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Abstract

Objectives

Improving the lifestyle of occupational workers is essential for extending healthy life expec-

tancy. We investigated various lifestyle-related items in a rural Japanese population and

compared them between agricultural and non-agricultural workers.

Methods

This cross-sectional study was conducted as a part of the “Iwaki Health Promotion Project.”

Lifestyle-related items such as sleep, work hours, nutrition, health-related quality of life, and

proportion of time spent performing each daily activity were compared between agricultural

and non-agricultural workers in the�60 years (n = 251) and <60 years (n = 560) age

groups.

Results

Agricultural workers had significantly lower Pittsburgh Sleep Quality Index total scores than

non-agricultural workers in the <60 years group. The proportion of participants with more

than 5 weekly working days was high among agricultural workers in both groups. Addition-

ally, the proportion of people who worked more than 8 h per day was high among agricultural

workers in both age groups. Energy intake per day was high among agricultural workers in

the <60 years group. In both age groups, agricultural workers slept and woke up approxi-

mately 40 min earlier than did non-agricultural workers.
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Conclusions

Agricultural workers have better sleep habits but work longer than non-agricultural workers,

with some differences in energy intake and proportion of time spent on each daily activity.

These differences should be considered when planning lifestyle intervention programs for

agricultural workers.

Introduction

In Japan, the proportion of people aged over 65 years reached 28.9% in 2021 [1]. Extending

healthy life expectancies has become a pressing issue. To achieve this, a healthy lifestyle is con-

sidered effective [2–7]. Japan’s Ministry of Health, Labour and Welfare formulated the Health

Japan 21 (the second term) plan [8] and conducted various projects [9] to comprehensively pro-

mote people’s health. One target is to improve everyday habits and social environment factors

related to nutrition and dietary habits, physical activity and exercise, rest, alcohol consumption,

smoking, and dental and oral health. In this plan, utilizing various channels, such as mass

media including ICT, volunteer groups relating to health promotion, and industry, and provid-

ing practical encouragement that meets the characteristics of the target group are essential [8].

Since occupation is considered to significantly impact lifestyle differences, clarifying these

differences by occupation may be useful for implementing optimal and effective interventions

[10,11]. Agricultural workers may have lifestyles different from people in other occupations

[12–14] because their work style differs greatly from that of those who work in companies.

Furthermore, many Japanese agricultural workers own family-run businesses and are less

likely to undergo health checkups and interventions compared with company workers [15,16].

Health outcomes differ among agricultural workers. Compared with non-agricultural

workers, agricultural workers have a longer life expectancy [14,17], less long-term care prior to

death [18], lower overall risk of cancer [19], and higher risk for mental health problems

[20,21]. These differences are associated with lifestyle differences [12,14,22]. However, limited

reports have examined the diverse range of lifestyle factors among agricultural and non-agri-

cultural workers in Japan. A study conducted by Ohta explored the varying lifestyles within

occupational groups, including agricultural and forestry workers. However, it is worth noting

that the study primarily focused on evaluating men in their 40s and 50s. Further investigation

is needed to gain a comprehensive understanding of the lifestyle factors among workers across

different age groups and genders in both agricultural and non-agricultural sectors in Japan

[11]. Zheng reported a difference in health-promoting lifestyles but only evaluated these using

the Health Promoting Lifestyle Profile II (HPLC-II) [10].

It would be meaningful to assess agricultural worker’s specific lifestyles across a wide range

of working ages and genders, as this would provide basic data for considering how the govern-

ment and companies can intervene effectively and designing future prospective studies to

assess the effect of interventions. In this hypothesis-generating exploratory study, we investi-

gated various lifestyle-related items in a rural Japanese population and compared them

between agricultural and non-agricultural workers to guide future interventions for occupa-

tional workers.

Materials and methods

Participants and data collection

This hypothesis-generating cross-sectional study is part of an ongoing observational study

called the “Iwaki Health Promotion Project” that began in 2005, which entails an annual large-
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scale health survey of the residents of Iwaki-ku (formerly Iwaki-cho) in Hirosaki City, Aomori

Prefecture, Japan [23]. Data from 2018 were used because it was the first year in which agricul-

tural work was included as a main occupation. Among residents of the Iwaki district of Hiro-

saki City (comprising approximately 6000 people), 1,056 voluntary participants were included

in the study (Fig 1) [23]. Participants aged<20 years, or those with missing data for at least

one of the following factors, were excluded from the analysis: age, sex, or education.

