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Objectives   We aimed to evaluate the association between long working hours, night work, and estimated glo-
merular filtration rate (eGFR) among young healthcare workers.
Methods   We conducted a retrospective cohort study among healthcare workers in a tertiary medical center in 
Taiwan from 2002 to 2021. Other than physicians, all hospital employees aged 20–65 years with documented 
yearly working hours and an annual blood test including creatinine were eligible. We excluded participants with 
eGFR <60 ml/min/1.73 m2 and proteinuria at enrollment to focus on early renal impairment. Total working 
hours, night working hours, and eGFR in each year were collected. We assessed the relationship of total working 
hours and night and non-night working hours with eGFR using the generalized linear mixed model, adjusting for 
demographic, comorbidities, and laboratory profiles.
Results   The study included 10 677 participants with a mean age of 27.2 (standard deviation 7.1) years. The mean 
follow-up duration was 6.2 years. For every 10-hour increase in total weekly working hours, the eGFR decreased 
by 0.86 [95% confidence interval (CI) 0.61–1.11] ml/min/1.73 m2. For every 10-hour increase in weekly night 
working hours, the eGFR decreased by 0.25 (95% CI 0.07–0.42) ml/min/1.73 m2. In stratified analysis, the nega-
tive associations between total working hours and eGFR remained in the subgroups of individuals aged <40 years 
and those without hypertension or diabetes, with a P-value for interaction of <0.05.
Conclusions   Longer working hours and night work were associated with lower eGFR among healthcare workers.
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Chronic kidney disease (CKD) has increased rapidly 
worldwide with a global prevalence of 9.1% (1). Recog-
nized as the 12th leading cause of death globally, CKD 
accounts for 1.2 million deaths annually (2). In Taiwan, 
the prevalence of CKD is estimated at 15.46% overall and 
9.06% for stages 3 to 5 (3). Taiwan has the highest inci-
dence (0.455/1,000 person-years) and prevalence (0.32%) 
of end-stage renal disease among international countries 
surveyed (4). While diabetes and hypertension are the 
primary causes of CKD (5), exploring other risk factors 
is important for a comprehensive understanding and man-
agement of kidney disease. Beyond these traditional risk 
factors, it is imperative to identify additional contributors 
to early renal dysfunction to mitigate the CKD burden.

Long working hours are not only a significant occu-
pational concern but also a public health issue. Accord-
ing to the Ministry of Labor, in 2022, average annual 
working hours in Taiwan reached 2008, higher than the 
Organization for Economic Cooperation and Devel-
opment's numbers for South Korea (1901 hours) and 
Japan (1607 hours). This places Taiwan among the 
top ten countries globally for high working hours in 
recent years. Long working hours are associated with a 
variety of adverse health outcomes, including physical 
health problems like sleep disorders and coronary heart 
disease, as well as mental disorders such as depression, 
anxiety, and higher suicide mortality rates (6, 7). Previ-
ous cross-sectional studies have indicated an association 
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between long working hours and renal impairment (8, 
9). Additionally, there has been only one cohort study 
that has demonstrated a relationship between long work-
ing hours and the incidence of CKD (10). Thus, the 
association between long working hours and CKD needs 
more attention.

The prevalence of shift work has surged globally in 
line with economic development. Shift work includes 
various work schedules occurring outside of typical day-
time working hours, such as night shift or night work. In 
the United States, over 27 million workers are engaged 
in flexible work schedules, with 14.8% predominantly 
working shifts other than regular daytime hours (11). 
The proportion of shift work is high in Asian countries, 
in particular in Taiwan (25%) (12). Shift work, espe-
cially night shifts, is associated with decreased kidney 
function (13). In addition, long duration of night shift 
work years is associated with early stage of renal dys-
function (14).

A major limitation among the studies about long 
working hours and CKD is inconsistent assessment of 
long working hours exposure. Long working hours were 
evaluated using a self-report questionnaire, and a shorter 
follow-up period to develop CKD was also a limitation. 
The same restrictions in the literature of night shift work 
and CKD were also noted. Although some epidemiologi-
cal studies reported a positive association between night 
shift work and CKD, the assessment of night shift work 
exposure was acquired by self-report questionnaires, 
which might suffer from recall bias owing to complex 
rotating work schedules. Studies that can provide a more 
accurate quantitative measure of total working hours and 
night working hours are still lacking.

