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The Incidence and Clinical Characteristics of Acute 
Serum Creatinine Elevation more than 1.5 mg/dL 
among the Patients Treated with Tenofovir/
Emtricitabine-containing HAART Regimens
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Jong Myung Lee, Sujeong Kim, and Hyun-Ha Chang
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Background: The combination of tenofovir disoproxil fumarate (TDF) and emtricitabine (FTC) has been the first choice nucleoside 
reverse transcriptase inhibitor (NRTI) according to many reliable antiretroviral treatment (ART) guidelines because of its high efficacy. 
However, TDF-related renal toxicity reported in Western countries is a challenging issue regarding clinical use. We conducted this 
study to evaluate the incidence and characteristics of an acute increase in serum creatinine (Cr) level > 1.5 mg/dL among TDF/FTC-
based highly active antiretroviral treatment (HAART)-treated patients.
Materials and Methods: We retrospectively reviewed the medical records of 205 HIV-infected patients treated with TDF/FTC-con-
taining regimens between 1 February 2010 and 30 April 2014. Three groups of TDF/FTC + ritonavir-boosted protease inhibitor (PI/
r), TDF/FTC + non-nucleoside reverse transcriptase inhibitor (NNRTI), and TDF/FTC + integrase strand transfer inhibitor (INSTI), and 
three PI/r subgroups of TDF/FTC + lopinavir (LPV)/r, TDF/FTC + atazanavir (ATV)/r, TDF/FTC + darunavir (DRV)/r were evaluated. 
Results: A total 136 patients (91 in the TDF/FTC + PI/r group, 20 in the TDF/FTC + NNRTI group and 25 in the TDF/FTC + INSTI 
group) were included in the statistical analysis. Four cases (4.9%; all in the TDF/FTC + PI/r group) among 136 patients showed an 
acute increase in serum Cr more than 1.5 mg/dL, so the overall incidence was 2.8 cases per 100 patient-years. One case was a pa-
tient treated with TDF/FTC + LPV/r, and the others were treated with TDF/FTC + ATV/r. No case of an acute increase in serum Cr was 
observed in the TDF/FTC + DRV/r group. The incidence of serum Cr increase more than 1.5 mg/dL in TDF/FTC + PI/r group was 4.0 
cases per 100 patient-years.
Conclusion: Although only a small number of patients were evaluated retrospectively from a single center, the TDF/FTC + PI/r 
regimen may have been related with relatively higher tendency of increment of serum Cr level. These findings reinforce the im-
portance of close follow-ups of HIV-infected patients treated with the TDF/FTC + PI/r regimens.
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Figure 1. Study design. 
HIV, human immunodeficiency virus; TDF/FTC, tenofovir/emtricitabine; HAART, 
highly active antiretroviral treatment; PI/r, ritonavir-boosted protease inhibitor; LPV, 
lopinavir; ATV, atazanavir; DRV, darunavir; NNRTI, non-nucleoside reverse tran-
scriptase inhibitor; EFV, efavirenz; ETR, etravirine; INSTI, integrase strand transfer 
inhibitor; RAL, raltegravir.

Introduction

Tenofovir disoproxil fumarate (TDF) is the preferred nucle-

oside reverse transcriptase inhibitor (NRTI) to initially treat 

human immunodeficiency virus (HIV)-infected patients ex-

cept pregnant women. TDF was approved by Food and Drug 

Administration in 2001 to treat hepatitis B virus (HBV) and 

HIV infection [1]. Tenofovir and emtricitabine (TDF/FTC) are 

preferred treatment among the NRTIs according to US De-

partment of Health and Human Services (DHHS) and the US 

International Antiviral Society guidelines [2, 3].

Despite continuous use of antiretroviral therapeutics and 

the development of new drugs, kidney disease is a critical 

problem in HIV-infected patients [4]. Proteinuria, interstitial 

nephritis, renal tubular damage, and nephrolithiasis have 

been detected as renal complications of HIV infection [5]. Co-

morbidities, such as diabetes mellitus, hypertension, hepatitis 

C virus (HCV) co-infection, and specific antiretroviral drug 

use, are risk factors for kidney disease, which causes athero-

sclerosis and increases mortality rates [6, 7]. Nephrotoxicity 

can appear either during long or short-term use of TDF. 

