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Abstract

Background The prevalence of chronic kidney disease (CKD) is increasing globally, and understanding the
association between CKD and employment status is crucial. This cross-sectional study aimed to investigate the
association of CKD with employment and occupation type among patients with CKD.

Methods We analyzed data from 36,732 Korean adults aged > 30 years, who participated in the Korean National
Health and Nutrition Examination Survey between 2014 and 2021. CKD was detected based on the estimated
glomerular filtration rate, and the employment status of the participants was classified into distinct categories: full-
time permanent employment, unemployment, self-employment, and precarious employment. We analyzed the data
using multiple logistic regression.

Results We observed a significant association between CKD and a higher likelihood of unemployment compared

to that in individuals without CKD (odds ratio, 1.70; 95% confidence interval, 1.47-1.96). This association was more
prominent in patients with severe CKD. In the multivariable logistic analysis, patients with CKD had a higher likelihood
for precarious employment (odds ratio, 1.29; 95% confidence interval, 0.92-1.88), self-employment (odds ratio,

1.3, 95% confidence interval, 0.90-1.88), and unemployment (odds ratio, 2.10; 95% confidence interval, 1.51-2.92)
compared to individuals without CKD.

Conclusions Our study demonstrated that CKD is associated with a higher likelihood of unemployment and
engagement in precarious employment. These findings highlight the challenges faced by patients with CKD in
obtaining stable employment and emphasize the need for interventions to improve the employment outcomes of
individuals with CKD.
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Introduction

The increasing prevalence of chronic kidney disease
(CKD) worldwide and its impact on the quality of life of
individuals with CKD are closely associated with the bur-
geoning elderly population [1]. Between 1990 and 2017,
there was a notable increase of 29.3% in the global preva-
lence of CKD, and the worldwide prevalence of CKD in
2017 was estimated to be 9.1% (95% UI 8.5 to 9.8) [2].
Moreover, the burden of CKD has increased substantially
in terms of its incidence, prevalence, death, and disabil-
ity-adjusted life years (DALYs) [2, 3]. In Korea, the pro-
portion of individuals aged 65 years is projected to reach
approximately 40% by 2050, positioning the country as
the fastest-aging nation among The Organization for Eco-
nomic Cooperation and Development (OECD) countries
[4]. In 2021, the prevalence of CKD in Korea was approx-
imately 8.4%, and over the past decade, the number of
patients with CKD receiving medical treatment and
healthcare expenses has doubled: it was 110,000 in 2011
and was estimated to increase to 280,000 in 2021 [5]. In
particular, healthcare expenses have increased from 1 bil-
lion dollars to 2.2 billion, making CKD the most finan-
cially burdensome disease per patient in Korea [5].

Work serves as a means for most individuals to meet
their essential life needs, offering opportunities for per-
sonal achievement, self-realization, and cultivation of
self-esteem [6]. Extensive evidence supports a strong
association between unemployment and adverse health
outcomes, including heightened anxiety and depres-
sion, diminished self-esteem, and deteriorated physical
well-being [6]. Several previous studies have reported
that chronic diseases can affect patients’ work partici-
pation. People with chronic diseases are less likely to be
employed, work fewer hours than average [7], and face
a diminished quality of life compared to those without
such conditions [8].

CKD encompasses a range of disorders that affect
kidney structure and function [9]. Owing to reduced
functional capacity and endurance, patients with CKD
encounter limitations in their daily activities [10]. They
endure health-related issues, including physical symp-
toms, reduced work capacity, and psychological distress,
as well as environmental challenges, such as prolonged
waiting times for nephrology care and the inconvenience
of frequent hospital visits [11]. Loss of kidney function
and work-related problems can negatively affect work
opportunities among patients with CKD. A qualitative
study revealed that patients with CKD frequently expe-
rience obstacles in sustaining employment, financial dif-
ficulties, and the stigma associated with the illness [12].
Furthermore, high unemployment rates among patients
undergoing dialysis or transplant have been docu-
mented in various countries, such as the United States
[13], England [14], Netherlands [15] indicating a global
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phenomenon. Demographic and socioeconomic disad-
vantages faced by patients with CKD can contribute to
their heightened vulnerability to unemployment [16].

Previous studies have predominantly examined the
impact of employment status on the development of
chronic diseases, such as cancer, stroke, and diabetes
[17-19]. The risk factors associated with the health out-
comes related to CKD have been investigated [20, 21];
however, there remains a dearth of knowledge regarding
the relationship between the prevalence of CKD and its
socioeconomic consequences, particularly with regard
to employment. Although substantial progress has been
made in policy discussions on other chronic diseases
[22], there is a notable scarcity of research on CKD.

Prior investigations pertaining to CKD and unemploy-
ment have primarily focused on patients undergoing
dialysis or kidney transplant, who represent the group
with severe CKD grades, and compared unemployment
rates among patients undergoing hemodialysis, perito-
neal dialysis, and kidney transplantation [13-15, 23]. In
contrast, our study aimed to compare the unemployment
rates between individuals with and without CKD. Addi-
tionally, we stratified patients with CKD based on CKD
severity to investigate variations in unemployment rates
based on disease severity. We also examined the types of
occupations among patients with CKD and their trends.

Furthermore, the previous studies had limited sample
sizes, included only patients with CKD without a com-
parison group, and primarily focused on Western popu-
lations [16, 23]. In contrast, our study used data from the
Korean National Health and Nutrition Examination Sur-
vey (KNHANES), a representative survey encompassing
the entire Korean population, to investigate the associa-
tion between CKD and employment, making it the first
of its kind in East Asia.

