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        Abstract



        
          Background:


          Tenofovir disoproxil fumarate (TDF) is a major antiretroviral therapy for Thai human immunodeficiency virus (HIV) infected adults. TDF is associated with a decrease in renal function. There is limited data about the use of TDF with the incidence and time to renal impairment and chronic kidney disease (CKD) in Thai HIV-infected adults.

        


        
          Objectives:


          To study the association of TDF with the incidence rate and duration of renal impairment and CKD in Thai patients.

        


        
          Methods:


          A retrospective cohort study in Thai naïve HIV-infected adults was conducted to compare the incidence rate and time to renal impairment and CKD in TDF and non-TDF groups. The incidence rate was analyzed by person-time. Time to renal impairment and CKD were analyzed by Kaplan-Meier curves and log-rank tests.

        


        
          Results:


          A total of 1,400 patients were enrolled. The incidence rates of renal impairment in TDF and non-TDF groups were 27.66/1,000 and 5.54/1,000 person-years. The rate ratio was 4.99 (95% confidence interval [CI] 2.66–9.35). The incidence rates of CKD in both groups were not significantly different. Themean difference of eGFR between the TDF and non-TDF groups was 1.92 ml/min/1.73 m2 (p = 0.022). Time to onset of renal impairment between the TDF and non-TDF groups was found to differ by approximately 20 months.

        


        
          Conclusion:


          The incidence rate of renal impairment was about five times higher in the TDF group. A rapid decline of eGFR occurred in the first 2–3 years of treatment. Therefore, the renal function of HIV-infected patients should be monitored so that the severity of renal impairment could be evaluated and CKD could be prevented.
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      1. INTRODUCTION


      Human immunodeficiency virus (HIV) infection is a major public health problem. UNAIDS reported that there were about 38 million patients infected with HIV at the end of 2019 and there were about 690,000 patients who died from HIV-associated diseases. Additionally, 1.7 million patients with HIV are newly diagnosed each year, and 25.4 million patients receive antiretroviral therapy (ART) [1]. Currently, life expectancy in HIV-positive people is longer due to the effectiveness of ART. ART has improved significantly in recent years. The death rate from opportunistic infections has extremely decreased, but the death rate from non-infectious chronic disease among HIV-infected patients receiving ART has increased in the same way as patients without HIV, who mostly die from cardiovascular disease, liver disease, and renal disease [2].


      In the U.S., there were patients with HIV (12.2%) who died from the renal disease between 1996 and 2006 [3]. In South Africa, patients with HIV who died from the renal disease increased to 67% between 1999 and 2006 [4]. Furthermore, the mortality rate from the renal disease has increased in patients with HIV in South America [5]. The result of a study reported that, after following HIV-infected patients who had an estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m2and in whom urine protein was detected for a period of 5 years, the death rate of this patient group was 48%, while the death rate in the group of patients without proteinuria dropped to 23%. In the HIV-infected patient group with eGFR > 60 ml/min/1.73 m2, no mortality was detected [6].


      Since the HIV epidemic in the early 1980s and the first case of renal abnormality in 1984, many types of renal pathological abnormalities have been reported [7]. In the era prior to the use of ART, the causes of renal abnormality were associated with younger HIV-infected patients with high HIV viral loads [8-12], opportunistic infections [13-16], bloodstream infections [17, 18], HIV immune complex diseases [19-22], and HIV thrombotic microangiopathy [23, 24]. When HIV-infected patients are receiving ART, the cause of the renal abnormality is acute tubular necrosis in approximately 48% of the patients, with major stimulating factors, including drugs (pentamidine, aminoglycosides, trimethoprim-sulfamethoxazole, and non-steroidal anti-inflammatory drugs), ART, and dehydration that occurs in conjunction with the state of infection, low blood pressure, and respiratory failure [25, 26].


      When renal impairment occurs and is not treated properly, it can lead to CKD.The incidence of renal impairment and CKD among HIV-infected patients was different from region to region and different amounts of proteinuria were detected [27, 28]. At present, with the use of ART, the incidence of renal impairment was 5.9/100 person-years [29].Also, the prevalence of CKD ranged from 7.2% to 32% [30, 31]. Nowadays, the cause of renal impairment and CKD in HIV-infected patients is attributed to ART [32, 33]. The data showed that patients who receive tenofovir disoproxil fumarate (TDF), one of the main antiretroviral drugs, increase their chances of having CKD by 1.56-fold compared to those receiving ART without TDF [34].


      A few studies on HIV-infected patients with renal impairment and CKD have been conducted in Asia. TDF is recommended as one of the major drugs in the preferred antiretroviral regimen for the treatment of HIV-infected adults in Thailand and developing countries [35]. TDF is a cause of renal impairment and CKD. Moreover, no study on the incidence and time to event of renal impairment, and CKD in Thai HIV-infected adults has been conducted. Therefore, we aimed to study the association of TDF with the incidence rate and duration of renal impairment and CKD in Thai patients.

    


    
      

      2. METHODS


      
        

        2.1. Study Design and Population


        A retrospective cohort study was conducted among HIV-infected Thai adults who attended the HIV Clinic at Police General Hospital, Bangkok, Thailand, between January 1, 2009, and December 31, 2015. Inclusion criteria were as follows: (1) attendance at the HIV Clinic at Police General Hospital, (2) naïve, (3) age ≥ 18 years old, and (4) baseline eGFR > 90 ml/min/1.73 m2. The exclusion criterion was a duration of follow-up < 1 year.


