
Observational Study Medicine®

OPEN
Impact of serum albumin
 level and variability on
short-term cardiovascular-related and all-cause
mortality in patients on maintenance hemodialysis
Chun Chen, MDa, Jing Zhang, MDb, Zemei Zhou, BSca, Jiguo Liu, BSca, Chunyin Li, BSca, Chun Liu, MDa,∗

Abstract
Studies have shown that low serum albumin (Salb) levels are associated with a high risk of mortality among patients on maintenance
hemodialysis (MHD); however, the impact of Salb variability on short-term cardiovascular mortality remains unclear. Herein, we
investigated the association between Salb levels and Salb variability on short-term all-cause and cardiovascular-related mortality in
patients on MHD.
Eligible patients on MHD at Chongqing General Hospital between June 2017 and June 2020 were recruited in this study. Patients

were grouped by Salb levels (normal Salb, ≥3.8g/dL; low Salb, 3.4–3.8g/dL; and lower Salb, 2–3.4g/dL) and Salb variability
(decreased,>5% loss; increased,>5%gain; and steady, 5% loss to 5% gain). Associations between Salb levels, Salb variability, and
all-cause and cardiovascular-related mortality were analyzed using Cox regression models. A survival analysis was performed using
the Kaplan–Meier analysis.
We enrolled a total of 181 patients on MHDwith an average age of 65years (interquartile range [IQR], 53–75years). The mean Salb

level was 3.8±0.6g/dL (IQR 2.9–4.4g/dL), and the median Salb variability was 2.6% per year (IQR, �4.1 to 6.5). Fifty-two (29%)
patients died, including 31 (17%) patients who died due to cardiovascular-related causes. Compared with the other groups, the
lower Salb group had higher all-causemortality (P< .01). Cox regression analyses revealed that lower Salb levels and decreased Salb
variability were independently associated with all-causemortality (hazard ratio [HR]=1.95, 95% confidence interval [CI] 1.103–3.452;
HR=2.245, 95% CI 1.084–4.650), whereas increased Salb variability was independently associated with cardiovascular-related
mortality (HR=2.919, 95% CI 1.178–7.234; P< .05).
Lower Salb levels were an independent predictor of all-cause mortality in patients on MHD. Increased Salb variability was strongly

associated with cardiovascular-related mortality in the same population, especially in the short-term and in patients with normal Salb
levels. Significantly elevated Salb variability should be evaluated to reduce cardiovascular-related mortality.

Abbreviations: AAC = abdominal aortic calcification, ALP = alkaline phosphatase, BMI = body mass index, CAD = coronary
artery disease, CI = confidence interval, CKD = chronic kidney disease, CRP = C-reactive protein, CV = coefficient of variation, CVD
= cardiovascular disease, ESRD = end-stage renal disease, GNRI = geriatric nutrition risk index, HD = hemodialysis, HF = heart
failure, HR = hazard ratio, i-PTH = intact parathyroid hormone, IQR = interquartile range, ISRNM = International Society for Nutrition
and kidney, MHD = maintenance hemodialysis, MICS = malnutrition-inflammation complex syndrome, PEW = protein-energy
wasting, Salb = serum albumin, SD = standard deviation, VC = vascular calcification, VSMCs = vascular smooth muscle cells.
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1. Introduction

Vascular calcification (VC) is a common phenomenon among
patients on maintenance hemodialysis (MHD)[1,2] and is
associated with an increased risk of cardiovascular disease
(CVD). VC is strongly related to all-cause mortality and increased
cardiovascular-related mortality in patients on MHD.[3] Com-
pared with traditional risk factors, such as age, sex, diabetes
mellitus, and dialysis vintage, and nontraditional risk factors,
such as abnormal levels of intact parathyroid hormone (i-PTH) in
patients with chronic kidney disease (CKD),[4,5] poor nutritional
status is strongly associated with the progression of aortic
calcification and increased mortality among patients on
MHD.[6,7] Malnutrition is prevalent in patients with uremia
because of inadequate nutrient intake, poor absorption, and
micro-inflammation.[8] There is conflicting evidence on the role of
serum albumin (Salb) as an independent predictor of mortality
among patients on MHD. Although previous studies have
demonstrated that low Salb levels are associated with a high risk
of mortality among patients receiving dialysis,[9–11] another study
also demonstrated that baseline Salb levels of >3.8g/dL are
associated with a great risk of mortality.[12]
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This study examined the effect of Salb levels on all-cause and
cardiovascular-related mortality among patients on MHD to
identify strategies for the reduction of the risk of mortality.
2. Materials and methods