Participants were divided into age groups of<60 and� 60 to account for occupational

changes that may be related to Japan’s typical retirement age of 60 years. Occupation data were

collected using a questionnaire that began with “What has been your main occupation (includ-

ing homemaker) during the past year?” Overall, 14 options were obtained, including the 11

shown in Table A in S1 Appendix, plus “homemaker,” “unemployed,” and “student.” Partici-

pants who answered that their main occupation during the past year was agricultural work

were defined as agricultural workers, whereas those who responded that their main occupation

was other were classified as non-agricultural workers. The 240 people who selected “home-

maker,” “unemployed,” or “student” were excluded.

This study was approved by Hirosaki University School of Medicine (2021–166), Nagoya

University School of Medicine (2016–0137), and Tokyo Medical and Dental University

(M2020-186). All participants provided written informed consent.

Measurements

Body mass index (BMI) and body fat percentage were measured during the health checkup.

Data on working, sleeping, and other lifestyle factors were collected through a questionnaire.

For the proportion of time spent on each daily activity, the number of days and hours per

week that the participant spent performing each activity were collected through a question-

naire, and the percentage of time spent on each daily activity per week was calculated. Data

were collected in 18 categories as described in the S2 Appendix. Health-Related Quality of Life

(HRQoL) was assessed using the Short Form Health Survey version 2 (SF-36 v2). The SF-36 is

a widely used, self-administered health questionnaire comprising 36 items on eight subscales

[24]. We used the Japanese version of SF-36. Each scale was represented by a score, with higher

scores indicating higher HRQoL [25,26]. To assess sleep quality, participants were assessed

using the Japanese version of the Pittsburgh Sleep Quality Index (PSQI) developed by Buysse

Fig 1. Flow diagram of participants.

https://doi.org/10.1371/journal.pone.0290662.g001
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et al. [27,28] The higher the score, the worse the sleep quality. To assess nutritional status, par-

ticipants were surveyed using the brief self-administered diet history questionnaire (BDHQ)

[29,30]. This questionnaire is described in S2 Appendix.

Statistical analysis

The median, first, and third quartile for continuous variables and frequencies (%) for categori-

cal variables were used. Characteristics were compared between agricultural and non-agricul-

tural workers using the Wilcoxon rank-sum test for continuous variables and Fisher’s exact

test for categorical variables.

A linear regression model for continuous variables and a logistic regression model for

categorical variables were applied to compare the lifestyles of agricultural and non-agricul-

tural workers. Firth bias-corrected logistic regression was used if the logistic regression

failed to converge. Lifestyle-related variables were the dependent variables, and occupation

(1: agricultural workers, 0: non-agricultural workers) was the independent variable. Results

were adjusted for age as a categorical variable because the dependent variables may not be

linearly related to age (20–39, 40–49, 50–59 in the <60 years group, and 60–70, �70 in the

�60 years group), sex, and years of education (9–11, 12–13, 14–15, �16, and other). No

multiple testing correction was performed because all hypotheses were considered indepen-

dently [31].

The mean and distribution of bedtime and wake-up time were calculated by R package “cir-

cular” version 0.4–93. For comparisons, we used the circular general linear model by R pack-

age “bpnreg” version 2.0.2 with the Markov Chain Monte Carlo algorithm [32,33], adjusted

for age, sex, and years of education. Variables were considered to have an effect if at least one

of the 95% highest probability density (HPD) intervals for component I and component II lin-

ear coefficients did not include 0.

A complete case analysis was used because missing data were within 5% of the total [34].

All statistical tests were two-sided. Statistical significance was set at P <0.05. All analyses

were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R version 4.1.2.