TDF-induced nephrotoxicity is reported in about 15% of pa-

tients treated with TDF for 2–9 years [8]. Previous studies have 

reported several risk factors for TDF-induced nephrotoxicity, 

including high basal serum creatinine (Cr) level, concomitant 

use of nephrotoxic drugs, low body weight, old age, and low 

CD4+ T cell count [9]. It is presumed that proximal tubule 

damage, diabetes insipidus, decreased bone density, and re-

duced glomerular filtration rate (GFR) could also occur in as-

sociation with TDF use [10-13]. In addition, combinations of 

protease inhibitors (PI), such as atazanavir (ATV) or lopinavir 

(LPV), can an additional decrease in GFR, compared to a 

combination with a non-nucleoside reverse transcriptase in-

hibitor (NNRTI), such as efavirenz (EFV) [14, 15].

In this study, we investigated the incidence and clinical 

characteristics of an acute increase in serum Cr level more 

than 1.5 mg/dL during TDF/FTC-based highly active antiret-

roviral treatment (HAART) in HIV-infected patients.

Materials and Methods

1. Study design and subjects
This retrospective study was conducted using the medical 

records of patients treated with HAART including TDF/FTC at 

Kyungpook National University Hospital between February 1, 

2010 and April 30, 2014 (Fig. 1). Exclusion criteria were too 

short treatment duration (<6 days), lack of blood chemistry or 

other blood laboratory data, and the patient’s medical records 

could not be reviewed. The patients were divided into three 

groups of TDF/FTC + ritonavir-boosted PI (PI/r) (group 1), 

TDF/FTC + NNRTI (group 2), and TDF/FTC + integrase 

strand transfer inhibitors (INSTI) (group 3) and three PI/r 

subgroups of TDF/FTC + LPV/r (subgroup 1), TDF/FTC + 

ATV/r (subgroup 2), and TDF/FTC + darunavir (DRV)/r (sub-

group 3).

The clinical factors investigated included age, sex, period of 

treatment and follow-up, treatment failure rate, comorbidities, 

such as syphilis, hepatitis C, hepatitis B, hypertension, diabe-

tes mellitus, thyroid disease, concomitant medications [an-

ti-tuberculosis drugs, ganciclovir (GCV) or valganciclovir 

(VGCV), analgesics, antipsychotic drugs, trimethoprim/sulfa-

methoxazole (TMP/SMX)], CD4+ T cell counts, HIV-1 RNA 

levels, blood urea nitrogen (BUN), and serum creatinine (Cr). 

Beginning levels and peak levels of serum BUN and serum Cr 

were measured in each group and compared. The acute in-

crease more than 1.5 mg/dL in serum Cr level was used as an 

indicator of nephrotoxicity. 

2. Statistical analysis
Patients’ characteristics were described as mean [SD] for 

normally distributed continuous variables, median [IQR] for 

non-normally distributed continuous variables, and percent-

ages for categorical variables. We evaluated differences among 
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three groups via analysis of variance (ANOVA) or Krus-

kal-Wallis H test for continuous variables, and chi-square test 

for categorical variables, as appropriate. Statistical analyses 

and data sorting were performed using SPSS ver. 22.0 (SPSS 

Inc., Chicago, IL, USA). A P-value of less than 0.05 (two-tailed) 

was considered statistically significant.

Results

1.  Baseline characteristics and concomitant 
medications of the patients treated with TDF/
FTC-based HAART 

Among the 205 patients, 69 were excluded. Thus, 136 patients 

were included in the final analysis. The distribution of patients 

was 91 in group 1, 20 in group 2, and 25 in group 3 (Fig. 1). Ta-

ble 1 shows the demographic data of the study groups. No dif-

ferences in the distributions of comorbidities for syphilis, hep-

atitis C, hepatitis B, hypertension, diabetes mellitus, and 

thyroid disease were found among the groups (Table 1). A 

considerable number of patients were taking other medica-

tions besides the antiretroviral drug, including were anti-tu-

berculosis drugs, GCV or VGCV, analgesics, antipsychotic 

drugs, and TMP/SMX, but no significant differences were 

found among the groups (Table 1). All three groups showed 

significant increases in CD4+ T cell counts. Initial HIV RNA 

level was significantly lower in group 3 [P= 0.006] (Table 1).