We hypothesize that long working hours and night 
work increase the risk of renal dysfunction, reflected by 
lower estimated glomerular filtration rate (eGFR) in the 
early stage. Our study primarily aims to establish the 
association of long working hours and night work with 
early renal impairment, rather than overt CKD, among 
young healthcare workers (HCW). Particularly, we try 
to identify subgroups at risk of early renal impairment 
related to working hours.

Methods

Study design and participants

We conducted a retrospective cohort study at a medical 
center in central Taiwan, which has approximately 1450 
beds. The data collection spanned from January 2002 to 
December 2021.

Participants eligible for the study included all hospi-
tal employees aged 20–65 years, excluding physicians, 

who worked at the hospital during this period and had 
documented actual working hours as well as annual 
health examinations (N=11 098). The annual health 
exam, regulated by the employer, should be completed 
by the end of the year. We excluded participants with 
suspected CKD (eGFR <60 ml/min/1.73 m2) within 
the year of entry (N=12). We also excluded those with 
proteinuria +1 or greater on dipstick urinalysis (N=409). 
Ultimately, our analysis included 10 677 participants, 
comprising 9482 women and 1195 men (figure 1).

Ascertainment of night work and total working hours

In our study, we defined night working hours as 0:00–
08:00 hours. Total working hours were considered as the 
sum of all working hours, encompassing both non-night 
and night work. Consequently, non-night working hours 
were calculated by subtracting night working hours 
from the total. We systematically collected data on both 
non-night and night working hours of participants every 
year. Furthermore, work patterns were divided into two 
categories: (i) non-shift work: a worker engaged only 
in day work and (ii) shift work: a worker not limited to 
day work alone.

In Taiwan, the Labor Standards Act governs the work-
ing hours of hospital employees, with the exception of 
physicians whose working hours are not regulated. Thus 
they were not enrolled into this study. Hospitals are man-
dated to report the working hours of HCW to the Depart-
ment of Labor each month. These hours are directly tied 
to the employees’ salaries and are accurately recorded. To 
eliminate recall bias, we accessed these working hours 
through an electronic recording system.

Demographics, blood tests and anthropometric data

Demographic data, including age and sex were obtained 
from electronic medical records. Personal habits such as 
smoking, drinking, and exercise were assessed by ques-

Figure 1. Flowchart for the selection of eligible participants.
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tionnaires completed during employees' annual health 
check-up. Anthropometric data, including body weight, 
height, and blood pressure, were retrieved from medi-
cal records. Blood pressure was measured twice using 
an electronic device. Height and weight were measured 
by a nurse or assistant, with participants in the standing 
position without shoes or outer garments. Height was 
measured to the nearest 0.1 cm, and weight was mea-
sured to the nearest 0.1 kg with a digital stadiometer. 
Body mass index (BMI) was calculated as weight (kg) 
divided by the square of height (m2).

During the health check-up, blood was drawn from 
the antecubital vein after eight hours of overnight fast-
ing. Biochemical data, including total cholesterol, tri-
glycerides, low-density lipoprotein cholesterol (LDL-
C), and high-density lipoprotein cholesterol (HDL-C), 
uric acid, creatinine, glucose, and hemoglobin A1c 
(HbA1c) were analyzed. Urine protein was checked by 
urine dipstick analysis from morning spot urine sample. 
Serum creatinine was measured using the Jaffe rate 
method (Beckman Coulter’s AU5800 series chemistry 
analyzers). Estimated GFR was calculated by the 2021 
Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation (15). The 2021 CKD-EPI equation 
is as follows: eGFR = 142 × min (Scr /κ, 1) α × max (Scr 
/κ, 1)-1.200 × 0.9938Age × (1.012 if female). Scr is serum 
creatinine in mg/dL, κ is 0.7 for females and 0.9 for 
males, α is -0.241 for females and -0.302 for males, min 
indicates the minimum of Scr /κ or 1, max indicates the 
maximum of Scr /κ or 1.

The College of American Pathologists accredits the 
laboratory for high-quality assurance and reliability.