Results

Participant characteristics

Among 1,056 participants in the 2018 survey, 251 aged�60 and 560 aged<60 (Fig 1) were

included. Participants were surveyed about their main occupation, and the proportion of each

is shown in Table A in S1 Appendix. The proportion of agricultural workers was 24.1% in the

<60 years group and 55.8% in the�60 years group. The participants’ characteristics are

shown in Table 1. In the<60 years group, the median (interquartile range [IQR]) age was 45.0

(37.0–56.0) years for agricultural workers and 42.0 (35.0–50.0) years for non-agricultural

workers, being significantly higher for agricultural workers (p<0.001) (Fig 2). In the�60

years group, the median (IQR) age was 68.0 years (64.0–72.0) for agricultural workers and 65.0

years (62.0–68.0) for non-agricultural workers, being significantly higher for agricultural

workers (p<0.001) (Fig 2). In the<60 years group, the number (proportion) of males was 78

(57.8%) among agricultural workers and 185 (43.5%) among non-agricultural workers, being

significantly higher for agricultural workers (p = 0.004). In the<60 years age group, the

median (IQR) BMI was 22.70 (20.90–25.20) among agricultural workers and 22.10 (19.90–

24.50) among non-agricultural workers, being significantly higher in agricultural workers

(p = 0.017). In the�60 years group, the education level was higher among non-agricultural

workers than among agricultural workers (p<0.001).
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Differences in lifestyle between agricultural and non-agricultural workers

Lifestyle comparisons among workers are presented in Tables 2 and 3. The proportion of par-

ticipants with a sleeping disorder was lower among agricultural workers than among non-agri-

cultural workers in the<60 years group (odds ratio [OR] [vs non-agricultural workers] = 0.49,

95% CI = 0.27–0.88, p = 0.016); however, there was no significant difference in the�60 years

group (OR = 1.32, 95% CI = 0.59–2.98, p = 0.502). The proportion of participants who took a

nap was high among agricultural workers in both age groups (OR = 3.67, 95% CI = 2.37–5.67,

p<0.001 in the<60 years group; OR = 2.28, 95% CI = 1.30–3.99, p = 0.004 in the�60 years

group). Energy intake per day was high among agricultural workers in the<60 years group

(beta [reference was non-agricultural workers] = 158 kcal/day, 95% CI = 54–262, p = 0.003).

The proportion of participants who worked more than 5 days a week was high among agri-

cultural workers in both age groups (OR = 17.14, 95% CI = 8.42–34.89, p<0.001 in the<60

years group; OR = 3.37, 95% CI = 1.86–6.10, p<0.001 in the�60 years group); similarly, the

proportion of people whose working time per day was more than 8 h was high among agricul-

tural workers in both age groups (OR = 2.14, 95% CI = 1.38–3.31, p = 0.001 in the <60 years

group; OR = 2.40, 95% CI = 1.31–4.40, p = 0.005 in the�60 years group). There were no clear

differences in exercise, current smoking, and current drinking habits between agricultural and

non-agricultural workers.

The results of SF-36 showed that the bodily pain (BP) score was significantly lower for agri-

cultural workers <60 years of age (beta = -2.1, 95% CI = -3.9–-0.2, p = 0.029). The score for

the role limitations attributable to emotional problems was significantly lower for agricultural

workers�60 years of age (beta = -2.4, 95% CI = -4.6–-0.1, p = 0.037).

The proportion of time spent on each daily activity showed that personal chores (beta =

-0.7, 95% CI = -1.1–-0.3, p = 0.002), eating (beta = -0.8, 95% CI = -1.3–-0.3, p = 0.003), com-

muting to work or school (beta = -1.1, 95% CI = -1.6–-0.5, p<0.001), traveling (beta = -0.8,

95% CI = -1.4–-0.3, p = 0.004), and active leisure activities (beta = -0.9, 95% CI = -1.8–-0.1,

p = 0.036) were significantly lower, and passive leisure activities (beta = 3.0, 95% CI = 0.7–5.3,

p = 0.001) were higher in agricultural workers, respectively, in the<60 years group. Time

Table 1. Participant characteristics according to agricultural and non-agricultural workers.

