
Introduction

The fact that antiretroviral drugs improve the health 
and well-being of individuals living with human im-
munodeficiency virus infection and acquired immune 
deficiency syndrome (HIV/AIDS) has been clearly estab-
lished and proven [1]. The first and foremost goal of an-
tiretroviral therapy (ART) is to achieve improved immune 
function with a significantly reduced viral load while at 
the same time ensuring minimal toxicity. However, as-
sociated drug-induced toxicity remains an issue of great 
concern [2,3]. Every antiretroviral regimen has one or 
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more adverse effects, which vary from mild and manage-
able to intolerable and require medical intervention [4].

Tenofovir is usually available as tenofovir disoproxil 
fumarate (TDF) or tenofovir alafenamide. TDF, an acyclic 
phosphate, is an orally administered pro-drug of tenofo-
vir. It is the first nucleoside analogue of reverse transcrip-
tase inhibitor approved for treatment of HIV [5-8].

Tenofovir is eliminated from the body through the glo-
merular filtration of the kidney, with 20% to 30% trans-
ported actively into the proximal renal tubular cells by 
organic anion transporter 1. Tenofovir is generally con-
sidered safe, although renal toxicity has been reported 
following its administration [9-13]. As reported by 
Woodward et al [14], tenofovir can cause proximal renal 
tubulopathy, such as Fanconi syndrome and other neph-
rotoxicity-related syndromes. These are characterized by 
calcium and phosphorus dysregulation with accompany-
ing bone disease, diabetes insipidus, and reduction in 
glomerular activity [15,16]. Several authors have outlined 
the risk factors associated with tenofovir, including base-
line-impaired renal function due to nephrotoxic drugs 
and reduced body weight [17-19]. Others have reported 
that in a number of cases, tubular dysfunction is revers-
ible when tenofovir is withdrawn [12,13]. 

In Nigeria, limited information is available on the rate 
at which adverse drug reactions occur among patients on 
ART. Data are insufficient on various environmental, med-
ication, and patient factors that predispose a patient on 
ART to adverse effects. It is worth noting that rates of ad-
verse drug reactions observed in clinical trials are usually 
not a true reflection of rates observed in clinical practice. 
A number of factors need to be evaluated to better under-
stand the pattern of adverse drug events in a population. 
This observational study, therefore, adopted a prospective 
cohort design to establish the extent to which tenofovir is 
associated with renal toxicity, especially tubular dysfunc-
tion, among HIV patients at the University of Port Harcourt 
Teaching Hospital (UPTH), Rivers State in Nigeria. 

Methods

Study subjects

This was a prospective cohort study conducted among 
HIV-infected patients attending the medical outpatient 
clinic of UPTH. There were two groups: a TDF group, 

consisting of newly-diagnosed HIV patients on a tenofo-
vir-based ART regimen, and a non-TDF group consisting 
of newly diagnosed HIV patients on ART not containing 
tenofovir. All HIV-positive patients aged 18 to 50 years 
newly commenced on ARTs were recruited, however, 
those who were severely ill (too ill to stand or walk with-
out support), hypertensive, diabetic, or with any other 
comorbidity were excluded. Those who received any 
herbal, traditional, or complementary medicine capable 
of altering liver or kidney function within 2 weeks prior 
to the commencement of the study, were pregnant or 
planning to get pregnant within 4 months of the study, or 
were unable or unwilling to give informed consent were 
also excluded. 

The essence of the study was verbally explained to 
patients attending the HIV clinics at UPTH. Exclusion 
criteria were discussed verbally, and with permission, 
reference was made to patients’ medical records where 
available. Current and past medical history, includ-
ing drug history, adherence, adverse effects and inter-
current ailments, were also obtained. Blood and urine 
samples were obtained for determination of parameters 
at baseline.