        Baseline demographic and clinical characteristics, as well as follow-up laboratory data investigations, were retrieved and reviewed. The demographic data included gender, age, weight, height, body mass index (BMI), any underlying condition that may predispose to renal function decline (e.g., hypertension, diabetes mellitus, and hepatitis B and C virus co-infection), concurrent nephrotoxic drugs (e.g., angiotensin-converting enzyme [ACE]-inhibitors, angiotensin-receptor blockers [ARBs] and chronic or high-dose non-steroidal anti-inflammatory drugs [NSAIDs]). Baseline laboratory parameters at the time of initiation of ART were CD4 cell counts and serum creatinine. Follow-up parameters were HIV viral load, CD4 cell count, body weight and serum creatinine every 6 months after the initiation of ART. The eGFR was calculated using the simplified Levey modification of diet in renal disease (MDRD) formula [36]. Renal impairment and CKD, defined by eGFR < 60 ml/min/1.73 m2and eGFR < 60 ml/min/1.73 m2for at least 3 months, respectively. The study was reviewed and approved by the Institutional Review Board of Faculty of Medicine, Chulalongkorn University (IRB No. 309/59) and the Institutional Review Board of Police General Hospital (IRB No. 62/2559).

      


      
        

        2.2. Sample Size Determination


        The results from this study are binary outcomes that referred to the reference data from the literature about the past incidence of renal impairment [37]. The formula for a cohort study was used for calculating the sample size [38]. Using two population proportion (P1=0.09, 1-P =0.91), level of significance (α=0.05), power of the study (β=0.8) from a previous study [37], the sample size was summarized as 638 per group. However, we calculated an increase in sample size by 10% per group due to the drop-out rate. We subsequently studied 700 subjects per group.

      


      
        

        2.3. Data Analysis


        Demographic and clinical characteristics were compared between the TDF and control groups by using the Chi-square test and presented by using frequencies and percentages for categorical data and means and standard deviations (SDs) for continuous data with normal distribution. Fisher’s exact test was used to test the association between TDF use and renal impairment. The incidence rate was analyzed by person-time. The mixed-model method was used to determine the mean difference of eGFR between the TDF and non-TDF groups. Kaplan-Meier (KM) plots were used to visualize the association of duration of TDF use to renal impairment and CKD. Significance was calculated by the log-rank test, considered only if the p-value was <0.05 (95% confidence interval [CI]). Statistical analyses were performed using STATA/SE 15.0 software (StataCorp.2009.Stata Statistical Software: release 15.0, College Station, TX: StataCorp LP).

      

    


    
      

      3. RESULTS


      A total of 1,400 HIV-infected patients were included in the analysis. There were 432 (61.71%) males in the TDF group and 457 (65.29%) males in the non-TDF group. The mean age in the TDF group was 39.09 (± 9.20) years old and 39.32 (± 9.20) years old in the non-TDF group. The mean serum creatinine and eGFR before the initiation of ART were 0.75 (± 0.12) mg/dl and 112.73 (± 16.51) ml/min/1.73 m2 in the TDF group and 0.75 (± 0.11) mg/dl and 113.92 (± 12.57) ml/min/1.73 m2 in the non-TDF group, respectively. The mean CD4 cell count before the initiation of ART was 150.94 (± 70.97) cells/mm3 in the TDF group and 153.38 (± 70.18) cells/mm3 in the non-TDF group. The mean BMI before the initiation of ART was 22.37 (± 1.31) kg/m2 and 22.42 (± 0.93) kg/m2 in the TDF and non-TDF groups, respectively. There were 24 (3.43%) patients with hepatitis B virus co-infection in the TDF group. Baseline demographic and clinical characteristics of HIV-infected patients are presented in Table 1.


      There were 52 and 12 patients with renal impairment in the TDF and non-TDF groups, respectively. The incidence rates of renal impairment in the TDF group were 27.66/1,000 person-years and 5.54/1,000 person-years in the non-TDF group after a 7-year follow-up period (Table 2). The rate ratio was 4.99 (95% CI 2.66–9.35, p < 0.001) (Table 3). Nine patients with CKD in the TDF group were observed, while five patients with CKD were determined in the non-TDF group. The incidence rates of CKD in the TDF group were 4.52/1,000 person-years and 2.29/1,000 person-years in the non-TDF group (Table 2). The rate ratio was 1.98 (95% CI 0.66–5.91, p = 0.220) (Table 3).


      The mean eGRF in the TDF and non-TDF groups was 105.36 (± 52.85) ml/min/1.73 m2 and 107.27 (± 52.84) ml/min/1.73 m2, respectively, and was analyzed using a mixed-model method. The mean difference of the eGFR in both groups was 1.92 ml/min/1.73 m2 (95% CI 0.32–3.51, p = 0.022) (Fig. 1). The mean eGFR in both groups tended to decrease from the baseline, and the mean eGFR in the TDF group rapidly decreased in the first 2–3 years; then, the tendency of mean eGFR was quite steady.


      
        Table 1 Baseline demographic and clinical characteristics of HIV-infected patients.