Age <60 years Age�60 years

Agricultural workers

n = 135

Non-agricultural workers

n = 425

Agricultural workers

n = 140

Non-agricultural workers

n = 111

Median (IQR) or n (%) p-value* Median (IQR) or n (%) p-value*
Age (years) 45.0

(37.0–56.0)

42.0

(35.0–50.0)

<0.001 68.0

(64.0–72.0)

65.0

(62.0–68.0)

<0.001

Sex Male 78 (57.8) 185(43.5) 0.004 68(48.6) 57(51.4) 0.704

BMI (kg/m2) 22.70

(20.90–25.20)

22.10

(19.90–24.50)

0.017 23.30

(21.40–25.60)

23.00

(20.80–25.50)

0.450

Body fat percentage (%) 22.50

(17.40–28.20)

24.20

(19.40–29.75)

0.069 25.60

(20.80–31.50)

25.00

(20.60–31.40)

0.9494

Education (years) 6–11 5 (3.7) 7(1.6) 0.068 43(30.7) 20(18.0) <0.001

12–13 85 (63.0) 238(56.0) 76(54.3) 51(45.9)

14–15 35 (25.9) 115(27.1) 15(10.7) 27(24.3)

�16 10 (7.4) 64(15.1) 4(2.9) 13(11.7)

Other 0 (0) 1(0.2) 2(1.4) 0(0)

* P-value was determined using Wilcoxon rank-sum test or Fisher’s exact test. Boldface indicates statistical significance.

IQR, interquartile range.

https://doi.org/10.1371/journal.pone.0290662.t001
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spent socializing (beta = -0.7, 95% CI = -1.1–-0.2, p = 0.002) was significantly lower in the�60

years group. In both age groups, the participation rate in hobbies and amusements (OR = 0.58,

95% CI = 0.38–0.90, p = 0.014 in the <60 years group; OR = 0.45, 95% CI = 0.26–0.80,

p = 0.006 in the�60 years group) and sports (OR = 0.51, 95% CI = 0.28–0.94, p = 0.030 in the

<60 years group; OR = 0.42, 95% CI = 0.20–0.88, p = 0.021 in the�60 years group) was signif-

icantly lower among agricultural workers.

Difference in bedtime and wake-up time among occupations

The proportion of participants’ bedtime and wake-up time for each hour of the day is shown

in Fig 3A and 3B, respectively, and were compared with the mean time for agricultural and

non-agricultural workers (Table 4). In both age groups, agricultural workers’ mean bedtime

Fig 2. Distribution of age in agricultural and non-agricultural workers. Diagonal line areas indicate age<60 years,

whereas shaded areas indicate age�60 years.

https://doi.org/10.1371/journal.pone.0290662.g002
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Table 2. Comparison of continuous lifestyle variables between agricultural and non-agricultural workers.

Age <60 years Age�60 years

Agricultural

workers

Non-agricultural

workers

Agricultural

workers

Non-agricultural

workers

Mean (95% CI) Mean (95% CI) Adjusted β
(95% CI)*

p-

value**
Mean (95% CI) Mean (95% CI) Adjusted β

(95% CI)*
p-

value**
Sleep

PSQI total score 3.3 (2.9–3.6) 4.0 (3.8–4.2) -0.6 (-1.1–-

0.2)

0.005 3.5 (3.1–3.9) 3.5 (3.0–3.9) 0.1 (-0.5–

0.8)

0.652

Sleeping hours (hours) 6.8 (6.5–7.1) 6.8 (6.6–7.0) -0.1 (-0.5–

0.3)

0.728 7.1 (6.8–7.5) 7.0 (6.7–7.3) 0.0 (-0.5–

0.4)

0.997

BDHQ

Energy intake (kcal/day) 2045 (1941–

2149)

1811 (1758–1864) 158 (54–

262)

0.003 1993 (1899–

2087)

1942 (1839–2045) 24 (-106–

155)

0.714

Percentage of protein (%) 14.3 (13.9–14.7) 14.6 (14.3–14.9) -0.1 (-0.6–

0.5)

0.817 15.3 (14.8–15.8) 16.3 (15.8–16.9) -1.0 (-1.7–-

0.2)

0.012

Percentage of lipid (%) 24.6 (23.6–25.6) 26.7 (26.1–27.3) -1.3 (-2.4–-

0.1)

0.028 23.9 (23.0–24.9) 26.9 (25.7–28.0) -2.4 (-3.9–-

1.0)

0.001

Percentage of carbohydrate (%) 53.5 (52.1–54.9) 51.7 (50.9–52.5) 2.0 (0.4–

3.6)

0.017 54.8 (53.5–56.1) 51.5 (49.7–53.3) 2.6 (0.4–

4.9)

0.023

Salt intake (g/day) 11.2 (10.6–11.9) 10.2 (9.9–10.5) 0.6 (0.0–

1.3)

0.058 12.0 (11.4–12.5) 12.2 (11.5–13.0) -0.6 (-1.4–

0.3)