2.1. Study design and population

This observational cohort study examined 210 patients with
CKDwho were managed in the HD center of Chongqing General
Hospital between June 2017 and June 2020. Patients who were
≥18years of age, on HD for ≥3months, and were in stable
clinical conditions without acute renal failure, cancers, gastroin-
testinal hemorrhage, hematological system diseases, and severe
infections were included in this study. Patients who were on HD
for <3months, had severe arthralgia, fractures, uncontrolled
hypertension (systolic blood pressure and diastolic blood
pressure >180mmHg or 110mmHg, respectively, for at least
3 measurements taken before HD), hypotension requiring
medication, uncontrolled cardiac arrhythmia, hemodynamic
instability, surgery, or cardiovascular events or infection within
1month, primary parathyroid, autoimmune, or liver diseases,
malignancy, severe malnutrition, and Salb levels �2g/dL, those
receiving peritoneal dialysis, or who underwent renal transplan-
tation were excluded. Patients in whom abdominal aortic
calcification (AAC) could not be clearly diagnosed from
abdominal radiographs because of constipation and intestinal
gas were also excluded.
All patients underwent 4hours of MHD 3 times weekly. The

MHD protocol utilized a dialysate containing the same solute,
with dialysate and blood flow rates of 500mL/min and 200 to
300mL/min, respectively.
This study was conducted in accordance with the tenets of the

Declaration of Helsinki and was approved by the Ethics
Committee of the Chongqing General Hospital of the University
of Chinese Academy of Sciences. Informed consent was obtained
from all participants.
2.2. Data collection

Demographic and clinical data were retrieved from electronic
hospital medical records. Data included age, sex, dialysis vintage,
normalized dialysis dose (Kt/V), bodymass index (BMI), geriatric
nutritional risk index (GNRI) scores, C-reactive protein (CRP), i-
PTH, hemoglobin, serum phosphate, serum calcium, alkaline
phosphatase (ALP), triglyceride, and total cholesterol levels, AAC
scores, CKD etiology, pre-dialysis blood pressure, CVD
complications, smoking history, and medications. Laboratory
tests were conducted using standardized clinical laboratory
methods.
When the Salb level was <4g/dL, it was corrected using the

following formula: corrected calcium= total calcium + 0.8� (4 –

Salb). The Kt/V was calculated using the following formula: Kt/
V=�ln (Ct/ Co � 0.008� t) + (4 – 3.5�Ct/Co)�DBW/BW. Ct/
Co, t, and BW corresponded to the ratio of post-dialysis to pre-
dialysis serum urea nitrogen, dialysis time, and post-dialysis body
weight in kilograms, respectively. The GNRI was calculated
using the following formula: GNRI=14.89� serum albumin (g/
dL) + 41.7� (body weight/ideal body weight), and the ideal
weight calculation formula for males and females was height (cm)
– 100 - [(height (cm) -150)/4] and height (cm) -100- [(height (cm)
-150)/2.5], respectively. The 11th thoracic to 2nd sacral vertebrae
2

were imaged with lateral abdominal radiographs by radiologists
in the hospital following the semi-quantitative method reported
by Kauppila et al.[15] The average AAC score provided by two
radiologists was presented as a categorical score, and the total
AAC score ranged from 0 to 24 points.
Twice each quarter, all patients underwent a routine

laboratory and physical examination before HD. Salb was
measured more than once each month and at least 8 times each
year. If<6 Salb measurements were taken within a 1-year period,
the year was excluded from the overall analysis of each patient. A
1-year period was defined by either the calendar time or the
interval from the date of HD initiation or death. Salb levels were
represented by yearly mean values. Variations in Salb levels were
analyzed using individual linear regression models through time
andwere defined by the coefficient of variation (CV). The CVwas
calculated using the formula: CV= standard deviation/mean.[16]