2.  Changes in renal function and the incidence 
of nephrotoxicity of the three TDF/FTC-based 
HAART groups

Changes in serum Cr level were detected during TDF/FTC-

Table 1. Baseline characteristics, concomitant medications, and immunological and virological statuses of patients treated with TDF/FTC-based HAART

Group 1
TDF/FTC+PI/r

(n=91)

Group 2
TDF/FTC+NNRTI

(n=20)

Group 3
TDF/FTC+INSTI

(n=25)
P-value

Age (years) (mean ± SD) 40.6 ± 12.2 36.2 ± 12.2 42.4 ± 10.4 0.208

Male gender, n(%) 79 (86.8) 19 (95.0) 24 (96.0) 0.286

Comorbidities, n(%)

Syphilis 13 (14.3) 1 (5.0) 5 (20.0) 0.349

Hepatitis C 3 (3.3) 0 0 0.464

Hepatitis B 8 (8.8) 1 (5.0) 1 (4.0) 0.653

Hypertension 3 (3.3) 2 (10.0) 1 (4.0) 0.415

Diabetes mellitus 9 (9.9) 1 (5.0) 3 (12.0) 0.717

Thyroid disease 3 (3.3) 2 (10.0) 0 0.197

Concomitant medications, n(%)

Anti-tuberculosis drugs 8 (8.8) 5 (25.0) 5 (12.0) 0.125

GCV or VGCV 6 (6.6) 1 (5.0) 2 (8.0) 0.922

Analgesics 21 (23.1) 6 (30.0) 3 (12.0) 0.323

Antipsychotic drugs 7 (7.7) 0 1 (4.0) 0.377

TMP/SMX 28 (30.8) 7 (35.0) 5 (20.0) 0.485

Immunologic and virologic status

Initial CD4+ T cell count (cells/mm3, median[IQR]) 213 (95, 372) 268 (125, 743) 293 (164, 508) 0.925

Peak CD4+ T cell count (cells/mm3, median[IQR]) 412 (273, 573) 473 (128, 845) 505 (319, 673) 0.426

Increase of  CD4+ T cell count (cells/mm3, median[IQR]) a 173 (66, 266) 74 (0, 192) 56(6, 251) 0.073

In  itial HIV-1 RNA level (log10 copies/mL, median[IQR]) 4.264 (0, 4.877) 2.609 (0, 5.111) 0 (0, 4.538) 0.006

HAART duration (days, median [IQR]) 458 (216, 607) 318 (164, 562) 500 (343, 672) 0.157

Treatment failure, n(%) b 16 (17.6) 4 (20.0) 2 (8.0) 0.454

TDF/FTC, tenofovir/emtricitabine; HAART, highly active antiretroviral treatment; PI/r, ritonavir-boosted protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibi-
tor; INSTI, integrase strand transfer inhibitor; SD, standard deviation; GCV, ganciclovir; VGCV, valganciclovir; TMP/SMX, trimethoprim/sulfamethoxazole.
aPeak CD4+ T cell count – initial CD4+ T cell count.
bTreatment failure was defined by immunological (CD4+ T cell count<200/mm3) and virological (HIV-1 RNA level > 200 copies/mL) status.
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based antiretroviral therapy in group 1 (0.12 [0.06, 0.24] mg/

dL), group 2 (0.08 [0.02, 0.13] mg/dL), and group 3 (0.16 [0.07, 

0.27] mg/dL) [P > 0.05] (Table 2). Four patients (all in group 1) 

had serum Cr levels more than 1.5 mg/dL. The overall inci-

dence of serum creatinine increase more than 1.5 mg/dL was 

2.8 cases per 100 patient-years, and that of TDF/FTC + PI/r 

group was 4.0 cases per 100 patient-years.

Table 2. Changes in renal function and incidence of serum Cr level > 1.5 mg/dL of the three TDF/FTC-based HAART groups

Group 1

TDF/FTC+PI/r
(n=91)

Group 2

TDF/FTC+NNRTI
(n=20)

Group 3

TDF/FTC+INSTI
(n=25)

P-value

Serum Cr level > 1.5 mg/dL

No. of case (%)

4 (4.4%) 0 0 0.403

Incidence of Serum Cr level > 1.5 mg/dL (cases/100 

patient-years)

4.0 0 0

Initial serum BUN (mg/dL, median [IQR]) 13.3 (10.4, 16.3) 10.9 (7.7, 13.5) 12.4 (12.1, 16.8) 0.224

