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Abstract
Background Estimated glomerular �ltration rate (eGFR) trajectory in HIV-1-infected patients on tenofovir disoproxil
fumarate (TDF) – based therapy has been widely assessed using linear models, but this linearity assumption is
disputable and the nonlinearity of eGFR change remains unknown in patients with initially normal renal function.  

Methods This is a retrospective, observational cohort study in treatment-naïve HIV-1-infected patients in
Hangzhou, China. Estimated GFR (calculated by MDRD equation) trajectories were compared by one-linear and
piecewise-linear mixed effects models, before and after propensity matching, respectively. Whether the incidence
of renal dysfunction (reduced renal function [RRF], eGFR < 90 mL/min/1.73 m² and rapid kidney function decline
[RKFD], eGFR > -3 mL/min/1.73 m² /year) follows nonlinearity was assessed by logistic regression.  

Results We examined 823 (299 of TDF users and 524 of non-TDF users) treatment-naïve HIV-1-infected
participants (age≥17 years) with initial eGFR greater than 90 mL/min/1.73m² . The median follow-up time was 10
(interquartile range, 2-20) months, during which 178 (21.6%) experienced RRF, and 451 (54.8%) experienced RKFD.
In nonlinear adjusted model, the eGFR of TDF users decreased over time before 1.40 years (-5.31 mL/min/1.73 m²
/year; 95% CI: -6.57, -4.06), and after 2.30 years (-3.71 mL/min/1.73 m² /year; 95% CI: -5.97, -1.45). However, the
eGFR signi�cantly improved from years 1.40 to 2.30 (4.83 mL/min/1.73 m² /year; 95% CI: 1.38, 8.28). Within this
particular time frame, each year of TDF exposure was associated with a 78% decreased risk of RKFD (95% CI:
-91%, -49%). In comparison, eGFR increased slightly at the initiation of antiviral therapy, declined after 2.15 years
(-4.96 mL/min/1.73 m² /year; 95% CI: -5.76, -4.17) among non-TDF users. Such a progression nonlinear trajectory
was missed on the assumption of one-linearity, whether in TDF or non-TDF users.  

Conclusion For HIV-1-infected Chinese initiated antiviral therapy with normal renal function, the nonlinear
trajectory of renal function do exist, as revealed by the piecewise mixed effects model with advantage of speaking
to the true nature of the exposure outcome relationships. Routine screen based on this nonlinear progression of
eGFR, could be helpful for patient management.

Introduction
The widespread use of combination antiretroviral therapy (cART) has essentially improved the life expectancy of
human immunode�ciency virus (HIV)-positive individuals [1]. However, lifelong use of potentially nephrotoxic
antiretrovirals (ARVs), especially tenofovir disoproxil fumarate (TDF), can cause or exacerbate renal impairment [2,
3]. Monitoring renal function timely and accurately is pivotal for management of these patients.

Estimated glomerular �ltration rate (eGFR) is a common indicator of renal function [4, 5]. Studies have consistently
demonstrated that TDF, as a conventional component of cART [6, 7], is associated with a decline of eGFR and
renal dysfunction in a subpopulation [8–13]. Delineating exactly the eGFR progression trajectories on TDF therapy
through routine screening is undoubtedly helpful in this scenario. Since a linear �gure seems convenient to
interpret, most of the relevant studies so far considered the decline of eGFR to be approximately linear. The real
trajectory of eGFR over time is however missed in these simpli�ed model, thus hinders the optimization of TDF
therapy based on renal function progression. In chronic kidney disease (CKD) population, several groups have
reported nonlinear trajectories of eGFR in the past few years, its implications on risk estimation have gained
interest and encouraged researchers to identify time dependent factors associated with this phenomenon in CKD
with different origins [14–16]. However, no studies from HIV-1-infected patients have yet rigorously assessed the
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nonlinear changes of eGFR over time, especially in patients with normal eGFR on initiation of TDF-based antiviral
therapy.

The objective of this study was to comprehensively analyze the trajectory of eGFR over time, and to compare the
impact of regimens with or without TDF on this trajectory, in a Chinese cohort of treatment naïve HIV-1-positive
individuals. We also assessed the incidence of renal dysfunction based on nonlinear changes in eGFR, by using a
two-piecewise logistic regression model.

Methods
Study Population

This is a retrospective, observational cohort study conducted at the infectious diseases department at Xixi
Hospital of Hangzhou (Zhejiang, Southeast China). All treatment naïve HIV-1-positive patients with records of
cART initiation between January 26, 2010 and December 31, 2015 were screened for eligibility. This study was
approved by the Institutional Review Board of Xixi Hospital.

