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ABSTRACT 

The more recent generation of anti-retroviral medication (ART) has completely changed the way that HIV 

infections are treated. Tenofovir with lamivudine (NRTI) and one NNRT, efavirenz, make up the first-line ART.  

One side effect that is cause for concern is the renal tubular dysfunction linked to tenofovir. The purpose of this 

study was to compare the incidence of nephrotoxicity from tenofovir-based regimens to those that were not TLE-

based. 50 individuals between the ages of 18 and 60 years who were already on an ART regimen were enrolled 

in each arm of a non-randomized cross-sectional research. TLE and ZLN were the two most commonly prescribed 

regimens. Four patients [8% (P-value 0.059)] developed nephrotoxicity in the TLE regimen, as in contrast to none 

in the non-TLE regimen. Longer exposure to the TLE regimen was a risk factor for nephrotoxicity, as 3 patients 

were receiving tenofovir for more than 4 years, regardless of age, body weight, or CD4 count. Anaemia was 

observed in 48% of patients on TLE vs. 18% in the non-TLE regimen. A minimum of one of the four criteria was 

aberrant in 26% of patients on a tenofovir-based regimen. Nephrotoxicity can be avoided by using tenofovir 

alafenamide or switching to a different treatment when early indications of renal damage are apparent.  
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Introduction 

Treatment for HIV and AIDS is being transformed by the more recent types of anti-retroviral drugs, which have 

decreased morbidity and increased patient longevity. By the end of 2018, the Joint United Nations Programme on 

HIV/AIDS (UNAIDS) projected that 37.9 million people globally were infected with HIV, of whom only 23.3 

million were on antiretroviral therapy (ART) [1]. The incidence is 0.26% in India [2]. The UN 90-90-90 approach 

aims to raise awareness of HIV status among 90% of those living with the virus. 90% of them should be getting 

ART, and 90% of ART patients should exhibit viral suppression [3].  

The second-largest program in the world, the National AIDS Control Program, is run and entirely funded by the 

Indian government. The National AIDS Control Organisation (NACO) and the state work together to cut the 

infection rate by half. Since 2004, the Indian government has offered ART at no cost [4]. The nationwide 

prevalence decreased steadily from 0.38% in 2003, 0.28% in 2012, and 0.22% in 2017, according to NACO.  

Additionally, ART use has resulted in a 54% decrease in annual AIDS-related mortality since 2007. Adults aged 

15 to 49 years have a low frequency of less than 0.13% in Chhattisgarh, which has decreased by 4% since 2010 

[5]. 

HAART, or highly active antiretroviral therapy, is the cornerstone of HIV infection management. Its primary goal 

is to inhibit HIV replication to extend and enhance the lives of those who are infected with the virus.  
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Coformulations of antiretrovirals and the creation of once-daily fixed dose regimens have improved adherence 

and patient compliance.  

According to NACO guidelines 2018 [5], the current recommendations are to: (1) treat all clinical stages or CD4 

counts, (2) use a triple-drug combination from two separate classes of ARVs for first-line ART,  and (3) start 

second-line medications as soon as clinical, virological, or immunological failure has been determined. The TLE 

regimen, which includes (i) tenofovir with lamivudine, one non-nucleoside reverse transcriptase inhibitor 

(NNRTI), and one nucleoside/nucleotide reverse transcriptase inhibitor (NRTI), is the first-line ART, (ii) in 

children, patients below 30 kilograms of weight and in those with the previous history of renal disease use abacavir 

+ lamivudine + efavirenz (ALE), (iii) in case of HIV-2 co-infection use tenofovir + lamivudine + 

lopinavir/ritonavir (TL l/r), and (iv) if the patient is already exposed to any other regimen, e.g. zidovudine + 

lamivudine + nevirapine (ZLN) or zidovudine + lamivudine + efavirenz (ZLE), then the same is to be continued. 

Significant adverse effects of the frequently prescribed ARV drugs are shown in Figure 1 [5].   

 
Figure 1. ADRs due to ART drugs 

 

In 2001, the FDA authorised tenofovir disoproxil fumarate (TDF), an adenosine analogue, for the treatment of 

HIV-1. It is also effective against HIV-2 infection, in contrast to nucleoside reverse transcriptase inhibitors.  