Initial serum Cr (mg/dL, median [IQR]) 0.80 (0.70, 0.90) 0.80 (0.65, 0.90) 0.85 (0.70, 0.90) 0.608

Peak serum BUN (mg/dL, median [IQR]) 12.8 (10.4, 17.7) 11.3 (9.2, 14.4) 14.1 (11.5, 16.8) 0.210

Peak serum Cr (mg/dL, median [IQR]) 0.90 (0.80, 1.03) 0.80 (0.75, 0.95) 0.95 (0.90, 1.13) 0.052

Increase of serum BUN (mg/dL, median [IQR]) a -0.1 (-1.9, 3.4) 0.4 (-1.0, 2.9) 0.1 (-0.7, 1.7) 0.877

Increase of serum Cr (mg/dL, median [IQR]) b 0.12 (0.06, 0.24) 0.08 (0.02, 0.13) 0.16 (0.07, 0.27) 0.222

Cr, creatinine; TDF/FTC, tenofovir/emtricitabine; HAART, highly active antiretroviral treatment; PI/r, ritonavir-boosted protease inhibitor; NNRTI, non-nucleoside reverse tran-
scriptase inhibitor; INSTI, integrase strand transfer inhibitor; BUN,blood urea nitrogen.
aPeak serum blood urea nitrogen (BUN) – initial serum BUN.
bPeak serum creatinine (Cr) – initial serum Cr.

Table 3. Baseline characteristics, concomitant medications, and immunological and virological statuses of the patients treated with TDF/FTC + PI/r 

Subgroup 1
TDF/FTC+LPV/r

(n=23)

Subgroup 2
TDF/FTC+ATV/r

(n=18)

Subgroup 3
TDF/FTC+DRV/r

(n=50)
P-value

Age (years) (mean ± SD) 38.2 ± 8.9 46.5 ± 13.5 39.5 ± 12.6 0.063

Male gender, n(%) 22 (95.7) 15 (83.3) 42 (84.0) 0.349

Concomitant diseases, n(%)

 Hepatitis C 2 (8.7) 1 (5.6) 0 0.134

 Hepatitis B 1 (4.3) 4 (22.2) 3 (6.0) 0.078

 Hypertension 0 1 (5.6) 2 (4.0) 0.563

 Diabetes mellitus 1 (4.3) 2 (11.1) 6 (12.0) 0.585

 Thyroid disease 1 (4.3) 2 (11.1) 0 0.073

Concomitant medication, n(%)

 Anti-tuberculosis drugs 4 (17.4) 1 (5.6) 3 (6.0) 0.241

 GCV or VGCV 3 (13.0) 0 3 (6.0) 0.240

 Analgesics 7 (30.4) 4 (22.2) 10 (20.0) 0.614

 Antipsychotic drugs 0 3 (16.7) 4 (8.0) 0.138

 TMP/SMX 10 (43.5) 2 (11.1) 16 (32.0) 0.080

HAART duration (days, median [IQR]) 205 (102, 561) 492 (320, 628) 527 (301, 651) 0.073

Initial CD4+ T cell count (cells/mm3, median [IQR]) 213 (84, 293) 346 (238, 677) 168 (55, 321) 0.016

Initial  HIV-1 RNA level (log10 copies/mL, median [IQR]) 4.383 (0, 4.663) 2.583 (0, 4.507) 4.477 (3.723, 5.089) 0.126

TDF/FTC, tenofovir/emtricitabine; PI/r, ritonavir-boosted protease inhibitor; LPV/r, lopinavir/ritonavir; ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; SD, standard devia-
tion; GCV, ganciclovir; VGCV, valganciclovir; TMP/SMX, trimethoprim/sulfamethoxazole.
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3.  Baseline characteristics and concomitant 
medications of patients treated with TDF/FTC + 
PI/r patients subgroups

The distribution of patients in the TDF + PI/r subgroups was: 

23 in subgroup 1, 18 in subgroup 2, and 50 in subgroup 3. The 

demographic data are shown in Table 3. The distributions of 

comorbidities among the subgroups were not different. About 

70–98% of the study subjects took medications other than an 

antiretroviral drug, including anti-tuberculosis drugs, GCV or 

VGCV, analgesics, antipsychotic drugs, and TMP/SMX. No dif-

ference was found among the subgroups except initial CD4+ T 

cell count (Table 3). The number of CD4+ T cells at the begin-

ning of treatment was significantly higher in subgroup 2 (me-

dian 346/mm3, IQR [238, 677]) that that in the other sub-

groups.

