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ABSTRACT

Background: Long working hours are associated with an increased risk of cardiovascular 
disease, yet the underlying mechanism(s) remain unclear. The study examines how 
occupational factors like working hours, shift work, and employment status correlate with 
dietary choices and sodium intake, impacting hypertension risk.
Methods: This study used data from the Korea National Health and Nutrition Examination 
Survey conducted between 2013 and 2020. The dataset included 8,471 respondents, all of whom 
were wage workers aged 20 or older and reported working at least 36 hours per week. Individuals 
who have been previously diagnosed with or are currently diagnosed with hypertension, diabetes, 
or dyslipidemia were excluded. The average daily sodium intake was assessed via a 24-hour 
dietary recall method. Average weekly working hours were categorized into 3 groups: 36–40 
hours, 41–52 hours, and over 52 hours. Multiple logistic regression models were used.
Results: Study findings revealed that 83.7% of participants exceeded the recommended daily 
sodium intake of 2 g set by the World Health Organization. After adjusting for confounding 
factors, a positive correlation was observed between average working hours and daily sodium 
intake. Among males, statistical significance was found in the group with average weekly 
working hours of 41–52 hours (prevalence ratio [PR]: 1.17; 95% confidence interval [CI]: 
1.05–1.30) and the group exceeding 52 hours (PR: 1.22; 95% CI: 1.09–1.38) when comparing 
the fourth quartile of daily sodium intake to the combined quartiles of Q1, Q2, and Q3. 
Among females, no significance was noted.
Conclusions: Long working hours were associated with increased sodium intake, primarily 
among male workers. This connection is likely attributed to having less time for home-
cooked meals, resulting in higher fast food consumption and dining out. A workplace 
intervention promoting healthy eating and reducing stress is essential to lower sodium 
consumption and mitigate hypertension risk.
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BACKGROUND

According to data from the Organization for Economic Cooperation and Development 
(OECD), Korea recorded an annual working hour figure of 1,910 hours in 2021, ranking it 
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fifth among OECD member countries. This figure exceeds the OECD average of 1,716 hours 
by approximately 200 hours.1 The Economic Trend Report of the Korea Budget Office in April 
2023 also underscores the issue of long working hours in Korea and recommends a reduction 
of the average weekly working hours by 3.8 hours to align with the OECD average.2 In May 
2021, the World Health Organization (WHO) and the International Labor Organization 
reported that extended working hours have detrimental effects on health.3

Systematic literature reviews and meta-analyses have demonstrated that an average work 
longer than 55 hours increases the risk of stroke by 35% and the likelihood of mortality due 
to ischemic heart disease by 17%.4,5 Moreover, prolonged work hours are an independent risk 
factor for hypertension and diabetes.6,7

Despite such findings, the precise biological mechanisms underlying the association between 
long working hours and cardiovascular disease remain elusive. The Whitehall II study did 
not establish a definitive correlation between extended working hours and cardiometabolic 
factors.8 Similarly, the U.S. Multi-Ethnic Study of Atherosclerosis did not reveal a significant 
link between long-term employment and endothelial dysfunction.9 Although some studies 
have suggested a potential connection between prolonged work hours and atrial fibrillation,8 
the definitive mechanisms are yet to be identified.

While the biological pathways linking long working hours to chronic diseases and 
cardiovascular mortality remain uncertain, psychosocial and behavioral mechanisms have 
received greater attention.10 Extended working hours and shift work impose psychological 
stress on workers, which adversely affects their lifestyles.11 Notably, these factors impact 
dietary habits, leading to increased consumption of nutritionally poor, processed foods.12

Long working hours lead to insufficient time for meal preparation, resulting in consumption 
of nutritionally imbalanced food.13 The relationship between occupational factors and 
imbalanced nutrient intake has been widely confirmed in previous studies, especially the 
impact on shift workers, who tend to have irregular meal patterns and adhere to unhealthy 
diets characterized by elevated saturated fat and simple sugar content.14 Furthermore, among 
male shift workers engaged in night shifts, there is an increase in the intake of fatty acids, 
sodium, and micronutrients.15 Also, during high-workload periods, the intake of saturated 
fats and sugars by workers increases.16

