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Abstract

Objectives—To study the association of adiposity with longitudinal kidney function change in
544 HIV-infected persons in Study of Fat Redistribution and Metabolic Change in HIV infection
(FRAM) cohort over 5 years of follow-up.

Methods—Regional distribution of muscle and adipose tissue was quantified by whole-body
MRI, and total adiponectin and leptin levels were measured in serum. Kidney function was
assessed by estimated glomerular filtration rate from serum cystatin C (eGFRCys), obtained at
baseline and follow-up. Rapid kidney function decline was defined as annual loss of eGFRCys = 3
ml/min/1.73m2, and incident chronic kidney disease (CKD) was defined at eGFRCys < 60
ml/min/1.73m2. Multivariate regression analysis was adjusted for age, race, gender, glucose,
antihypertensive use, serum albumin, baseline and change in HIV viral load.

Results—At baseline, mean age was 43 years, mean eGFRCys 86 ml/min/1.73m?2, and 21% had
albuminuria. Mean (standard deviation) eGFRCys decline was —0.11 + 4.87 ml/min/1.73m? per
year; 23% of participants had rapid kidney function decline, and 10% developed incident CKD.
Lowest tertile of visceral adipose tissue and highest tertile of adiponectin were both marginally
associated with annual kidney function decline of —0.5 ml/min/1.73m? each, but these associations
were not statistically significant after adjustment. We found no statistically significant associations
of MRI-measured regional adiposity or serum adipokines with rapid kidney function decline or
incident CKD (all p-values > 0.1 in adjusted models).

Conclusions—Contrary to findings in the general population, adiposity did not have a
substantial association with longitudinal change in kidney function among HIV-infected persons.
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Introduction

Methods

Subjects

Manifestations of chronic kidney disease (CKD) in HIV-infected adults have evolved with
wider application of combination antiretroviral therapy. CKD due to hypertensive vascular
disease, diabetes, co-infection with hepatitis C, and certain antiretroviral drugs is now more
common than HIV-associated nephropathy.l: 2 Risk factors for CKD in HIV remain under
active investigation. In addition to traditional kidney disease risk factors (e.g. hypertension
and albuminuria), HIV-related risk factors (e.g. lower CD4 lymphocyte count, higher HIV
RNA level, and co-infection with hepatitis C) contribute to progression and onset of
CKD.3' 4,6,7

In the general population, obesity has been associated with a higher risk for both incident
CKD8-10 and end-stage renal disease (ESRD).11 12 High serum leptin concentration has
been shown to be independently associated with higher prevalence of CKD, even after
accounting for body mass index (BMI)13; and high adiponectin level is associated with
faster decline of kidney function. 14 15 In HIV infection, high visceral and upper trunk
subcutaneous fat, and low leg subcutaneous fat are associated with increased mortalityl,
insulin resistancel’, proatherogenic and dyslipidemic profile8, and higher cardiovascular
disease risk. 19 While leptin similarly correlates with adiposity in HIV-infected and
uninfected populations, 20: 21 decreased adiponectin associated with antiretroviral drugs
induced loss of subcutaneous fat in the leg is unique to HIV-infected persons.? It is not
clear how regional adiposity and serum adipokines in HIV-infected persons relate to kidney
disease progression.

Therefore, we performed this analysis to assess the association of MRI-measured regional
distribution of fat and muscle and two serum adiposity markers (leptin and adiponectin) with
longitudinal kidney function change in HIV-infected persons over 5 years of follow-up.

This prospective study included 554 HIV-infected participants followed over 5 years in the
FRAM study. FRAM was initially designed to study the association of HIV infection and its
treatments with progression of fat and metabolic changes. The methods have been
previously described.2? Briefly, HIV-infected participants were recruited between June 2000
and September 2002 from 16 geographically diverse sites in the United States. The
demographics of the FRAM cohort are representative of the HIV-infected adults in the
United States.2? Follow-up data were obtained from October 2004 through August 2007,
with an average of 5 years since the baseline visit. Of 1183 HIV-infected participants at
baseline, 581 were seen at follow-up. This study included 554 participants with
measurements of cystatin C at baseline and follow-up. Exclusion criteria for FRAM and this
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analysis were age less than 18 years, current or planned pregnancy within 3 months of
enrollment, contraindication to the MRI scan, or failure to follow-up. The protocol was
approved by institutional review boards at all sites.