Methods

Data

We utilized KNHANES data from 2014 to 2021 in this
study. The KNHANES is an annual nationwide cross-
sectional survey conducted by the Korea Centers for
Disease Control and Prevention. This comprehensive
survey comprises three distinct components: a health
interview, health examination, and nutrition survey. The
health interview and examination are conducted through
face-to-face to capture information pertaining to socio-
economic status, health behaviors, biochemical pro-
files (including fasting blood serum and urine samples),
food intake, and dietary behaviors [24]. Demographic
and social characteristics were obtained through the
health interviews, and trained medical personnel col-
lected health examination data, including blood pressure
and laboratory data. The KNHANES employs a com-
plex, stratified, multistage clustered probability design
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to ensure a nationally representative sample of the South
Korean population.

Study participants

In total, 61,758 participants were included in the
KNHANES between 2014 and 2021. Participants those
with missing or unavailable laboratory data (such as that
on serum creatinine levels, HbAlc) (N=11,548), aged
under 30 years old (N=10,176), and those with missing
covariates (N=3,302) were excluded from the analysis.
The final analysis included 36,732 participants (Fig. 1.
Flow diagram for study sample).

Variables

CKD status

The main variable of interest (independent variable) was
the CKD status. The Modification of Diet in Renal Dis-
ease (MDRD) equation is widely recognized as an accu-
rate formula for estimating glomerular filtration rate
(GFR) [25]. As serum creatinine levels were measured in
the KNHANES, we calculated the estimated glomerular
filtration rate (eGFR) in this study using the MDRD for-
mula: 175 ~11%% x age ~0203 (x 0.742 if female) [26]. Serum
creatinine levels were measured in fasting blood samples
using the kinetic Jaffe rate reaction method. Participants
with an eGFR of <60 mL/min/1.73 m® were assigned to
the CKD group [27].

Moreover, CKD was categorized based on the Kidney
Disease Improving Global Outcomes (KDIGO) guide-
lines [28], indicating the presence of moderate-to-severe
impairment in renal function. For sensitivity analyses,
we additionally classified the participants into three
distinct eGFR categories: 260, 45 to <60, and <45 mL/
min/1.73 m? as well as 260, 30 to <60, and <30 mL/
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min/1.73 m?®, aligning with preserved kidney function,
mild-to-moderate renal decline, and moderate-to-severe
kidney dysfunction, respectively, following the KDIGO
classification system [29].

Assessment of employment status

Based on employment status, the participants were clas-
sified as employed (coded as “1”) or unemployed (coded
as “0”). Furthermore, employment status was divided into
four distinct categories of work status: full-time perma-
nent, self-employed, precarious, and unemployed. The
classification of precarious employment was based on
the Korean Welfare Panel Study, which provides distinct
categorization of employment status in South Korea.
Consistent with previous research, we adopted the same
definitions for full-time permanent employment, unem-
ployment, and precarious employment [30]. Specifically,
individuals who met all four of the following criteria were
classified as having a permanent job: (i) direct employ-
ment by the employer (not subcontracted or dispatched
workers or self-employed without employees), (ii) full-
time work (not part-time), (iii) absence of a fixed-term
employment contract (not temporary workers), and (iv)
high job security with a low likelihood of job loss (not
day laborers) [30]. Precarious employment was defined as
not meeting all the four criteria. Participants who were
not employed at the time of the survey were classified as
unemployed. Self-employed individuals are defined as
those who operate their own businesses with a distinct
employment status [30].

Other covariates
To account for the potential confounding variables asso-
ciated with the independent and dependent variables,

61,758 participants were included in the KNHANES
between 2014 and 2021.

Missing or unavailable laboratory data
(such as that on serum creatinine levels)

were excluded (N=11,548).

50,210 participants remaining |

Under 30 years old participants were

excluded (N= 10,176).

40,034 participants remaining |

Those with missing covariates were
excluded (N=3,302).

for analysis

36,732 participants with complete data

Fig. 1 Flow diagram for study sample
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the analysis included the following covariates selected
based on previous studies: demographic variables (age,
sex, education level, and marital status), socioeconomic
variables (household income quartile), and health-related
variables (diabetes, hypertension, alcohol consump-
tion, smoking, physical activity, and obesity) [21, 31]. All
selected covariates were categorized according to the
study objectives, with categories of age groups (30-39,
40-49, 50-59, 60-69, and >70 years), education level
(below elementary school, middle school, high school, or
college and above), marital status, and household income
quartiles.

Comorbidities, such as diabetes mellitus (DM) and
hypertension, were included as variables that strongly
influenced CKD and employment [32, 33] DM was
diagnosed based on glycated hemoglobin (HbAlc) lev-
els>6.5% [34]. DM was categorized into four groups:
normal, prediabetic, controlled (HbAlc<6.5%), and
uncontrolled (HbAlc>6.5%). Hypertension was clas-
sified as normal, prehypertension, controlled (systolic
blood pressure [SBP]<140 and diastolic blood pressure
[DBP]<90), and uncontrolled (SBP>140 and DBP>90).
Smoking status was self-reported, and participants were
categorized as never, former, or current smokers. Prob-
lem drinking was defined as consuming six or more units
of alcohol at least twice per week for men and four or
more units of alcohol at least twice per week for women.
Physical activity was defined as engaging in a minimum
of 150 min of moderate-intensity physical activity, 75 min
of vigorous-intensity physical activity, or an equivalent
combination of physical activity per week [35]. The par-
ticipants were classified into three groups based on body
mass index (BMI) — underweight (BMI<18.5), normal
weight (18.5<BMI<25), and obese (BMI>25) — in accor-
dance with the standards established by the Korean Soci-
ety for the Study of Obesity [36].

Statistical analysis

This study applied a complex sampling design that
included multistage clustering and stratification to rep-
resent the South Korean population based on a complex
sample provided by the KNHANES. The data analysis
was performed in three parts. First, a chi-square test
was performed to assess the distribution of general
characteristics in the CKD and non-CKD groups. Sec-
ond, multivariable-adjusted logistic regression was per-
formed to investigate the relationship between CKD
and employment status after adjusting for covariates.
Third, a subgroup analysis was conducted to compare the
employment status of participants based on odds ratios
(OR) and 95% confidence intervals (CI) to determine
the strength of the association. In addition, multinomial
logistic regression was performed to examine the asso-
ciation between CKD prevalence and employment status,
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which was further categorized into four types of job sta-
tus. Proc Survey procedures, including the weight, strata,
and cluster statements of SAS (version 9.4 M6; SAS Insti-
tute Inc., Cary, NC, USA), were used for all statistical
analyses.