Regarding long working hours, previous studies have investigated the link between long 
working hours and insufficient dietary fiber intake.17 However, according to a study that 
investigated the relationship between occupational factors and calorie and nutrient intake 
in Korea, there was no significant difference in sodium intake based on long working hours 
and shift work.18 Likewise, research on the relationship between shift work and sodium 
intake remains insufficient. Despite the significant impact of long working hours on worker 
health, increasing the risk of cardiovascular disease,5,19 there is a dearth of research on the 
correlations between long working hours and workers’ dietary habits. Therefore, the present 
study aimed to examine the potential association between occupational factors of average 
weekly working hours, shift work, and employment status and changes in eating habits, 
particularly excessive sodium intake, which is a risk factor for hypertension.
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METHODS

Study participants
This study utilized data from the Korea National Health and Nutrition Examination Survey 
(KNHANES), a nationwide survey conducted annually to assess health levels, health-related 
behaviors, and food and nutrition intake among approximately 10,000 Koreans. A probability 
sample of 25 households in 192 regions is selected each year, and individuals aged one year or 
older within these households are surveyed. Demographic and economic activity data from 
the health survey, as well as daily sodium intake from the nutrition survey, were extracted for 
analysis. The study included a total of 62,686 respondents. To focus on wage workers with 
sufficient working hours, individuals classified as “short-time workers” with average weekly 
working hours less than 36 hours were excluded.20 Also, individuals who have been previously 
diagnosed with or are currently diagnosed with hypertension, diabetes, or dyslipidemia, may 
experience changes in dietary habits, so they were excluded from the analysis in this study.21 
As a result, the study was limited to wage workers aged 20 or older with an average work week 
of 36 hours or more, leading to a final sample size of 8,471 respondents (Fig. 1).

Demographic characteristics
The health survey data from KNHANES provided various demographic variables for analysis: 
gender, age, household income, education level, body mass index (BMI), and smoking and 
drinking status. Drinkers are defined as someone who consumes alcohol 2 or more times a 
week and drinks 5 or more glasses at a time. Household income was categorized as low, mid-
low, mid-high, or high, while education level was classified as elementary, middle school, high 
school, or university. Occupational factors were classified as manual workers or non-manual 
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Adult, wage worker,
weekly working hours ≥36

(n = 10,650)

Excluded (n = 52,036)
- Age <20
- Not wage worker
- Weekly working hours <36
- With any refusal or missing data

Excluded (n = 2,179)
- Underlying disease

(Hypertension, diabetes, dyslipidemia)
- Outlier

KNHANES 2013–2020
(n = 62,686)

Weekly working hours 36–40
(n = 3,387)

Weekly working hours 40–52
(n = 3,279)

Weekly working hours >52
(n = 1,805)

Eligible for final analysis
(n = 8,471)

Fig. 1. Flowchart of participants.



workers based on job classification; full-time employment, temporary job, or day labor based 
on employment status; and as shift work or non-shift work based on shift timing.22

Daily sodium intake
The nutrition survey conducted by KNHANES involved trained nutritionists visiting 
individual households to conduct interviews on eating habits, food frequency, food types, 
and portion sizes. The survey employed the 24-hour recall method, and individual food and 
nutrient intakes were calculated accordingly. By retrospectively assessing food intake, it was 
possible to calculate the daily intake of each nutrient by determining the nutrient content of 
each food item. In KNHANES, data obtained through 24-hour recall method is utilized to 
provide processed data on the total intake of nutrients consumed by individuals in a day. In 
this study, we calculated daily sodium intake using this processed data. Considering that the 
lethal dose of sodium is approximately 0.5–1 g per kg, the upper limit for daily sodium intake 
was set at 30 g.23 After removing outliers, the average daily sodium intake was classified into 
quartiles and used for analysis.24 Participants who exceeded the sodium intake of 30 g were 2 
individuals, with intakes of 37.2 g and 56.5 g, respectively.