4.  Changes in renal function and the incidence 
of nephrotoxicity in the three TDF/FTC + PI/r 
subgroups

The changes in serum Cr levels during TDF/FTC + PI/

r-based HAART were 0.11 [0.05, 0.22] mg/dL in subgroup 1, 

0.15 [0, 0.34] mg/dL in subgroup 2, and 0.12 [0.06, 0.23] mg/dL 

in subgroup 3 [P > 0.05] (Table 4). 

All four patients whose serum Cr was > 1.5 mg/dL during 

treatment were in the TDF/FTC + PI/r group (one in subgroup 

1 and three in subgroup 2). Initial serum Cr level was lower in 

subgroup 3, but there were no statistical differences of peak 

serum Cr levels and increment of serum Cr levels during 

HAART among three groups (Table 4). No case in subgroup 3 

had an acute increase in serum Cr more than 1.5 mg/dL. The 

clinical characteristics and clinical course of these four pa-

tients was summarized in Table 5. The time interval from start 

of HAART to occurrence of acute serum Cr increase was from 

210 to 662 days. Serum Cr levels of all four patients were re-

covered to the level less than 1.5 mg/dL after HAART regimen 

change from TDF/FTC + PI/r to abacavir/lamivudine + INSTI. 

Discussion

In this study, changes in serum Cr levels in groups classified 

according to the drug used with TDF, such as PI/r, NNRTI, and 

INSTI was evaluated. First, four patients (2.9%) in our study 

had serum Cr levels that increased more than 1.5 mg/dL 

during HAART. Other study that treated 10,000 HIV-infected 

patients with TDF and monitored the increase in serum Cr 

found that 2.2% of cases showed baseline serum Cr more than 

0.5 mg/dL and 0.6% increased more than 2.0 mg/dL [8], which 

was similar to our results. Second, the four patients whose se-

rum Cr increased more than 1.5 mg/dL were administered 

both TDF and a PI/r drug. Of them, one was in the LPV/r 

group and three were in the ATV/r group. This finding shows 

that the risk of deteriorating kidney function may increases 

when TDF is applied with PI/r. Goicoechea et al. reported that 

changes in GFR of 146 patients were observed among three 

groups – TDF + PI/r, TDF + NNRTI, non-TDF combination 

regimen [14]. No difference was found among the three 

groups from weeks 1 to 24. However, the TDF + PI/r group re-

vealed the greatest decreased in GFR on week 48, compared 

with that of the TDF + NNRTI groups [P = 0.04], similar with 

our study results. 

 Various studies have reported the relationship between 

Table 4. Changes in renal function and the incidence of serum Cr level > 1.5 mg/dL in the three TDF/FTC + PI/r subgroups

Subgroup 1
TDF/FTC + LPV/r

(n=23)

Subgroup 2
TDF/FTC + ATV/r

(n=18)

Subgroup 3
TDF/FTC + DRV/r

(n=50)
P-value

Serum Cr level > 1.5 mg/dL
No. of case (%)

1 (4.3) 3 (16.7) 0 0.013

Initial serum BUN (mg/dL, median[IQR]) 12.3 (11.2, 15.1) 15.5 (13.2, 20.8) 12.8 (9.7, 17.2) 0.090

Initial serum Cr (mg/dL, median[IQR]) 0.90 (0.80, 1.00) 0.90 (0.63, 1.00) 0.80 (0.63, 0.80) 0.023

Peak serum BUN (mg/dL, median[IQR]) 11.3 (10.2, 14.7) 14.7 (11.8, 18.6) 12.9 (9.7, 18.5) 0.196

Peak serum Cr (mg/dL, median[IQR]) 1.00 (0.90, 1.13) 0.90 (0.83, 1.20) 0.90 (0.80, 1.00) 0.058

Increase of serum BUN (mg/dL, median [IQR]) a -0.2 (-1.5, 1.4) -0.7 (-7.1, 3.4) 0.1 (-1.9, 4.7) 0.363