Because of its greater performance, fewer side effects, and easy dosage schedule, TDF gained notoriety [6].  

However, its structural similarity to the nephrotoxic acyclic nucleotide analogues cidofovir and adefovir has 

sparked several safety concerns [7, 8]. The FDA has approved two versions of tenofovir: tenofovir alafenamide 

and tenofovir disoproxil fumarate. Bone marrow and kidney toxicity are reduced by tenofovir alafenamide. There 

is information on the short- and long-term adverse effects profile of antiretroviral medications in industrialised 

nations, but not in our nation. Therefore, it is crucial to emphasise the identification of these medications‘ toxicities 

and side effects, particularly concerning tenofovir, which is often utilised in the majority of ART centres.  

Acute or chronic kidney damage is are two possible manifestations of drug-induced nephrotoxicity. According to 

Cooper et al. [9], nephrotoxicity was taken into consideration if the specified conditions were met. When 

Tenofovir causes nephrotoxicity, stopping the medication is the best course of action. Renal function returns to 

normal in a couple of weeks to months, and approximately 50% of the patients fully recover [10]. Tubular 

proteinuria is thought to be the most sensitive indicator of proximal tubule dysfunction since tenofovir affects the 

proximal tubule. Any increase in blood creatinine levels is seen as an early indicator of renal impairment, and 

creatinine clearance can also be computed [11].  

It is advised to calculate creatinine clearance every six months following the start of Tenofovir medication. With 

the risk of nephrotoxicity in mind, the medication can be started without the test in a setting with limited resources.  

If the glomerular filtration rate is less than 50 millilitres per minute, tenofovir should not be continued. When a 

patient is suspected of having Fanconi syndrome, treatment should be halted; the condition resolves ten weeks 

after treatment is stopped [5]. 

According to research, probenecid, which is used to stop cidofovir nephrotoxicity [12–14], blocks the transporter 

that tenofovir mostly uses to enter tubular cells. However, probenecid alone caused adverse effects in 56% of 

patients, which restricted its use [14]. The use of rosiglitazone, a peroxisome proliferator-activated receptor-

gamma agonist, to lessen tenofovir toxicity is limited because it has been linked to cardiovascular side effects, but 

has protected rats against tenofovir-induced proximal tubular dysfunction [15-17]. 
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Based on these fundamental facts, a study was conducted to determine the prevalence of nephrotoxicity brought 

on by tenofovir disoproxil fumarate (TDF). Tenofovir/lamivudine/efavirenz-300 mg/300 mg/600 mg is the 

recommended once-daily dosage; NACO offers FDC for usage in institutional ART facilities. Other non-TLE 

regimens (ZLN, ZLA, and ZLE) were contrasted with this one. ADR profiling using the WHO UMC causality 

scale and analysing the lag time between the onset of tenofovir and the onset of nephrotoxicity were the secondary 

goals.  

Aims and Objectives 

The objectives of this study were: (1) To find the incidence of nephrotoxicity due to tenofovir in the TLE regimen 

and compare it with the non-tenofovir-based anti-retroviral regimen using the laboratory criteria, (2) to identify 

the time duration for the onset of nephrotoxicity, and (3) to do causality assessment of ADR using the WHO 

causality scale [18]. 

Materials and Methods 

This prospective observational study was conducted over 45 days in the Anti-Retroviral Therapy (ART) Centre 

of Dr Bhim Rao Ambedkar Memorial Hospital, Raipur, Chhattisgarh, and 50 patients were recruited in each 

regimen. The study was approved by the Institutional Ethics Committee. Informed consent was obtained from all 

participants. 

The inclusion criteria were: all patients should be already enrolled for treatment at the ART centre from Dr B.R. 

Ambedkar Memorial Hospital, in the age group of 18-60 years, and should be on an approved ART regimen. 

Patients suffering from any pre-existing renal disease, cardiac disease, or any other co-morbidity, all pregnant 

and/or lactating females, paediatric patients, and patients taking any other nephrotoxic drugs were excluded. 

