
Introduction

The number of patients with end-stage renal disease 
(ESRD) has grown rapidly during the last several decades. 
In 2018, patients on hemodialysis totaled about 80,000—
or about 1,500 per one million individuals—in the Re-
public of Korea [1], for a prevalence rate that is one of the 
highest in the world [2]. 

Given the rising number of patients requiring dialysis, 
the quality of dialysis therapy has become of increasingly 
greater concern. While the final goal of renal replacement 
therapy is normal social adaptation and employment, 
most studies of dialysis therapy to date have focused on 
the analysis of complications and causes of death, with 
the studies on quality of life, rehabilitation and employ-
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ment status of dialysis patient remaining quite few. In 
particular, the analysis of dialysis patients with normal 
job employment and exhibiting a good medical status 
can be of significance in informing the clinical treatment 
policy.

Fortunately, a questionnaire about the rehabilitation 
status of dialysis patients was included in the ERSD reg-
istration program of the Korean Society of Nephrology 
(KSN) and the results are reported annually. This study 
therefore analyzed various clinical parameters according 
to rehabilitation and employment status to elucidate the 
characteristics associated with better rehabilitation sta-
tus among hemodialysis patients, which could form basic 
evidence to support the improvement of clinical dialysis 
therapy in practice.

Methods

Study population

The Institutional Review Board of St. Vincent’s Hospital 
approved this study (IRB No. VC19ZISI0222). The num-
ber of hemodialysis patients registered in the ERSD reg-
istration program of the KSN from January 2017 to April 
2019 was 43,856. Of these, 29,865 hemodialysis patients 
with information including rehabilitation status and who 
were 20 years of age or older were enrolled in this study. 
Study participants were categorized into five groups ac-
cording to their rehabilitation and employment statuses 
as follows: group A, full dependence/bed-ridden state 
(needs help from others with eating, shows difficulty 
with communicating); group B, partially independent in 
daily living (can conduct daily life with the help of oth-
ers, visits the dialysis center with a guardian but toilets 
alone); group C, independent daily living but no work 
(unemployed but shows independent daily living, inde-
pendent meal preparation, visits dialysis center alone); 
group D, part-time/temporary job (finds it slightly dif-
ficult to maintain a job, possibly does housework and 
family care); and group E, has normal occupational em-
ployment (conducts full-time job activities as a normal 
person except on a dialysis schedule).

Clinical and dialysis parameters

Baseline demographic data and clinical data including 

age, sex, height, dry weight, causes of ESRD, duration 
months of hemodialysis, dialyzer surface area, systolic 
blood pressure, diastolic blood pressure, various blood 
chemistry data, normalized protein catabolic rate, urea 
reduction ratio, residual renal function, and hemodialy-
sis efficacy (single-pool Kt/V) were analyzed as registered 
data. For patients with repeated registered data, only the 
last data for each parameter were included in the analy-
sis.

Hemoglobin, serum albumin, urea nitrogen, creati-
nine, phosphorus, total cholesterol, uric acid, intact 
parathyroid hormone, and hemoglobin A1c levels were 
determined from blood samples just before the initiation 
of a hemodialysis session during the first treatment of the 
week. All dialysate solutions were bicarbonate-based. 
The single-pool Kt/V was determined by two-point urea 
modeling on the basis of an intradialytic reduction in 
blood urea and ultrafiltration volume during hemodialy-
sis via the Daugirdas equation. 

Statistical analyses

Continuous variables with normal distribution are 
presented as means ± standard deviations and those 
without normal distribution are presented as medians 
with ranges as appropriate for the type of variable. The 
one-way analysis of variance, multiple comparison, or 
Kruskal––Wallis test was used as appropriate to determine 
differences in continuous variables. Meanwhile, categori-
cal variables are presented as percentages and Pearson’s 
chi-square test was used to determine differences be-
tween them. Univariate and multivariate binary logistic 
regression analyses were also performed for full-time 
employment (group E vs. other groups). Multivariate 
binary logistic analysis with backward stepwise analysis 
(probability for stepwise: entry, 0.05; removal, 0.10) was 
applied and the results were listed in order of the odds 
ratio value. All statistical analyses were performed using 
the SPSS ver. 11.5 software program (SPSS Inc., Chicago, 
IL, USA).

