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II. Dissertation abstract

Background Men infected with HIV and receiving highly active antiretroviral therapy
are at higher risk of metabolic and cardiovascular abnormalities as well as accelerated
renal function decline and chronic kidney disease (CKD). Glomerular hyperfiltration,
defined as elevated glomerular filtration rate (GFR) to pathologically high levels, is
associated with diabetes and hypertension and is a treatable risk factor for CKD. The
epidemiology of hyperfiltration has not been described in an HIV population. The
purposes of this dissertation is to a) describe the prevalence of elevated GFR using
directly measured iohexol GFR, a gold standard; b) describe the incidence of
hyperfiltration using the serum creatinine-based CKD-EPI estimated GFR equation, a
clinical standard; and c) investigate the effect of hyperfiltration on accelerated GFR

decline in the Multicenter AIDS Cohort Study.

Methods Data consisted of a nested cross-sectional study within the MACS comprising
241 HIV-uninfected and 367 HIV-infected men with iohexol GFR, and all MACS data in
the era of HAART comprising approximately 1373 HIV-uninfected and 1255 HIV-
infected men. Hyperfiltration was classified using adapted definitions, including
estimating the 90™ percentiles among HIV-uninfected men. Competing risks analyses,
with age (after 30 years) as the time scale, were used to assess the effect of HIV-infection
on incident hyperfiltration. To determine the effect of hyperfiltration on GFR decline,

downward inflection points were identified.

Results There was a higher prevalence of elevated GFR among HIV-infected men

compared to HIV-uninfected men (25% vs. 17%; adjusted odds ratio: 1.70, 95%CI: 1.11,
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2.61) based on directly measured GFR. Using estimated CKD-EPI GFR, HIV infection
was associated with increased risk of incident hyperfiltration among non-blacks at
younger ages that diminished over time. A higher non-significant risk was observed
among blacks. Hyperfiltration was not associated with accelerated 5-year GFR decline.
Compared to uninfected men, men treated for HIV-infection had a faster 5-year GFR

decline.

Conclusions Treated HIV infection was associated with an increased independent risk of
prevalent and incident hyperfiltration, and varied by race. HIV infection, but not
hyperfiltration, was associated with accelerated short term GFR decline. Therapies for
metabolic, cardiovascular and renal abnormalities, including hyperfiltration, remain

important considerations for HIV management.
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1. Introduction

1.1 HIV treatment in the era of HAART and comorbidities

With the advent of highly active antiretroviral therapy (HAART), life expectancy
with HIV infection has increased and AIDS mortality has decreased [1]. However,
accelerated aging and the frailty phenotype are more common among those with HIV and
receiving therapy [2]. Indeed, in the HAART era, those with HIV infection are at higher
risk of non-AIDS comorbidities such as cardiovascular, metabolic and renal disorders
more typically associated with age [3—6]. For example, HAART-treated people with HIV
are known to live longer but also exhibit accelerated kidney function decline and higher
incidence of chronic kidney disease (CKD) [6,7]. Importantly, this population also has a
higher incidence of disorders such as hypertension and diabetes that have renal,
cardiovascular and metabolic etiologies. Therefore, identifying precursors and modifiable
risk factors for cardiovascular and metabolic comorbidities are essential for current HIV

treatment and preventive care.

1.2 Glomerular hyperfiltration

One such risk factor identified in HIV-uninfected populations is glomerular
hyperfiltration, which refers to elevated glomerular filtration rate (GFR) to pathologically
high levels. Hyperfiltration is considered an early marker of kidney damage in the context
of pre-diabetes and pre-hypertension leading to subsequent accelerated GFR decline [8].
Hyperfiltration can occur naturally without lasting kidney damage (for example, during
pregnancy [9]). However, it is generally accepted that hyperfiltration is also an initiator

and accelerator of kidney disease [10] and a risk factor for proteinuria [8], in the presence



of other metabolic and cardiovascular comorbidities. Several studies have described
increased prevalence of hyperfiltration among people with metabolic and cardiovascular

abnormalities [11-15], as well as increased risk of accelerated GFR decline [10].

Hyperfiltration is hypothesized to be an adaptive response to a reduction in
functional nephron number. Pressure within the glomerulus can increase to high levels
due to decreased volume flow from the efferent arteriole relative to the afferent arteriole.
Figure 1.1 presents a schematic of blood flow within a nephron depicting this process.
This difference in flow may be due to substances or hormones (such as insulin), as well
as increased systemic blood pressure (as measured by systolic and diastolic blood
pressure). It is hypothesized that abnormal hormonal levels due to glucose intolerance
and abnormal tubular resorption of glucose and sodium contribute to the development of
hyperfiltration. This mechanism, largely derived from animal studies [9,16—18], is
hypothesized to be responsible for the increased prevalence of hyperfiltration among

diabetics, although this has not been directly confirmed in humans.

The chronic increased pressure that defines hyperfiltration is thought to directly
cause pathologic damage to the glomerulus. Increased hemodynamic pressures of the
filtering units are markers of kidney dysfunction and precede microalbuminuria
(proteinuria), GFR decline, further insulin resistance and hypertension [10,13,19]. In
particular, in the absence of treatment, there is a progressive decline in GFR with a

commensurate increase in proteinuria.

Figure 1.2, described by Palatini [8] and reproduced here, presents the theoretical
model of hyperfiltration proposed by Brenner and colleagues [20]. This model describes

a period of increasing GFR (“Normal Filtration Phase 17) followed by a period of
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hyperfiltration. The third period is characterized by a sharp decline in GFR (“Normal
Filtration Phase 2”), accompanied by an increasing level of proteinuria. It should be
noted that any single observation within a normal GFR period (i.e., Phase 1 or Phase 2) is
not sufficient to categorize an individual, in the absence of proteinuria data. Additionally,
it should be noted that normal renal function is expected to decrease over time. However,
in this model, the decline described in Normal Filtration Phase 2 is faster relative to an

expected age-related decrease.

Importantly, hyperfiltration is considered a treatable and modifiable risk factor.
Mild intervention includes dietary changes such as lower protein and sodium intake [9].
More intensive treatment might involve aggressive antihypertensive therapy including a
regimen of angiotensin-converting-enzyme inhibitors (ACEi) and/or angiotensin II
receptor blockers (ARBs), which preferentially dilate the efferent arteriole of the

glomerulus, reducing pressure as well as pathologically high GFR.

1.3 Metabolic, cardiovascular and renal health related to hyperfiltration in HIV-

infected populations

Many of the identified risk factors of hyperfiltration are also more common

among HIV-infected populations. Specifically, HIV-populations treated with
antiretroviral therapy are at increased risk for diabetes [4,5] and hypertension [3].
Additionally, outcomes associated with hyperfiltration, such as accelerated GFR decline
and incidence of CKD are also more common among those with HIV infection [6,21].
Several studies have also demonstrated much higher incidence of proteinuria (i.e., urine
protein:creatinine ratio > 200 mg/g) among those with HIV infection compared to an

uninfected population [22,23]. However, causes of higher proteinuria among those with



HIV are largely unknown [23] and investigation into early markers of kidney damage are

warranted, particularly in a high risk HIV population.

There are several potential mechanisms by which HIV infection and HAART may
lead to hyperfiltration and CKD. Firstly, HIV directly infects kidney epithelial cells and
the kidney is a reservoir of HIV infection [24-26]. It is possible that HIV infection in the
kidney may alter renal functioning. Indeed, HIV-associated nephropathy is a common
clinical concern [27,28]. It is possible that early stages of HIV-associated nephropathy
may be characterized by the presence of hyperfiltration. Secondly, certain HAART drugs
(e.g., thymidine analogs) are metabolized and excreted renally, which can lead functional
changes and damage to the kidney. Indeed, tenofovir, indinavir and atazanavir are known
to be nephrotoxic and chronic use may lead to acute kidney injury, a precursor to CKD
[29-31]. In addition to these direct effects of HIV infection and HAART on the kidney,
there may also be indirect effects, such as the development of dyslipidemia and insulin

resistance leading to diabetes and other metabolic and CVD risk factors [32,33].

1.4 Measuring GFR

As a brief summary of measuring renal function clinically and for research
purposes, GFR can be measured directly or estimated based on biomarkers correlated
with renal function. Plasma disappearance of iohexol is a direct measure of GFR and is
considered the gold standard for renal function [34,35]. In short, a known amount of
contrast medium, such as iohexol, is injected intravenously as a single bolus. Iohexol is a
non-radioactive contrast medium that is not secreted, metabolized or reabsorbed by the
kidney, with exclusive elimination by the kidneys and an established safety profile [34].

Plasma concentrations of iohexol obtained at specific times (up to 5 or 6 hours) after



injection are measured to describe a disappearance curve. Quantifying the diminishing
concentrations of iohexol as a rate summarizes the filtration rate of the kidneys over this
time period with units milliliters per minute cleared (ml/min). GFR is also standardized
to body surface area of 1.73m? which corresponds to an average adult male. The final
units are ml/min per 1.7m?. While the plasma disappearance of iohexol offers a precise
and reliable measurement of GFR, it is not practical in routine clinical care since the
protocol is long and can be burdensome. Its use in research settings is more limited as
well given the complexity of data collection and measurement, as well as study
participant burden.

In contrast, estimated GFR (eGFR) is determined from easily measured
biomarkers as a function of sex, race and age in a simple equation [36]. The most
clinically used biomarker to estimate GFR is serum creatinine, although equations have
been developed to include other markers such as serum cystatin C [37]. Measurement of
serum biomarkers is common in clinical care and offers a fast assessment of renal
function. Examples of these equations are the Modification of Diet in Renal Disease
(MDRD) Study equation [38] and the CKD-EPI equation [36] whose units are also
ml/min|1.73m”. Since equations have been mostly developed in populations with or at
high risk of CKD, they perform better at lower levels of GFR. At high levels of GFR,
these equations may be biased or unstable, but the CKD-EPI equation is the least biased
of available options [39]. Despite the overall good performance of the CKD-EPI
equation at all levels of GFR, there is still significant error and misclassification
compared to directly measured GFR. Indeed, 15.9% of CKD-EPI eGFR measurements

were not within 30% of the measured GFR values in a validation analysis of the equation



[36], indicating substantial misclassification. Nonetheless, given the ease of use of eGFR
and its pervasive clinical presence, it is a valuable tool for clinical decision making, and

by extension, in applied research settings.

1.5 Defining hyperfiltration

Despite hyperfiltration being a putative antecedent of GFR decline, cardiovascular
and metabolic comorbidities, there is no single functional clinical definition of the
condition. One problematic aspect of defining hyperfiltration is due to age-related GFR
decline and other health factors associated with GFR. The presence of declining GFR as a
part of normal aging has been acknowledged, yet it is not clear what constitutes normal
decline [40,41]. There are several examples of hyperfiltration definitions proposed in
published research, which have used directly measured GFR and estimated GFR. While
some studies do not use an age-varying threshold, we restrict our current discussion to

studies that allow thresholds for hyperfiltration to vary by age.

Hyperfiltration definitions may be divided into two categories: conceptually
derived definitions and population-based definitions. A conceptually derived definition
uses a known level of high GFR and decreases that value commensurately by age, to
account for normal age-related decreases in renal function. For example, Premaratne et
al. [12] define hyperfiltration by a GFR threshold of 130 ml/min|1.73m” with a 1 ml/min
decrease per year in this threshold after age 40 to account for age-related decline. This
age-specific threshold is simple, clinically relevant and the initial level of high GFR has a
physiological basis. However, this threshold approach is not based on data, and does not

account for sub-groups that may have different thresholds.



Population-based definitions of GFR are based on data from a normal population.
While there is a need for defining normal reference ranges by age [40], several studies
have sought to define a normal population and derive a threshold for elevated GFR
[15,42]. Examples of these include elevated GFR defined as being greater than the 90™
percentile of eGFR adjusted for age, sex, weight, height and use of antihypertensive
therapy [42]; or simply higher than the 95" percentile of 10-year age bins [15]. Okada et
al [15] report age- and sex-specific 95™ percentiles of 99,140 men and women between
the ages of 20 and 89 from 4 health check sites in Japan, representing one region. The
normal population in this case is the study population which is representative of the target
population. The benefit to this approach is that the comparison group is well-defined,
directly applicable to the study population and is free of physiological assumptions, in
contrast to the conceptually derived definitions. However, this approach relies mainly on
the statistical properties of the data and may not be physiologically tenable from a clinical
perspective. Furthermore, defining a normal population can be problematic since some
argue that the population should be completely free of comorbidities (similar to the
definition presented by Melsom et al. [42]), while others may argue that the prevalence of
comorbidities should be consistent between the source population and target population

(similar to Okada et al. [15]).

1.6 Overall goals of the dissertation

Since hyperfiltration is a treatable and modifiable risk factor, it should warrant
special clinical consideration in HIV management and monitoring. This importance is
underscored by the renal excretion of some forms HAART: if GFR is too high, it is

possible that medications may be excreted too quickly resulting in subtherapeutic



exposures. Additionally, preventing or treating hyperfiltration may reduce the risk of
accelerated GFR decline and incidence of CKD, as well as potentially improve

management of HIV and reduce adverse infection-related outcomes.

However, a full characterization of hyperfiltration has not yet been accomplished
in an HIV-infected population. It is therefore unclear the extent to which hyperfiltration is
associated with HIV infection and whether hyperfiltration leads to adverse outcomes in
this population. The goal of this dissertation is to describe the epidemiology of
hyperfiltration among men with and without HIV, using data from the Multicenter AIDS
Cohort Study (MACS). The MACS includes directly measured GFR on a subset of
participants as well as serum creatinine-based eGFR on the full cohort in the era of
HAART. This is an ideal setting to investigate hyperfiltration, as the data include the gold
standard (measured GFR) and clinical standard (eGFR) of renal function. The specific

aims of this dissertation are the following:

1.6.1 Specific Aim 1
A. To define hyperfiltration from directly measured GFR and describe the prevalence
of hyperfiltration in a cross-sectional MACS subsample of men with and without
HIV.
B. To identify metabolic, cardiovascular and behavioral variables associated with
hyperfiltration.

C. To identify HIV- and therapy-related variables associated with hyperfiltration.

1.6.2  Specific Aim 2
A. To derive a population-based definition of hyperfiltration using CKD-EPI

estimated GFR among HIV-uninfected men.

8



1.6.3

To describe the incidence of hyperfiltration using this definition among MACS
men in the HAART era, by HIV infection status.
To describe the risk of hyperfiltration associated with HIV infection in a

competing risks setting.

Specific Aim 3
To describe trajectories of CKD-EPI eGFR decline after a hyperfiltration event
and compare with the trajectories from an age- and HIV infection matched sample

free of hyperfiltration.

. To apply a generalized method to identify an inflection point in GFR trajectories,

that is, a point at which eGFR declines rapidly.
To determine if treated HIV infection modifies the effect of hyperfiltration on

eGFR decline.

1.7 Study population and Data

This dissertation uses data from the Multicenter AIDS Cohort Study (MACS), an

ongoing prospective cohort study which has investigated the natural and treated history of

HIV infection among high-risk homosexual and bisexual men in 4 sites: Baltimore

MD/Washington DC, Chicago IL, Los Angeles CA, and Pittsburgh PA. The study was

initiated in 1984 with 4 enrollment periods between 1984 and 2013 (and currently

ongoing). Enrollment criteria were being at risk of HIV infection by sexual activity,

infected with HIV, 18 years of age or older, no active malignancy or opportunistic

infection that was AIDS-defining, and providing informed consent. AIDS and other

clinical diagnoses were confirmed by medical record reviews in the recruitment process.



Datasets in these analyses were restricted to those subjects contributing data in the era of
HAART (after June 1996).

The study design of the MACS is based on structured semi-annual visits with a
standardized physical exam, subject-reported behavioral and clinical information and
specimen collection (for immediate laboratory analysis as well as repository storage).
Biomarkers were collected using structured protocols. CD4+ cell counts and HIV RNA
(Roche) were measured at each local site, lipids were measured at Heinz Research
Laboratory (Pittsburgh) and blood and urine chemistry markers (including serum
creatinine) were measured at a local biochemistry laboratory (Quest) with results sent to
the Center for Analysis and Management of Multicenter AIDS Cohort Study
(CAMACS). A detailed description of the MACS study design has been previously
presented [43]. This dissertation presents MACS data collected through September 30,
2013 (inclusive).

Within the MACS cohort, a nested representative sample comprising about 250
seronegative and 500 seropositive MACS subjects underwent a direct measure of GFR by
a protocol of plasma clearance of iohexol between May 2008 and December 2010. All
serum samples were measured at a central biochemistry laboratory (University of

Rochester) with results sent to CAMACS.

1.8  Structure and organization of dissertation

The dissertation is organized into six chapters. The first presents introductory
material describing hyperfiltration and the rationale for investigating this condition in an
HIV-infected population, as well as the specific aims. The second chapter presents

Specific Aim 1 in an analysis of a substudy nested within the MACS in which

10



approximately 500 HIV-infected men and 250 HIV-uninfected men underwent a directly
measured GFR by an iohexol plasma disappearance protocol. This cross-sectional
analysis of hyperfiltration was recently published in the journal A/DS, accepted
September 2013 and appeared in print January 2014 [44]. The original publication is
reproduced for Chapter 2 per copyright permissions granted by the publisher. The third
chapter presents Specific Aim 2 utilizing serum creatinine-based CKD-EPI eGFR data in
the MACS during the era of HAART, and is restricted to HIV-uninfected men and HIV-
infected men receiving HAART. The fourth chapter presents Specific Aim 3 using a
matched study design and the same data source as in the analyses presented in Chapter 3.
Chapters 3 and 4 are written as stand-alone manuscripts and therefore these chapters
present the same methods for defining elevated eGFR in an HIV-uninfected normal
population, albeit in different contexts, in order to ensure clarity of methods. Chapter 5
presents a discussion and concluding remarks, including a summary of the findings,
strengths, limitations and opportunities for further work. Chapter 6 presents figures and

tables associated with the preceding chapters.

11



1.9 References
1. Wada N, Jacobson LP, Cohen M, French A, Phair J, Mufioz A. Cause-specific life

expectancies after 35 years of age for human immunodeficiency syndrome-infected and
human immunodeficiency syndrome-negative individuals followed simultaneously in
long-term cohort studies, 1984-2008. Am. J. Epidemiol. 2013; 177:116-125.

2. Onen NF, Overton ET. A review of premature frailty in HIV-infected persons;
another manifestation of HIV-related accelerated aging. Curr. Aging Sci. 2011; 4:33-41.

3. Seaberg EC, Muiioz A, Lu M, et al. Association between highly active
antiretroviral therapy and hypertension in a large cohort of men followed from 1984 to
2003. AIDS Lond. Engl. 2005; 19:953-960.

4. Brown TT, Cole SR, Li X, et al. Antiretroviral therapy and the prevalence and
incidence of diabetes mellitus in the multicenter AIDS cohort study. Arch. Intern. Med.
2005; 165:1179-1184.

5. Medapalli RK, Parikh CR, Gordon K, et al. Comorbid diabetes and the risk of
progressive chronic kidney disease in HIV-infected adults: data from the Veterans Aging
Cohort Study. J. Acquir. Immune Defic. Syndr. 1999 2012; 60:393-399.

6. Choi Al, Shlipak MG, Hunt PW, Martin JN, Deeks SG. HIV-infected persons
continue to lose kidney function despite successful antiretroviral therapy. AIDS Lond.
Engl. 2009; 23:2143-2149.

7. Winston JA. HIV and CKD Epidemiology. Adv. Chronic Kidney Dis. 2010;
17:19-25.

8. Palatini P. Glomerular hyperfiltration: a marker of early renal damage in pre-
diabetes and pre-hypertension. Nephrol. Dial. Transplant. Off. Publ. Eur. Dial. Transpl.
Assoc. - Eur. Ren. Assoc. 2012; 27:1708-1714.

9. Helal I, Fick-Brosnahan GM, Reed-Gitomer B, Schrier RW. Glomerular
hyperfiltration: definitions, mechanisms and clinical implications. Nat. Rev. Nephrol.
2012; 8:293-300.

10. Nelson RG, Bennett PH, Beck GJ, et al. Development and progression of renal
disease in Pima Indians with non-insulin-dependent diabetes mellitus. Diabetic Renal
Disease Study Group. N. Engl. J. Med. 1996; 335:1636—-1642.

11. Jerums G, Premaratne E, Panagiotopoulos S, Maclsaac RJ. The clinical
significance of hyperfiltration in diabetes. Diabetologia 2010; 53:2093-2104.

12



12. Premaratne E, Macisaac RJ, Tsalamandris C, Panagiotopoulos S, Smith T, Jerums
G. Renal hyperfiltration in type 2 diabetes: effect of age-related decline in glomerular
filtration rate. Diabetologia 2005; 48:2486—2493.

13. Chaiken RL, Eckert-Norton M, Bard M, et al. Hyperfiltration in African-
American patients with type 2 diabetes. Cross-sectional and longitudinal data. Diabetes
Care 1998; 21:2129-2134.

14. Kotchen TA, Piering AW, Cowley AW, et al. Glomerular hyperfiltration in
hypertensive African Americans. Hypertension 2000; 35:822—-826.

15. Okada R, Yasuda Y, Tsushita K, Wakai K, Hamajima N, Matsuo S. Glomerular
hyperfiltration in prediabetes and prehypertension. Nephrol. Dial. Transplant. Off. Publ.
Eur. Dial. Transpl. Assoc. - Eur. Ren. Assoc. 2012; 27:1821-1825.

16. Schnermann J, Oppermann M, Huang Y. Nephron filtration rate and proximal
tubular fluid reabsorption in the Akita mouse model of type I diabetes mellitus.
F1000Research 2013; 2:83.

17. Hartono SP, Knudsen BE, Lerman LO, Textor SC, Grande JP. Combined effect of
hyperfiltration and renin angiotensin system activation on development of chronic kidney
disease in diabetic db/db mice. BMC Nephrol. 2014; 15:58.

18. Tikellis C, Brown R, Head GA, Cooper ME, Thomas MC. Angiotensin-
converting enzyme 2 mediates hyperfiltration associated with diabetes. Am. J. Physiol.
Renal Physiol. 2014; 306:F773-780.

19.  Bank N. Mechanisms of diabetic hyperfiltration. Kidney Int. 1991; 40:792-807.

20.  Brenner BM, Lawler EV, Mackenzie HS. The hyperfiltration theory: a paradigm
shift in nephrology. Kidney Int. 1996; 49:1774—-1777.

21. Choi Al Rodriguez RA, Bacchetti P, Bertenthal D, Volberding PA, O’Hare AM.
Racial Differences in End-Stage Renal Disease Rates in HIV Infection versus Diabetes. J.
Am. Soc. Nephrol. 2007; 18:2968-2974.

22. Estrella MM, Parekh RS, Astor BC, et al. Chronic kidney disease and estimates of
kidney function in HIV infection: a cross-sectional study in the multicenter AIDS cohort
study. J. Acquir. Immune Defic. Syndr. 1999 2011; 57:380-386.

23. Aaron KJ, Kempf M-C, Christenson RH, Wilson CM, Muntner P, Shrestha S.
Prevalence of proteinuria and elevated serum cystatin C among HIV-Infected
Adolescents in the Reaching for Excellence in Adolescent Care and Health (REACH)
study. J. Acquir. Immune Defic. Syndr. 1999 2012; 61:499-506.

13



24. Bruggeman LA, Ross MD, Tanji N, et al. Renal Epithelium Is a Previously
Unrecognized Site of HIV-1 Infection. J. Am. Soc. Nephrol. 2000; 11:2079-2087.

25. Winston JA, Bruggeman LA, Ross MD, et al. Nephropathy and establishment of a
renal reservoir of HIV type 1 during primary infection. N. Engl. J. Med. 2001; 344:1979—
1984.

26. Fierer DS, Klotman ME. Kidney and central nervous system as reservoirs of HIV
infection. Curr. Opin. HIV AIDS 2006; 1:115-120.

27. Lu T-C, He JC, Klotman PE. Podocytes in HIV-associated nephropathy. Nephron
Clin. Pract. 2007; 106:c67-71.

28.  Wyatt CM, Klotman PE. HIV-associated nephropathy in the era of antiretroviral
therapy. Am. J. Med. 2007; 120:488-492.

29. Zimmermann AE, Pizzoferrato T, Bedford J, Morris A, Hoffman R, Braden G.
Tenofovir-associated acute and chronic kidney disease: a case of multiple drug
interactions. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2006; 42:283-290.

30. Fernandez-Fernandez B, Montoya-Ferrer A, Sanz AB, et al. Tenofovir
nephrotoxicity: 2011 update. AIDS Res. Treat. 2011; 2011:354908.

31.  Kalyesubula R, Perazella MA. Nephrotoxicity of HAART. AIDS Res. Treat.
2011; 2011:562790.

32. Gresele P, Falcinelli E, Momi S, Francisci D, Baldelli F. Highly active
antiretroviral therapy-related mechanisms of endothelial and platelet function alterations.
Rev. Cardiovasc. Med. 2014; 15 Suppl 1:5S9-20.

33.  Kibirige D, Ssekitoleko R. Endocrine and metabolic abnormalities among HIV-
infected patients: a current review. Int. J. STD AIDS 2013; 24:603-611.

34. Schwartz GJ, Abraham AG, Furth SL, Warady BA, Mufioz A. Optimizing iohexol
plasma disappearance curves to measure the glomerular filtration rate in children with
chronic kidney disease. Kidney Int. 2010; 77:65-71.

35. Ng DKS, Schwartz GJ, Jacobson LP, et al. Universal GFR determination based on
two time points during plasma iohexol disappearance. Kidney Int. 2011; 80:423-430.

36. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular
filtration rate. Ann. Intern. Med. 2009; 150:604-612.

37.  Inker LA, Schmid CH, Tighiouart H, et al. Estimating glomerular filtration rate
from serum creatinine and cystatin C. N. Engl. J. Med. 2012; 367:20-29.

14



38. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration rate from serum creatinine: a new prediction
equation. Modification of Diet in Renal Disease Study Group. Ann. Intern. Med. 1999;
130:461-470.

39. Stevens LA, Schmid CH, Greene T, et al. Comparative performance of the CKD
Epidemiology Collaboration (CKD-EPI) and the Modification of Diet in Renal Disease
(MDRD) Study equations for estimating GFR levels above 60 mL/min/1.73 m2. Am. J.
Kidney Dis. Off. J. Natl. Kidney Found. 2010; 56:486—495.

40. Delanaye P, Schaeffner E, Ebert N, et al. Normal reference values for glomerular
filtration rate: what do we really know? Nephrol. Dial. Transplant. Off. Publ. Eur. Dial.
Transpl. Assoc. - Eur. Ren. Assoc. 2012; 27:2664-2672.

41.  Levey AS, Coresh J, Balk E, et al. National Kidney Foundation practice
guidelines for chronic kidney disease: evaluation, classification, and stratification. Ann.
Intern. Med. 2003; 139:137-147.

42.  Melsom T, Mathisen UD, Ingebretsen OC, et al. Impaired fasting glucose is
associated with renal hyperfiltration in the general population. Diabetes Care 2011;
34:1546-1551.

43. Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CR Jr. The
Multicenter AIDS Cohort Study: rationale, organization, and selected characteristics of
the participants. Am. J. Epidemiol. 1987; 126:310-318.

44. Ng DK, Jacobson LP, Brown TT, et al. HIV therapy, metabolic and
cardiovascular health are associated with glomerular hyperfiltration among men with and
without HIV infection. AIDS Lond. Engl. 2014; 28:377-386.

15



2 HIV therapy, metabolic and cardiovascular health are associated with
glomerular hyperfiltration among men with and without HIV infection

16



HIV therapy, metabolic and cardiovascular health are
associated with glomerular hyperfiltration among
men with and without HIV infection

Derek K. Ng?, Lisa P. Jacobson®, Todd T. Brown®®, Frank J. Palella Jr¢,
Jeremy ). Martinson?, Robert Bolan®, Edgar R. Miller 3rd®P
George ). Schwartz8, Alison G. Abraham® and Michelle M. Estrella”

Objective: Diabetes and hypertension, common conditions in antiretroviral-treated
HIV-infected individuals, are associated with glomerular hyperfiltration, which pre-
cedes the onset of proteinuria and accelerated kidney function decline. In the Multi-
center AIDS Cohort Study, we examined the extent to which hyperfiltration is present
and associated with metabolic, cardiovascular, HIV and treatment risk factors among
HIV-infected men.

Design: Cross-sectional cohort using direct measurement of glomerular filtration rate
by iohexol plasma clearance for 367 HIV-infected men and 241 HIV-uninfected men
who were free of chronic kidney disease.