Working hours
Since the revision of the Korean Labor Standards Act on July 1, 2018, implementation of a 
maximum 52-hour work week has been enforced. This regulation limits the total working 
hours per week to 52 hours, consisting of 40 hours of legal work and 12 hours of extended 
work. Some occupations are exempted from this regulation, including public officials and 
workers in transportation, the medical industry, agriculture, livestock, and fisheries. In this 
study, average working hours per week exceeding 52 hours were classified as overwork in 
accordance with the law. Information on average working hours per week was collected using 
the following question: “How many hours do you typically work per week, including overtime 
and night work (excluding mealtimes)?” Average weekly working hours were categorized as 
follows: ≥ 36 hours and ≤ 40 hours, > 40 hours and ≤ 52 hours, and > 52 hours.

Frequency of dining out
Previous studies have indicated a positive correlation between the frequency of eating 
out and sodium intake.25 Considering the potential impact of both working hours and 
frequency of eating out on daily sodium intake, the frequency of eating out was included as 
an independent variable in this study. The following question from the diet survey section 
of the KNHANES was utilized, “On average, how often do you eat out, excluding home-
cooked meals provided by religious groups and including free meals (including delivery food, 
packaged food)?” The frequency of eating out was classified into 3 groups: “less than once a 
week,” “once to 6 times a week,” and “more than once a day.”

Statistical analysis
Given that KNHANES data follow a complex sample design, statistical analysis was 
conducted by applying sample weights. KNHANES provides weights for data analysis, 
with “wt_itvex” serving as the basic weight for the health survey, “wt_ntr” used for average 
daily sodium intake from the nutrition survey, and “wt_tot” employed for analyzing the 
relationship between health surveys and nutrition surveys. The χ2 test was used to assess 
differences between groups for demographic variables based on average working hours per 
week. Additionally, analysis of variance tests were performed to determine if there were 
differences in sodium intake across average working hour categories, while χ2 tests were used 
to examine differences in sodium intake quartile based on average working hours per week. 
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Regression analysis of sodium intake quartiles is not feasible due to non-satisfaction of the 
rare disease assumption; therefore, it is not possible to estimate the odds ratio as a relative 
risk. This study instead analyzed the prevalence ratio (PR) using a log-binomial regression 
model to provide unbiased PR estimates.26

Logistic regression analyses were conducted to identify significant differences between 
groups, calculating PRs and 95% confidence intervals (CIs). Univariate logistic regression 
was employed to compare the reference group (average weekly working hours of 36–40 
hours) with groups working 41–52 hours and 53 hours or more per week. Demographic 
variable-adjusted logistic regression analyses were conducted to examine the relationship 
based on cut-off points of quartiles for daily sodium intake (Q1 vs. Q2 + Q3 + Q4, Q1 + Q2 
vs. Q3 + Q4, Q1 + Q2 + Q3 vs. Q4) after adjusting for age, BMI, household income, education 
level, drinking and smoking status, employment type, occupation, shift work, dining out 
frequency, and average weekly working hours. All statistical analyses were performed using 
the R program version 4.1.1 (R Foundation, Vienna, Austria), and the “survey” package was 
used for weighted analysis.

Ethics statement
The present study protocol received ethical approval from the Institutional Review Board 
(IRB) of Hanyang University (IRB No. HYUIRB-202212-005). Informed consent was obtained 
from all participants upon enrollment.

RESULTS

Of the total 8,471 study subjects, 3,387 worked 36–40 hours, 3,279 worked 41–52 hours, 
and 1,805 worked more than 52 hours per week. The demographic data of the study 
subjects based on weekly working hours are presented. In males, the highest percentage 
of workers was those with weekly working hours of 41–52 hours, at 68.9%. In females, the 
highest percentage of workers had 36–40 hours work week, at 53.5%. The demographic 
characteristics directly proportional to weekly working hours were overweight, drinker, and 
past or present smoker (Table 1).

The average daily sodium intake of the 8,473 study subjects was 3,946.8 ± 2,288.2 mg. The 
daily sodium intake based on average working hours per week was 3,740.7 ± 2,086.5 mg for 
36–40 hours, 4,042.0 ± 2,438.3 mg for 41–52 hours, and 4,160.6 ± 2,338.2 mg for over 52 
hours, showing an increase as the average working hours per week increased. According to 
the WHO recommended daily sodium intake of 2 g, 82.6% of all study subjects consumed 
more than 2 g of sodium, indicating that most study participants exceeded the recommended 
intake. Also, the difference in systolic and diastolic blood pressure according to weekly 
working hours was described (Table 2).