Determination of diagnosed diabetes and hypertension

Because hypertension and diabetes are major risk factors 
for renal function impairment, we included these two 
diseases in our analysis. The determination of diagnosed 
hypertension and diabetes was conducted through the 
following methods. We obtained the results of annual 
health checkups and medical records from the hospi-
tal’s electronic medical record system. The diagnosis 
of hypertension was determined by either: (i) a systolic 
blood pressure ≥140 mmHg or a diastolic blood pressure 
≥90 mmHg during annual health check-ups, or (ii) a 
diagnosis of hypertension by a physician, as indicated by 
ICD-9 codes 401, 402, 404, 405, or ICD-10 codes I10, 
I11, I12, I13, I15. Similarly, the diagnosis of diabetes 
was established by either: (i) a fasting plasma glucose 
level of ≥126 mg/dL (7.0 mmol/L) or a HbA1c level of 
≥6.5% (48 mmol/mol) during annual health check-ups, 
or (ii) a diagnosis of diabetes by a physician, as indi-
cated by ICD-9 codes 250, 251, or ICD-10 codes E10, 
E11, E13, during the study period.

Statistical analysis

We first provided the baseline characteristics of all 
participants. They were compared across three levels of 
working hours: <30, 30–40, and >40 hours per week. 
The Kruskal–Wallis test was used to calculate P-values 
for continuous variables and the chi-squared test or Fish-
er’s exact test for categorical variables. The generalized 
linear mixed model (GLMM) was utilized to evaluate 
the association of total working hours, night working 
hours, and non-night working hours with eGFR obtained 
from the health checkup data in the same year. The 
GLMM incorporated a random intercept for repeated 
measurements of each worker. Multivariable adjusted β 
slope and 95% confidence intervals (CI) were reported, 
adjusting for covariates of age, sex, hypertension status, 
diabetes status, BMI, lipid profiles, uric acid, smoking, 
and drinking. We additionally adjusted for shift work 
status in the model for total working hours. Furthermore, 
we performed stratified analyses by age groups (<40 
versus ≥40 years old), sex, hypertension status, diabetes 
status, and uric acid (<6 versus ≥6 mg/dL).

All statistical tests were two-sided, with a signifi-
cance level of 0.05. The analyses were performed using 
SAS, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Total working hours, night working hours and eGFR

From 2002–2021, our study recruited 10 677 partici-
pants, with a mean follow-up duration of 6.2 years. At 
baseline, the mean age of the participants was 27.2 [stan-
dard deviation (SD) 7.1] years, and the mean eGFR was 
113.1 (SD 16.5) ml/min/1.73m2. A majority of the par-
ticipants, 88.8%, were female. There were 5969 (55.9%) 
nurses, 1928 (18.1%) other professionals including 
technicians, radiologists, therapists, pharmacists, etc., 
and 2776 (26.0%) other hospital staff. Participants, on 
average, worked 37.1 hours per week and engaged in 
night work for 2.9 hours per week. Table 1 shows the 
baseline characteristics of all participants at the time of 
enrollment. HCW with higher working hours exhibited 
lower eGFR. Females consistently made up a larger 
proportion across different levels of working hours, 
yet the proportion of females decreased among those 
who worked >40 hours per week. A higher prevalence 
of hypertension and a lower prevalence of diabetes 
were observed among those with longer working hours, 
although these differences were not statistically signifi-
cant. The proportion of shift workers, along with nurses, 
was higher among those who worked 30–40 hours per 
week. In contrast, the proportion of other professionals 
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increased among those who worked >40 hours per week. 
Notably, the number of HCW with smoking or drink-
ing habits was rare. The proportion of missing data on 
exercise was extremely high, leading to its exclusion 
from further analysis.

Table 2 presents the associations of total, night, and 
non-night weekly working hours with eGFR as deter-
mined by the GLMM. We adjusted for several variables, 
including age, sex, hypertension, diabetes, BMI, lipid 
profiles, smoking and drinking, and additionally, shift 
work status in Model 1. In terms of eGFR outcomes, 
we observed that for every 10-hour increase in total 
weekly working hours, the eGFR decreased by 0.86 
ml/min/1.73m2 (95% CI 0.61–1.11). The effect size 
was comparable to the effect of aging, in that the eGFR 
was 0.76 ml/min/1.73m2 lower for every year older 
at baseline age and declined by 0.88 ml/min/1.73m2 
for every 1-year increase in age. Similarly, for every 
10-hour increase in weekly night working hours, there 
was a decrease of 0.25 ml/min/1.73m2 in eGFR (95% 
CI 0.07–0.42). However, we found no statistically sig-
nificant association between higher non-night working 
hours and lower eGFR. In all models, several factors 
were consistently associated with lower eGFR: older age 
at baseline, longer follow-up time, male sex, hyperten-
sion, higher LDL-C, and higher uric acid levels. In the 
model analyzing total working hours, individuals with 
shift work exhibited lower eGFR compared to those 
without shift work.

