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Abstract
Background—Kidney disease remains a prevalent problem in HIV care. The contribution of
highly active antiretroviral therapy (HAART), HIV disease factors and traditional factors needs
further evaluation.

Methods—A cross-sectional study of all patients seen at an HIV outpatient clinic during 2005
was performed. All data were collected from medical record review. Multivariate regression
modelling was used to identify independent predictors of lower glomerular filtration rate (eGFR)
and chronic renal failure (CRF) from factors significant in univariate analysis. eGFR was
calculated using the simplified modification of diet in renal disease equation. Results were
compared with those for persons from the National Health and Nutrition Examination Survey
(NHANES) matched for age, race and gender.

Results—Of 845 HIV-infected persons, 64% were men and 34% were Caucasian, and the mean
age was 39.8 years. Thirty per cent of the patients had proteinuria and 43% had eGFR<90 mL/
min/1.73 m2. Persons on HAART (63%) had a lower mean eGFR than those not on HAART (92.0
vs. 101.6). In multivariate analyses, significant predictors of eGFR decline were diagnoses of
hypertension, hyperlipidaemia, proteinuria, use of tenofovir or stavudine, and lower viral load.
Compared with those in NHANES, HIV-infected persons had a lower mean eGFR (94.9 vs. 104.2)
and a higher prevalence of CRF (8% vs. 2%).

Conclusion—In this cohort, the prevalence of CRF is low, but remains higher than that of the
general population. Clinicians should routinely screen for early asymptomatic kidney disease to
address risk factors that can be treated.
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Introduction
The use of combination, highly active antiretroviral therapy (HAART) since the mid-1990s
has resulted in significant and sustained reductions in morbidity and mortality from HIV
infection, including significant declines in HIV-associated nephropathy (HIVAN) [1]. At the
same time, however, a variety of HAART-related renal side effects have been noted,
including proteinuria and renal tubular damage, interstitial nephritis, nephrolithiasis, and
overall declines in glomerular filtration rate (GFR) [2]. Kidney function has been estimated
to be abnormal in up to 30% of HIV-infected patients [3]. In addition, other metabolic
complications such as type 2 diabetes and hypertension may also contribute to renal
dysfunction over time.

The nucleotide analogue tenofovir has become a prominent component of combination
antiretroviral therapy due to its tolerability, convenient dosing, and potency when used with
two other active antiretroviral agents, yet concerns regarding its renal tubular toxicity
remain. While several case reports and cohort studies have noted varying degrees of
tenofovir-associated renal tubular dysfunction or small declines in GFR [4–8], there has
been little characterization of renal function overall within large HIV-infected cohorts.
Analyses focusing on HIV-associated renal dysfunction in the context of HAART use in
general (rather than on persons treated with a specific antiretroviral drug) have found
significant benefits of HAART, with overall declines in rates of renal failure and end-stage
renal disease [8,9]. In addition, a recent large European cohort study examining chronic
renal failure (CRF) in HIV-infected patients found a low overall prevalence of CRF (<5%)
[10]. However, the majority of patients were Caucasian and it is unclear if these results can
be generalized to a more diverse population or if they are representative of an increase in
CRF prevalence over expected rates for a similar HIV-negative population. As life
expectancy for HIV-infected persons continues to improve with more potent therapies, it
remains critical to identify persons with early mild/moderate renal insufficiency in order to
provide the greatest opportunity to modify risk for progression to CRF.

Currently over one million persons in the USA have been diagnosed with HIV/AIDS and
can be expected to receive antiretroviral therapy at some point during the course of their
disease. Given recent data discouraging the use of HAART interruptions [11], it is expected
that the majority of persons who start HAART may continue medications indefinitely and
continue to live with HIV infection as a chronic disease. Consequently, treatment guidelines
have been developed for the screening and management of chronic kidney disease in HIV-
infected persons [3]. Recommendations include routine urinalysis for proteinuria and
calculated creatinine clearance or eGFR, as well as careful attention to comorbidities that
may contribute to elevated risk of kidney disease. In order to gain better understanding of
the prevalence and risk factors for renal dysfunction among HIV-infected patients, all
medical records of a large HIV-infected outpatient population were reviewed to (1) describe
the overall prevalence of varying degrees of reduced eGFR within this population; (2)
determine risk factors for reduced eGFR and chronic kidney disease; and (3) compare the
prevalence of reduced eGFR and its associated risk factors with those in a contemporary US
cohort matched for age, gender and race.