The study performed logistic regression analysis to determine whether sodium intake per day 
increased as the average working hours per week increased. After adjusting for confounders, 
the risk did increase with average working hours per week. Statistical significance was 
found when comparing the combined quartiles of Q3 and Q4 of daily sodium intake to the 
combined quartiles of Q1 and Q2 for groups with average weekly working hours of 41–52 
hours (PR: 1.06; 95% CI: 1.01–1.12) and exceeding 52 hours (PR: 1.08; 95% CI: 1.01–1.14) and 
the fourth quartile of daily sodium intake to the combined quartiles of Q1, Q2, and Q3 for 
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groups with average weekly working hours of 41–52 hours (PR: 1.18; 95% CI: 1.08–1.30) and 
exceeding 52 hours (PR: 1.28; 95% CI: 1.15–1.43) (Table 3).

In males, significance was found when comparing the fourth quartile of daily sodium intake 
to the combined quartiles of Q1, Q2, and Q3 for groups with average weekly working hours 
of 41–52 hours (PR: 1.17; 95% CI: 1.05–1.30) and exceeding 52 hours (PR: 1.22; 95% CI: 
1.09–1.38) (Table 3).

In addition to weekly working hours, logistic regression analysis was performed on demographic 
and occupational factors with average sodium intake comparing the fourth quartile of daily 
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Table 1. Demographic characteristics of the study participants
Characteristics Total Weekly working hours (hours) p-value

36–40 40–52 > 52
Total 8,471 (100.0) 3,387 (40.0) 3,279 (38.7) 1,805 (21.3)
Sex < 0.001

Male 4,681 (55.3) 1,574 (46.5) 1,864 (56.8) 1,243 (68.9)
Female 3,790 (44.7) 1,813 (53.5) 1,415 (43.2) 562 (31.1)

Age (years) < 0.001
20–29 1,370 (16.2) 575 (17.0) 563 (17.2) 232 (12.9)
30–39 2,608 (30.8) 997 (29.7) 1,081 (33.0) 530 (29.4)
40–49 2,499 (29.5) 1,057 (31.2) 919 (28.0) 523 (29.0)
50–59 1,472 (17.4) 571 (16.9) 552 (16.8) 349 (19.3)
60 and older 522 (6.2) 187 (5.5) 164 (5.0) 171 (9.5)

Household income < 0.001
Low 293 (3.5) 99 (2.9) 107 (3.3) 87 (4.8)
Mid-low 1,734 (20.5) 609 (18.0) 661 (20.2) 464 (25.7)
Mid-high 2,861 (33.8) 1,065 (31.4) 1,154 (35.2) 642 (35.6)
High 3,583 (42.3) 1,614 (47.7) 1,357 (41.4) 612 (33.9)

Education < 0.001
Elementary 342 (4.0) 85 (2.9) 107 (3.3) 87 (4.8)
Middle school 430 (5.1) 119 (3.5) 152 (4.6) 159 (8.8)
High school 2,681 (31.6) 971 (28.7) 1,006 (30.7) 704 (39.0)
University 5,018 (59.2) 2,212 (65.3) 1,992 (60.8) 814 (45.1)

Body mass index < 0.001
Normal 5,813 (68.6) 2,414 (71.3) 2,245 (68.5) 1,154 (63.9)
Overweight or obese 2,658 (31.4) 973 (28.7) 1,034 (31.5) 651 (36.1)

Drinking < 0.001
Non-drinker 6,944 (82.0) 2,836 (83.7) 2,698 (82.3) 1,410 (78.1)
Drinker 1,527 (18.0) 551 (16.3) 581 (17.7) 395 (21.9)

Smoking < 0.001
Non-smoker 4,515 (53.3) 2,043 (60.3) 1,722 (52.5) 750 (41.6)
Ex-smoker 1,887 (22.3) 711 (21.0) 747 (22.8) 429 (23.8)
Current smoker 2,069 (24.4) 633 (18.7) 810 (24.7) 626 (34.7)