 

Data Collection and Inclusion Criteria

Data extracted from the medical records included demographic parameters, date of cART initiation, details of the
cART regimens, route of HIV-1 transmission, comorbidities, and laboratory variables (HIV-1 RNA viral load, CD4+

lymphocyte cell count, and serum creatinine [SCr]) at 2 weeks, 1 month, 2 months, 3 months, and every 3 months
thereafter until January, 2017. Isotope dilution mass spectrometry traceable calibration method was used to
standardize the measurement of SCr. Baseline was de�ned as the date of starting cART. Each enrolled patient was
17 years-old or more, had a normal baseline eGFR, and had at least one additional eGFR measurement since
January, 2010. The �owchart was detailed in Fig.1.

 

[Insert Fig.1]

 

Quantitative Variables

The three-variable Modi�cation of Diet in Renal Disease (MDRD) formula adjusted for Chinese populations was
used to calculate the eGFR values, as the Chinese eGFR investigation collaboration recommend the use of MDRD
equation for Chinese, rather than CKD-EPI [17-19].

Combination ART was de�ned as the combined use of 3 or more ARVs from any drug class. Patients who took
TDF alone or any TDF-containing regimen (TDF + lamivudine [3TC], or emtricitabine [FTC] + nevirapine [NVP], or
efavirenz [EFV], or zidovudine [AZT]) were classi�ed as TDF users. Patients exposed to any ARVs except TDF (AZT,
or stavudine [d4T] + 3TC + NVP, or EFV) were classi�ed as non-TDF users.
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The two outcome de�nitions of this study were reduced renal function (RRF: eGFR ≥ 90 mL/min/1.73 m2 at
baseline and eGFR < 90 mL/min/1.73 m2 during follow-up) [20], and rapid kidney function decline (RKFD: with
progression to CKD; eGFR decline > 3 mL/min/1.73 m2/year, estimated by least squares regression) [21].

 

Statistical Analyses

Baseline characteristics were compared between TDF users and non-TDF users. Three models were used to
analyze eGFR progression over time since ART initiation in each group (Table 2). Model 1, the crude one, was not
adjusted for any covariates. Model 2 was adjusted for age, sex, weight, height, body mass index (BMI), CD4 count,
eGFR, dyslipidemia, HIV/AIDS risk factors (sexual orientation and intravenous drug use), WHO stage (III/IV
HIV/AIDS), hepatitis B positivity, hepatitis C positivity, anemia, diabetes, and HIV-1 RNA viral load. Model 3 used
propensity score matching (PSM) to reduce preexisting imbalances in the covariates and potential confounding
[22,23], and a covariate was considered well balanced when the P value was more than 0.05 (Table 1), more
technical details were as in additional Table S1.

The nonlinear trajectories of eGFR were determined by smooth curve �tting using a generalized additive model
(GAM). Two methods were used to identify signi�cant time points (in�ection points on the smooth curves): one
determined whether the difference of segmented slopes was equal to zero by the Wald test; the other applied a log
likelihood ratio test to compare a nonlinear regression model with a one-linear regression model (Table 2).
Eventually, the time points were determined by constructing a maximum likelihood model using a recursion
method. A two-piecewise linear mixed effects model, with random intercepts, was applied to quantify the average
change per year of eGFR during different periods on cART (Table 3). In addition, a two-piecewise logistic regression
model based on Generalized Estimating Equation (GEE) was used to estimate the relationship of cART duration
with RRF and with RKFD (Table 4). All multivariate regression models were adjusted for the covariates used in
Model 2.

Data on HIV-1 RNA viral load were not available in up to 50% of patients, so a missing value category was used in
the main analyses [24,25]. In addition, to reduce bias caused by exclusion of individuals with any missing data at
baseline, 5 imputed datasets (established by multiple imputation with chained equations) were developed and run
separately, and the results were combined using Rubin’s method [26,27] (Additional �le 1: Table S2, S3). Another
sensitivity analysis was conducted to exclude patients receiving protease inhibitors (PIs), because of the possible
association of these drugs with nephrotoxicity and impaired renal function [28-30] (Additional �le 1: Table S4, S5).

All analyses were performed using the R software, version 3.3.1 (http://www.R-project.org). A result was
considered statistically signi�cant when the two-tailed P value was below 0.05.

Results
Patient Selection and Propensity Score Matching

As shown in the �owchart (Fig.1), a total of 1065 patients were screened and 823 patients were eligible for
participation, 299 of whom (36.3%) started a TDF-containing cART. Table 1 showed the baseline characteristics of
TDF users and non-TDF users before and after PSM. After matching, there were 130 (33.3%) patients in TDF group,
and all baseline variables were well balanced (P > 0.05 for all).
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The median age was 30 years among TDF users, and 27 years among non-TDF users. Most enrolled patients were
male and were infected via male-male sex. Of 823 patients, 178 (21.6%) experienced RRF, and 451 (54.8%)
experienced RKFD over a median follow-up of 10 (interquartile range [IQR], 2-20; maximum 90) months. In TDF
users, 97 experienced (32.4%) RRF, and 183 (61.2%) experienced RKFD. There were 4424 eGFR measurements for
TDF users. For each group, there was a median of 7 eGFR measurements per person (IQR, 3-11) and the median
interval between eGFR measurements was 90 (IQR, 30-90) days.