Methods
Design

This was a retrospective, cross-sectional study of all patients at least 18 years of age who
completed two or more visits to the Washington University Outpatient Infectious Diseases
Clinic during the year 2005. Data collected on each patient included sociodemographics,
body mass index, blood pressure, current and past medication and medical history, and most
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recent fasting laboratory data (as documented in the medical record) obtained as part of
routine care. For patients with multiple visits/fasting laboratory values, the most recent were
used for the study. Laboratory data, including urinalysis and measurements of lipids and
serum creatinine, were obtained using the same commercial assay (Quest Diagnostics®,
Madison, NJ, USA) for all patients. Persons with significant changes in serum creatinine
levels were excluded to minimize the impact of acute renal injury. Clinical and laboratory
data, including traditional risk factors for kidney disease, were then compared with those
obtained from the National Health and Nutrition Examination Survey (NHANES) 2003–
2004 data files [12]. The study was reviewed and approved by the Washington University
Human Studies Committee.

Definitions
According to the National Kidney Foundation, mild kidney dysfunction (stage 2) is defined
as GFR from 60 to 89 mL/min/1.73 m2, moderate dysfunction (stage 3) as GFR from 30 to
59 mL/min/1.73 m2, severe dysfunction (stage 4) as GFR from 15 to 29 mL/min/1.73 m2,
and kidney failure (stage 5) as GFR <15 mL/min/1.73 m2 or on dialysis [13]. For this study,
we defined kidney dysfunction as eGFR<90 mL/min/1.73 m2 and CRF was defined as
eGFR<60 mL/min/1.73 m2. eGFR used in data analyses was calculated using the simplified
modification of diet in renal disease (MDRD) equation:

Use of a nephrotoxic agent was defined as current or prior history of taking any of the
following medications: nonsteroidal anti-inflammatory drugs, adefovir, cidofovir,
gancyclovir/valgancyclovir, trimethoprim-sulfa, amino-glycosides or a chemotherapeutic
agent. Hypertension was defined as blood pressure ≥ 140/90 mmHg or currently on
medication for hypertension. HAART was defined as the use of two nucleoside reverse
transcriptase inhibitors (NRTIs) plus a nonnucleoside reverse transcriptase inhibitor
(NNRTI), two NRTIs plus a protease inhibitor (PI), or an NNRTI plus a PI.

Statistical analysis
Data were analysed using χ2 or Fisher's exact test for categorical variables. Continuous
variables were compared using Student's t-test or the Mann–Whitney U-test for normally
and nonnormally distributed variables, respectively. Bivariate correlation testing was also
used to test the strength of association between eGFR and other clinical variables.
Significant variables were then entered stepwise into a linear regression model in order to
determine the best multivariate model. Variables were assessed for collinearity and adjusted
appropriately. Binary logistic regression was performed to determine the risk of any (mild or
greater) renal dysfunction based on an eGFR cut-off of <90 mL/min/1.73 m2 and to
determine the risk of CRF. HIV RNA levels were log-transformed for analysis. All P-values
were two-tailed. For comparisons between HIV-infected patients and seronegative controls,
HIV-infected patients were randomly matched to subjects from the NHANES 2003–2004
data files, which are freely accessible on the Centers for Disease Control website [12].
Subjects from NHANES were randomly chosen from those who matched our patients
according to age, gender and race. For matched patients chosen from NHANES, HIV testing
is only given to those <50 years of age, and thus we could only be certain that NHANES
subjects <50 years old were HIV-negative. However, the number of patients >50 years old
in the HIV-infected cohort was low (16%). Data were analysed with the use of the SPSS
software package version 14.0 (SPSS, Chicago, IL).
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Results
A total of 845 HIV-infected patients (63.7% men and 36.3% women) met the inclusion
criteria for study analysis. Of these, 122 were excluded because they had fewer than two
clinic visits in 12 months or did not have laboratory values available for analysis. Sixty-four
per cent of the patients were African-American and 63% were currently receiving HAART.
Forty-three per cent of patients had renal dysfunction (eGFR<90 mL/min/1.73 m2), based on
eGFR estimation using the MDRD equation, but only 7.5% had CRF and fewer than 1% had
biopsy-proven HIVAN. A similar proportion of patients (6.4%) had CRF as calculated using
the Cockcroft–Gault equation. Additional patient characteristics are shown in Table 1. HIV-
infected patients with renal dysfunction were more likely to be male, older, of Caucasian
race, to have hypertension, proteinuria, higher total cholesterol and higher triglycerides, and
to be taking HAART, with lower mean HIV RNA levels compared with patients with
normal renal function (all P≤0.05). There was no association between lower eGFR and any
prior exposure to nephrotoxic agents. When the relationship between HAART use and renal
dysfunction was further explored, nearly 50% of patients on HAART were found to have
some degree of renal dysfunction (eGFR<90 mL/min/1.73 m2) compared with only 35% of
those not on HAART, mainly at mild/moderate levels of renal dysfunction (P<0.05; see Fig.
1).