The yearly variability in Salb represented percent changes in Salb
per year for the duration of the follow-up period. Salb variability
was categorized as positive or negative depending on the slope of
the graph.
2.3. Grouping methods

Patients were categorized according to their Salb levels and Salb
variability. When Salb levels were considered, patients were
categorized into the normal Salb (Salb, ≥3.8g/dL), low Salb
(Salb, 3.4–3.8g/dL) and lower Salb (Salb, 2–3.4g/dL) groups.
When Salb variability was considered, patients were categorized
into the decreased (Salb variability, >5% loss), increased (Salb
variability, >5% gain), and steady (Salb variability, 5% loss to
5% gain) Salb variability groups.
2.4. Outcomes

All participants were followed up for 1year or until the initiation
of peritoneal dialysis, renal transplantation, or death due to all-
cause mortality and/or cardiovascular-related mortality, or were
lost to follow-up. Cardiovascular-related mortality was defined
as death due to myocardial infarction, arrhythmia, heart failure,
stroke, or ruptured aortic aneurysm.
2.5. Statistical analysis

Statistical analyses were conducted using the R4.0.3 statistical
software (The R Project for Statistical Computing, Vienna,
Austria). Categorical variables were expressed as frequency and
percentage, and were compared using the x2 test. Normally
distributed continuous variables were presented as mean±
standard deviation and were compared using the Student t test or
the analysis of variance test. Non-normally distributed variables
were expressed as median (interquartile range, IQR) and
compared using the Mann–Whitney U test and Kruskal–Wallis
H test, as necessary.
A survival analysis was performed using the Kaplan–Meier

analysis, and intergroup differences were evaluated using a log-
rank test. Several covariates, including baseline Salb levels and
Salb variability, were assessed with survival analyses. Factors that
were independently associated with cardiovascular-related and
all-cause mortality were examined using Cox proportional
hazards regression models. Survival analysis data were presented
as hazard ratios (HRs) with 95% confidence intervals (CIs). A P
value of <.05 was considered statistically significant.



Figure 1. Flow diagram of patient inclusion and exclusion processes.
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3. Results

3.1. Baseline characteristics

A total of 181 patients on MHD were enrolled in this study, and
29 patients were excluded (Fig. 1). The baseline demographic and
clinical characteristics of the patients in this study are summa-
rized in Table 1. The median age was 65years (IQR, 53–75
years), and 65.2% (n=118) weremen. Diabetic nephropathy and
primary glomerulonephritis were the primary etiologies of CKD
in 63 (34.8%) and 70 (38.7%) patients, respectively. The mean
baseline Salb level was 3.8±0.6g/dL, and the median Salb
variability was 2.6% per year (IQR, �4.1 to 6.5). The mean
absolute Salb variability value was 4.6%±2.1% per year.

3.2. Comparisons of Salb levels and variability

The lower Salb, low Salb, and normal Salb groups had 38 (21%),
45 (24.9%), and 98 (54.1%) patients, respectively (Table 1).
Comparison of baseline data demonstrated that patients with
lower Salb levels had lower BMI, GNRI scores, hemoglobin
levels, and serum phosphate levels (P< .05) but higher ALP levels,
i-PTH levels and AAC scores compared to those of patients in the
other groups (P< .05). There was no significant difference in the
3

Kt/V, triglyceride levels, total cholesterol levels, corrected calcium
levels, and the incidence of hypertension among the 3 groups
(P> .05). There was no significant difference in the medications
among the three groups (P> .05), except for anti-diabetes
medications (P< .05).
The decreased, steady, and increased Salb variability groups

had 37 (20.4%), 83 (45.9%), and 61 (33.7%) patients,
respectively (Fig. 2). The patients in the decreased and increased
Salb variability groups had higher baseline AAC scores compared
to those of patients in the steady Salb variability group (P< .05).