0.225

SF-36

Physical functioning 54.1 (52.5–55.7) 54.8 (54.0–55.5) -0.2 (-1.8–

1.4)

0.834 45.8 (43.6–48.0) 47.6 (45.0–50.2) -0.3 (-3.7–

3.1)

0.865

Role physical 53.3 (52.4–54.3) 53.8 (53.2–54.4) -0.3 (-1.5–

1.0)

0.690 48.8 (46.9–50.8) 50.9 (49.3–52.5) -1.7 (-4.2–

0.9)

0.200

Bodily pain 48.9 (47.3–50.5) 51.2 (50.3–52.1) -2.1 (-3.9–-

0.2)

0.029 47.3 (45.8–48.9) 48.9 (47.1–50.7) -1.3 (-3.8–

1.2)

0.292

General health 48.8 (47.3–50.3) 49.6 (48.7–50.5) -0.3 (-2.1–

1.5)

0.762 46.8 (45.4–48.1) 48.1 (46.3–49.8) -1.3 (-3.6–

1.0)

0.262

Vitality 50.5 (49.1–51.8) 48.8 (47.8–49.7) 1.3 (-0.5–

3.1)

0.163 51.0 (49.4–52.6) 52.8 (51.1–54.5) -1.9 (-4.3–

0.6)

0.135

Social functioning 52.5 (51.1–54.0) 53.2 (52.5–53.9) -0.6 (-2.1–

0.9)

0.464 53.4 (52.2–54.6) 53.9 (52.8–55.1) -0.8 (-2.5–

1.0)

0.390

Role emotional 54.4(53.4–55.3) 53.3(52.5–54.0) 1.0(-0.4–

2.4)

0.166 50.8(49.0–52.6) 53.7(52.7–54.8) -2.4(-4.6–-

0.1)

0.037

Mental health 51.9(50.5–53.2) 49.9(49.0–50.8) 1.6(-0.2–

3.4)

0.081 52.6(51.0–54.3) 52.6(51.2–54.1) -0.1(-2.5–

2.2)

0.913

Physical component summary 54.4(53.1–55.6) 55.8(55.1–56.4) -0.9(-2.3–

0.5)

0.189 47.5(45.4–49.5) 49.6(47.6–51.6) -1.1(-4.0–

1.7)

0.433

Mental component summary 49.3(47.9–50.6) 48.0(47.1–48.9) 0.9(-0.8–

2.7)

0.304 51.9(50.4–53.4) 52.3(50.7–53.9) -0.8(-3.1–

1.4)

0.469

Proportion of time spent on each

daily activity

Personal chores (%) 2.8(2.5–3.1) 3.7(3.4–3.9) -0.7(-1.1–-

0.3)

0.002 3.0(2.4–3.5) 3.4(2.7–4.2) -0.4(-1.3–

0.5)

0.399

Eating (%) 4.6(4.2–4.9) 5.5(5.2–5.7) -0.8(-1.3–-

0.3)

0.003 4.9(4.4–5.4) 4.9(4.4–5.4) 0.0(-0.7–

0.7)

0.959

Commuting to work or school

(%)

1.4(1.1–1.7) 2.4(2.1–2.7) -1.1(-1.6–-

0.5)

<0.001 1.1(0.3–1.8) 1.3(1.0–1.6) -0.2(-1.0–

0.7)

0.677

Travel time (excluding

commuting to work or school) (%)

1.4(1.0–1.8) 2.3(2.0–2.6) -0.8(-1.4–-

0.3)

0.004 1.2(0.7–1.7) 1.6(1.1–2.2) -0.5(-1.3–

0.3)

0.206

Housework and related work (%) 10.2(8.1–12.3) 12.1(10.7–13.4) 0.4(-1.9–

2.7)

0.722 6.7(5.3–8.2) 7.6(6.1–9.1) -1.1(-2.8–

0.7)

0.231

(Continued)
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was approximately 40 min earlier than that of non-agricultural workers, and the HPD interval

for at least one component did not include 0. Similarly, agricultural workers woke up earlier.

Discussion

In this study, we compared the lifestyles of agricultural workers with those of other occupa-

tional workers to guide efficient health-promoting lifestyle interventions. We captured the life-

style characteristics of agricultural workers, who may have a different lifestyle from those of

other occupations.