When the use of specific antiretrovirals was examined, a significant negative correlation was
found between eGFR and current use of several different antiretrovirals (tenofovir, ritonavir,
stavudine, indinavir, emtricitabine and efavirenz; P≤0.05 for all), with the strongest
correlation with tenofovir (r = –0.128, P<0.001). Among patients on tenofovir, 58% were
also on low-dose ritonavir and 33% on efavirenz. There was a significant negative
correlation between eGFR and tenofovir in combination with either of these other
antiretrovirals (P<0.05 for both). However, there was no association between tenofovir and
the presence of proteinuria (there was a significant association with ritonavir; P<0.001).
Overall in multivariate analyses using eGFR as a continuous outcome variable, significant
predictors of lower eGFR were greater age, white race, the presence of proteinuria, and the
use of tenofovir or stavudine (adjusted r2 = 0.22, P<0.05 for all). When variables were
excluded in the MDRD equation (age, race and gender), significant predictors of eGFR
decline were a diagnosis of hypertension, higher total cholesterol, the presence of
proteinuria, the use of tenofovir or stavudine, and lower HIV RNA (adjusted r2 = 0.11,
P<0.05 for all). Separate analyses were also performed with eGFR as a dichotomous
variable in order to determine the odds ratios (ORs) of any renal dysfunction based on an
eGFR cut-off of <90 mL/min/1.73 m2 and to determine the risk of CRF (Table 2).

Race/ethnicity and HIV-infected patients
African-Americans in particular may be at higher risk for renal disease and, as the majority
of patients were African-American, we further explored racial differences in renal function
given the initial unexpected findings in univariate analyses. Although African-Americans
were more likely to have proteinuria than Caucasians [OR = 1.79; confidence interval (CI)
1.18–2.69], they were also less likely to be on HAART (OR 5 0.44; CI 0.32–0.61), and were
younger (P<0.05) compared with Caucasians. There were no significant differences in the
prevalence of renal dysfunction between men and women when stratified by race.

The HIV-infected cohort vs. the NHANES cohort
The prevalence of renal dysfunction was increased in the HIV-infected patients compared
with the controls from NHANES (42.8% vs. 31.5%; P<0.001). There were greater
proportions of HIV-infected persons at lower levels of kidney function compared to
NHANES (Table 3 and Fig. 2), and HIV-infected patients had overall higher mean
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creatinine levels (1.13 vs. 0.95 mg/dL; P<0.01). In addition, HIV-infected persons were
more likely to have other risk factors for kidney disease, including diagnosis of
hypertension, chronic hepatitis and any history of injecting drug use (IDU) (Table 3).

Discussion
In a large, predominantly African-American HIV-infected outpatient population, we found a
high prevalence of mild/moderate renal dysfunction and proteinuria despite a very low
prevalence of CRF. In addition, the prevalence of renal dysfunction was significantly higher
than that in a well-matched control population. Although HIV-infected persons were more
likely to have other risk factors for renal disease such as chronic hepatitis and history of
IDU, the results of multivariate analyses suggest that HAART-related and certain traditional
risk factors (i.e. age and hypertension) were more significant predictors of overall decline in
renal function.

Use of HAART has been associated with many of the significant predictors of lower eGFR
in this study, including hyperlipidaemia, hypertension (which may occur as part of a
constellation of other HAART-related metabolic and morphological complications) and
renal tubular dysfunction [2, 14,15]. In this regard, the finding of lower HIV RNA as a
significant predictor of decline in eGFR was a likely surrogate for adherence to HAART.
The overall prevalence of CRF was nonetheless extremely low, supporting a change in the
epidemiology of renal disease with fewer causes of nephropathy attributable to advanced
HIV infection.