Increase of serum Cr (mg/dL, median [IQR]) b 0.11 (0.05, 0.22) 0.15 (0, 0.34) 0.12 (0.06, 0.23) 0.848

Cr, creatinine; TDF/FTC, tenofovir/emtricitabine; LPV/r, lopinavir/ritonavir; ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; BUN, blood urea nitrogen.
aPeak serum blood urea nitrogen (BUN) – initial serum BUN.
bPeak serum creatinine (Cr) – initial serum Cr.
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TDF use and kidney diseases. In a retrospective study con-

ducted on 1,647 cases of initial antiretroviral treatment, a 

more acute decrease in GFR was noted in the TDF compared 

to that in the non-TDF group [16]. In another study, more cas-

es of abnormal proximal tubule functioning and decreased 

GFR occurred in patients who had been taking TDF for > 24 

months [17, 18]. TDF is toxic to mitochondria, which may re-

sult proximal tubule damage that prevents resorption of fil-

tered phosphate, potassium, amino acids, and glucose [19]. 

The risks of proteinuria, a sharp decrease in kidney function, 

and chronic kidney disease increased annually by 34%, 11%, 

and 33% respectively, in 10,000 patients infected with HIV and 

treated with TDF [17]. In another prospective cohort study, 

patients administered a combination of TDF and LPV/r or 

ATV/r showed a decrease in GFR compared to those adminis-

tered TDF and EFV. Of the combined PI groups, the ATV/r 

group showed the poorest result [15, 20]. Ryom et al. reported 

a study of 22,603 patients whose pre-treatment estimated glo-

merular filtration rate (eGFR) was > 90 mL/min. Decreases in 

eGFR (20 mL/min in 2.1% and 60 mL/min in 0.6% of cases) 

were observed when the patients were treated with TDF, ATV, 

LPV/r, abacavir (ABC) and another PI/r [21]. Sustained use of 

LPV/r could be related with chronic deterioration in kidney 

function [14, 15, 21, 22]. 

Increased serum Cr, concomitant medications likely to 

cause toxicity, underweight, older age, the duration and dose 

of TDF, and a low CD4+ T cell count were known as major risk 

factors for nephrotoxicity caused by TDF [9]. However, in our 

study only two patients were more than 60 year-old, the others 

were not old. Two patients (case 3 and 4 in Table 5) had taken 

atorvastatin as concomitant medication, which had been well 

known as the potential drug developing rhabdomyolysis, re-

sulting acute renal injury. Therefore, concomitant statin medi-

cation in boosted PI-based HAART patients might need more 

precaution by clinicians to prevent occurrence of TDF-related 

acute renal injury.

Because relatively high incidence of adverse effects includ-

ing nephrotoxicity has been reported in PI/r regimen contain-

ing TDF, the primary regimens for the initial HAART treat-

ment of HIV-infected patients were changed in the newly 

issued DHHS guidelines published in April 2015: the four reg-

imens with INSTI; dolutegravir (DTG)/ABC/lamivudine, DTG 

+ TDF/FTC, EVG/COBI/TDF/FTC, RAL + TDF/FTC, and one 

regimen with PI/r; DRV/r + TDF/FTC. ATV/r + TDF/FTC regi-

men, which was the primary regimen before 2014, was 

changed to a secondary regimen [23].

Our study has several limitations. It was conducted retro-Ta
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spectively, therefore we could not sufficiently assess the clini-

cal indicators showing the development of kidney toxicity, 

and we had to use serum Cr level only. Serum Cr is produced 

by skeletal muscles. Most HIV-infected patients have an ab-

normal muscle mass compared to that of a healthy subject; 

thus, more caution is required for interpretation [24]. Other 

previous reports investigating renal function decline prospec-

tively had used an estimated glomerular filtration rate (eGFR) 

[6, 7, 9, 14, 15, 17, 20, 25], albuminuria [6], proteinuria [24], 

urine protein/creatinine ratio [8], and the rate of creatinine 

clearance (CrCl) [24] as the indicator of decrement of renal 

function. However, because of retrospective nature of our 

study, we could not evaluate these markers that had been 

known as more predictive and accurate indicator. Also, the 

study group was limited to patients from one hospital, and the 

total number of patients was small, which also affected the re-

sults assessment. But, our results may be significant because 

this is the first Korean report on TDF-induced nephrotoxicity.

