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Abstract

Introduction—Hypoalbuminemia is a predictor of poor outcomes in dialysis patients. Among 

hemodialysis patients, there has not been prior study of whether residual kidney function or 

decline over time impacts serum albumin levels. We hypothesized that a decline in residual kidney 

function is associated with an increase in serum albumin levels among incident hemodialysis 

patients.

Methods—In a large national cohort of 38,504 patients who initiated hemodialysis during 

1/2007–12/2011, we examined the association of residual kidney function, ascertained by urine 

volume and renal urea clearance, with changes in serum albumin over five years across strata of 

baseline residual kidney function, race, and diabetes using case-mix adjusted linear mixed effects 

models.
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Findings—Serum albumin levels increased over time. At baseline, patients with greater urine 

volume had higher serum albumin levels: 3.44±0.48, 3.50±0.46, 3.57±0.44, 3.59±0.45, and 

3.65±0.46g/dL for urine volume groups of <300, 300-<600, 600-<900, 900-<1200, and ≥1200 

mL/day, respectively (Ptrend<0.001). Over time, urine volume and renal urea clearance declined 

and serum albumin levels rose, while the baseline differences in serum albumin persisted across 

groups of urinary volume. In addition, the rate of decline in residual kidney function was not 

associated with the rate of change in albumin.

Discussion—Hypoalbuminemia in hemodialysis patients is associated with lower residual 

kidney function. Among incident hemodialysis patients, there is a gradual rise in serum albumin 

that is independent of the rate of decline in residual kidney function, suggesting that preservation 

of residual kidney function does not have deleterious impact on serum albumin.

Keywords

Residual kidney function; hypoalbuminemia; urine volume; hemodialysis

Introduction

Protein-energy wasting and inflammation are common conditions in patients with chronic 

kidney disease, and due to their frequent coexistence are also referred to as the malnutrition-

inflammation cachexia syndrome (MICS).1–3 In maintenance dialysis patients, the MICS 

and its markers such as hypoalbuminemia are strong predictors of adverse events including 

lower health-related quality of life, higher hospitalization and death risk. 4–7 However, 

serum albumin levels are also affected by protein loss into the urine, especially since many 

patients with chronic kidney disease also have significant degrees of albuminuria. A few 

studies have demonstrated that serum albumin levels tend to rise in the months immediately 

following hemodialysis initiation.8–10 However, it is unknown if this rise in albumin is 

attributed to improved nutritional status after dialysis initiation or due to loss of residual 

kidney function over time upon transition to dialysis therapy. Whereas preservation of 

residual kidney function may be associated with better outcomes,11–15 its impact upon 

serum albumin levels remains unclear.

We therefore investigated the trajectory of serum albumin levels over five years after 

initiation of hemodialysis therapy across different levels of residual kidney function, and 

hypothesized that a decline in residual kidney function is associated with an increase in 

serum albumin levels.

Methods

Patients

We retrospectively analyzed clinical data from all incident in-center hemodialysis patients 

aged 18 years or older who were treated in facilities operated by a large dialysis organization 

in the US from January 1, 2007 to December 31, 2011.16 During this time period, there were 

208,820 patients who initiated dialysis treatment. Patient follow up time was divided into 20 

consecutive patient-quarters (PQ; 91-day periods from date of first dialysis). Patients treated 

for at least 60 consecutive days were considered to be on maintenance dialysis therapy. We 
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excluded patients who were ever treated with peritoneal dialysis, home hemodialysis, 

nocturnal hemodialysis, less-frequent hemodialysis, and frequent hemodialysis, and 

identified 133,148 incident dialysis patients who were treated only with conventional 

hemodialysis. Patients were also excluded if data on serum albumin and urine volume at 

baseline (i.e., the first quarter) were missing (n=23,068 and 71,576, respectively), resulting 

in a final cohort of 38,504 patients (urine volume analysis, Appendix-Figure S1). In these 

patients, renal urea clearance (KRU) analysis was conducted among 35,961 patients who 

had KRU data. Differences in baseline characteristics among included versus excluded 

patients are shown in Appendix-Table S1. The study was approved by the Institutional 

Review Committees of the University of California, Irvine and Los Angeles Biomedical 

Research Institute at Harbor-UCLA. Given the large sample size, anonymity of the patients 

studied, and nonintrusive nature of the research, the requirement for written consent was 

exempted.