 

Main Analyses

Comparison of one linear and piecewise linear mixed effects models.

We compared eGFR trajectories by one linear and piecewise linear models (Table 2), with the piecewise model
allowing a change of the eGFR slope at a given time point. Log likelihood ratio test between the two models
indicated that nonlinear trajectory of eGFR was a better �t than the traditional one assuming a single linear
process across the entire period of observation (P < 0.001 for all).

Time points on nonlinear trajectories of eGFR.

For non-TDF users, the time points were 2.55 years (Table 2, model 1), 2.15 years (Table 2, model 2), and 2.15
years (Table 2, model 3). The difference of eGFR slopes were -4.79 (-5.84, -3.74), -5.43 (-6.47, -4.40) and -4.28
(-6.24, -2.33), respectively.

For TDF users, the time points on nonlinear trajectory of eGFR were signi�cantly different from that of non-TDF
users. For example, the time points were 1.40 years and 2.30 years in model 2. The difference of eGFR slopes were
-10.14 (-14.44, -5.85) at 1.40 years and -8.54 (-12.67, -4.41) at 2.30 years. Similar results were obtained in model 1
and 3 (Table 2).

 

The relationship between eGFR and duration of cART.

The eGFR changed over time in both groups (Fig.2, Additional �le 1: Fig.S1, S2). There was a reverse S-shaped
relationship between eGFR and duration of cART for TDF users, but a different temporal trajectory for non-TDF
users, in all three models. The S-shaped trajectory was observed markedly in model 1 (Additional �le 1: Fig.S1B)
and model 2 (Fig.2B).

 

Average changes in eGFR over time on different cART duration among TDF or non-TDF users.

Table 3 showed average eGFR changes per year for the two groups according to cART duration. For TDF users, we
obtained different results when the duration of cART was categorized using different time points in all three
models. The exp (β) was -5.31 (95% CI: -6.57, -4.06) for cART less than 1.40 years and -3.71 (95% CI: -5.97, -1.45)
for 2.30 years or more. However, the exp (β) was reverse, 4.83 (95% CI: 1.38, 8.28) for 1.40 to 2.30 years. For
models 1 and 3, these time points were nearly the same, and similar trends were indicated in eGFR with increasing
duration of cART (Table 3).
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For non-TDF users, before the time points, a longer duration of cART was associated with a slight increased eGFR
in all three models; after the time points, there was an inverse association between eGFR and duration of cART
(Table 3).

 

Nonlinear progression of renal function over time.

Two outcome de�nitions, RRF and RKFD, were used to assess whether renal dysfunction progression consists with
the nonlinear trajectory of eGFR (Table 4). For patients without TDF exposure, use of cART for 2.15 years or more,
the risk of RRF increased steadily to 2.05 per year (95% CI: 1.54, 2.71). For patients using TDF, there was an
increased risk of RRF for those using cART less than 1.40 years (adjusted odds ratio [aOR]: 3.33 per year; 95% CI:
2.34, 4.75) and for those using cART for 2.30 years or more (aOR: 1.58 per year; 95% CI: 1.03, 2.43). However, those
using TDF for 1.40 to 2.30 years had a decreased risk of RRF (41% decrease per year; 95% CI: -75%, 39%).

There was no increased risk of RKFD among non-TDF users who received cART for 2.15 years or more, nor among
TDF users who received cART for less than 1.40 years. But, each additional one year of TDF exposure was
associated with a 78% (95% CI: -91%, -49%) decreased risk of RKFD from 1.40 to 2.30 years, and a nearly 3-fold
(95% CI: 1.08, 7.27) increased risk of RKFD for those on TDF for more than 2.30 years. Similar trends were
observed in PSM data (Table 4).

 

Sensitivity Analyses

Two sensitivity analyses, one conducted with imputed datasets and the other with patients not using PIs, indicated
these results were robust (Additional �le 1: S2 to S5).

Discussion
This was the �rst study, to our knowledge, to investigate whether eGFR progression follows a nonlinear trajectory
in HIV-1-infected patients initiating cART with normal eGFR. We present evidence from two analyses (the piecewise
linear and logistic regression model) that the traditional assumption of a steady, linear decline does not apply to
HIV-1 infected patients on treatment, especially those on TDF - based therapies. Our results showed that these
patients experienced periods of acceleration or deceleration of kidney function decline. Analyses over nonlinear
patterns seemly speak to the true nature of the exposure–outcome relationships.