3.3. Outcomes of patients

During a 1-year follow-up period, 52 (28.7%) patients died; 31
(17.1%) patients died from cardiovascular-related causes,
including 2 (1.1%), 12 (6.6%), and 17 (9.4%) patients who
died of malignant arrhythmia, coronary artery disease (CAD),
and heart failure (HF). The median follow-up duration was 12
months (IQR, 8.3–12).

3.4. Survival probability in MHD patients

Kaplan–Meier curves revealed a significant tendency for lower
survival among patients on MHD with lower Salb levels

http://www.md-journal.com


Table 1

Baseline characteristics of the patients according to the baseline Salb level.

Variables Participants (n=181) Lower Salb (n=38) Low Salb (n=45) Normal Salb (n=98) P

Age, median (IQR), y 65.0 (53.0–75.0) 67.0 (60.0–75.0) 68.0 (54.0–76.0) 64.5 (50.3–73.8) 0.340
Male, n (%) 118 (65.2) 23 (60.5) 34 (75.6) 61 (62.2) 0.238
HD. vintage, (y) median (IQR) 4.40 (3.1–5.9) 3.35 (2.9–5.6) 5.40 (4.0–7.2) 4.10 (2.3–5.6) 0.002
Deaths, n (%) 52 (28.7) 18 (47.4) 14 (31.1) 20 (20.4) 0.007
Cause of CKD, n (%)
DMN 63 (34.8) 21 (55.2) 19 (42.2) 23 (23.5) 0.001
HTN 31 (17.1) 5 (13.1) 7 (15.6) 19 (19.4) 0.653
PGN 70 (38.7) 11 (28.9) 18 (40.0) 41 (41.8) 0.375
Others 7 (3.9) 2 (5.3) 2 (4.4) 3 (3.1) 0.674
Unknown 11 (6.1) 2 (5.3) 2 (4.4) 7 (7.1) 0.916

Medications, n (%)
Anti-hypertension drugs 107 (59.1) 19 (50.0) 25 (55.6) 63 (64.3) 0.269
Anti-diabetes drugs 64 (35.4) 20 (44.4) 21 (46.6) 23 (23.5) 0.001
Vitamin D receptor activation 92 (50.8) 18 (47.4) 23 (51.1) 51 (52.0) 0.886
Cinacalcet 65 (35.9) 11 (28.9) 17 (37.8) 37 (37.8) 0.602
Non-Ca phosphate binders 96 (53.0) 16 (42.1) 26 (57.8) 54 (55.1) 0.302
Statins 86 (47.5) 17 (44.7) 23 (51.1) 46 (46.9) 0.834
Hypertension, n (%) 133 (73.5) 23 (60.5) 33 (73.3) 77 (78.6) 0.101
Diabetes, n (%) 65 (36.0) 21 (55.3) 21 (46.7) 23 (23.5) 0.001
Present smoking Positive, n (%) 106 (58.6) 21 (55.2) 27 (60.0) 58 (59.1) 0.202
Hemoglobin, g/L 113.7±14.5 105.8±11.6 114.2±11.7 116.5±15.6 <0.001
Total cholesterol, mmol/L 4.82±0.76 4.72±0.74 4.84±0.73 4.85±0.78 0.655
Triglyceride, median (mmol/L) 1.64 (1.45–1.90) 1.69 (1.43–1.91) 1.71 (1.54–1.92) 1.56 (1.45–1.87) 0.199
Kt/V 1.4±0.2 1.4±0.3 1.4±0.3 1.4±0.2 0.153
GNRI score 92.3±2.79 84.7±3.14 89.8±2.87 94.6±3.75 <0.001
BMI, kg/m2 median (IQR) 20.7 (19.4–21.8) 19.8 (19.2–20.6) 20.5 (19.5–21.2) 21.2 (19.5–23.2) <0.001
GNRI 91.7±7.7 84.7±3.6 87.5±5.9 94.6±4.7 <0.001
CRP, mg/L 0.79±0.31 0.75±0.30 0.78±0.31 0.82±0.30 0.491
ALP, U/L median (IQR) 110.6 (89.4–138.1) 105.0 (89.7–126.1) 137.4 (93.2–168.3) 108.4 (87.3–132.0) 0.016
Serum phosphate, mmol/L 1.67±0.34 1.55±0.24 1.64±0.26 1.73±0.39 0.020
Corrected calcium (mmol/L) 2.21±0.17 2.20±0.16 2.17±0.21 2.24±0.16 0.085
i-PTH (pg/mL) median (IQR) 270.2 (160.4–402.2) 230.6 (170.5–401.0) 328.4 (218.6–451.6) 243.4 (142.07–380.5) 0.011
AAC score median (IQR) 9.0 (5.0–12.0) 8.5 (5.4–11.0) 11.0 (8.0–15.0) 7.0 (2.3–11.0) <0.001