Methods: Hyperfiltration was defined as glomerular filtration rate above 140—1 ml/min
per 1.73 m? per year over age 40. Multivariate logistic regression was used to estimate
the odds ratios (ORs) of prevalent hyperfiltration for metabolic, cardiovascular, HIV and
cumulative antiretroviral exposure factors.

Results: Among individuals without chronic kidney disease, the prevalence of hyper-
filtration was higher for HIV-infected participants (25%) compared to uninfected
participants (17%; P=0.01). After adjustment, HIV infection remained associated with
hyperfiltration [OR 1.70, 95% confidence interval (Cl) 1.11-2.61] and modified the
association between diabetes and hyperfiltration, such that the association among HIV-
uninfected men (OR 2.56, 95% Cl 1.33-5.54) was not observed among HIV-infected
men (OR 1.19, 95% Cl 0.69-2.05). These associations were independent of known risk
factors for hyperfiltration. Indicators of hyperglycemia and hypertension were also
associated with hyperfiltration as was cumulative zidovudine exposure.

Conclusion: Hyperfiltration, a potential modifiable predictor of kidney disease pro-
gression, is significantly higher among antiretroviral-treated HIV-infected men. Further-
more, HIV-infection nullifies the association of diabetes and hyperfiltration present in
HIV-uninfected men. © 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins
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Introduction

The use of HAART has resulted in marked reductions
in AlIDS-related mortality and opportunistic disease
among HIV-infected persons [1,2], yet these patients are
now at increased risk of death as a result of chronic
noninfectious age-related comorbid conditions, includ-
ing chronic kidney disease (CKD) |3,4]. In the context
of HAART-treated HIV infection and aging, CKD
often results from metabolic abnormalities, such as
diabetes mellicus and hypertension [5,6]. In the general
population, proteinuria and impaired kidney function
related to these conditions can be preceded by
glomerular hyperfiltration, in which the glomerular
filtration rate (GFR) increases to above normal levels
|7=11], due to compensatory hemodynamic alterations
within the kidney. Metabolic dysfunction characterized
by 1mpaired fasting glucose [12], diabetes mellitus
[9,11,13], hypertension, and obesity [9] — conditions
tor which HIV-intected persons receiving HAART are
at higher risk [14,15] = has also been linked to hyper-
filtration.

Because hyperfiltraton is an early indicator of kidney
dysfunction and is potentially reversible by aggressive
antithypertensive therapy or dietary changes [7,13],
establishing its relevance for HIV  clinical care is
important. However, whether and to what extent
glomerular hyperfiltration is present among HIV-infected
persons receiving HAART, and whether metabolic and
cardiovascular risk factors and HIV-related factors are
associated with hyperfiltration in this population are

unclear. To address these questions, we used directly
measured GFR data from a representative subsample of
the Multicenter AIDS Cohort Study (MACS), a cohort
of men with or at risk for HIV infection. We aimed to:
determine the prevalence of hyperfiltration; investigate
the association of HIV infection and metabolic,
cardiovascular and behavioral factors with hyperfiltration;
and inv ate HIV disease severity and HAART as
potential risk factors for hyperfiltration.

Methods

Study population

The MACS is a prospective observational cohort study of
the natural and treated histories of HIV infection among
6972 homosexual and bisexual men enrolled in four
United States metropolitan areas from 1984 to 2003.
Details of the study design have been previously described
[16]. In brief, demographics, medical history, and clinical
characteristics were collected semi-annually. Standard
protocols included physical examinations, blood pressure
measurements, blood and urine collection, and self-
administered interviews.

18

The current study included men who underwent direct
1whexol-based GFR measurement (1GFR) [17-19]
between  August 2008 and  January 2011, These
participants were a subsample of the full MACS cohort
[19], chosen by random selection using a ratio of
approximately two HIV-infected participants for each
HIV-uninfected participant. Additionally, all participants
co-infected with the hepatids C virus (HCV), as
determined by presence of serum anti-HCV antibody
or plasma HCV RNA [20]. were ehgible for iGFR
measurement. Participants who received renal replace-
ment therapy, were diagnosed with cancer in the
preceding 3 vears, or were unable to complete data
collection due to contrast allergy were excluded. A
central laboratory measured blood glucose, insulin, lipid
panels (Heinz, Pitsburgh, Pennsylvania, USA), and HCV
antibodies (Tricore, Albuquerque, New Mexico, USA).
HIV-1 infection was defined by positive serum ELISA
with confirmatory Western blot. Plasma HIV RINA levels
were ascertained by the Rioche Amplicor assay (Hothman-
LalRoche, Nutey, New Jersey, USA) sensitive to
50 copies/ml, and CD4" lymphocyte counts/ml were
measured using standardized fow cytometry [21]. This
study was approved by Institutional Review Boards at all
participating sites.

Dependent variables

The primary outcome was hyperfiltration, defined from
GFR measured by the plasma disappearance of iohexol
using a 2-compartment 4-point model standardized to a
body surface area of 1.73m? as previously described [19].
To address the expected decline in GFR associated
with age, we defined hyperfiltradon as iGFR at least
140 ml/min per 1.73 m? for men 40 years and younger
and subtracted 1 ml/min per 1.73 m® for each year over
age 40 [22]. Among men with GFR below this
hyperfiltration threshold. we excluded men with GFR
below 60ml/min per 1.73 m® or with proteinuria
[urine protein-to-creatinine ratio (UPCR) =200 mg/g]
17,23,24]. The remaining men without markedly
impaired GFIU (i.e. ‘normofiltration’) served as the
comparison group. UPCIR was measured at each site, and
was based on the mean of three measurements for 1 year
prior to 1GFR measurement. Men with missing UPCR
data were excluded (n=8).

Independent variables

Metabolic variables included BMI (kg/m?, obesity
defined as zﬂl)kg/’mz); serum high-density lipoprotein
(HDL) and non-HDL chelesterol; dyslipidemia [fasting
total cholesterol >200mg/dl, low-density lipoprotein
(LDL) =130mg/dl, HDL <40mg/dl, rtriglvcerides
>150mg/dl, or use of lipid-lowering medications with
self-reported/clinical diagnosis of dyslipidemia|; fasting
glucose level; hemoglobin Alc (HbAlc); insulin resist-
ance [Homeostatic Model Assessment — Insulin Resist-
ance (HOMA-IR|; diabetes (HbAle >6.5%, fasting
glucose >126 mg/dl, or diagnosis of diabetes with use of
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medications); and metabolic syndrome |25]. High fasting
glucose (>100mg/dl) and HbAlc (>6.5%) were also
used as indicators of hyperglycemia [12]. Cardiovascular
vartables were SBP and DBP. uncontrolled hyperten-
sion (SBP =140 or DBP >90mmHg), and history of
hypertension (uncontrolled hypertension or diagnosis of
hypertension with use of antihypertensive medications).
Behavioral variables included current smoking status at
the time of iIGFR measurement, stmulant use (cocaine,
amphetamines, or methamphetamines), and other drug
use (marijuana and inhalant nitrates). For all continuous
variables, the mean of available data from the visits in
1 year prior to and including the iGFIR visit was used as a
summary level. For binary variables such as diabetes, the
presence of these conditions was determined by at least
two occurrences in the visits prior to and including the
IGFI measurement in a I-year period (L.e. two out of
three measurements, about 6 months apart). Since
variables within metabolic and cardiovascular domains
were expected to be highly correlated, we did not
simultaneously include them in multivariate analyses.

To investigate the association of HIV and HAART on
hyperfiltration, we restricted the sample to men receiv-
ing HAART at the time of i1GFIR measurement, as few
HIV-infected participants were HAART-naive (n=4).
Exposure to antiretroviral therapy (ART) was character-
ized by: vears from any ART inmitiation to the time of
IGFR measurement (i.e. time since ART initiation, either
monotherapy, combination therapy, or potent therapy
with three or more agents); vears from HAART initiation
(1.e. a combination regimen of three or more ART agents)
to the time of 1GFR measurement; and cumulative
exposure [Le. person-years of use, for each subclass of
ARTs: non-nucleoside reverse transcriptase inhibitors
(NNRTIs), protease inhibitors, and nucleoside reverse
transcriptase inhibitors (NRTIs)|. Cumulative exposure
was also calculated for specific antretroviral drugs that have
been associated with either metabolic or cardiovascular
derangements (such as hyperglycemia or dyslipidemia,
assoctated with thymidine-analog reverse transcriptase
inhibitor medications used in earlier HAART regimens
[15,26]) or for drugs that are considered nephrotoxic [27].
The specific medications evaluated were indinavir (IDV),
ritonavir (RTV), atazanavir (ATV) for protease inhibitors;
and zidovudine (ZDV), abacavir (ABC), tenofovir (TDF),
and stavudine (d4T) for NRTIs. If the participant
discontinued ART use between study visits, exposure
time was calculated as half the time between study visits.
For IDV, RTV, ATV, ABC, and d4'T, in which more than
50% of participants were unexposed, these variables were
classified by ‘any exposure’. As a sensitivity analysis, we also
categorized ART-exposed years as no exposure and by
4-year intervals.

Statistical analyses
The one-way Wilcoxon rank-sum test and Fishers exact
test were used to compare differences by filtration status

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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within each HIV infection group with the hypothesis that
C{)Hl()]‘hididc\ WeEre more comimon le‘l]ﬂl]g P:Irtil.‘lpflﬂt§
with hyperfileration.  Multivariate  logistic  regression
was used to estimate odds ratios (ORs) of prevalent
hyperfiltration. Confounders were identified a priori based
on biological plausibility and published research, and
included age, race, BMIL, angiotensin-converting enzyme
inhibitor (ACE1)/angiotensin receptor blocker (ARD)
use, stimulant drug use, current smoking status [28,29],
and HIV disease severity (as measured by CD47 cell
counts) [30]. Although age after 40 years was part of the
hyperfiltradon  definition, age was also included in
multivariate models to control for potential residual
confounding since it 1s strongly related to renal function.
In investigating the effect of ART exposure on the odds of
prevalent hyperfiltration, we additionally adjusted for
time since any ART initiaton and ART use in the pre-
HAART era (i.e. prior to 1 July 1996 [31]). As weight gain
may be in the causal pathway between ART exposure and
hyperfiltration, we also performed a sensitivity analysis
excluding BMI as a confounder, and instead used height
as an indicator of body size.

Interactions between HIV status and categorical putative
hyperfiltration risk factors (diabetes, hypertension, and
metabolic syndrome) were assessed and included if
significant. Multiple imputation (10 repetitions) was
used to complete missing data for unbiased estimates of
effects, and the corresponding 95% confidence intervals
(95% Cls) are presented. A dataset comprising complete
cases was analyzed as a sensitivity analysis and vielded
similar inferences as the multiple imputation approach.
Statistical significance was assessed at the 0.05 level. All
statistical analyses were completed using SAS 9.2 (SAS
Institute, Cary, North Carolina, USA).

Results

Cohort characteristics

Of the 741 men who underwent an 1GFR study, 720
(97%) had a valid iGFR and were included in our analysis
(260 HIV-uninfected and 460 HIV-infected men). Of
the HIV-infected men, 456 (99%) had inidated ART
prior to the 1IGFR study. The HIV-uninfected group was
older, with a median age of 53 years, vs. 50 years in
the infected group. The median 1GFR was 105 and
109 ml/min per 1.73 m? for HIV-uninfected and infected
men, respectively. About 4% (n = 10) of HIV-uninfected
and 3% (n=16) of HIV-infected men had 1GFR below
60 ml/min per 1.73 m?; these men were excluded from
further analysis. We also excluded 6 HIV-uninfected
and 69 HIV-infected men with other evidence of
CKD: near-normal iGFR (i.c. 60 ml/min per 1.73 m®
< 1GFR < hyperfiloration threshold) and proteinuria
[24], resulting in an analvtic sample of 608 men free of
CKD. Among HIV-uninfected men with hyperfiltration,
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2.6% had proteinuria. In contrast, among HIV-infected
men with hyperfiltration, 10% had proteinuria.

Metabolic, cardiovascular and behavioral
characteristics by HIV status and filtration status
Table 1 compares participant demographic and clinical
characteristics by HIV serostatus and filtration status,
comprising 241 HIV-uninfected participants (17% with
hyperfiltration) and 367 HIV-infected participants
(25% with hyperfiltration), without CKD (17 vs. 25%;
P=0.01). Among HIV-uninfected participants, men
with hyperfiltration had a higher proportion of diabetes
(38 vs. 21%) compared to men with normofiltration;
however, both groups had similar proportions of
individuals with obesity, hypertension, and metabolic
syndrome.

Among HIV-infected men, those with hyperfiltration
were older (median 51 vs. 49 years) than men with
normofiltration. HIV-infected participants with hyperfil-
tration also had higher fasting blood glucose (105 vs.

100 mg/dl) and HOMA-IR levels (3.9 vs. 3.2), and were

more likely to be obese (26 vs. 15%). Men with
hyperfiltradon were more likely to have a history of
hypertension (50 vs. 37%) and uncontrolled hyperten-
sion (26 vs. 15%), but the same proportion reported
ACEiI/ARB use as those with normofiltration (14%).
Stimulant use was more common among men with
hyperfiltradon (22 vs. 14%), but current smoking and
other drug use did not differ between groups.

Table 2 presents ORs of prevalent hyperfiltration
associated with HIV infection adjusted for age, race,
stumulant use, current smoking status, ACEi/ARB use,
and BMI. HIV-infected participants were 1.70 times
more likely to exhibit hyperfiltration than HIV-unin-
fected participants (95% CI 1.11-2.61). The effect of
stimulant use was similar and borderline significant (OR
1.71, 95% CI 0.99-2.95). In contrast, race, age, and
current ACEi/ARB use were not associated with odds
of hyperfiltration.

Figure 1 presents results when extending the above
model to include the main effects for metabolic and

Table 1. Description of study participants by HIV and filtration status [median (IQR), n (%)].

HIV-uninfected

HIV-infected

Normofiltration®

Hyperfiltration® P

Normofiltration®  Hyperfiltration”

Characteristics (n=200) (n=41) (n=275) (n=92) P

Age (years) 54 [48,61] 53 147,61] 0.33 49 [44,55] 51 147,571 0.04
Black race 63 (32%) 15 (37%) 0.32 99 (36%) 22 (24%) 0.99
HCV infection 23 (12%) 4 (10%) 0.75 34 (13%) 4 (5%) 0.99

Metabolic and cardiovascular variables

BMI (kg/mz) 26.6 [24.2,29.6]

25.7 123.7,29.3]  0.31

25.8 [23.6,28] 26.3 [23.9,29.7] 0.09

Obese (BMI >26 kg/mz) 46 (23%) 10 (24%) 0.49 41 (15%) 24 (26%) 0.01
HDL cholesterol (mg/dl) 49 [41,58] 54 [45,59] 0.06 44 [38,53] 44 137,52] 0.20
Non-HDL cholesterol (mg/dl) 138 [114,160] 131 [114,151] 0.14 143 [119,165] 143 [119,166] 0.40
Dyslipidemia 137 (73%) 24 (65%) 0.88 221 (84%) 73 (84%) 0.56
Hemoglobin Alc (%) 5.6 [5.4,5.8] 5.7 15.4,5.9] 0.22 5.515.2,5.7] 5.515.2,5.8] 0.35
Insulin (uIU/MI) 11.6 18.8,17.3] 11.818.4,15.7]  0.46 13.119.8,18.7] 14 19.8,22.7] 0.11
Fasting glucose (mg/dl) 98 [91,105] 100 [94,109] 0.08 100 194,106] 105 197,113] <0.01
FG >100 mg/dl and <126 mg/dl 71 (39%) 14 (41%) 0.47 115 (47%) 41 (54%) 0.16
FG >126 mg/dl 14 (8%) 5 (15%) 0.16 15 (6%) 8 (11%) 0.14
HOMA-IR 3.0 [2.0,4.0] 3.112.1,4.4] 0.39 3.2[2.2,47] 3.9 [2.6,6.3] 0.04
Diabetes 41 (21%) 15 (38%) 0.02 72 (26%) 26 (28%) 0.40
Metabolic syndrome® 112 (57%) 24 (62%) 0.36 180 (65%) 66 (72%) 0.16
SBP (mmHg) 126 [118,135] 128 [115,136] 0.39 123 [115,132] 127 [118,136] 0.02
DBP (mmHg) 76 [72,83] 77 171,84] 0.49 77 171,82] 78 172,83] 0.32
SBP >140 or DBP >90 mmHg 45 (23%) 10 (28%) 0.36 41 (15%) 22 (26%) 0.02
History of hypertension 87 (44%) 22 (56%) 0.11 101 (37%) 46 (50%) 0.02
ACEi/ARB use 38 (19%) 5 (12%) 0.90 38 (14%) 13 (14%) 0.53
Behavioral variables
Current smoker 47 (24%) 11 (27%) 0.39 91 (33%) 29 (32%) 0.66
Stimulant use 30 (15%) 6 (16%) 0.55 38 (14%) 20 (22%) 0.05
Other drug use (marijuana/inhalant nitrates) 72 (37%) 16 (42%) 0.32 126 (46%) 47 (51%) 0.22

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; FG, fasting glucose; HCV, hepatitis C virus; HOMA-IR,

Homeostatic Model Assessment — Insulin Resistance; IQR, interquartile range. One-sided P-values based on Wilcoxon rank-sum test for
continuous variables and Fisher’s exact test for categorical variables, comparing normofiltration and hyperfiltration within HIV infection status
group.

“Normofiltration defined as iGFR less than 140 ml/min per 1.73 m? — ml/min per year over age 40 and iGFR greater than 60 ml/min per 1.73 m?and
urine protein: creatinine <200 mg/g. )

PHyperfiltration defined as iGFR above 140ml/min per 1.73 m> — ml/min per year over age 40.

“Metabolic syndrome defined as having three or more of: waist at least 102 cm, fasting triglycerides at least 150 mg/dl, HDL-cholesterol below
40 mg/dl, fasting glucose at least 100 mg/dl, or diabetes diagnosis with medication use.
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Table 2. Odds ratios of prevalent hyperfiltration from multivariate
logistic regression.

Characteristics OR (95% ClI)

HIV-infected 1.70 (1.11-2.61)
Per 1 year increase in age 1.01 (0.98-1.03)
Black race 0.66 (0.41-1.05)
Stimulant use 1.71 (0.99-2.95)
ACEi/ARB use 0.77 (0.43-1.38)
Current smoker 1.06 (0.66-1.69)
Per 1 log increase in BMI 2.44 (0.71-8.34)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; Cl, confidence interval; OR, odds ratio.

cardiovascular factors. The effect of HIV remained
consistently strong across all models, with ORs ranging
from 1.63 to 1.80. Indicators of hyperglycemia were
assoclated with higher odds of prevalent hyperfiltration
(HbAlc >6.5%, OR 3.03, 95% CI 1.25-7.38; fasting
glucose >100mg/dl, OR 1.58,95% CI 1.03-2.42). The
prevalence of hyperfiltration was similar by metabolic
syndrome status. The association of diabetes with
hypertiltration differed by HIV status (P=0.05 for
mteraction). Specifically, diabetes was associated with
hypertiltration among HIV-uninfected individuals (OR
2.56, 95% CI 1.33-5.54), but not among HIV-infected
individuals (OR 1.19, 95% CI 0.69-2.05; not shown).

However, compared to HIV-uninfected individuals
without diabetes (reference in this model represented
by the vertical line at 1), HIV-infected individuals
(regardless of diabetes status) were more than twice as
likely to have hyperfiltration; this comparison was
statistically significant. Uncontrolled hypertension was
associated with higher odds of hyperfiltraton (OR 1.61,
95% CI 0.99-2.60) as was history of hypertension (OR
2.10, 95% CI 1.33-3.33). The latter association was
similar by HIV status (P=0.91 for interaction). The
inclusion of hypertension in the model assessing the
interaction of diabetes and HIV on hyperfiltration yielded
similar results (model 7; Fig. 1).

HIV and antiretroviral therapy characteristics
associated with hyperfiltration

Table 3 displays HIV and treatment-related factors
among HIV-infected participants stratitied by filtration
status. Indices of HIV disease severity were similar by
hyperfiltration status, whereas some ART factors differed
between the two groups. The hyperfiltration and
normofiltration groups had similar median times since
any ART initiation, but the median cumulative HAART
use was longer in the hyperfiltraton group than the
normofiltraton group (median time was 7.3 vs. 6.3 years).
Cumulative protease inhibitor and NNRTI years were

Model
1 HbA1¢ >= 6.5%

6 History of hypertension

7 HIV—, diabetes

I
I
|
|
|
2 Fasting glucose > 100 mg/dL :—.—
|
3 HIV—, diabetes ! <>
HIV+, no diabetes : L 4
HIV+, diabetes | 7Y
|
4 Metabolic syndrome —:07
I
5 SBP>=1400rDBP>=90mmHg — o

HIV+, no diabetes
HIV+, diabetes

History of hypertension

1
1
1
1
1
1
1
1
1
1
1
i
08 1

Qdds ratio

Fig. 1. The odds ratios (@) with 95% confidence intervals of prevalent hyperfiltration associated with metabolic and
cardiovascular factors among men without CKD (n=608). The reference group (indicated by the vertical line at 1.0) is
the one without the variable of interest in each model. Each model was adjusted for HIV infection, age, race, stimulant drug use,
ACEi/ARB use, current smoking status and BMI, whose effects are shown in Table 2. The reference groups for model 3 and model 7
comprise HIV-uninfected men with no diabetes, and HIV-uninfected men with no diabetes and no history of hypertension,
respectively. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease.
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Table 3. HIV and HIV treatment-related characteristics by filtration status and adjusted odds ratios of prevalent hyperfiltration [n (%), median

(IQR) and OR (95% CD].

Variable

Normofiltration (n=275)

Hyperfiltration (n =92) Adjusted OR (95% CI)?

Nadir CD4" cell count <350/l 225 (82%)
Current CD4 ™ cell count <350/ul 49 (18%)
Current detectable HIV RNA 57 (21%)
History of AIDS diagnosis 39 (14%)
Time since ART initiation” (years) 12.317.6, 19.8]
Cumulative HAART® (years) 6.3 (3.8, 9]
Cumulative NNRTI (years) 2.7 10.3, 6.2]
Cumulative PI (years) 4.1 10.1, 8]
Cumulative IDV (years) 0.0 [0.0, 0.3]
Any IDV exposure 76 (29%)
Any RTV exposure 25 (9%)
Cumulative ATV (years) 0.0 [0.0, 1.2]
Any ATV exposure 7 (33%)
Cumulative NRTI (years) 17.4110.5, 23.3]
Cumulative ZDV (years) 2.0 10.0, 5.9]
Cumulative TDF (years) 2.4 10.0, 4.6]
Cumulative ABC (years) 0.0 [0.0, 3.1]
Any ABC exposure 114 (43%)
Cumulative d4T (years) 0.0 [0.0, 3.3]

Any d4T exposure 130 (47%)

73 (79%) 0.69 (0.36-1.30)
21 (23%) 1.48 (0.79-2.78)
16 (18%) 0.91 (0.45-1.86)
10 (11%) 071 (0.33- 154)
12.8 18.4, 19.1] 48 (0.86-2.55)¢
7.3 14.4, 9.3] l 31 0.87- 1 QQ)d
3.810.3, 6.9] 1.15 (0.81-1.64)%
4.3 0.2, 8] 1.00 (0.75-1.33)¢
0.0 10.0, 0.7]
31 (35%) 1.41 (0.81-2.46)
9 (10%) 1.21 (0.58-2.55)
0.0 0.0, 0.2]
22 (25%) 0.71 (0.41-1.24)
19.7 111.9, 25.6] 1.12 (0.96-1.31)¢
4.110.2, 8.0] 1.53 (1.12-2.10)¢
2.0 10.0, 3.9] 0.67 (0.40-1.14)
0.0 0.0, 3.1]
36 (41%) 0.91 (0.55-1.50)
0.0 10.0, 3.5]

46 (50%) 1.03 (0.60-1.76)

95% Cl, 95% confidence interval; ABC, abacavir; ATV, atazanavir; d4T, stavudine; IDV, indinavir; IQR, interquartile range; NNRTI, non-
nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; OR, odds ratio; Pl, protease inhibitor; RTV, ritonavir;

TDF, tenofovir; ZDV, zidovudine.

*Odds ratios are calculated from mulliple logistic regression models adjusting for age, race, BMI, ACEi/ARB use, current smoking status, stimulant
drug use, current and nadir CD4" cell count <350, time since ART initiation and any ART use prior to 1 July 1996 (pre-HAART era).

bTime since ART initiation refers to first known dale of any antiretroviral therapy (i.e. monolhempy, combination therapy, or potent therapy).
‘HAART refers to potent combination therapy according to December 2009 guidelines (a regimen of three or more drugs).

d0dds ratios for a 5-year increase in cumulative medication exposure.

similar between the two groups, whereas men with
hyperfiltration had higher median cumulative NRTI
years (19.7 vs. 17.4). This difference in cumulative ART
use was primarily accounted for by ZDV use (median 4.1
vs. 2.0 years).

The association of HIV disease severity indicators and
therapy with hyperfiltration, adjusted for age, race,
current and nadir CD4™ cell count, time since first ART
exposure and ART use in the pre-HAART era, BMI,
ACEiI/ARB use, current smoking status, and stimulant
drug use, are presented by the adjusted odds of prevalent
hyperfiltration ratios in the right-most column of Table 3.
None of the indicators of HIV disease stage were
associated with hyperfiltration, including nadir/current
CD4™ cell count below 350/, and detectable plasma
HIV RNA level. Indicators of ART exposure were not
associated with hyperfiltration, with the exception of
ZDV. For a 5-year increase in ZDV exposure, the odds of
hyperfiltration significantly increased by 53% (95% CI
1.12-2.09). A sensitivity analysis of cumulative ART
exposure by 4
ZDV specifically and with participants with no exposure
to ZDV as the reference group, there was no associa-
tion for less than 4 years of exposure (OR 0.85, 95% CI
0.42—1.70). However, the OR of prevalent hyper-
filtration was 1.88 for 4—8 years of exposure (95% CI
0.93-3.81) and was 2.11 for more than 8 years of ZDV
exposure (95% CI 0.99—4.49).

rear categories yielded similar results. For

22

Discussion

In this MACS GER substudy, the overall prevalence of
measured glomerular hyperfiltration for men without
CKD was significantly higher among those infected
with HIV compared to uninfected men: 25 and 17%,
respectively.  From this group, men with HIV had
1.7 tmes higher odds of hyperfiltration than uninfected
men, independent of demographic, metabolic, and
cardiovascular factors. We further confirmed the findings
of previous studies which identified hyperglycemia [12],
diabetes mellitus [32], and hypertension [9], as indepen-
dently associated with hyperfiltration in this unique
population, although the effect of diabetes was mainly
observed among HIV-uninfected men.
suggest that hyperfiltration is common in this cohort and
may be an important clinical consideration as an early
indicator of kidney dysfunction among HIV-infected
persons.

Our findings
£

HIV infects renal epithelial cells [33] and disturbs
podocyte structure and function [34]. The
appears to involve up-regulation of the renin—angioten-
sin system |35], which is central to the pathophysiology
of hyperfiltration. Alternatively, HIV iwelf, ART, and
associated metabolic derangements may contribute to
hyperfiltration via perturbations in insulin-like growth
factor 36|, leading to visceral adiposity and abnormal
glucose metabolism [14,37]. In our cohort, since nearly

latter
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all HIV-infected men were also being treated with
ART, we were unable to discern whether the elevated
prevalence of hyperfiltration was due to HIV infection

alone, ART use, or both.

In the general population, previous studies have found
that elevated blood glucose and HbAlc are associated
with higher odds of hyperfiltration, with ORs ranging
from 1.3 [9] and 1.6-2.2 [12,38], as well as hypertension
(OR 1.8) [9,39]. Studies also suggest hyperfiltration
precedes the onset of albuminuria and kidney function
decline, and is therefore an important marker of future
CKD [23]. Indeed, among diabetic individuals, hyper-
filtration has been associated with increased risk of
diabetic nephropathy and CKD  progression [32].
Among individuals with hypertension, the proportion
of those with persistent hyperfiltration and those with
hyperfiltration  progressing to normofiltration who
developed microalbuminuria was 16 and 36%, respect-
ively, compared to only 5% of those who never
experienced hyperfiltration, over a median follow-up
of 8.5 years [40].

Our results show that HIV is also associated with higher
odds of hyperfiltration, and that HIV infection modifies
the diabetes—hyperfiltration relationship: among HIV-
uninfected individuals, diabetes was strongly associated
with hyperfiltration; however, among HIV-infected
individuals, there was no further association between
diabetes and hyperfiltration, but these individuals were at
higher risk for hyperfiltration than their HIV-uninfected
peers. This association was observed univariately (Table 1)
and in adjusted models (Fig. 1). The eftect of diabetes on
hyperfiltration may be secondary to the dominant eftect
of HIV and its treatment.