The number of working days per week and working hours per day were longer for agricul-

tural workers in both age groups. This result is in line with national statistics [35,36]. Some

studies reported that long working hours negatively affect health outcomes, including an

increased association with depression, coronary heart disease, or other mental or physical

morbidities [22,37–39]. However, Japanese agriculture often involves family businesses; thus,

it is not easy to shorten working hours [16]. Hence, it is better to use one’s time outside of

work efficiently, since it is limited. In particular, it is important to find ways to quickly and effi-

ciently reduce fatigue.

An assessment of HRQoL data from the SF-36 showed that agricultural workers had greater

BP than non-agricultural workers aged <60 years. As agricultural work is physically demand-

ing, rest may be more desirable for reducing pain originating from work than increasing exer-

cise or sports habits during leisure time. In fact, the participation rate in sports and hobbies

was significantly lower among agricultural workers in both age groups; furthermore, in the

<60 years group, the proportion of time spent on passive leisure activities was greater. Previ-

ous reports have stated that sleep during rest periods between work is important for recovery

from work-related fatigue, and a recovery training program was also being considered in Ger-

many [40]. Providing such programs and making effective use of leisure time is expected to

improve worker safety, recovery from fatigue, and health maintenance for agricultural

workers.

Regarding sleep, appropriate sleeping hours and no sleep disturbances are associated with

longer healthy and chronic disease-free life expectancy [41]. In our study, the analysis of PSQI

Table 2. (Continued)

Age <60 years Age�60 years

Agricultural

workers

Non-agricultural

workers

Agricultural

workers

Non-agricultural

workers

Mean (95% CI) Mean (95% CI) Adjusted β
(95% CI)*

p-

value**
Mean (95% CI) Mean (95% CI) Adjusted β

(95% CI)*
p-

value**
Passive leisure activities (%) 16.5(14.1–18.8) 13.1(12.1–14.1) 3.0(0.7–5.3) 0.001 18.1(15.3–20.9) 17.8(15.5–20.0) 0.0(-3.8–

3.8)

0.987

Active leisure activities (%) 1.8(1.3–2.4) 2.8(2.3–3.2) -0.9(-1.8–-

0.1)

0.036 2.1(0.9–3.3) 3.0(1.3–4.7) -0.7(-2.8–

1.4)

0.504

Socializing (%) 0.7(0.4–1.0) 0.9(0.8–1.1) -0.2(-0.6–

0.2)

0.339 0.5(0.3–0.8) 1.1(0.7–1.4) -0.7(-1.1–-

0.2)

0.002

Medical examination and

treatment (%)

0.2(0.1–0.3) 0.2(0.1–0.2) 0.0(-0.1–

0.2)

0.445 0.5(0.2–0.7) 0.2(0.1–0.3) 0.2(0.0–0.5) 0.095

Beta value and p-value adjusted for age, sex, and years of education.

* Beta value is a partial regression coefficient with non-agricultural workers as the reference.

** Boldface indicates statistical significance.

CI, confidence interval; PSQI, Pittsburgh Sleep Quality Index; BDHQ, brief self-administered diet history questionnaire.

https://doi.org/10.1371/journal.pone.0290662.t002
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and sleeping disorder prevalence revealed that agricultural workers were getting better quality

sleep than non-agricultural workers in the<60 years group. A similar result was previously

reported in China, wherein farmers had longer sleep duration and better sleep quality accord-

ing to the PSQI than did other occupational workers [42]. Conversely, there was no significant

difference in PSQI score and sleeping disorder prevalence among those aged�60 years.

Regarding sleep duration, no significant differences were found in either age group in this

study, although shorter sleep duration among blue-collar workers has been reported [43]. This

difference may be due to the fact that their definition of blue-collar workers included non-agri-

cultural workers such as security or transport workers. In both age groups, agricultural

Table 3. Comparison of categorical lifestyle variables between agricultural and non-agricultural workers.