Whole-body magnetic resonance imaging (MRI) was performed to quantify body
composition in terms of regional subcutaneous adipose tissue, visceral adipose tissue, and
total skeletal muscle volume in all participants using a standard protocol, as described
previously.22 VVolume of each tissue depot was calculated by means of a mathematical
algorithm.23 Tissue volume was quantified at the following sites: visceral adipose tissue
(VAT), total skeletal muscle (SM), total adipose tissue (total fat), arm and leg subcutaneous
adipose tissue (arm and leg SAT), upper trunk SAT including chest and back, and lower
trunk SAT including abdomen and back. Total adiponectin and leptin levels were measured
by RIA at Linco Research Inc. (St. Louis, MO). The sensitivity of assays, and interassay and
intraassay coefficients of variation were published previously.?!

Other measurements

Age, gender, ethnicity, and medical history were determined by self-report; and tobacco and
illicit drug use were assessed by a standardized questionnaire. Diabetes was defined as
hypoglycemic medication use or fasting glucose = 126. Height, weight, and blood pressure
were measured by standardized protocols. Laboratory data (CD4 lymphocyte count, HIV
RNA, HCV RNA, cystatin C, serum direct low-density lipoprotein (D-LDL), high-density
lipoprotein (HDL), triglycerides, serum albumin, urine microalbumin and creatinine) were
measured at baseline, as previously described.16: 22 Research associates performed medical
chart abstraction of medications and medical history at HIV sites.

Primary outcomes

Kidney function was assessed by estimated glomerular filtration rate from serum cystatin C
(eGFRCys) level on two collections (baseline and a follow-up visit) according to the CKD-
EPI equation. The characteristics of the assay and equation have been previously
published.5: 24 Cystatin C has shown stronger associations with mortality in the HIV
population compared to creatinine.2®

Changes in kidney function were evaluated as continuous and dichotomized variables.
Annual change in eGFRCys from baseline to the follow-up visit was calculated from the
difference in two measurements and elapsed time between them, and expressed in ml/min/
1.73m?2 per year. Rapid kidney function decline was defined a priori as loss of eGFRCys = 3
ml/min/1.73m? per year from baseline to the follow-up visit. This cutoff has been shown to
be associated with change in HIV viremia and mortality.® 26 Incident CKD was defined as
development of eGFRCys < 60ml/min/1.73m?2 and decline in eGFRCys of > 1ml/min/
1.73m?2 per year at follow-up visit in persons without CKD at baseline.

Statistical analysis

We first determined annual change in eGFR for each tertile of baseline body composition
measures and adipokines using least-squares means (LS-means) from an age-adjusted linear
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regression model. We next used multivariable linear regression models to evaluate
associations with annual change in eGFR, in separate models for each candidate measure of
body composition or adipokine. Multivariable logistic regression models were used to
estimate odds ratios for rapid kidney function decline and incident CKD. Persons with CKD
at baseline (N = 47) were excluded from incident CKD analysis.

Covariates were selected as previously described,® using stepwise regression with p < 0.05
for entry and retention. The fully adjusted model included demographic (self-reported age,
race, and gender), HIV-related risk factors (HIV RNA level at baseline and change from
baseline during follow-up, CD4 count change from baseline to follow-up, and duration of
saquinavir exposure), and kidney disease related risk factors (baseline glucose measurement,
diagnosis of diabetes mellitus, use of medications (hypoglycemic, antihypertensive,
hypolipidemic), D-LDL, HDL, and serum albumin). Because of their skewed distribution,
body composition and adipokines measures were log-transformed. Multiple imputation
utilizing the Markov chain Monte Carlo method for arbitrary missing data was used to
impute missing covariates prior to covariate selection.2” There was no interaction of
diabetes and hypertension with the associations of predictors and outcomes. For example, in
analyses of VAT and rapid kidney function decline, interaction was quantified at p = 0.84
for diabetes and 0.96 for hypertension.