Notably, we found that multiple antiretrovirals were significantly correlated with declining
renal function. This is not surprising as HAART generally consists of the combination of
three or more antiretrovirals and the combination of tenofovir/emtricitabine/efavirenz as a
once-daily regimen is now in greater widespread use. Recent studies have also found an
association between declining kidney function and the use of tenofovir in combination with
other drugs such as ritonavir, didanosine or amprenavir [10,16]. In the present study, we did
not find any specific tenofovir combination to be a significant predictor of lower eGFR in
multivariate analyses; rather, only current use of tenofovir itself or stavudine was
significantly associated with lower eGFR. As these drugs may be conveniently dosed for
persons with chronic kidney disease or on haemodialysis, we examined the possibility of a
selection bias for the use of these drugs in persons with advanced kidney disease. However,
only 39 and 10% of persons with established CRF were on tenofovir and stavudine,
respectively. Use of HAART or specific antiretrovirals (tenofovir and stavudine) was overall
predictive of mild/moderate decreases in eGFR rather than CRF. While tenofovir has been
associated with Fanconi’s syndrome [4,5], we found no evidence of a significant association
with either tenofovir or stavudine and the presence of proteinuria. Other sensitive indicators
of early tubular dysfunction, such as the presence of microalbuminuria or glycosuria, were
not measured as standard-of-care in this population, but may be worthy of study as potential
earlier predictors of eGFR decline.

The underlying mechanism whereby HIV medications, specifically tenofovir, induce renal
toxicity remains unclear. There are specific human organic anion transporters (hOAT1 and
hOAT3) in combination with multidrug resistance proteins (MRP2 and MRP4) in the
proximal renal tubule that secrete tenofovir into the urine [17]. There has been concern that
ritonavir-boosted PIs may increase the risk of tenofovir-induced renal toxicity by blocking
this secretory pathway. While large clinical trials in treatment-naïve patients (who have
normal renal function at baseline) have not reported a negative impact of tenofovir on renal
function [18,19], subsequent studies have reported that tenofovir given with boosted PIs
yields higher plasma levels of tenofovir and causes significant declines in renal function
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[20,21]. The latter of these studies also identified certain genetic polymorphisms in the
transporter genes that are associated with the decreased clearance of tenofovir [21].
Additional research into these areas will increase our understanding of the renal toxicity of
antiretroviral therapy, but, at present, clinicians do not have the tools available to evaluate
such toxicity and must take a proactive approach to monitoring kidney function.

The association between abnormal lipid parameters, specifically elevated total cholesterol
and triglyceride levels, and renal dysfunction in this analysis is intriguing. There have been
several studies published that suggest that hyperlipidaemia is associated with the
development of renal dysfunction and progression of renal disease [22,23]. While these data
come from studies in diabetic patients, the fact that both HIV itself and HIV medications
cause alterations in lipid parameters suggests a possible mechanism of renal dysfunction in
HIV-infected patients. However, renal dysfunction is associated with specific lipid
abnormalities (elevated triglycerides and low-density lipoprotein) caused by alterations in
the transport of lipoproteins [24, 25]. While the exact mechanism is unclear, it is reasonable
to propose that the pro-atherosclerotic lipid particles induce changes in the renal vasculature,
with negative consequences [26,27]. With the aberrant lipid parameters often seen in HIV-
infected patients, there is additional reason to aggressively address renal dysfunction.

This study has some limitations. Given the cross-sectional design of the study it is unclear
whether these findings represent a possible trend towards decreasing eGFR with longer use
of HAART, or if other factors (i.e. advancing age or further immune reconstitution) may
outweigh any HAART-associated effects on eGFR over time. Although we excluded
persons with significant changes in serum creatinine, some study subjects may have had
acute renal dysfunction as an underlying cause of their reduced eGFR. Given that our study
was cross-sectional, other causes of changes in serum creatinine, such as recent changes in
muscle mass, may have reduced eGFR. The exclusion of persons with fluctuating serum
creatinine was designed to eliminate individuals with acute changes in eGFR. We were
unable to capture complete cumulative antiretroviral history for clinic patients as many had
initiated HAART much earlier through a different care facility or had been intermittently
lost to follow-up. Data from one previous study found that risk factors for CRF were similar
for the comparison of current vs. cumulative exposure to specific antiretrovirals [10], but it
is not known if this would be true for mild/moderate renal dysfunction. We are also limited
by the inclusion of all nephrotoxic agents. The agents included in this analysis were
available in the electronic medical database. We may have underestimated the impact of
OTC (over-the-counter) medications that were not reported as well as other toxic agents that
were not captured in the database. The use of eGFR between 60 and 89 mL/min/1.73 m2