Two recent publications documented the association of
diabetes and HIV on decreased renal function [41] and
end-stage renal disease (ESRD) [42]. In these studies,
the presence of either HIV or diabetes was associated
with a higher risk of diminished GFR [41] and ESRD
among African Americans [42], a relationship which
was similar to the increased odds of hyperfiltration in
our study. In contrast to our findings, however, those
who had both diabetes and HIV were at even greater
risk of incidence of low eGFR below 45ml/min
compared to those with HIV or diabetes only [41].
Similar to the results for ESRD [42], we did not find an
additive effect of HIV and diabetes on hyperfiltration.
These results suggest that hyperfiltration may mediate
some portion of the effects of diabetes and HIV on
ESRD, but future research is needed to investigate
this relationship.

Although not all associations were statistically significant,

with

we consistently found increased odds of hyperfiltration
most suggesting

n assoclation ART factors, sugg
gt
that prolonged ART exposure may increase the risk of
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hyperfiltration. Whereas this relationship was strongest
for ZDV use (OR 1.53 per 5-year increase in ZDV
exposure), increased ZDV exposure may be a marker for
longer HIV infection duration, and longer HIV infection
is the risk factor for hyperfiltration. Alternatively, ZDV
use may be a proxy for historically poorer HIV
suppression, since 1t was commonly used in the pre-
HAART era; this was a possibility we could not explore.
Despite the diminished use of ZDV, ZDV exposure may
be clinically relevant for identifying patients with
hyperfiltration since there are HIV-infected patients in
care with prior or current exposure to ZDV. Indeed, there
may also be a threshold effect of ZDV on hyperfiltration
that is more common with chronic use, or the etfect may
manifest later among persons with a longer duration of
HIV infection. The protective, but nonsignificant trend,
associated with TDF exposure was also notable since TDF
is nephrotoxic. Individuals at risk for kidney disease may
have been less likely to be prescribed TDF than others
(i.e. channeling bias). Alternatively, increased TDF
exposure may have caused pathologic nephron loss,
potentially counteracting any hyperfiltration eftects due
to other disease or therapy processes. Third, TDF renal
toxicity is thought to be directed towards the proximal
tubule rather than the glomerulus; therefore, TDEF-
treated individuals may not necessarily be at higher risk of
glomerular hyperfiltration. Lastly, better virologic control
and HIV management with TDF may reduce the risk
of hyperfiltration.

Of note, in multivariate analysis, stimulant drug use was
associated with increased odds of hyperfiltration (OR
1.71). The relationship between stimulant drug use and
hyperfiltration has not been well characterized in the
literature, but may be related to the effects of stimulant
drug use on the sympathetic nervous
regulation of beta cell function and dopamine (potentially
affecting glomerular perfusion). Studies have suggested
that cocaine and other stimulants may perturb insulin
secretion and lipid/glucose homeostasis [43,44]. The
observed association between stimulants and hyperfiltra-
tion may be related to a shared relationship with
hormonal dysregulation, hyperglycemia, and renal func-
tion. Alternatively, stimulant use may be an indicator for
socioeconomic or lifestyle factors that adversely aftect
disease management, adherence to medications, or overall
general health, and thereby increase the risk of hyper-
filtration.

tem and on the

Whereas ACEi/ARB use was not significantly associated
with decreased odds of hyperfiltration, the directionality
of effect was consistent with reduced GFR due to
preferential dilation of the efferent arteriole (OR 0.77).
In contrast, we were unable to explain the lower
prevalence of hyperfiltration among black participants
(OR 0.66), although this effect was also nonsignificant.
This was surprising given the higher risk of diabetes,

diabetic nephropathy, and ESRD in the black population,
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and the documented higher risk of hyperfiltration among
blacks with hypertension [45].

One limitation of this study is that we are unable to
causally link identfied metabolic, cardiovascular, and
HIV infection factors with hyperfiltration. However, the
phvsiologic framework of the HIV renal reservorr, the
influence of ART on metabolic and cardiovascular health,
as well as previous literature, suggest that metabolic and
cardiovascular changes likely ininate hyperfiltration
[10,32]. Furthermore, since previous direct measure-
ments of GFIR had not been obtained, we were unable to
determine the duraton of hyperfiltration, although a
second 1IGFR measurement will be obtained in these men
for future analyses. Whereas hyperfiltration is a known
precursor to kidney damage, the duration of hyperfiltra-
tion necessary to precipitate kidney function decline is
unclear. An early study among Pima Indians demon-
strated  GFR decline over a 4-year period after
hyperfiltration was identified [46]. Future longitudinal
data of iIGFRR in our cohort are needed to further
understand risk factors for and consequences of hyper-
filtration. An additional limitation is that the study sample
was cxclusivcly men, and whether these inferences extend
to women i§ llI]kllU\\’lL

In summary, we found that among men without CKD,
HIV infection was associated with a higher prevalence of
hyperfiltration compared to being uninfected. A major
strength of this study was the use of directly measured
GFR by iohexol to detect hyperfiltration, a better
and more reliable method than estimating equations,
particularly for high GFR levels [10,47]. Noninfectious
metabolic conditions found commonly in aging HIV-
infected individuals were associated with hyperfileration.
Additionally, among HIV-infected men, increased
exposure to AR, particularly ZDV, was associated with
higher odds of hyperfiltration. Since poor metabolic and
cardiovascular health are known risk factors for glomer-
ular hyperfileration, which 1s an early clinical marker of
kidney damage, evaluation and aggressive treatment of
these risk factors [9,10] should be an important priority
for health management in HIV-infected as well as non-
HIV-infected populations.

Acknowledgements

The Multcenter AIDS Cohort Study (MACS) includes
the following: Baltimore: The Johns Hopkins Univer-
sity Bloomberg School of Public Health: Joseph B.
Margolick (PI). Barbara Crain, Adrian Dobs, Homayoon
Farzadegan, Joel Gallant, Lisette Johnson-Hill, Michael
W. Plankey, Ned Sacktor, Ola Selnes, James Shepard,
Chloe Thio. Chicago: Feinberg School of Medicine,
Northwestern University, and Cook County Bureau of
Health Services: Steven M. Wolinsky (PI), John P. Phair,

24

Sheila Badri, Maurice O’Gorman, David Ostrow, Frank
Palella, Ann Ragin. Los Angeles: University of California,
UCLA Schools of Public Health and Medicine: Roger
Detels (PI), Otoniel Martinez-Maza (Co-Pl), Aaron
Aronow, Robert Bolan, Elizabeth Breen, Anthony
Butch, Beth Jamieson, Eric N. Miller, John Oishi, Harry
Vinters, Dorothy Wiley, Mallory Witt, Otto Yang,
Stephen Young, Zuo Feng Zhang. Pitsburgh: University
of Pittsburgh, Graduate School of Public Health: Charles
R.. Rinaldo (PI), Lawrence A. Kingsley (Co-PI), James T.
Becker, Ross D). Cranston, Jeremy J. Martinson, John W.
Mellors, Anthony J]. Silvestre, Ronald D. Stall. Data
Coordinating Center: The Johns Hopkins University
Bloomberg School of Public Health: Lisa . Jacobson (P1),
Alvaro Munoz (Co-Pl), Alison Abraham, Keri Althoft,
Christopher Cox, Gypsyamber D’Souza, Priya Duggal,
Elizabeth Golub, Janet Schollenberger, Eric C. Seaberg,
Sol Su, Pamela Surkan. NIH: National Institute of
Allergy and Infectious Diseases: Robin E. Huebner:
National  Cancer Institute:  Geraldina  Dominguez.
Website located at htep://www.statepi.jhsph.edu/macs/
macs.heml. We are grateful to GE Healthcare, Amersham
Division, for providing the MACS study with ioxehol
(Omnipaque) for GFR measurements.

Author contributions: D.K.N., L.PJ. and M.M.E. had full
access to all of the data used in the analysis. D.K.NL, L.PJ.,
and M.M.E. take responsibility for the integrity of the
data and the accuracy of the data analysis presented here.

MACS GFR Study concept and design: L.PJ., G.J.S..
EJ.P.

Acquisition of MACS data: L.PJ., EJ.P, GJ.S.

Analysis and interpretation of data: D.K.N., L.PJ.,
M.M.E., T.T.B., A.G.A.

Drafting of the manuscript: D.K.N., L.PJ., M.M.E.

Critical revision of the manuscript for important
intellectual  content:  D.KIN., LJ.P, TT.B., EJLP,
JJM., R.B., E.R.M., GJS.. A.G.A., M.M.E.

Statistical analysis: D.K.N., L.PJ.
MACS Study supervision: L.PJ., EJ.P.

Sources of support: National Institute of Allergy and
Infectious Diseases and National Cancer Institute (UO1-
Al-35042, UMI-AI-35043, UO1-AI-35039, UO1-Al-
35040, UOI1-AI-35041); the National Center for
Advancing Translational  Sciences (ULTTRO00424);
and the National Institutes of Health (1K23DK081317
to M.M.E.).

Contlicts of interest
The authors have no conflict of interests to declare.

Copyright ®© Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Hyperfiltration in men with HIV Ng et al.

References

6.

16.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Palella FJ Jr, Delaney KM, Moorman AC, Loveless MO, Fuhrer |,
Satten GA, et al. Declining morbidity and mortality among
patients with advanced human immunodeficiency virus infec-
tion. HIV Outpatient Study Investigators. N Engl ] Med 1998;
338:853-860.

Wada N, Jacobson LP, Cohen M, French A, Phair ], Munoz A.
Cause-specific life expectancies after 35 years of age for human
immunodeficiency syndrome-infected and human immuno-
deficiency syndrome-negative individuals followed simulta-
neously in long-term cohort studies, 1984-2008. Am |
Epidemiol 2013; 177:116-125.

Adih WK, Selik RM, Hu X. Trends in diseases reported on US
death certificates that mentioned HIV infection, 1996-2006.
] Int Assoc Physicians AIDS Care (Chic) 2011; 10:5-11.

Wyatt CM, Morgello S, Katz-Malamed R, Wei C, Klotman ME,
Klotman PE, et al. The spectrum of kidney disease in patients
with AIDS in the era of antiretroviral therapy. Kidney int 2009;
75:428-434.

Brown TT, Cole SR, Li X, Kingsley LA, Palella FJ, Riddler SA,
et al. Antiretroviral therapy and the prevalence and incidence
of diabetes mellitus in the multicenter AIDS cohort study. Arch
Intern Med 2005; 165:1179-1184.

George E, Lucas GM, Nadkarni GN, Fine DM, Moore R, Atta
MG. Kidney function and the risk of cardiovascular events in
HIV-T-infected patients. A/DS 2010; 24:387-394.

Brenner BM, Lawler EV, Mackenzie HS. The hyperfiltration
theory: a paradigm shift in nephrology. Kidney int 1996; 49:
1774-1777.

Chaiken RL, Eckert-Norton M, Bard M, Banerji MA, Palmisano J,
Sachimechi 1, et al. Hyperfiltration in African-American
patients with type 2 diabetes. Cross-sectional and longitudinal
data. Diabetes Care 1998; 21:2129-2134.

Tomaszewski M, Charchar F), Maric C, McClure J, Crawford L,
Grzeszczak W, et al. Glomerular hyperfiltration: a new marker
of metabolic risk. Kidney Int 2007; 71:816-821.

Helal |, Fick-Brosnahan GM, Reed-Gitomer B, Schrier RW.
Glomerular hyperfiltration: definitions, mechanisms and clini-
cal implications. Nat Rev Nephrol 2012; 8:293-300.
Ruggenenti P, Porrini EL, Gaspari F, Motterlini N, Cannata A,
Carrara F, et al. Glomerular hyperfiltration and renal disease
progression in type 2 diabetes. Diabetes Care 2012; 35:2061—
2068.

Melsom T, Mathisen UD, Ingebretsen OC, Jenssen TG, Njolstad
I, Solbu MD, et al. Impaired fasting glucose is associated with
renal hyperfiltration in the general population. Diabetes Care
2011; 34:1546-1551.

Okada R, Yasuda Y, Tsushita K, Wakai K, Hamajima N, Matsuo
S. Glomerular hyperfiltration in prediabetes and prehyperten-
sion. Nephrol Dial Transplant 2012; 27:1821-1825.

Tebas P. Insulin resistance and diabetes mellitus associated
with antiretroviral use in HIV-infected patients: pathogenesis,
prevention, and treatment options. / Acquir Immune Defic
Syndr 2008; 49:586-592.

Vu CN, Ruiz-Esponda R, Yang E, Chang E, Gillard B, Pownall
HJ, et al. Altered relationship of plasma triglycerides to
HDL cholesterol in patients with HIV/HAART-associated dys-
lipidemia: further evidence for a unique form of metabolic
syndrome in HIV patients. Metab Clin Exp 2013; 62:1014—
1020.

Kaslow RA, Ostrow DG, Detels R, Phair P, Polk BF, Rinaldo CR
Jr. The Multicenter AIDS Cohort Study: rationale, organization,
and selected characteristics of the participants. Am J Epidemiol
1987; 126:310-318.

Schwartz GJ, Furth S, Cole SR, Warady B, Mufioz A. Glomerular
filtration rate via plasma iohexol disappearance: pilot study for
chronic kidney disease in children. Kidney Int 2006; 69:2070-
2077.

Schwartz GJ, Abraham AG, Furth SL, Warady BA, Mufoz A.
Optimizing iohexol plasma disappearance curves to measure
the glomerular filtration rate in children with chronic kidney
disease. Kidney Int 2010; 77:65-71.

Ng DKS, Schwartz GJ, Jacobson LP, Palella FJ, Margolick JB,
Warady BA, et al. Universal GFR determination based on two
time points during plasma iohexol disappearance. Kidney Int
2011; 80:423-430.

25

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Caliendo AM, Valsamakis A, Zhou Y, Yen-Lieberman B,
Andersen |, Young S, et al. Multilaboratory comparison of hepa-
titis C virus viral load assays. / Clin Microbiol 2006; 44:1726—
1732.

Hultin LE, Menendez FA, Hultin PM, Jamieson BD, O’ Gorman
MRG, Borowski L, et al. Assessing immunophenotyping per-
formance: proficiency-validation for adopting improved flow
cytometry methods. Cytometry B Clin Cytom 2007; 72:249-255.
Premaratne E, Macisaac R}, Tsalamandris C, Panagiotopoulos S,
Smith T, Jerums G. Renal hyperfiltration in type 2 diabetes:
effect of age-related decline in glomerular filtration rate.
Diabetologia 2005; 48:2486-2493.

Palatini P. Glomerular hyperfiltration: a marker of early renal
damage in prediabetes and prehypertension. Nephrol Dial
Transplant 2012; 27:1708-1714.

National Kidney Foundation. K/DOQI clinical practice guide-
lines for chronic kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis 2002; 39:51-5266.

Mondy K, Overton ET, Grubb J, Tong S, Seyiried W, Powderly
W, et al. Metabolic syndrome in HIV-infected patients from an
urban, midwestern US outpatient population. Clin Infect Dis
2007; 44:726-734.

Curran A, Ribera E. From old to new nucleoside reverse
transcriptase inhibitors: changes in body fat composition,
metaboﬁc parameters and mitochondrial toxicity after the
switch from thymidine analogs to tenofovir or abacavir. Expert
Opin Drug Saf 2011; 10:389-406.

Kalyesubula R, Perazella MA. Nephrotoxicity of HAART. AIDS
Res Treat 2011; 2011:562790.

Crowe AV, Howse M, Bell GM, Henry JA. Substance abuse and
the kidney. Q/M 2000; 93:147-152.

Maeda 1, Hayashi T, Sato KK, Koh H, Harita N, Nakamura Y,
et al. Cigarette smoking and the association with glomerular
hyperfiltration and proteinuria in healthy middle-aged men.
Clin } Am Soc Nephrol 2011; 6:2462-2469.

Shoptaw S, Stall R, Bordon J, Kao U, Cox C, Li X, et al.
Cumulative exposure to stimulants and immune function out-
comes among HIV-positive and HIV-negative men in the Multi-
center AIDS Cohort Study. Int ] STD AIDS 2012; 23:576-580.
Mateen F), Shinohara RT, Carone M, Miller EN, McArthur )C,
Jacobson LP, et al. Neurologic disorders incidence in HIV+ vs,
HIV- men: Multicenter AIDS Cohort Study, 1996-2011.
Neurology 2012; 79:1873-1880.

Jerums G, Premaratne E, Panagiotopoulos S, Maclsaac R]. The
clinical significance of hyperfiltration in diabetes. Diabetologia
2010; 53:2093-2104.

Bruggeman LA, Ross MD, Tanji N, Cara A, Dikman S, Gordon
RE, et al. Renal epithelium is a previously unrecognized site of
HIV-1 infection. /] Am Soc Nephrol 2000; 11:2079-2087.

Lu T-C, He JC, Klotman PE. Podocytes in HIV-associated
nephropathy. Nephron Clin Pract 2007; 106:c67-c71.
Chandel N, Sharma B, Husain M, Salhan D, Singh T, Rai P, et al.
HIV compromises integrity of podocyte actin cytoskeleton
through down regulation of vitamin D receptor. Am J Physiol
Renal Physiol 2013; 304:F1347-F1357.

Congote LF. Monitoring insulin-like growth factors in HIV
infection and AIDS. Clin Chim Acta 2005; 361:30-53.

Rao MN, Mulligan K, Tai V, Wen MJ, Dyachenko A, Weinberg
M, et al. Effects of insulin-like growth factor (IGF)-1/IGF-bind-
in%) protein-3 treatment on glucose metabolism and fat dis-
tribution in human immunodeficiency virus-infected patients
with abdominal obesity and insulin resistance. / Clin Enclocrinol
Metab 2010; 95:4361-4366.

Okada R, Wakai K, Naito M, Morita E, Kawai S, Yin G, et al. Renal
hyperfiltration in prediabetes confirmed by fasting plasma glu-
cose and hemoglobin ATc. Ren Fail 2012; 34:1084-1090.
Schmieder RE, Veelken R, Gatzka CD, Riiddel H, Schiichinger
H. Predictors for hypertensive nephropathy: results of a 6-year
follow-up study in essential hypertension. / Hypertens 1995;
13:357-365.

Palatini P, Mos L, Ballerini P, Mazzer A, Saladini F, Bortolazzi A,
et al. Relationship between GFR and albuminuria in stage 1
hypertension. Clin ] Am Soc Nephrol 2013; 8:59-66.
Medapalli RK, Parikh CR, Gordon K, Brown ST, Butt AA, Gibert
CL, etal. Comorbid diabetes and the risk of progressive chronic
kidney disease in HIV-infected adults: data from the Veterans
Aging Cohort Study. /| Acquir Immune Defic Syndr 2012;
60:393-399.

385



386

AIDS 2014, Vol 28 No 3

42.

43.

44,

Choi Al, Rodriguez RA, Bacchetti P, Bertenthal D, Volberding
PA, O'Hare AM. Racial differences in end-stage renal disease
rates in HIV infection versus diabetes. ] Am Soc Nephrol 2007;
18:2968-2974,

Wierup N, Bjirkquist M, Kuhar MJ, Mulder H, Sundler F. CART
regulates islet hormone secretion and is expressed in the beta-
cells of type 2 diabetic rats. Diabetes 2006; 55:305-311.
Banke E, Riva M, Shcherbina L, Wierup N, Degerman E.
Cocaine- and amphetamine-regulated transcript is expressed
in adipocytes and regulate lipid- and glucose homeostasis,
Regul Pept 2013; 182:35-40.

26

46.

47.

Kotchen TA, Piering AW, Cowley AW, Grim CE, Gaudet D,
Hamet P, et al. Glomerular hyperfiltration in hypertensive
African Americans. Hypertension 2000; 35:822-826.

Nelson RG, Bennett PH, Beck GJ, Tan M, Knowler WC, Mitch
WE, et al. Development and progression of renal disease in
Pima Indians with noninsulin-dependent diabetes mellitus.
Diabetic Renal Disease Study Group. N Engl ] Med 1996;
335:1636-1642.

Stevens LA, Coresh |, Greene T, Levey AS. Assessing kidney
function: measured and estimated glomerular filtration rate.
N Engl | Med 2006; 354:2473-2483.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



3 HIV infection and therapy are associated with higher incidence of
hyperfiltration using creatinine-based CKD-EPI estimated glomerular filtration

rate data in the Multicenter AIDS Cohort Study

3.1 Abstract

Objective Elevated glomerular filtration rate (GFR) has recently been shown to be
associated with HIV infection using a directly measured iohexol protocol in a cross-
sectional analysis using data from the Multicenter AIDS Cohort Study (MACS). As a
putative risk factor for CKD and related to indicators of metabolic and cardiovascular
abnormalities, it is important for clinical care since it is treatable with dietary
interventions or aggressive antihypertensive therapy. The aims of this study were to a)
define a threshold for elevated GFR appropriate for the MACS using the creatinine-based
CKD-EPI estimated GFR (eGFR) equation; b) determine the incidence of chronic
hyperfiltration; and c) estimate the risk of hyperfiltration associated with treated HIV

infection in a competing risks setting.

Design Prospective study design comprising MACS participants free of low eGFR (> 90
ml/min|1.73m?) and elevated eGFR. Elevated eGFR was defined by the CKD-EPI eGFR
age- and race-specific 90" percentile among the HIV-uninfected men. At baseline, the
study population at risk of incident hyperfiltration comprised 546 HIV-uninfected men
and 574 HIV-infected men receiving HAART. Endpoints included chronic hyperfiltration
(first of two eGFR > 90" percentile within 1 year), low eGFR (first of two eGFR< 90
ml/min|1.73m” within 1 year, or first eGFR < 70 ml/min|1.73m?), or last observed visit as

of September 30, 2013.
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Methods Quantile regression for all HIV-uninfected men was used to determine age- and
race-specific 90" percentiles of eGFR, and was bootstrapped to obtain 95% confidence
intervals for the estimates. For incidence and survival analyses, the time scale was age,
specifically years from age 30. Age-specific incidence rates and incidence rate ratios
were based on Poisson regression, and non-parametric Kaplan-Meier estimates
incorporating late entries were used to account for study entry after age 30. Competing
risks proportional hazards regression was used to estimate the relative subhazard
associated with treated HIV infection, accommodating the competing risk event of low
eGFR. Sensitivity analyses investigated the impact of differing thresholds to define eGFR

on the incidence of hyperfiltration and inferences.

Results The equation for the estimated 90" percentile of eGFR was 118.951 ml/min —
0.726 x years after age 30 for non-blacks and 130.39 ml/min — 0.653 x years after age 30
for blacks, based on HIV-uninfected men. The median ages for each race and HIV
infection category was between 41 and 46, with a median follow-up time between 2.5 and
3.5 years. The cumulative incidence rates of hyperfiltration for non-blacks were 5.3 and
4.8 per 100 person-years for HIV-uninfected men and HIV-infected men, respectively.
Among blacks, the cumulative incidence rates were 3.5 for HIV-uninfected and 5.7 per
100 person years for HIV-infected men. However, in age-adjusted analyses, non-black
men with HIV were more likely to develop hyperfiltration prior to age 35 than uninfected
non-black men (IRR= 3.41, 95%CI: 1.22, 9.56); black men with HIV were more likely to
develop hyperfiltration after age 45 than uninfected black men (IRR for ages 45 to 50=
2.79, 95%CI: 1.12, 6.95). This was confirmed graphically with Kaplan-Meier survival

plots and in a competing risk analyses accounting for late entries and low eGFR as a
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competing event. The subhazard ratio (SHR) for HIV infection at age 30 among non-
blacks was 3.7 (95%CI: 1.6, 8.4) and this SHR declined 7% each year (SHR= 0.93,
95%CI: 0.89, 0.96). For blacks, the subhazard ratio comparing HIV-infected to HIV-
uninfected did not vary by age and showed an increased, but non-significant estimated
risk of hyperfiltration (SHR= 1.6, 95%CI: 0.96, 2.7), regardless of age. Sensitivity
analyses suggested that the estimates of incidence rates were highly sensitive, yet overall

inferences about risk of hyperfiltration associated with HIV infection did not change.

Conclusions Men treated with HAART for HIV infection are at higher risk for incident
hyperfiltration after age 30, particularly at ages younger than 45 among non-blacks; there
was a higher but non-significant risk of hyperfiltration among blacks. Clinical monitoring
of eGFR should include consideration of persistently elevated levels, as well as low

levels, in this high risk population.
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3.2 Introduction

Glomerular hyperfiltration is defined as elevated glomerular filtration rate (GFR)
to pathologically high levels, potentially leading to accelerated renal function decline and
chronic kidney disease (CKD) [1]. Elevated GFR has recently been shown to have a
higher prevalence among HIV-infected men compared to uninfected men in the
Multicenter AIDS Cohort Study (MACS) in a cross-sectional analysis using directly
measured GFR by plasma disappearance of iohexol [2]. Metabolic and cardiovascular
abnormalities, including elevated fasting blood glucose [3,4], and the presence of Type 2
diabetes [5—7] and hypertension [8,9] have been shown to be associated with elevated
GFR primarily in non-HIV populations, but also in the MACS [2]. Indeed, many of these
metabolic and cardiovascular risk factors associated with hyperfiltration are also related
to HIV infection and highly active antiretroviral therapy (HAART) [10,11]. Furthermore,
HIV infection and HAART are considered causes of CKD through numerous pathways
[12—-18].

Hypertiltration is considered a modifiable risk factor of CKD, treatable by a low-
protein diet or antihypertensive therapy, using ACEi or ARBs, which preferentially dilate
the efferent arterioles [19]. Since hyperfiltration is a precursor of CKD and its risk may
be mitigated or eliminated with intervention, its early detection may be an important
clinical tool to improve outcomes, particularly in HIV populations receiving HAART that
are at high risk of CKD and poor outcomes.

Initial evidence of increased risk of hyperfiltration associated with HIV was a
higher prevalence of elevated GFR in the MACS, with 17% among HIV-uninfected men

compared to 25% among HIV-infected men receiving HAART [2]. However, there are
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few studies investigating the incidence of hyperfiltration in general, and none that
characterize incidence in an HIV population. Few studies also describe hyperfiltration
from a widely-used clinical measure of GFR: the CKD-EPI serum creatinine-based
estimated GFR (eGFR) equation [20]. Therefore, the purposes of this study using MACS
data were to a) present a threshold of elevated GFR using the CKD-EPI eGFR equation,
based on HIV-uninfected men who are comparable to the HIV-infected men receiving
HAART, and b) describe the incidence of chronic hyperfiltration in both groups, and c)

determine the risk of hyperfiltration associated with HIV infection treated with HAART.

3.3 Methods

3.3.1 Study population

The Multicenter AIDS Cohort Study is a longitudinal observational study of the
natural and treated history of HIV among homosexual and bisexual men with infected
with HIV or at risk of acquiring HIV. Initiated in 1984, the study comprises 7087 men
from 1984 through 2012 in four recruitment waves (1984; 1987 to 1991; 2001 to 2003;
2012 to September 30, 2013), at the time of the current analyses. Details of the MACS
have been previously described [21]. Since untreated HIV infection is strongly associated
with CKD [22] and GFR decline [14], and the administration of HAART is the standard
of HIV care, these analyses restrict to HIV-infected men who have initiated HAART.
Collection of serum creatinine data from HIV-uninfected men began in 2002, well into
the era of widespread use of HAART (available starting in 1996) and was therefore
comparable to data from HIV-infected men of the same era.

Standardized protocols collected height, weight, fasting blood samples, blood

pressure and behavioral variables, as previously described [2]. Metabolic variables in this
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analysis included body mass index (BMI); obesity (defined as BMI > 30 kg/m?); fasting
glucose level; serum high-density lipoprotein (HDL); low-density lipoprotein (LDL);
diabetes (defined as fasting glucose > 126 mg/dl, or diagnosis of diabetes with use of
medications); dyslipidemia (defined as fasting total cholesterol > 200 mg/dl, LDL > 130
mg/dl, HDL <40 mg/dl, triglycerides > 150 mg/dl, or use of lipid lowering medications
with self-reported/clinical diagnosis of dyslipidemia); and metabolic syndrome [23].
Cardiovascular variables included systolic blood pressure (SBP; mmHg); diastolic blood
pressure (DBP; mmHg); uncontrolled hypertension (SBP > 140 mmHg or DBP > 90
mmHg); and use of antihypertensive medications. Behavioral variables included smoking
status (current or non-current) and stimulant use (defined as cocaine, amphetamine or
methamphetamine use in the preceding 6 months). Serum creatinine was measured from
blood samples at laboratories local to the site as part of standardized blood work up to

calculate eGFR using the CKD-EPI eGFR equation [20].