Results

Patient characteristics

Among the total of 29,865 enrolled hemodialysis pa-
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tients, group A (bed-ridden) included 1,717 (5.7%), group 
B (dependent daily living) included 5,157 (17.3%), group 
C (independent daily living) included 13,983 (46.8%), 
group D (part-time job) included 2,687 (9.0%), and group 
E (full-time job) included 6,321 (21.2%) individuals, re-
spectively (Fig. 1). The proportions of male patients in 
each group were 46.8%, 50.3%, 58.5%, 62.4%, and 76.6%, 
respectively, which suggests a significantly high propor-
tion of males existed in group E (Fig. 2). The mean ages 
of each group were 72.9 ± 11.8, 71.8 ± 11.3, 64.0 ± 12.1, 
57.2 ± 11.6, and 54.6 ± 11.1 years old, respectively, reveal-
ing patients were significantly younger in group E than 
in the other groups (Fig. 3, black bar). Conversely, the 
mean values of hemodialysis duration were 51.9, 54.3, 

64.1, 65.5, and 67.4 months, respectively, highlighting 
the significantly long duration of dialysis in group E (Fig. 
3, white bar). The underlying cause of ESRD in group E 
was diabetic nephropathy in 36.4%, hypertensive neph-
rosclerosis in 23.4%, and chronic glomerulonephritis in 
16.0% of patients, respectively, showing a significantly 
low diabetic population when compared with in group 
A (Fig. 4). The dry body weights were 54.3 ± 11.3, 57.5 ± 
10.9, 59.7 ± 11.1, 61.9 ± 12.4, and 64.0 ± 12.4 kg, respec-
tively (Fig. 5, bar graph). According to the body weight, 
values of the inter-dialytic weight gain (i.e., dialyzer surface 
area) were 1.95 ± 0.93, 2.22 ± 0.93, 2.41 ± 0.96, 2.57 ± 1.0, 

A: 1,717 (5.7%)

B: 5,157
(17.3%)

C: 13,983
(46.8%)

D: 2,687
(9.0%)

E: 6,321
(21.2%)

Figure 1. Proportion of the total patient group according to 
rehabilitation status. Group A, full dependence/bed-ridden state; 
group B, partially independent in daily living; group C, independent 
daily living but no work; group D, part-time job/temporary job; and 
group E, full-time job and normal work. About half (46.8%) of en-
rolled patients belonged to group C and patients employed in full-
time work (group E) constituted 21.2%.

100%0% 20% 40% 60% 80%

A

B

C

D

E

R
e
h
a
b
ili

ta
ti
o
n

s
ta

tu
s

*

Male
Famale

46.8

50.3

58.5

62.4

76.6

53.2

49.7

41.5

37.6

23.4

*

*

*

Figure 2. Differences in the rehabilitation status according to 
sex. Note the big difference in group E (see Fig. 1 for a group defini-
tion of rehabilitation status); *P < 0.01 versus group E.

A B C D E

80

70

60

50

40

30

20

10

A
g
e

(y
r)

Rehabilitation status

0

Age (yr)
Hemodialysis vintage (mo)

H
e
m

o
d
ia

ly
s
is

v
in

ta
g
e

(m
o
)

90 90

80

70

60

50

40

30

20

10

0

72.9 71.8

64.0

57.2
54.6

51.9
54.3

64.1 65.5
67.4

*

*

*

*

*
*

*
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and 2.62 ± 1.0 kg (Fig. 5, line graph). The mean values of 
the dry body weight and dialyzer surface area in group E 
were significantly larger relative to in other groups.

Clinical parameters analysis 1: multiple comparisons of 
means

The mean systolic blood pressure in group E was 143.7 ± 
15.3 mmHg, which was significantly higher than that in 
either group A or B, while the mean diastolic blood pres-
sure in group E was 80.1 ± 9.4 mmHg, which was also sig-
nificantly higher than that in group A, B, C, or D (Fig. 6). 

Separately, the mean hemoglobin level in group E was 

10.5 ± 1.0 g/dL, which was significantly higher than that 
in group A, B, or C, while the mean serum albumin level 
in group E was 4.1 ± 0.4 g/dL, which was significantly 
higher than that in the other groups. Meanwhile, the 
mean serum calcium level of group E was 8.8 ± 0.7 mg/
dL, which was not different when compared with in 
groups C and D, but the mean serum phosphorus level 
in group E was 5.4 ± 1.4 mg/dL, which was significantly 
higher than that in other groups (Fig. 7). Also, the urea 
reduction ratio of group E was 69.9% ± 6.7%, which was 
significantly lower than as found in other groups and 
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dialysis efficacy (single-pool Kt/V) of group E was 1.48 ± 
0.3, which was significantly lower than values in other 
groups. Finally, the dialyzer surface area values in each 
group were 2.37 ± 0.5, 2.45 ± 0.5, 2.57 ± 0.5, 2.67 ± 0.6, 
and 2.77 ± 0.6 m2 (line graph) (Fig. 8). 