Table 2. Fixed effects parameters of the generalized linear mixed 
model with estimated glomerular filtration rate (2021 CKD-EPI) as 
outcome (N=10 677). [SBP=systolic blood pressure; DBP=diastolic 
blood pressure; BMI=body mass index; HDL-C=high-density lipopro-
tein cholesterol; LDL-C=low-density lipoprotein; TG=triglycerides; 
eGFR=estimated Glomerular filtration rate; CI=confidence interval]. 
Numbers in bold indicate statistically significant findings (P<0.05).

Model 1 a Model 2 a Model 3 a

β (95% CI) β (95% CI) β (95% CI)

Working hours
Total b -0.86 (-1.11– -0.61)
Night b, c -0.25 (-0.42 – -0.07)
Non-night b -0.11 (-0.27–0.04)

Age (years) -0.76 (-0.79– -0.73) -0.76 (-0.79– -0.73) -0.75 (-0.78– -0.72)
Follow-up 
time (years)

-0.88 (-0.91– -0.84) -0.87 (-0.90– -0.83) -0.86 (-0.90– -0.83)

Male sex -4.42 (-5.39– -3.44) -4.47 (-5.45– -3.50) -4.42 (-5.40– -3.45)
Hypertension -0.37 (-0.70– -0.04) -0.39 (-0.72– -0.07) -0.41 (-0.74– -0.09)
Diabetes -0.09 (-0.90–0.73) -0.08 (-0.90–0.74) -0.08 (-0.90–0.74)
BMI (kg/m2) 0.33 (0.26–0.40) 0.35 (0.28–0.42) 0.35 (0.28–0.41)
HDL-C (mg/
dL) b

0.27 (0.16–0.37) 0.30 (0.20–0.41) 0.30 (0.19–0.41)

LDL-C (mg/dL) b -0.09 (-0.14– -0.03) -0.08 (-0.13– -0.02) -0.08 (-0.14– -0.02)
TG (mg/dL) d 0.09 (0.06–0.11) 0.10 (0.07–0.12) 0.10 (0.07–0.12)
Uric acid  
(mg/dL)

-2.86 (-3.07– -2.66) -2.87 (-3.07– -2.67) -2.87 (-3.07 – -2.67)

Current 
smoker

-0.98 (-3.03–1.07) -0.95 (-3.03–1.12) -1.00 (-3.07–1.07)

Drinking -0.52 (-1.50–0.46) -0.56 (-1.54–0.43) -0.55 (-1.53–0.43)
Shift work -0.29 (-0.56– -0.02)
a Model 1, 2, and 3 adopt total working hours, night working hours, and non-

night working hours as main predictors, respectively. Model 1 additionally 
adjusted for shift work status.

b For every 10 hours per week.
c Night working hours were from 0:00–08:00 hours. Total working hours were 

considered as the sum of all working hours, encompassing both non-night 
and night working hours. 

d For every 10 mg/dL.

Table 1. Baseline characteristics among all participants (N=10 677). [SBP=systolic blood pressure; DBP=diastolic blood pressure; BMI=body 
mass index; TC=total cholesterol; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol; TG=triglycerides; 
eGFR=estimated glomerular filtration rate; SD=standard deviation]. Numbers in bold indicate statistically significant findings (P<0.05).

Variable Missing Total  
(N=10 677)

Total working hours (per week) P-value a

<30 (N=753) 30–40 (N=7391) >40 (N=2533)