The comparison of one-linear and piecewise linear models suggested that nonlinear trajectory of eGFR was more
accurate than a single linear process (log likelihood ratio test: P < 0.001 for all). When a single slope was �tted to
the data, eGFR decline was either over- or under- estimated during partial period of cART. Intriguingly, nonlinear
trajectories accurately depicted the periods of acceleration or deceleration of renal function decline, especially in
TDF users who had an obvious heterogeneity in eGFR over time. This acceleration or deceleration, which was
quanti�ed by the piecewise linear mixed effects model, could be clearly identi�ed from the data and smooth
curves (Table 3 and Fig. 2). As illustrated for TDF users in model 2 (Fig. 2), there was an increase of eGFR for
intermediate cART durations (1.40–2.30 years), comparing markedly with the signi�cant decline of eGFR either for
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short (< 1.40 years) or long cART durations (> 2.30 years). Certainly, these �ndings were similar in model 1 and
model 3.

As expected, effects of nonlinearity of eGFR on renal dysfunction progression were well supported by the results of
RRF and RKFD. In particular, the trends over time of RRF were completely consistent with nonlinear changes of
eGFR (Table 4). This �nding was also robust enough based on a range of sensitivity analyses. This phenomenon
can not be explained explicitly thus far. A speculation of far from mature is that TDF, as a well-known nephrotoxic
antiretroviral, cause a rapid stress in renal tubular at the beginning exposure followed by a transient recovery
possibly from the self-repairing mechanisms of kidney, then an inevitable damage occurs if beyond the ability of
self repairment over time.

Among TDF users, during the increasing period (1.40–2.30 years) of eGFR, the incidences of both outcomes,
especially RKFD de�nitely declined (suggesting a recovery of renal function), even though TDF continued. This is
consistent with previous studies suggested an overall limited effect of TDF on renal function decline [9, 20]. A
meta-analysis that compared ART regimens with or without TDF demonstrated a mean difference in eGFR of only
3.92 mL/min/1.73 m2 on a short-term follow-up [9]. Interestingly, a cohort study reported the cumulative decline of
eGFR attributable to TDF was 3.05, 4.05 and 2.42 (mL/min/1.73 m2) at year 1, 2, 3, respectively; this indicates that
the eGFR decline attributable to TDF was lower 3 years after than that of before, suggesting a partial eGFR
recovery from years 2 to 3 [20]. However, speci�c time points for renal function recovery are di�cult to obtain by
their one-linear analysis of eGFR.

We also found that continuous TDF exposure inevitably led to renal impairment in a substantial population. The
incidence of RRF - but not the severe RKFD - increased during the initial use of TDF, incidences of both outcomes
increased signi�cantly later, suggesting that persistent TDF exposure can lead to cumulative and irreversible renal
impairment, even in those with a normal baseline renal function. This was in agreement with that of the
prospective international cohort study published recently, the increased incidence of CKD per year of exposure to
TDF was initially small (14%; 95% CI: 10%, 19%), yet doubled for a treatment period of 5 years [2]. Regrettably, the
authors used also the conventional linear analysis to address this issue, thereby the nonlinear trajectories of eGFR
progression, if exist, remains unknown. As suggested by studies from CKD cohorts, linear regression methods do
not exactly estimate kidney function trajectories [16], considering the big heterogeneity with respect to kidney
function, dropout and number of kidney function estimates [31]. Nonlinear statistical methods, such as piecewise-
linear mixed effects model [15], are able to better characterize the different pro�les of renal function progression,
as well as to investigate speci�c risk factors associated with each pro�le [14, 16]. Therefore, our study provides a
new avenue for this di�cult task, at least in HIV patients with normal renal function. Future external validation with
prospective international cohort like D:A:D Study would bene�t a lot to characterize the real trajectories of eGFR
progression, as well as the potential time window to salvage renal function and to investigate the underlying
mechanisms of TDF related nephrotoxicity.

This present study has several implications for our understanding of renal dysfunction progression in HIV-1
infected patients during cART with initial normal renal function. First, periods of slight increasing eGFR followed by
periods of eGFR decline and increasing risk of adverse events in non-TDF users suggesting that irrespective of the
cART regimen (with or without TDF), loss of renal function to some extent seems inevitable following prolonged
use of these drugs, especially after 2 years exposure or more. Screening frequencies on renal function should be
planned according to this �nding. Second, for TDF users, periods of rapid eGFR decline followed by periods of
eGFR improvement, indicating that eGFR decline may sometimes be ameliorated over a given extended periods.
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One should be aware of early loss of renal function may not re�ect permanent loss of renal function. The S-
shaped nonlinear trajectory of eGFR may also open new avenues of diagnostic and treatment options so as to
delay the progression of renal impairment among these long-term users of TDF.