may have overestimated the prevalence of renal dysfunction as we did not have urinalysis
data on all of these subjects. However, there have been limited data published on HIV-
infected persons with mild/moderate reductions in renal function, a group in whom
intervention is warranted to prevent the progression to CRF. Finally, neither the MDRD nor
the Cockcroft– Gault equation has been properly validated in the HIV-infected population.
Although current guidelines cite a preference for the MDRD for kidney staging purposes in
this population [3], both equations may be less accurate in populations without a high
prevalence of CRF [28]. In this regard, comparison with an appropriate control group
(NHANES) was particularly important. The NHANES cohort also has a low prevalence of
advanced kidney disease and we were able to match patients on important parameters (age,
race and gender) utilized in the MDRD equation. Other strengths of the study included the
large sample size and the high percentage of African-American patients, the heterogeneity of
antiretroviral regimens that could be analysed, and the analysis of predictors of early decline
in renal function. To our knowledge, this study is one of the first to document a very high
prevalence of early, mild asymptomatic renal dysfunction among a large urban HIV-infected
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outpatient population. These findings support the need to initiate screening for renal disease
early in the treatment of HIV infection, including routine eGFR calculation and urinalysis.

In conclusion, despite a low prevalence of CRF among HIV-infected outpatients, there was a
high prevalence of asymptomatic renal dysfunction that was significantly greater than that of
a well-matched control population. Declines in estimated eGFR appeared to be attributable
not only to traditional risk factors for kidney disease but also to therapy-related factors,
particularly among patients with an earlier stage of renal dysfunction. As patients continue
to age and remain longer on HAART, further longitudinal studies will be needed to
determine whether longer-term use of certain antiretrovirals will result in continued declines
in renal function over time, or whether more traditional risk factors (i.e. advancing age and
hypertension) will carry greater importance.

At present, clinicians should remain vigilant in screening for evidence of subtle declines in
renal function in HIV-infected patients and treat modifiable risk factors for chronic kidney
disease.
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Fig. 1.
Level of kidney function as measured using the glomerular filtration rate (eGFR; mL/min/
1.73 m2) in an HIV-infected cohort according to current highly active antiretroviral therapy
(HAART) status (open bars, not on HAART; shaded bars, on HAART).
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Fig. 2.
Comparison of level of kidney function, as measured using the glomerular filtration rate
(eGFR; mL/min/1.73 m2), for HIV-infected patients (open bars) vs. individuals from the
National Health and Nutrition Examination Survey (NHANES; shaded bars).
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Table 1

Patient characteristics according to renal function as measured using the glomerular filtration rate (eGFR)

Characteristic eGFR ≥ 90 mL/min/1.73 m2 (N =
483)

eGFR < 90 mL/min/1.73 m2 (N =
362)

P-value

Age (years) (mean ± SEM) 37.0 ± 0.5 43.5 ± 0.5 < 0.01

Gender

    Male 294 (60.9) 244 (67.4) 0.05

    Female 189 (39.1) 118 (32.6)

Race

    Caucasian 123 (25.5) 163 (45.0) < 0.01

    African-American 349 (72.3) 192 (53.0)

    Hispanic 11 (2.3) 7 (1.9)

Body mass index (kg/m2) (mean ± SEM) 27.4 ± 0.3 27.5 ± 0.4 0.82

Injecting drug use 20 (4.1) 21 (5.8) 0.33

CD4 count (cells/μL) (mean ± SEM)

    Current 419 ± 13 447 ± 16 0.16

    Nadir 225 ± 10 198 ± 10 0.06

On HAART 279 (57.8) 253 (69.9) < 0.01

    HIV RNA < 400 copies/mL 210 (75.3) 200 (80.2) 0.30

Presence of proteinuria (n = 534) 78 (25.2) 80 (35.7) < 0.01

Diagnosis of hypertension 123 (25.5) 156 (43.1) < 0.01

Diagnosis of diabetes 22 (4.6) 27 (7.5) 0.10

Chronic hepatitis B 21 (4.3) 20 (5.5) 0.52

Chronic hepatitis C 50 (10.4) 49 (13.5) 0.16

Diagnosis of opportunistic infection

    Current 25 (5.2) 20 (5.5) 0.22

    Prior history 119 (24.6) 108 (29.8)