Results

Table 1 presents the general characteristics of the study
population according to the CKD status. The study
included 36,732 individuals, of whom 1,722 (4.7%) were
diagnosed with CKD and 35,010 (95.3%) comprised the
non-CKD group. Compared to the non-CKD group,
patients with CKD exhibited characteristics of older age
(61.5%), higher proportion of males (51.9%), lower edu-
cational attainment (49.7%), and lower household income
levels (44.9%). A higher proportion of patients with
CKD exhibited uncontrolled comorbidities, such as DM
(26.6%) and hypertension (31.4%), than the non-CKD
group. Additionally, a significant majority of patients
with CKD engaged in uncontrolled drinking (92.9%).

Tables 2, 3, 4 and 5 were adjusted for potential con-
founding covariates; age, sex, marriage status, education
status, household income, physical activity, smoking and
drinking status, obesity, hypertension, diabetes melli-
tus. The associations among CKD prevalence, severity,
and work status are presented in Table 2; Fig. 2. Table 2
presents several models to convey the differences in CKD
severity and kidney function (eGFR) while adjusting
for potential confounding covariates. In Model 1, CKD
patients were 1.70 times more likely to be unemployed
compared to individuals without CKD (OR, 1.70; 95% CI,
1.47 to 1.96). This trend persisted across Models 2, 3, and
4, indicating a higher likelihood of unemployment with
an increase in CKD severity; statistically significant asso-
ciations were observed.

The results of the subgroup analysis are presented in
Table 3, with the analyses stratified by the independent
variables. The association between CKD and employ-
ment was more prominent in the younger age group than
in the older age group (OR, 2.16; 95% CI, 1.75 to 2.66).
Additionally, unmarried healthy participants exhibited a
significantly higher risk of unemployment than CKD par-
ticipants (OR, 3.11; 95% CI, 1.11 to 8.70).

Table 4 presents the results of the multinomial analysis,
with the dependent variable further categorized into four
work status categories and several models representing
different CKD severities. After adjusting for the potential
covariates, the overall trends listed in Table 2 remained
consistent. In Model 1, compared to individuals with
full-time permanent jobs, those with CKD had a higher
likelihood of having a precarious job (OR, 1.29; 95% CI,
0.92 to 1.88), being self-employed (OR, 1.3; 95% CI, 0.90
to 1.88), and being unemployed (OR, 2.10; 95% CI, 1.51
to 2.92). Similar trends were observed in Models 2, 3, and
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Table 1 General characteristics of the study population
Variables Chronic kidney disease®
TOTAL Yes No P
N % N % N %
36,732 100 1,722 4.7 35,010 953
Age <0.0001
30-39 6341 17.2 15 09 6326 18.1
40-49 7650 20.8 59 34 7591 217
50-59 8168 22.2 154 89 8014 229
60-69 7707 209 435 253 7272 20.8
70< 6866 186 1059 61.5 5807 16.6
Sex <0.0001
Male 15,982 434 894 519 15,088 43.1
Female 20,750 56.3 828 481 19,922 56.9
Diabetes <0.0001
mellitus (HbA1c, %)°
Normal 18,248 49.5 492 286 17,756 50.7
Pre-Diabetes 12,137 329 523 304 11,614 332
Controlled 2320 6.3 249 14.5 2071 59
Not controlled 4027 109 458 266 3569 10.2
Hypertension <0.0001
Normal 14,547 395 217 12.6 14,330 40.9
Pre-Hypertension 9027 245 216 12.5 8811 252
Controlled 6624 18 748 434 5876 16.8
Not controlled 6534 17.7 541 314 5993 17.1
Marriage status <0.0001
Yes 34,077 925 1685 979 32,392 925
No 2655 7.2 37 2.1 2618 75
Education® <0.0001
Under Elementary school 8121 22 855 49.7 7266 208
Middle school 4190 114 236 13.7 3954 1.3
High school 11,130 30.2 380 22.1 10,750 30.7
College and over 13,291 36.1 251 14.6 13,040 37.2
Smoking status <0.0001
Current 6300 17.1 226 13.1 6074 173
Former 8585 233 551 32 8034 229
Never 21,847 593 945 549 20,902 59.7
Physical activity® <0.0001
Yes 21,273 57.7 1227 713 20,046 57.3
No 15,459 42 495 28.7 14,964 42.7
Problem drinking® <0.0001
Yes 30,814 83.6 1600 929 29,214 834
No 5918 16.1 122 7.1 5796 16.6
Obesity (BMI, kg/m2) <0.0001
Underweight (< 18.5) 1136 3.1 35 2 1101 3.1
Normal (18.5 <BMI < 25) 22,283 60.5 919 534 21,364 61
Obese (= 25) 13,313 36.1 768 446 12,545 358
Household income <0.0001
Low 6979 189 773 449 6206 17.7
Mid-low 9113 24.7 434 252 8679 24.8
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Table 1 (continued)
Variables Chronic kidney disease®
TOTAL Yes No P
N % N % N %
Mid-high 10,070 27.3 273 159 9797 28
High 10,570 287 242 14.1 10,328 29.5
Abbreviations: CKD, chronic kidney disease; DM, diabetes mellitus; HbAlc, hemoglobin Alc; BMI, body mass index
Values with unweighted frequency (weighted %) are presented
2 chronic kidney disease defined as a result of MDRD study equations less than 60mL/min/1.73m?
b 6.5% of HbA1c is standard for the evaluation and management of DM, Korean Diabetes Association
€ Education is classified as current academic background. dropout, enroliment, and absence are classified as previous academic background
9 Physical activity is defined as an aerobic physical activity for a week, Korea Disease Control and Prevention Agency
€ Problem drinking is defined as 6 units of alcohol two or more times per week in men and 4 units of alcohol two or more times per week in women
Table 2 Association between prevalence and severity of CKD and work status
CKD Status of unemployment (N=14,104)
N % OR 95% Cl p for trend
Model 1 -
No 12,948 91.8 1
Yes 1,156 89 1.7 (1.47 - 1.96)
Model 22 <0.001
No (=60) 12,948 91.8 1
45-60 1,081 7.7 1.61 (137 - 1.89)
<45 75 0.6 2.05 (1.53 - 2.76)
Model 3° <0.001
No (=60) 12,948 91.8 1
30-60 862 6.1 1.68 (145 - 1.94)
<30 294 2.1 2.1 (1nm - 3.96)
Model 4¢ <0.001
No (=60) 12,948 91.8 1
45-60 862 6.1 1.61 (137 - 1.88)
30-45 219 1.6 2.03 (145 - 2.84)
15-30 54 04 142 (0.66 - 3.05)
<15 21 1.8 5.05 (223 - 11.43)