This study has several strengths. First, the research has longitudinal data for up to 7 years of follow-up and regular
eGFR assessments every 3 months for characterizing nonlinear trajectories of eGFR during cART. Second, by using
PSM, we were able to reduce confounding bias and balance the baseline characteristics of TDF exposure and non-
exposure group. The results of this emulation of a randomized controlled trial were similar with model 1 and
model 2, suggesting that our �ndings were robust. Third, the time points suggested by our study were determined
by a range of powerful statistical analyses (Wald test, piecewise linear mixed effects model along with maximum
likelihood model and recursion method), together with two robust sensitivity analyses, thus is more accurate and
powerful than the traditional paradigm based on clinical experience [2, 13, 20].

Our study has several limitations. First, the inherent shortcomings belong to retrospective observational single-
center study, small sample size and short term follow-up make it di�cult to address the causality between TDF
and CKD and reach a �rm conclusion, the powerful statistical analysis thus is a trade-off to minimize these biases
and confounding. Second, the patients in this study came exclusively from China, the �ndings may not simply
apply to other populations and thus further validations from different races are warranted. Third, nonlinear
trajectory of eGFR progression in patients complicated with CKD at baseline needs further investigation, after all,
an interesting curve has already been identi�ed by our population characterized by normal renal function. Fourth,
this study did not investigate the predictive factors that may contribute to nonlinearity patterns of renal function,
as well as TDF induced nephrotoxicity other than glomerular �ltration function. All above limitations require further
study to be overcome, nonetheless, our primary results provided moderate yet important illumination for this topic.

In conclusion, the present study suggests that renal function progression exists heterogeneity in HIV-infected
patients with a normal eGFR initiating ART in Chinese. There are signi�cant differences in renal function
trajectories between TDF and non-TDF therapy. Continuous TDF exposure inevitably led to renal impairment in a
substantial population, but the changes of eGFR was inconsistent over time. Analyses assuming nonlinear
patterns over piecewise mixed effects models speak to the true nature of the exposure-outcome relationships in
this scenario. An interesting reverse S-shaped nonlinear trajectory, the transient yet de�nitely recovery of renal
impairment about 1.4 years after TDF initiation, do exist and could be helpful for the management of HIV-1-
infected patients on TDF.

Additional File
Additional �le 1: Table S1. Propensity score parameter list. Table S2. Predicted eGFR change rates in the piecewise
linear mixed effects model in multiple imputation sample. Table S3. Association of antiretroviral exposure (in
different time ranges) with risk of renal impairment outcomes in multiple imputation sample. Table S4. Predicted
eGFR change rates among patients without receiving protease inhibitors in the piecewise linear mixed effects
model. Table S5. Association of antiretroviral exposure (in different time ranges) with risk of renal impairment
outcomes among patients without receiving protease inhibitors. Figure S1. Nonlinear trajectory of eGFR among
HIV-1-infected patients with or without TDF in unadjusted model. Figure S2. Nonlinear trajectory of eGFR among
HIV-1-infected patients with or without TDF in propensity score matched sample.
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TDF: Tenofovir disoproxil fumarate; eGFR: Estimated glomerular �ltration rate; RRF: Reduced renal function; RKFD:
Rapid kidney function decline; IQR: Interquartile range; HIV: Human immunode�ciency virus-1; ART: Antiretroviral
therapy; CKD: Chronic kidney disease; SCr: Serum creatinine; MDRD: Modi�cation of diet in renal disease; ARVs:
Antiretrovirals; 3TC: Lamivudine; FTC: Emtricitabine; NVP: Nevirapine; EFV: Efavirenz; AZT: Zidovudine; d4T:
Stavudine; BMI: Body mass index; PSM: Propensity score matching; GAM: Generalized additive model; GEE:
Generalized estimating equation; OR: Odds ratio; WHO: World health organization; NA: Not applicable; CI:
Con�dence interval; MDR-TB: Multi-drug-resistant tuberculosis.
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Tables

Table 1. Characteristics at cohort entry stratified by Tenofovir Disoproxil Fumarate before and after

propensity score matching.
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  Before matching   After matching

Characteristic Without TDF With TDF P value   Without TDF With TDF P

value

Overall (n=524,63.7%) (n=299,36.3%)     (n=260,66.7%) (n=130,33.3%)  

Age (years) 27 (24-32) 30 (25-36) <0.001   27 (25-32) 27 (25-33) 0.638

Female 20 ( 3.8%) 18 ( 6.0%) 0.147   5 ( 1.9%) 5 ( 3.8%) 0.428

Weight (kg) 63 (57-70) 63 (56-67) 0.185   62 (57-70) 63 (58-68) 0.810

Height (cm) 172 (169-175) 172 (169-175) 0.546   172 (170-175) 172 (170-175) 0.790