Occupation group < 0.001
Manual worker 2,419 (28.6) 725 (21.4) 921 (28.1) 773 (42.8)
Non-manual worker 6,052 (71.4) 2,662 (78.6) 2,358 (71.9) 1,032 (57.2)

Employment status < 0.001
Full-time job 7,319 (86.4) 3,023 (89.3) 2,830 (86.3) 1,466 (81.2)
Temporary job 910 (10.7) 298 (8.8) 367 (11.2) 245 (13.6)
Day labor 242 (2.9) 66 (1.9) 82 (2.5) 94 (5.2)

Shiftwork < 0.001
Day work 7,334 (86.6) 3,049 (90.0) 2,847 (86.8) 1,466 (79.7)
Shiftwork 1,137 (13.4) 338 (10.0) 432 (13.2) 367 (20.3)

Dining out < 0.001
Less than once a week 686 (8.1) 235 (6.9) 227 (6.9) 224 (12.4)
1–6 times a week 3,881 (45.8) 1,691 (49.9) 1,495 (45.6) 695 (38.5)
More than once a day 3,904 (46.1) 1,461 (43.1) 1,557 (47.5) 886 (49.1)



sodium intake to the combined quartiles of Q1, Q2, and Q3. After adjustment, statistical 
significance was observed in groups with people in their 30s (PR: 1.16; 95% CI: 1.02–1.31); 
drinkers (PR: 1.19; 95% CI: 1.09–1.31); past smokers (PR: 1.45; 95% CI: 1.31–1.61) and current 
smokers (PR: 1.44; 95% CI: 1.30–1.59); manual workers (PR: 1.14; 95% CI: 1.03–1.26), those 
with frequency of dining out one to 6 times a week (PR: 1.37; 95% CI: 1.10–1.70) and of dining 
out at least once a day (PR: 1.67; 95% CI: 1.34–2.08); and those with weekly working hours of 
41–52 (PR: 1.18; 95% CI: 1.08–1.30) and over 52 (PR: 1.28; 95% CI: 1.15–1.43) (Table 4).

Stratified analysis was conducted on male study participants with average sodium intake 
comparing the fourth quartile of daily sodium intake to the combined quartiles of Q1, Q2, 
and Q3. Logistic regression analysis was performed on demographic and occupational 
factors. After adjustment, significance was observed in groups with drinkers (PR: 1.15; 95% 
CI: 1.05–1.26); frequency of dining out at least once a day (PR: 1.46; 95% CI: 1.12–1.90), 
weekly working hours of 41–52 (PR: 1.17; 95% CI: 1.05–1.30), and weekly working hours over 
52 (PR: 1.22; 95% CI: 1.09–1.38) (Table 4).

Stratified analysis was conducted on female study participants with average sodium intake 
comparing the fourth quartile of daily sodium intake to the combined quartiles of Q1, Q2, and 
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Table 2. Sodium intake and blood pressure according to working hours per week
Characteristics Total Weekly working hours (hours) Mean ± SD (mg)

36–40 40–52 > 52
Sodium (mg) 3,946.8 ± 2,288.2 3,740.7 ± 2,086.5 4,042.0 ± 2,438.3 4,160.6 ± 2,338.2
Excessive sodium intake

Less than 2 g 1,383 (16.3) 589 (17.4) 521 (15.9) 273 (15.1) 1,431.2 ± 407.6
More than 2 g 7,088 (83.7) 2,798 (82.6) 2,758 (84.1) 1,532 (84.9) 4,437.7 ± 2,179.3

Sodium intake quartilea

Q1 2,118 (25.0) 909 (26.8) 796 (24.3) 413 (22.9) 1,699.1 ± 498.0
Q2 2,118 (25.0) 888 (26.2) 801 (24.4) 429 (23.8) 2,957.8 ± 325.8
Q3 2,117 (25.0) 875 (25.8) 818 (24.9) 424 (23.5) 4,187.1 ± 416.1
Q4 2,118 (25.0) 715 (21.1) 864 (26.3) 539 (29.9) 6,943.4 ± 2,312.2

Blood pressure (mmHg)
Systolic 113.8 ± 13.7 113.0 ± 13.9 113.6 ± 13.5 115.5 ± 13.6
Diastolic 76.1 ± 9.9 75.6 ± 9.9 76.0 ± 9.9 77.1 ± 9.8

SD: standard deviation.
aQ1: 153.1–2,389.3 mg, Q2: 2,390.0–3,519.0 mg, Q3: 3,520.0–4,961.0 mg, Q4: 4,962.0–28,112.0 mg.