Abbreviations: CKD, chronic kidney disease; OR, odd ratio; Cl, confidence interval
Values with unweighted frequency (weighted %) are presented

“status of unemployment” was adjusted for age, sex, marriage status, education status, household income, physical activity, smoking and drinking status, obesity,
hypertension, diabetes mellitus

2Estimated glomerular filtration rates of 60 or higher was classified as non-CKD, 45 to 60 and less than 45 mL/min/1.73m? were classified as grades 1 and 2, respectively
b Estimated glomerularfiltration rates of 60 or higher was classified as non-CKD, 30 to 60 and less than 30 mL/min/1.73m?were classified as grades 1 and 2, respectively

¢Estimated glomerular filtration rates of 60 or higher was classified as non-CKD, 45 to 60, 30 to 45, 15 to 30 and less than 15 mL/min/1.73m? were classified as grades
1 through 4, respectively

For each of the trait analyzed, the OR’s were estimated from a single logistic model that included age, sex, marriage status, education status, household income,

physical activity, smoking and drinking status, obesity, hypertension, diabetes mellitus as covariates

4, although some components did not show significant
associations with CKD severity.

Table 5 presents the results of the multinomial analysis,
with the dependent variable further categorized into four
types of occupation (White collar, Pink collar, Blue col-
lar, unemployment) and CKD prevalence. After adjust-
ing for the potential covariates, compared to individuals
with unemployment, those with CKD had a lower likeli-
hood of having a job. In other words, we can observe that
the likelihood of CKD patients being unemployed is the
highest, and as we move from white-collar (OR, 0.71; 95%

CI, 0.54 to 0.93) to pink-collar (OR, 0.64; 95% CI, 0.49 to
0.84) to blue-collar occupations (OR, 0.53; 95% CI, 0.45
to 0.63), the odds of being employed are reduced.

Discussion

In this study, we found a significant association between

CKD and a higher likelihood of unemployment com-

pared to that in individuals without CKD. This associa-

tion was more prominent in patients with severe CKD.
Our findings are consistent with those of a previous

study conducted in the United States, which identified a
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Table 3 Association of CKD prevalence with unemployment
stratified by each level of covariates

Variables CKD
NO YES
OR"  95%Cl p for
interaction

Sex <0.0001
Male 1 167 (1.37-2.04)
Female 1 152 (1.24-1.86)
Age 0.985
60 or over 1 153 (1.28-1383)
30~59 1 216 (1.75-2.66)
Household income 0472
High (3,4 quartile) 1 172 (145-2.04)
Low (1, 2 quartile) 1 156 (1.20-2.03)
Education 0.803
Under high school 1 157 (1.23-2.00)
High school or over 1 169 (142-202)
Marriage status 0.010
Yes 1 171 (1.48-1.98)
No 1 311 (1.11-8.70)
Smoking status 0.847
Yes 1 131 (0.85-2.02)
No 1 176 (1.51-2.06)
Physical activity 0.162
Yes 1 171 (1.33-2.20)
No 1 166 (1.39-1.98)
Problem drinking 0.126
Yes 1 206 (1.28-332)
No 1 168 (1.45-195)

Abbreviations: CKD, chronic kidney disease; OR, odd ratio; Cl, confidence
interval

* ORs were adjusted for other covariates, respectively

comparable association between renal dysfunction and
labor force nonparticipation (OR, 7.94; CI, 1.60 to 39.43)
[16]. The significance of our results is further emphasized
by the fact that this association between CKD prevalence
and unemployment was observed in Korea, a country
known for its long working hours (with an average of
1993 h annually, compared with the OECD average of
1734 h in 2018) [37]. This indicates that CKD substan-
tially hinders individuals from sustaining employment.
Additionally, our study revealed that a higher proportion
of patients with CKD were aged>70 years. This finding
aligns with those of previous cohort studies, which have
shown an age-related increase in the number of patients
with CKD as the GFR declines, particularly among indi-
viduals aged>70 years [38]. This observation highlights
the growing prevalence of CKD with an increasing life
expectancy [1]. Considering the increasing global preva-
lence of CKD, these findings raise concerns regarding
important social issues.

The results of the present study highlight the chal-
lenges faced by individuals with CKD in maintaining
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employment compared to those without CKD. However,
our study had limitations in categorizing patients with
CKD into specific subgroups, such as patients undergo-
ing dialysis or kidney transplantation, due to the con-
straints of the questionnaire design. Despite this, we
investigated the association between patients with CKD
and their employment status by stratifying them based
on the severity of CKD, which was determined by eGFR
levels derived from serum creatinine levels. Our findings
revealed a gradual increase in the risk of unemployment
with an increase in CKD severity. Particularly, individu-
als with the most severe form of CKD experienced a sub-
stantial increase in the risk of unemployment, although
the number of participants in this specific subgroup was
limited. Moreover, our study is significant because in
contrast with previous research, which primarily focused
on comparing job retention difficulties between patients
undergoing dialysis and kidney transplant [13-15], we
examined the association between CKD and employment
status between patients with CKD and individuals with-
out CKD.