3.3.2 Estimating 90" percentile threshold for defining elevated eGFR

To establish a threshold of elevated eGFR, HIV-uninfected men older than 30
years were used as a reference population for HIV-infected men. Our conceptual
framework assumes that had the HIV-infected men never been infected, their eGFR
distribution would be identical to the HIV-uninfected men. Since this uninfected
population shares many of the same health and risk behaviors as the HIV-infected men in
the MACS, they serve as an appropriate counterfactual group.

Quantile regression was used to estimate the 90" percentile of eGFR (dependent
variable) as a function of age after 30 years (independent variable), since there is a

normal age-related renal function decline [24-26]. Black race is associated with an

32



overestimation bias using the CKD-EPI equation [27]; therefore, models were stratified
by race (non-black and black). From these models, a 90" percentile level of eGFR could
be determined that is dependent on the age and race of a given subject, and this level
served as a threshold of elevated eGFR. This approach was adapted from previous studies
that used a normal population to derive a threshold of elevated eGFR [3,9].

Since subjects contributed multiple eGFR observations, 95% confidence intervals
were estimated by bootstrapping to account for correlated within-subject observations. A
total of 2000 datasets were created for each race group with subjects randomly selected
(with replacement) comprising the same number of observed individuals (1083 non-black
and 290 for black men) in the original dataset. All eGFR observations from each selected
subject were used in each bootstrapped set. The 95% confidence intervals were defined as
the 2.5" and 97.5™ percentiles from the distribution of intercepts and slopes from the
2000 quantile regression models.

The empirical 90™ percentile for each 5-year age bin was used to assess model fit.
As a sensitivity analysis, log-transformed eGFR was assessed as an alternative to a linear

model, but this transformation did not improve the fit to the data.

3.3.3 Data structure and outcomes for time to event analyses

In order to determine the incidence of chronic hyperfiltration, the analytic dataset
was restricted to subjects with normal renal function at baseline, as defined as first
observed visit where age > 30 years. Specifically, the data comprise men who were free
of elevated eGFR (i.e., eGFR > age- and race-specific 90" percentile) and were free of

evidence of CKD (i.e., eGFR < 90 ml/min|1.73m?). For the purposes of these analyses,
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we assumed men were free of hyperfiltration prior to study entry. The time scale was age
after 30 years; therefore, all inferences are conditional on being event-free up to age 30.
Chronic hyperfiltration, the outcome of interest, was defined as having at least

two occurrences of elevated eGER (i.e., > age and race-specific 90" percentiles) within
one year (i.e., out of 3 consecutive semi-annual visits). Requiring persistently high eGFR
levels to defined chronic hyperfiltration minimized the potential misclassification due to
transient elevated eGFR. Subjects could exit the study at the occurrence of low eGFR,
defined as the first of two eGFR observations less than 90 ml/min|1.73m” within 1 year,

or a single observation where eGFR < 70 ml/min|1.73m?), or at the last observed visit.

3.3.4 Statistical analysis

There were four components to the analyses describing the incidence of
hyperfiltration among HIV-infected and uninfected men in the MACS. First, we present
incidence rates and incidence rate ratios to characterize the occurrence of hyperfiltration,
by infection status and race. Second, we present non-parametric Kaplan-Meier estimates
of survival to describe the time to hyperfiltration with age as the time scale. In these first
two analyses, subjects were censored at the occurrence of low GFR or last observed visit.
However, low GFR is a competing risk event for hyperfiltration, such that once a person
declines to low renal functioning, they are no longer at risk of hyperfiltration. Censoring
these events can be appropriate in order to describe the unconditional risk of
hyperfiltration [28] and is reasonable to use for describing general incidence rates and
Kaplan-Meier estimates. Nonetheless, since low eGFR is a true competing risk event, the
third component assessed hyperfiltration in a competing risk setting, using the subhazard

ratio to describe the effect of HIV infection on hyperfiltration. Lastly, the fourth
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component of the analyses explored the sensitivity of these findings using different
thresholds to define elevated eGFR, and by extension, chronic hyperfiltration. Data
management was conducted in SAS 9.2 (SAS Institute, Cary, North Carolina, USA),
survival analyses were performed in STATA version 11 (STATACorp, College Station,

Texas), and graphics were produced in SPLUS 8.2 (TIBCO Software).

3.3.5 Incidence rates and incidence rate ratios

Incidence rates (IRs) and incidence rate ratios (IRRs) were calculated by a
Poisson linear model for count data by five-year age bins and HIV infection status, with
separate models for each race group (non-black and black). Subjects were censored at

low eGFR or the last observed visit.

3.3.6 Kaplan-Meier estimation of incidence by survival step functions

Non-parametric Kaplan-Meier estimates accounting for late entries provided
graphical depictions of the incidence of hyperfiltration and estimated times, with 95%
confidence intervals, for the pth percentiles free of hyperfiltration. Censoring likewise
was based on low eGFR or the last observed visit. The survival function was
summarized by the estimated times of events for the 10™, 25®, 50" and 75" percentiles by
HIV infection status and race groups. The log-rank test compared the equality of survival

function.

3.3.7 Competing risks regression
To account for the competing risk event of low eGFR, we used the approach
proposed by Fine and Grey to estimate the subhazard ratio (SHR), in the context of a

proportional hazard model using the subdistribution of a competing event [29]. In short,
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this method appropriately differentiates between individuals who remain at risk of having
the event after they exit the study because they were no longer followed (i.e., are truly
censored) and those who exit the study because they are no longer at risk of the event
occurring (i.e., have low eGFR), by estimating the cumulative incidence function using
two cause-specific hazards (the event of interest and the competing risk event). This is in
contrast to the Kaplan-Meier estimator which estimates the cumulative incidence function
from the hazard function of the event of interest only. The primary independent variable
was HIV infection. In the presence of non-proportional hazards, we also explored
allowing the SHR for HIV infection to vary as a linear function of time. Since we were
interested in the population-level risk, the primary model did not adjust for confounders.
However, as a secondary analysis, we included known risk factors at baseline (obesity,
fasting blood glucose > 100 g/dL and uncontrolled hypertension) as covariates in the
model as a comparison, especially since these variables are putative mediators of incident
hyperfiltration. Death was not included as a competing event since only one subject

death was observed.

3.3.8 Sensitivity analyses

To investigate the effect of threshold changes on the inferences from the main
analyses, a sensitivity analysis was conducted using different age- and race-specific
thresholds to define elevated eGFR (and subsequently chronic hyperfiltration). The
Kaplan-Meier analyses were replicated using three different thresholds based on a)
previously published findings of the normal age-related decline in GFR, and b) the
confidence limits of the bootstrapped quantile regression estimates. Race-specific

intercepts from the equation were rounded to the nearest 1 ml/min|1.73m? and the slopes
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were varied to obtain three different race-specific thresholds. From previously published
literature, Delayne et al. [25] report the best study estimate of age-related decline in
healthy men is —8 ml/min|1.73m?” per 10 years [30], which we express as —0.8
ml/min|1.73m? per year. The race-specific lower 95% confidence limit and upper 95%

confidence limits were used for the other two analyses.
3.4 Results

3.4.1 Determination of elevated eGFR

To establish a threshold of elevated eGFR, estimates of age- and race-specific 90™
percentiles were derived from 1373 men free of HIV infection in the MACS. Since there
is a known overestimation bias among blacks using the CKD-EPI eGFR equation, the
models were stratified by race. A total of 1083 uninfected non-black subjects contributed
15456 eGFR observations; 290 uninfected black subjects contributed 3482 observations.
The equation for the estimated 90™ percentile eGFR level as a function of age was (95%

confidence intervals in subscript):

(1) Non-black 90" percentile eGFR=

118.563118.951 119,531 + (L0.747-0.726 _9.712)% years after age 30

The equation for blacks was:

(2) Black 90" percentile eGFR=

129.184130-3 90134_914 + (-0.833 -0653 -0.608) X years after age 30
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Figure 1 graphically depicts these equations along with the empirical 90™

percentiles by five year age bins, indicating good model fit.

3.4.2 Baseline clinical and demographic characteristics

Figure 2 presents the study flow, by HIV infection status for inclusion in this
analysis. At first visit after age 30, 39.7% (546/1373) of HIV-uninfected men were free
of low or elevated eGFR (i.e., eGFR > 90 ml/min|1.73m? and less than the age- and race-
specific 90" percentiles) while 45.7% (574/1255) of HIV-infected men receiving
HAART were in the same category. About 14.5% (182/1255) of the HIV-infected group
had prevalent elevated eGFR compared to 8.6% (118/1373) of the HIV-uninfected men.
The HIV-infected men also had a lower proportion with eGFR <90 ml/min]1.73m2
compared to the HIV-uninfected men (39.8% vs. 51.6%, respectively). These prevalent
differences by eGFR category were significant (chi-square p< 0.001). For the analytic
sample used to describe the incidence of hyperfiltration, the HIV-uninfected group
comprised 546 men (386 non-blacks and 160 blacks) and the HIV-infected group
comprised 574 men (377 non-black subjects and 197 black subjects).

Table 1 presents the demographic and clinical characteristics of the analytic
sample, specifically subjects with normal eGFR at baseline. Among non-blacks, the
median age at entry into this sample was 47 years [IQR= 41, 53] for HIV-uninfected men
(n=386) and 43 years [IQR= 38, 48] for HIV-infected men (n= 377) and this difference
was significant (p< 0.001). CKD-EPI eGFR did not differ by infection status at study
entry: the median level for HIV-uninfected men was 100 ml/min|l.73m2 [IQR=96, 104]
and was 101 [IQR= 96, 106] among HIV-infected men. HIV infection was associated

with lower weight and body mass index and a lower prevalence of obesity (7% vs. 19%,

38



p<0.001), but a poorer lipid profile: 84% of HIV-infected men had dyslipidemia,
compared to 72% of HIV-uninfected men (p< 0.001). There was no difference in
hypertension status (prevalence of uncontrolled hypertension was 16% for both groups),
but HIV-infected men were slightly less likely to receive antihypertensive therapy (10%
vs. 14%, p=0.072). HIV-infected men were more likely to be current smokers (32% vs.
25%, p= 0.03) and have used illegal stimulants, specifically cocaine or uppers, in the
previous year (21% vs. 12%, p<0.001).

Among black subjects, the HIV-uninfected men (n= 160) and HIV-infected men
(n=197) did not differ by age at study entry (42 and 41 years, respectively; p= 0.796).
Black HIV-infected men had higher eGFR at entry than the HIV-uninfected men (108 vs.
103 ml/min|1.73m? p < 0.01); these levels were also higher than the non-black group.
HIV infection was also associated with lower body mass and prevalence of obesity.
Although not statistically significant, the HIV-infected men had a higher prevalence of
dyslipidemia (69% vs. 60%, p= 0.156). There were no differences by hypertensive status,
antihypertensive therapy, current smoking status or use of stimulants in the past year.

Table 1 also presents a description of the longitudinal data and observed follow-
up time. For non-black men, the overall median follow-up time was about 3 years for
HIV-uninfected men (1496.2 total person-years) and 2.5 years for HIV-infected men
(1367.8 total person years). In this group of 386 HIV-uninfected men, 21% had a
hyperfiltration event; 42% had a low eGFR event and exited the study; and 38% had
neither event and exited the study at their last observed visit with a median follow-up
time of 5.2 years. Among the non-black HIV-infected group, 12 men became infected

and initiated treatment while under study observation for a total of 389 men. Of these,
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17% had a hyperfiltration event; 51% exited with low eGFR; and 32% exited with no
event and a median follow-up time of 3.9 years. The distribution of these three events
was significant by HIV infection status (p=0.026) and was largely driven by a high
incidence of low eGFR events among the HIV-infected men (51% vs. 42%). Among
black men, the overall median follow-up time was similar between HIV-uninfected and
HIV-infected men: 3.4 years and 3.5 years, respectively; and the total observed follow-up
time was 664.2 person years and 791.7 person years, respectively. A total of 5 black men
became infected and initiated therapy contributing to both groups until their infection
status changed; thus, the denominator for HIV-infected black group comprised 202 men.
The distributions of events were borderline significant by HIV infection status: 14% of
HIV-uninfected men had incident hyperfiltration, 31% had low eGFR and 55% for
neither hyperfiltration nor low eGFR events at study exit, and in this group with no
events, the median follow-up time was 5.3 years. For HIV-infected black men, 22% had a
hyperfiltration event; 33% had a low eGFR event and 45% exited the study with neither
event, and in this group with no event, the median follow-up time was 4.0 years.

Table 2 describes disease and therapy-related characteristics among those with
HIV infection and receiving therapy, stratified by race to provide context for this HIV-
infected population. At study entry, the median CD4+ cell counts were 477 [IQR: 301,
667] for non-blacks and was 415 [IQR: 266, 554] for blacks. About 33% of non-blacks
and 38% of blacks had CD4+ cell counts less than 350 at baseline; and 44% of non-
blacks and 58% of blacks had a detectable HIV RNA load, despite having initiated
HAART. For non-black men and black men, 56% and 43% received any ART prior to

HAART initiation, respectively. The time since HAART initiation was 6.2 years for non-
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blacks and 7.1 years for blacks. Overall, the characteristics of HIV infection and therapy

use were similar by race.

3.4.3 Incidence rates

Tables 3a and 3b presents the age-specific incidence rates and incidence rate
ratios associated with HIV infection, by race. It is important to note that men who
progressed to low eGER (at least two occurrences of eGFR less than 90 ml/min|1.73m?
within 1 year, or one occurrence of eGFR < 70 ml/min|1.73m?) were censored in these
analyses. Among non-black men, the cumulative incidence among HIV-uninfected men
was 5.28 per 100 person-years (95%CI: 4.24, 6.58) and among HIV-infected men was
4.83 per 100 person-years (95%CI: 3.79, 6.14). The IRR, comparing the IR among HIV-
infected men to HIV-uninfected men, was 0.91 (95%CI: 0.66, 1.27), a non-significant
difference but this effect was heavily confounded and modified by age. Indeed, there was
substantial variability by age group: hyperfiltration was more common among younger
HIV-infected men, while incident hyperfiltration was more frequent among older HIV-
uninfected men. The IR in the youngest age group (30 to 35 years) was 13.65 per 100
person years (95%CI: 7.92, 23.5) but was only 4.00 per 100 person years (95%CI: 1.67,
9.62) among HIV-uninfected men; the IRR was 3.41 (95%CI: 1.22, 9.56), a significant
difference. This effect diminished with increasing age, when hyperfiltration was more
common among HIV-uninfected men at older age groups. In the age group 60 to 65
years, the HIV-uninfected incidence was 22.21 per 100 person years (95%CI: 14.89,
33.13), in contrast to the HIV-infected group in which the IR was 13.13 (95%CI: 5.9,
29.23), although this effect was not statistically significant (IRR: 0.59; 95%CI: 0.24,

1.45).
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The cumulative incidence of hyperfiltration among black men was 3.46 per 100
person years among HIV-uninfected men (95%CI: 2.30, 5.21) and 5.68 per 100 person-
years among HIV-infected men (95%CI: 4.24, 7.61). The IRR was borderline significant
(IRR: 1.64, 95%CI: 0.99, 2.71; p= 0.053), although this estimate does not take into
account age. The HIV-uninfected black men had the lowest cumulative incidence out of
the four groups, while the other three groups had similar rates. A comparison of the age-
based IRs among black men revealed an opposite trend compared to the non-black: at
younger ages (i.e., 30 to 45 years), there was no difference in incidence of hyperfiltration
by HIV infection status (IRRs between 0.87 and 1.20, all non-significant). However,
there was a higher incidence between ages 45 and 60 years for those with HIV infection:
the IRR was 2.79 (95%CI: 1.12, 6.95) for the ages between 45 and 50, but was not
statistically significant for ages 50 to 55, and 55 to 60 (IRRs were 2.26 and 2.18,
respectively). This heterogeneity in IRs by age between non-black and black subjects

justified race stratification for the subsequent analyses.

3.4.4 Kaplan-Meier estimates with late entry

Figure 3 presents the non-parametric Kaplan-Meier step functions of the
incidence of hyperfiltration accounting for late entry after age 30. The results reflect the
inferences derived from the IR and IRR analyses: among non-blacks, HIV-infected men
had a higher incidence at younger ages (prior to age 40), but the HIV-uninfected men had
the same or higher incidence at older ages (after age 50). There were no differences by
infection status for non-blacks (log-rank p= 0.495), but the difference was significant
among black subjects (p= 0.045). The age at which 25% of HIV-infected men had

hyperfiltration was 32.5 (95%CI: 30.6, 34.1); for HIV-uninfected men, that age was 37.8

42



(95%CI: 30.8, 44.0). The median age at hyperfiltration among HIV-infected men was
35.2 (95%CI: 31.5, 39.2), but was 49.5 among HIV-uninfected men (95%CI: 37.8, 56.5).
These results should be interpreted cautiously since there were several age-years in which
no events occurred (about 41 to 48 years for HIV-infected men, and 39 to 43 years for
HIV-uninfected men). This stability was likely an artifact of the data and may not be
clinically meaningful. Among black subjects, the incidence was similar until about age 47
at which point the incidence of hyperfiltration among HIV-infected subjects increased.
The ages at which 25% of black men had hyperfiltration for the HIV-infected and
uninfected groups were 41.4 years (95%CI: 30.9, 46.8) and 37.3 years (95%CI: 33.0,
48.6), respectively; the median ages were 48.2 years (95%CI: 0.86, 54.3) and 51.8 year
(95%CI: 33.0, 64.2), respectively. These large confidence intervals indicate relatively

few events and shorter duration of follow-up time.

3.4.5 Competing risks

In the previous analyses of incidence rates and survival step function, those who
had low eGFR were censored. However, low eGFR was also a competing risk event for
hyperfiltration. A substantial proportion of men had low eGFR relative to the
hyperfiltration event. Among non-black men, 49.1% exited the study with low eGFR
(170 HIV-uninfected and 209 HIV-infected men); among black men, 35.2% had this
competing risk (52 HIV-uninfected men and 75 HIV-infected men). Since a very high
proportion experienced low eGFR, methods were applied to take into account this
competing risk in determining the effect of HIV on the incidence of hyperfiltration. The
subhazard ratio [29], similar to the hazard ratio presented in a Cox proportional hazard

model, describes the subdistribution of hyperfiltration in the presence of competing risks
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and semiparametrically estimates the proportional hazard of the effect of HIV on
hyperfiltration. However, it is clear from the Kaplan-Meier estimates that the hazards
were non-proportional between HIV-infected and HIV-uninfected (i.e., the survival step
functions cross at age 55) among non-blacks. Therefore, the analysis included exploring
a time and HIV infection interaction, which can be interpreted as how age modifies the
effect of HIV infection on hyperfiltration as a linear function. This interaction was
significant among non-blacks, but was not significant among blacks.

Figure 4 presents the proportional subhazard ratios of the univariate effect of HIV
infection on hyperfiltration, by race. Among non-blacks, there was a strong HIV effect at
younger ages, but this effect diminished over time. At age 30, the subhazard ratio of
hyperfiltration was 3.69 (95%CI: 1.63, 8.36), yet this subhazard ratio decreased by 7%
for each year after age 30 (SHR=0.93, 95%CI: 0.89, 0.96). The confidence intervals
indicate that shortly after age 40, the SHR estimate was no longer significant; by age 47,
the SHR point estimate was very close to null (reference line at 1). Among blacks, there
was no significant effect of time and, as depicted in Figure 4, the constant SHR showed
that black men with HIV infection had a 1.6 times higher subhazard of hyperfiltration
compared to HIV-uninfected black men (SHR= 1.60, 95%CI: 0.96, 2.67) and this was
borderline significant (p= 0.07).

To investigate the potential role of mediation, a secondary competing risks
analysis adjusted for variables associated with HIV infection at baseline (described in
Table 1) and potentially on the causal pathway between HIV infection and
hyperfiltration. Specifically, these variables included obesity, dyslipidemia, uncontrolled

hypertension and use of antihypertension medications, and were included as covariates in
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the regression model. There were no inferential differences between the unadjusted and
adjusted models: the effect modification related to age among non-blacks remained
significant and was of similar magnitude (SHR at age 30= 3.56, 95%CI: 1.51, 8.28; SHR
of HIV infection with a 1-year increase in age= 0.93, 95%CI: 0.89, 0.96); and the
borderline significant subhazard ratio that did not vary by age among black men was

essentially the same (SHR=1.51 95%CI: 0.89, 2.58).

3.4.6 Sensitivity analyses results

To investigate how different thresholds affect the estimates of incident
hyperfiltration, different slopes were used to define elevated eGFR. Specifically, the
estimated 90" percentile at age 30 (i.e., the intercept) was rounded to 119 and 130
ml/min|1 .73m? for non-black and black populations, respectively, and the change per
each year after age 30 was varied according to previously published literature and the
95% confidence limits based on the bootstrapped quantile regression models from the
HIV-uninfected men in the MACS. The expected decline among normal, healthy
individuals reported by Poggio et al. was -0.8 ml/min per year, and this did not differ by
race [30]. The empirical lower 95% confidence interval was -0.747 ml/min per year for
non-black men and was -0.833 ml/min per year for black men. The upper 95%
confidence interval was -0.712 ml/min per year for non-black men, and was -0.608
ml/min per year for black men. The lowest threshold for elevated eGFR is based on the
published source of renal function decline, while the highest threshold is based on the
upper 95% confidence interval. Figure 5 presents the Kaplan-Meier survival curves using
the three cutoffs for each race category, stratifying by HIV infection (in the same format

as Figure 3). Table 4 summarizes the cumulative incidence rates and the results from the
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competing risks analyses for the main analyses and when using the three different
thresholds for elevated eGFR cutoffs. For non-black individuals, varying the threshold
for elevated eGFR to define hyperfiltration did not alter the inferences derived from the
main analyses: HIV infection was associated with increased incidence of hyperfiltration
at younger ages, but not at older ages. The lack of events between ages 40 and 45
presented in Figure 3 of the main analysis did not persist in the sensitivity analyses using
lower thresholds (Figure 5a and 5b), indicating a higher sensitivity in detecting events in
this age range.

Among black men, when the two lower thresholds were used, more
hyperfiltration events were captured and the survival functions more closely resembled
those of the non-blacks, however, there was no substantial change in the inferences from
the competing risks analyses. There was a higher incidence of hyperfiltration among
HIV-infected compared to uninfected men, and the difference occurred earlier than that
observed in the main analysis, although the effect of HIV infection was non-significant
and not as large as among non-blacks. When the upper 95™ confidence interval bound
was used, the results were essentially identical to the main analysis in which there was no
difference in survival functions by infection status until about age 47, at which point men
with HIV infection had an accelerated incidence rate. This difference was not
statistically significant, as described in the competing risks analyses. Overall, the
determination of elevated eGFR for defining a hyperfiltration event had a larger impact
on the characteristics of the survival curves and cumulative incidence rates, but varying

this definition did not change the overall inferences from the main analyses.
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3.5 Discussion

The primary purpose of this study was to investigate and describe the incidence of
chronic glomerular hyperfiltration in the MACS, and characterize the effect of HIV
infection as a putative risk factor for increased incidence. Since hyperfiltration is
considered a modifiable risk factor of accelerated GFR decline leading to CKD, its
incidence in the HIV-infected population is clinically important, since this population is
at high risk for CKD [22]. These analyses suggest that treated HIV infection is associated
with increased incidence of hyperfiltration, particularly at younger ages (ages 30-45)
among non-black men, in this population of homosexual and bisexual men ranging in age
from 30 to 65 years. The cumulative incidence rates were similar regardless of HIV
infection status among non-black men, yet there were significant age-based differences.
Among black men, there was an increased, but non-significant, risk of incident
hyperfiltration in HIV-infected men. The directionality and effect size in this group was
similar to that of non-blacks, and the non-significance may have been due to a smaller
sample size: the number of black men in this study was less than half that of the non-
black men (357 black men compared to 763 non-black men).

The estimated incidence rate among non-black men aged 30 to 35 was about 14
per 100 person years, although this rate declined dramatically with age, largely due to the
increased incidence of low eGFR. We considered low eGFR a competing risk event to
hyperfiltration: for example, it was unlikely a 40 year old non-black subject with eGFR
equal to 67 ml/min|1.73m” would be at risk of exceeding the elevated eGFR threshold of
111.7 ml/min|1.73m? (a difference of about 45 ml/min|1.73m?). Since HIV infection and

HAART treatment are known risk factors for accelerated eGFR decline [14], the excess
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of HIV-infected men relative to uninfected men exiting the study due to low eGFR,
particularly at older ages was expected. This was borne out when accounting for low
eGFR as a competing risk. The subhazard ratio among HIV-infected men was high at
younger ages (at 30 years, the estimated SHR was 3.69) but declined thereafter, and was
null by age 47 which was close to the median age at entry of the study population. This
decreasing SHR was likely due to men with HIV declining to low GFR and exiting the
study and who were no longer at risk for hyperfiltration. The corresponding median years
since any antiretroviral therapy initiation and HAART initiation were 9.2 years and 6.2
years, respectively indicating a substantial portion of life with HIV infection and
treatment. It is therefore not unexpected that a high proportion of non-black men
experienced low eGFR (51% in HIV-infected men compared to 41% among HIV-
uninfected non-black men) prior to any observed hyperfiltration in this time period.

The incidence rate was higher at later ages among black men, between 7 and 9 per
100 person years among those between the ages of 45 and 60, than at younger ages
(between 3 and 4 per 100 person-years for ages 30 to 45). The incidence of low eGFR
was not different between HIV-infected and HIV-uninfected men (33% vs. 31%), in
contrast to the non-black sample, indicating that there are likely important clinical
differences between non-black and black men in the present analysis. One possible
explanation is due to the higher 90™ percentile threshold for elevated eGFR among
blacks, which potentially allowed more black men with higher eGFR levels to enter the
study, relative to the non-black men. Given the documented systematic bias in the CKD-

EPI eGFR equation among blacks [27], and the consistently high eGFR levels observed
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in Figure 1, there is a strong basis for stratifying by race and presenting race-specific
results.

Overall, these results were congruent with the cross-sectional analysis of directly
measured GFR in which 25% of HIV-infected men and 17% of HIV-uninfected men had
prevalent hyperfiltration [2]. In that analysis, the adjusted prevalence odds ratio was 1.70
(95%CI: 1.11, 2.61). While prevalence odds ratios and subhazard ratios are not directly
comparable, both underscore an association between treated HIV infection and
hyperfiltration. A major strength of the current study was maximizing the availability of
longitudinal data to determine incident hyperfiltration by restricting study entry to those
with eGFR levels in the normal range (eGFR between 90 ml/min|1.73m” and less than the
age- and race-specific 90™ percentile).

Another important contribution of this study included describing the 90"
percentiles by age, stratified by race, since it has been reported that the CKD-EPI eGFR
equation overestimates GFR at high levels among blacks [27]. Quantile regression was
used to estimate the 90" percentiles starting at age 30, and the model was bootstrapped to
estimate the 95% confidence intervals to account for the within-person repeated
measurements. A simple linear model fit the data well and the intercept (at age 30) was
about 119 ml/min|1.73m” for non-blacks and 130 ml/min|1.73m”* for blacks, which is
consistent with normal-high levels. Additionally, the estimated decline after age 30 for
the 90" percentile was -0.726 ml/min per year (95%CI: -0.747, -0.712) and -0.653
ml/min per year (95%CI: -0.833, -0.608) for the non-black and black men, respectively.
These results compare favorably with previously published estimates of elevated eGFR

levels. In a Japanese population, Okada et al. reported that the 95 percentile of serum

49



creatinine-based eGFR for men aged 20 to 29 was 117 ml/min|1.73m2 (n=2189) and for
men aged 30 to 39, the 95t percentile was 108 ml/min|1.73m2 (n=3866) [9]. The authors
used the 95™ percentiles within 10-year age bins to define elevated eGFR, in contrast to
our study which used a parametric model to allow the threshold to be dependent on age as
a continuous variable. In another methodologically strong study, Poggio et al. [30]
presented an age-related decline among healthy individuals as -0.8 ml/min|1.73m? per
year, which is slightly less than the KDOQI general guideline describing a loss of -1
ml/min per year [31]. The strength of the Poggio et al. [30] study was the use of directly
measured GFR and a population of confirmed healthy individuals. The estimates of GFR
decline by age at the 90™ percentile using quantile regression were very close to the -0.8
ml/min per year; indeed, among non-blacks, the 95% confidence interval contained this
value. Furthermore, Lindeman et al. [32] presented the mean creatinine clearance decline
among healthy men as 0.75 ml/min per year, which is also very close to our estimates. A
summary of age-related GFR decline in the most recent KDIGO guidelines [33] present 6
studies of healthy men, with estimates ranging from -1.2 ml/min per year to -0.36 ml/min
per year (with only one study estimating a steeper decline of less than -1 ml/min per
year).