Table 3. Adjusted prevalence ratios of daily sodium intake quartiles associated with weekly working hours
Characteristics Weekly working hours (hours) p for trend

36–40 40–52 > 52
Totala

Q1 vs. Q2 + Q3 + Q4 1 1.02 (1.00–1.05) 1.03 (0.99–1.06) 0.00
Q1 + Q2 vs. Q3 + Q4 1 1.06 (1.01–1.12)b 1.08 (1.01–1.14)b 0.00
Q1 + Q2 + Q3 vs. Q4 1 1.18 (1.08–1.30)b 1.28 (1.15–1.43)b 0.00

Malea

Q1 vs. Q2 + Q3 + Q4 1 1.02 (0.99–1.05) 1.01 (0.98–1.05) 0.91
Q1 + Q2 vs. Q3 + Q4 1 1.07 (1.00–1.12) 1.07 (1.00–1.14)b 0.28
Q1 + Q2 + Q3 vs. Q4 1 1.17 (1.05–1.30)b 1.22 (1.09–1.38)b 0.00

Femalea

Q1 vs. Q2 + Q3 + Q4 1 1.00 (0.97–1.06) 1.00 (0.92–1.09) 0.24
Q1 + Q2 vs. Q3 + Q4 1 0.98 (0.88–1.09) 0.89 (0.76–1.05) 0.45
Q1 + Q2 + Q3 Vs. Q4 1 1.03 (0.85–1.26) 1.12 (0.85–1.47) 0.06

Values are presented as prevalence ratio (95% confidence interval).
aAdjusted for age, drinking, smoking, household income, education, job, employment, shiftwork, and frequency 
of dining out.
bp < 0.05.



Q3. Logistic regression analysis was performed on demographic and occupational factors. After 
adjustment, significance was observed in high household income (PR: 1.90; 95% CI: 1.07–3.40); 
frequency of dining out at least once a day (PR: 1.60; 95% CI: 1.09–2.35) (Table 4).

DISCUSSION

This study demonstrated a relationship between long working hours and sodium intake. 
Statistical significance remained among male workers even after adjusting for confounding 
factors. Especially, statistical significance was observed when comparing the fourth quartile 
to the combined quartiles of Q1, Q2, and Q3. The sodium intake corresponding to the fourth 
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Table 4. Adjusted prevalence ratios of Q1 + Q2 + Q3 and Q4 of daily sodium intake
Characteristics Totala Malea Femalea

Age (years)
20–29 1.00 1.00 1.00
30–39 1.16 (1.02–1.31)b 1.03 (0.90–1.19) 1.21 (0.94–1.55)
40–49 1.05 (0.92–1.19) 0.96 (0.83–1.12) 0.90 (0.69–1.19)
50–59 1.11 (0.96–1.29) 0.99 (0.83–1.17) 1.06 (0.75–1.51)
60 and older 0.82 (0.67–1.08) 0.76 (0.59–0.97) 0.73 (0.39–1.39)

Drinker
Non-drinker 1.00 1.00 1.00
Drinker 1.19 (1.09–1.31)b 1.15 (1.05–1.26)b 1.03 (0.73–1.47)

Smoker
Non-smoker 1.00 1.00 1.00
Ex-smoker 1.45 (1.31–1.61)b 1.09 (0.97–1.23) 0.82 (0.55–1.22)
Current-smoker 1.44 (1.30–1.59)b 1.07 (0.95–1.20) 0.95 (0.65–1.38)

Household income
Low 1.00 1.00 1.00
Mid-low 1.08 (0.84–1.40) 1.02 (0.77–1.36) 1.36 (0.72–2.47)
Mid-high 1.15 (0.89–1.48) 1.07 (0.82–1.41) 1.61 (0.90–2.89)
High 1.13 (0.88–1.46) 1.01 (0.77–1.33) 1.90 (1.07–3.40)b