A previous study used data from the Third National
Health and Nutrition Examination Survey conducted in
the United States [16]. However, in addition to utilizing
nationwide data, our study expanded the investigation by
categorizing the occupational types of individuals with
CKD. We discovered that the likelihood of precarious
employment was higher among patients with CKD than
that in individuals without CKD. Furthermore, patients
with CKD displayed a notable inclination towards pre-
carious job arrangements, self-employment, and unem-
ployment in contrast to participants without CKD, who
predominantly held permanent positions. Remarkably,
this occupational pattern became more pronounced as
severity of CKD, based on eGFR levels, increased. Con-
sequently, several factors, including health-related issues,
personal circumstances, and environmental factors con-
tribute to the challenges experienced by patients with
CKD in maintaining or obtaining stable employment.
Patients with CKD encounter limitations in their working
hours owing to regular hospital visits for dialysis treat-
ment and heightened levels of fatigue, which adversely
affects their work performance [12]. Moreover, the ten-
dency for precarious employment among patients with
CKD is supported by a significant number of individu-
als within this group being unemployed, which is evident
from the elevated risk of unemployment observed in the
subgroup with the greatest CKD severity. This outcome
parallels previous findings indicating that patients in
Stage 5, representing the most advanced stage of CKD,
tend to quit the workforce [23]. These findings indicate
that when the severity of CKD increases beyond a certain
threshold, there is a tendency to quit employment.
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Table 4 Multinomial analysis results with the dependent variable further divided into four categories of employment status

Models Type of employment ¢
Permanent Precarious Self-employment Unemployment

CKD OR OR 95% ClI OR 95% ClI OR 95% Cl
Model 1

No 1

Yes 1.29 (0.92-1.88) 1.3 (0.90-1.88) 2.1 (151-2.9)
Model 22

No (=60) 1

45-60 144 (0.98-2.11) 151 (1.00-2.27) 2.22 (1.52-3.2)

<45 0.89 (0.47-1.70) 0.77 (0.37-1.60) 1.73 (0.93-3.2)
Model 3°

No (=60) 1

30-60 1.48 (1.03-2.13) 1.48 (0.99-2.20) 2.34 (1.63-3.3)

<30 041 (0.15-1.08) 0.52 (0.19-1.38) 1.1 (0.46-2.6)
Model 4¢

No (=60) 1

45-60 144 (0.98-2.11) 151 (1.00-2.27) 2.22 (1.52-3.2)

30-45 1.79 (0.60-5.31) 136 (0.41-4.50) 312 (1.09-8.9)

15-30 04 (0.10-1.53) 0.77 (0.22-2.70) 0.82 (0.25-2.7)

<15 04 (0.13-1.26) - - 2.07 (0.75-5.7)

Abbreviations: CKD, chronic kidney disease; OR odd ratio

Each model was adjusted for age, sex, marriage status, education status, household income, physical activity, smoking and drinking status, obesity, hypertension,
diabetes mellitus

2Estimated glomerular filtration rates of 60 or higher was classified as non-CKD, 45 to 60 and less than 45 mL/min/1.73m? were classified as grades 1 and 2, respectively
b Estimated glomerularfiltration rates of 60 or higher was classified as non-CKD, 30 to 60 and less than 30 mL/min/1.73m? were classified as grades 1 and 2, respectively

¢ Estimated glomerular filtration rates of 60 or higher was classified as non-CKD, 45 to 60, 30 to 45, 15 to 30 and less than 15 mL/min/1.73m? were classified as grades

1 through 4, respectively

d Type of occupation (dependent variable) was categorized into four type of work status: full-time permanent job, self-employed, precarious job, unemployed

Table 5 Multinomial analysis results with the dependent variable further divided into three types of occupation

Type of occupation

Unemployment White collar Pink collar Blue collar
(N=14,104, 38.4%) (N=28,746, 23.8%) (N=4,552, 12.4%) (N=9,310, 25.4%)
CKD OR OR 95% ClI OR 95% ClI OR 95% ClI
No 1
Yes 1 0.71 (0.54-0.93) 0.64 (0.49-0.84) 0.53 (045-063)

Abbreviations: CKD, chronic kidney disease; OR odd ratio

Each model was adjusted for age, sex, marriage status, education status, household income, physical activity, smoking and drinking status, obesity, hypertension,

diabetes mellitus

Type of occupation (dependent variable) was categorized into three types of occupation: white collar, pink collar, blue collar

Depending on the severity of CKD, patient’s employ-
ment status may depend on the physical intensity of the
occupation. Therefore, including categorized into four
types of occupation (White collar, Pink collar, Blue col-
lar, unemployment), we can observe that the most of the
CKD patients were being unemployed. The tendency to
maintain employment decreased as the amount of physi-
cal labor increased. This is presumed to be due to barriers
to maintaining employment caused by physical symp-
toms such as fatigue reported by CKD patients in previ-
ous qualitative studies [12]. Furthermore, these results
provide an important implication that CKD patients
working in blue collar are more easily exposed to leaving
their jobs.

Our study had several limitations. First, the cross-
sectional design employed in this study implies that the
data were collected at a single time point. This limited
our ability to establish clear causal associations, which
is why the present results indicate associations rather
than definitive causal relationships. Reverse causality is a
drawback of cross-sectional studies. However, it can be
argued that the prevalence of CKD is more likely to be a
causal factor influencing the work status of patients with
CKD, rather than the other way around.