A pre-treatment run-in visit was scheduled to identify 
potential non-adherent patients and those unwilling to 
participate in the study. At the end of a two-week run-in 
period, during which patients were counseled on strate-
gies to overcome problems with non-adherence, adher-
ence was ascertained by means of recall questions and 
pill count. Only those who had > 90% adherence were 
included in the study. 

Four visits (screening, end of run-in period/com-
mencement, 16 weeks and 24 weeks) were scheduled for 
study participants. At all visits, patient history, physical 
examination and adherence to medications were as-
sessed and recorded. Recently passed urine and venous 
blood samples were also collected for measurement of 
biochemical parameters.

Random urine samples were taken from participants 
for urinalysis and measurement of biomarkers of tubular 
function (uric acid [mg/dL], normal: 16-100; albumin 
[mg/dL], normal: 0.2-1.9; creatinine [mg/dL], normal: 
40-300; glucose [mmol/L], normal: 0; phosphate [mg/
dL], normal: 2.5-4.5; and total protein [mg/dL], nor-
mal: 0-20). Presence of glucose in urine was regarded as 
glycosuria while uric aciduria, phosphaturia or protein-
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uria was reported to be present if the normal range was 
exceeded. Serum creatinine (µmol/L) was measured for 
estimated glomerular filtration rate (eGFR), and two-hour 
post-prandial serum glucose (mmol/L) was also mea-
sured. GFR was determined from a simplified 4-variable 
Modification of Diet in Renal Disease equation, where GFR 
= 1.86 × serum creatinine-1.154 × age-0.203 × 1.72 (if black) × 
0.745 (if female) [20]. Hence, patients with eGFR < 60 mL/
min/1.73 m2, which persisted to the 16th and/or 24th week 
were categorized as those with chronic kidney disease. 
Renal impairment was GFR < 90 mL/min/1.73 m2, while 
an abnormal urine albumin-creatinine ratio (UACR) was 
regarded as UACR > 30 mg/g. 

A follow-up of study participants at 8 weeks, 16 weeks 
and 24 weeks was done to ascertain drug adherence and 
presence of side effects, and for drug refill.

Sampling technique

A total of 104 patients were recruited over four months. 
An average of 12 new HIV-positive patients was enrolled 
into the HIV Testing Services program each week, making 
a total of at least 48 new cases per month. From the clinic 
register, six new HIV positive patients who met the se-
lection criteria and willingly gave consent to participate 
were selected per week using a simple random technique 
of balloting until sample size was attained. 

Statistical analysis 

All collected data were analyzed with the Statistical 
Package for Social Sciences (SPSS) version 22.0 (IBM Co., 
Armonk, NY, USA). Continuous data were abridged as 
means ± standard deviation, while categorical data were 
expressed in proportions. Associations between categori-
cal variables were tested using chi-square and corrected 
with Fisher’s exact and likelihood ratio chi-square tests 
where more than 20% of the cells had expected values 
less than five. Student t test and a one-way ANOVA of re-
peated measures were employed to test the effect of TDF 
use on urine parameters at baseline, 16 weeks and 24 
weeks with a two-sided significance level set at P < 0.05.

Ethical approval 

Ethical clearance was obtained from the Research Eth-

ics Committee of UPTH, as part of a larger study. Written 
informed consent was obtained from all volunteer sub-
jects recruited for the study. Utmost confidentiality was 
maintained throughout the study. Participation in the 
study was entirely voluntary and participants were at lib-
erty to withdraw from the study at any time without any 
penalty. A copy of the filled informed consent form was 
given to the patient and the others were retained in the 
patients’ medical notes and the study master file.

Results 

About half (48.1%) of the patients were in the modal age 
group (25-34 years), and the age distribution was almost 
similar in both groups (P = 0.263). The mean age of the 
patients was 34.1 ± 8.2 years; the mean ages for the two 
groups were almost comparable (P = 0.125). Similarly, 
sex distribution was about the same for the groups (P = 
0.226). The mean serum glucose was within normal limits 
throughout the study. While no patient in the non-TDF 
group had hematuria, a higher proportion of TDF patients 
had proteinuria (8.8% vs. 6.4%) and glycosuria (7.0% vs. 
4.3%). However, the association between outcome of 
urinalysis and use of TDF was not significant (P = 0.279; 
Table 1).

