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Abstract

Background—Serum albumin concentrations are a strong predictor of mortality and

cardiovascular disease in HIV-infected individuals. We studied the longitudinal associations

between serum albumin levels and kidney function decline in a population of HIV-infected

women.

Study Design—Retrospective cohort analysis.

Setting & Participants—The study participants were recruited from the Women’s Interagency

HIV Study (WIHS), a large observational study designed to understand risk factors for the

progression of HIV infection in women living in urban communities. 908 participants had baseline

assessment of kidney function and two follow-up measures over an average of 8 years.

Predictor—The primary predictor was serum albumin concentration.

Outcomes—We examined annual change in kidney function. Secondary outcomes included

rapid kidney function decline and incident reduced estimated glomerular filtration rate (eGFR).

Measurements—Kidney function decline was determined by cystatin C–based (eGFRcys) and

creatinine-based eGFR (eGFRcr) at baseline and follow up. Each model was adjusted for kidney

disease and HIV-related risk factors using linear and relative risk regression.

Results—After multivariate adjustment, each 0.5-g/dL decrement in baseline serum albumin

concentration was associated with a 0.56-mL/min faster annual decline in eGFRcys (P<0.001),

which was only slightly attenuated to 0.55-mL/min/1.73 m2 after adjustment for albuminuria.

Results were similar whether using eGFRcys or eGFRcr. In adjusted analyses, each 0.5-g/dL

lower baseline serum albumin was associated with a 1.71-fold greater risk of rapid kidney function

decline (p<0.001) and a 1.72-fold greater risk of incident reduced eGFR (p<0.001).

Limitations—The cohort is composed of only female participants from urban communities

within the United States.

Conclusions—Lower levels of serum albumin were strongly associated with kidney function

decline and incident reduced eGFR in HIV-infected women, independent of HIV disease status,

BMI and albuminuria.

Keywords

albumin; kidney function; HIV; incident reduced eGFR; albuminuria; disease trajectory; chronic
kidney disease (CKD) progression

Advances over the past 20 years in the treatment of HIV infection have led to increased life

expectancy; yet adjusted mortality rates remain significantly elevated when compared to

non-infected individuals 1. Chronic kidney disease (CKD) is one of the most important

morbidities in this population, accounting for 17% of mortality risk 234.
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Risk factors for the onset of CKD and progression to end-stage renal disease (ESRD) in the

setting of HIV appear to be both infection-related (CD4 lymphocyte count, HIV viral load,

hepatitis C virus [HCV] co-infection) and non–infection related (hypertension, diabetes,

cardiovascular disease) 4. Serum albumin is a widely available, routine clinical test and

serves as a marker of acute and chronic disease 567. Decreased serum albumin has been

strongly associated with mortality and cardiovascular disease in HIV-infected

populations 8910. A previous study in an elderly population demonstrated that decreased

albumin concentrations were more strongly associated with declining kidney function than

several inflammatory markers, including C-reactive protein (CRP), interleukin 6 and D-

dimer 11. However, to our knowledge, no study has examined the associations of serum

albumin concentrations with kidney function decline in the setting of HIV infection.

We hypothesized that lower concentrations of serum albumin would be associated with

faster decline in kidney function in HIV-infected individuals, independent of markers of

HIV viral load, albuminuria, and inflammation. To investigate this hypothesis, we conducted

a longitudinal study nested within a nationally representative cohort of ethnically diverse,

HIV-infected women.

METHODS

Study Population

We included 908 HIV-infected women participating in the Women’s Interagency HIV Study

(WIHS), a large observational study designed to understand risk factors for the progression

of HIV infection in women. The WIHS design and methods have been described

previously 12. Women were recruited from 6 US urban communities (Bronx, Brooklyn,

Chicago, Los Angeles, San Francisco, and Washington, DC) to be representative of the

HIV-infected population. Participants are interviewed and examined every six months.

Serum specimens are stored at −80°C until biomarker measurement.

The WIHS HIV Kidney Aging study was designed to investigate the onset of kidney disease

in the setting of HIV, utilizing stored urine and serum specimens. The baseline visit for this

ancillary study was conducted from October 1999 through March 2000. Follow up lasted an

average of eight (interquartile range, 7.5–8.1) years. One thousand HIV-infected and 250

uninfected women were included. Of these women 450 were sampled from the WIHS bone

sub-study and 800 were selected at random including age-/race-matched uninfected controls.