AAC= abdominal aortic calcification, ALP= alkaline phosphatase, BMI=body mass index, CKD= chronic kidney disease, CRP=C-reactive protein, DMN=diabetic nephropathy, GNRI=geriatric nutrition risk
Index, HD=hemodialysis, HTN=hypertensive nephropathy, i-PTH= intact parathyroid hormone, IQR= interquartile range, non-Ca phosphate binders=non-calcium containing phosphate binders, PGN=
primary glomerulonephritis, Salb= serum albumin.
Variables were assessed using the x2 test, the ANOVA test (normally distributed data) and the Kruskal–Wallis H test (non-normally distributed data).
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compared to those in the other groups (P< .01) (Fig. 3), and there
was slightly high cardiovascular-related mortality in the lower
Salb group, but the difference was not statistically significant
(P> .05) (Fig. 4). Our data also demonstrated that decreased Salb
variability (loss >5%) was significantly associated with a higher
risk of all-cause mortality (P< .01) (Fig. 5). There was a tendency
toward higher CVD-related survival among the 3 Salb variability
groups, but the tendency was not statistically significant (P> .05)
(Fig. 6).

3.5. Association of Salb level and variability with mortality

The risk factors associated with all-cause and cardiovascular-
related mortality in the study population are summarized in
Table 2. After adjustment for various confounders, Cox
regression analysis demonstrated that lower Salb levels (HR=
1.952, 95% CI 1.103–3.452) and increased Salb variability (loss
>5%) (HR=2.245, 95% CI 1.084–4.650) were independently
associated with all-cause mortality (P< .05). Lower Salb levels
were not associated with cardiovascular-related mortality (P
> .05), but decreased Salb variability (gain>5%) was indepen-
dently associated with an increased risk of cardiovascular-related
4

mortality among patients on MHD, especially in the short-term
(HR=2.919, 95% CI 1.178–7.234; P< .05).
Baseline Salb levels and Salb variability were analyzed as

categorical variables, and the results are summarized in
Table 3. The Cox regression analyses found that lower Salb
levels and increased Salb variability (loss>5%) were
significantly associated with an increased risk of all-cause
mortality. Their associations were somewhat attenuated after
adjustment for relevant clinical factors, such as the etiology of
CKD, other comorbidities, and factors associated with
malnutrition-inflammation-atherosclerosis syndrome. Among
patients who demonstrated decreased Salb variability (>5%
loss per year), lower baseline Salb levels were associated
higher risks of all-cause death (HR=5.23, 95% CI, 2.01–
12.61; P< .05). In comparison, among patients with increased
Salb variability (>5% gain per year), lower Salb levels were
associated with higher risks of cardiovascular-related mortal-
ity (HR=1.81, 95% CI 1.17–5.91; P< .05). A similar trend
was observed among patients with steady Salb variability
(HR=1.45, 95% CI, 1.08–3.43; P< .05). Our model failed
to estimate CVD-free mortality because of the small sample
size.



Figure 2. Comparison of the abdominal aortic calcification (AAC) scores among the serum albumin (Salb) variability groups. Median AAC scores among the Salb
variability groups were compared using the Mann–Whitney U test. There are significant associations between the decreased Salb (>5% loss) and steady Salb (5%
loss to 5% gain) variability groups (P< .001); between the increased Salb (5% gain group) and steady Salb (5% loss to 5% gain) variability groups (P= .016), and
between the increased Salb (>5% gain) and decreased Salb (>5% loss) variability groups (P= .059).