Table 1. Age and sex distribution among treatment groups

Variable
TDF group
(n = 57)

Non-TDF group 
(n = 47)

Total
(n = 104)

P value

Age (yr) 35.3 ± 7.5 32.7 ± 8.9 34.1 ± 8.3 0.125
Age group (yr) 0.263
   15-24 3 (5.3) 8 (17.0) 11 (10.6)
   25-34 28 (49.1) 22 (46.8) 50 (48.1)
   35-44 16 (28.1) 10 (21.3) 26 (25.0)
   45-54 10 (17.5) 7 (14.9) 17 (16.3)
Sex 0.226
   Male 19 (33.3) 11 (23.4) 30 (28.8)
   Female 38 (66.7) 36 (76.6) 74 (71.2)
Baseline urinalysis 0.279
   Normal 46 (80.7) 42 (89.4) 88 (84.6)
   Proteinuria 5 (8.8) 3 (6.4) 8 (7.7)
   Glycosuria 4 (7.0) 2 (4.3) 6 (5.8)
   Hematuria 2 (3.5) 0 (0.0) 2 (1.9)

Data are presented as number (%) or mean ± standard deviation. 
TDF, tenofovir disoproxil fumarate.
Definition: proteinuria, ≥ 15 mg/dL; glycosuria, ≥ 100 mg/dL; hematuria,  
≥ 5-10 erythrocyte/µL. 
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There was no statistically significant difference in mean 
values of urine glucose and phosphate between the two 
treatment groups at baseline (P = 0.171 and P = 0.465, 
respectively). However, their mean concentrations at 24 
weeks were significantly higher among TDF group (P < 
0.001 and P = 0.007, respectively). The differences in loss 
of albumin, total protein, creatinine and uric acid in urine 
were not statistically significant between the TDF and 
non-TDF groups from baseline to the 24th week (Table 2). 
Mean values of all urine parameters increased significant-
ly among the TDF group before treatment and 24 weeks 
after treatment (P < 0.001). However, among the non-TDF 
group differences in mean values of total protein and cre-
atinine in urine did not change significantly from baseline 
to the 24th week (P > 0.05; Table 3).

With analysis of variance for repeated for measures, 
the use of TDF-based ARTs had significant effects on all 
urine parameters except creatinine (P = 0.093), while the 
use of non-TDF-based ARTs only affected urine albu-
min and uric acid (P = 0.001 and P = 0.031, respectively). 
After 16 weeks of treatment with TDF-based ART, mean 
urine phosphate increased significantly (P = 0.003) by 
2.97 mg/dL whereas the non-TDF group had a mean rise 
of only 1.02 mg/dL, which was not statistically significant 

(P = 0.394). The rise in urine phosphate from baseline to 
24 weeks was higher among the TDF than the non-TDF 
group (8.22 vs. 6.51 mg/dL). Similarly, uric acid rose pre-
cipitously by 50.90 mg/dL from baseline to 16 weeks after 
treatment with TDF-based ART; however, the rise among 

Table 2. Mean differences in urine parameters 
Variable TDF (n = 57) Non-TDF (n = 47) 95% CI of mean difference P value

Glucose (mmol/L) Baseline 0.68 ± 0.16 0.64 ± 0.13 -0.02 to 0.10 0.171
16th wk 0.76 ± 0.41 0.78 ± 0.33 -0.17 to 0.13 0.788
24th wk 0.93 ± 0.3 0.71 ± 0.19 0.12 to 0.32 < 0.001