There were no exclusions based on race or ethnicity. For this study 908 HIV-infected

women who had stored urine available and at least one follow up visit were included. The

WIHS was approved by the institutional review boards at all study sites. The WIHS HIV

Kidney Aging study was also approved by the University of California, San Francisco, San

Francisco Veterans Affairs Medical Center, and Yale committees on human research.

Predictors

The primary predictor in this study was the serum albumin concentration. Albumin

measurements were conducted at each clinical site using albumin assays from CLIA-

certified labs. We evaluated serum albumin as a continuous variable and dichotomized at 3.8
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g/dL. The cut-point of 3.8 g/dL was chosen because it represented the lowest quartile of

serum albumin concentrations in the study population. Serum albumin concentrations were

measured at six-month intervals as part of the WIHS Core examination. We evaluated

baseline serum albumin concentrations as well as changes in albumin, calculated from the

baseline visit of the study to the last follow up visit. Additional analyses included measures

of the average albumin concentration over the entire study.

Secondary predictors included baseline cystatin C–based estimated glomerular filtration rate

(eGFRcys), urine albumin-creatinine ratio (ACR), CD4 count, and HIV RNA. Baseline

eGFRcys was calculated as a continuous and dichotomous (< or ≥ 60 mL/min/1.73 m2)

predictor. Similarly, ACR was modeled as a continuous and dichotomous (< or ≥ 30 mg/g)

predictor. The HIV RNA was log-transformed for analysis and was also dichotomized (< or

≥1000 copies/mL, < or ≥10,000 copies/mL). The CD4 cell count was also log-transformed

and discretized (<200, 200–350, 350–500, >500 cells/mm3).

Outcomes

Estimated glomerular filtration rate was determined using the 2012 CKD-EPI (CKD

Epidemiology Collaboration) cystatin C equation (eGFRcys). Cystatin C was measured at

the baseline visit, and year four and eight of follow-up. Cystatin C was chosen because it is

less biased by muscle mass and health status than creatinine and thus may be more reliable

in the setting of HIV infection; it has also been shown to predict mortality better than

creatinine in the setting of HIV 2,13. Additional analyses evaluated GFR using the CKD-EPI

creatinine equation (eGFRcr) and a combined creatinine–cystatin C equation. We analyzed

eGFR as a continuous outcome, expressed as annual change in eGFR in mL/min/1.73 m2

over the eight years of follow up. Secondary outcomes included the following: rapid kidney

function decline, defined as a decrease in kidney function of greater than 5% per year, using

baseline and final eGFRcys; and incident reduced eGFR, defined as a final eGFR less than

60 mL/min/1.73 m2.

Covariates

Candidate covariates included demographic characteristics, traditional risk factors for

kidney disease, markers of inflammation, and HIV-related risk factors. The following

characteristics were tested as candidate covariates in all multivariate models: age, race/

ethnicity, antihypertensive drug use, baseline eGFR, diabetes (defined by any of the

following confirmed criteria: fasting glucose ≥126 mg/dL, self-reported diabetes, self-

reported diabetes medication use, or hemoglobin A1C ≥6.5%), cigarette smoking status

(current, former, never), systolic and diastolic blood pressure, low-density lipoprotein and

high-density lipoprotein cholesterol, triglycerides, body mass index (BMI), urine albumin-

creatinine ratio (albuminuria), waist circumference, HCV infection (confirmed by detectable

HCV RNA following a positive HCV antibody result), and current heroin use. The HIV-

related risk factors included CD4 lymphocyte count, history of AIDS diagnosis, HIV viral

load, and anti-retroviral therapy. We modeled anti-retroviral therapy use based on end of

study treatment status (never, past, current, or new user of antiretroviral therapy). The anti-

retroviral therapies included current combination antiretroviral therapy (cART) use, current

nucleoside reverse transcriptase inhibitor use, current non-nucleoside reverse transcriptase
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inhibitor use, and current protease inhibitor use. Additionally, all models were adjusted for

study site in order to account for the possibility of differences in laboratory assays at each

location.

Statistical Analyses

We compared clinical characteristics of dichotomized, baseline serum albumin

concentrations using the Kruskal-Wallis test for continuous variables and Fisher’s exact test

for categorical variables. We evaluated unadjusted and adjusted associations of serum

albumin with the continuous outcome of annual mean eGFRcys change by using linear

mixed models with random intercepts and slopes to account for repeated measures for each

participant. We used Huber-White standard errors which are designed to be robust to non-

normally distributed residuals. We estimated the incidence rate ratio for binary outcomes

(rapid kidney function decline and incident reduced eGFR) using relative risk regression. A

Poisson working model was employed, using a robust variance estimator, which has fewer

convergence problems than the log binomial model, and gives an unbiased estimate of the

relative risk when the response variable is binary rather than Poisson 14. We performed

additional analyses testing interactions of albumin with ACR and viral load. Lastly, figures

were created to examine whether these relationships were additive or multiplicative.