Second, the survey used in this study did not consider
the participants’ motivation to seek employment. There-
fore, we could only examine the prevalence of CKD and
absence of employment, without being able to determine
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Unemployment status by CKD grade

10000

frequency
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2 3
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Sex M Male M Female

Fig. 2 Bar chart for unemployment status by CKD grade. The CKD grade shown in the figure is classified according to the estimated glomerular filtration
rates (eGFR). CKD grade 1 indicates that an eGFR of 60 or higher was classified as non-CKD, and eGFRs of 30 to 60 and less than 30 mL/min/1 73m? were

classified as grades 2 and 3

whether unemployed individuals lack the drive to seek
work. Further studies are required to address this issue.

Third, the physical and psychological symptoms of
CKD patients were not taken into consideration. CKD
patients experience various symptoms, and that the
severity of these symptoms can lead to differences in
their employment status. However, the survey data we
used did not include questions about this information,
we were unable to differentiate CKD patients based on
their symptoms. Therefore, future research should be
conducted based on this data to perform more detailed
studies.

Finally, Due to the limitations of the data, we used,
people who did not have laboratory data measured were
excluded from the study. To overcome these limitations,
future studies should use larger data sets to include peo-
ple without laboratory data or conduct an analysis to
understand their characteristics.

Despite these limitations, this study had several
strengths. To our knowledge, this is the first quantitative
investigation to establish an association between CKD
and employment status in East Asia. Moreover, our use
of KNHANES data, which accurately represent the entire
Korean population, allows the extrapolation of the pres-
ent findings to the broader Korean population. The reli-
ability of the participants’ CKD and diabetes statuses
was strengthened by meticulous analysis of laboratory
data, including eGFR and HbAlc levels. Consequently,
the outcomes of this study can potentially inform policy

discussions, help integrate treatment and employment
services, and thereby enhance the patients’ quality of life.

In conclusion, our study demonstrated a significant
association between CKD and employment status, high-
lighting the impact of CKD on the prevalence of unem-
ployment. Additionally, our findings suggest that patients
with CKD have a higher likelihood of securing precari-
ous employment than that in individuals without CKD.
Patients with early- or late-stage CKD face challenges
in maintaining a balance between work and health and
may receive inadequate support at their workplace.
Given these findings, it is crucial for clinicians and poli-
cymakers to engage in effective communication regard-
ing the work situation of patients with CKD and address
potential issues affecting their overall well-being. Active
interventions, legislation, and supportive measures are
necessary to improve the quality of life of patients with
CKD in relation to employment.

Acknowledgements

We express our appreciation to the Korea centers for Disease Control and
Prevention for providing the nationwide survey data. The authors declare

no financial or other relationships that may have influenced or biased the
publication of this manuscript. Furthermore, this research received no financial
support or funding and was conducted solely using the resources and
facilities available to the authors.

Author Contributions

SC: conceptualization, data curation, formal analysis, investigation,
methodology, validation, writing original draft, review and editing. SJ:
conceptualization, formal analysis, methodology, supervision, validation,
review and editing. EC: investigation, methodology, validation, review and



Choi et al. BMC Public Health (2024) 24:216

editing. YP: data curation, methodology, validation, review and editing. All
authors read and approved the final manuscript.

Funding
This study was supported by a new faculty research seed money grant of
Yonsei University Graduate School of Public Heath for 2023 (2023-32-0069).

Data Availability
Data used in this study was from 2014 to 2021 KNHANES and can be
downloaded from the KNHANES official website (https://knhanes.kdca.gokr/).

Declarations

Ethics approval and consent to participate

This study did not require prior consent or approval from an institutional
review board because the KNHANES is a secondary dataset consisting of
already de-identified data that are available in the public domain. This study
protocol was granted an exemption from requiring ethics approval by

the institutional review board of Severance Hospital, South Korea [IRB No.
4-2023-0739].

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 September 2023 / Accepted: 25 November 2023
Published online: 18 January 2024

References

1. Nitta K, Okada K, Yanai M, Takahashi S. Aging and chronic kidney disease. Kid-
ney Blood Press Res. 2013;38(1):109-20. https://doi.org/10.1159/000355760.

2. GBD Chronic Kidney Disease Collaboration. Global, regional, and national
burden of chronic kidney disease, 1990-2017: a systematic analysis for
the global burden of disease study 2017. Lancet. 2020;395(10225):709-33.
https://doi.org/10.1016/5S0140-6736(20)30045-3.

3. XieY,Bowe B, Mokdad AH, Xian H, Yan Y, Li T, Maddukuri G, Tsai CY, Floyd
T, Al-Aly Z. Analysis of the Global Burden of Disease study highlights the
global, regional, and national trends of chronic kidney disease epidemiology
from 1990 to 2016. Kidney Int. 2018,94(3):567-81. https://doi.org/10.1016/j.
kint.2018.04.011.

4. OECD Indicators. Health at a Glance 2021. 2021. Available from 09 November,
2021. https://www.oecd.org/health/health-at-a-glance/.

5. The Korea Disease Control and Prevention Agency. Trends in the number of
chronic kidney disease patients and medical expenses, during 2011-2021.
Public Health Weekly Report. 2023;16(9):269-70. https://doi.org/10.56786/
PHWR.2023.16.9.3. [Published online March 9, 2023]. Available at.

6. Linn MW, Sandifer R, Stein S. Effects of unemployment on mental and physi-
cal health. Am J Public Health. 1985,75(5):502-6. https://doi.org/10.2105/
ajph.75.5.502.

7. Lerner DJ, Amick BC 3rd, Malspeis S, Rogers WH. A national survey of health-
related work limitations among employed persons in the United States. Dis-
abil Rehabil. 2000;22(5):225-32. https://doi.org/10.1080/096382800296791.

8. Cockwell P, Fisher LA. The global burden of chronic kidney disease. Lancet.
2020;395(10225):662-4. https://doi.org/10.1016/S0140-6736(19)32977-0.

9. Levey AS, Coresh J. Chronic Kidney Disease. Lancet. 2012;379(9811):165-80.
https://doi.org/10.1016/50140-6736(11)60178-5.