Phosphate (mg/dL) Baseline 10.6 ± 4.7 9.8 ± 6.8 -1.41 to 3.06 0.465
16th wk 13.6 ± 5.9 10.8 ± 4.5 0.71 to 4.86 0.009
24th wk 18.9 ± 4.1 16.3 ± 5.4 0.70 to 4.38 0.007

Albumin (mg/dL) Baseline 0.79 ± 0.17 0.81 ± 0.41 -0.14 to 0.10 0.738
16th wk 1.43 ± 0.57 1.32 ± 0.75 -0.15 to 0.37 0.398
24th wk 2.22 ± 1.59 1.99 ± 1.67 -0.41 to 0.86 0.475

Creatinine (mg/dL) Baseline 352 ± 113 378 ± 125 -72.85 to 19.93 0.260
16th wk 395 ± 170 392 ± 135 -57.46 to 63.60 0.920
24th wk 417 ± 107 412 ± 147 -45.03 to 53.87 0.860

Uric acid (mg/dL) Baseline 147 ± 44 150 ± 138 -24.73 to 35.09 0.732
16th wk 197 ± 80 192 ± 72 -11.45 to 87.13 0.131
24th wk 289 ± 136 251 ± 112 -72.85 to 19.93 0.260

Total protein (mg/dL) Baseline 7.06 ± 2.36 6.87 ±1.78 -0.64 to 1.02 0.650
16th wk 9.60 ± 6.60 8.75 ± 3.67 -1.29 to 3.00 0.433
24th wk 9.09 ±3.33 9.43 ± 3.41 -1.66 to 0.97 0.609

Data are presented as mean ± standard deviation. 
CI, confidence interval; TDF, tenofovir disoproxil fumarate.

Table 3. Paired differences in urine parameters at baseline 
and 24th week 

Variable Baseline 24th wk P value
TDF group (n = 57)
   Phosphate (mg/dL) 10.6 ± 4.7 18.9 ± 4.1 < 0.001
   Glucose (mmol/L) 0.68 ± 0.16 0.93 ± 0.30 0.009
   Uric acid (mg/dL) 147 ± 44 289 ± 136 < 0.001
   Albumin (g/dL) 0.79 ± 0.17 2.22 ± 1.59 < 0.001
   Creatinine (mg/dL) 352 ± 113 412 ± 147 0.654
   Total protein (g/dL) 7.06 ± 2.36 9.09 ± 3.33 < 0.001
Non-TDF group (n = 47)
   Phosphate (mg/dL) 9.8 ± 6.8 16.31 ± 5.37 < 0.001
   Glucose (mmol/L) 0.64 ± 0.13 0.71 ± 0.19 0.040
   Uric acid (mg/dL) 150 ± 138 251 ± 112 < 0.001
   Albumin (g/dL) 0.81 ± 0.41 1.99 ± 1.67 < 0.001
   Creatinine (mg/dL) 378 ± 125 412 ± 147 0.230
   Total protein (g/dL) 6.87 ± 1.78 9.43 ± 3.41 0.083
Data are presented as mean ± standard deviation. 
TDF, tenofovir disoproxil fumarate.
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the non-TDF for the same period was not significant (P = 
0.065). The subsequent increase in uric acid between the 
16th and 24th weeks (91.64 vs. 59.01 mg/dL) and the mean 
difference between baseline and 24th week values (142.58 
vs. 101.55 mg/dL) were higher among the TDF group. 

The rise in mean urine glucose from baseline to the 
24th week was more marked among the TDF than non-
TDF group (0.25 vs. 0.07 mmol/L). Higher increases in 
mean differences in urine albumin were recorded among 
the TDF than non-TDF group (0.64, 0.79, 1.43 vs. 0.51, 
0.67, 1.18 mg/dL (Table 4). Serum creatinine and glucose, 
as well as GFR, were virtually comparable across the two 
groups, and their mean differences were not statistically 
significant (P > 0.05; Table 5).