Education
Elementary 1.00 1.00 1.00
Middle school 0.96 (0.71–1.31) 1.11 (0.78–1.57) 0.48 (0.24–0.97)
High school 1.08 (0.84–1.40) 1.06 (0.78–1.44) 0.85 (0.50–1.44)
University 1.12 (0.85–1.46) 1.07 (0.78–1.47) 0.67 (0.38–1.19)

Job
Non-manual worker 1.00 1.00 1.00
Manual worker 1.14 (1.03–1.26)b 1.04 (0.93–1.15) 1.03 (0.78–1.37)

Shiftwork
Day work 1.00 1.00 1.00
Shiftwork 0.94 (0.80–1.02) 0.87 (0.77–1.00) 1.04 (0.78–1.38)

Employment status
Full-time job 1.00 1.00 1.00
Temporary job 0.87 (0.75–1.02) 0.87 (0.72–1.04) 1.16 (0.90–1.49)
Day labor 1.02 (0.80–1.29) 1.00 (0.78–1.29) 1.12 (0.57–2.19)

Frequency of dining out
Less than once a week 1.00 1.00 1.00
1–6 times a week 1.37 (1.10–1.70)b 1.25 (0.96–1.63) 1.39 (0.96–2.02)
More than once a day 1.67 (1.34–2.08)b 1.46 (1.12–1.90)b 1.60 (1.09–2.35)b

Weekly working hours (hours)
36–40 1.00 1.00 1.00
40–52 1.18 (1.08–1.30)b 1.17 (1.05–1.30)b 1.03 (0.85–1.26)
> 52 1.28 (1.15–1.43)b 1.22 (1.09–1.38)b 1.12 (0.85–1.47)

Values are presented as prevalence ratio (95% confidence interval).
aAdjusted for age, drinking, smoking, household income, education, job, employment, shift work, and frequency 
of dining out.
bp < 0.05.



quartile ranges from 4,962 to 28,112 mg, which exceeds the WHO-recommended daily 
average sodium intake of 4,310 mg. This particularly indicates a relationship between long 
working hours and sodium intake exceeding the WHO average. As working hours increase, 
individuals have less time available to maintain a healthy diet. This leads to insufficient time 
for home cooking,27 resulting in a higher frequency of consuming fast food, pre-prepared 
meals, and dining out. Among the study subjects, the proportion of individuals eating out 
more than once a day increased to approximately 48% when the average weekly working hours 
exceeded 40, compared to approximately 43% among those working 36–40 hours per week. 
Moreover, increased frequency of eating out is associated with a decrease in the consumption 
of vegetables and fruits.28 Additionally, long working hours, as observed in this study, are 
associated with increased intake of excessive energy, sugar, and fat.16 Previous studies have 
shown that workers tend to alleviate work-related stress caused by long working hours by 
consuming unhealthy food including high-sodium.12 It is well-established that long working 
hours induce psychological stress, which, in turn, affects eating behavior by decreasing eating 
awareness29 and intuitive eating while increasing uncontrolled emotional food intake.30

In summary, long working hours result in insufficient time for cooking, leading to increased 
frequency of eating out, especially fast food and convenience store meals. A study conducted 
by the Department of Food and Nutrition at Seoul National University revealed that the 
average sodium content of 71 lunch boxes sold by 5 Korean convenience store companies 
was 1,325 mg, which accounts for 66% of the WHO’s recommended intake.31 If 2 such meals 
are consumed in one day, the person has exceeded the WHO’s recommended daily sodium 
amount. Among the subjects of this study, about 48% of those working more than 40 hours 
per week eat out more than once a day, consistent with the increase in sodium intake in long-
term workers.