In the sensitivity analyses, we explored how different thresholds to define
elevated eGFR (and subsequently hyperfiltration) affected the incidence characteristics
and risks associated with HIV infection. The different thresholds were based on
published research on expected decline among healthy individuals [30], and the bounds
of the 95% confidence intervals of the slope, based on bootstrapped quantile regression.

It should be noted that the differences in slope were clinically insignificant: for example,

50



among non-blacks the slopes used were -0.726 (main), -0.8 (published [30]), -0.747
(lower 95% confidence interval bound) and -0.712 (upper 95% confidence interval
bound). However, these small differences had important differences in defining
hyperfiltration: for HIV-uninfected non-blacks, the cumulative incidence rates ranged
from 4.48 to 9.67 per 100 person-years; for HIV-infected non-blacks, these rates ranged
from 3.8 to 8.2 per 100 person-years. This heterogeneity was reflected in the Kaplan-
Meier estimates in which lower thresholds for elevated eGFR were related to smoother
step-functions. Nonetheless, in the competing risks analyses, the effect sizes were
comparable and the inferences remained unchanged, indicating robustness in the
estimates of risk associated with HIV. These analyses highlight a need to improve eGFR
estimation at high levels, particularly to understand clinically meaningful differences at
elevated renal function as well as the development of an acceptable and valid clinical
definition of hyperfiltration using estimating equations is needed.

There were several strengths to this analysis. The use of serum creatinine-based
eGFR as the primary measurement of renal function to defined hyperfiltration provides a
clinically meaningful context to these findings since this tool is widely used and easily
calculated in a clinical setting. Furthermore, the consistency with the previous findings of
the association between treated HIV infection and hyperfiltration which used directly
measured iohexol GFR (which is less common in clinical use), is encouraging. This study
also used three different methods to describe the epidemiology of incident hyperfiltration,
including basic age-adjusted incidence rates, non-parametric Kaplan-Meier estimates
incorporating late entries and a competing risk analysis, all of which provided similar

inferences. A methodologic strength to this study was using age as the time scale and

51



accounting for late entries. This method accommodates the survivorship for subjects that
are observed after age 30 (i.e., for an individual entering after age 30, they were not at
risk for hyperfiltration prior to entry into the study). This survivorship induces a deficit of
fast progressors (i.e., men who developed hyperfiltration prior to observation), who were
not observed. This study design assumes the subjects observed were free of
hyperfiltration prior to study entry, and therefore all interpretations are based on
conditional survivorship at age 30 years. Another methodologic strength was the use of
competing risk proportional hazards analysis, which described an age-dependent effect of
HIV infection on the risk of hyperfiltration among non-blacks. Indeed, in the original
paper describing this method [29], the authors specifically commented on including time
and covariate interactions, which was directly applicable in our dataset, quantifying an
important aspect of the association between incident hyperfiltration and HIV infection.
When excluding the time by HIV infection interaction among non-blacks, the SHR was
non-significant and in the opposite direction (SHR: 0.81; 95%CI: 0.57, 1.13),
underscoring the perils of assuming proportional hazards in the presence of non-
proportionality by time in a competing risks setting.

There were several limitations in this analysis. Firstly, although eGFR is widely
used clinically, it is not a direct measure of renal function, such as plasma disappearance
of 1ohexol, a gold standard. It is known that eGFR does not perform as well at high levels
of renal function (compared to low levels) since the equations were developed in mainly
CKD populations. However, despite this, the CKD-EPI equation has been shown to
perform better at high levels than alternative equations [27]. Another limitation was the

high incidence of low GFR, particularly among HIV-infected individuals. It is unclear
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how an overwhelming presence of this competing risk event influenced the estimates of
risk; however, the inferences are consistent with the incidence rates and Kaplan-Meier
step functions. These findings are only applicable to men, and not women, and in this age
range, in particular. Studies have shown differences by sex in terms of normal GFR levels
[25,33], as well as high levels [9]. Another major limitation was a lack of proteinuria or
albuminuria data, which are indicators of kidney damage and strong predictors of future
CKD [33]. GFR is still the most important predictor of CKD staging and is widely used
clinically [34], however, our ability to correctly classify men as being completely free of
CKD was limited without albuminuria data. Lastly, the assumption of being
hyperfiltration free prior to study entry may be too strong. It has been reported that GFR
can fluctuate widely within individuals, with periods of increasing, stable and declining
renal function [35]. In our analyses, subjects entered the study at the first available eGFR
observation after age 30 that was at least 90 ml/min|1.73m” and less than the age- and
race-specific 90™ percentile; data regarding previous hyperfiltration or low eGFR were
not available.

In conclusion, based on data from healthy, HIV-uninfected men, age- and race-
specific 90" percentile levels were estimated using simple equations. These equations
provided a threshold to define elevated eGFR among both HIV-uninfected men and HIV-
infected men, who were receiving HAART. This analysis presented data demonstrating
an increased risk of incident chronic hyperfiltration associated with HAART-treated HIV
infection, using the CKD-EPI eGFR equation. Since hyperfiltration is a putative
accelerator of GFR decline and a precursor to CKD, which are more common among

those with HIV infection, patients presenting with chronically high eGFR along with
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indicators of metabolic and cardiovascular derangements, should receive clinical
consideration for dietary modifications and/or ACE inhibitor or ARB use to lower GFR

levels.
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4 Estimated GFR decline after chronic hyperfiltration among men with and

without HIV in the Multicenter AIDS Cohort Study

4.1 Abstract

Objective Glomerular hyperfiltration by direct measures of glomerular filtration rate
(GFR) is more common among men infected with HIV, likely due to metabolic and
cardiovascular effects of infection and antiretroviral therapy. Hyperfiltration is also a
putative risk factor of accelerated GFR decline, yet its effect in the context of treated HIV
infection is unknown. The purpose of this study was to describe 5 year trajectories of

eGFR after the occurrence of hyperfiltration.

Design Prospective longitudinal cohort study of creatinine-based CKD-EPI eGFR with
up to 5 years of follow-up after hyperfiltration event in the Multicenter AIDS Cohort
Study comprising men over 30 years of age. Control men (i.e., no history of CKD or
hyperfiltration) were matched to the men with hyperfiltration (ratio of 4:1) by age within
0.5 years, race, HIV infection status and hypertensive status. Data were restricted to HIV-
uninfected men and HIV-infected men who had initiated highly active antiretroviral

therapy (HAART).

Methods Quantile regression of data comprising multiple observations from 1373 HIV-
uninfected men was used to determine age- and race-specific 90™ percentile thresholds to
define elevated eGFR. Hyperfiltration was defined as at least two occurrences of elevated
eGFR within 1 year. Longitudinal data up to 5 years after index visit (hyperfiltration or
match) using a previously validated general method to identify downward inflection

points (IP). This method used a segmented regression model with eGFR as the outcome
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and time as the independent variable to describe individual eGFR trajectories before and
after an IP. In cases in which an IP was not identified, a slope-intercept model was used.
The distributions of eGFR decline after the IP or from the slope-intercept model were
compared by filtration status (normofiltration vs. hyperfiltration), stratified by HIV

infection status.

Results The age- and race-specific 90" percentiles were described by the equations 119.0
—0.726 % years after age 30 for non-black men and 130.4 — 0.653 X years after age 30 for
black men. A total of 90 HIV-infected and 87 HIV-uninfected men were classified as
having hyperfiltration with at least 6 subsequent eGFR observations to describe
trajectories; 321 and 337 normofiltering controls were matched to these groups,
respectively. Among HIV-infected men, those with hyperfiltration were more likely to
have started any antiretroviral therapy (ART), and HAART earlier. About 68% of those
with hyperfiltration had a downward IP compared to only 35% of the normofiltering
controls (p < 0.001). The median eGFR change per year among HIV-infected men was -
2.3 and -3.8 ml/min|1.73m? per year for hyperfilterers and normofilterers, respectively;
and for HIV-uninfected men the median change was -1.8 and -2.0 ml/min|1 73m? per
year, respectively. There were no differences by filtration status in adjusted analyses.
While there was no significant effect of hyperfiltration on the rate of eGFR decline, those
with treated HIV infection were more likely to have a faster decline than HIV-uninfected

men.

Conclusions Hyperfiltration was not associated with accelerated GFR decline in the
subsequent five years in this population, although this may be due to measurement error

issues related to eGFR data. Identifying inflection points may be a meaningful way to
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model longitudinal GFR data in epidemiologic studies of hyperfiltration. This study
replicates the effect of accelerated GFR decline associated with treated HIV infection
among men with prevalent normal and high eGFR, but hyperfiltration does not appear to

be a significant contributor to this effect.
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4.2 Introduction

Elevated glomerular filtration rate (GFR) is associated with metabolic and
cardiovascular derangements [1-4], such as diabetes, high fasting blood glucose and
hypertension. In a recent cross-sectional study using directly measured iohexol-based
GFR, HIV-infected men had a higher prevalence of elevated iGFR than HIV-uninfected
men [5]. The increased prevalence of elevated GFR was associated with increased
exposure to antiretroviral therapy (ART), notably zidovudine (ZDV), a thymidine analog.
Elevated GFR has been associated with accelerated renal function decline over four years
using a directly measured GFR among Type 2 diabetics [1,6]. A model for
hyperfiltration posits that after a period of increasing GFR leading to a phase of chronic
hyperfiltration, there is a rapid decline in GFR [2]. However, the duration of chronic
hyperfiltration prior to declining GFR is not well defined or understood. Additionally, it
is unclear how hyperfiltration is related to GFR decline among patients with HIV
infection, who are also at higher risk of chronic kidney disease (CKD) [7].

Published research is limited in describing the effect of hyperfiltration on renal
function decline using the CKD-EPI estimated GFR (eGFR) equation, a widely used
clinical and epidemiologic tool [8]. One reason for this deficiency may be the
demonstrated lack of precision of eGFR at high levels of renal function [9] and an
absence of clinical criteria for elevated eGFR. As an example of this lack of precision,
Melsom [10] reported an association of impaired fasting blood glucose with increased
measured GFR, but not estimated GFR. Nonetheless, physicians must use eGFR for
assessments and decision making, in the absence of directly measured GFR, for routine

clinical care.
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An additional challenge in identifying elevated eGFR and accelerated GFR
decline is the presence of age-related decline, which is considered a normal process
[11,12]. The physiologic age-related GFR decline has been identified as early as 1950
[13] and has two implications for identifying elevated GFR and describing GFR decline.
First, a threshold for classifying elevated GFR must respect that normal GFR declines
over time. This has been accomplished by a theory-based method that sets a threshold
and subtracts 1 ml/min per year after age 40 [14] to account for an age-related decline.
An alternative method empirically derived the threshold as a percentile based on age- and
sex-specific distributions of a normal population [3]. Both approaches account for the
known age-related decline in eGFR. The second implication is that normal age-related
decline must be considered when making inferences about accelerated GFR decline, for
which hyperfiltration is hypothesized to be a risk factor. Given that GFR is expected to
decline with age, even among normal, healthy individuals, it is necessary to present
accelerated GFR decline in this context. Specifically, to investigate the effect of
hyperfiltration, it is important to compare those with the condition to those with
normofiltration of similar ages.

The purposes of this study were to a) describe a definition of elevated eGFR and
chronic hyperfiltration using empirically-based percentile thresholds among HIV-
uninfected men; b) describe the trajectories of eGFR after chronic hyperfiltration using a
matched study design; and, ¢) determine the effect of hyperfiltration on eGFR decline in
HIV-infected men using data from the Multicenter AIDS Cohort Study (MACS). The

ideal comparison group to determine the effect of hyperfiltration as a putative accelerator
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of GFR decline comprise men with the same age-distribution and HIV infection status,

and free of chronic kidney disease (CKD).

4.3 Methods

4.3.1 Study population

The MACS is a longitudinal epidemiologic study of the natural and treated history
of HIV infection. The recruitment and follow-up study design has been previously
described [15]. There were a total of 7087 men recruited at the time of analysis (data
collected through September 30, 2013), and these data were restricted to subjects
contributing serum creatinine data in the era of highly active antiretroviral therapy
(HAART), as defined by time since June 15, 1996 (n= 2628), and, if infected with HIV,
receiving HAART . Semi-annual study visits included structured interviews, physical
examinations and collections of biological specimens. Serum creatinine measurements
from a local site laboratory (Quest Laboratories) were obtained as part of standard renal
work-up beginning in 2006; retrospective measurement of stored serum samples were
obtained for all treated HIV-infected subjects prior to this time point who had available
serum before and after the initiation of antiretroviral therapy. Of the 2628 men, 12
contributed as both HIV-uninfected and HIV-infected subjects as they acquired infection
while under study observation. In total, there were 1373 HIV-uninfected subjects and
1255 HIV-infected subjects. Baseline was defined as the first visit with measured serum

creatinine in the HAART era.
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4.3.2 Defining elevated eGFR and chronic hyperfiltration

Estimated GFR was determined from the serum creatinine-based CKD-EPI
equation for men [8]. To establish a working definition of hyperfiltration based on
longitudinal eGFR data, we characterized the eGFR distributions by age and race among
HIV-uninfected participants. The HIV-uninfected participants comprise an appropriate
comparison group to the HIV-infected men, since they share many of the same behavioral
and lifestyle characteristics, based on study entry criteria. As the nearest counterfactual,
the HIV-uninfected men provide a reference for the HIV-infected participants' eGFR
levels, had they not been infected.

Defining elevated eGFR as a single threshold is not appropriate since GFR
decreases with age [11,12]. Also, an overestimation bias among black people for high
levels of GFR using the CKD-EPI equation has been presented [9]. Therefore, defining
pathologically high eGFR should take into account age and race. The age- and race-
adjusted 90" percentile serve as the threshold to determine a high eGFR level ("elevated
eGFR") in an approach modified from Okada et al [3] and Melsom et al [10]. Quantile
regression, stratifying by race (non-black and black), was used to determine the 90"
percentiles of eGFR for a given age. Model fit was assessed by the empirical median and
90™ percentile levels by 5-year age bins. The 50™ percentiles were also derived from the
same quantile regression model to investigate a potential bias by race at lower (normal)
eGFR levels.

Hyperfiltration was defined as the occurrence of at least two observations above
this threshold (with elevated eGFR) within 1.1 years. Since chronic hyperfiltration causes

pathologic changes to the kidneys, this definition sought to identify those with
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consistently elevated eGFR, minimizing misclassification from transiently high eGFR
and regression to the mean after a single occurrence. The analytic dataset was restricted
to subjects free of CKD (eGFR > 90 ml/min|1.73m?) and below the age- and race-specific

90™ percentile at baseline in order to determine incident hyperfiltration.

4.3.3 Longitudinal assessment of eGFR and matched study design

In order to determine the effect of hyperfiltration on eGFR decline, we used a
matched study design in which control, or comparison, subjects were matched to each
case of chronic hyperfiltration. The controls comprised men with no history of observed
hypertfiltration or CKD (since CKD is a predictor of accelerated GFR decline).

Cases were defined at the age of the first occurrence of elevated eGFR. Potential
controls were matched to each case by the following criteria: within 1 year of age (i.e.,
+/- 0.5 years), same race, HIV status and recruitment wave (pre- or post-2001
recruitment; the later recruitment targeted minorities and men of lower socioeconomic
status). After a first round of matches, there was an excess of uncontrolled hypertension
among controls relative to cases. Since hypertension among cases is a putative
confounder (related to unexposed and the outcome of GFR decline), we additionally
matched on this variable. Subjects could serve as controls for multiple cases at different
ages, but not multiple times for the same case. Additionally, controls matched multiple
times at the same age were excluded such that there were no identical repeated controls.
Cases did not serve as controls prior to their hyperfiltration event occurring since
trajectories of controls should not include potential hyperfiltration. Up to 4 controls for
each case were randomly selected, or all controls were selected when there were less than

4 controls available.
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Descriptive statistics by demographic and clinical characteristics of cases and
controls are presented at the time of hyperfiltration or match, hereafter referred to as the
index visits, as well as up to 5 years prior to and after the index date for select variables.
Clinical characteristics were based on four domains: metabolic, cardiovascular and
behavioral domains for all subjects and HIV health indicators for HIV-infected men.
Metabolic variables included body mass index (kg/m?), treated as continuous and
categorized (obese), high density lipoprotein (HDL) and low density lipoprotein (LDL),
dyslipidemia (defined as fasting total cholesterol > 200 mg/dl, LDL > 130 mg/dl, HDL <
40 mg/dl, triglycerides > 150 mg/dl, or use of lipid lowering medications with self-
reported/clinical diagnosis of dyslipidemia), fasting glucose, treated as continuous and
categorized (impaired is equal to fasting glucose > 100 mg/dL), and a diagnosis of
diabetes (defined as fasting glucose > 126 mg/dl, or diagnosis of diabetes with use of
medications). Cardiovascular variables included systolic blood pressure (SBP), diastolic
BP (DBP), uncontrolled hypertension (SBP > 140 mmHg or DBP > 90 mmHg).
Behavioral variables included current and ever cigarette use and current use of stimulants
(cocaine, amphetamine or methamphetamine in the past year). Indicators of HIV
management and disease severity included current and nadir CD4+ cell count (per pl), as
continuous and categorized (< 350 per pl), detectable viral load, history of an AIDS-
defining illness, initiated ART, years since ART initiation, initiated HAART, and years
since HAART initiation, including parameters for medication adherence.

For the 5 years preceding and after the index date, the mean of continuous
variables for each time period was calculated for each individual. The medians and

interquartile ranges of these subject-specific means are presented. The presence of any
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detectable viral load in these two periods summarized this variable among HIV-infected
men.

Conditional logistic regression accounting for matched risk sets was used to
determine univariate differences at baseline, and prior to and after the index visit, as
presented in Table 1. The dependent variable was hyperfiltration status and risk sets were
based on the ratio of hyperfilterers to controls (1:m, where m is between 1 and 4). Similar
results were obtained when using Fisher’s exact test and Wilcoxon rank sum test to detect
differences without accounting for risk sets (results not shown). Statistical significance

was assessed at the p< 0.05 level.

4.3.4 Characterizing eGFR decline by downward inflection points

Since an accelerated decline is expected after a period of chronic hyperfiltration,
occurring at an inflection point (IP) [2], we sought a more flexible model than individual
linear trajectories or a random effects mixed model which estimates a mean overall
change. A regression model with polynomial terms was not used since it is unclear
whether all people with hyperfiltration have an accelerated decline that can be adequately
summarized in a three- or four-term model. In an approach previously presented for
describing changes in T-cell counts among HIV-infected individuals [16], an IP was
identified for each subject to characterize eGFR changes before and after this time point.
In this analysis, for subjects with hyperfiltration, we included data from the year
preceding the second occurrence of elevated eGFR (to denote a period of increasing or
stable elevated eGFR levels) and data for up to 5 years following this second elevated
eGFR. Study entry for this analysis among normofiltration subjects was the first

preceding eGFR within one year of the index visit. In order to appropriately characterize

67



eGFR trajectories before and after the IP with several data points, this analysis was

restricted to subjects with a minimum of 6 eGFR measurements (at least 3 prior to and

including the second elevated eGFR and at least 3 after the second elevated eGFR).
Using the same notation presented by Gange et al. [16], identification of the IP

was defined by the following equation:

(1) eGFR; = B,® + B, ®(t; — 9y + By®(t; — t )" + ¢,

where eGFR;; is the jth eGFR measurement for the ith subject, at time t;. t* is
the time of the kth eligible time, that is, the midpoint between t; and t;,, in order to
identify the IP. The kth eligible time was further restricted to having at least 3 data points
prior to and 3 data points after the identified IP. The model parameters may be interpreted
as follows: the estimated eGFR level at the IP is By, B;; is the slope prior to the IP, and
B, is the slope after the IP. Models were fit for each kth eligible time for each subject
(i.e., three parameters were obtained for each kth time). The model which minimized the
residual variance of the data (i.e., the sum of the [el-j(k)]z) was selected as the final [P
model for the subject. Figure 1a presents an example of this approach, displaying eligible
IP times, the final selected IP, and the corresponding parameters from the model
described above.

Since the conceptual model of hyperfiltration conforms to a downward inflection
point (i.e., B,-l(k) > B,-z(k) indicating an accelerated decline), for subjects in which Bil(k) <

B»™, a slope-intercept linear model was fit to the data of the form:

(2) eGFRU =t a; X tl] + €jj
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where 0,9 is the estimated eGFR level for the ith individual at time (t; = 0; i.e., the first
observation) and a;; is the slope for the jth individual over the observed study time in
ml/min per year (i.e., the change in eGFR per year). The error term e;; is assumed to be
normally distributed with mean equal to 0 and variance o as in a standard linear

regression.

Figure 1b presents the case in which there is no downward IP as indicated by the
discontinuous line (i.e., B“(k) < Biz(k)) and the two parameter model presented in equation
(2) is fit to the data as the final model for that individual (solid line).

The distributions of B,* among subjects with an identified IP, and a;; among
subjects without an identified IP were compared by filtration and infection status by box-
percentile plots [17] and non-parametrically compared using the Wilcoxon rank sum test.

In adjusted analyses, separate linear regression models by HIV infection status
were conducted with the best slope for each subject as the dependent variable, defined as
either B, (subjects with an identified IP) or a;; (subjects without an identified IP).
Covariates included for adjustment were glucose, SBP and DBP (in the log scale) since
these have been consistently reported in the literature as risk factors for hyperfiltration.
All continuous variables were centered at the population medians. For HIV-infected men,
time since ART initiation was also included as a covariate. The estimated adjusted mean
GFR change per year was reported for a reference subject within each group of interest
(normofiltration and hyperfiltration, by HIV infection status) whose covariates
corresponded to the group mean. Analyses were conducted with incremental additions of
covariates to present how estimates change with their inclusions in the model. Among the

control groups, there were instances in which multiple slopes were contributed by the
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same subject, but at different ages. To account for the potential correlation of slopes
among repeated subjects and obtain valid standard error estimates, generalized estimating
equations (GEE) were used.

As a sensitivity analysis, data from the 4:1 matching design were restricted to 1:1
matching with unique subjects to create equally balanced number of hyperfilterers and
matched normofilterers. Hyperfilterers without matched normofilterers were excluded
from the analyses. The distribution of slopes were described and adjusted analyses used
GEE to account for potential correlation within each matched pair.

Matching, identification of inflection points and graphics were performed in
RStudio (0.96.316). All other analyses were performed in SAS 9.2 (SAS Institute, Cary,

North Carolina, USA).
4.4 Results

4.4.1 Estimation of 50" and 90" percentile level of eGFR based on HIV-uninfected

men, by race

In order to determine a threshold for elevated eGFR, the 90™ percentile by age
was estimated by quantile regression separately for black and non-black races, since there
is a known overestimation bias among blacks at high levels of GFR, using all data from
HIV-uninfected men older than 30 years. A total of 3482 observations were contributed
by 290 black men and 15457 observations from 1083 non-black men. We also
investigated whether lower levels of eGFR differed by race, by estimating the median
eGFR levels in the same stratified approach. The estimated median and 90™ percentiles of
eGFR as a function of age among HIV-uninfected black and non-black men from these

regression models are depicted as lines in Figure 2 (solid lines for non-black and
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discontinuous lines for black sub-groups). The points represent these percentiles from 5
year age bins from age 30 and indicate appropriate fit of the model to the data (solid dots
for non-black and open dots for black sub-groups). The median eGFR levels by age were
very similar between races, but the 90™ percentiles were systematically and consistently
higher among black men. Indeed, the estimate of the 90" percentiles for black men was
130.4 — 0.65 x years after age 30; for non-black men, the equation was 119 — 0.73 x years
after age 30. The GFR decline associated with age was about the same by race. Previous
literature has documented an overestimation bias of eéGFR among black subjects relative
to measured GFR that is not present among non-black subjects [9], which likely accounts
for this difference. Indeed, at median (i.e., normal) levels the difference by race was not
nearly as extreme. Given the previous report of eGFR overestimation among black
people, and the large difference at high levels of eGFR by race in our study population
(despite sharing similar health and risk profiles and very similar median levels), there was
justification to use race-specific age-based threshold to identify elevated eGFR and

hyperfiltration.

4.4.2 Identification of subjects with hyperfiltration and matching for comparison group
with normofiltration
Of the 574 HIV-infected men with available eGFR data and who did not have low
or elevated eGFR at study entry, a total of 111 were identified with incident
hyperfiltration, based on eGFR exceeding age- and race-specific thresholds at least twice
in a calendar year. Among HIV-uninfected men (n= 546) with the same prevalent eGFR
restrictions, a total of 102 were identified with chronic hyperfiltration. Subjects were

excluded if they had less than 6 observations from the study time spanning 1 year prior to
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the second elevated eGFR and 5 years after the second elevated eGFR. For this analysis
investigating the effect of chronic hyperfiltration on eGFR decline, a total of 90 (81.1%)
HIV-infected men and 87 (85.3%) HIV-uninfected men were included who met the
criteria for hyperfiltration and with sufficient data to characterize GFR decline.

To provide an appropriate comparison group for the sets of HIV-uninfected and
HIV-infected men with hyperfiltration, we selected controls who were defined as men
free of CKD (i.e., eGFR > 90 ml/min|1.73m?) and elevated eGER (i.c., cGFR < 90™ age-
and race-specific percentile) in a matching approach. For each subject with
hyperfiltration, we randomly selected controls who were within 1 year of age at the time
of the second occurrence of elevated eGFR, of the same race (black or non-black),
recruitment wave (pre- or post-2001 cohort), hypertensive status (uncontrolled or
controlled at time of hyperfiltration or match), and HIV infection status. Subjects with
hyperfiltration were eligible for selection prior to the event of hyperfiltration occurring
and a maximum of 4 control men were selected per each case. A total of 230 HIV-
uninfected men were selected as controls for the 87 HIV-uninfected men with
hyperfiltration, and 274 HIV-infected men were matched as controls for the 90 HIV-

infected men with hyperfiltration.

4.4.3  Characteristics of men with hyperfiltration and matched controls

Table 1 presents the characteristics of normofiltration controls and hyperfiltration
cases. Per the matching protocol, the distributions of age, race, cohort enrollment and
uncontrolled hypertension status were the same between normofilterers and hyperfilterers
within HIV infection status. HIV-infected men were younger than HIV-uninfected men,

more likely to be black and recruited after 2001. The median eGFR at the time of second
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elevated eGFR was 107.6 for HIV-uninfected men and 116.7 ml/min|1.73m? for HIV-
infected men; for the matched normofiltration controls, the median levels were 95.0 and
98.0 ml/min|1.73m?, respectively. Regardless of HIV infection status, those with
hyperfiltration had a longer observed time prior to hyperfiltration and slightly shorter
observed time after the hyperfiltration event. HIV-uninfected subjects with
normofiltration had a shorter time prior to matching since prospective measurement of
serum creatinine was initiated in 2005. In contrast, HIV-infected subjects who had started
HAART had serum creatinine measured retrospectively from available repository-stored
blood samples and therefore contributed more data.

Among the HIV-uninfected group, the hyperfilterers were similar to the
normofilterers based on characteristics at the time of identified hyperfiltration, with the
exception of stimulant use. Stimulant use was higher among the normofilterers compared
to the hyperfilterers (18% vs. 7%; p=0.037). For the observed time prior to index visit,
the hyperfilterers had a higher subject-specific mean eGFR (median mean level was
102.7 vs 96.3 ml/min|1.73m?; p< 0.001), but similar mean fasting glucose and mean DBP
levels. After the index visit in this group of HIV-uninfected men, the hyperfiltering group
still had a higher 5-year mean eGFR (102.2 vs 97.1 ml/min|1.73m?; p< 0.001) and a
slightly shorter follow-up time (median years were 4.5 vs. 4.6; p< 0.001). There was no
statistical difference between hyperfilterers and normofilterers for fasting glucose, SBP
or DBP in the years after the index visit.

Among the HIV-infected group, at the time of index visit, men with
hyperfiltration were more likely to have lower DBP (medians= 74 mmHg vs. 78 mmHg,

p=0.004). Additionally, they were slightly less likely to have used stimulants in the

73



preceding year compared to the matched normofiltering controls (18% vs. 27%, p=
0.208), but this difference was not significant. Both prior to and after the hyperfiltration
event, GFR was higher and SBP and DBP lower among the hyperfilterers compared to
the normofilterers. Similar differences in follow-up time prior to and after the event that
were observed among HIV-uninfected men were also observed among the HIV-infected
men.