BMI (kg/m ) 21.1 (19.5-

23.1)

21.0 (19.4-

22.7)

0.240   21.0 (19.4-

23.1)

21.2 (19.5-

22.9)

0.637

CD4 (cells/

μL)

323 (246-423) 247 (117-359) <0.001   326 (262-420) 335 (246-414) 0.988

Triglycerides

(mmol/L)

1.1 (0.8-1.7) 1.3 (0.9-1.7) 0.715   1.2 (0.8-1.7) 1.2 (0.8-1.7) 0.739

Total

cholesterol

(mmol/L)

4.0 (3.5-4.5) 3.8 (3.3-4.4) 0.006   4.0 (3.5-4.5) 3.9 (3.5-4.4) 0.676

eGFR

(mL/min

per1.73m )

111 (102-121) 112 (103-126) 0.426   112 (101-122) 111 (103-120) 0.767

Dyslipidemia 72 (13.7%) 42 (14.0%) 0.879   34 (13.1%) 17 (13.1%) 1.000

Risk factor     0.005       0.689

  Homosexual 413 (78.8%) 203 (67.9%)     205 (78.8%) 100 (76.9%)  

 

Heterosexual

69 (13.2%) 60 (20.1%)     31 (11.9%) 20 (15.4%)  

  Injection

drug user

1 ( 0.2%) 0 ( 0.0%)     1 ( 0.4%) 0 ( 0.0%)  

  Other 41 ( 7.8%) 36 (12.0%)     23 ( 8.8%) 10 ( 7.7%)  

WHO stage

III/IV

84 (16.0%) 103 (34.4%) <0.001   31 (11.9%) 13 (10.0%) 0.692

Hepatitis B

status

    <0.001       NA
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    Positive 9 ( 1.7%) 43 (14.4%) 0 (0.0%) 0 (0.0%)

    Negative 476 (90.8%) 236 (78.9%)     260 (100.0%) 130 (100.0%)  

    Unknown 39 (7.4%) 20 (6.7%)     0 (0.0%) 0 (0.0%)  

Hepatitis C

status

    0.003       NA

    Positive 3 ( 0.6%) 11 ( 3.7%)     0 (0.0%) 0 (0.0%)  

    Negative 472 (90.1%) 255 (85.3%)     260 (100.0%) 130 (100.0%)  

    Unknown 49 ( 9.4%) 33 (11.0%)     0 (0.0%) 0 (0.0%)  

Anaemia 11 ( 2.1%) 40 (13.4%) <0.001   3 ( 1.2%) 0 ( 0.0%) 0.539

Diabetes 16 ( 3.1%) 10 ( 3.3%) 0.818   8 ( 3.1%) 2 ( 1.5%) 0.571

Viral load

(copies per

mL)

    0.012       0.712

  <400 39 ( 7.4%) 17 ( 5.7%)     26 (10.0%) 9 ( 6.9%)  

  ≥400,

<10000

127 (24.2%) 45 (15.1%)     65 (25.0%) 29 (22.3%)  

  ≥10000,

<100000

92 (17.6%) 56 (18.7%)     49 (18.8%) 23 (17.7%)  

  ≥100000 29 ( 5.5%) 15 ( 5.0%)     15 ( 5.8%) 8 ( 6.2%)  

  Unknown 237 (45.2%) 166 (55.5%)     105 (40.4%) 61 (46.9%)  

Protease

inhibitors

8 ( 1.5%) 34 (11.4%) <0.001   2 (0.1%) 1 (0.1%) 1.000

Data are n (%) or median (IQR) unless otherwise indicated. Baseline was defined as the date of starting

antiretroviral therapy on or after January, 2010. After matching, P value > 0.05 indicates a relatively

small baseline imbalance between TDF and non-TDF users. Diabetes and dyslipidemia defined by the

diagnosis or related medication. Anemia was defined as hemoglobin <12.0 g/dL in women and <13.0

g/dL in men. Coinfection with hepatitis B defined by positive hepatitis B surface antigen, coinfection

with hepatitis C defined by positive HCV viral load.