Demographic, clinical measures and laboratory measures

Information on race/ethnicity, cause of end-stage renal disease, primary insurance, access 

type and presence of comorbidities at baseline were obtained from the large dialysis 

organization’s database. Most laboratory values were measured monthly, including serum 

albumin, creatinine, hemoglobin, peripheral white blood cell count, lymphocyte percentage, 

total iron binding capacity (TIBC), calcium, phosphorus, bicarbonate and alkaline 

phosphatase. Serum intact parathyroid hormone (PTH) and ferritin levels were usually 

measured at least once during each patient quarter. Most blood samples were collected 

before dialysis. The normalized protein catabolic rate (nPCR) was measured monthly as an 

indicator of daily protein intake. Dialysis dose was estimated by single pool Kt/V (spKt/V) 

using the urea kinetic model. The average serum urea concentration during the collection 

were assumed to be 90% of the pre-dialysis concentration according to the Daugirdas 

approach and thus renal urea clearance (KRU) were calculated as follows.17

KRU was adjusted for body surface area and expressed as mL/min/1.73m2.18, 19 To 

minimize measurement variability, all repeated measures for each patient during any given 

patient-quarter (91-day interval) were averaged and summary estimates were used in all 

analyses. Concerning residual kidney function, patients were categorized into five groups 

according to baseline urine volume (<300, 300-<600, 600-<900, 900-<1200, ≥1200 mL/day) 

and six groups according to baseline KRU (<1, 1-<2, 2-<3, 3<4, 4<6, ≥6 mL/min/1.73m2).

Statistical analysis

Baseline characteristics across urine volume strata were summarized as proportions, means 

(±standard deviation, SD) or medians (interquartile range, IQR). Test for trend analyses 

were used to quantify the relationship of baseline characteristics across urine volume groups. 

Changes in mean serum albumin, urine volume and KRU over time (up to a total of 20 

patient-quarters (PQ1-PQ20)) were summarized and examined in linear mixed effect models 
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with case-mix adjustment. Effect modification of serum albumin trajectories by baseline 

urine volume strata, race, and diabetes status were examined by creation of interaction terms 

(effect modifier variable-x-patient quarter follow up) and comparing model fit with and 

without interaction terms by Wald test. In order to examine associations between change in 

residual kidney function (urine volume and KRU) with change in serum albumin levels from 

the first to the fifth patient-quarter (i.e. one-year interval), we created scatter plots with 

accompanied Pearson correlation estimates and conducted case-mix adjusted linear 

regression models using serum albumin as the dependent variable and urine volume or KRU 

as the independent variable. Case-mix variables included age, sex, race/ethnicity, diabetes, 

primary insurance, vascular access type, spKt/V and 9 preexisting comorbidities 

(hypertension, atherosclerotic heart disease, congestive heart failure, cerebrovascular 

disease, other cardiovascular disease, history of cancer, human immunodeficiency virus, 

chronic obstructive pulmonary disease and dyslipidemia). Factors related to nutrition, 

infections and inflammatory status may be in the causal pathway in the relationship between 

residual kidney function and change in albumin, and were therefore not used as covariates in 

this analysis. All analyses were carried out using STATA MP Version 13.1 (StataCorp, 

College Station, TX).

Results

Baseline demographic and laboratory characteristics according to baseline urine volume 
category

In the analytical cohort of 38,504 incident hemodialysis patients, the mean±SD age was 

62±15 years among whom 38% were female, 54% were non-Hispanic white, 28% were 

African-American, and 46% had diabetic nephropathy as the cause of end-stage renal 

disease (Table 1). There was a significant trend towards higher serum albumin across urine 

volume strata (Ptrend <0.001); 3.44±0.48g/dL, 3.50±0.46g/dL, 3.57±0.44g/dL, 

3.59±0.45g/dL, and 3.65±0.46g/dL for <300, 300-<600, 600-<900, 900-<1200, and ≥1200 

mL/day, respectively. Patients with lower baseline urine volume were more likely to be 

elderly, female, African-American; had a lower prevalence of diabetes; had higher 

prevalence of hypertension, congestive heart failure and cerebrovascular disease; were more 

likely to use a central venous catheter; had higher serum calcium, alkaline phosphatase, 

serum ferritin and bicarbonate levels; and had lower spKt/V, pre-dialysis systolic blood 

pressure, pre-dialysis diastolic blood pressure, body mass index, nPCR, lymphocyte 

percentage, hemoglobin, serum albumin, serum phosphorus, intact PTH, and TIBC levels.