The relationship between long working hours and high blood pressure has been well-
established.32 Some studies have indicated increase risk of systolic blood pressure when the 
average weekly working hours exceed 61 hours.33,34 However, there have been conflicting 
findings suggesting a lower risk of hypertension when the average weekly working hours 
exceed 60 hours or no significant relationship between working hours and blood pressure.35 
Nonetheless, the relationship between long working hours and the risk of cardiovascular 
disease is relatively clear, with multiple studies suggesting mechanisms linking the 2,36 for 
reason such as insufficient rest after prolonged work, lack of sleep, physical inactivity during 
leisure time, type A personality traits associated with both long work and cardiovascular 
disease, and work-related stress.37-41 Moreover, it is well-known that high blood pressure 
increases the risk of cardiovascular disease, and increased sodium intake is a clear risk factor for 
high blood pressure. Therefore, this study demonstrated that long working hours contributed 
to increased sodium intake through various physiological mechanisms. Future studies should 
establish a causal relationship between long working hours and high blood pressure.

In female participants subjected to stratified analyses, significance was not ascertained 
concerning weekly working hours. This outcome can potentially be attributed to the limited 
number of participants categorized within Q4 of sodium intake among females, which 
subsequently yielded an insufficient sample size to establish significance. Specifically, Q4, 
which encompasses weekly working hours ranging from 41 to 52 hours, included a total of 211 
participants, while Q4 comprising weekly working hours exceeding 52 hours encompassed 85 
participants, a relatively small sample size for rigorous statistical analysis. This is likely due to 
the lower percentage of females participating in the workforce compared to males in Korea.42 
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Nonetheless, significance persists in the context of dining frequency outside the home, 
supporting the credibility and validity of the analytical model.

Although this study utilized nationally representative data, ensuring statistical robustness, it 
is important to acknowledge the limitations. As a cross-sectional study, it cannot establish a 
causal relationship between long working hours and increased sodium intake based solely on 
the statistical analysis results. Furthermore, the 24-hour retrospective survey on eating habits 
may not fully capture the dietary patterns of the study subjects as it relies on the memory of 
the study participants, which can introduce recall bias. Additionally, it can assess short-term 
intake but may face difficulties in confirming long-term dietary exposure.43 Nutrient intake 
is underestimated in most dietary studies.44 According to a study analyzing the 2007–2009 
KNHANES data, energy intake was underestimated in groups such as females, those aged 
30–49, and those with obesity and low income.45,46 Nevertheless, according to the German 
National Nutrition Survey II, there was no significant difference in nutrient intake between 
the 24-hour recall method and the weighed food method. The 24-hour recall method is 
known to alleviate participants’ burden, especially in situations where survey response rates 
are low. Considering these factors, the European Food Safety Authority recommends the 24-
hour recall method as the standard assessment method.47

When assessing daily intake through 24-hour dietary recall, it is challenging to estimate the 
actual amount of salt used in cooking, and the correlation coefficient between the 24-hour 
urine sodium excretion reflecting actual sodium absorption and sodium intake through 
the 24-hour dietary recall ranged from 0.11 to 0.47.46 In a study conducted in Korea, the 
correlation coefficient was 0.11, which is presumed to be due to the high amounts of sodium 
in Korean foods. According to the KNHANES, the average sodium intake in Korea has been 
continuously decreasing and was 3,189 mg/day in 2020.48 In this study targeting the years 
2013 to 2020, the average sodium intake of the subjects was about 4,000 mg/day. According 
to the global report on sodium intake reduction published by WHO, the worldwide average 
sodium intake measured in 2019 was 4,310 mg/day, and Korea’s average sodium intake was 
4,854 mg/day.49 Considering the WHO report, the sodium intake collected by the 24-hour 
recall method in this study appears to have been somewhat underestimated. Therefore, it 
seems that urine samples or similar measures are necessary to correct for errors and should 
be used in future analyses.

To address the significant relationship between long working hours and sodium intake 
revealed in this study, various interventions are needed to reduce sodium intake. Recognizing 
that long working hours hinder individuals from maintaining a healthy diet, it is crucial 
to promote a conscious reduction in the frequency of eating out, to improve the working 
environment to alleviate workplace stress, and to implement government-level policies to 
limit the average working hours per week.

CONCLUSIONS

In conclusion, this study confirmed a significant relationship between long working hours 
and sodium intake. The lack of time for maintaining a healthy diet and the increased 
frequency of eating out due to long working hours adversely affect eating habits. Reducing 
sodium intake requires not only individual efforts, but also workplace interventions and 
proposed regulations to improve the working environment and working hours.
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