Figure 3. Kaplan-Meier analyses of the baseline Salb level and its variability on cardiovascular-related and all-cause mortality in maintenance hemodialysis patients.
(Figure 3. The Kaplan-Meier analysis of baseline Salb levels and all-cause mortality. Log rank P< .01).
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Figure 4. The Kaplan–Meier analysis of baseline Salb levels and cardiovascular-related mortality. Log lank P> .01.

Figure 5. The Kaplan-Meier analysis of Salb variability and all-cause mortality. Log lank P< .01.
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Figure 6. The Kaplan–Meier analysis of Salb variability and cardiovascular-related mortality. Log lank P> .01.
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4. Discussion

The study found that lower Salb levels and decreased Salb
variability were significantly associated with an increased risk of
all-cause death and were independently associated with all-cause
mortality among patients on MHD. Salb variability was
associated with high AAC scores, and increased Salb variability
Table 2

Cox proportional hazards regression analysis for risk factors of all-c

Unadjusted Model 1

Parameter HR (95% CI) P HR (95% CI)

All-cause mortality
Salb baseline level (vs normal Salb level)
Lower Salb 2.631 (1.391–4.979) .002 2.094 (1.047–4.189)

Salb variability per year (vs 5% loss to 5% gain)
>5% loss 2.956 (1.474–5.925) .002 2.375 (1.157–4.875)
>5% gain 2.961 (1.427–6.147) .003 2.048 (1.055–3.973)

CVD mortality
Salb baseline level (vs normal Salb level)
Lower Salb 3.005 (0.956–9.448) .059 1.468 (0.588–3.672)

Salb variability per year (vs 5% loss to 5% gain)
>5% loss 1.997 (0.897–4.449) .090 1.683 (0.7236–3.913)
>5% gain 4.303 (1.571–11.780) .005 4.143 (1.538–11.159)

AAC= abdominal aortic calcification, BMI=body mass index, CI= confidence interval, CKD= chronic kid
PTH= intact parathyroid hormone, MHD=maintenance hemodialysis, Salb= serum albumin.
Model 1 was adjusted for age, sex, hemodialysis vintage, Kt/V, cause of CKD, hypertension, and type
Model 2 was adjusted for Model 1 + levels of total cholesterol, triglyceride, serum corrected calcium, s
cinacalcet hydrochloride, AAC score, history of CVD, medication use, present smoking.
Model 3 was adjusted for Model 2 + levels of C-reactive protein and hemoglobin, BMI, GNRI score, an
Analyses were performed using a log-rank test.

7

was independently associated with cardiovascular-related mor-
tality among patients on MHD, especially in the short-term
period and in patients with normal Salb levels.
Factors associated with malnutrition, such as low BMI, low

GNRI scores, and anemia, showed the prognostic power of lower
baseline Salb levels. Our survival analyses data indicated that
patients with lower Salb levels had higher all-cause mortality,
ause mortality and CVD mortality in MHD patients.

Model 2 Model 3

P HR (95% CI) P HR (95% CI) P

.036 2.079 (1.015–4.252) .044 1.95 (1.103–3.452) .022

.018 2.313 (1.098–4.870) .027 2.245 (1.084–4.650) .029

.034 1.982 (0.987–3.983) .054 1.402 (0.689–2.851) .351

.411 1.35 (0.513–3.602) .537 1.157 (0.419–3.201) .778

.226 1.526 (0.6647–3.505) .319 1.205 (0.465–13.126) .701

.005 4.112 (1.506–11.229) .006 2.919 (1.178–7.234) .021

ney disease, CVD=cardiovascular disease, GNRI=geriatric nutrition risk index, HR=hazard ratio, i-

2 diabetes.
erum phosphate, serum alkaline phosphatase and i-PTH, prescription of non-Ca phosphate binders,

d other comorbidities.
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Table 3

Adjusted HR for all-cause and CVD mortality in MHD patients according to the baseline Salb level and Salb variability by cox regression
analysis.