Interaction tests and figures were included to verify that the association of serum albumin

with kidney function decline was not conditional on the presence or absence of albuminuria

or the patient’s level of HIV viral load control.

We initially used stepwise backward selection with a significance level of α=0.05 to remove

candidate covariates that were not associated with linear kidney function decline. Factors

forced into the full model included age, race/ethnicity, systolic and diastolic blood pressure,

BMI, antiretroviral therapy use, HCV infection, and study site. The final model for each

outcome included age, race/ethnicity, systolic and diastolic blood pressure, BMI, baseline

eGFR, log HIV RNA, CD4 count, antiretroviral therapy use, and study site.

All analyses were conducted using the SAS system, version 9.2 (SAS Institute Inc., Cary,

North Carolina).

RESULTS

At baseline, median age was 41 years and 58% of participants were African American. The

median follow up time was 7.9 (interquartile range, 7.5–8.1) years, and the median eGFRcys

was 89 mL/min/1.73 m2. Individuals with lower serum albumin concentrations (<3.8 g/dL)

were more likely to be African American, current smokers, hypertensive, and have lower

eGFRcys as well as lower low-density lipoprotein and high-density lipoprotein cholesterol

levels compared with participants with higher serum albumin (Table 1). Comparisons

among WIHS participants who are included and excluded from this study are shown in

Table S1 (provided as online supplementary material). Lower serum albumin concentrations

were also associated with worse HIV disease status (as indicated by lower CD4 counts and

higher HIV viral loads), less antiretroviral use, and a higher prevalence of HCV co-

infection. Rates of incident reduced eGFR and rapid kidney function decline were higher for

low serum albumin concentration (< 3.8 g/dL) than normal levels. Similarly the annual
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change for these two groups differed by approximately 0.6 mL/min. The overall annual

change in eGFR for the entire cohort was −1.54 mL/min/1.73 m2 per year (95% confidence

interval [CI], −1.74 to −1.34).

As a linear variable, serum albumin concentrations were strongly associated with declining

kidney function (Table 2). The finding was minimally attenuated by albuminuria. Baseline

urine ACR was also associated with declining kidney function. Furthermore, there was no

significant interaction of serum albumin concentration with HIV RNA levels or ACR (p=0.2

and p=0.08, respectively).

Dichotomized serum albumin concentrations (<3.8 vs ≥ 3.8 g/dL) produced similar results

as linear declines (Table 2). Results also remained equivalent using both the creatinine-

based CKD-EPI equation (Table S2) and a combined creatinine–cystatin C eGFR equation

to define the outcomes. Dichotomized ACR (≤30 vs ≥30 mg/g) also predicted declining

kidney function after adjustment for serum albumin concentration (Table 2).

Lower levels of serum albumin were associated with both rapid kidney function decline and

incident reduced eGFR (Table 3). Continuous declines in ACR were weakly associated with

both rapid kidney function decline and incident reduced eGFR; however, dichotomized

ACR levels were the strongest predictor of both rapid kidney function decline and incident

reduced eGFR.

Baseline HIV viremia was also independently associated with rapid kidney function decline

(Table 4). After multivariable adjustment excluding serum albumin, each ten-fold higher

level of the baseline HIV RNA was associated with a 56% increased risk of rapid kidney

function decline. However, when serum albumin was included as a covariate in the same

model, the effect size of HIV RNA was attenuated to 39%. In analyses of change in HIV

RNA level and average HIV RNA level, serum albumin attenuated the point estimates by a

similar proportion. We also evaluated associations of CD4 count with kidney function

decline and found a non-significant association in adjusted analyses (−0.026 [95% CI, −0.20

to 0.15] mL/min/1.73 m2 per year, per doubling of CD4 count).

Joint associations of baseline HIV RNA (<1000 vs ≥1000 copies/mL) and serum albumin

(<3.8 vs. ≥3.8 g/dL) with rapid decline were also examined (Figure 1). The prevalence of

rapid decline was highest in those who had both low albumin and high HIV RNA (26%),

intermediate in those with low albumin alone or high HIV RNA (20% and 13%,

respectively), and lowest in those with neither low albumin nor high HIV RNA (8%). We

performed a similar analysis for serum albumin concentrations (<3.8) and ACR (>30 mg/g)

(Figure 2), which demonstrated additive risk for rapid kidney function decline.