In this study, the demographic details were recorded as age, sex, height, weight, residence (urban/rural), literacy 

status, occupation, addictions, previous history of anti-retroviral treatment, and CD 4 count at the time of the 

study. Nephrotoxicity was diagnosed if the following criteria were met:  

Rise in serum creatinine by 0.3 mg/dL within 2 days; or increase by 1.5-1.9 times baseline within seven days; or 

increase in serum creatinine 0.3 but within normal limits is also indicative of serious renal injury [19] as normal 

range falls between 0.5 mg/dl to 1.5 mg /dl.  

Hypouricemia as seen in the affection of proximal tubules (Fanconi’s syndrome) (normal values: 2.6- 6.0 mg/dL).  

Abnormal spot urine albumin creatinine ratio in the grades of +1 and +2 (Albumin to creatinine ratio is the first 

preferred method to detect albuminuria in a spot urine sample) 

Anemia (normal hemoglobin -12 for females and 13 for males). All pathological tests were measured at the 

medical college laboratories.  

Statistical Analysis  

The results were analysed by unpaired t-test, paired t-test, and chi-square tests. Pearson’s chi-square test and 

Fisher’s exact test were used; a P-value > 0.05 is considered significant. This was done using SPSS version 23 

statistics software. The ADR profiling was done by the WHO-UMC casualty scale.  

Results and Discussion 

One hundred of the more than 120 patients who were observed were included in the study. All inclusion and 

exclusion criteria were met by 50 patients in TLE and non-TLE regimens, respectively. Table 1 displays the study 

population’s demographics and their statistical relationship to nephrotoxicity, whereas Table 2 shows the 

laboratory results of the patients who were enrolled in the study. 

 
Table 1. Demographic profile of patients enrolled in the study (n = 100) 

Variables Total (n = 100) TLE (n = 50) 
Non-TLE  

(n = 50) 

P-value by 

Fisher’s exact test 

Sex  

50 

49 

1 

 

25 

24 

1 

 

25 

25 

0 

 

0.245 

0.235 

- 

Male 

Female 

Transgender 
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Age 35.27 ± 7.85 

years 

9 

94 

35.12 ± 8.15 

yrs 

7 

43 

35.42 ± 7.62 

yrs 

2 

48 

- 

- 

0.046 
≤ 25 years 

> 25 years 

Weight at start of ART 53.56 ± 12.02 

kg 

87 

14 

53.34 ± 

12.42kg 

43 

7 

53.78 ± 11.55 

kg 

44 

7 

- 

0.241 

0.269 
≤ 65 Kg 

> 65 Kg 

Weight at time of study 54.85 ± 12.76 

81 

19 

54.68 ± 13.89 

41 

9 

55.02 ± 11.66 

40 

10 

- 

- 

- 
≤ 65 kg 

> 65 kg 

Duration of ART 4.29 ± 2.99 yrs 

44 

46 

10 

2.32 ± 1.62yrs 

41 

9 

0 

6.26 ± 2.73yrs 

3 

37 

10 

- 

0.854 

0.006 

- 

< 3 years 

3-10 years 

> 10 years 

Residence  

65 

35 

 

34 

16 

 

31 

19 

 

0.137 

0.457 
Urban 

Rural 

Marital status  

52 

18 

19 

11 

 

27 

13 

8 

2 

 

25 

5 

11 

9 

 

0.51 

0.474 

0.322 

- 

Spouse on ART 

Spouse not on ART 

Spouse lost to HIV 

Unmarried 

Addiction 27 

0 

15 

12 

14 

0 

9 

5 

13 

0 

6 

7 

- 

- 

- 

- 

IV drug use 

Tobacco 

Alcohol 

Mode of infection  

97 

1 

2 

0 

 

49 

0 

1 

0 

 

48 

1 

1 

0 

 

- 

- 

- 

- 

Sexual 

Blood transfusion 

Vertical 

IV drug use 

Occupation  

12 

28 

60 

 

8 

11 

31 

 

4 

17 

29 

 

- 

- 

- 

Driver 

Unemployed/housewife 

Others 

 
Table 2. Patients‘ laboratory results both during the research and when they were enrolled in ATT. 