About three-fifths (61.4%) of the patients on tenofovir 
had impaired renal function at baseline. Over a third 
(38.3%) of the non-TDF group had normal GFRs at 16 
weeks, although slightly over a fifth (21.3%) of the TDF 
group were already at the stage of chronic kidney disease. 
The difference in proportions of patients with various 
categories of GFR was statistically significant between the 
groups (P = 0.038). The categories of GFRs differed signifi-
cantly between the TDF and non-TDF groups (P = 0.027) 
as over a quarter (26.3%) of the TDF group had GFRs re-
flective of chronic kidney disease by the 24th week (Fig. 1).

A greater proportion of the patients who had abnormal 
UACR at baseline were those on non-TDF ARTs (56.2% vs. 
43.8%; P = 0.013). The proportion of patients with abnor-

mal UACR among the TDF group increased progressively 
from less than half (43.8%) to almost three-fifths (54.9%) 
at 24 weeks; however, the difference in prevalence of ab-
normal UACR be-tween the two groups from 16 weeks to 
the end of the follow-up period was not significant (P = 
0.773 and 0.971, respectively; Fig. 2).

Discussion

The advent of antiretroviral agents for the effective 

Table 4. ANOVA of repeated measures with pair-wise comparisons for urine parameters 

Variable
Baseline vs. 16th wk 16th vs. 24th wk Baseline vs. 24th wk

F P value
Mean diff. P value Mean diff. P value Mean diff. P

TDF group
   Phosphate 2.97 0.003 5.25 < 0.001 8.22 < 0.001 30.246 < 0.001
   Glucose 0.08 0.173 0.17 0.013 0.25 < 0.001 4.269 0.017
   Uric acid 50.90 < 0.001 91.67 < 0.001 142.58 < 0.001 20.837 < 0.001
   Albumin 0.64 < 0.001 0.79 0.001 1.43 < 0.001 16.003 < 0.001
   Creatinine 44.59 0.110 21.31 0.425 65.90 < 0.001 2.443 0.093
   Total protein 2.54 0.007 -0.51 0.603 2.03 < 0.001 6.904 0.002
Non-TDF group
   Phosphate 1.02 0.394 5.49 < 0.001 6.51 < 0.001 8.143 0.062
   Glucose 0.14 0.008 -0.07 0.211 0.07 0.040 3.775 0.051
   Uric acid 43.54 0.065 59.01 0.003 101.55 < 0.001 10.494 0.031
   Albumin 0.51 < 0.001 0.67 0.014 1.18 < 0.001 25.281 0.001
   Creatinine 14.04 0.601 9.97 0.493 34.01 0.230 1.083 0.342
   Total protein 1.88 0.002 -0.68 0.355 2.56 0.083 3.147 0.047

Mean diff., difference between means; TDF, tenofovir disoproxil fumarate.

Table 5. Serum parameters and glomerular filtration rate (GFR) 
for both groups

Variable
TDF group
(n = 57)

Non-TDF group
(n = 47)

P 
value*

At baseline
   Serum creatinine (μmol/L) 99.4 ± 9.8 97.4 ± 8.9 0.298
   GFR (mL/min/1.73 m2) 105 ± 47 110 ± 54 0.656
   Serum glucose (mmol/L) 5.19 ± 1.00 5.18 ± 0.85 0.957
At 16th wk
   Serum creatinine (μmol/L) 136 ± 23 129 ± 18 0.109
   GFR (mL/min/1.73 m2) 78.6 ± 28.7 83.5 ± 27.2 0.383
   Serum glucose (mmol/L) 5.69 ± 0.97 6.05 ± 1.07 0.072
At 24th wk
   Serum creatinine (μmol/L) 154 ± 55 136 ± 58 0.083
   GFR (mL/min/1.73 m2) 64.7 ± 26.2 73.2 ± 22.3 0.083
   Serum glucose 5.87 ± 0.86 5.61 ± 0.74 0.108
Data are presented as mean ± standard deviation. 
TDF, tenofovir disoproxil fumarate. 
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treatment of HIV is one of the best things that have ever 
happened to people living with HIV/AIDS in the twenty-
first century; however, some of these drugs have adverse 
effects, particularly on the kidneys and possibly other 
vital organs. Evidence suggests that tenofovir has devas-
tating effects on renal tubular and glomerular function 
[20,21]. This study sought to highlight some of the effects 
that tenofovir may have on renal function by comparison 
with a group of HIV-infected patients not on a tenofovir-
based regimen in order to identify the connection be-
tween renal dysfunction and tenofovir use among HIV-
positive patients. 