In conclusion, this study results showed that TDF contain-

ing PI/r regimen might be related with relatively higher rate of 

acute serum Cr elevation during HAART. Therefore, more cau-

tion might be needed when clinicians treat HIV-infected pa-

tients with TDF containing PI/r regimen, especially using 

ATV/r or LPV/r with TDF. 

Acknowledgement
This work was supported by Kyungpook National University 

Research Fund, 2015.

ORCID
Sun Jin http://orcid.org/0000-0002-6897-3947
Shin-Woo Kim http://orcid.org/0000-0002-3755-8249

Hyun-Ha Chang http://orcid.org/0000-0002-9405-2121

References 

  1. US Food and Drug Administration (FDA). Drug approval 

package: VIREAD (tenofovir disoproxil fumarate) tablets. 

Available at: http://www.accessdata.fda.gov/drugsatfda_

docs/nda/2001/21-356_Viread.cfm. Accessed 1 August 

2015. 

  2. AIDSinfo. Guidelines for the use of antiretroviral agents in 

HIV-1-infected adults and adolescents. Available at:http://

aidsinfo.nih.gov/contentfiles/lvguidelines/adultandado-

lescentgl.pdf. Accessed 28 December 2014. 

  3. Günthard HF, Aberg JA, Eron JJ, Hoy JF, Telenti A, Benson 

CA, Burger DM, Cahn P, Gallant JE, Glesby MJ, Reiss P, 

Saag MS, Thomas DL, Jacobsen DM, Volberding PA; Inter-

national Antiviral Society-USA Panel. Antiretroviral treat-

ment of adult HIV infection: 2014 recommendations of 

the International Antiviral Society-USA Panel. JAMA 

2014;312:410-25.

  4. Cooper RD, Wiebe N, Smith N, Keiser P, Naicker S, Tonelli 

M. Systematic review and meta-analysis: renal safety of 

tenofovir disoproxil fumarate in HIV-infected ptients. Clin 

Infect Dis 2010;51:496-505.

  5. Röling J, Schmid H, Fischereder M, Draenert R, Goebel 

FD. HIV-associated renal diseases and highly active an-

tiretroviral therapy-induced nephropathy. Clin Infect Dis 

2006;42:1488-95.

  6. Choi A, Scherzer R, Bacchetti P, Tien PC, Saag MS, Gibert 

CL, Szczech LA, Grunfeld C, Shlipak MG. Cystatin C, albu-

minuria, and 5-year all-cause mortality in HIV-infected 

persons. Am J Kidney Dis 2010;56:872-82.

  7. Choi AI, Li Y, Deeks SG, Grunfeld C, Volberding PA, Shli-

pak MG. Association between kidney function and albu-

minuria with cardiovascular events in HIV-infected per-

sons. Circulation 2010;121:651-8.

  8. Quinn KJ, Emerson CR, Dinsmore WW, Donnelly CM. In-

cidence of proximal renal tubular dysfunction in patients 

on tenofovir disoproxil  fumarate. Int J  STD AIDS 

2010;21:150-1.

  9. Nelson MR, Katlama C, Montaner JS, Cooper DA, Gazzard 

B, Clotet B, Lazzarin A, Schewe K, Lange J, Wyatt C, Curtis S, 

Chen SS, Smith S, Bischofberger N, Rooney JF. The safety of 

tenofovir disoproxil fumarate for the treatment of HIV in-

fection in adults: the first 4 years. AIDS 2007;21:1273-81.

10. Sax PE, Gallant JE, Klotman PE. Renal safety of tenofovir 

disoproxil fumarate. AIDS Read 2007;17:90-2, 99-104, c3.

11. Créput C, Gonzalez-Canali G, Hill G, Piketty C, Kazatch-

kine M, Nochy D. Renal lesions in HIV-1-positive patient 

treated with tenofovir. AIDS 2003;17:935-7.

12. Rollot F, Nazal EM, Chauvelot-Moachon L, Kélaïdi C, Dan-

iel N, Saba M, Abad S, Blanche P. Tenofovir-related Fan-

coni syndrome with nephrogenic diabetes insipidus in a 

patient with acquired immunodeficiency syndrome: the 

role of lopinavir-ritonavir-didanosine. Clin Infect Dis 

2003;37:e174-6.