Previously identified comorbidities and clinical indicators associated with
hyperfiltration, such as diabetes, high fasting glucose and elevated BP [5], were not
associated in this selected population based on a matched study design.

Table 2 presents the clinical characteristics of HIV-infected men and statistical
differences (i.e., p-values) based on conditional logistic regression, by hyperfiltration
status. At the time of index visit, the proportion of men with CD4+ cell count < 350 was
higher among hyperfilterers compared to normofilterers (30.2% vs. 21.4%, respectively;
p=0.028). However, detectable viral load was similar by hyperfiltration status (37.9% vs.
33.3%; p= 0.376), as was having a previous AIDS diagnosis (10.0% vs. 11.3%, p=
0.776). Hyperfilterers had a longer time since ART initiation (median years= 9.4 vs. 7.1;
p=0.014), as well as longer time since HAART initiation (median years= 6.5 vs. 5.6; p=
0.011). HIV disease severity, as measured within 5 years preceding the index visit, was
similar between the two groups: the proportion with mean CD4+ cell count < 350 was
22.2% for hyperfilterers and 21.7% for normofilterers (p= 0.456); the proportion with any
detectable viral load occurrences was 61.1% for hyperfilterers and 55.2% for
normofilterers (p= 0.056). Within 5 years of follow-up after the index visit, 21.8% of

hyperfilterers had a mean CD4+ cell count < 350, while 17.1% of normofilterers did (p=
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0.130). There was also no difference in having any detectable viral load in this time
frame between hyperfilterers and normofilterers (47.1% vs. 52.8%, respectively; p=
0.518). There were no differences by mean CD4+ cell count or having a first AIDS

diagnosis in this time frame after hyperfiltration.

4.4.4  Effect of hyperfiltration on longitudinal GFR decline

From the 681 total subjects (hyperfilterers and matched normofilterers controls),
individual changes were described by identifying an IP or using a slope-intercept model.
For hyperfilterers, 71.3% of HIV-uninfected men (n= 62 of 87) and 64.4% HIV-infected
men (n= 58 of 90) had an identified downward IP. In contrast, among normofilterers,
33.5% of HIV-uninfected men (n= 77 of 230) and 42.0% of HIV-infected men (n= 115 of
274) had a downward IP. Regardless of HIV infection status, hyperfilterers were much
more likely to have a downward IP compared to normofilterers (67.8% compared to
38.1%; x2 p<0.001). Among hyperfilterers with a downward inflection point, the median
time of inflection point (starting from 1 year prior to second elevated eGFR) was 1.33
years [IQR: 1.21, 1.81 years] for HIV-uninfected men, and 1.56 years [IQR: 1.26, 2.52
years] for HIV-infected men.

Figure 3 presents the distributions of slopes of the downward IPs or, in the
absence of a downward IP, overall changes in GFR. The median GFR change among
HIV-uninfected normofilterers was -2.0 ml/min|1.73m2 per year and was -1.7
ml/min|1.73m? per year for hyperfilterers, and this difference was not significant (p =
0.901). For HIV-infected subjects, the median change among normofilterers was -3.8
ml/min|1.73m? per year, and was -2.3 ml/min|1.73m? for hyperfilterers, and this was

borderline significant (p=0.054). When pooling HIV-infected subjects (i.e.,
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normofiltration and hyperfiltration groups combined), the HIV-infected subjects had a
faster decline than the pooled uninfected subjects (p< 0.001).

To control for potential confounding, previously published literature indicate that
fasting glucose, SBP and DBP are particularly important risk factors for hyperfiltration
[2,4,10] and the levels in the 5 years preceding the index visit were included in adjusted
analyses. Table 3 presents the unadjusted and adjusted mean GFR changes based on the
IP analysis using linear regression models. The unadjusted analyses present means that
are lower than the median levels described in Figure 3 due to the left-skewing of the
distributions, but overall the inferences remain consistent. In all adjusted analyses, there
was no significant difference in decline between normofilterers and hyperfilterers,
regardless of HIV infection status. The estimated GFR decline was faster for those with
HIV infection regardless of filtration status, compared to HIV-uninfected men. In
adjusted analyses for mean glucose, SBP and DBP prior to index visit, the estimated GFR
decline for a reference subject was -2.82 ml/min per year (95%CI: -3.72, -1.91) among
HIV-uninfected normofilterers and was -2.16 ml/min per year (95%CI: -3.59, -0.74) for
HIV-uninfected hyperfilterers (p=0.396); in contrast, among HIV-infected men, the
estimated decline for the same reference individual was -6.07 ml/min per year (95%CI: -
7.46, -4.69) for men with normofiltration and -4.69 ml/min per year (95%CI: -6.52, -
3.29) for those with hyperfiltration (p= 0.215). When adjusting for ART initiation in
addition to glucose and BP variables, the inferences remained unchanged: among
normofilterers, the mean decline was -5.89 ml/min per year (95%CI: -7.13, -4.63); for

hyperfilterers, the mean decline was -4.60 ml/min per year (95%CI: -6.19, -3.01).
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4.4.5 Sensitivity analysis restricting to 1:1 matching

As a sensitivity analysis, data from the results described above were restricted to
men with normofiltration individually paired to those with hyperfiltration. Those with
hyperfiltration and no matched controls (i.e., non-repeated matched normofilterers) were
excluded. There were 61 pairs (hyperfilterers and normofilterers) of HIV-uninfected men
and 59 pairs of HIV-infected men. Figure 4.4 presents the distributions of slopes which
quantitatively were very similar to the main analyses presented in Figure 4.3, and
identical inferentially: there were no differences between normofilterers and
hyperfilterers, by HIV infection status. The proportions of hyperfilterers with an
identified IP were 72% (44/61) and 61% (36/59) for HIV-uninfected and infected men,
respectively. This was much higher than those with normofiltration: 31% (19/61) and
35% (21/59) had an identified IP among HIV-uninfected and infected men, respectively.
Table 4.4 presents the adjusted estimated means and confidence intervals accounting for
the possible correlation within pairs using GEE. These results were very close to the
estimated means using the 4:1 matching presented in Table 4.3 and indicate robustness of

these results using different matching methods.

4.5 Discussion

This study describes the eGFR decline after a period of chronic hyperfiltration
among men with and without HIV compared to matched men with similar characteristics
who were free of hyperfiltration and markedly low eGFR. Men with hyperfiltration did
not have an accelerated eGFR decline compared to their matched controls. The
proportion with a downward inflection point which indicates persistently high eGFR,

followed by a relatively faster decline, was much more common among those with
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hyperfiltration (68% vs. 38%). For hyperfilterers with an IP, an accelerated decline was
observed after about 1.3 to 1.6 years of follow-up, shortly after the second occurrence of
elevated eGFR. Nonetheless, in terms of identifying an individual’s fastest rate of decline
using a reasonable amount of data (at least 3 eGFR measurements), there was no
difference by filtration status. These results persisted in the sensitivity analyses restricted
to single matches of unique normofilterers paired with each hyperfiltration case (i.e., 1:1
matching).

There was, however, a significantly faster eGFR decline among HIV-infected
men receiving treatment compared to HIV-uninfected men in the MACS. Despite the
HIV-uninfected men being older than the HIV-infected men in this cohort (median age
difference was about 4 years), the HIV-infected men still had a faster eGFR decline. This
effect of HIV is consistent with published findings of persons with HIV infection. Choi et
al. [18] reported an adjusted mean GFR decline of -4.7 to -1.9 ml/min|1.73m? for the
periods prior to and after ART use, respectively. A large portion of all men in this study
population were within this range, yet HIV-infected men had a higher proportion of
eGFR decline less than -5 ml/min|1.73m” per year compared to HIV-uninfected men
(37.9% vs. 19.9%, x> p<0.001), which would be classified as fast progressors to CKD
according to current practice guidelines [19]. Importantly, this study included men with
normal to high-normal levels of eGFR (i.e., free of CKD) at baseline and provides a
further characterization of a faster rate of GFR decline among HIV-infected men.

There were few differences by indicators of HIV severity among the HIV-infected
subjects. Notably, hyperfilterers had a longer time since ART initiation (an indicator of

pre-HAART therapy initiation) at the time of their hyperfiltration event (approximately
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9.5 years compared to 7 years among HIV-infected normofilterers). This is consistent
with our previous findings using directly measured iohexol GFR: those with elevated
GFR had a longer cumulative time since ART initiation, and more specifically longer
AZT use, a first-generation thymidine analog antiretroviral medication [5].

Indicators of HIV severity within 5 years prior to the index visit did not differ by
filtration status. Curiously, the proportion with low CD4 at the index visit was higher
among hyperfilterers compared to normofilterers (30% vs. 21%, p= 0.028), but this did
not correspond to a substantially higher proportion with detectable viral load (38% vs.
33%, p= 0.376). It should be noted that these differences were minimal but a similar, and
also non-significant, pattern was observed in our cross-sectional study using directly
measured GFR [5]: those with elevated eGFR had a 48% higher odds of having CD4+
cell count < 350 (OR: 1.48; 95%CI: 0.79, 2.78), but a 9% lower odds of having a
detectable viral load (OR: 0.91; 95%CI: 0.45, 1.86). A biological explanation of why
lower CD4+ might be related elevated GFR in the absence of increased HIV replication is
unclear, but it is worth noting the directionality is similar in these two different studies,
albeit with non-significant effects. It is also possible that this observed phenomenon is
simply a statistical artifact.

This analysis also characterized eGFR decline among relatively healthy (i.e.,
HIV-uninfected) men. The results indicated a substantial heterogeneity in renal function
change among this group with normal ranges at study entry. These data are informative
since there is a paucity of data describing normal age-related GFR decline. Delanaye and
colleagues [11] have shown a dearth of research investigating GFR decline due to kidney

senescence, in what would be considered normal aging and present a range of GFR
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decline of 6 to 12 ml/min per 10 years. This is problematic since normal reference ranges
for elderly individuals do not take this known phenomenon into account: CKD stages are
based on absolute threshold that are not age dependent. For example, the authors argue
that populations older than 70 years with a GFR less than 60 ml/min|1.73m? could still be
considered normal, given other clinical characteristics. This has important implications in
the epidemiology of HIV and renal function in which persons infected with HIV are
living longer due to effect therapy and disease management: the disease burden of CKD
may be overestimated, if the threshold for CKD is not constant across all age ranges. In
these analyses, classifications of CKD staging adhered to the KDIGO definitions, in the
absence of proteinuria data (i.e., GFR < 90 ml/min|1.73m” was classified as CKD Stage
10).

This analysis used a previously described generalized method to identify an
inflection point [16] in the context of GFR decline. This method was attractive for this
particular research question since our conceptual model of hyperfiltration was based on
an increasing or stable GFR at an elevated level followed by a rapid decline. We allowed
the matched controls (i.e., those with normofiltration) to also follow this model (i.e.,
identify a possible inflection point) since many events could cause a rapid renal function
decline, such as hypertension, diabetes, ART use or a nonspecific acute kidney injury.
Such cases were still frequent among normofilterers (33% and 42% for HIV-uninfected
and HIV-infected men, respectively) indicating that a non-trivial portion of people
without hyperfiltration have GFR trajectories that are well-described by this inflection
point method. To our knowledge, applying this method to longitudinal GFR data is novel,

yet previous literature has documented the heterogeneity of GFR trajectories within-
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individuals [20]. Indeed, Li et al. [20] have noted that individuals may have mixed
periods of rapid decline, increasing levels, or even stable trajectories. While there was
evidence of this in exploratory data analysis scrutinizing each individual trajectory, our
research question was focused on characterizing GFR changes up to 5 years after
identifying chronic hyperfiltration. It is possible to extend this method to identify
multiple inflection points, but this would require more data over a longer period of time.
Exploring new methods, perhaps extending the technique used in this analysis, would be
helpful to empirically describe GFR changes over long periods of time that are not simply
summarized by a linear decline. The main benefits of using a linear GFR decline are
simplicity and utility when few data points are used. However, it is not an ideal tool for
long-term GFR trajectories, particularly in the presence of CKD and incident end stage
renal disease, in which non-linear patterns predominate [20-22].

There were several limitations to this study. Firstly, measurement of GFR by
serum creatinine is an estimate of renal function, and has identified biases and potential
limitations at high levels, largely due to the development of the CKD-EPI equation
among subjects with lower renal function [8]. Indeed, current guidelines recommend
censoring such GFR measurements at > 60 ml/min|1.73m?”. Stevens et al. [9] reported an
overestimation bias at high levels of eGFR among blacks. Creating race-specific
thresholds for elevated eGFR in this analysis attempted to account for this bias. However,
it remains a significant limitation in describing GFR trajectories: as a normal age-related
decline occurs, the eGFR may decline to normal-low levels in which the measurement is
unbiased. Since the initial starting level (at identified hyperfiltration) had an

overestimation bias, the decline may appear steeper among blacks than non-blacks as
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their values decline to unbiased levels. This information bias would potentially lead to a
higher proportion of black men with hyperfiltration having steeper eGFR decline, but this
was not observed. Nonetheless, the CKD-EPI eGFR equation has a lower bias among
blacks (and other subgroups) at high renal function (GFR > 90 ml/min|1.73m?) than other
estimating equations and is recommended for clinical use. Therefore, the data presented
in this analysis do reflect patterns of clinical information, albeit with these limitations.
Directly measured longitudinal GFR data would more directly address this problem, but
the data were not available in this study.

The analyses were also limited by the lack of association between hyperfiltration
and traditional risk factors such as blood pressure, hypertension, high fasting blood
glucose, and diabetes. Previous studies have reported the presence of these associations
using directly measured GFR that is not observed in the same dataset using
corresponding eGFR [1]. This may be a significant limitation of the CKD-EPI eGFR
instrument. For example, blood pressures were better among hyperfilterers compared to
normofilterers, a directionality we did not expect. This may indicate that most
hyperfilterers are healthier, which would explain the lack of association with GFR
decline. Describing this limitation of estimated GFR in measuring pathologically high
renal function may compel further work improving these equations.

Another limitation is the lack of proteinuria data in these analyses. High
proteinuria is a strong predictor of CKD-related complications [19,23,24]. While these
data were not available since the MACS only began collecting proteinuria in 2010, these
data would have allowed for further stratification of CKD stage based on KDIGO

guidelines [19]. Since HIV-infected persons are at high risk for pathologic proteinuria
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[25] adjusting for baseline renal function with proteinuria or eliminating men with
evidence of CKD based on proteinuria alone would bolster the quality of the analyses.

An additional limitation of this study is that the trajectories by exposure status are
presented as a continuous distribution, yet it is likely that each group is made up of a
mixture of people with different trajectories. For example, each group may contain
people who have no progression (stable), slow decline (slow progressors), fast decline
(fast progressors) or increasing renal function (increasers). Since about 68% of those with
hyperfiltration had an identified inflection point (in contrast to 38% of those without
hyperfiltration), there is some support to this hypothesis [23,25]. Future directions in this
research may make use of latent class models, such as growth mixture modeling, to
identify different trajectories and the probabilities of membership in each latent class.

In summary, we found that among HIV-infected and HIV-uninfected middle-aged
men, those with glomerular hyperfiltration based on chronically elevated eGFR, were
more likely to have a downward inflection point of accelerated eGFR decline within 5
years of follow-up. However, the eGFR decline after this inflection point was not
significantly different than the decline associated among those without hyperfiltration in
an age- and race-matched control group, when stratifying by HIV infection status. Those
with HIV infection were more likely to have accelerated eGFR decline compared to the
older HIV-uninfected group. Given the limitations of eGFR at high levels of renal
function, these results should be interpreted cautiously. Patients suspected of chronic
hyperfiltration may not exhibit accelerated eGFR decline within 5 years, but should be
monitored for other risk factors of incident CKD such as proteinuria, hypertension and

diabetes. Refinement of estimating GFR equations to include high levels of renal function
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would be helpful for clinical use, investigating the epidemiology of hyperfiltration and to

impart confidence in describing longitudinal trajectories of eGFR in elevated ranges.
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S Discussion and conclusion

The purpose of this dissertation was to describe the epidemiology of
hyperfiltration among men with HIV infection using data from the MACS. The three
analyses present results describing the prevalence of hyperfiltration using a gold standard
measurement of GFR (Specific Aim 1); the incidence of hyperfiltration based on
estimated GFR, the clinical standard for renal function (Specific Aim 2); and the
associated estimated GFR decline after hyperfiltration over a 5 year period (Specific Aim

3).
5.1 Summary of results

5.1.1 Summary of Chapter 2: Prevalence of hyperfiltration in nested iohexol GFR

substudy of the MACS

Chapter 2 presented results from a cross-sectional nested subsample of the MACS
comprising 608 subjects with no evidence chronic kidney disease (CKD) who underwent
a directly measured iohexol GFR protocol. Hyperfiltration was conceptually defined as a
GFR greater than 140 ml/min|1.73m” — 1 ml/min|1.73m” per year over age 40. Using this
definition, men with treated HIV infection had an increased prevalence of hyperfiltration
compared to HIV-uninfected men (unadjusted prevalence was 25% vs. 17%, p=0.01). In
adjusted analyses, HIV infection was associated with 70% higher odds of hyperfiltration
compared to men who were HIV-uninfected (prevalence odds ratio=1.70, 95%CI: 1.11,
2.61). Previously identified risk factors for hyperfiltration, such as elevated blood glucose
[1,2], diabetes [3—5], and hypertension [6] were also associated with hyperfiltration in
this population. Importantly, this analysis presented an association of stimulant drug use

(such as cocaine, amphetamines or methamphetamines) with hyperfiltration, a
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relationship that had not been previously described in the literature. This is perhaps not
surprising since stimulant drug use has been linked to metabolic abnormalities [7,8] and
also modifies sympathetic nervous system functioning. This analysis also described a
negative interaction associated with diabetes and HIV infection, such that among HIV-
uninfected men, diabetes was associated with an increased prevalence of hyperfiltration
(which is consistent with previously published literature [4,5]); however, a novel
contribution of this study showed that there was no additive effect of diabetes among
HIV-infected men, who overall had an increased prevalence of hyperfiltration compared
to HIV-uninfected men. Lastly, this analysis described an association between
hyperfiltration and increased ART exposure, particularly first-generation thymidine
analogs (zidovudine). It is unclear whether this association was due to a longer duration
of HIV infection or increased exposure to zidovudine, it is nonetheless clinically

meaningful as a potential surrogate for CKD risk.

5.1.2  Summary of Chapter 3: Incidence of chronic hyperfiltration and risk associated
with HIV infection in the MACS during the era of HAART using estimated GFR
Chapter 3 presented the incidence of hyperfiltration among men free of low eGFR

and elevated eGFR at baseline in the era of HAART using data from the MACS. The

chapter also presented the results from quantile regression models deriving estimated
age- and race-specific 90™ percentile equations for use as a threshold for elevated eGFR,
and provided 95% confidence intervals for the estimated parameters by bootstrapping.

Using this population-based threshold, chronic hyperfiltration was defined as at least two

eGFR observations above the age- and race-specific 90" percentiles within 1 year.

Incidence rates, non-parametric Kaplan-Meier survival functions and subhazard ratios
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(accounting for competing risk events) were used to describe the relationship between
treated HIV infection and hyperfiltration, stratified by race. Importantly, study entry was
conditional on being event-free up to age 30 (a strong assumption), and the time scale
was age after 30 years, which provided a meaningful context for interpretation, in
contrast to simply using the first observed study visit. Late entry methods were used in
these three analyses. The results from these analyses indicated an increased
hyperfiltration incidence rate among younger non-black, HIV-infected men, compared to
non-black, HIV-uninfected men. Among black men, HIV infection was associated with
increased hyperfiltration incidence rates after age 45. The median ages of hyperfiltration
among HIV-infected men was 35.2 years for non-blacks and 48.2 years for blacks; for
HIV-uninfected men, the median ages at hyperfiltration were 49.5 years for non-blacks
and 52.8 years for blacks. However, it should be noted that the sensitivity analyses
showed a wide variability of median ages, depending on minor variations in the threshold
used to define hyperfiltration.

Since men who experienced low eGFR were no longer at risk of hyperfiltration in
our conceptual framework, low eGFR was considered a competing risk. Using competing
risk proportional hazards regression, and allowing the effect of HIV infection to vary by
age, among non-blacks, HIV infection was associated with increased hazard of
hyperfiltration at age 30 (SHR: 3.69, 95%CI: 1.63, 8.36), and this subhazard ratio
declined by 7% per year (SHR: 0.97, 95%CI: 0.89, 0.96). The estimated subhazard ratio
was null at about 47 years. Among blacks, the effect of HIV on the subhazard of
hyperfiltration did not vary by age, and HIV infection was associated with an increased

risk of hyperfiltration (SHR: 1.60), and this effect was borderline non-significant
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(95%CI: 0.96, 2.67). In a sensitivity analyses investigating the impact of modifying the
threshold for elevated eGFR according to a) previous literature [9] and b) the 95%
confidence intervals from the bootstrapped quantile regression, we noted that estimates of
incidence were fairly sensitive, and this was most clear in the Kaplan-Meier survival
functions. However, varying the threshold did not have any impact on the overall
inferences, that HIV infection is associated with increased risk of incident eGFR
hyperfiltration at younger ages among non-black men (i.e., between 30 and about 45

years of age), but at older ages in a population of black men (i.e., after 45 years of age).

5.1.3  Summary of Chapter 4: GFR decline after hyperfiltration

Chapter 4 presented results describing 5-year eGFR decline after hyperfiltration
and in a matched comparison group, stratified by HIV infection. This chapter presented
the derivation of the 90" percentile threshold described in Chapter 3, as well as the 50"
percentile in the same population stratified by race, and showed the overestimation bias
associated with eGFR at high levels among blacks, compared to non-blacks [10]. Using a
matching algorithm, men free of hyperfiltration and CKD (i.e., normofiltration) were
matched to each hyperfiltration case by age, race, HIV infection and hypertensive status
at a ratio of up to 4:1. To identify and characterize accelerated GFR decline after a period
of hyperfiltration, as described by Palatini [11] (Chapter 1, Figure 1), we applied a
previously described generalized method to identify an inflection point [12], or a point at
which GFR descends more rapidly. Subject-specific slopes after an inflection point, or
over the observed 5-year time period in the absence of an inflection point, were
calculated. In unadjusted and adjusted analyses, those with hyperfiltration did not have a

significantly faster eGFR decline compared to the matched dataset without

91



hyperfiltration. Among HIV-infected men, there was a higher proportion with large GFR
decline (more than -20 ml/min per year) among the hyperfilterers, but overall, there was
no difference in GFR decline. Despite the null finding of the effect of hyperfiltration on
GFR decline, this study did show that treated HIV infection, in a population with normal
and elevated eGFR, was associated with a faster eGFR decline compared to those without

HIV infection.

5.2 Strengths

5.2.1 Quality of data and two important instruments for measuring GFR

One of the strengths of the data in this study was the use of two important
instruments to measure GFR. Chapter 2 used iohexol GFR in a small, nested subsample
of the MACS, and this directly measured GFR is the gold standard for quantifying renal
function. The results from these data give confidence in estimates of the prevalence of
elevated eGFR, since the quality of measurement was high. However, iohexol GFR is not
widely used clinically, and therefore it is unclear how the results from this study may be
applied in real-world setting. To that end, Chapters 3 and 4 used the serum creatinine-
based CKD-EPI eGFR, an instrument that is widely used clinically and is considered the
standard in clinical care. Importantly, the increased incidence of eGFR-defined
hyperfiltration associated with HIV infection was entirely consistent with the increased
prevalence of elevated iohexol GFR. Of note, the higher prevalence of elevated eGFR
among HIV-infected men presented in the subject flow figure of Chapter 3 (Figure 2) was
also fairly congruent with the cross-sectional iohexol GFR analysis: 14.5% of HIV-
infected men had prevalent elevated eGFR (182/1255) compared to 8.6% of HIV-

uninfected men at baseline (118/1373).
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5.2.2  Application of biostatistical methods

There were also several methodological strengths of these studies. In describing
the incidence of hyperfiltration (Chapter 3), the time scale was age after 30 years. This
provides a relevant and meaningful context for the research question, in contrast to
observed study time as the time scale. The cumulative incidence rates for hyperfiltration
indicated no difference by HIV infection status among non-black men, yet there were
large differences by age, which is important epidemiologically. However, most men did
not enter the study at age 30. We therefore used late entry methods to account for the
deficit of men who developed hyperfiltration closer to age 30 but were not observed (i.e.,
survivorship bias).

Competing risks were also applied in this setting (Chapter 3) given the importance
of differentiating subjects who were truly censored (i.e., assumed to have the event at an
unobserved time that is after the last observed visit) and those who were no longer at risk
for hyperfiltration (i.e., persons whose GFR 1is too low to reasonably increase to
hyperfiltration levels). Using methods described by Fine and Gray [13], the subhazard
ratio for HIV infection was estimated accounting for the competing risk event (i.e., low
eGFR).

Lastly, the analyses in Chapter 4 applied a generalized method for identifying an
inflection point using longitudinal GFR data. This method was originally designed for
longitudinal T-cell trajectories in an HIV [12], but had not been used in describing
changes in renal function. This methodologic approach precisely fit our conceptual
framework of hyperfiltration and GFR decline [11] and was an appropriate tool for this

analysis. Several studies have highlighted the epidemiologic and clinical importance of
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non-linear GFR trajectories in the context of CKD [14,15], and this simple and easily

accessible method should be a consideration for these types of research questions.

5.2.3 Describing age-related decline in renal function

Another strength of the study was a description of age-related GFR decline among
healthy HIV-uninfected men, which was estimated to be between -0.8 and -0.6 ml/min
per year at 90" percentile levels of GFR (presented in 3.1), and was similar at median
levels of GFR (presented Figure 4.2). These estimates compare favorably with previously
published research [9,16,17] in non-CKD populations. This consistency was encouraging
and is an important contribution to the literature since our data comprised creatinine-
based CKD-EPI eGFR, in contrast to others studies that have used directly measured
GFR data to characterize GFR decline. It should be noted that these were population-
based estimates of eGFR decline, and did not explicitly model within-person trajectories,
as in a random effects linear mixed model. In Chapter 3, bootstrapping was used to
account for within-person correlation and estimate the variability in the dataset. The point
estimate of intercept and slope was derived from treating each eGFR observation as
independent. This is one methodologic difference between describing decline while
estimating the age- and race-specific 90" percentile (as in Chapter 3) and characterizing
decline after hyperfiltration as empirical subject-specific changes in GFR (as in Chapter

4).
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5.3 Limitations and future directions

5.3.1 Establishing a threshold for hyperfiltration

There were several limitations in these analyses. As briefly mentioned in Chapter
1, there are several assumptions and limitations associated with different methods to
define elevated eGFR. For Chapter 2, elevated eGFR was defined as a threshold of 140
ml/min|1.7m? minus 1 ml/min per year over age 40. While this level would be considered
extremely high, it is somewhat arbitrary given the continuous distribution of GFR. For
example, it is not clear that a 45 year old man who has a GFR of 132ml/min|1.73m” is
pathologically different than if he had a GFR of 136: the former would be classified as
having normal GFR, while the latter would exceed the threshold of 135 ml/min|1.73m".
This inherent limitation in dichotomizing a continuous outcome also applies to the
population-based threshold described in Chapters 3 and 4. This is potentially problematic
since the sensitivity analysis in Chapter 3 (Figure 3.5) revealed remarkable differences in
characterizing incidence when the threshold changed very slightly (less than 0.1 ml/min
per year in some case, which is clinically insignificant). Additionally, it is possible that a
single threshold for defining elevated GFR across all ages (i.e., one threshold level that
does not address potential age related decline) is more appropriate for this condition. This
approach would be similar to establishing a single threshold of GFR for defining CKD
(i.e., < 60 ml/min regardless of age). Given the sensitivity of results using different
thresholds incorporating an age-related decline (Chapter 3), the inferences using a single
threshold for elevated GFR would indeed be different as fewer hyperfiltration events

would occur.
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Future work might investigate hyperfiltration as a continuous variable, and use
different criteria for defining hyperfiltration. Such an approach may include prediction
models for hyperfiltration-related outcomes, such as proteinuria, or even physiological

outcomes based on kidney biopsies.