 

Table 2. The difference of slopes before and after cutoff-times and comparison of one-linear and

piecewise-linear model.
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Without TDF   With TDF

Model 1        

Comparison of
slopes

Exp(β)a (95% CI)   Comparison of
slopes

Exp(β)a (95% CI)

< 2.55 y -4.79 (-5.84, -3.74)
<0.001

  < 1.40 y -8.47 (-11.56, -5.37)
<0.001

≥ 2.55 y   ≥ 1.40 y,  < 3.20 y

Comparison of
models

Log likelihood ratio testb   Comparison of
slopes

 

One-linear model <0.001   ≥ 1.40 y,  < 3.20 y -9.22 (-12.52, -5.92)
<0.001

Non-linear model   ≥ 3.20 y

      Comparison of
models

Log likelihood ratio testb

      One-linear model <0.001

      Non-linear model

         

Model 2        

Comparison of
slopes

Exp(β)a (95% CI)   Comparison of
slopes

Exp(β)a (95% CI)

< 2.15 y -5.43 (-6.47, -4.40)
<0.001

  < 1.40 y -10.14 (-14.44, -5.85)
<0.001

≥ 2.15 y   ≥ 1.40 y,  < 2.30 y

Comparison of
models

Log likelihood ratio testb   Comparison of
slopes

 

One-linear model <0.001   ≥ 1.40 y,  < 2.30 y -8.54 (-12.67, -4.41)
<0.0001

Non-linear model   ≥ 2.30 y

      Comparison of
models

Log likelihood ratio testb

      One-linear model <0.001

      Non-linear model

         

Model 3        

Comparison of
slopes

Exp(β)a (95% CI)   Comparison of
slopes

Exp(β)a (95% CI)

< 2.15 y -4.28 (-6.24, -2.33)
<0.001

  < 1.30 y -7.09 (-13.99, -0.20) 0.044

≥ 2.15 y   ≥ 1.30 y,  < 2.10 y

Comparison of
models

Log likelihood ratio testb   Comparison of
slopes

 

One-linear model <0.001   ≥ 1.30 y,  < 2.10 y -8.82 (-14.89, -2.76) 0.004

Non-linear model   ≥ 2.10 y

      Comparison of
models

Log likelihood ratio testb

      One-linear model <0.001

      Non-linear model
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a: Exp(β) represents the difference of segmented slopes (mL/min/1.73 m2/year), along with a p value

from Wald test.

b: Log likelihood ratio test was used to compare one-linear regression model with two piecewise

regression model, below 0.05 indicates two piecewise regression model was a better fit to the data

than the one-linear model that assumed a single slope across the entire period of observation.

Model 1: unadjusted for any variables at baseline.

Model 2: adjusted for age, sex, weight, height, body mass index (BMI), CD4 count, eGFR, dyslipidemia,

HIV/AIDS risk factors (sexual orientation and intravenous drug use), WHO stage III/IV HIV/AIDS,

hepatitis B positivity, hepatitis C positivity, anemia, diabetes, and HIV-1 RNA viral load at baseline.

Model 3: propensity score matched sample.

 

Table 3. Predicted eGFR change rates in the piecewise linear mixed effects model.
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  Without TDF   With TDF
  Exp(β) (95% CI) P value   Exp(β) (95% CI) P value

Model 1          

Time as linear

trend

-1.29 (-1.58,

-1.00)

<0.001 Time as linear

trend

-1.46 (-1.94,

-0.98)

<0.001

Fitted Groups     Fitted Groups    

< 2.55 y 0.74 (0.21, 1.28) 0.006 < 1.40 y -4.73 (-6.09,

-3.37)

<0.001

≥ 2.55 y -4.04 (-4.72,

-3.37)

<0.001 ≥ 1.40 y,  < 3.20 y 3.74 (1.64, 5.84) 0.004

-- -- -- ≥ 1.40 y -5.48 (-8.03,

-2.93)

<0.001

Model 2          

Time as linear

trend

-1.20 (-1.54,

-0.85)

<0.001 Time as linear

trend

-2.56 (-3.19,

-1.94)

<0.001

Fitted Groups     Fitted Groups    

< 2.15 y 0.47 (0.00, 0.94) 0.049 < 1.40 y -5.31 (-6.57,

-4.06)

<0.001

≥ 2.15 y -4.96 (-5.76,

-4.17)

<0.001 ≥ 1.40 y,  < 2.30 y 4.83 (1.38, 8.28) 0.006

-- -- -- ≥ 2.30 y -3.71 (-5.97,

-1.45)

0.001

Model 3          

Time as linear

trend

-0.47 (-1.09, 0.15) 0.139 Time as linear

trend

-1.77 (-2.60,

-0.94)

<0.001

Fitted Groups     Fitted Groups    

< 2.15 y 0.77 (-0.07, 1.60) 0.072 < 1.30 y -2.78 (-4.73,

-0.83)

0.005

≥ 2.15 y -3.51 (-5.04,

-1.99)

<0.001 ≥ 1.30 y,  < 2.10 y 4.31 (-1.28, 9.90) 0.131

-- -- -- ≥ 2.10 y -4.51 (-6.86, <0.001
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-2.17)

Abbreviations: Exp(β), the rate of change in eGFR (mL/min/1.73 m2) per year, obtained with the

interaction term between TDF using status and time since cART initiation.