N Mean (SD) N (%) Mean (SD) N (%) Mean (SD) N (%) Mean (SD) N (%)
Age (years) 0 27.2 (7.1) 26.8 (6.4) 27.4 (7.4) 26.6 (6.5) 0.005
BMI (kg/m2) 12 22.1 (4.0) 22.4 (4.3) 22.1 (3.9) 21.9 (4.0) 0.026
TC (mg/dL) 3 178.5 (32.2) 179.7 (33.9) 177.9 (32.1) 179.9 (31.8) 0.006
HDL-C (mg/dL) 6071 58.9 (13.3) 57.7 (14.0) 59.0 (13.2) 58.8 (13.6) 0.141
LDL-C (mg/dL) 6075 104.5 (28.9) 104.5 (29.6) 103.8 (28.5) 108.0 (30.1) 0.010
TG (mg/dL) 5 75.9 (51.9) 82.1 (77.7) 76.0 (50.6) 73.8 (45.7) 0.052
Uric acid (mg/dL) 3467 5.1 (1.2) 5.1 (1.2) 5.1 (1.2) 5.2 (1.3) 0.006
Creatinine (mg/dL) 0 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 0.8 (0.2) <0.001
eGFR (ml/in/1.73m2) 0 113.1 (16.5) 116.0 (15.2) 113.2 (16.8) 111.9 (15.8) <0.001
Total working hours (per week) 0 37.1 (5.6) 20.8 (7.0) 37.2 (2.1) 41.7 (1.9) <0.001
Night working hours (per week) 0 2.9 (5.0) 0.9 (2.5) 3.3 (5.3) 2.4 (4.1) <0.001
Female sex 0 9482 (88.8) 673 (89.4) 6683 (90.4) 2126 (83.9) <0.001
Hypertension 0 862 (8.1) 57 (7.6) 573 (7.8) 232 (9.2) 0.071
Diabetes 0 134 (1.3) 11 (1.5) 93 (1.3) 30 (1.2) 0.835
Current smoker 8604 18 (0.9) 1 (0.6) 11 (0.7) 6 (1.8) 0.160 *
Alcohol drinking 8635 17 (0.8) 3 (1.8) 12 (0.8) 2 (0.6) 0.305 *
Shift work 0 6206 (58.1) 295 (39.2) 4653 (63.0) 1258 (49.7) <0.001
Occupation 4 <0.001

Nurse 5969 (55.9) 404 (53.7) 4579 (62.0) 986 (39.0)
Other professionals b 1928 (18.1) 109 (14.5) 1091 (14.8) 728 (28.8)
Other hospital staff 2776 (26.0) 239 (31.8) 1720 (23.3) 817 (32.3)

a P-values were calculated by Kruskal–Wallis test for continuous variables, and the chi-squared test or Fisher’s exact test (*) for categorical variables. Numbers in bold 
indicate statistically significant findings (P<0.05).

b Other professionals include technicians, radiologists, therapists, pharmacists, etc.
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in weekly night working hours, there was a decrease 
of 1.00 ml/min/1.73m2 in eGFR (95% CI 0.52–1.48). 
The effect sizes were larger, but the direction of the 
associations remained the same. Additionally, non-night 
working hours were also associated with eGFR, showing 
borderline statistical significance. We further explored 
the relationship between eGFR derived from the 2021 
CKD-EPI and MDRD equations, and found a strong 
correlation between the two (Pearson’s correlation coef-
ficient = 0.85, P<0.001). A scatterplot in supplementary 
figure S1 illustrates that the eGFR derived from the 2021 
CKD-EPI and MDRD equations correlate more closely 
within the low to normal range of eGFR. However, the 
values derived from MDRD show much larger variation 
and tend to be inflated once the eGFR exceeds 90 ml/
min/1.73m2.

In supplementary table S2, we further divided total 
working hours into three levels (<30, 30–40, and >40 
hours per week) and re-evaluated its association with 
both eGFR derived from the 2021 CKD-EPI and MDRD 
equations. Compared with the reference group work-
ing <30 hours per week, the eGFR (2021 CKD-EPI) 
decreased by 1.27 (95% CI 0.87–1.66) and 1.23 (95% 
CI 0.74–1.72) ml/min/1.73m2 for every 10-hour increase 
in weekly working hours among those working 30–40 
and >40 hours per week, respectively. The results, when 
using eGFR derived from the MDRD equation, showed 
similar patterns but with larger effect sizes.

We also demonstrated a decrease in eGFR (2021 
CKD-EPI) of 3.09 (-2.08–8.27) for every 10-hour 
increase in weekly working hours among those work-
ing >40 hours per week (data not shown). However, 
the trend suggesting that increased working hours are 
associated with renal impairment did not achieve sta-
tistical significance. This lack of significance may be 
due to the limited statistical power, resulting from the 

Table 3. Stratified analysis based on age, sex, hypertension, diabetes, and uric acid presented with adjusted 95% confidence intervals (CI) for the 
relationship between working hours per week and estimated glomerular filtration rate. Numbers in bold indicate statistically significant findings 
(P<0.05).