Clinical parameters analysis 2: one-way analysis of 
variance and Kruskal–Wallis test

There were significant differences between the groups 
in terms of age, height, hemodialysis vintage, dry body 
weight, and dialysis surface area by the one-way analy-
sis of variance test (P < 0.001). The sex proportion and 
causes of ESRD among the groups were also significantly 
different as determined by the Kruskal––Wallis test (P < 
0.001) (Table 1). 

There were significant differences between all clinical 
parameters of the groups, such as systolic blood pressure, 
diastolic blood pressure, hemoglobin, blood nitrogen, 
serum creatinine, serum albumin, total cholesterol, uric 
acid, hemoglobin A1c, serum calcium, serum phospho-
rus, and intact parathyroid hormone results (P < 0.001). 
Considering the dialysis efficacy, normalized protein 
catabolic rate, urea reduction ratio, and single-pool Kt/V 
varied significantly among the groups (P < 0.001), while 
residual renal function showed no such difference (P = 
0.453) (Table 1). 

Clinical parameters analysis 3: logistic regression analyses

Table 2 lists the results of each clinical parameter’s bi-
nary logistic regression outcomes for full-time employ-
ment (group E vs. other groups). Serum albumin and 
male sex displayed the highest odds ratios, while dialysis 
efficacy and diabetic nephropathy were strong negative 
factors for having full-time employment. 

Multivariate (multiple) regression analysis revealed that 
serum albumin, male sex, and dialyzer surface area had 
strong positive correlations but dialysis efficacy (spKt/V) 
and serum calcium had strong negative correlations with 
full-time employment (Table 3). 

Discussion

The final goal of renal replacement therapy is achiev-
ing normal social adaptation and employment, which 
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remains a far-off goal for many ESRD patients worldwide 
[3]. Still, dialysis physicians should keep this goal in 
mind. 

The rapid increase in patients on hemodialysis over the 
last 30 years is associated with the increase in aged dia-
betic nephropathy patients, who are rarely enrolled into 

Table 2. Univariate logistic regression analysis for full-time employment
Odds ratio 95% confidence interval P value

Age (one-year increments) 0.935 0.933-0.937 < 0.001
Male (versus female) 2.616 2.455-2.788 < 0.001
Diabetic nephropathy (versus other) 0.581 0.549-0.615 < 0.001
Vintage of dialysis therapy (by one-month increments) 1.001 1.001-1.002 < 0.001
Dialyzer surface area 1.994 1.898-2.094 < 0.001
Systolic blood pressure (per increment of 10 mmHg) 1.003 1.002-1.005 < 0.001
Diastolic blood pressure (per increment of 10 mmHg) 1.041 1.038-1.044 < 0.001
Hemoglobin (per increment of 1 g/dL) 1.145 1.114-1.117 < 0.001
Blood urea nitrogen 1.025 1.023-1.027 < 0.001
Serum creatinine 1.288 1.274-1.302 < 0.001
Serum albumin (per increment of 1 g/dL) 3.576 3.318-3.854 < 0.001
Serum cholesterol (per increment of 10 mg/dL) 1.001 1.000-1.002 0.101
Serum calcium (per increment of 1 mg/dL) 1.111 1.071-1.153 < 0.001
Serum phosphorus (per increment of 1 mg/dL) 1.413 1.384-1.443 < 0.001
Serum uric acid (per increment of 1 mg/dL) 1.135 1.115-1.156 < 0.001
Intact parathyroid hormone (per increment of 1 pg/mL) 1.001 1.001-1.001 < 0.001
Hemoglobin A1c 0.943 0.917-0.969 < 0.001
Inter-dialytic weight gain 1.344 1.301-1.389 < 0.001
Residual renal function 0.981 0.952-1.010 0.189
Normalized protein catabolic rate 0.951 0.908-0.997 0.035
Urea reduction ratio 0.961 0.965-0.966 < 0.001
Dialysis efficacy (spKt/V) 0.385 0.345-0.434 < 0.001