        
          
            
              	

              	TDF group

              (n =700)

              	Non-TDF group

              (n =700)

              	p-value
            


            
              	Gender

              Male (%)

              Female (%)

              	

              432 (61.71)

              268 (38.29)

              	

              457 (65.29)

              243 (34.71)

              	0.16
            


            
              	Age (years old)

              Mean (±SD)

              	39.09 (±9.20)

              	39.32 (±9.20)

              	0.63
            


            
              	Creatinine (mg/dl)

              Mean (±SD)

              	0.75 (±0.12)

              	0.75 (±0.11)

              	0.42
            


            
              	eGFR (ml/min/1.73 m2)

              Mean (±SD)

              	112.73 (±16.51)

              	113.92 (±12.57)

              	0.13
            


            
              	CD4 cell counts (cells/mm3)

              Mean (±SD)

              	150.94 (±70.97)

              	153.38 (±70.18)

              	0.52
            


            
              	BMI (kg/m2)

              Mean (±SD)

              	22.37 (±1.31)

              	22.42 (±0.93)

              	0.39
            


            
              	Co-infection

              Chronic hepatitis B (%)

              Chronic hepatitis C (%)

              	

              24 (3.43)

              8 (1.14)

              	

              0 (0)

              9 (1.29)

              	

              <0.001

              0.81
            


            
              	Underlying disease

              Hypertension (%)

              Diabetes mellitus (%)

              Dyslipidemia (%)

              	

              44 (6.29)

              20 (2.86)

              222 (31.17)

              	

              37 (5.29)

              22 (3.14)

              235 (33.57)

              	

              0.42

              0.75

              0.46
            


            
              	ART (%)

              TDF + FTC/3TC + EFV

              TDF + FTC/3TC + NVP

              AZT + 3TC + EFV

              AZT + 3TC + NVP

              d4T + 3TC + EFV

              d4T + 3TC + NVP

              	

              626 (89.43)

              74 (10.57)

              0 (0)

              0 (0)

              0 (0)

              0 (0)

              	

              0 (0)

              0 (0)

              508 (72.57)

              85 (12.14)

              51 (7.29)

              56 (8.00)

              	
            


            
              	Concurrent nephrotoxic drug

              ACEI (%)

              ARB (%)

              NSAIDs (%)

              	

              9 (1.29)

              13 (1.86)

              4 (0.57)

              	

              10 (1.43)

              11 (1.57)

              6 (0.86)

              	

              0.82

              0.68

              0.53
            


            
              	Loss (%)

              	58 (8.29)

              	60 (8.57)

              	0.85
            

          
        


      


      
        Table 2 Incidence rate of renal impairment and chronic kidney disease in TDF group and non-TDF group.


        
          
            
              	-

              	TDF group

              (/1,000 person-years)

              	Non-TDF group

              (/1,000 person-years)
            


            
              	Renal impairment

              	27.66

              	5.54
            


            
              	Chronic kidney disease

              	4.52

              	2.29
            

          
        


      


      Data analyzed using the log-rank test showed that the duration of renal impairment in the TDF group and non-TDF groups differed by approximately 20 months. Statistically significant differences in renal impairment were found in the TDF and non-TDF groups (p < 0.001) (Fig. 2). There was no difference in the duration of CKD in the TDF and non-TDF groups, including no difference found after follow-up (p = 0.210) (Fig. 3).


      
        Table 3 Rate ratio of renal impairment and chronic kidney disease in TDF group and non-TDF group.


        
          
            
              	-

              	Rate ratio

              	95% CI

              	p-value
            


            
              	Renal impairment

              	4.99

              	2.66-9.35

              	<0.001
            


            
              	Chronic kidney disease

              	1.98

              	0.66-5.91

              	0.220
            

          
        


      


      [image: ]
Fig. (1)

      Mean difference of eGFR between TDF group and non-TDF group.

      [image: ]
Fig. (2)

      Duration of renal impairment between TDF group and non-TDF group.

      [image: ]
Fig. (3)

      Duration of chronic kidney disease between TDF and non-TDF group.
    


    
      

      4. DISCUSSION


      This was the first study to investigate the incidence of renal impairment and CKD in Thai naïve HIV-infected patients. The study showed that the incidence of renal impairment in the TDF group was 27.66/1,000 person-years, which was around five times higher than that in the non-TDF group. The incidence of renal impairment in the TDF group was lower than the incidence in the previous study on Thai HIV-infected patients by Chaisiri et al., which found the incidence of renal impairment to be 16.20/100 person-years [39]. The possible cause may be that almost all the patients in the study by Chaisiri et al. received ART before receiving TDF, which is associated with a greater chance of renal impairment than in HIV-infected patients who have not received ART.


      Additionally, the researcher used a different percentage of eGFR, which was a decrease in eGFR > 25% from the baseline eGFR to diagnose renal impairment. On the other hand, the current study used an eGFR < 60 ml/min/1.73 m2 to diagnose renal impairment. Using a decrease in eGFR > 25% from the baseline eGFRas a criterion for the diagnosis of renal impairment may result in a higher incidence of renal impairment than using an eGFR <60 ml/min/1.73 m2 as a criterion. Also, protease inhibitors (PIs) were used in the study, comprising approximately 30% of ART regimens. Multivariate logistic regression was analyzed in the previous study, and PIs were found to be a factor contributing to decreased renal function with an odds ratio (OR) of 2.12 (95% CI 1.15–3.92, p = 0.016). While in our study, we did not find HIV-infected patients receiving PIs in the first regimen. According to previous studies, approximately 60% of the patients weighed < 60 kg and had a median BMI of 19.60 (17.90–21.90) kg/m2. Analyzed by univariate and multivariate logistic regression, it was found that low body weight and low BMI resulted in decreased renal function, with an OR of 1.33 (95% CI 1.19–1.48, p <0.001) and 2.26 (95% CI 1.74–2.94, p <0.001), respectively [39].