Baseline Salb level, g/dL

2.0–3.4 g/dL 3.4–3.8 g/dL ≥3.8 g/dL

Salb variability per year (%) HR (95% CI)

(1) All-cause mortality
>5% loss 5.23 (2.01–12.61)

∗
3.56 (1.71–9.54)

∗
2.04 (0.78–6.35)

5% loss to 5% gain 3.17 (1.12–8.47)
∗

1.51 (0.95–3.25) Reference
>5% gain 0.82 (0.54–2.52) 0.95 (0.51–4.73) 1.29 (0.74–7.87)

(2) CVD mortality
>5% loss 2.15 (0.77–5.35) 1.53 (0.61–7.54) 1.79 (0.71–8.61)
5% loss to 5% gain 2.37 (0.82–6.19) 1.21 (0.51–4.42) Reference
>5% gain 0.76 (0.63–2.83) 1.45 (1.08–3.43)

∗
1.81 (1.17–5.91)

∗

CI= confidence interval, CVD= cardiovascular disease, HR=Hazard ratio, MHD=maintenance hemodialysis, Salb= serum albumin.
After adjustment for age, sex, hemodialysis vintage, Kt/V, laboratory variables, BMI, GNRI score, AAC score, causes of CKD, present smoking, Medication use, and comorbidities.
Reference baseline Salb level ≥3.8 g/dL and Salb variability 5% loss to 5% gain per year.
Analyses were performed using a log-rank test.
∗
P< .05.
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which corresponded with the results of previous studies.[9,10,14]

Several mechanisms may explain the increased risk of mortality
among patients with lower Salb levels. Hypoalbuminemia is
a marker of malnutrition–inflammation complex syndrome
(MICS). Changes in sodium chloride levels induce changes in
albumin synthesis and catabolism, which influence the inflam-
matory and nutritional status of patients on MHD.[12,13] Li et
al[17] demonstrated that low Salb was associated with functional
falls and independently increased the risk of death among elderly
adults on HD. Moreover, studies have shown that changes in
nutrition affect albumin synthesis, whereas inflammation and
hypoalbuminemia increase the rate of fractional albumin
catabolism. Similar to lipoproteins, Salb binds with endotoxins
to reduce cytokine cascade activation, which protects patients
from CVD. This phenomenon is reduced in patients with low
Salb.[18,19] The International Society of Renal Nutrition and
Metabolism proposed that protein-energy wasting (PEW)
accurately explains the complex mechanism behind malnutrition
in patients undergoing HD. Salb is a readily measurable criterion
that can be utilized in the clinical diagnosis of protein-energy
wasting in patients onMHD, because significantly low Salb levels
are strongly associated with worse malnutrition, frailty, and
mortality.[20–22] In contrast, Gama-Axelsson et al[23] proposed
that Salbmay be poorly correlated with nutritional status because
chronic inflammation can also reduce Salb. Hence, hypoalbu-
minemia may be due to poor nutritional intake and the
inflammatory process that is common among patients on
MHD. Our study demonstrated that patients with lower Salb
had lower hemoglobin levels, BMI, and GNRI scores, but had
higher CRP levels and all-cause mortality compared to those of
other patients; interestingly, malnutrition has the same associ-
ations. These results suggested that urgent care is needed for
patients with malnutrition on MHD, especially for patients with
severe hypoproteinemia.
There is growing concern regarding the association between

malnutrition and CVD. Malnutrition status is considered a
predictor of chronic HF.[24] Harada et al[25] showed that GNRI
was a significant risk factor for the progression of AAC in
nondialyzed patients with CKD and highlighted the utility of
GNRI as a screening tool for predicting severe VC.
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VC is a common phenomenon among patients with CKD, but
the risk of VC increases with HD therapy. VC is an independent
predictor of cardiovascular-related mortality among patients on
MHD.[26] Previous studies have suggested that poor nutritional
status was a critical factor for the progression of aortic
calcification.[6,27] Future studies should examine the impact of
reducing hypoalbuminemia on the incidence of cardiovascular-
related deaths among patients on MHD.
Our data correlated with previous literature that demonstrated