Table 3. Multivariate logistic regression analysis for full-time employmenta

Odds ratio 95% confidence interval P value
Serum albumin (per increment of 1 g/dL) 2.764 2.149-3.555 < 0.001
Male (versus female) 2.490 2.008-3.086 < 0.001
Dialyzer surface area 1.169 1.007-1.356 0.004
Serum phosphorus (per increment of 1 mg/dL) 1.086 1.006-1.172 0.033
Urea reduction ratio 1.042 1.001-1.085 0.046
Serum creatinine 1.039 0.997-1.083 0.072
Blood urea nitrogen 1.013 1.006-1.019 < 0.001
Serum cholesterol (per increment of 10 mg/dL) 1.005 1.002-1.007 0.001
Vintage of dialysis therapy (by one-month increments) 0.997 0.996-0.999 < 0.001
Systolic blood pressure (per increment of 10 mmHg) 0.994 0.988-0.999 0.025
Age (one-year increments) 0.943 0.936-0.950 < 0.001
Normalized protein catabolic rate 0.937 0.868-1.011 0.094
Serum calcium (per increment of 1 mg/dL) 0.834 0.731-0.951 0.007
Dialysis efficacy (spKt/V) 0.324 0.119-0.879 0.027

aIn backward stepwise analysis (probability for stepwise: entry, 0.05; removal, 0.10), the factors of inter-dialytic weight gain, diabetic nephropathy, uric acid, 
parathyroid hormone, hemoglobin A1c, diastolic blood pressure, residual renal function, and hemoglobin were removed.
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hemodialysis programs [4]. As such, the overall hemodi-
alysis patient’s survival and rehabilitation state remain 
not significantly improved in spite of advances in hemo-
dialysis therapy, such as biocompatible dialyzers and 
erythropoietin therapy, even increasing the proportion of 
bed-ridden patients according to a KSN report [1,4,5].

Among enrolled hemodialysis patients in this Korean 
study, about 21% of hemodialysis patients had full-
time jobs and 9% had part-time jobs, while employment 
rates among hemodialysis patients on dialysis in the 
United States have been reported to be as low as 18.9% 
[6]. A study from Finland reported that the hemodialysis 
patient employment rate was 19% on the basis of data 
from the Finnish Registry for Kidney Diseases, while the 
employment rate of home dialysis patients was similar 
to that of transplant recipients and higher than that of 
in-center hemodialysis patients [7]. There are no home 
hemodialysis patients in Korea. A recent study from India 
reported an employment rate of 29.9% among patients 
after the initiation of dialysis, with rates of loss of employ-
ment of 44% and 51% among patients beginning hemodi-
alysis and peritoneal dialysis, respectively [8].

Considering the factors that affect employment rates 
among patients on dialysis, Muehrer et al [9] reported 
that maintaining employment at the same level as was 
seen during the final six months before starting dialysis 
was more likely to occur among 1) white men aged 30 to 
49 years; 2) patients with either glomerulonephritis, cys-
tic, or urologic causes of renal failure; 3) patients choos-
ing peritoneal dialysis as their first treatment; 4) those 
with employer-group or other health plans; and 5) those 
with erythropoietin usage before ESRD. Patients who 
underwent treatment for anemia with erythropoiesis-
stimulating agents before ESRD onset showed higher 
employment rates at the initiation of dialysis. Meanwhile, 
a multiple regression analysis showed that age, female 
sex, and a diagnosis of musculoskeletal disease were 
independent predictors of poor physical function [10], 
which were also observed in the present Korean study. 
Regarding the impact of the dialysis facility, Kutner et al 
[11] suggested that a higher employment rate was corre-
lated with visitation to a dialysis center available for late 
evening hemodialysis and home hemodialysis training. 

Of note, the KSN data could not confirm the predialysis 
occupational status, so there was a limitation in evaluat-
ing the change by dialysis treatment. Many female di-

alysis patients work as homemakers before dialysis and 
are retained in this manner even after dialysis initiation, 
which makes evaluation difficult. However, recently, 
numbers of women with jobs have also increased consid-
erably, especially in the case of unmarried women, while 
aged men are also retiring early.

To summarize and conclude this study, as expected, 
young male nondiabetic patients had higher employ-
ment rates and patients with full-time job had higher 
blood pressure, higher hemoglobin and serum factors, 
and lower dialysis efficiency. These aspects are difficult 
to control clinically and it is likely that it is important to 
increase the dialysis efficacy and to control serum phos-
phorus in young male patients who are working.
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