DISCUSSION

We found that serum albumin concentrations were a strong and independent risk factor for

kidney function decline in this cohort of HIV-infected women. These findings remained

robust in the analyses of serum albumin as a linear or dichotomous outcome, and using

outcomes based on eGFRcys, eGFRcr, or combined creatinine–cystatin C eGFR. For the

clinical endpoints of rapid kidney function decline and incident reduced eGFR, each 0.5-
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g/dL lower level of baseline serum albumin concentration was associated with an

approximately 60% increased risk. Furthermore, not only was serum albumin a stronger risk

factor than viral load, but it also appeared to attenuate the association of HIV viral load with

rapid kidney function decline. Serum albumin concentrations less than 3.8 g/dL had similar

strength of association with kidney function decline as urine ACR of 30 mg/g or greater.

Numerous studies have examined the associations of serum albumin with adverse events in

HIV-infected individuals 89101516. However, no previous studies, to our knowledge, have

evaluated the relationship between serum albumin and longitudinal kidney function in an

HIV-infected population, and few have studied serum albumin and kidney disease in the

general population 1117. In the Cardiovascular Health Study, each 0.4-g/dL lower level of

baseline serum albumin was associated with a 1.14 higher odds of rapid kidney function

decline. Other studies have found serum albumin to be an important risk factor for

ESRD 1819.

Despite the surprisingly strong associations in this study, the underlying mechanisms are

still unclear. As far as we know, there is not a direct physiologic link between lower

concentrations of serum albumin and kidney function decline. Serum albumin levels may be

depressed for one of several reasons, including extreme cases of poor nutrition, liver disease,

albuminuria, and both acute and chronic inflammation. It is unlikely that decreased serum

albumin concentrations reflect poor nutrition, since the only condition of malnourishment

exhibiting consistently decreased levels of serum albumin is Kwashiorkor, a rare disease in

the United States 7. Significant albuminuria can also contribute to decreased albumin, but is

unlikely to be a major cause in this population. Few participants in this study had high levels

of albuminuria, with most having normal to moderately increased albuminuria. Furthermore,

the median ACR was not much higher in those with low vs. high serum albumin. Finally, the

effects of serum albumin and albuminuria are additive with regard to change in kidney

function.

It is likely that several biological mechanisms contribute to serum albumin concentration

reflecting a state of ill health. Liver disease may explain lower levels of serum albumin,

though our analyses adjust for rates of both hepatitis B and C virus infection. One other

possible biological mechanism linking serum albumin concentration and kidney function is

systemic inflammation. A number of studies have linked inflammatory markers to kidney

disease 17,2021. Individuals infected with HIV, even those with a well-controlled viral load,

are known to exhibit elevated concentrations of various inflammatory markers 2223.

Moreover, in a study of eight inflammatory markers and serum albumin and kidney function

in an elderly population, serum albumin was the only factor associated with kidney function

decline 17. In summary, serum albumin likely reflects chronic illness through multiple

mechanisms that remain unclear.

Our study had a large sample size, with rigorously ascertained clinical data collected over

eight years in a well-characterized cohort, and repeated measurements of both cystatin C and

creatinine. Our study also had several limitations. The WIHS is comprised entirely of

women, and thus our findings may not be generalizable to men with HIV infection, women

outside of the United States, or the uninfected population. We also cannot fully explain the
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physiological basis of the relationship between serum albumin concentrations and kidney

function decline.

In summary, we found that lower levels of serum albumin were strongly associated with

kidney function decline and incident reduced eGFR in HIV-infected women, independent of

HIV disease status, and albuminuria. Lower serum albumin concentration, a ubiquitously

available laboratory test, may help clinicians plan future treatment or prevention efforts in

the setting of HIV infection. Already studies in the general population and HIV-infected

populations document serum albumin as an important covariate in determining risk for

ESRD 424, including one widely used ESRD prediction tool 25. Furthermore, laboratory

experiments and future studies examining risk factors for serum albumin concentration

declines may illuminate the biological link between HIV infection and kidney disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Association of Serum Albumin and HIV RNA with Rapid kidney function decline.