      In our study, the incidence of renal impairment was lower than the incidence of renal abnormality in the study by Tanuma et al., which occurred in a cohort of patients in Asia-Pacific countries, with an incidence of renal abnormality of 1.75/100 person-years [40]. Compared to the incidence of renal impairment from the study by Mocroft et al., which studied HIV-infected patients, 47% were Caucasian, 43% were of unknown race, and 8% were black. Moreover, the study was using the definition of renal impairment as an eGFR ≤ 70 ml/min/1.73 m2, which was different from our study. Also, 63% of the patients had previously received ART. This resulted in a higher incidence of renal impairment in our study (27.66/1,000 person-years)compared with that of the study by Mocroft et al. (4.78/1,000 person-years) [41]. Compared to the rapid decline of eGFR in the study by Scherzer et al., it was found that the rapid decline of eGFR was defined as a decrease of eGFR by 3 ml/min/1.73 m2 per year. The decline of eGFR was 93.20/1,000 person-years in the TDF group and 53.80/1,000 person-years in the non-TDF group, respectively [37].


      Likewise, compared to the study by Ryom et al., the incidence rate of renal impairmentobserved in the TDF group, compared to the non-TDF group, was 1.18 (95% CI 1.12–1.25), which was lower than in our study [42]. In addition, there are no studies in Thailand showing the incidence rate of renal impairment in the TDF group compared to the non-TDF group.


      The incidence of renal impairment varied from several studies.This is because there are different definitions of impaired renal function or decreased renal function, including the difference between populations used in the study.It was found that most of the patients had been previously exposed to ART, and the race of the population in other studies was different, which could make a difference in the results of the study.


      The incidence of CKD in the TDF group was 4.52/1,000 person-years, which was not significantly different than in the non-TDF group. The rate ratio was 1.98. These data were similar to the data in the systematic review and meta-analysis by Islam et al. [34]. They found that the relative risk in the TDF usage group compared to the non-TDF usage group was 1.56 (95% CI 0.83–2.93). There is no data comparing groups with and without TDF usage in Asia, including Thailand and other countries.However, Pongpirul et al., who studied the incidence of renal diseases in HIV-infected patients receiving ART, determined that this incidence was lower than the previous incidence of CKD in Thailand. The incidence of CKD in Thai patients with HIV was found to be 10.39/1,000 person-years because the patients in the previous study received ART, and some of them had renal impairment before they started ART [43]. Compared with the results from the two studies, the incidence of CKD in the TDF was different in our study. Our study had a higher incidence of CKD in the TDF group as compared with that in the study by Mocroft et al., where the incidence of CKD was 1.33/1,000 person-years [41], while the study by Scherzer et al. showed an incidence of CKD of 18.70/1,000 person-years in the TDF group and 7.50/1,000 person-years in the non-TDF group [37].


      Furthermore, studies in foreign countries and Thailand have not been found showing the rate ratio of CKD in the TDF group compared to that in the non-TDF group. The incidence of CKD in patients receiving TDF or another ART was different, and the differences were based on characteristics of the study population, such as race, age, baseline eGFR, hepatitis B and/or C virus co-infection, and underlying disease (including hypertension and diabetes mellitus). Compared to previous studies, the mean difference of eGFR in the TDF and non-TDF groups of our study was similar to that of the study by Cooper et al. The mean difference of eGFR in the TDF and non-TDF group was 3.92 (95% CI 2.13–5.70) ml/min/1.73 m2 [44], and it also had similar results to the study done by Martin et al., with a mean difference of eGFR of 2.70 ml/min/1.73 m2 [45].


      From our study and previous studies, the results of the corresponding reduction in eGFR duration in patients with TDF usage showed a decrease in eGFR during the first 2–3 years after receiving TDF. Compared to a Thai study (Chaisiriet al.), it was found that the median time for a reduction of eGFR by 25% compared to the initial eGFR prior to the initiation of TDF was 28 months (95% CI 25.20–30.80) [39]. This result is close to the result of our study, although different definitions of renal impairment were used.


      In our clinical practice, when patients have an eGFR < 60 ml/min/1.73 m2, we decrease the dose of ART depending on renal function, which may lead to a decreased incidence rate of CKD in this study following the recommendation of guidelines for antiretroviral therapy in HIV-1 infected adults and adolescents, the recommendations of the Thai AIDS Society (TAS) 2008 and Thai national guidelines for ART in HIV-1 infected adults and adolescents 2010 [46, 47]. There were no significant differences in the two groups, except a higher incidence of hepatitis Bvirus co-infection in the TDF group. Hepatitis B and C virus co-infection may lead to renal disease [48-52]. In our study, the patients who were detected as having hepatitis B virus co-infection received TDF along with emtricitabine or lamivudine as the recommendation of guidelines for antiretroviral therapy in HIV-1 infected adults and adolescents, the recommendations of the Thai AIDS Society (TAS) 2008 and Thai national guidelines for antiretroviral therapy in HIV-1 infected adults and adolescents 2010 in order to decrease the problem of hepatitis B virus resistance to lamivudine [46, 47].However, no patients with hepatitis B and C virus co-infection and renal abnormalities were found in our study.


      Our study shows that the eGFR in the TDF group steadily declined. Therefore, the renal function of HIV-infected patients in Thailand should be closely followed in the first 2–3 years in order to evaluate the severity of renal impairment and prevent CKD in the future. One of the limitations of the study was its retrospective nature. Therefore, we could not examine some factors that affect renal impairment and CKD, such as some types of diet. Secondly, there was no urinary analysis. Thus, only eGFR was used to diagnose renal impairment and CKD. Finally, there was no HIV viral load result before starting ART because there were no guideline recommendations to test for HIV viral load before starting ART in Thailand [35, 46, 47, 53].