There was a female predominance in this study. Fe-
males are more prone to HIV infection, especially via 
sexual transmission, and this could explain the higher fe-
male to male ratio. Conversely, male predominance was 
reported from similar studies conducted in Spain and 
the USA [22,23]. High-risk sexual behavior and differing 
sexual or gender preferences may account for this varia-
tion. 

The age and sex distributions of the patients were con-
siderably similar in the two groups. The modal age group 
was 25 to 34 years and the mean age was 34.1 ± 8.2 years. 

Similarly, a study conducted in Zambia reported an aver-
age age of 32 years for patients treated with tenofovir [24]. 
Because the modal age in this study represents a young 
population constituting a major part of the ‘non-depen-
dent’ economically-productive age group, it is unprom-
ising that young people bear the burden of HIV/AIDS. 
There is no known cure for this pandemic, and anti-ret-
roviral drugs have many adverse effects. Thus, the quality 
of life of HIV patients is, beyond doubt, not optimal. The 
burden of ingesting pills daily, compounded with stigma-
tization, further reduces the measure of satisfaction they 
derive from life. 

Dipstick urinalysis at baseline revealed that about one-
tenth of the patients had proteinuria. Although no signifi-
cant association between proteinuria and the use of TDF 
was recognized at the initial assessment, about 1 in 20 
of the TDF group also had hematuria. These findings of 
hematuria and proteinuria are suspicious of pre-therapy 
abnormalities and may be substantiated by the high level 
of urinary proteinuria observed at baseline for all HIV-
positive patients. However, they are not confirmatory of 
pre-treatment renal abnormality. A study conducted in 
England also reported a high prevalence of pre-therapy 
subclinical proteinuria among HIV-positive patients [21]. 
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Figure 1. Prevalence of renal impairment among tenofovir diso-
proxil fumarate (TDF) and non-TDF groups. Renal impairment was 
defined as glomerular filtration rate (GFR) < 90 mL/min/1.73 m2; 
CKD as GFR < 60 mL/min/1.73 m2 persisting from baseline to the 
16th and/or the 24th week. P for association between GFR and TDF 
use at baseline, the 16th and the 24th week were 0.254, 0.038, and 
0.027, respectively.
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tio (UACR) among tenofovir disoproxil fumarate (TDF) and non-
TDF groups. Abnormal UACR was defined as of > 30 mg/g. Blue bar 
present percentage of patients with normal value. Red bar presents 
percentage of patients with abnormal value. P for difference in pro-
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Persistently-increasing proteinuria observed in the 
weeks following baseline assessment is probably due to 
damage to the kidneys by the administration of tenofovir 
in this study and is corroborated by the finding from a 
previous study in the USA which reported repeated mea-
sures of proteinuria among subjects who had tenofovir 
[22].

There was persistent glycosuria in spite of normal 
blood glucose among these patients, a finding that may 
point to proximal tubular damage as there was progres-
sive excretion of glucose in urine. Similarly, there was 
significantly increased excretion of phosphate, albumin, 
uric acid and protein after initiation of ART. However, use 
of tenofovir-based ART seemed to have had a greater im-
pact on renal function, as phosphaturia was significantly 
higher among the tenofovir group. Persistent excretion of 
phosphate in urine could reduce bone density in tenofo-
vir users and increase their susceptibility to pathological 
fractures. This finding is supported by a similar report 
from Denmark where the use of TDF has been associated 
with phosphate wastage in urine and subsequent bone 
demineralisation [25].