Fasting total cholesterol (mg/dL) (mean ± SEM) 175.5 ± 2.2 186.4 ± 3.1 < 0.01

Fasting LDL (mg/dL) (mean ± SEM) 101.0 ± 2.2 106.1 ± 3.1 0.17

Fasting HDL (mg/dL) (mean ± SEM) 47.9 ± 0.9 47.2 ± 1.1 0.65

Fasting TG (mg/dL) (mean ± SEM) 149.6 ± 6.5 183.0 ± 8.4 < 0.01

Values are n (%), unless otherwise indicated.

HDL, high-density lipoprotein; LDL, low-density lipoprotein; SEM, standard error of the mean; TG, triglycerides.
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Table 2

Predictors of renal dysfunction (multivariate analysis)

Characteristic Odds ratio 95% confidence interval P-value

Predictors of eGFR < 90 mL/min/1.73 m2

    Age 1.05 (per year increase) 1.03–1.07 < 0.01

    African-American race 0.34 0.22–0.51 < 0.01

    Presence of proteinuria 2.06 1.34–3.17 < 0.01

    Diagnosis of hypertension 1.78 1.17–2.70 0.01

    Current tenofovir use 1.56 1.04–2.33 0.03

Predictors of chronic renal failure (eGFR < 60 mL/min/1.73 m2)

    Nadir CD4 cell count
1.01

* 1.00–1.01 0.03

    Presence of proteinuria 4.96 1.84–13.35 < 0.01

    Diagnosis of hypertension 6.81 2.39–19.41 < 0.01

eGFR, glomerular filtration rate.

*
Per cell decrease.
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Table 3

Comparison between HIV-infected patients and National Health and Nutrition Examination Survey
(NHANES) controls (HIV-uninfected)

Characteristic HIV-infected patients (N = 845) NHANES controls (N = 845) P-value

Age (years) (mean ± SEM) 39.8 ± 0.4 39.8 ± 0.4 1.00

Gender

    Male 538 (63.7) 538 (63.7) 1.00

    Female 307 (36.3) 307 (36.3)

Race

    Caucasian 286 (33.8) 286 (33.8) 1.00

    African-American 541 (64.0) 541 (64.0)

    Hispanic 18 (2.1) 18 (2.1)

eGFR (mL/min/1.73 m2) (mean ± SEM) 94.9 ± 0.9 104.2 ± 0.9 < 0.01

Creatinine (mg/dL) (mean ± SEM) 1.13 ± 0.04 0.95 ± 0.02 < 0.01

Level of kidney function

    eGFR > 90 mL/min/1.73 m2 483 (57.2) 579 (68.5) < 0.01

    eGFR 60–89 mL/min/1.73 m2 299 (35.4) 248 (29.3) < 0.01

    eGFR 30–59 mL/min/1.73 m2 45 (5.3) 14 (1.7) < 0.01

    eGFR 15–29 mL/min/1.73 m2 5 (0.6) 2 (0.2) 0.33

    eGFR < 15 mL/min/1.73 m2 13 (1.5) 2 (0.2) < 0.01

Body mass index (kg/m2) (mean ± SEM) 27.4 ± 0.2 29.0 ± 0.3 < 0.01

Injecting drug use 41 (4.9) 17 (2.0) 0.02

Diagnosis of hypertension 279 (33.0) 211 (24.9) < 0.01

Diagnosis of diabetes 49 (5.8) 47 (5.6) 0.10

Chronic hepatitis B 41 (4.9) 6 (0.7) < 0.01

Chronic hepatitis C 99 (11.7) 46 (5.4) < 0.01

Fasting total cholesterol (mg/dL) (mean ± SEM) 180.3 ± 1.8 197.7 ± 1.5 < 0.01

Fasting LDL (mg/dL) (mean ± SEM) 103.2 ± 1.8 120.7 ± 1.9 < 0.01

Fasting HDL (mg/dL) (mean ± SEM) 47.6 ± 0.7 52.0 ± 0.5 < 0.01

Fasting TG (mg/dL) (mean ± SEM) 164.4 ± 5.2 130.3 ± 3.9 < 0.01

Values are n (%), unless otherwise indicated.

eGFR, glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SEM, standard error of the mean; TG, triglycerides.
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