13. Wood SM, Shah SS, Steenhoff AP, Meyers KE, Kaplan BS, 

Rutstein RM. Tenofovir-associated nephrotoxicity in two 

HIV-infected adolescent males. AIDS Patient Care STDS 

2009;23:1-4.



Jin S, et al. • Azotemia due to tenofovir/emtricitabine www.icjournal.org246

14. Goicoechea M, Liu S, Best B, Sun S, Jain S, Kemper C, Witt 

M, Diamond C, Haubrich R, Louie S; California Collabora-

tive Treatment Group 578 Team. Greater tenofovir-associ-

ated renal function decline with protease inhibitor-based 

versus nonnucleoside reverse-transcriptase inhibi-

tor-based therapy. J Infect Dis 2008;197:102-8.

15. Young J, Schafer J, Fux CA, Furrer H, Bernasconi E, Ver-

nazza P, Calmy A, Cavassini M, Weber R, Battegay M, Bu-

cher HC; Swiss HIV Cohort Study. Renal function in pa-

tients with HIV starting therapy with tenofovir and either 

efavirenz, lopinavir or atazanavir. AIDS 2012;26:567-75.

16. Horberg M, Tang B, Towner W, Silverberg M, Bersoff-Mat-

cha S, Hurley L, Chang J, Blank J, Quesenberry C Jr, Klein 

D. Impact of tenofovir on renal function in HIV-infected, 

antiretroviral-naive patients. J Acquir Immune Defic Syn-

dr 2010;53:62-9.

17. Scherzer R, Estrella M, Li Y, Choi AI, Deeks SG, Grunfeld C, 

Shlipak MG. Association of tenofovir exposure with kid-

ney disease risk in HIV infection. AIDS 2012;26:867-75.

18. Calza L, Trapani F, Tedeschi S, Piergentili B, Manfredi R, 

Colangeli V, Viale P. Tenofovir-induced renal toxicity in 

324 HIV-infected, antiretroviral-naive patients. Scand J In-

fect Dis 2011;43:656-60.

19. Kohler JJ, Hosseini SH, Hoying-Brandt A, Green E, John-

son DM, Russ R, Tran D, Raper CM, Santoianni R, Lewis 

W. Tenofovir renal toxicity targets mitochondria of renal 

proximal tubules. Lab Invest 2009;89:513-9.

20. Puls RL, Srasuebkul P, Petoumenos K, Boesecke C, Dun-

combe C, Belloso WH,Molina JM, Li L, Avihingsanon 

A,Gazzard B, Cooper DA, Emery S; Altair Study Group. 

Efavirenz versus boosted atazanavir or zidovudine and 

abacavir in antiretroviral treatment-naive, HIV-infected 

subjects: week 48 data from the Altair study. Clin Infect 

Dis 2010;51:855-64.

21. Ryom L, Mocroft A, Kirk O, Worm SW, Kamara DA, Reiss P, 

Ross M, Fux CA, Morlat P, Moranne O, Smith C, Lundgren 

JD; D:A:D Study Group. Association between antiretrovi-

ral exposure and renal impairment among HIV-positive 

persons with normal baseline renal function: the D:A:D 

study. J Infect Dis 2013;207:1359-69.

22. Sax PE, Tierney C, Collier AC, Daar ES, Mollan K, Budha-

thoki C, Godfrey C, Jahed NC, Myers L, Katzenstein D, 

Farajallah A, Rooney JF, Ha B, Woodward WC, Feinberg J, 

Tashima K, Murphy RL, Fischl MA; AIDS Clinical Trials 

Group Study A5202 Team. Abacavir/lamivudine versus 

tenofovir DF/emtricitabine as part of combination regi-

mens for initial treatment of HIV: final results. J Infect Dis 

2011;204:1191-201.

23. Panel on Antiretroviral Guidelines for Adults and Adoles-

cents. Guidelines for the use of antiretroviral agents in 

HIV-1-infected adults and adolescents. Available from: 

https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultan 

dadolescentgl.pdf. Accessed 1 August 2015.

24. Hall AM, Hendry BM, Nitsch D, Connolly JO. Tenofovir-as-

sociated kidney toxicity in HIV-infected patients: a review 

of the evidence. Am J Kidney Dis 2011;57:773-80.

25. Gallant JE, Moore RD. Renal function with use of a tenofo-

vir-containing initial antiretroviral regimen. AIDS 2009;23: 

1971-5.