10. Tong A, Sainsbury P, Chadban S, Walker RG, Harris DC, Carter SM, Hall B, Haw-
ley C, Craig JC. Patients' experiences and perspectives of living with CKD. Am
JKidney Dis. 2009;53(4):689-700. https://doi.org/10.1053/j.ajkd.2008.10.050.

11. Heiwe S, Clyne N, Dahlgren MA. Living with chronic Renal Failure: patients’
experiences of their physical and functional capacity. Physiother Res Int.
2003;8(4):167-77. https://doi.org/10.1002/pri.287.

12. van der Mei SF, Alma MA, de Rijk AE, Brouwer S, Gansevoort RT, Franssen CFM,
Bakker SJL, Hemmelder MH, Westerhuis R, van Buren M, Visser A. Barriers to
and facilitators of sustained employment: a qualitative study of experiences
in Dutch patients with CKD. Am J Kidney Dis. 2021;78(6):780-92. https://doi.
0rg/10.1053/}.ajkd.2021.04.008.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 10 of 11

Cloutier M, Manceur AM, Guerin A, Aigbogun MS, Oberdhan D, Gauthier-
Loiselle M. The societal economic burden of autosomal dominant polycystic
kidney disease in the United States. BMC Health Serv Res. 2020;20(1):126.
https://doi.org/10.1186/512913-020-4974-4.

Kirkeskov L, Carlsen RK, Lund T, Buus NH. Employment of patients with kidney
failure treated with dialysis or kidney transplantation-a systematic review
and meta-analysis. BMC Nephrol. 2021;22(1):348. https://doi.org/10.1186/
$12882-021-02552-2.

Knobbe TJ, Kremer D, Abma FI, Annema C, Berger SP, Navis GJ, van der Mei SF,
Biltmann U, Visser A, Bakker SJL. TransplantLines investigators. Employment
status and work functioning among kidney transplant recipients. Clin J Am
Soc Nephrol. 2022;17(10):1506-14. https://doi.org/10.2215/CIN.05560522.
Klarenbach S, Stafinski T, Longobardi T, Jacobs P. The effect of renal insuf-
ficiency on workforce participation in the United States: an analysis using
national health and nutrition examination survey lll data. Am J Kidney Dis.
2002;40(6):1132-7. https://doi.org/10.1053/ajkd.2002.36854.

Mader L, Michel G, Roser K. Unemployment following childhood can-

cer. Dtsch Arztebl Int. 2017;114(47):805-12. https://doi.org/10.3238/
arztebl.2017.0805.

LaTorre G, Lia L, Francavilla F, Chiappetta M, De Sio S. Factors that facilitate
and hinder the return to work after Stroke: an overview of systematic reviews.
Med Lav. 2022;113(3):e2022029. https://doi.org/10.23749/mdl.v113i3.13238.
Nexo MA, Pedersen J, Cleal B, Andersen |, Bjgrner JB. Working life expectan-
cies among individuals with type 1 and type 2 diabetes over a 30-year period.
Scand J Work Environ Health. 2021,47(7):540-9. https://doi.org/10.5271/
sjweh.3972. Epub 2021 Jun 8.

Li J, Huang Z, Hou J, Sawyer AM, Wu Z, Cai J, Curhan G, Wu S, Gao X. Sleep
and CKD in Chinese adults: a cross-sectional study. Clin J Am Soc Nephrol.
2017;12(6):885-92. https://doi.org/10.2215/CIN.09270816.

Hannan M, Ansari S, Meza N, Anderson AH, Srivastava A, Waikar S, Charleston
J, Weir MR, Taliercio J, Horwitz E, Saunders MR, Wolfrum K, Feldman HI, Lash
JP, Ricardo AC, CRIC Study Investigators; Chronic Renal Insufficiency Cohort
(CRIC). Study investigators. Risk factors for CKD progression: overview of find-
ings from the CRIC Study. Clin J Am Soc Nephrol. 2021;16(4):648-59. https://
doi.org/10.2215/CIN.07830520.

Hill J, Nielsen M, Fox MH. Understanding the social factors that contribute to
Diabetes: a means to informing health care and social policies for the chroni-
cally ill. Perm J. 2013 Spring;17(2):67-72. https://doi.org/10.7812/TPP/12-099.
Alma MA, van der Mei SF, Brouwer S, et al. Sustained employment, work dis-
ability and work functioning in CKD patients: a cross-sectional survey study. J
Nephrol. 2023;36(3):731-43. https://doi.org/10.1007/540620-022-01476-w.
Ministry of Health and Welfare of Korea, Korea Centers for Disease Control
and Prevention. 2021 Korea Health statistics. Seoul: Ministry of Health and
Welfare of Korea; 2022.

Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S,

Kusek JW, Van Lente F, Chronic Kidney Disease Epidemiology Col-

laboration. Using standardized serum creatinine values in the modi-

fication of diet in renal Disease study equation for estimating glo-

merular filtration rate. Ann Intern Med. 2006;145(4):247-54. https://doi.
0rg/10.7326/0003-4819-145-4-200608150-00004.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more

accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal

Disease Study Group. Ann Intern Med. 1999;130(6):461-70. https://doi.
0rg/10.7326/0003-4819-130-6-199903160-00002.

Lee CS, Cha RH, Lim YH, Kim H, Song KH, Gu N, Yu KS, Lim CS, Han JS, Kim

S, Kim YS. Ethnic coefficients for glomerular filtration rate estimation by

the modification of Diet in Renal Disease study equations in the Korean
population. J Korean Med Sci. 2010;25(11):1616-25. https://doi.org/10.3346/
jkms.2010.25.11.1616.

Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Carrero JJ, Chan W,
Fouque D, Friedman AN, Ghaddar S, Goldstein-Fuchs DJ, Kaysen GA, Kopple
JD, Teta D, Yee-Moon Wang A, Cuppari L. KDOQI Clinical Practice Guideline for
Nutrition in CKD: 2020 update. Am J Kidney Dis. 2020;76(3 Suppl 1):1-S107.
https://doi.org/10.1053/}.ajkd.2020.05.006.

Levey AS, de Jong PE, Coresh J et al. The definition, classification, and prog-
nosis of chronic kidney disease: a KDIGO Controversies Conference report
[published correction appears in Kidney Int. 2011,80(9):1000] [published cor-
rection appears in Kidney Int. 2011;80(9):1000]. Kidney Int. 2011;80(1):17-28.
https://doi.org/10.1038/ki.2010.483.

Kim SS, Subramanian SV, Sorensen G, Perry MJ, Christiani DC. Associa-

tion between change in employment status and new-onset depressive


https://knhanes.kdca.go.kr/
https://doi.org/10.1159/000355760
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/j.kint.2018.04.011
https://doi.org/10.1016/j.kint.2018.04.011
https://www.oecd.org/health/health-at-a-glance/
https://doi.org/10.56786/PHWR.2023.16.9.3
https://doi.org/10.56786/PHWR.2023.16.9.3
https://doi.org/10.2105/ajph.75.5.502
https://doi.org/10.2105/ajph.75.5.502
https://doi.org/10.1080/096382800296791
https://doi.org/10.1016/S0140-6736(19)32977-0
https://doi.org/10.1016/S0140-6736(11)60178-5
https://doi.org/10.1053/j.ajkd.2008.10.050
https://doi.org/10.1002/pri.287
https://doi.org/10.1053/j.ajkd.2021.04.008
https://doi.org/10.1053/j.ajkd.2021.04.008
https://doi.org/10.1186/s12913-020-4974-4
https://doi.org/10.1186/s12882-021-02552-2
https://doi.org/10.1186/s12882-021-02552-2
https://doi.org/10.2215/CJN.05560522
https://doi.org/10.1053/ajkd.2002.36854
https://doi.org/10.3238/arztebl.2017.0805
https://doi.org/10.3238/arztebl.2017.0805
https://doi.org/10.23749/mdl.v113i3.13238
https://doi.org/10.5271/sjweh.3972
https://doi.org/10.5271/sjweh.3972
https://doi.org/10.2215/CJN.09270816
https://doi.org/10.2215/CJN.07830520
https://doi.org/10.2215/CJN.07830520
https://doi.org/10.7812/TPP/12-099
https://doi.org/10.1007/s40620-022-01476-w
https://doi.org/10.7326/0003-4819-145-4-200608150-00004
https://doi.org/10.7326/0003-4819-145-4-200608150-00004
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
https://doi.org/10.3346/jkms.2010.25.11.1616
https://doi.org/10.3346/jkms.2010.25.11.1616
https://doi.org/10.1053/j.ajkd.2020.05.006
https://doi.org/10.1038/ki.2010.483

Choi et al. BMC Public Health (2024) 24:216

32.

33.

34.

35.

symptoms in South Korea - a gender analysis. Scand J Work Environ Health.
2012;38(6):537-45. https://doi.org/10.5271/sjweh.3286.

Wang L, Xu X, Zhang M, Hu C, Zhang X, Li C, Nie S, Huang Z, Zhao Z, Hou

FF, Zhou M. Prevalence of chronic Kidney Disease in China: results from the
Sixth China Chronic Disease and risk factor surveillance. JAMA Intern Med.
2023;183(4):298-310. https://doi.org/10.1001/jamainternmed.2022.6817.
Udani S, Lazich |, Bakris GL. Epidemiology of hypertensive Kidney Disease. Nat
Rev Nephrol. 2011;7(1):11-21. https://doi.org/10.2215/CIN.07830520.

GarlaV, Kanduri S, Yanes-Cardozo L, Lién LF. Management of Diabetes Melli-
tus in chronic Kidney Disease. Minerva Endocrinol. 2019;44(3):273-87. https://
doi.org/10.23736/50391-1977.19.03015-3.

American Diabetes Association. 2. Classification and Diagnosis of Diabetes:
Standards of Medical Care in Diabetes-2019. Diabetes Care. 2019;42(Suppl
1):513-S28. https://doi.org/10.2337/dc19-S002.

World Health Organization. Guidelines on physical activity and sedentary
behaviour. Geneva: World Health Organization; 2020.

36.

37.

38.

Page 11 of 11

Jee SH, Sull JW, Park J, Lee SY, Ohrr H, Guallar E, Samet JM. Body-mass index
and mortality in Korean men and women. N Engl J Med. 2006;355(8):779-87.
https://doi.org/10.1056/NEJM0a054017.

2019: The Future of Work, OECD. OECD Employment Outlook, Publishing
OECD. Paris. 2019. https://doi.org/10.1787/9ee00155-en.

Schaeffner ES, Ebert N, Kuhimann MK, et al. Age and the course of GFR in per-
sons aged 70 and above. Clin J Am Soc Nephrol. 2022;17(8):1119-28. https://
doi.org/10.2215/CIN.16631221.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.5271/sjweh.3286
https://doi.org/10.1001/jamainternmed.2022.6817
https://doi.org/10.2215/CJN.07830520
https://doi.org/10.23736/S0391-1977.19.03015-3
https://doi.org/10.23736/S0391-1977.19.03015-3
https://doi.org/10.2337/dc19-S002
https://doi.org/10.1056/NEJMoa054017
https://doi.org/10.1787/9ee00155-en
https://doi.org/10.2215/CJN.16631221
https://doi.org/10.2215/CJN.16631221

	﻿Association between prevalence and severity of chronic kidney disease and employment status: a nationwide study in Korea
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data
	﻿Study participants
	﻿Variables
	﻿CKD status
	﻿Assessment of employment status
	﻿Other covariates
	﻿Statistical analysis


	﻿Results
	﻿Discussion
	﻿References