To account for those with missing follow-up data, we adjusted estimates using an inverse
probability weighting approach by modeling the participant’s probability of having a non-
missing outcome at the follow-up visit.28 The inverse of this probability was then used as a
weight applied to persons with known outcome in the multivariable regression analyses of
changes in kidney function.

Baseline characteristics of FRAM participants are presented in Table 1. Median age at
baseline was 43 years old, and median eGFRCys was 86 ml/min/1.73m?; 30% were women,
43% African American, and 48% Caucasian; 6% of participants had coronary artery disease,
8% diabetes, 28% hypertension, 8% CKD by eGFRCys < 60 ml/min/1.73m?, and 21% had
albuminuria. The median and baseline CD4 count was 126 and 385 respectively, 69% had a
prior or current history of AIDS, 87% reported taking combination antiretroviral therapy
currently or in the past, and 45% had currently undetectable plasma HIV RNA.

We compared the age-adjusted annual change in eGFRCys by tertiles of each body depot
and adipokine, separately. In the age-adjusted model, persons in the highest tertile of
baseline VAT had a small improvement in kidney function of +0.50 ml/min/1.73m2/yr
(-0.23, 1.22), while those in the lowest tertile experienced decline by —0.54 ml/min/
1.73m2/yr (-1.25, 0.18): with p = 0.05 for difference across tertiles. By contrast, the highest
baseline tertile of adiponectin was associated with decline in kidney function at follow-up,
however the association did not reach statistical significance (p = 0.2). The other baseline
body composition regions and leptin showed little association with annual change in
eGFRCys (Figure 1). After multivariable adjustment for HIV-related and kidney disease risk
factors, associations of body depots and adipokines with annual change in kidney function

HIV Med. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Malkina et al.

Page 5

remained weak and statistically non-significant (Table 2). For example, the association of
baseline VAT with annual change in eGFR was + 0.074 (-0.26, 0.41) ml/min/1.73m? for
each doubling of VAT (p =0.7).

In this cohort, 125 (23%) participants met our definition of rapid kidney function decline
during follow-up. In unadjusted analysis, each doubling of adiponectin was associated with
an 18% higher odds of rapid decline in kidney function, but the association weakened (OR
1.11, p = 0.3) when fully adjusted. (Table 3) Finally, 51 (10%) participants developed
incident CKD at follow up. Regional distribution of fat and muscle, and level of adipokine
showed little association with incidence of CKD. (Table 3)

Discussion

In this nationally-representative cohort of HIV-infected adults, we found that MRI measures
of fat and muscle depots and serum adipokines had insignificant associations with
longitudinal kidney function decline and incident CKD. This finding is important because of
the current public health emphasis on prevention of chronic diseases, such as CKD.
Extrapolation of epidemiologic findings from the general population with regard to obesity
may not be appropriate in the setting of HIV. Prior literature has suggested that, in the
general population, obesity may be a risk factor for kidney function decline, but data are
conflicting. While some studies show an association of high BMI with incident ESRD11 12
and CKD19, others report these findings to be confounded by cardiovascular disease risk
factors. 9 29 Other studies have suggested that central adiposity rather than BMI is a risk
factor for decline in kidney function.8: 30 Our study expands on this literature by assessing
obesity markers in HIV-infected persons, a unique and high risk population for development
and progression of CKD. It has been previously shown that measures of adiposity are
associated with increased overall mortality6 and cardiovascular disease risk factors? in the
HIV population. In addition, central obesity has been associated with higher prevalence of
hypertension in HIV-infected persons regardless of presence or absence of peripheral HIV-
associated lipoatrophy.31 However, this study, found no significant association of MRI-
measured regional distribution of fat and muscle volume and levels of serum adipokines
with kidney function outcomes. It is likely that other factors, such as HIV viremia and an
associated inflammatory state have stronger bearing on kidney prognosis. Prior studies in
FRAM demonstrated that effective viremic control was associated with improvement in
kidney function.® Additionally, the metabolic and hemodynamic damage from adiposity
may become clinically evident only with severe obesity, which was not captured in this
cohort. Whether changes in adiposity would lead to a change in kidney disease risk in the
HIV population cannot be answered by this study.