Although urinary bicarbonate and amino acids were 
not assessed in this study, the observation of persistent 
renal glycosuria and phosphaturia may also be early 
warning signs of progression to Fanconi syndrome in te-
nofovir users [26], who may be susceptible to developing 
partial Fanconi syndrome as suggested by a 2014 review 
[27]. Similar findings of partial Fanconi syndrome among 
patients on TDF have also been documented in previous 
studies [14,28].

There was a sustained rise in prevalence of chronic kid-
ney disease among all patients. This upsurge was signifi-
cantly more marked among the tenofovir-exposed group 
than the controls, particularly at the 16th and 24th weeks. 
Evidence from previous studies supports the association 
of tenofovir use with progressive decline in kidney func-
tion [22,26,29,30]. Unfortunately, this renal abnormality 
may worsen with continued treatment as recent studies 
have reported that renal dysfunction due to tenofovir tox-
icity is not totally revocable even if treatment is discontin-
ued, and progress to the symptomatic stage is inevitable 
without appropriate intervention [24,31]. It is, however, 
noteworthy that none of the patients in this study had 
eGFR < 30 mL/min/1.73 m2 and mean GFR was compa-
rable between the two treatment groups, suggesting more 

of a tubular than a glomerular dysfunction. Similarly, a 
previous study reported that progressive decline in eGFR 
among tenofovir users is likely to be associated with tu-
bular rather glomerular dysfunction [32]. Thus, biomark-
ers of tubular dysfunction will be instrumental in the 
recognition of pre-symptomatic nephrotoxicity before 
the marked reduction in GFR becomes obvious in HIV 
patients on TDF.

Nonetheless, the prevalence of abnormal UACR was 
high among all patients at baseline. It was, therefore, 
almost impossible to exclude a pre-treatment renal con-
dition, although the baseline renal abnormality in this 
study may have been due to HIV-associated nephropathy 
as the virus also targets the kidneys in HIV patients with-
out treatment [33].

Similarly, there was a gradual decrease in the propor-
tion of patients with normal UACR, and this trend was 
more pronounced in the tenofovir group than the control 
group. The above findings all demonstrate likely ongoing 
damage to the kidneys with continued administration of 
TDF-based ART. 

Surprisingly, the non-TDF patients had a higher preva-
lence of abnormal UACR at baseline. This finding sug-
gests pre-treatment nephropathy which improved pro-
gressively from baseline to the 24th week. Although a 
vivid explanation for this finding is not readily available, 
it is possible that incremental rate of creatinine excretion 
exceeded albumin excretion in urine after initiating non-
TDF-based ART. 

Generally, most baseline serum and urine biomark-
ers of renal function in this study were not significantly 
different between the two groups, indicating a compa-
rable pre-treatment renal status among all patients. This 
makes the effect of tenofovir demonstrated in this study 
plausible. However, selection bias was inevitable since 
participants were drawn from one tertiary hospital. An 
additional limitation is that this study reported the preva-
lence of renal tubular dysfunction as patients with prior 
subclinical biochemical derangement were not originally 
excluded; thus, further studies to elicit incidence of tubu-
lar dysfunction are required in the future. 

In conclusion, this study demonstrated a progressive 
rise in the prevalence of renal dysfunction among HIV-
positive patients following administration of tenofovir-
based ART. However, pre-treatment renal dysfunction 
could not be completely excluded from all HIV-positive 
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patients in this study. Indicators of tubular, rather than 
glomerular, dysfunction were found to be markedly high-
er among those patients on tenofovir-based ART. There-
fore, biomarkers of tubular dysfunction will be valuable 
in detecting pre-symptomatic nephrotoxicity before a 
marked reduction in GFR becomes obvious in HIV pa-
tients on TDF.
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