Variable N Total working hours per 
week a

P for interaction Night working hours per 
week a

P for interaction

Age (years) 0.002 0.284
<40 9844 -1.01 (-1.26– -0.75) -0.26 (-0.43– -0.08)
≥40 833 0.50 (-0.37–1.37) -0.66 (-1.32– -0.002)

Sex 0.091 0.637
Female 9482 -0.90 (-1.15– -0.65) -0.24 (-0.42– -0.07)
Male 1195 -0.17 (-1.15–0.82) 0.02 (-0.91–0.95)

Hypertension 0.025 0.217
Non-hypertension 9815 -0.96 (-1.22– -0.71) -0.28 (-0.46– -0.09)
Hypertension 862 0.12 (-0.83–1.08) 0.05 (-0.50–0.60)

Diabetes <0.001 0.248
Non-diabetes 10543 -0.91 (-1.16– -0.67) -0.25 (-0.42– -0.07)
Diabetes 134 1.76 (-0.17–3.69) 0.74 (-0.23–1.72)

Uric acid (mg/dL) 0.559 0.250
<6 5722 -0.84 (-1.1 – -0.57) -0.30 (-0.50– -0.11)
≥6 1488 -0.78 (-1.44– -0.12) -0.06 (-0.47–0.36)

a For every 10 hours increase per week.

Stratified analysis

Table 3 illustrates the stratified analysis. The aforemen-
tioned association between total working hours and 
eGFR persisted in the subgroups of individuals <40 
years, females, those without hypertension, those with-
out diabetes, and irrespective of uric acid levels. The 
interactions of total working hours with age, hyperten-
sion status, and diabetes status were statistically signifi-
cant (P for interaction <0.05). Similarly, the association 
between night working hours and eGFR persisted in the 
subgroups of females, those without hypertension, those 
without diabetes, those with uric acid levels <6 mg/dL, 
and irrespective of age.

Sensitivity analysis

Due to substantial missing data of smoking and 
drinking habits, we conducted a sensitivity analysis, 
excluding these two variables from the model. For 
every 10-hour increase in total weekly working hours, 
eGFR decreased by 1.25 ml/min/1.73m2 (95% CI 
1.03–1.47). Similarly, for every 10-hour increase in 
weekly night working hours, there was a decrease of 
0.58 ml/min/1.73m2 in eGFR (95% CI 0.41–0.76). 
These results indicated that the primary findings of our 
study remained unchanged, with a slightly increased 
effect size after the removal of information on smoking 
and drinking habits.

In the supplementary material (www.sjweh.fi/
article/4159) table S1, we replaced eGFR from the 
2021 CKD-EPI equation with that from the Modifi-
cation of Diet in Renal Disease (MDRD) equation. 
For every 10-hour increase in total weekly working 
hours, eGFR decreased by 3.69 ml/min/1.73m2 (95% 
CI 2.87–4.51). Similarly, for every 10-hour increase 

https://www.sjweh.fi/article/4159
https://www.sjweh.fi/article/4159
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substantial drop in participant numbers as working hours 
increased further.

Discussion

This study has demonstrated a clear association on lon-
ger working hours and night working hours with lower 
eGFR, particularly focusing on early renal function 
impairment in young workers. To the best of our limited 
knowledge, this is the first study to utilize more accurate 
working hour measurements in a predominantly young 
workforce for assessing the impact of working hours on 
renal function.

The primary strength of our study is the use of 
more precise data on total and night working hours. 
We annually gather working hours directly from elec-
tronic records to minimize recall bias, along with yearly 
health examination data that includes creatinine levels. 
Our participants, mainly comprising young individuals 
without established CKD, uniquely positions our study 
to more effectively explore the impact of working hours 
on renal health. Distinguishing our approach from prior 
studies, we relied on actual working hours rather than 
self-reported questionnaires. Furthermore, our study 
benefits from a comprehensive and representative sam-
ple drawn exclusively from a single large medical center. 
This approach ensures consistency in data collection, 
analysis equipment, and allows us to access complete 
profiles of working hours and annual examinations for 
all employees, significantly reducing the potential for 
information bias.