Serum albumin levels sharply increased over the first six patient quarters (i.e., 18 months) 

after initiating dialysis and then appeared to plateau (Figure 1). This trend was also observed 

among 71,576 patients who were excluded for missing baseline urine volume data and 

44,064 patients who survived the first two years of dialysis treatment (Appendix-Figure S2). 

Conversely, urine volume and KRU showed a sustained decrease over time.

Trajectories of urine volume and serum albumin according to baseline urine volume strata

Across baseline urine volume strata, trajectories of urine volume were significantly different 

(PWald<0.001, Figure 2), while trajectories of serum albumin levels were similar 
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(PWald=0.10). When compared to the middle baseline urine volume group (600 to <900 mL/

day), relative changes in urine volume from baseline to PQ2 were −448 (95%CI, −476 to 

−421) mL/day, −166 (95%CI, −198 to −134) mL/day, +99 (95%CI, 70 to 129) mL/day, and 

+239 (95%CI, 206 to 272) mL/day in the urine volume groups of ≥1200 mL/day, 900-<1200 

mL/day, 300-<600 mL/day, and <300 mL/day, respectively. The subsequent decrease in 

urine volume after PQ2 was also faster in the higher urine volume group (Ptrend<0.001). 

Patients with higher urinary volume not only had higher baseline serum albumin levels, but 

also maintained a higher serum albumin level over the follow up period (Figure 2(B)). The 

differences of baseline serum albumin according to urine volume strata persisted over the 14 

patient quarters. This result is consistent among patients who survived more than 2 years 

(n=15,422) (Appendix-Figure S3). Across baseline KRU strata, serum albumin levels of all 

KRU groups increased in a similar fashion as among urine volume strata (Appendix-Figure 

S4). Patients with the lowest KRU levels had the lowest serum albumin levels over 12 

patient quarters (i.e., 3 years). However, serum albumin levels in patients within other strata 

with KRU≥1 mL/min/1.73m2 exhibited no noticeable differences at baseline or over time. 

The association between annual change in urine volume and annual change in serum 

albumin level from dialysis start was statistically significant but clinically irrelevant 

(correlation r= −0.031, p=0.02, case-mix adjusted β= −0.0016 mg/dL per 100mL of urine 

volume, p=0.04, Figure 3(A)). Similarly, the association between annual change in KRU and 

annual change in serum albumin was also statistically significant but clinically irrelevant 

(correlation r= −0.038, p=0.003, case-mix adjusted β= −0.0064mg/dL per 1 mL/min/1.73m2 

of KRU, p=0.002, Figure 3(B)).

Trajectories of urine volume and serum albumin according to race and ethnicity

Trajectories of both urine volume and serum albumin levels differed by race (PWald <0.001 

for both, Figure 4). Mean serum albumin levels at baseline were 3.57±0.45 g/dL, 3.56±0.48 

g/dL, and 3.55±0.48g/dL in non-Hispanic white, African-American, and Hispanic patients, 

respectively. Compared to non-Hispanic white patients, urine volume declined faster in 

Hispanics by 77 (95%CI, 43–111) mL/day, 88 (95%CI, 51–126) mL/day, 96 (95%CI, 44–

148) mL/day, and 139 (95%CI, −3–281) mL/day from baseline to PQ2, PQ4, PQ8, and 

PQ16, respectively. Compared to non-Hispanic white patients, Hispanics experienced 0.08 

(95%CI, 0.07–0.09) g/dL, 0.14 (95%CI, 0.12–0.15) g/dL, 0.16 (95%CI, 0.14–0.17) g/dL, 

and 0.18 (95%CI, 0.15–0.21) g/dL greater rises in serum albumin from baseline to PQ2, 