that hypoalbuminemia was associated with higher AAC scores
and all-cause mortality, particularly in patients on MHD with
lower Salb levels. Although our data showed no correlation
between lower Salb levels and cardiovascular-related mortality,
increased Salb variability was independently associated with
higher cardiovascular-related mortality, especially in the short
term.We speculated that hypoalbuminemia may increase the risk
of arterial calcification among patients on HD, and Salb
variability may be a risk factor for VC progression in the
short-term. Both hypoalbuminemia and Salb variability increase
cardiovascular-related mortality.
Like in atherosclerosis, multiple factors regulate VC, and

vascular smooth muscle cells (VSMCs) play a principal role in the
pathogenesis of VC in patients with advanced CKD. In patients
with end-stage renal disease, VSMCs undergo apoptosis and
transform into osteoblast-like cells, which result in bone
formation and calcification.[28,29] VC occurs more often in
patients on HD because of the combination of traditional factors,
such as advanced age, sex, smoking, hypertension, dialysis
vintage, calcium phosphate disorders, and diabetes, and
nontraditional risk factors, such as excessive calcium intake,
mineral metabolism abnormalities, inflammation, malnutrition,
oxidative stress, and abnormal levels of i-PTH and bone-related
proteins like fetuin-A, bone morphogenetic protein-2, matrix-
carboxyglutamic acid protein, and osteoprotegerin.[30,31] At
baseline, the vessels involved in HD exhibit increased ALP
activity and VSMC loss. Exposure of these vessels to elevated
serum calcium and/or phosphate increases the likelihood of
injury and calcification.[32]

Our study demonstrated that serum phosphate levels, CRP, and
total cholesterol levels were slightly higher in patients with normal
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Salb levels, whereas serum i-PTH levels were significantly higher in
patientswith lowSalb levels compared to those in theother groups.
The increased Salb variability were common in patients with low
andnormal Salb levels, andwe speculated that the rapid increase in
Salb disrupted serum calcium phosphate levels and lipid metabo-
lism, which resulted in increased BMI, obesity, poor survival, and
cardiovascular-related mortality.[33–35]

Significant increases in Salb variability should be evaluated to
improve the cardiovascular prognosis of patients on MHD,
especially in the short-term and in patients with normal Salb
levels. Other effective interventions and nutritional treatments
should be integrated into the management of these patients to
reduce all-cause mortality.
This study has several limitations. First, our study was a short-

term, observational trial that examined a small sample size, and
our conclusions may not be applicable to all patients on MHD.
Our follow-up period of 1year also means that our results cannot
be applied to long-term survivors. Second, the diet and protein
intake of the patients in this study were not standardized andmay
have resulted in differences in baseline Salb levels and Salb
variability between patients. Goldwasser et al[36] proposed that
the increasing Salb levels in patients with worsening renal failure
may be due to decreased proteinuria instead of improved
nutritional status. We did not examine the etiology of
hypoalbuminemia in our patients, particularly in the patients
with severe proteinuria, and this lack of this information may
have affected the accuracy of our results. Furthermore, this study
did not examine the relationship between the degrees of
occupational smoke exposure with overall survival or cardiovas-
cular-related mortality. The impact of low or high BMI on
mortality was not assessed either. Third, this study did not
perform arterial biopsies to definitively demonstrate VC status
and did not assess MICS-related laboratory markers, such as the
malnutrition inflammation score and serum ferritin, total iron
binding capacity, fetuin-A, interleukin-1, and interleukin-6 levels;
these markers are particularly important in patients with chronic
renal failure.[37,38] Future studies should examine the associa-
tions identified in this study in more specific and accurate detail.
5. Conclusions

We demonstrated that lower Salb levels were an independent
predictor of all-cause mortality in patients on MHD. Increased
Salb variability was strongly associated with cardiovascular-
relatedmortality in patients onMHD, especially in the short-term
and in patients with normal Salb levels. Significantly elevated Salb
variability should be assessed regularly to reduce cardiovascular-
related mortality. Further studies are needed to verify whether
Salb supplementation has potential benefits for patients onMHD
with normal Salb levels.
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