Variables Total (n = 100) TLE (n = 50) Non TLE (n = 50) 

Serum creatinine at the time of enrolment 0.81 (0.23) 0.77 (0.20) 0.84 (0.24) 

Serum creatinine at the time of the study 0.88 (0.39) 0.98 (0.49) 0.78 (0.19) 

Blood hemoglobin concentration at the time of 

enrolment 
11.31 (2.1) 11.16 (2.03) 11.46 (2.17) 

Blood hemoglobin concentration at the time of the 

study 
11.96 (2.01) 11.64 (1.92) 12.27 (2.06) 

Serum uric acid at the time of the study 4.01 (0.94) 3.66 (0.97) 4.36 (0.77) 

Spot urine albumin creatinine ratio 

Grade 0 

Grade +1 

Grade +2 

96 patients 

2 patients 

2 patients 

46 patients 

2 patients 

2 patients 

50 

0 

0 

CD4 count at time of study 330.79 (111.66) 269.72 (113.17) 391.86 (69.08) 

 
Four individuals, or 8% of the TLE sample, met the criteria for the diagnosis of nephrotoxicity in this study.  None 

of the patients in the non-TLE arm met the aforementioned requirements. A Fisher exact P-value of 0.059, which 

is almost significant, supported this. Only 9% of the 46% of patients who had ART for 4–10 years also received 

a TLE regimen; yet, Fischer’s exact test revealed a P-value of 0.006. The four individuals who experienced 

nephrotoxicity all had CD4 counts ranging from 100 to 300, which were statistically significant (0.025) according 

to Pearson’s chi-square test. At the beginning of ART, they were anaemic, and their haemoglobin levels continued 

to drop. All four of these patients had abnormal spot urine albumin-creatinine ratios. 

Table 3 lists the clinical and demographic characteristics of each of the four patients who received a nephrotoxicity 

diagnosis. Only one patient suffered from an alcohol addiction, whereas the rest did not. Three of the patients 
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were from rural locations, and one was from an urban area. Whereas two lost their spouses to the disease’s adverse 

effects, two of them were married, and their spouses were HIV positive and on ART. 

 
 Table 3. Laboratory results and the demographics of individuals with nephrotoxicity diagnoses. 

Variables Patient 1 Patient 2 Patient 3 Patient 4 

Age 42 32 44 37 

Sex Male Female Female Male 

Marital status Widower Married Widow Married 

Residence Rural Urban Rural Rural 

Addiction None None None Alcohol 

Time since start of ART. 4 years 7 years 1 year 4 years 

Weight 

Baseline 

At the time of the study 

 

59 kg 

56 kg 

 

47 kg 

36 kg 

 

66 kg 

60 kg 

 

110 kg 

105 kg 

Serum creatinine 

Baseline 

At the time of the study 

 

1.1 

3.6 

 

1.1 

1.7 

 

1.0 

1.6 

 

1.3 

2.8 

Creatinine clearance 

Baseline 

At the time of the study 

 

73.01 mL/min 

21.17 mL/min 

 

64.09 mL/min 

31.76 mL/min 

 

88 mL/min 

50 mL/min 

 

121.05 mL/min 

48.54 mL/min 

Hemoglobin 

Baseline 

At the time of the study 

 

10.28 

9.42 

 

8.0 

7.9 

 

12.5 

12.31 

 

12.4 

11.8 

Serum uric acid 2.2 2.4 2.2 2.4 

Spot urine albumin-creatinine ratio 
+2 

150/10 

+1 

80/200 

+2 

150/50 

+1 

30/100 

CD4 count 194 258 333 342 

 

Serum creatinine levels at baseline and during the trial period, as determined by the paired T test, indicated a 

positive correlation (0.233) with significant correlation and dependence (0.020) for all 100 patients when 

comparing TLE with non-TLE-based regimens. Baseline serum creatinine and TLE regimen had a moderately 

positive association (0.574) at the time of the investigation. This connection was significant (0.000) and dependent 

(0.001). The relationship was positively associated (0.375) and significant (0.007) in the non-TLE regimen, while 

the reliance was not significant (0.067). Additionally, there was a substantial positive correlation (0.710) between 

haemoglobin levels at baseline and during the research, and there was also a significant correlation (0.000). When 

comparing the TLE group to the non-TLE group, serum uric acid was shown to have a negative association (-

0.220), and the correlation was not significant (0.125). According to the WHO causality scale, the ADRs 

documented are displayed in Table 4 and were rated as POSSIBLE. According to the WHO UMC scale, ADR-

nephrotoxicity was rated as PROBABLE, and these patients had to switch to a non-Tenofovir-based treatment 

plan. 