Bars denote percentage of subjects in each category with rapid kidney function decline

(determined by eGFRcys), with 95% confidence intervals. CI, confidence interval.
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FIGURE 2.
Association of Serum Albumin and Urine Albumin-creatinine ratio (ACR) with Rapid

kidney function Decline. Bars denote percentage of subjects in each category with rapid

kidney function decline (determined by eGFRcys), with 95% confidence intervals. UACR,

urine albumin to creatinine ratio; CI, confidence interval.
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Table 1

Baseline characteristics of HIV-infected WIHS participants, stratified by serum albumin

<3.8 g/dL (n = 214) ≥3.8 g/dL (n = 691) P-value

Parameter

 Baseline Age 42 (37–47) 41 (36–45) 0.02

  <30 y 12 (6%) 43 (6%)

  30–40 y 68 (32%) 280 (41%)

  40–50 y 114 (53%) 295 (43%)

  >50 y 20 (9%) 73 (11%)

 Race <0.001

  African American 143 (67%) 379 (55%)

  Caucasian 21 (10%) 153 (22%)

  Other 50 (23%) 159 (23%)

 Menopause 55 (26%) 130 (19%) 0.03

 Cigarette smoking 0.001

  Current 132 (62%) 331 (48%)

  Past 37 (17%) 186 (27%)

  Never 45 (21%) 174 (25%)

 Diabetes mellitus 20 (9%) 66 (10%) 0.9

 Systolic BP (mmHg) 120 (108–130) 118 (108–128) 0.08

 Diastolic BP (mmHg) 72 (66–80) 71 (65–80) 0.2

 Hypertension 76 (36%) 151 (22%) <0.001

 Antihypertensive use 32 (15%) 66 (10%) 0.03

 LDL cholesterol (mg/dL) 95 (74–119) 107 (82–135) <0.001

 HDL cholesterol (mg/dL) 41 (32–50) 45 (36–57) <0.001

 Trigylcerides (mg/dL) 131 (95–182) 134 (92–201) 0.6

 BMI (kg/m2) 27 (23–32) 26 (23–31) 0.5

 Waist Circumference (cm) 88 (79–101) 88 (80–99) 0.8

 Current cART use 112 (52%) 419 (61%) 0.03

 Current NRTI use 123 (57%) 480 (69%) 0.002

 Current NNRTI use 50 (23%) 194 (28%) 0.2

 Current PI use 80 (37%) 299 (43%) 0.1

 Current CD4 337 (197–517) 414 (254–587) 0.001

 Nadir CD4 200 (100–330) 214 (113–324) 0.4

 History of AIDS (CD4 or OI) 122 (57%) 322 (47%) 0.008

 Plasma HIV RNA category 0.005

  ≤80 copies/mL 48 (23%) 226 (33%)

  81–1999 copies/mL 45 (21%) 159 (23%)

  2000–9999 copies/mL 37 (17%) 109 (16%)

  ≥10,000 copies/mL 83 (39%) 192 (28%)
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<3.8 g/dL (n = 214) ≥3.8 g/dL (n = 691) P-value

 Hepatitis C Infection 89 (42%) 192 (28%) <0.001

 Current heroin use 13 (6%) 30 (4%) 0.4

 eGFRcys (mL/min/1.73 m2) 81 (68–96) 92 (77–106) <0.001

 eGFRcr (mL/min/1.73 m2) 104 (82–120) 96 (81–112) 0.01

 Urine ACR(mg/g) 11.7 (6.0–32.3) 9.7 (6.0–20.9) 0.1

Outcome

 Incident Reduced eGFR* 46/174 (26%) 101/646 (16%) 0.002

 Rapid kidney function decline^ 50/214 (23%) 73/691 (11%) <0.001

 Annual Change in eGFR (mL/min/1.73 m2) −2.01 (−2.50, −1.51) −1.41 (−1.63, −1.20) 0.005

Note: Values for categorical variables are given as number or n/N (percentage); values for continuous variables, as median [interquartile range].

Abbreviations: ACR, albumin-creatinine ratio; BMI, body mass index; BP, blood pressure; cART, combination antiretroviral therapy; eGFR,
estimated glomerular filtration rate; eGFRcr, creatinine-based estimated glomerular filtration rate; eGFRcys, cystatin C–based estimated

glomerular filtration rate; HD, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; NRTI, nucleoside reverse
transcriptase inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; Women’s Interagency HIV Study (WIHS),

*
Incident Reduced eGFR defined as eGFR< 60 mL/min/1.73 m2

^
Defined as 5% or more per year, using baseline and final eGFRcys.
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