PQ4, PQ8, and PQ16, respectively. Similarly, compared to non-Hispanic white patients, 

urine volume declined faster in African-Americans by 30 (95%CI, 2–57) mL/day at PQ2, 

however there were no significant differences in the decline of urine volume at PQ4, PQ8, 

and PQ16, respectively. Compared to non-Hispanic white patients, African-Americans 

experienced 0.05 (95%CI, 0.04–0.05) g/dL, 0.08 (95%CI, 0.07–0.08) g/dL, 0.09 (95%CI, 

0.08–0.11) g/dL, and 0.12 (95%CI, 0.10–0.14) g/dL greater rises in serum albumin from 

baseline to PQ2, PQ4, PQ8, and PQ16, respectively.

Trajectories of urine volume and serum albumin according to the causes of end-stage 
renal diseases

Trajectories of urine volume and serum albumin also differed across the causes of end-stage 

renal diseases: diabetic nephropathy (n=17,751), hypertensive nephrosclerosis (n=10,943), 
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and glomerulonephritis (n=3,887) (PWald<0.001, Figure 5). Diabetic nephropathy patients 

had higher urine volume at baseline compared to the other groups, but the decline in urine 

volume over time among diabetic nephropathy patients was more rapid than that of other 

patients. The decline in urine volume in diabetic nephropathy patients, compared to 

hypertensive nephrosclerosis patients, was significantly greater by 48 (95%CI, 22–73) mL/

day, 79 (95%CI, 52–106) mL/day, and 121 (95%CI, 83–158) mL/day at PQ2, PQ4, and 

PQ8, respectively. In contrast, patients with diabetic nephropathy and glomerulonephritis 

had lower serum albumin levels at baseline compared to those with hypertensive 

nephrosclerosis (3.50±0.44 mg/dL and 3.51±0.56 mg/dL vs. 3.65±0.44 mg/dL), but this 

difference in serum albumin level between glomerulonephritis and hypertensive 

nephrosclerosis was attenuated over time. However, patients with diabetic nephropathy had 

the lowest serum albumin levels over time among these three groups.

Discussion

In a longitudinal cohort of 38,504 incident hemodialysis patients who were followed for up 

to 5 years, we found that serum albumin levels rose over the first 6 patient quarters (18 

months) after hemodialysis initiation. Patients with higher urine volume had higher baseline 

serum albumin levels and maintained higher serum albumin levels during follow up. 

Hispanic and diabetic patients showed a greater increase in serum albumin levels and faster 

decline in urine volume over time on dialysis. To our knowledge, this is the first study to 

examine the relationship between urine volume and serum albumin in a large cohort of 

incident hemodialysis patients with data starting at hemodialysis initiation and for up to 5 

years of follow up.

Our finding that serum albumin levels tended to increase over time on dialysis is consistent 

with results from previous studies.8–10 Although we cannot exclude the possibility that this 

rise in serum albumin may in part be attributed to survivor bias (hypoalbuminemic patients 

are more likely to die earlier), our sensitivity analysis among 2-year survivors also showed a 

similar trend (Appendix-Figure S2). Conversely, in a study of prevalent hemodialysis 

patients by the Italian Cooperative Dialysis Study, a slight decline in serum albumin levels 

over time on dialysis was reported.20 However, the study only included 380 prevalent 

dialysis patients with only 24-months of follow up time. Suda et al. additionally reported 

that prevalent hemodialysis patients with greater residual kidney function had higher serum 

albumin levels.21 In their study, patients with residual kidney function experienced a rise in 

serum albumin over one year of follow up; while serum albumin levels among patients 

without residual kidney function remained the same. Differences in study population (i.e., 

incident versus prevalent hemodialysis patients) and improved standard treatments over time 

(i.e., 1990’s versus late 2000’s) may explain why results in a population who did not have 

substantial residual kidney function contrast with results found in our study.

The trajectories of serum albumin across urine volume strata and KRU strata were similar. 