Our results confirm the association of longer work-
ing hours with lower eGFR, consistent with the out-
comes of previous studies. A cross-sectional study of 
20 851 predominantly middle-aged workers reported a 
non-linear decrease in eGFR, noting an attenuated effect 
for each additional hour beyond 40 hours per week (16). 
A longitudinal study involving 97 856 healthy work-
ers, with a mean age of 36.4 years, found an elevated 
risk of CKD among those who worked >52 hours per 
week, compared with the reference group working 
35–40 hours (10). Notably, our study population, was 
relatively younger, as HCW had greater medical knowl-
edge compared to individuals in other populations. 
When compared to the reference group working <30 
hours per week, those working 30–40 and >40 hours 
per week exhibited decreases in eGFR of 1.27 and 1.23 
ml/min/1.73m2, respectively (supplementary table S2). 
We categorized our participants into 10-hour intervals. 
However, the small number of individuals working 
>50 hours per week at baseline (9 females and 1 male) 
precluded further subdivision among those working 
>40 hours per week. A previous study recommended 

gender-specific thresholds for work hours and health 
impact (43.5 hours for men and 38 hours for women), 
suggesting that men may have a higher tolerance to long 
working hours than women (17). In our study, despite 
the predominance of females, the proportion of men 
increased in the group working >40 hours per week. 
This increase may account for the observed lack of a 
more profound decrement in eGFR after weekly working 
hours >40 hours.

The underlying mechanisms driving the association 
between longer working hours and impaired kidney 
function are not fully understood. Prolonged working 
hours are often correlated with unhealthy behaviors, 
such as smoking, alcohol consumption, sedentary life-
style, and sleep disturbance (18). It is shown that short 
sleep time and poor sleep quality may have a direct 
effect on CKD through the renin-angiotensin-aldoste-
rone system and sympathetic nervous system activa-
tion (19–21). Additionally, low physical activity and 
prolonged sedentary time may increase the risk of CKD 
by increasing insulin and vascular resistance (22–24). 
Moreover, longer working hours are strongly linked with 
increased psychosocial stress among employees (25), 
and higher levels of psychosocial distress with a faster 
decline in kidney function (26). Stress, known as a risk 
factor of CKD, may exert its effect through the activa-
tion of the hypothalamic‒pituitary‒adrenal axis, inflam-
matory cytokines, and endothelin-A, leading to sodium 
and water retention and the progression of CKD (27).

Our research is the first cohort study to establish 
a link between night working hours and impaired 
renal function. This finding is consistent with previous 
research. A cross-sectional study of 354 police officers, 
which found that a higher percentage of night shift 
hours correlated with lower eGFR (13). Another cross-
sectional study of 6869 steelworkers indicated that long-
term night shift work was associated with early-stage 
renal dysfunction in male workers (14). A plausible 
mechanism for the observed correlation between longer 
night working hours and lower eGFR lies in circadian 
disruption. Nighttime light exposure may disrupt the 
natural light-dark cycle (28). The circadian system 
consists of a central brain clock in the hypothalamic 
suprachiasmatic nucleus and peripheral clocks in tis-
sues such as the kidney. Circadian rhythms are crucial 
in regulating physiological functions such as blood 
pressure and renal excretion (29). Working during night 
hours leads to a disruption of these rhythms, potentially 
accelerating kidney function decline and increasing the 
susceptibility to kidney disease.

In our stratified analysis, the association of total and 
night working hours with renal function was consistently 
observed in relatively healthy subgroups, characterized 
by younger age, female sex, those without hypertension 
or diabetes, and those having lower uric acid levels. 
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Given that these participants are likely to have fewer 
risk factors for renal impairment apart from their work-
ing hours, it suggests a more pronounced hazardous 
effect of long working hours on renal health. A previous 
cohort study among adult HCW indicated that increased 
work burden correlated with a decreased frequency of 
voiding daily (30). Moreover, unhealthy behaviors such 
as inadequate water consumption and delayed voiding 
are known to contribute to kidney problems (31). These 
issues are often more pronounced among women (32), 
possibly explaining why females in our study showed 
a significant correlation between longer working hours 
and lower eGFR. This finding underscores the need 
for better workplace practices and health awareness, 
especially for female HCW, to mitigate the risk of renal 
impairment. This finding contrasts with a previous study, 
which reported that working >52 hours per week was 
associated with incident CKD among older (age >40 
years) and male subgroups (10). Our study population, 
with an average age 10 years younger and a predomi-
nance of female participants (compared to 75.3% males 
in the prior study), focused on early renal impairment 
rather than overt CKD. These demographic differences 
and the focus on early-stage renal dysfunction likely 
account for the discrepancies observed between our 
findings and those of the previous study. Consequently, 
there is a growing need to recognize the risk of early 
impaired renal function among younger people due to 
long working hours and night working hours. Addition-
ally, the impact of working hours on women’s renal 
function warrants further attention.