    


    
      CONCLUSION


      In this population, the incidence rate of renal impairment in the TDF group was around five times higher than that in the non-TDF group. The incidence rate of CKD was not different between both groups. After the initiation of TDF, eGFR rapidly declined in 2–3 years. Therefore, the renal function of HIV-infected patients with TDF usage should be carefully monitored so that the severity of renal impairment could be evaluated and CKD could be prevented in the future.

    

  


  
    
      AUTHORS' CONTRIBUTIONS


      JV, TR and NH were responsible for the conceptualization; JV and PP were responsible for the formal analysis; JV and NH acquired funding; JV, TR and NH were responsible for the investigation; JV, TR and NH were responsible for the methodology; JV was responsible for project administration; TR and NH were responsible for the supervision; JV and PP were responsible for writing the original draft; JV, TR, PP and NH were responsible for writing, reviewing and editing.

    


    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      The study was reviewed and approved by the Institutional Review Board of Faculty of Medicine, Chulalongkorn University (IRB No. 309/59), and the Institutional Review Board of Police General Hospital (IRB No. 62/2559).

    


    
      HUMAN AND ANIMAL RIGHTS


      No animals were used in this research. All human research procedures followed were in accordance with the ethical standards of the committee responsible for human experimentation (institutional and national), and with the Helsinki Declaration of 1975, as revised in 2013.

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      STANDARDS OF REPORTING


      STROBE guidelines and methodology were followed.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      The data supporting the findings of the article is available from the corresponding author [J.V] upon reasonable request.

    


    
      FUNDING


      This study was supported by the 90th Anniversary of Chulalongkorn University Fund (Ratchadaphiseksomphot Endowment Fund), Chulalongkorn University (Grant No. GCUGR1125602004D).

    


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    The authors would like to thank Assist. Prof. Chonnikant Visuthranukul, M.D. for her suggestions. We would like to thank the nurses of the HIV Clinic, Police General Hospital, for their enormous support.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	UNAIDS. Global HIV & AIDS statiss-2020 fact sheet.. 2020Available at: https:www.unaids.org/en/resources/fact-sheet
      


      
        	[2]

        	Selik RM, Byers RH Jr, Dworkin MS. Trends in diseases reported on U.S. death certificates that mentioned HIV infection, 1987-1999., J of Acquir Immune Def Synd. 2002; 29(4): 378-87.

      


      
        	[3]

        	Adih WK, Selik RM, Hu X. Trends in diseases reported on us death certificates that mentioned HIV infection, 1996-2006., J Int Assoc Phys AIDS Care (Chicago, Ill : 2002). 2011; 10(1): 5-11.

      


      
        	[4]

        	Mayosi B.M., Flisher A.J., Lalloo U.G., Sitas F., Tollman S.M., Bradshaw D.. The burden of non-communicable diseases in South Africa., Lancet. 2009; 374(9693): 934-947.

        [CrossRef] [PubMed]
      


      
        	[5]

        	Belloso W.H., Orellana L.C., Grinsztejn B., Madero J.S., La Rosa A., Veloso V.G., Sanchez J., Ismerio Moreira R., Crabtree-Ramirez B., Garcia Messina O., Lasala M.B., Peinado J., Losso M.H.. Analysis of serious non-AIDS events among HIV-infected adults at Latin American sites., HIV Med.. 2010; 11(9): 554-564.

        [CrossRef] [PubMed]
      


      
        	[6]

        	Choi A., Scherzer R., Bacchetti P., Tien P.C., Saag M.S., Gibert C.L., Szczech L.A., Grunfeld C., Shlipak M.G.. Cystatin C, albuminuria, and 5-year all-cause mortality in HIV-infected persons., Am. J. Kidney Dis.. 2010; 56(5): 872-882.

        [CrossRef] [PubMed]
      


      
        	[7]

        	Gardenswartz M.H., Lerner C.W., Seligson G.R., Zabetakis P.M., Rotterdam H., Tapper M.L., Michelis M.F., Bruno M.S.. Renal disease in patients with AIDS: A clinicopathologic study., Clin. Nephrol.. 1984; 21(4): 197-204.

        [PubMed]
      


      
        	[8]

        	Rao T.K., Friedman E.A.. Outcome of severe acute renal failure in patients with acquired immunodeficiency syndrome., Am. J. Kidney Dis.. 1995; 25(3): 390-398.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Boldorini R, Monga G, Tosoni A, et al. Renal Encephalitozoon (Septata) intestinalis infection in a patient with AIDS., Post-mortem identification by means of transmission electron microscopy and PCR. Virchows Archiv: An international journal of pathology. 1998; 432(6): 535-9.

      


      
        	[10]

        	Carbone L., D’Agati V., Cheng J.T., Appel G.B.. Course and prognosis of human immunodeficiency virus-associated nephropathy., Am. J. Med.. 1989; 87(4): 389-395.