Table 4. ADRs observed in TLE and non–TLE regimen 

S. No. A.D.R.s noted 
Patients on TLE 

(n = 50) 

Patients on Z.L.N./non TLE 

(n = 50) 

1 Skin rashes 3 (6%) 4 (8%) 

2 Drowsiness 15 (30%) 15 (30%) 

3 Weakness 8 (16%) 3 (6%) 

4 Loss of sleep 2 (4%) 1 (2%) 

5 Confusion 4 (8%) 0 (0%) 

6 Constipation 1 (2%) 0 (0%) 

7 Loss of appetite 3 (6%) 6 (12%) 

8 Weight loss 4 (8%) 2 (4%) 

9 Nausea 14 (24%) 25 (50%) 

10 Body ache 2 (4%) 0 (0%) 

11 Headache 15 (30%) 15 (30%) 

12 Anaemia 24 (48%) 9 (18%) 

 
For the whole trial group, the mean peak creatinine was 0.88 (± 0.39); in individuals who experienced 

nephrotoxicity, the mean value rose from 1.125 (± 0.125) at baseline to 2.42 (± 0.95). Figure 2 shows the change 

in serum creatinine for each of the four patients. At the time of the research, the estimated creatinine clearance 
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similarly dropped from baseline (86.537 ± 24.03) to 37.867 ± 13.87, which falls below the recommended threshold 

of < 50 ml/min as shown in Figure 3. 

 

 
Figure 2. Figure illustrating the four patients’ altered serum creatinine levels after developing nephrotoxicity 

 

 
Figure 3. A decline in the four patients’ calculated creatinine clearance was observed after they experienced 

nephrotoxicity. 

Low body weight, advanced age, and a lower CD4 count were found to be risk factors for nephrotoxicity in 

previous studies that examined the post-marketing safety data for tenofovir (TDF) [20]. Researchers have 

discovered that Asian cohorts from India and Japan have higher incidences [21, 22]. 

According to a study, the average age of patients with nephrotoxicity was 38.75 years [5]. Nonetheless, some 

research has indicated that nephrotoxicity is more common in the elderly and views ageing as a separate risk factor 

for nephrotoxicity development [9, 23, 24]. Age is not a significant risk factor for nephrotoxicity, according to 

our findings. Additionally, there was no sex preponderance, which is consistent with earlier research [24].  

Nonetheless, one study found that women were more prevalent than men [8]. All patients’ mean weight increased 

between the beginning of ART and the study period, indicating that ART enhanced overall health. Although post-

marketing data identifies low body weight as a risk factor, those who experienced nephrotoxicity were not 

underweight either [20].  

Four patients in the TLE group experienced nephrotoxicity after receiving medication for one year, four years 

(two patients), and seven years, indicating that tenofovir exposure for at least a year causes nephrotoxicity.  

However, these results contradict other research that indicates nephrotoxicity happens within the first few months 

of medication exposure [9, 25, 26]. It should be mentioned that 20% of patients on non-TLE regimens finished 

ten years of treatment without experiencing any nephrotoxicity, and that these patients had been receiving 

treatment for more than three years. No research describing nephrotoxicity with a non-TLE regimen was found. 

The majority of TLE individuals have undergone no more than three years of therapy, and multiple investigations 

have also demonstrated an increase in CD4 count as a reliable and effective parameter [4, 27, 28]. The prognosis 

of HIV infection is precisely assessed by plasma viral load (PVL) and CD4 lymphocyte count, which signifies 



Agrawal et al., Comparative Analysis of Nephrotoxicity in Patients on Tenofovir-Containing and Non-Tenofovir 

Antiretroviral Therapy 

 

 

30 

immunological advancement. Both groups’ mean CD4 count is below normal (500-1500 cells/mm3), which 

includes those who have established nephrotoxicity, therefore, we see no association between CD4 count and the 

occurrence of nephrotoxicity [28].  