Among the strengths of this study are the geographic and racial diversity of the cohort,
objective measurements of body composition and serum adipokines, and longitudinal
follow-up. Prevalence of CKD and albuminuria were low at baseline, which provided the
opportunity to study risk factors prior to development of kidney disease. However, we were
limited by a relatively short follow-up period. Additionally, this cohort captured generally
non-obese individuals with a median BMI 25 kg/m?2so the distribution was lower than that of
the general population. Also, the majority of FRAM participants had a prior or current
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diagnosis of AIDS, and many were treated with early forms of antiretroviral therapy.
Therefore, the lower BMI values in this cohort may signify complications of HIV disease,
rather than optimal health due to the absence of obesity. Finally, we are limited by use of
indirect measures of GFR because direct measurements are not practical in large
epidemiologic studies. However, prior studies have demonstrated superiority of cystatin C as
a surrogate measure of eGFR in the HIV population. 3.5 32

In summary, our findings suggest that neither regional distribution of adipose tissue nor
serum adipokines are significantly associated with change in kidney function in the HIV-
infected population. Future studies with more HIV-infected but non-AIDS participants and
longer follow-up period.
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Figure 1.

Age-adjusted associations of baseline body composition measures and adipokines (in
tertiles) with annual change in eGFRCys in HIV-infected FRAM participants (N=554).
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Data are represented as bars — medians, whiskers — 95% CI for the median. VAT — visceral
adipose tissue, SM - total skeletal muscle, T Fat — total fat, Arm SAT — arm subcutaneous
adipose tissue, Leg SAT — leg subcutaneous adipose tissue, Upper and Lower Tr SAT -

upper and lower trunk subcutaneous adipose tissue.
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Table 1

Baseline characteristics of HIV-infected FRAM participants

Parameter

N =554

Baseline Age (y)
Female
Race
African American
Caucasian
Other
History of CAD
Cigarette smoking
Current
Past
Never
Diabetes mellitus
Systolic BP (mmHg)
Diastolic BP (mmHg)
Antihypertensive use
Hypertension
LDL (mg/dL)
HDL (mg/dL)
TG (mg/dL)
BMI (kg/m?)
Waist Circumference (cm)
Ever HAART use
Current CD4 count
Nadir CD4 count
History of AIDS
Plasma HIV RNA:
<80
81-1999
2000-9999
>10000
Hepatitis C
Current heroin use
Albuminuria*
ACR (mg/g)
eGFRCys< 60
eGFRCys(ml/min/1.73m?)

43 (37-48)
167 (30%)

236 (43%)
266 (48%)
52 (9%)
34 (6%)

206 (37%)
123 (22%)
225 (41%)
45 (8%)
116 (107-124)
78 (71-85)
114 (21%)
153 (28%)
109 (79-137)
41 (34-52)
153 (97-279)
25 (22-28)
88 (81-97)
480 (87%)
385 (232-560)
126 (30-251)
383 (69%)

247 (45%)
120 (22%)
59 (11%)
128 (23%)
122 (22%)
107 (20%)
95 (21%)
7.4 (4.8-17.3)
47 (8%)
86 (72-103)

Data are presented as Median (IQR) or numbers (percent). ACR — albumin to creatinine ratio.