        [CrossRef] [PubMed]
      


      
        	[11]

        	Laradi A., Mallet A., Beaufils H., Allouache M., Martinez F.. HIV-associated nephropathy: outcome and prognosis factors. Groupe d’ Etudes Néphrologiques d’Ile de France., J. Am. Soc. Nephrol.. 1998; 9(12): 2327-2335.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Nochy D., Glotz D., Dosquet P., Pruna A., Guettier C., Weiss L., Hinglais N., Idatte J.M., Méry J.P., Kazatchkine M., et al. Renal disease associated with HIV infection: A multicentric study of 60 patients from Paris hospitals., Nephrol. Dial. Transplant.. 1993; 8(1): 11-19.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Boldorini R., Guzzetti S., Meroni L., Quirino T., Cristina S., Monga G.. Acute hepatic and renal failure caused by Pneumocystis carinii in patients with AIDS., J. Clin. Pathol.. 1995; 48(10): 975-978.

        [CrossRef] [PubMed]
      


      
        	[14]

        	Feuerstein I.M., Francis P., Raffeld M., Pluda J.. Widespread visceral calcifications in disseminated Pneumocystis carinii infection: CT characteristics., J. Comput. Assist. Tomogr.. 1990; 14(1): 149-151.

        [CrossRef] [PubMed]
      


      
        	[15]

        	Yachnis A.T., Berg J., Martinez-Salazar A., Bender B.S., Diaz L., Rojiani A.M., Eskin T.A., Orenstein J.M.. Disseminated microsporidiosis especially infecting the brain, heart, and kidneys. Report of a newly recognized pansporoblastic species in two symptomatic AIDS patients., Am. J. Clin. Pathol.. 1996; 106(4): 535-543.

        [CrossRef] [PubMed]
      


      
        	[16]

        	van der Reijden H.J., Schipper M.E., Danner S.A., Arisz L.. Glomerular lesions and opportunistic infections of the kidney in AIDS: An autopsy study of 47 cases., Adv. Exp. Med. Biol.. 1989; 252: 181-188.

        [CrossRef] [PubMed]
      


      
        	[17]

        	Frazão J.M., Elangovan L., Felsenfeld A.J., Stanley T.M., Cohen A.H.. Epstein-Barr-virus-induced interstitial nephritis in an HIV-positive patient with progressive renal failure., Nephrol. Dial. Transplant.. 1998; 13(7): 1849-1852.

        [CrossRef] [PubMed]
      


      
        	[18]

        	Smith R.D., Galla J.H., Skahan K., Anderson P., Linnemann C.C. Jr, Ault G.S., Ryschkewitsch C.F., Stoner G.L.. Tubulointerstitial nephritis due to a mutant polyomavirus BK virus strain, BKV(Cin), causing end-stage renal disease., J. Clin. Microbiol.. 1998; 36(6): 1660-1665.

        [CrossRef] [PubMed]
      


      
        	[19]

        	Detwiler R.K., Falk R.J., Hogan S.L., Jennette J.C.. Collapsing glomerulopathy: A clinically and pathologically distinct variant of focal segmental glomerulosclerosis., Kidney Int.. 1994; 45(5): 1416-1424.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Valeri A., Barisoni L., Appel G.B., Seigle R., D’Agati V.. Idiopathic collapsing focal segmental glomerulosclerosis: A clinicopathologic study., Kidney Int.. 1996; 50(5): 1734-1746.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Beaufils H., Jouanneau C., Katlama C., Sazdovitch V., Hauw J.J.. HIV-associated IgA nephropathy--a post-mortem study., Nephrol. Dial. Transplant.. 1995; 10(1): 35-38.

        [PubMed]
      


      
        	[22]

        	Haas M., Kaul S., Eustace J.A.. HIV-associated immune complex glomerulonephritis with “lupus-like” features: A clinicopathologic study of 14 cases., Kidney Int.. 2005; 67(4): 1381-1390.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Alpers C.E.. Light at the end of the TUNEL: HIV-associated thrombotic microangiopathy., Kidney Int.. 2003; 63(1): 385-396.

        [CrossRef] [PubMed]
      


      
        	[24]

        	Sahud M.A., Claster S., Liu L., Ero M., Harris K., Furlan M.. von Willebrand factor-cleaving protease inhibitor in a patient with human immunodeficiency syndrome-associated thrombotic thrombocytopenic purpura., Br. J. Haematol.. 2002; 116(4): 909-911.

        [CrossRef] [PubMed]
      


      
        	[25]

        	Rao T.K., Friedman E.A., Nicastri A.D.. The types of renal disease in the acquired immunodeficiency syndrome., N. Engl. J. Med.. 1987; 316(17): 1062-1068.

        [CrossRef] [PubMed]
      


      
        	[26]

        	Warner NS, Cuthbert JA, Bhore R, Rockey DC. Acute kidney injury and chronic kidney disease in hospitalized patients with cirrhosis., Journal of investigative medicine: The official publication of the American Federation for Clinical Research. 2011; 59(8): 1244-51.

        [CrossRef]
      


      
        	[27]

        	Yanagisawa N., Muramatsu T., Koibuchi T., Inui A., Ainoda Y., Naito T., Nitta K., Ajisawa A., Fukutake K., Iwamoto A., Ando M.. Prevalence of chronic kidney disease and poor diagnostic accuracy of dipstick proteinuria in human immunodeficiency virus-infected individuals: A multicenter study in japan., Open Forum Infect. Dis.. 2018; 5(10)ofy216[CrossRef] [PubMed]
      


      
        	[28]

        	Luke D.R., Sarnoski T.P., Dennis S.. Incidence of microalbuminuria in ambulatory patients with acquired immunodeficiency syndrome., Clin. Nephrol.. 1992; 38(2): 69-74.