A previous study demonstrated smaller within-sub-
ject biological variation in eGFR derived from the CKD-
EPI and MDRD equations compared to that in measured 
GFR (33). In our study, we chose the CKD-EPI equation 
to calculate eGFR (table 2) because it exhibits less bias 
than the MDRD equation, especially for eGFR values 
exceeding 60 mL/min/1.73 m2 (34, 35). We also dem-
onstrated that eGFR derived from the MDRD equation 
showed over-estimation and greater variability once the 
eGFR is >90 ml/min/1.73m2 (supplementary figure S1). 
Therefore, replacing CKD-EPI with MDRD for deriving 
eGFR resulted in inflated effect sizes (supplementary 
table S1). We found that individuals engaged in shift 
work had lower eGFR in model 1 (table 2), a finding 
consistent with previous studies (13, 36). The associa-
tion between long working hours and renal impairment 
remained significant even after adjusting for shift work 
status, leading us to conclude that longer working hours 
are associated with lower eGFR independently of shift 
work status. Hyperuricemia, recognized as a well-known 
risk factor for kidney function (37), was strongly asso-
ciated with lower eGFR across all models (table 2). 
Notably, the negative association of total working hours 
and night working hours with eGFR persisted even after 

adjusting for uric acid levels. Our findings regarding the 
age effect on kidney function aligned with previous lit-
erature, which demonstrated that eGFR typically begins 
to decline at a rate of approximately 0.89 ml/min/1.73 
m2 per year after the age of 40 with a trend observed 
among both men and women (38). As the aging process 
naturally impacts kidney health, the additional strain 
from longer working hours and night working hours 
could have more implications, warranting increased 
vigilance and preventive strategies.

We recognize several limitations in our study. First, 
our sample predominantly comprised young-to- middle-
aged HCW who generally enjoy better health and pos-
sess more medical knowledge than the general popula-
tion. This specific demographic profile might limit the 
applicability of our findings to a real-world context. 
Although our study did not specifically assess socioeco-
nomic status or educational background, the composi-
tion of our participants was relatively homogeneous. The 
Labor Standards Law does not apply to physicians in 
Taiwan, and records of their working hours are lacking. 
Therefore, we did not include physicians in our analysis. 
Due to the scarce number of individuals working >50 
hours per week, our conclusion cannot be extrapolated 
to those with extremely long working hours. Several 
potential confounding factors were not adjusted, includ-
ing physical activity, use of renal toxic drugs, family 
history of CKD, autoimmune diseases like lupus nephri-
tis, and history of renal stones. To mitigate the impact 
of pre-existing kidney conditions on our findings, we 
excluded subjects with pre-enrollment CKD (eGFR 
<60 ml/min/1.73 m2) and proteinuria. Additionally, long 
working hours and night work may contribute to sleep 
deficiency (18). The duration and quality of sleep were 
further associated with CKD (39). However, information 
on sleep was lacking in our study. We observed that the 
study participants had a mean follow-up duration of 
6.2 years, over a study period of 19 years (2002–2021). 
New employees join the cohort during the study period, 
making this a dynamic cohort, not a closed one. Notably, 
half of the participants were enrolled after 2009. More-
over, HCW in Taiwan exhibit a high turnover rate. We 
conducted further analysis on participants who resigned 
before the study end. The mean age at resignation was 
30.5 years, while the mean age at the last follow-up for 
those who remained in the study was 37.8 years. Con-
sequently, the potential for healthy worker bias in our 
study could be considered negligible. Lastly, we were 
unable to access work experience data prior to 2002, 
preventing us from evaluating the long-term effects of 
total work years on renal function.

In conclusion, HCW with longer working hours 
or night work are at risk of lower renal function. This 
highlights the need for attention towards early renal 
impairment, particularly among those with seemingly 
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fewer CKD risk factors, such as younger age and female 
gender. It is imperative for hospitals to implement 
preventive programs aimed at protecting workers from 
developing CKD. Moreover, we recommend that labor 
protection policies be strengthened, advocating for the 
government to enforce stricter regulations on work-
ing hours and to integrate health promotion programs 
within these regulations. Additionally, further research 
is needed to determine the safe thresholds for working 
and night working hours to mitigate the risk of renal 
function impairment.
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