Lamivudine; EFV:
Efavirenz; NVP: Nevirapine

Table 3: Linear regression of the eGFR measurements against
the age, sex, and combination therapies.

- [) -

Variable Qoefﬁ 95% Confidence In: P_values

cient tervals
Age -0.983 -2.561 0.594 0.220374
Sex (Male/Female) | 30.858 -0.355 62.072 0.052638
Combination
Therapies
AZT+3TC+NVP/
AZT+3TCHEFV 31.317 -23.567 86.202 0.261819
TDF+3TC+EFV/
AZT+3TCLEFV -1.436 -51.01 48.139 0.954513
TDF+3TC+NVP/
AZT+3TCLEFV -10.185 -64.777 | 44.407 0.713304

P>0.05 was statistically significant,

Abbreviations: eGFR: estimated Glomerular Filtration Rate;
TDF: Tenofovir, AZT: Zidovudine; 3TC: Lamivudine; EFV:
Efavirenz; NVP: Nevirapine

In this study, we investigated the effect of combined therapies
on the estimated glomerular filtration rate of HIV patients
who were taking these drugs. In our study according to table
1, the population was mainly composed of youths who were
averagely aged 34 years and majority were women (54.5%).
It was reported in the Uganda AIDS national indicator survey
of 2011 that 12 to 13 percent of young women and men say
they had sex before age 15 and that by age 18, sixty percent of
the young women and forty-seven percent of the young men
have initiated sexual activity. In this same survey, most of the
youth had agreed to not have used protection methods. This
therefore explains the noticeable number of youths and women
we had in our study. Also, most of the participants were taking
a combination therapy containing Tenofovir Disoproxil Fuma-
rate (TDF). TDF containing combinations have been promoted
as first-line drug therapy due to less viral resistance develop-
ing among those taking them [10,11] and thus the wide usage
among the HIV-1 infected patients in developing countries like
Uganda.

Studies on the renal impairment among patients on antiret-
roviral therapy have reported conflicting results especially
in Africa. According to the eGFR staging used in our study,
most of the participants were in the pre-clinical or normal stag-
ing implying that most of them had their eGFR greater than

or equal to 90 mL/min/1.73m2 and only 14.5% (Table 1) had
abnormal eGFR thus categorizing them as clinical. The prev-
alence of an abnormal eGFR in this study was quite higher
than the 4% observed in a similar study conducted in Malawi
that was looking at the renal outcomes of patients initiated on
TDF combination therapy [12]. We believe that the discrepan-
cies in this prevalence, firstly could have been contributed by
the difference in the formulas used to determine the estimated
Glomerular Filtration Rate (eGFR). The study in Malawi used
the Cockcroft-Gault formula while we used the Modification
of Diet in Renal Disease (MDRD) formula. Secondly, the same
study derived its prevalence from only those participants who
were taking a combination therapy containing TDF and yet in
our study, we included even those who were taking other com-
bination therapy exclusive of TDF. Thirdly, the patients in the
Malawi study were new recruits to the antiretroviral therapy
while those in our study had been on this treatment for at least
6 months. It can be hypothesized that the duration on treatment
can also affect the integrity of the kidney status and thus the
observed low and high prevalence in these studies respectively.
In the same vein, another study conducted in Ethiopia on the
effect of antiretroviral therapy on the renal and liver function of
HIV patients [13] obtained an 11.6% prevalence which is quite
similar to our study’s finding. This study just like ours used the
MDRD equation to estimate the eGFR. Also, the prevalence
was obtained from those patients that had been on antiretrovi-
ral therapy for some time.

There was no significant relationship between the combination
therapies and the different age groups, sex and eGFR staging
(Table 2). This finding is in agreement with two cohort studies
conducted in eastern and southwestern Uganda [14] who found
that there were no differences in renal function even when dif-
ferent durations on antiretroviral therapy were compared. The
study in Malawi however, found that kidney injury predomi-
nately occurred during the first six months of combined ART
and increasing age was a predisposing factor [12]. Contrary
to this, a similar study assessing the severe renal dysfunction
associated with renal impairment among patients initiated on
ART [6]. Found that younger age and female sex were associ-
ated with an increase in eGFR with small but statistically sig-
nificant differences between regimen.

In our study the estimated Glomerular Filtration Rate (eGFR)
measurements across the age, gender and combination thera-
pies had no statistically significant relationship despite that
fact that those who took a combination containing Tenofovir
Disoproxil Fumarate (TDF) had a negative correlation with the
eGFR meaning that taking a combination therapy containing
TDF decreases the eGFR. Those who took a combination ther-
apy containing Zidovudine (AZT) had a positive correlation
with the eGFR implying that a combination therapy with AZT
increases the eGFR thus having a good renal outcome (Table
3). In a study conducted to ascertain the extent to which renal
impairment due to TDF therapy occurs, [15] it was found that
the eGFR decreased during the first 3 months of TDF exposure
and it increased upon discontinuation of the antiretroviral ther-
apy. Another similar but controlled study among Asian popula-
tion could not agree more on the effect of the TDF therapy and
the observed decline in eGFR [16].

We acknowledge that our study has limitations that might have
affected the study findings such as the lack of a control group
and not thoroughly evaluating the kidney injury using other
biochemical parameters such as assessment of albuminuria.
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Conclusions

Combination therapies given to HIV/AIDS patients are safe to
use and do not pose a significant health risk to kidney damage
unless they are poorly prescribed and there is no individual
patient monitoring especially for those taking TDF combina-
tion therapy. Assessment of the eGFR is a good indicator of
deteriorating renal function among HIV-1 patients and routine
assessment especially from prolonged usage of antiretroviral
therapy is still encouraged as nephrotoxic drugs can have dev-
astating effects on the kidney.
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