8% of patients on a tenofovir-containing TLE regimen who met all four criteria experienced nephrotoxicity, which 

is statistically significant but of moderate clinical magnitude. An incidence of 17–22% has been reported in several 

studies [9, 29, 30]. Other than these four TLE patients, 16% of patients had an increase in serum creatinine of 0.3 

mg/dL from baseline; however, the other three parameters were normal, hence nephrotoxicity was not detected.  

However, as serum creatinine would not increase above the normal limit until glomerular filtration rate is less 

than 63/mL/min/1.73m2, there may have been an underestimation of the incidence of nephrotoxicity [19]. In the 

TLE group, serum creatinine rose from baseline, while in the non-TLE group, it fell from baseline during the 

study period. This suggests that most TLE patients have impairment of their renal function. TLE was discontinued, 

and patients were switched to non-TLE treatment.  

Proteinuria was also assessed by spot albumin creatinine ratio in the grades of +1 and +2 on urine dipstick assay 

in patients with reduced creatinine clearance. This result is consistent with recent research [9, 31–34] that found 

proteinuria in higher grades (grade 4). Nephrotoxicity could occur anywhere from one year to seven years after 

starting ART. According to certain research, tenofovir-associated nephrotoxicity happens within the first few 

months of TDF exposure [9, 25, 26].  

Proteinuria was also assessed by spot albumin creatinine ratio in the grades of +1 and +2 on urine dipstick assay 

in patients with reduced creatinine clearance. This result is consistent with recent research [9, 31–34] that found 

proteinuria in higher grades (grade 4). Nephrotoxicity could occur anywhere from one year to seven years after 

starting ART. According to certain research, tenofovir-associated nephrotoxicity happens within the first few 

months of TDF exposure [35, 36]. Tenofovir alafenamide (TAF), a pro-drug formulation of Tenofovir, was 

recently licensed in several nations. It causes less renal damage because it doesn’t interact with the transport 

protein needed for its accumulation in the renal proximal tubule [37, 38]. Although it wasn’t accessible through 

ART clinics throughout the study period, TDF is currently available in India.  

This study’s limitations include a small study population, a brief study period, and a small number of 

diagnostically challenging markers (bone parameters, serum phosphate, and glycosuria). If a biopsy had been 

performed on the nephrotoxic patients, it might have been possible to pinpoint the precise location of the disease. 

Tenofovir’s effect on the side effects of proximal tubulopathy, such as proteinuria, decreased bone mineral 

density, and bone fracture, should be evaluated in future research. This will guarantee that the cumulative toxicity 

that is clinically significant is not overlooked. It is urgent to use biopsy to have a better understanding of renal 

injury. This study was conducted in 19–20, and the ICMR announced the results in 2021 because of COVID.  

Conclusion 

Patients on tenofovir had an 8% incidence of nephrotoxicity, but those on the non-tenofovir regimen showed no 

signs of nephrotoxicity. Patients who were exposed to the medication for a minimum of one year experienced 

nephrotoxicity. Regardless of age, body weight, CD4 count, or other adverse drug reactions, three patients had 

been on tenofovir for more than four years, indicating that longer exposure to the TLE regimen was a risk factor 

for nephrotoxicity. Serum creatinine may be the first parameter to be abnormal in renal affection, and it requires 

intervention to prevent progression to nephrotoxicity. However, although serum creatinine was elevated by 0.3% 

in the other 12 patients (24%) on the tenofovir regimen, they did not exhibit hypouricemia, anaemia, or a deranged 

urine albumin creatinine ratio.  

Tenofovir disoproxil fumarate should be replaced with an abacavir-based regimen or tenofovir alafenamide as the 

approved treatment for tenofovir-induced nephrotoxicity. More research is required, with a bigger sample 

population and a longer study period.  Further research is required to determine predisposing variables and identify 

associations between nephrotoxicity and co-morbidities, as patients with additional co-morbidities were not 

included in our investigations. 
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