        [PubMed]
      


      
        	[29]

        	Franceschini N., Napravnik S., Eron J.J. Jr, Szczech L.A., Finn W.F.. Incidence and etiology of acute renal failure among ambulatory HIV-infected patients., Kidney Int.. 2005; 67(4): 1526-1531.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Gardner LI, Holmberg SD, Williamson JM, Szczech LA, Carpenter CC, Rompalo AM, et al. Development of proteinuria or elevated serum creatinine and mortality in HIV-infected women., Journal of acquired immune deficiency syndromes (1999). 2003; 32(2): 203-9.

      


      
        	[31]

        	Szczech L.A., Gange S.J., van der Horst C., Bartlett J.A., Young M., Cohen M.H., Anastos K., Klassen P.S., Svetkey L.P.. Predictors of proteinuria and renal failure among women with HIV infection., Kidney Int.. 2002; 61(1): 195-202.

        [CrossRef] [PubMed]
      


      
        	[32]

        	Kimmel P.L., Barisoni L., Kopp J.B.. Pathogenesis and treatment of HIV-associated renal diseases: Lessons from clinical and animal studies, molecular pathologic correlations, and genetic investigations., Ann. Intern. Med.. 2003; 139(3): 214-226.

        [CrossRef] [PubMed]
      


      
        	[33]

        	Szczech L.A., Gupta S.K., Habash R., Guasch A., Kalayjian R., Appel R., Fields T.A., Svetkey L.P., Flanagan K.H., Klotman P.E., Winston J.A.. The clinical epidemiology and course of the spectrum of renal diseases associated with HIV infection., Kidney Int.. 2004; 66(3): 1145-1152.

        [CrossRef] [PubMed]
      


      
        	[34]

        	Islam F.M., Wu J., Jansson J., Wilson D.P.. Relative risk of renal disease among people living with HIV: A systematic review and meta-analysis., BMC Public Health. 2012; 12: 234.

        [CrossRef] [PubMed]
      


      
        	[35]

        	Thailand National Guidelines on HIV/AIDS Treatment and Prevention. 2017Available at: http://www.thaiaidssociety.org/ images/pdf/hiv_thai_guideline_2560.pdf
      


      
        	[36]

        	Levey A.S., Coresh J., Greene T., Stevens L.A., Zhang Y.L., Hendriksen S., Kusek J.W., Van Lente F., Chronic Kidney Disease Epidemiology CollaborationUsing standardized serum creatinine values in the modification of diet in renal disease study equation for estimating glomerular filtration rate., Ann. Intern. Med.. 2006; 145(4): 247-254.

        [CrossRef] [PubMed]
      


      
        	[37]

        	Scherzer R., Estrella M., Li Y., Choi A.I., Deeks S.G., Grunfeld C., Shlipak M.G.. Association of tenofovir exposure with kidney disease risk in HIV infection., AIDS. 2012; 26(7): 867-875.

        [CrossRef] [PubMed]
      


      
        	[38]

        	Charan J., Biswas T.. How to calculate sample size for different study designs in medical research?, Indian J. Psychol. Med.. 2013; 35(2): 121-126.

        [CrossRef] [PubMed]
      


      
        	[39]

        	Chaisiri K., Bowonwatanuwong C., Kasettratat N., Kiertiburanakul S.. Incidence and risk factors for tenofovir-associated renal function decline among Thai HIV-infected patients with low-body weight., Curr. HIV Res.. 2010; 8(7): 504-509.

        [CrossRef] [PubMed]
      


      
        	[40]

        	Tanuma J., Jiamsakul A., Makane A., Avihingsanon A., Ng O.T., Kiertiburanakul S., Chaiwarith R., Kumarasamy N., Nguyen K.V., Pham T.T., Lee M.P., Ditangco R., Merati T.P., Choi J.Y., Wong W.W., Kamarulzaman A., Yunihastuti E., Sim B.L., Ratanasuwan W., Kantipong P., Zhang F., Mustafa M., Saphonn V., Pujari S., Sohn A.H., TREAT Asia HIV Observational Databases (TAHOD)Renal dysfunction during tenofovir use in a regional cohort of hiv-infected individuals in the asia-pacific., PLoS One. 2016; 11(8)e0161562[CrossRef] [PubMed]
      


      
        	[41]

        	Mocroft A., Lundgren J.D., Ross M., Law M., Reiss P., Kirk O., Smith C., Wentworth D., Neuhaus J., Fux C.A., Moranne O., Morlat P., Johnson M.A., Ryom L., D:A:D study groupRoyal Free Hospital Clinic CohortINSIGHT study groupSMART study groupESPRIT study groupDevelopment and validation of a risk score for chronic kidney disease in HIV infection using prospective cohort data from the D:A:D study., PLoS Med.. 2015; 12(3)e1001809[CrossRef] [PubMed]
      


      
        	[42]

        	Ryom L., Mocroft A., Kirk O., Worm S.W., Kamara D.A., Reiss P., Ross M., Fux C.A., Morlat P., Moranne O., Smith C., Lundgren J.D., D:A:D Study GroupAssociation between antiretroviral exposure and renal impairment among HIV-positive persons with normal baseline renal function: the D:A:D study., J. Infect. Dis.. 2013; 207(9): 1359-1369.

        [CrossRef] [PubMed]
      


      
        	[43]

        	Pongpirul W., Pongpirul K., Ananworanich J., Klinbuayaem V., Avihingsanon A., Prasithsirikul W.. Chronic kidney disease incidence and survival of Thai HIV-infected patients., AIDS. 2018; 32(3): 393-398.