5.3.2  Improving equations at high levels of renal function

Another limitation in Chapters 3 and 4 is the use of the CKD-EPI estimating
equation at high levels of GFR. It is clear that this equation performs better at lower
levels of renal function primarily because it was mainly developed in populations at risk
for or with CKD [18]. While the CKD-EPI equation was not designed for use at high
GFR levels, an evaluation of performance at elevated renal functioning indicated it was
the least biased option in general. While this equation was biased among blacks at high
levels, this bias has been identified and defined [10]. Interestingly, this bias was
identified and presented in Chapter 4 by comparing black HIV-uninfected men with non-
black HIV-uninfected men, with both groups sharing similar health and risk profiles,
using quantile regression in the absence of a gold standard GFR measurement. Since
there is relatively poorer performance of eGFR at high levels, future work should be
dedicated towards refining and improving the equations in measuring elevated GFR. This
would be helpful for clinicians in decision making and profiling risk, but also for research
purposes, especially given the pervasiveness of serum creatinine measurements, which is

now commonly measured in routine blood tests.

5.3.3  Quantifying error associated with GFR
Yet another limitation in measurement of GFR from estimating equations is a lack

of quantified error associated with each measurement. The data that are used to define an
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eGFR for a given person is age, sex, race and serum creatinine level. Since there is no
information bias associated with sex and race, and arguably age as well, these variables
are not sources of error. The remaining sources of error are serum creatinine and the
directly measured GFR by which the estimated GFR is derived. The within-individual
variability of serum creatinine and directly measured GFR (within days or weeks of first
measurement) has not been adequately described. Lab-based variability is another source
of error that is also not well characterized, but recent standardization of serum creatinine
measurements have allowed for comparisons across labs. This is another limitation
applicable to Chapters 3 and 4, yet it should be noted that for the purposes of these
research questions clinical eGFR was most relevant, and the data for these specific aims
were reflective of real-world settings. Formal studies investigating different sources of
error in estimating GFR equations would be of great benefit in order to quantify the

expected variability for a given eGFR value.

5.3.4 Error associated with individual slopes

The inflection point analysis presented in Chapter 4 ascribed individual empirical
slopes to each subject. This method was limited since these empirical slopes were
subject-specific estimates that summarized the overall trend of longitudinal eGFR, and
did not define or account for error associated with this estimate. While these slopes were
valid estimates of eGFR changes over time, future methods might refine this approach by
incorporating an estimate of variability associated with the data. Similar approaches have
been used previously to describe longitudinal changes in GFR [19,20], and have shown to
be especially effective at characterizing heterogeneity of GFR decline in subpopulations

[21]. There was a slight indication of this among HIV-infected men with hyperfiltration

97



(Figure 4.3) who had a higher proportion with extremely fast GFR decline, however, this

interpretation is cautiously made since this effect was represented by very few subjects.

5.3.5 Defining normal age-related decline

A common issue related to all the analyses is that of normal age-related decline.
There was a consistently strong association between age and declining GFR (Figure 4.2)
and this relationship was an assumption embedded in many aspects of the analyses. In
particular, age-related decline was assumed in the two methods of defining the threshold
of elevated eGFR. This assumption was well-founded and based on evidence both in
previously published literature and in the MACS data. However, the question of what
constitutes normal age-related decline remains open and contentious. Levey and
colleagues have noted that even within older age groups, lower GFR was predictive of
adverse outcomes and mortality, thus justifying a single threshold for classifying CKD
[22]. However, others believe age-related decline is non-pathological and better attempts
can be made to incorporate what is known about normal age-related decline into clinical
definitions [17]. Future work in defining hyperfiltration should take this into account as
well. For the purposes of this dissertation, the HIV-uninfected men served as the
counterfactual for the HIV-infected men. The underlying assumption of this comparison
is that had the HIV-infected men never acquired the virus, their levels would be identical
to the observed HIV-uninfected men. This assumption freed us from external criteria for
defining hyperfiltration, but it was encouraging that the results were consistent with
previous findings. The attempts in this dissertation to define hyperfiltration based on

adapting previously published criteria, as well as strong theoretical underpinnings (i.e.,
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the counterfactual), in the absence of an established clinical definition, may provide a

framework for future studies to investigate the epidemiology of hyperfiltration.

54 Concluding remarks

These results provide evidence that treated HIV infection is indeed a risk factor
for hyperfiltration, at least among men between the ages of 30 and 60 years. However,
the results from Chapter 4 indicate that accelerated eGFR decline may not be an
inevitable outcome of hyperfiltration. Indeed, changes in GFR after hyperfiltration were
not significantly different from changes in the matched comparison group. A major
limitation of this study is that those in the matched comparison group (i.e., those with
normofiltration), may have had hyperfiltration prior to study entry that was never
observed. Alternatively, these men may already have decreasing GFR at the time of
match due to other pathologies, and this may explain the comparable distributions of
GFR decline by filtration status. Nonetheless, the distributions of slopes also reveal a
modest excess of fast decliners among HIV-infected hyperfilterers. As described in the
discussion of Chapter 4, it is possible that those with identified hyperfiltration are a
mixture of people with varying pathologies of GFR function (including no pathology).
Identifying and classifying people with high GFR into hyperfiltering groups of differing
risks should be a goal for epidemiologic and clinical research going forward. Such a
definition might include criteria based on glucose levels, blood pressure, previous
metabolic history, or simply body mass index.

Since the analyses presented in Chapter 2 [23] and previous research indicate a
strong association of metabolic and cardiovascular abnormalities with hyperfiltration

[1,2,5,6], increased clinical attention to these factors might mitigate any adverse effects
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of hyperfiltration. For example, a patient presenting with hyperglycemia and
hypertension is already indicated for therapies to manage blood sugar levels and blood
pressure. In this scenario, identification of hyperfiltration may provide further
justification for urgency of therapy and goals to improve adherence, but would likely not
change the treatment course for this patient. On the other hand, monitoring GFR in
conjunction with hyperglycemia and blood pressure may improve indicators of therapy
effectiveness.

Given the lack of evidence for accelerated GFR decline associated with
hyperfiltration (Chapter 4), CKD should remain the primary focus of clinicians treating
an HIV-infected population [24], until evidence is presented that hyperfiltration is a
reliable predictor of CKD and/or adverse outcomes. Studies have described numerous
causes of CKD, especially in the context of HIV infection [25-27], and it is likely that
hyperfiltration is one of these causes [5,11,28]. In light of this, further research should
investigate the proportion of CKD risk attributable to hyperfiltration among persons
infected with HIV in the context of carefully conducted, standardized cohort studies.

In conclusion, this dissertation provides evidence that HIV infection is a risk
factor of incident hyperfiltration and that traditional metabolic and cardiovascular risk
factors associated with HAART appear to play a role in the prevalence of hyperfiltration.
This is clinically important since hyperfiltration is a modifiable and treatable condition.
While hyperfiltration was not significantly associated with accelerated GFR decline,
treated HIV infection was a risk factor for faster GFR decline in a population with normal
and elevated eGFR. Indicators of metabolic, cardiovascular and renal health, including

hyperfiltration, as well as duration of infection and therapy should remain important
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clinical considerations in the management of HIV infection and overall health in this high

risk population.
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6  Figures and Tables
6.1 Figures for Chapter 1

6.1.1 Figure 1.1. Schematic of blood flow and filtration mechanisms in a nephron.
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Source: "Physiology of Nephron" by Madhero88. Licensed under Creative Commons
Attribution 3.0 via Wikimedia Commons -
https://commons.wikimedia.org/wiki/File:Physiology of Nephron.png#mediaviewer/File
:Physiology_of Nephron.png Retrieved 8/26/2014.
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6.1.2 Figure 1.2 Conceptual framework of time course of GFR and albumin excretion
rate (AER, mg/24 hrs) based on the theory of hyperfiltration proposed by Brenner
et al. (1996).

Conceptual framework of time course of GFR and albumin excretion rate (AER, mg/24

hrs) based on the theory of hyperfiltration proposed by Brenner et al. (1996). The

threshold of 150 ml/min/1.73m? is arbitrary in this model.
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Source: Palatini P. Glomerular hyperfiltration: a marker of early renal damage in pre-
diabetes and pre-hypertension. Nephrol Dial Transplant, 2012, 0:1-7.
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6.3  Figures and Tables for Chapter 3

6.3.1 Figure 3.1. Estimated 90th percentiles based on quantile regression models,
stratified by race (non-black and black).
Data points are 90" percentile values by 5 year age bins to assess model fit.
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6.3.2 Figure 3.2. Diagram of subject flow for study selection of study population.
The study population comprised men free of evidence of CKD (CKD-EPI ¢GFR < 90 ml/min|1.72m?) or elevated eGFR (CKD-EPI

eGFR > 90™ percentiles specific to age and race), stratified by HIV infection status.
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6.3.3 Figures 3.3a and 3.3b. Kaplan-Meier incidence of chronic hyperfiltration by race and infection status using age (after 30
years) as the time scale.
Panel A presents non-black subjects (n=763; HIV-uninfected n= 386; HIV-infected men n=377) and Panel B describes black subjects

(n=357; HIV-uninfected n= 160; HIV-infected n=197).
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6.3.4 Figure 3.4. Subhazard ratios of the effect of HIV infection on hyperfiltration, by non-black race and black race.
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6.3.5 Figures 3.5a-3.5c. Sensitivity analyses presenting Kaplan-Meier survival step functions based on different thresholds to define
hyperfiltration, stratified by race.
These thresholds correspond to previously published expected decline of -0.8 ml/min|1.73m? among healthy individuals (Figure 3.5a;

[30]); the lower (Figure 3.5b) and upper (Figure 3.5¢) 95% confidence limit of the slope of 90" percentiles based on bootstrapped
quantile regression.

Figure 3.5a. Elevated eGFR threshold based on an expected decline of -0.8 ml/min per year.
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Figure 3.5b. Elevated eGFR threshold based on a decline of -0.747 ml/min per year for non-black men, and -0.833 for black men,
which corresponds to the lower 95% confidence intervals from the bootstrapped quantile regression.
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Figure 3.5c. Elevated eGFR threshold based on a decline of -0.712 ml/min per year for non-black men, and -0.608 for black men,
which corresponds to the upper 95% confidence intervals from the bootstrapped quantile regression.
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6.3.6 Table 3.1. Clinical characteristics and descriptive statistics of subjects at study entry, by race and HIV infection status.

Non-black men

Black men

Variable

Year of study entry

Age, years

Post-2001 recruitment
CKD-EPI eGFR, mi/min|1.73m”
Height, m

Weight, kg

Body mass index, kg/m?
Obese (BMI > 30 kg/m?)
Fasting blood glucose, mg/dL
Fasting glucose > 100 mg/dL

Diabetes

High density lipoproteins, mg/dL

Low density lipoproteins, mg/dL
Dyslipidemia

Metabolic syndrome

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg

Uncontrolled hypertension

HIV-uninfected
n= 386

2003.97 [2003.74,
2004.53]

46.6 [41.3, 52.5]
29.8% (115)

100 [95.8, 104.3]
1.8[1.7, 1.8]
78.9[70.7, 91.6]
25.9[23.1, 30.7]
18.6% (65)

94 [88, 102]
27.1% (82)
4.6% (15)

48.6 [41, 57]

122 [100, 144.5]
72.8% (243)
19.5% (70)

120 [112, 130]
78170, 82]

16% (56)

HIV-infected
n=377

2003.87 [1999.56,
2004.79]

43.4[38.4, 48.4]
38.2% (144)

101.4 [95.8, 106.1]
1.8[1.7, 1.8]
77.1[69.5, 84.2]
24.8 [23, 27.9]
7.1% (24)

95 [87, 102]
28.6% (60)

5.3% (12)
41.8[35.5, 49.2]
110 [88, 139]
83.9% (256)

23% (60)

120 [112, 130]

79 [70, 84]

16.3% (56)
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P-value

0.001

<.001
0.015
0.100
0.621
0.002
0.003
<.001
0.905
0.763
0.842
<.001
0.001
<.001
0.318
0.877
0.850
1.000

HIV-uninfected
n= 160

2004.07 [2003.87,
2004.53]

42.3[37.7, 45.7]
82.5% (132)

103.2 [96.5, 109.4]
1.8[1.7,1.8]
81.2[73.8, 95.7]
26.7 [24.1, 32.5]
25.2% (37)

94 [88, 104]
35.1% (39)

9.9% (12)
51[43.8, 60.9]

114 [88, 138]
59.8% (70)

16.1% (24)

123 [115, 132]
7970, 86]

23.8% (35)

HIV-infected men
n=197

2004.33 [2003.88,
2005.70]

41.4[38.1, 46.4]
78.7% (155)

107.6 [97.8, 115.3]
1.8[1.7,1.8]

76.9 [69.9, 86.4]
24.9 [22.7, 28]
12.1% (22)

95 [88, 106]
37.7% (49)

9.1% (13)

46.4 [38.7, 54.5]
101 [84, 131]
68.7% (103)
12.6% (22)

120 [112, 130]

76 [69, 84]

20% (37)

P-value

0.006

0.796
0.422
0.003
0.380
0.002
<.001
0.002
0.758
0.690
0.836
<.001
0.060
0.156
0.425
0.088
0.049
0.423



Non-black men Black men

HIV-uninfected HIV-infected HIV-uninfected HIV-infected men
Variable n= 386 n=377 P-value n=160 n=197 P-value
Taking antihypertensive 13.9% (53) 9.7% (36) 0.072 12.5% (20) 10.2% (20) 0.505
medications
Current smoker 25.2% (95) 32.4% (120) 0.029 60.9% (95) 55.2% (107) 0.327
Current stimulant use 11.7% (44) 20.9% (77) <.001 26.9% (42) 30.2% (58) 0.552
Longitudinal data
Observed follow-up time 2.95[1.05, 6.36] 2.51[0.96, 5.12] 0.101 3.43[1.00, 6.63] 3.45[1.00, 6.30] 0.577
Total observed follow-up time 1496.2 1367.8 664.2 791.7

* There were 12 non-black men and 5 black men who became infected while under study observation. They contributed person-time to
the HIV-uninfected group and the HIV-infected with antiretroviral therapy group.
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6.3.7 Table 3.2. Descriptive statistics of indicators of HIV-disease severity and
antiretroviral therapy at baseline and study exit, by race.

HIV-infected men receiving
antiretroviral therapy

Variable

Non-black
n=377

Black
n=197

Baseline CD4+ cell count

Baseline CD4+ cell count < 350

Nadir CD4+ cell count

Nadir CD4+ cell count < 350

Baseline detectable HIV RNA
Previous AIDS diagnosis

Received any ART prior to HAART
Years since ART initiation at study exit

Years since HAART initiation at study exit

477 [301, 667]
32.7% (118)
272 [169, 394]
67.0% (244)
43.7% (157)
15.4% (58)
56.2% (212)
9.23 [5.00, 15.21]
6.22 [2.88, 9.74]

415 [266, 554]
37.6% (71)
260 [144, 372]
69.7% (129)
58.0% (109)
11.2% (22)
43.2% (85)
9.75[5.29, 17.79]
7.11[3.99, 10.43]
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6.3.8 Table 3.3a. Incidence rates per 100 person years and incidence rate ratios comparing HIV-infected non-black men with HIV-
uninfected non-black men (reference).

Non-black race

HIV-uninfected men HIV-infected men

Age category Events Person years Incidence rate per Events Person years Incidence rate per 100 Incidence rate ratio
100 person years person years rate

[30 to 35) 5 12491 4.00 (1.67,9.62) 13 95.27 13.65(7.92,23.5) 3.41 (1.22, 9.56)

[35 to 40) 4 9347 428 (1.61, 11.4) 15 169.36 8.86 (5.34, 14.69) 2.07 (0.69, 6.24)

[40 to 45) 4 193.92 2.06 (0.77, 5.50) 2 34181 0.59 (0.15, 2.34) 0.28 (0.05, 1.55)

[45 to 50) 7 328.44 2.13 (1.02, 4.47) 12 377.65 3.18 (1.80, 5.60) 1.49 (0.59, 3.79)

[50 to 55) 17  348.69 4.88 (3.03, 7.84) 11 228.90 4.81 (2.66, 8.68) 0.99 (0.46, 2.1)

[55 to 60) 18 298.76 6.02 (3.80, 9.56) 6 108.69 5.52(2.48,12.29) 0.92 (0.36,2.31)

[60 to 65) 24 108.06 22.21(14.89, 33.14) 6 45.69 13.13 (5.9, 29.23) 0.59 (0.24, 1.45)
Total 79  1496.24 5.28 (4.24, 6.58) 66 1367.75 4.83 (3.79, 6.14) 0.91 (0.66, 1.27)
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6.3.9 Table 3.3b. Incidence rates per 100 person years and incidence rate ratios comparing HIV-infected black men with HIV-

uninfected black men (reference).

Black race

HIV-uninfected men

HIV-infected men

Age category Events Person years Incidence rate per Events Person years Incidence rate per 100 Incidence rate ratio
100 person years person years

[30 to 35) 2 46.63 429 (1.07, 17.15) 2 5346 3.74 (0.94, 14.96) 0.87 (0.12, 6.19)

[35 to 40) 3 103.85 2.89 (0.93, 8.96) 3 109.34 2.74 (0.88, 8.51) 0.95(0.19,4.71)

[40 to 45) 6 187.30 3.20 (1.44,7.13) 10 260.63 3.84 (2.06, 7.13) 1.20 (0.44, 3.30)

[45 to 50) 6 198.59 3.02 (1.36, 6.72) 20 237.19 8.43 (5.44, 13.07) 2.79 (1.12, 6.95)

[50 to 55) 39252 3.24 (1.05, 10.05) 7 9538 7.34 (3.5, 15.39) 2.26(0.59, 8.75)

[55 to 60) 1 2446 4.09 (0.58, 29.03) 2 2242 8.92 (2.23, 35.66) 2.18 (0.20, 24.06)
[60 to 65) 1 772 12.95 (1.82,91.96) 1 723 13.83 (1.95, 98.15) 1.07 (0.07, 17.06)
Total 23 664.17 3.46 (2.30,5.21) 45 791.74 5.68 (4.24,7.61) 1.64 (0.99,2.71)
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6.3.10 Table 3.4. Sensitivity analyses based on different thresholds to define elevated eGFR describing number of events, cumulative
incidence rate and subhazard ratios from competing risks proportional hazards models.

HIV-uninfected HIV-infected
Elevated eGFR equation Hyperfiltration Cumulative Hyperfiltration =~ Cumulative incidence HIV-infected vs. HIV-infected vs.
events  incidence rate events rate per 100 py HIV-uninfected HIV-uninfected
per 100 py (95%CI) subhazard ratio subhazard ratio
(95%CI) at age 30 per 1 year increase
(95%CI) (95%CI)
Non-black men
Main model 79 5.28 66 4.83 3.69 0.93
118.95 — 0.726 x years after age 30 (4.24, 6.58) (3.79, 6.14) (1.63, 8.36) (0.89, 0.96)
Adapted from Poggio et al. (2009) 81 9.67 74 8.22 3.10 0.92
119 — 0.8 x years after age 30 (7.78, 12.03) (6.55, 10.33) (1.45, 6.65) (0.88, 0.96)
Main model lower 95%CI slope 78 9.25 73 8.05 3.18 0.92
119 — 0.747 x years after age 30 (7.41, 11.55) (6.40, 10.13) (1.44, 6.98) (0.88, 0.96)
Main model upper 95%CI slope 73 4.48 58 3.80 3.66 0.92
119 - 0.712 x years after age 30 (3.56, 5.63) (2.94,4.92) (1.59, 8.40) (0.89, 0.96)
Black men
Main model 23 3.46 45 5.68 1.60 1
130.39 — 0.726 x years after age 30 (2.30,5.21) (4.24,7.61) (0.96, 2.67)
Adapted from Poggio et al. (2009) 37 8.28 53 12.44 1.44 1
130 — 0.8 x years after age 30 (6.00, 11.43) (9.50, 16.30) (0.90, 2.29)
Main model lower 95%CI slope 37 8.29 52 12.26 1.41 1
130 — 0.833 x years after age 30 (6.01, 11.45) (9.34, 16.09) (0.88,2.26)
Main model upper 95%CI slope 22 3.25 44 5.54 1.64 1
130 —0.608 x years after age 30 (2.14,4.93) (4.12,7.44) (0.97, 2.76)
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6.4 Figures and Tables for Chapter 4

6.4.1 Figure 4.1. Graphical depiction of method to define individual slope in the
presence of a downward inflection point (Figure 4.1a) and in the absence of a
downward inflection point (Figure 4.1b).

Figure 4.1a. Graphical depiction of approach to identify downward inflection points with

corresponding parameters from model. Figure 1b. Graphical depiction of simple linear
(slope-intercept) decline since the identified inflection point was not downward, as
indicated by thick discontinuous line. Open circles (©) represent observed eGFR, open
diamonds (Q) represent eligible IP, solid diamonds (#) represent identified IP from the
model minimizing residual variance, solid lines represent final model.

— (@] —

SN k k -

/ 5Bi® + By “t; - IP)
, —

<

IS

™

™~

T n

£

E \

x - 7 i

L(_I'B R

(k) (k) + N\~ /

o) + _ b /

B, +B, (t,-IP) o
a a 5

= SO 0 @ O O

Time Time

120



6.4.2 Figure 4.2. Estimation of 50" and 90" percentiles of eGFR among HIV-
uninfected men, stratified by race.
Distributions (50th and 90" percentiles) of eGFR among HIV-uninfected black (n= 3482

observations contributed by 290 men) and non-black men (n= 15457 observations
contributed by 1083 men). Lines are based on quantile regression estimating the 50™ and
90™ percentiles of eGFR on age after 30 years; dots depict medians and 90™ percentiles
for 5 year age bins.
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6.4.3 Figure 4.3. Distributions of changes in eGFR based on identified IP or single
slope models, by HIV-infection and filtration status.
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6.4.4 Figure 4.4. Distributions of changes in eGFR based on identified IP or single
slope models, by HIV-infection and filtration status based on a one-to-one
matching design as a sensitivity analysis.

The normofilterers comprise unique subjects, individually matched to the hyperfilterers

by age, race, infection status, cohort enrollment and hypertensive status.
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6.4.5 Table 4.1. Descriptive statistics of demographic, clinical and longitudinal data of MACS men, stratified by HIV and filtration

status, based on matching study design. Median [IQR] and % (n).

HIV-uninfected, HIV-uninfected, HIV-infected, HIV-infected,
normofilterers hyperfilterers normofilterers hyperfilterers

Variable n=230 n=387 P-value n=274 n=90 P-value
At time of index (hyperfiltration or match)

Age, years 52 [44.6, 57.9] 54.8 [44.6,61.9] 0.377 46.7 [40, 50.9] 46.8 [38.8,51.1] 0.709
Black race 21.3% (49) 24.1% (21) NA 39.1% (107) 42.2% (38) NA
Post-2001 cohort 34.3% (79) 29.9% (26) NA 60.6% (166) 60% (54) NA
eGFR, ml/min|1.73m’ 95.0 [91.0, 99.8] 107.6 [100.9, 118.7] 0.101 98.0 [91.2, 104.6] 116.7 [111.6, 123] 0.002
Body mass index, kg/m’ 25.1[22.9, 29] 26.8 [23.9,30.4] 0313 24.8 [23,27.2] 24.3[21.9, 27] 0.902
Obese 19.1% (41) 26.3% (21) 0.197 9.1% (23) 8% (6) 0.828
HDL, mg/dL 48.8 [40, 57.2] 50.6 [40.5, 58.7] 0.353 43.7[38, 50] 47.3[39.7, 53.5] 0.157
LDL, mg/dL 117.5[97, 139] 112.5[96, 135] 0913 109 [86, 132] 100 [83, 122.5] 0.180
Dyslipidemia 72% (144) 74.4% (58) 0.468 79.3% (180) 75% (54) 0.645
Fasting glucose, mg/dL 95 [89, 106] 98 [92, 104] 0.835 96 [89, 105] 97 [87, 104] 0.728
Fasting glucose > 100 mg/dL 35.7% (65) 39.2% (29) 0.642 38.4% (71) 39.4% (26) 0.326
Diagnosed diabetes 12.1% (24) 10.1% (8) 0.816 11.6% (24) 11.8% (8) 0.591
Metabolic syndrome 23.6% (50) 27.2% (22) 0.626 24.1% (55) 22.9% (16) 0.648
SBP, mmHg 123 [115, 131] 126 [116, 132] 0.552 124 [114, 132] 120 [113, 130.5] 0.477
DBP, mmHg 7772, 84] 76 [71, 80] 0.062 78 [71, 84] 74 [68, 80] 0.004
Uncontrolled hypertension 14.9% (32) 13.9% (11) NA 14.6% (38) 11.8% (9) NA
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HIV-uninfected, HIV-uninfected, HIV-infected, HIV-infected,

normofilterers hyperfilterers normofilterers hyperfilterers
Variable n=230 n=287 P-value n=274 n=90 P-value
Current smoker 22.6% (51) 27.6% (24) 0.299 37% (101) 43.2% (38) 0.333
Stimulant use (cocaine, methamphetamines)  17.9% (40) 7.3% (6) 0.037 26.9% (73) 18.4% (16) 0.208
Up to 5 years prior to index (hyperfiltration
or match)
Number of observations 3[2,7] 74, 9] <.001 41[2,7] 63, 8] 0.013
Time observed, years 211, 3.8] 412.6,4.6] <.001 2.5[1.3,4.3] 3.4171.5,4.5] 0.004
Mean GFR 96.3[93.7, 99.6] 102.7 [96.8, 109.6] <.001 101.4 [96.7, 105.6] 110.1 [105.6, 116.1] <.001
Mean fasting glucose 96 [90, 104] 9590, 102] 0.734 95 [88, 103] 96 [91, 104] 0.796
Mean SBP 123 [118, 132] 126 [117, 131] 0.619 125[117, 132] 120 [113, 129] 0.057
Mean DBP 80 [74, 84] 77171, 82] 0.190 80 [75, 83] 75 [69, 80] 0.002
Up to 5 years after index (hyperfiltration or
match)
Number of observations 917,9] 81[5,9] 0.001 98, 10] 816, 9] <.001
Time observed, years 4.6 [44,4.9] 4.5[3,4.8] <.001 4.6 [44,4.8] 4.5[3.9,4.8] 0.001
Mean GFR 91.1[86.9, 93.7] 102.2 [96.2, 109.5] <.001 91.0[85.2,96.1] 108.4 [102.1, 114.7] <.001
Mean fasting glucose 97 [89, 107] 95 [89, 100] 0.644 97 [91, 104] 97 [91, 105] 0.957
Mean SBP 126 [119, 134] 127 [118, 134] 0.292 127 [119, 134] 124 [115, 131] 0.019
Mean DBP 7872, 83] 76 [72, 82] 0.342 79 [74, 84] 76 [70, 80] <.001
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6.4.6 Table 4.2. HIV- and therapy related characteristics among HIV-infected subjects

with normofiltration and hyperfiltration.

HIV-infected, HIV-infected,
Normofilterers  Hyperfilterers
Variable n=274 n= 90 P-value
At time of index (hyperfiltration or match)
CD4+ cell count 532 [383,753] 504 [324,685] 0.184
CD4+ cell count <350 21.4% (57) 30.2% (26) 0.028
Nadir CD4+ cell count 292[219,392] 294[170,410] 0.140
Detectable viral load 33.3% (90) 37.9% (33) 0.376
Previous AIDS diagnosis 11.3% (31) 10.0% (9) 0.776
Any ART prior to HAART 47.8% (131) 51.1% (46) 0.602
Time since ART initiation 7.1[3.9,13.9] 9.41[58,18.1] 0.014
Time since HAART initiation 5.6 2.1, 8.0] 6.5[3.9,9.3] 0.011
Up to 5 years prior to index
Mean CD4+ cell count 533 [384,731] 485[370,703] 0.158
Mean CD4+ cell count <350 21.7% (48) 22.2% (20) 0.456
Any detectable viral load 55.2% (122) 61.1% (55) 0.056
Up to 5 years after index
Mean CD4+ cell count 564 [431,738] 598 [360,749] 0.526
Mean CD4+ cell count <350 17.1% (46) 21.8% (19) 0.130
Any detectable viral load 52.8% (142) 47.1% (41) 0.518
First AIDS diagnosis 6.2% (17) 2.2% (2) 0.409
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6.4.7 Table 4.3. Unadjusted and adjusted mean GFR change (ml/min|1.73m’ per year) by HIV-infection and filtration status from
linear regression using subject-specific slopes as the outcome.
Covariates included for adjustment were based on the mean levels 5 years prior to the hyperfiltration event or match (fasting glucose,

systolic blood pressure, and diastolic blood pressure); and time since antiretroviral therapy initiation was at the time of index visit
(hyperfiltration event or match). Estimated adjusted means from linear regression models accounting for repeated subjects using

generalized estimating equations (GEE) are presented for a reference subject described in footnote.