Model 1: unadjusted for any variables at baseline.

Model 2: adjusted for age, sex, weight, height, body mass index (BMI), CD4 count, eGFR, dyslipidemia,

HIV/AIDS risk factors (sexual orientation and intravenous drug use), WHO stage III/IV HIV/AIDS,

hepatitis B positivity, hepatitis C positivity, anemia, diabetes, and HIV-1 RNA viral load at baseline.

Model 3: propensity score matched sample.

 

Table 4. Association of antiretroviral exposure (in different time ranges) with risk of renal impairment

outcomes.
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Unmatched Samplea

  Without TDF   With TDF
  OR (95% CI) P value   OR (95% CI) P value

Reduced Kidney

Functionb

         

Time as linear trend 1.67 (1.42,

1.98)

<0.001 Time as linear

trend

1.80 (1.54, 2.09) <0.001

Fitted Groups     Fitted Groups    

< 2.15 y 1.33 (0.97,

1.81)

0.074 < 1.40 y 3.33 (2.34, 4.75) <0.001

≥ 2.15 y 2.05 (1.54,

2.71)

<0.001 ≥ 1.40 y,  < 2.30

y

0.59 (0.25, 1.39) 0.229

-- -- -- ≥ 2.30 y 1.58 (1.03, 2.43) 0.035

Rapid Kidney Function Declinec

Time as linear trend 0.91 (0.84,

0.98)

0.020 Time as linear

trend

1.05 (0.93, 1.18) 0.418

Fitted Groups     Fitted Groups    

< 2.15 y 0.89 (0.80,

1.00)

0.048 < 1.40 y 1.07 (0.87, 1.32) 0.512

≥ 2.15 y 0.94 (0.77,

1.14)

0.524 ≥ 1.40 y,  < 2.30

y

0.22 (0.09, 0.51) <0.001

-- -- -- ≥ 2.30 y 2.80 (1.08, 7.27) 0.034
 
 

Matched Sampled

  Without TDF   With TDF
  OR (95% CI) P value   OR (95% CI) P value

Reduced Kidney Functionb

Time as linear trend 1.38 (1.12,

1.70)

0.003 Time as linear

trend

1.49 (1.25, 1.78) <0.001

Fitted Groups     Fitted Groups    

< 2.15 y 1.23 (0.84, 0.287 < 1.30 y 2.62 (1.50, 4.59) <0.001
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1.79)

≥ 2.15 y 1.54 (1.08,

2.20)

0.017 ≥ 1.30 y,  < 2.10

y

0.56 (0.14, 2.33) 0.429

-- -- -- ≥ 2.10 y 1.34 (0.90, 1.99) 0.152

Rapid Kidney Function Declinec

Time as linear trend 1.01 (0.92,

1.11)

0.834 Time as linear

trend

1.15 (0.99, 1.34) 0.064

Fitted Groups     Fitted Groups    

< 2.15 y 0.94 (0.82,

1.08)

0.396 < 1.30 y 1.19 (0.87, 1.62) 0.275

≥ 2.15 y 1.17 (0.94,

1.45)

0.171 ≥ 1.30 y,  < 2.10

y

0.19 (0.07, 0.56) 0.002

-- -- -- ≥ 2.10 y 12.43 (0.78,

197.43)

0.074

a: Represents the model adjusted for age, sex, weight, height, body mass index (BMI), CD4 count,

eGFR, dyslipidemia, HIV/AIDS risk factors (sexual orientation and intravenous drug use), WHO stage

III/IV HIV/AIDS, hepatitis B positivity, hepatitis C positivity, anemia, diabetes, and HIV-1 RNA viral

load at baseline.

b: Reduced kidney function was defined as the development of an eGFR< 90ml/min/1.73m2 during

follow-up among patients who had an eGFR greater than or equal to 90 ml/min/1.73m2 at baseline.

c: Rapid kidney function decline was defined as an annual decline of 3 ml/min/1.73m2 or more.

d: Represents the propensity score matched model.

Figures
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Figure 1

Study Flow Diagram
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Figure 2

Nonlinear trajectory of eGFR among HIV-1-infected patients with or without TDF. Figure legend: Nonlinear eGFR
changes over time can be approximated with a piecewise linear mixed effects model. A and B show the adjusted
smooth �t of eGFR data. C and D show the �t from the adjusted one linear and adjusted piecewise linear mixed
effects models. Models adjusted for age, sex, weight, height, BMI, CD4 count, eGFR, dyslipidemia, HIV/AIDS risk
factors (sexual orientation and intravenous drug use), WHO stage III/IV HIV/AIDS, hepatitis B positivity, hepatitis C
positivity, anemia, diabetes, and HIV-1 RNA viral load at baseline.