        [CrossRef] [PubMed]
      


      
        	[44]

        	Cooper R.D., Wiebe N., Smith N., Keiser P., Naicker S., Tonelli M.. Systematic review and meta-analysis: Renal safety of tenofovir disoproxil fumarate in HIV-infected patients., Clin. Infect. Dis.. 2010; 51(5): 496-505.

        [CrossRef] [PubMed]
      


      
        	[45]

        	Martin M., Vanichseni S., Suntharasamai P., Sangkum U., Mock P.A., Gvetadze R.J., Curlin M.E., Leethochawalit M., Chiamwongpaet S., Cherdtrakulkiat T., Anekvorapong R., Leelawiwat W., Chantharojwong N., McNicholl J.M., Paxton L.A., Kittimunkong S., Choopanya K., Bangkok Tenofovir Study GroupRenal function of participants in the Bangkok tenofovir study--Thailand, 2005-2012., Clin. Infect. Dis.. 2014; 59(5): 716-724.

        [CrossRef] [PubMed]
      


      
        	[46]

        	Sungkanuparph S, Anekthananon T, Hiransuthikul N, et al. Guidelines for antiretroviral therapy in HIV-1 infected adults and adolescents: The recommendations of the Thai AIDS Society (TAS) 2008., J Medi Assoc Thailand = Chotmaihet thangphaet. 2008; 91(12): 1925-35.

      


      
        	[47]

        	Sungkanuparph S., Techasathit W., Utaipiboon C., Chasombat S., Bhakeecheep S., Leechawengwongs M., et al. Thai national guidelines for antiretroviral therapy in HIV-1 infected adults and adolescents 2010., Asian Biomed.. 2010; 4: 515-528.

        [CrossRef]
      


      
        	[48]

        	Ryom L., Mocroft A., Kirk O., Ross M., Reiss P., Fux C.A., Morlat P., Moranne O., Smith C., El-Sadr W., Law M., Lundgren J.D.. Predictors of advanced chronic kidney disease and end-stage renal disease in HIV-positive persons., AIDS. 2014; 28(2): 187-199.

        [CrossRef] [PubMed]
      


      
        	[49]

        	Mweemba A., Zanolini A., Mulenga L., Emge D., Chi B.H., Wandeler G., Vinikoor M.J.. Chronic hepatitis B virus coinfection is associated with renal impairment among Zambian HIV-infected adults., Clin. Infect. Dis.. 2014; 59(12): 1757-1760.

        [CrossRef] [PubMed]
      


      
        	[50]

        	Si J., Yu C., Guo Y., Bian Z., Qin C., Yang L., Chen Y., Yin L., Li H., Lan J., Chen J., Chen Z., Lv J., Li L., China Kadoorie Biobank Collaborative GroupChronic hepatitis B virus infection and risk of chronic kidney disease: A population-based prospective cohort study of 0.5 million Chinese adults., BMC Med.. 2018; 16(1): 93.

        [CrossRef] [PubMed]
      


      
        	[51]

        	Hong Y.S., Ryu S., Chang Y., Caínzos-Achirica M., Kwon M.J., Zhao D., Shafi T., Lazo M., Pastor-Barriuso R., Shin H., Cho J., Guallar E.. Hepatitis B virus infection and development of chronic kidney disease: A cohort study., BMC Nephrol.. 2018; 19(1): 353.

        [CrossRef] [PubMed]
      


      
        	[52]

        	Chen Y.C., Su Y.C., Li C.Y., Wu C.P., Lee M.S.. A nationwide cohort study suggests chronic hepatitis B virus infection increases the risk of end-stage renal disease among patients in Taiwan., Kidney Int.. 2015; 87(5): 1030-1038.

        [CrossRef] [PubMed]
      


      
        	[53]

        	Manosuthi W., Ongwandee S., Bhakeecheep S., Leechawengwongs M., Ruxrungtham K., Phanuphak P., Hiransuthikul N., Ratanasuwan W., Chetchotisakd P., Tantisiriwat W., Kiertiburanakul S., Avihingsanon A., Sukkul A., Anekthananon T., Adults and Adolescents Committee of the Thai National HIV Guidelines Working GroupGuidelines for antiretroviral therapy in HIV-1 infected adults and adolescents 2014, Thailand., AIDS Res. Ther.. 2015; 12: 12.

        [CrossRef] [PubMed]
      

    

  


  

OEBPS/Images/TOAIDJ-15-73_F2.jpg
8

Renal impairment
025 o 683 ™™ 0.75

0.00

Duration of renal impairment between TDF group and non-TDF group
3

40 60 80
Months





OEBPS/Images/TOAIDJ-15-73_F3.jpg
cDuralion of renal chronic kidney disease between TDF group and non-TDF group

1.0

disease
0.75

ey

Chronic kidn
0.!

0.25

40 60 80
Months





OEBPS/Images/toaidj.jpg
ISSN: 1874-6136

The
Open AIDS

Journal

Incidence Rate and Time to Occurrence of Renal Im-
pairment and Chronic Kidney Disease among Thai
HIV-infected Adults with Tenofovir Disoproxil
Fumarate Use

BENTHAM OPEN





OEBPS/Images/TOAIDJ-15-73_F1.jpg
120

100

Mean of eGFR (ml/min/1.73 sq m)
80

60

Mean difference of éGFR between TDF group and non-TDF group

—e— TDF group

~—& - Non-TDF group

4
Years