However the incremental differences in baseline serum albumin and their trends over time 

were not observed across KRU strata. One potential reason could be that KRU is not a 

perfect indicator of the magnitude of albuminuria decline. Moreover, urine urea clearance 

does not account for tubular reabsorption of urea and may underestimate renal function. 
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Conversely, urine creatinine clearance includes creatinine secreted by renal tubules and 

overestimates true renal function, especially in renal failure. Averaging urea and creatinine 

clearances may counteract their respective shortcomings but may misrepresent true innate 

renal function.22

We observed a rise in serum albumin over time independent of baseline residual kidney 

function (urine volume and KRU). Additionally, the rate of decline in residual kidney 

function was not associated with rise in albumin. The relationship between change in serum 

albumin with proteinuria remains controversial. Goldwasser et al 8 reported that the mean 

rate of increase in serum albumin significantly correlated with baseline proteinuria (r=0.49) 

among 115 incident hemodialysis patients. In contrast, Mehrotra et al 10 reported that the 

slope of change in serum albumin level was not associated with baseline 24-hour urine 

protein excretion among 62 incident hemodialysis patients. However, previous studies have 

demonstrated a rapid increase in dietary protein intake 10 and composite nutritional score 

including serum creatinine and serum phosphorus 23 after hemodialysis initiation. Our 

results also suggest that the rise in serum albumin may be mainly attributed to improvement 

in nutritional status due to hemodialysis initiation, and not to decline in urine volume or 

residual kidney function.

Several common mechanisms related to nutrition and protein metabolism may explain the 

positive association between residual kidney function and serum albumin levels and 

observed increases in serum albumin levels seen after dialysis initiation. In patients with 

advanced chronic kidney disease, metabolic acidosis is a common condition, known to 

stimulate protein degradation and branched-chain amino acid catabolism and to impair 

protein synthesis.24–26 Accumulation of uremic toxins as a result of the high rate of protein 

breakdown are postulated causes of poor appetite which may result in malnutrition and 

anorexia commonly seen in this population.27, 28 Therefore, attenuation of these conditions 

conferred by either residual kidney function or dialysis may lead to improved appetite, 

increased protein synthesis, reduced protein degradation, and subsequently higher albumin 

levels. Indeed, uremic patients with anorexia have been shown to regain appetite soon after 

dialysis initiation,29 and a previous study has also showed a link between residual kidney 

function and preserved appetite.30 This link may also be explained by better efficiency in 

solute clearance offered by residual kidney function due to its continuous nature, as 

compared to the intermittent dialysis treatment. Higher efficiency in solute clearance would 

lead to a greater reductions in inflammation, improvement in overall health status, and 

thereby improve patients’ appetites.21, 31, 32 In patients with some preserved renal function, 

the kidneys may still produce arginine and release it into the blood, with subsequent 

transport to skeletal muscle and increased protein synthesis.33 Improved nutritional status 

(higher albumin levels) seen in hemodialysis patients with higher residual kidney function 

may also serve to explain the better survival observed in these patients.11–15

In our study, African-American and Hispanic patients had both lower serum albumin levels 

and lower urine volume at dialysis initiation, compared to non-Hispanic whites. This finding 

in African-American patients is consistent with results from a prior study,34 which also 

showed that African-American patients tended to initiate dialysis later than white end-stage 

renal disease patients. A later dialysis start may explain why African-American 
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hemodialysis patients have lower urine volume at dialysis initiation. Moreover, worse pre-

dialysis access to health care and higher proteinuria during pre-dialysis kidney disease 35 

may explain why African-Americans have lower levels of serum albumin at dialysis 

initiation. Conversely, Noori, et al 36 showed that Hispanics had approximately 0.1 g/dL 

higher serum albumin levels compared to both African American and non-Hispanic white 

hemodialysis patients. However, their study included prevalent hemodialysis patients (i.e., 

average vintage 28 months). In our study, Hispanic patients had initiated dialysis at lower 

levels of serum albumin, but due to more rapid rise of albumin levels over time on dialysis, 

Hispanic patients had notably higher levels of serum albumin compared to African-

Americans and non-Hispanic whites after 1 year of treatment. In our study, rapid rises in 

serum albumin level observed for both Hispanic and African-American patients, compared 

to non-Hispanic whites was accompanied by a faster decline of urine volume over time on 

hemodialysis. These steeper changes in renal function may be a continuation of faster 

declines in urine volume observed in the pre-dialysis period.35

At baseline, patients with diabetic nephropathy had greater urine volume (or residual kidney 

function) than others, but also experienced faster decline in urine volume than other patients. 