HIV-uninfected, HIV-uninfected, HIV-infected, HIV-infected,
Mean GFR (ml/min|1.73m?) change per year normofiltration hyperfiltration normofiltration  hyperfiltration

n=230 n=387 n=274 n= 90
Unadjusted -3.01 -2.81 -5.33 -4.60
(95%CI) (-3.82,-2.19) (-3.69, -1.93) (-6.33, -4.33) (-6.01, -3.20)
p-value Reference 0.749 Reference 0.410
Adjusted for glucose levels 5 years prior to index” -3.26 -2.84 -5.89 -4.84
(95%CI) (-4.23, -2.28) (-3.70, -1.97) (-7.08, -4.70) (-6.24, -3.43)
p-value Reference 0.526 Reference 0.243
Adjusted for glucose levels, SBP, DBP 5 years prior to index” -2.82 -2.16 -6.07 -4.91
(95%CI) (-3.72,-1.91) (-3.59, -0.74) (-7.46, -4.69) (-6.52, -3.29)
p-value Reference 0.396 Reference 0.215
Adjusted for glucose levels, SBP, DBP and time since ART initiation ° NA NA -5.89 -4.60
(95%CI) (-7.13, -4.65) (-6.19, -3.01)
p-value Reference 0.178

*For reference individual with mean fasting blood glucose equal to 100 mg/dL over 5 years prior to index.

® For reference individual with mean fasting blood glucose equal to 100 mg/dL, SBP equal to 120 mmHg and DBP equal to 80 mmHg over 5 years

prior to index.

¢ For reference individual with mean fasting blood glucose equal to 100 mg/dL, SBP equal to 120 mmHg, DBP equal to 80 mmHg over 5 years

prior to index, and 7 years since ART initiation at index.
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6.4.8 Table 4.4. Unadjusted and adjusted mean GFR change (ml/min|1.73m’ per year) by HIV-infection and filtration status from
linear regression using subject-specific slopes as the outcome based on a one-to-one matched design as a sensitivity analysis.
Covariates included for adjustment were based on the mean levels 5 years prior to the hyperfiltration event or match (fasting glucose,

systolic blood pressure, and diastolic blood pressure); and time since antiretroviral therapy initiation was at the time of index visit
(hyperfiltration event or match). Estimated adjusted means from linear regression models using generalized estimating equations

(GEE) are presented for a reference subject described in footnote. GEE was used to account for within-pair correlations.

HIV-uninfected, HIV-uninfected, HIV-infected, HIV-infected,
Mean GFR (ml/min|1.73m?) change per year normofiltration hyperfiltration normofiltration  hyperfiltration

n=061 n=061 n=59 n=359
Unadjusted -3.25 -3.11 -5.02 -4.58
(95%CI) (-4.38,-2.12) (-4.29, -1.93) (-6.86, -3.17) (-6.13, -3.04)
p-value Reference 0.863 Reference 0.668
Adjusted for glucose levels 5 years prior to index” -3.62 -3.11 -6.02 -4.70
(95%CI) (-5.17, -2.06) (-4.27, -1.94) (-8.40, -3.65) (-6.26, -3.15)
p-value Reference 0.593 Reference 0.234
Adjusted for glucose levels, SBP, DBP 5 years prior to index” -3.35 -2.76 -5.85 -4.32
(95%CI) (-4.90, -1.80) (-4.07, -1.45) (-8.47, -3.23) (-6.05, -2.58)
p-value Reference 0.552 Reference 0.299
Adjusted for glucose levels, SBP, DBP and time since ART initiation ° NA NA -5.91 -4.40
(95%CT) (-8.65, -3.18) (-5.96, -2.83)
p-value Reference 0.233

*For reference individual with mean fasting blood glucose equal to 100 mg/dL over 5 years prior to index.

® For reference individual with mean fasting blood glucose equal to 100 mg/dL, SBP equal to 120 mmHg and DBP equal to 80 mmHg over 5 years

prior to index.

¢ For reference individual with mean fasting blood glucose equal to 100 mg/dL, SBP equal to 120 mmHg, DBP equal to 80 mmHg over 5 years

prior to index, and 7 years since ART initiation at index.

128



7 Appendix. Publisher permission to reproduce published article for dissertation.

The following document describes the permission for reusing content from Wolters
Kluwer Health Lippincott Williams & Wilkins, publisher of AIDS for Chapter 2 of this
dissertation.

This document was obtained August 12, 2014 from:
http://www.lww.com/opencms/opencms/web/PEMR/PDFs/docs/authorsPermissionDoc.pdf

129



.ﬂ Wolters Kluwer

Health

Author’s Permission Document

Update on 01 January 2014

All authors of Wolters Kluwer Health Lippincott Williams & Wilkins must use Rightslink® to
apply for permissions when reusing their own content if the intended usage is not on this
list. The following reuse is free of charge (non-commercial / non-for-profit purposes):

Images/figures

1. Re-publication in other journals / books with another STM Publisher (Elsevier,
Nature, BMJ, Springer etc.)

2. Reuse in a presentation at a conference or seminar in an electronic format

3. Reuse in a newsletter for academic purposes if the number of copies does not
exceed 100 (print and electronic format)

4, Make photocopies up to 100 copies

Full-text article

1. Translated and republished in other journals (English language publications will be
considered as duplications and therefore will not be permitted)

2. Reuse in a presentation at a conference or seminar (print and electronic format)

3. Reuse in classroom material if the number of students per course does not exceed
100 (print and electronic format)

4. Make photocopies up to 100 copies (print and online format)

5. Posting on institutions repositories or personal blog : please see the terms in your
Copyright Transfer Agreement which you have signed at the time of submission

6. Reuse in a dissertation - without modification -

All authors of Wolters Kluwer Health Lippincott Williams & Wilkins must use Rightslink® to
apply for permissions when reusing their own content for all commercial, For-Profit re-
use, even for educational material sponsored by pharmaceutical companies and it will be
subject to fees.

Open Access Articles -

Below is a quick reference guide of the permitted reuse of your article. No need to use Rightslink®

_— Reus.e o Re-user can
Distribute Post to portions or ‘Sell’ or re-use RS Text &
User License to open extracts from for “commercial | jitfarent Di_lt_a
colleagues websites the article in purposes”? license Mining

CC BY

other works

Yes Yes Yes Yes Yes Yes

CC BY NC SA Yes Yes Yes No No Yes

130



CC BY NC ND

(non - Yes Yes No No No
commercial/

non-derivative)

For more information about Open Access please see this document

We require that all authors always include a full acknowledgement. Example: AIDS: 13
November 2013 - Volume 27 - Issue 17 - p 2679-2689. Wolters Kluwer Health
Lippincott Williams & Wilkins©

Please contact journalpermissions@lww.com if you have any questions

131

No



Updated October 21, 2014
8 CURRICULUM VITAE

Derek Kai Sing Ng, ScM

PERSONAL DATA

Department of Epidemiology

Johns Hopkins Bloomberg School of Public Health
615 N Wolfe Street, Room E7011

Baltimore, MD 21205

Phone: 410-614-5112

dng3@jhmi.edu

Dual American/Canadian Citizenship

EDUCATION AND TRAINING

2014 Candidate for Doctor of Philosophy, Epidemiology
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD
Advisor: Lisa P. Jacobson, ScD

Thesis: The epidemiology of glomerular hyperfiltration among men with
HIV in the era of highly active antiretroviral therapy

Pre-doctoral trainee: Epidemiology and Biostatistics of Aging
T32AG000247

2009 Master of Science, Epidemiology
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD
2005 Bachelor of Arts with Distinction, Psychology

Yale University, New Haven, CT

132


mailto:dng3@jhmi.edu

PROFESSIONAL EXPERIENCE

2011 - present Sr. Biostatistician, Part-time
Johns Hopkins Bloomberg School of Public Health
Department of Epidemiology, STATEPI group
Baltimore, MD

2009 - 2011 Sr. Biostatistician, Full-time
Johns Hopkins Bloomberg School of Public Health
Department of Epidemiology, STATEPI group

2008 - 2009 Student research associate
Johns Hopkins Bloomberg School of Public Health
Welch Center for Epidemiology and Clinical Research

2007 - 2008 Research assistant
Johns Hopkins Bloomberg School of Public Health
Cochrane Eyes and Vision Group US Project

2005 - 2007 Junior associate
PinneyAssociates, Inc.
Health consulting and risk management
Pittsburgh, PA

2004 - 2005 Research assistant
Department of Molecular Psychiatry and Neuroscience
Yale School of Medicine, New Haven, CT

2004 - 2005 Research assistant
Yale Center for the Advancement of Perioperative Health

Yale-New Haven Hospital

2004 Intern, program coordinator
Bridgehaven Mental Health Services
Louisville, KY

133



2003 Research Assistant
Developmental Neuroimaging Lab
Yale School of Medicine

PROFESSIONAL ACTIVITIES

2007 - 2008 Society of Epidemiologic Research
Program co-chair of Student Caucus

Annual meeting, San Diego, CA

2008 - 2009 Epidemiology Student Organization
Masters Student Representative

Johns Hopkins Bloomberg School of Public Health

EDITORIAL ACTIVITIES
Peer Review
2013 American Journal of Kidney Disease
2013 Journal of Hospital Medicine
AWARDS
2008 Johns Hopkins Bloomberg School of Public Health

Department of Epidemiology Master’s Tuition Scholarship

2005 Yale Silliman Cup for college service

134



PUBLICATIONS

Journal Articles (Peer-reviewed)

1.

Caldwell-Andrews AA, Kain ZN, Mayes LC, Kerns RD, Ng D. Motivation and
maternal presence during induction of anesthesia. Anesthesiology. 2005
Sep;103(3):478-83. PMID: 16129970

Egner PA, Chen JG, Wang JB, Wu Y, Sun Y, Lu JH, Zhu J, Zhang YH, Chen YS,
Friesen MD, Jacobson LP, Muiioz A, Ng D, Qian GS, Zhu YR, Chen TY, Botting
NP, Zhang Q, Fahey JW, Talalay P, Groopman JD, Kensler TW. Bioavailability
of Sulforaphane from two broccoli sprout beverages: results of a short-term,

cross-over clinical trial in Qidong, China. Cancer Prevention Research. 2011
Mar;4(3):384-95. PMID: 21372038 PMCID: PMC3076202

Ng DK, Schwartz GJ, Jacobson LP, Palella FJ, Margolick JB, Warady BA, Furth
SL, Mufioz A. Universal GFR determination based on two time points during
plasma iohexol disappearance. Kidney International. 2011 Aug;80(4):423-30.
PMID: 21654718 PMCID: PMC3146568

Dodson JL, Jerry-Fluker J, Ng DK, Moxey-Mims M, Schwartz GJ, Dharnidharka
VR, Warady BA, Furth SL. Urological disorders in chronic kidney disease in

children cohort: clinical characteristics and estimation of glomerular filtration
rate. Journal of Urology. 2011 Oct;186(4):1460-6. PMID: 21855938

. Ladha KS, Young JH, Ng DK, Efron DT, Haider AH. Factors affecting the

likelihood of presentation to the emergency department of trauma patients after
discharge. Annals of Emergency Medicine. 2011 Nov;58(5):431-7. PMID:
21689864

Kensler TW, Ng DK, Carmella SG, Chen M, Jacobson LP, Muifioz A, Egner PA,
Chen JG, Qian GS, Chen TY, Fahey JW, Talalay P, Groopman JD, Yuan JM,
Hecht SS. Modulation of the metabolism of airborne pollutants by glucoraphanin-

rich and sulforaphane-rich broccoli sprout beverages in Qidong, China.
Carcinogenesis. 2012 Jan;33(1):101-7. PMID: 22045030

Samuels J, Ng D, Flynn JT, Mitsnefes M, Poffenbarger T, Warady BA, Furth S.
Ambulatory blood pressure patterns in children with chronic kidney disease.
Hypertension. 2012 Jul;60(1):43-50. PMID: 22585950

Ng DK, Brotman D, Lau B, Young JH. Insurance status, not race, is associated
with mortality after an acute cardiovascular event in Maryland. Journal of
General Internal Medicine 2012 Oct; 27(10):1368-76. PMID: 22821570

Omoloja A, Jerry-Fluker J, Ng DK, Abraham AG, Furth S, Warady BA,
Mitsnefes M. Secondhand smoke exposure is associated with proteinuria in
children with chronic kidney disease. Pediatric Nephrology, 2013
Aug;28(8):1243-51. PMID: 23584848.

135



10.

11.

12.

13.

14.

15.

Hidalgo G, Ng DK, Moxey-Mims M, Minnick ML, Blydt-Hansen T, Warady BA,
Furth S. Association of income level with kidney disease severity and progression
among children with CKD: A report from the Chronic Kidney Disease in Children
study. American Journal of Kidney Disease, 2013 Dec;62(6):1087-94. PMID:
23932090

Chen JG, Egner PA, Ng D, Jacobson LP, Mufioz A, Zhu YR, Qian GS, Wu F,
Yuan JM, Groopman JD, Kensler TW. Reduced aflatoxin exposure presages
decline in liver cancer mortality in an endemic region of China. Cancer
Prevention Research, 2013 Oct;6(10):1038-45. PMID: 23963804

N§ DK, Jacobson LP, Brown TT, Palella FJ, Martinson JJ, Bolan R, Miller ER
3", Schwartz GJ, Abraham AG, Estrella MM. HIV therapy, metabolic and
cardiovascular health are associated with glomerular hyperfiltration in the
Multicenter AIDS Cohort Study. AIDS, 2014 Jan 28;28(3):377-86. PMID:
24670523 PMCID: PMC3972628

Flynn JT, Ng DK, Chan GJ, Samuels J, Furth S, Warady B, Greenbaum LA. The
effect of abnormal birth history on ambulatory blood pressure and disease
progression in children with chronic kidney disease. The Journal of Pediatrics,
2014 Mar 31. pii: S0022-3476(14)00191-7. PMID: 24698454

Barletta GM, Flynn J, Mitsnefes M, Samuels J, Friedman LA, Ng DK, Cox C,
Poffenbarger T, Warady B, Furth S. Heart rate and blood pressure variability in
children with chronic kidney disease: A report from the CKiD Study. Pediatric
Nephrology, 2014 Jun;29(6):1059-65. PMID: 24488505

Egner PA, Chen JG, Zarth AT, Ng DK [co-first author], Kensler KH, Jacobson
LP, Muiioz A, Johnson JL, Groopman JD, Fahey JW, Talalay P, Zhu J, Chen TY,
Quan GS, Carmella SG, Hecht SS, Kensler TW. Rapid and sustainable
detoxication of airborne pollutants by broccoli sprout beverage: results of a

randomized clinical trial in China. Cancer Prevention Research. OnlineFirst, June
9,2014. PMID: 24913818

136



TEACHING

2014-15

1st term

2011-12

4th term

CURRICULUM VITAE
Derek Kai Sing Ng
PART II

Lecturer

Advanced Methods in the Design and Analysis of Cohort Studies
(340.728)

Lecture: Graphical Methods in Epidemiology - Enhanced Bland-
Altman Graph: Assessing Agreement of Two Measures

Primary instructors: Alvaro Munoz, Christopher Cox

Teaching Assistant
Methodologic Challenges in Epidemiologic Research (340.754)
Co-TA: Kara Rudolph

Primary instructors: Tom Glass, Danielle Fallin, Bryan Lau

RESEARCH GRANT PARTICIPATION

2009 - present

2009 - present

2012 - present

2009 - 2011

Sr. Biostatistician, Chronic Kidney Disease in Children Cohort
Study Data Management and Analysis Center

PI: Alvaro Mufioz, PhD

Sr. Biostatistician, Chemo/Dietary Prevention in Dept. of
Environmental Health Sciences

PI: Thomas Kensler, PhD

Student researcher, Center for the Analysis and Management of
the Multicenter Aids Cohort Study

PI: Lisa P. Jacobson, ScD

Sr. Biostatistician, Cardiac Clinical Imaging at the Johns
Hopkins School of Medicine

Pls: Joao Lima, MD; Christopher Cox, PhD

137



PRESENTATIONS

Scientific meetings

1.

Ng DK, Young JH. Insurance as a mediator of ethnic mortality differences in a
cohort of patients with CVD, 1993-2007. Oral presentation for the Society for
Epidemiologic Research Annual Meeting, Anaheim, CA, June 24, 2009.

Hidalgo G, Furth SL, Ng DK, White CT. Family Socioeconomic Status (SES) and
Disease Severity in Children with CKD: Results from the Chronic Kidney
Disease in Children (CKiD) Cohort Study. Poster presented for American Society
of Nephrology Annual Meeting, Denver, CO, November 20, 2010.

Omoloja A, Jerry-Fluker J, Abraham AG, Ng DK, Warady BA, Furth SL,
Mitsnefes M. Urine Cotinine in Adolescents with Chronic Kidney Disease: A
Report from the Chronic Kidney Disease in Children (CKiD) Cohort Study.
Poster presented for American Society of Nephrology Annual Meeting, Denver,
CO, November 20, 2010.

Kupferman JC, Ng DK, Flynn JT, Furth SL, Warady BA, Mitsnefes M.
Longitudinal Relationship between Blood Pressure and Left Ventricular Mass in
Children with Chronic Kidney Disease. Poster presented for American Society of
Nephrology Annual Meeting, Philadelphia, PA, November 10, 2011.

Barletta GM, Flynn JT, Mitsnefes M, Ng DK, Warady BA, Samuels JA,
Poffenbarger T, Furth SL. Heart Rate and Blood Pressure Variability in Children
with Chronic Kidney Disease: Report from CKiD Study. Poster presented for

American Society of Nephrology Annual Meeting, Philadelphia, PA, November
10, 2011.

Hidalgo G, Ng DK, Warady BA, Moxey-Mims MM, Furth SL. Family Income
and Type of Renal Replacement Therapy (RRT) in Children with Chronic Kidney
Disease (CKD). Results from the CKiD Study. Poster presented for American
Society of Nephrology Annual Meeting, Philadelphia, PA, November 10, 2011.

Egner PA, Chen JG, Ng DK, Jacobson LP, Munoz A, Lu JH, Zhu YR, Qian GS,
Chen TY, Wu F, Wang JM, Groopman JD, Kensler TW. Reduction in aflatoxin
exposure drives decrease in primary liver cancer in Qidong, China. Poster

presented for American Association for Cancer Research Annual Meeting,
Washington, DC, April 6, 2013.

138



Invited seminars and lectures

1.

10.

11.

Ratio of fast to slow areas of iohexol disappearance curves as a function of slow
GFR, CKiD Steering Committee Meeting, Baltimore MD, October 2, 2009.

Congruence of CKiD and MACS data for estimation of 2-compartment GFR from
1-compartment GFR. Statistics in Epidemiology Research Meeting, Baltimore,
MD, October 27, 2009.

Update on local and central serum creatinine measurements. CKiD Steering
Committee Meeting, Atlanta, GA, April 22, 2010.

MACS equations for estimation of GFR. Multicenter AIDS Cohort Study annual
meeting, Rockville, MD, May 5, 2010.

Bioavailability of sulforaphane from two forms of broccoli sprout beverages:
results of a short-term, cross-over clinical trial in Qidong, People’s Republic of
China. Statistics in Epidemiology Research Meeting, Baltimore, MD, August 10,
2010.

Uncovering the utility of the point at 240 minutes in a 3-point iohexol GFR
protocol. CKiD Steering Committee Meeting, Baltimore, MD, January 14, 2011.

Family socioeconomic status and disease severity in children with CKD. CKiD
Steering Committee Meeting, Baltimore, MD, January 14, 2011.

Description of CKiD 2-point protocol studies. CKiD Steering Committee
Meeting, Dallas, TX, April 14, 2011.

Measurement of kidney function and methods to characterize its decline: Results
from CKiD and MACS. Co-presented with Alvaro Mufioz, PhD and Christopher
B. Pierce, MHS. Department of Epidemiology Seminar Series, October 17, 2011.

Monitoring of CKiD 2-point protocol studies. CKiD Steering Committee Meeting,
Arlington, VA, January 23, 2012.

Bland-Altman to the “Not-so-bland” Bland-Altman: Understanding agreement
through novel refinements of the Bland-Altman in clinical use and cohort studies.

139



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

General Epidemiology and Methods Journal Club, Baltimore, MD, February 14,
2012.

“Matching methods for causal inference: a review and a look forward”;
Applications in cohort studies. General Epidemiology and Methods Journal Club,
Baltimore, MD, October 16, 2012.

The epidemiology of renal hyperfiltration in men with HIV. Statistics in
Epidemiology Research Meeting, Baltimore, MD, November 13, 2012.

The epidemiology of renal hyperfiltration in men with HIV. Department of
Epidemiology Seminar Series, Baltimore, MD, November 28, 2012.

Preliminary results of renal hyperfiltration in the MACS. Multicenter AIDS

Cohort Study semi-annual meeting: Renal Working Group, Baltimore, MD,
December 6, 2012.

Risk factors for glomerular hyperfiltration in the MACS. Statistics in
Epidemiology Research Meeting, February 12, 2013.

Renal hyperfiltration in men with HIV. Renal Disease Interest Group, Baltimore,
MD, February 13, 2013.

Propensity scores and inverse probability weighting methods in CKiD. CKiD
Steering Committee Meeting, Phoenix, AZ, April 25, 2013.

Incidence of glomerular hyperfiltration in the MACS. Multicenter AIDS Cohort
Study semi-annual meeting: Renal Working Group, Pittsburgh, PA, November 6,
2013.

Elevated eGFR and chronic glomerular hyperfiltration in the Multicenter AIDS
Cohort Study. Epidemiology and Biostatistics of Aging, Research in progress
seminar series, January 27, 2014.

Natural history of glomerular hyperfiltration. Multicenter AIDS Cohort Study
annual meeting: Renal Working Group, Bethesda, MD, May 21, 2014.

140



22. Birth history and blood pressure in CKiD: application of propensity score
matching methods. Chronic Kidney Disease in Children Observational Study
Monitoring Board (OSMB) meeting, Bethesda, MD, June 18, 2014.

141



	II.  Dissertation abstract
	III. Thesis readers and final oral examination committee
	IV. Acknowledgements
	V. Table of Contents
	1. Introduction
	1.1 HIV treatment in the era of HAART and comorbidities
	1.2 Glomerular hyperfiltration
	1.3 Metabolic, cardiovascular and renal health related to hyperfiltration in HIV-infected populations
	1.4 Measuring GFR
	1.5 Defining hyperfiltration
	1.6 Overall goals of the dissertation
	1.6.1 Specific Aim 1
	1.6.2  Specific Aim 2
	1.6.3 Specific Aim 3

	1.7 Study population and Data
	1.8 Structure and organization of dissertation
	1.9 References

	2 HIV therapy, metabolic and cardiovascular health are associated with glomerular hyperfiltration among men with and without HIV infection
	3 HIV infection and therapy are associated with higher incidence of hyperfiltration using creatinine-based CKD-EPI estimated glomerular filtration rate data in the Multicenter AIDS Cohort Study
	3.1 Abstract
	3.2 Introduction
	3.3 Methods
	3.3.1 Study population
	3.3.2 Estimating 90th percentile threshold for defining elevated eGFR
	3.3.3 Data structure and outcomes for time to event analyses
	3.3.4 Statistical analysis
	3.3.5 Incidence rates and incidence rate ratios
	3.3.6 Kaplan-Meier estimation of incidence by survival step functions
	3.3.7 Competing risks regression
	3.3.8 Sensitivity analyses

	3.4 Results
	3.4.1 Determination of elevated eGFR
	3.4.2 Baseline clinical and demographic characteristics
	3.4.3 Incidence rates
	3.4.4 Kaplan-Meier estimates with late entry
	3.4.5 Competing risks
	3.4.6 Sensitivity analyses results

	3.5 Discussion
	3.6 References

	4 Estimated GFR decline after chronic hyperfiltration among men with and without HIV in the Multicenter AIDS Cohort Study
	4.1 Abstract
	4.2 Introduction
	4.3 Methods
	4.3.1 Study population
	4.3.2 Defining elevated eGFR and chronic hyperfiltration
	4.3.3 Longitudinal assessment of eGFR and matched study design
	4.3.4 Characterizing eGFR decline by downward inflection points

	4.4 Results
	4.4.1 Estimation of 50th and 90th percentile level of eGFR based on HIV-uninfected men, by race
	4.4.2 Identification of subjects with hyperfiltration and matching for comparison group with normofiltration
	4.4.3 Characteristics of men with hyperfiltration and matched controls
	4.4.4 Effect of hyperfiltration on longitudinal GFR decline
	4.4.5 Sensitivity analysis restricting to 1:1 matching

	4.5 Discussion
	4.6 References

	5 Discussion and conclusion
	5.1 Summary of results
	5.1.1 Summary of Chapter 2: Prevalence of hyperfiltration in nested iohexol GFR substudy of the MACS
	5.1.2 Summary of Chapter 3: Incidence of chronic hyperfiltration and risk associated with HIV infection in the MACS during the era of HAART using estimated GFR
	5.1.3 Summary of Chapter 4: GFR decline after hyperfiltration

	5.2 Strengths
	5.2.1 Quality of data and two important instruments for measuring GFR
	5.2.2 Application of biostatistical methods
	5.2.3 Describing age-related decline in renal function

	5.3 Limitations and future directions
	5.3.1 Establishing a threshold for hyperfiltration
	5.3.2 Improving equations at high levels of renal function
	5.3.3 Quantifying error associated with GFR
	5.3.4 Error associated with individual slopes
	5.3.5 Defining normal age-related decline

	5.4 Concluding remarks
	5.5 References

	6 Figures and Tables
	6.1 Figures for Chapter 1
	6.1.1 Figure 1.1. Schematic of blood flow and filtration mechanisms in a nephron.
	6.1.2 Figure 1.2 Conceptual framework of time course of GFR and albumin excretion rate (AER, mg/24 hrs) based on the theory of hyperfiltration proposed by Brenner et al. (1996).

	6.3 Figures and Tables for Chapter 3
	6.3.1 Figure 3.1. Estimated 90th percentiles based on quantile regression models, stratified by race (non-black and black).
	6.3.2 Figure 3.2. Diagram of subject flow for study selection of study population.
	6.3.3 Figures 3.3a and 3.3b. Kaplan-Meier incidence of chronic hyperfiltration by race and infection status using age (after 30 years) as the time scale.
	6.3.4 Figure 3.4. Subhazard ratios of the effect of HIV infection on hyperfiltration, by non-black race and black race.
	6.3.5 Figures 3.5a-3.5c. Sensitivity analyses presenting Kaplan-Meier survival step functions based on different thresholds to define hyperfiltration, stratified by race.
	6.3.6 Table 3.1. Clinical characteristics and descriptive statistics of subjects at study entry, by race and HIV infection status.
	6.3.7 Table 3.2.  Descriptive statistics of indicators of HIV-disease severity and antiretroviral therapy at baseline and study exit, by race.
	6.3.8 Table 3.3a. Incidence rates per 100 person years and incidence rate ratios comparing HIV-infected non-black men with HIV-uninfected non-black men (reference).
	6.3.9 Table 3.3b. Incidence rates per 100 person years and incidence rate ratios comparing HIV-infected black men with HIV-uninfected black men (reference).
	6.3.10 Table 3.4. Sensitivity analyses based on different thresholds to define elevated eGFR describing number of events, cumulative incidence rate and subhazard ratios from competing risks proportional hazards models.

	6.4 Figures and Tables for Chapter 4
	6.4.1 Figure 4.1. Graphical depiction of method to define individual slope in the presence of a downward inflection point (Figure 4.1a) and in the absence of a downward inflection point (Figure 4.1b).
	6.4.2 Figure 4.2. Estimation of 50th and 90th percentiles of eGFR among HIV-uninfected men, stratified by race.
	6.4.3 Figure 4.3. Distributions of changes in eGFR based on identified IP or single slope models, by HIV-infection and filtration status.
	6.4.4 Figure 4.4. Distributions of changes in eGFR based on identified IP or single slope models, by HIV-infection and filtration status based on a one-to-one matching design as a sensitivity analysis.
	6.4.5 Table 4.1. Descriptive statistics of demographic, clinical and longitudinal data of MACS men, stratified by HIV and filtration status, based on matching study design. Median [IQR] and % (n).
	6.4.6 Table 4.2. HIV- and therapy related characteristics among HIV-infected subjects with normofiltration and hyperfiltration.
	6.4.7 Table 4.3. Unadjusted and adjusted mean GFR change (ml/min|1.73m2 per year) by HIV-infection and filtration status from linear regression using subject-specific slopes as the outcome.
	6.4.8 Table 4.4. Unadjusted and adjusted mean GFR change (ml/min|1.73m2 per year) by HIV-infection and filtration status from linear regression using subject-specific slopes as the outcome based on a one-to-one matched design as a sensitivity analysis.


	7 Appendix. Publisher permission to reproduce published article for dissertation.
	8 CURRICULUM VITAE