*
defined as a positive urine dipstick result (=1+) or urine albumin-creatinine ratio >30 mg/g.
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Association of baseline body composition measures and adipokines with annual eGFRCys change” in HIV-

infected FRAM participants (N = 554).

(results are per
doubling)

Unadjusted
Estimate (95%Cl)

Adjusted Estimate (95%Cl1)™*

(single measur es)

MRI-measured body composition:

VAT 0.22 (-0.10, 0.54) 0.07 (-0.26, 0.41)
p=0.18 p=0.67

Skeletal Muscle 0.18 (-1.62, 1.98) 0.17 (-1.60, 1.93)
p=0.84 p=0.85

Total Fat 0.10 (-0.36, 0.56) 0.18 (-0.33, 0.69)
p=0.67 p=0.50

Arm SAT 0.12 (-0.47,0.71) 0.24 (-0.43,0.91)
p=0.69 p=0.48

Leg SAT 0.05 (—0.36, 0.46) 0.27 (-0.24, 0.79)
p=0.81 p=0.30

Upper Trunk SAT 0.19 (-0.25, 0.64) 0.22 (-0.26, 0.69)
p=0.39 p=0.37

Lower Trunk SAT ~ -0.09 (-0.44, 0.27) -0.05 (-0.44, 0.35)
p=0.64 p=0.81

Adipokines:

Adiponectin -0.28 (-0.63, 0.080) -0.16 (-0.53, 0.21)
p=0.13 p=0.39

Leptin 0.03 (-0.27,0.33) 0.11 (-0.27, 0.49)
p=0.84 p=0.57

*
Annual change in eGFR in ml/min/1.73m

*%

2

Covariates in fully adjusted model include baseline age, race, gender, glucose, antihypertensive use, hypolipidemic use, HDL, D-LDL, viral

load, change in viral load, change in CD4 count, duration of saquinavir exposure.
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Table 3

Association of baseline body composition measures and adipokines with rapid decline” and incident CKD""by
cystatin C in HIV-infected FRAM participants

yduasnuel Joyny Yd-HIN

Rapid decline (N = 125) Incident CKD (N = 51)
(resultsareper  Adjusted oddsratio (95% CI) ***  Adjusted oddsratio (95% CI) ***
doubling) single measur es) (single measur es)
MRI-measured body composition:
VAT 0.91 (0.76, 1.08) 0.94 (0.72, 1.22)
p=0.29 p=0.65
Skeletal Muscle 0.62 (0.23, 1.65) 0.65 (0.16, 2.6)
p=0.33 p=0.54
Total Fat 0.88 (0.66, 1.16) 0.95 (0.63, 1.44)
p=0.36 p=0.82
Arm SAT 0.83 (0.57, 1.20) 0.81 (0.47, 1.41)
p=0.32 p=0.45
Leg SAT 0.87 (0.65, 1.17) 1.03 (0.67, 1.57)
p=0.37 p=0.89
Upper Trunk SAT 0.85 (0.65, 1.10) 0.82 (0.55, 1.20)
p=0.21 p=0.30
Lower Trunk SAT 0.96 (0.76, 1.20) 1.12 (0.80, 1.56)
p=0.70 p=0.51
Adipokines:
Adiponectin 1.11 (0.90, 1.38) 1.11 (0.80, 1.53)
p=0.33 p=0.54
Leptin 0.93 (0.75, 1.14) 1.03 (0.75, 1.41)
p=0.49 p=0.85

1duasnuely Joyny vd-HIN

1duasnuely Joyny vd-HIN

Rapid decline defined as annual eGFR loss =3 mL/min/1.73m2

*

CKD defined as eGFR< 60ml/min/1.73m2 and decline in eGFR of > 1ml/min/year. Persons with CKD at baseline are excluded from analysis.
Multiple imputation is used to impute missing covariates.

* k%
covariates in fully adjusted model include age, race, gender, DM, albumin, viral load, change in viral load.
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