Hypertensive nephrosclerosis patients had slower decline of urine volume. These findings 

correspond to the clinical course of chronic kidney diseases. Patients with diabetic 

nephropathy and glomerulonephritis had lower baseline serum albumin levels than those 

with hypertensive nephrosclerosis, which may due to a greater amount of proteinuria in 

diabetic nephropathy37 and glomerulonephritis patients. Nephrotic range proteinuria leads to 

hypoalbuminemia and is a strong risk factor for rapid decline in renal function in diabetic 

patients in the pre-dialysis period.38 Among hemodialysis patients, diabetes is reported to be 

a significant risk factor for low serum albumin (<3.8g/dL).39 It should be noted that patients 

with diabetic nephropathy had the lowest serum albumin levels over time. In diabetic 

patients, lower serum albumin levels observed at dialysis initiation may be due to both 

greater losses of albumin from higher rates of proteinuria in conjunction with higher rates of 

inflammation. At later stages of dialysis, inflammatory factors such as interleukin-6 40 may 

have important bearing on lower albumin levels seen in diabetic patients.

Several limitations of the present study should be noted. First, data on proteinuria, 

albuminuria, and direct inflammatory markers such as C-reactive protein and tumor necrosis 

factor-α were not available. Second, information about urine volume was not available for 

all patients and therefore results may not be representative of the entire cohort as shown in 

Appendix-Table S1 and may be subject to selection biases. However, analyses of serum 

albumin trajectories in both included and excluded patients were consistent. Third, linear 

mixed models did not account for patient censoring (kidney transplantation, transfer to a 

non-affiliated dialysis center, and death) and therefore patient numbers at later times of 

follow up may be lower and bias results. Nonetheless, changes in serum albumin levels were 

consistent with study findings in a subpopulation of 44,064 patients who survived the first 2 

years of dialysis treatment (Appendix-Figure S2). Fourth, information on nutritional 

supplementation during the study period was not available. In two retrospective cohort 

studies among prevalent hemodialysis patients, oral intradialytic nutritional supplement use 

was associated with reduced mortality.41, 42 It is likely that patients with hypoalbuminemia 

used nutritional supplements, which might have influenced serum albumin trajectories. 
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Lastly, in our analyses, information on insurance type served as a proxy for socio-economic 

status. Further details on patient socio-economic status (including change in access to health 

care from pre to post-dialysis initiation) were not available. Changes in patient access to care 

may impact health status and trajectories in serum albumin.

In conclusion, our study shows that a consistent rise in serum albumin occurs after transition 

to dialysis therapy which may not be fully explained by a gradual loss of residual kidney 

function. However, greater residual kidney function at baseline was associated with 

sustained higher serum albumin levels over time on hemodialysis. Further studies are 

required to examine how preserved residual kidney function contributes to better survival in 

hemodialysis patients, and whether strategies to preserve residual kidney function ultimately 

result in better clinical outcomes in hemodialysis patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Mean serum albumin level, mean urine volume and mean renal urea clearance (KRU) 
per patient quarter in 38,504 incident hemodialysis patients
Abbreviations: KRU, renal urea clearance.
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Figure 2. Case-mix adjusted (A) mean urine volume and (B) mean serum albumin level per 
patient quarter over 5 years in 38,504 patients stratified by baseline urine volume groups
Abbreviations: UV, urine volume.

*The results of the number of patients in either group <50 were not shown.
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Figure 3. Correlation of change in serum albumin levels (PQ5-PQ1) with (A) change in urine 
volume (PQ5-PQ1), (B) change in KRU (PQ5-PQ1) in 6,010 patients
Abbreviations: KRU, renal urea clearance.
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Figure 4. Case-mix adjusted (A) mean urine volume and (B) mean serum albumin level per 
patient quarter over 5 years in 35,756 patients stratified by race
*The results of the number of patients in either group <50 were not shown.
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Figure 5. Case-mix adjusted (A) mean urine volume and (B) mean serum albumin level per 
patient quarter over 5 years in 32,581 patients stratified by the cause of end-stage renal diseases
*The results of the number of patients in either group <50 were not shown
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