Age <60 years Age�60 years

Agricultural

workers

Non-agricultural

workers

Agricultural

workers

Non-agricultural

workers

n (%) n (%) Adjusted OR p-

value*
n (%) n (%) Adjusted OR p-

value*(95% CI) (95% CI)

Sleep

Sleeping disorder 16(12.1) 94(22.3) 0.49(0.27–

0.88)

0.016 17(13.8) 13(12.3) 1.32(0.59–

2.98)

0.502

Napping 76(58.0) 108(25.5) 3.67(2.37–

5.67)

< .001 77(60.2) 42(38.2) 2.28(1.30–

3.99)

0.004

Working

Weekly working days

>5 days

125(93.3) 177(42.1) 17.14(8.42–

34.89)

< .001 109(80.1) 59(53.6) 3.37(1.86–

6.10)

< .001

Working time per day

>8 h

65(48.5) 122(29.2) 2.14(1.38–

3.31)

0.001 57(42.5) 29(26.9) 2.40(1.31–

4.40)

0.005

Habit

Regular physical 25(18.5) 94(22.1) 0.74(0.45–

1.24)

0.253 30(21.6) 33(29.7) 0.75(0.40–

1.39)

0.363

activity or exercise

Current smoking 36(26.9) 97(22.9) 1.00(0.62–

1.60)

0.985 9(6.5) 11(10.1) 0.67(0.26–

1.74)

0.414

Current drinking 83(61.5) 214(51.2) 1.18(0.77–

1.80)

0.46 64(47.4) 48(44.9) 1.19(0.63–

2.24)

0.585

Social environment

Presence of a spouse 101(75.9) 296(70.0) 1.15(0.72–

1.84)

0.558 100(78.1) 87(79.1) 1.48(0.71–

3.06)

0.293

Daily activity

Learning/self-education/

training

17(12.9) 61(14.6) 0.91(0.50–

1.65)

0.745 13(10.6) 20(18.2) 0.79(0.35–

1.79)

0.567

Hobbies and

amusements

53(40.5) 216(51.3) 0.58(0.38–

0.90)

0.014 37(30.1) 53(48.6) 0.45(0.26–

0.80)

0.006

Sports 15(11.5) 79(18.9) 0.51(0.28–

0.94)

0.03 16(12.7) 28(25.7) 0.42(0.20–

0.88)

0.021

Dental and oral health

Regular dental

checkups

75(56.4) 244(57.8) 1.01(0.67–

1.51)

0.974 77(60.2) 69(62.7) 0.96(0.55–

1.67)

0.884

Brush teeth�2 times

per day

104(78.2) 364(86.5) 0.76(0.44–

1.30)

0.315 97(75.8) 84(76.4) 0.88(0.46–

1.72)

0.715

Odds ratio and p-value adjusted for age, sex, and years of education.

* Boldface indicates statistical significance.

OR, odds ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0290662.t003
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workers tended to go to bed earlier and wake up earlier than non-agricultural workers. Some

reports show that going to bed early and rising early is good for health; for example, people

who stayed up late and got up late were more likely to visit doctors [44]. Maintaining good

sleep among young agricultural workers is desirable for a healthy life, and it would be helpful

to maintain this habit.

Fig 3. Proportion of participants who went to bed and woke up at each hour of the day. (a) A circular histogram

shows bedtime and (b) wake-up times. The gray bar shows the proportion of people per hour. The plots show the data

points.

https://doi.org/10.1371/journal.pone.0290662.g003
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The results of this study showed that energy intake was higher among agricultural workers

aged<60 years, and the percentage of carbohydrates consumed was higher in both age groups.

Agriculture is an energy-demanding occupation [45]. BMI was higher among agricultural

workers under the age of 60, but body fat percentage was not significantly higher in agricul-

tural workers. This suggests that agricultural workers did not have a high body fat percentage,

which is an important indicator of health; hence, they might consume more calories because

of their larger physiques. Therefore, excessive caloric restriction is not considered necessary in

agricultural workers.

Ohta et al. reported the lifestyle of male agricultural, forestry, and other occupational work-

ers in their 40s and 50s in Japan [11]. They reported that among agricultural and forestry

workers, a little or hardly ever drinking habits and close friendships were more prevalent than

among non-agricultural workers; moreover, the proportion of participants in this category

practicing physical exercise was lower, while the number of household members and sleeping

hours were higher than among other occupational workers. Our report shows a similar trend,

although not as significant. Zhang et al. compared the health-promoting lifestyles of agricul-

tural and non-agricultural workers in Japan [10]. In that study, spiritual growth was higher

and physical activity was lower in the agricultural group than in the non-agricultural group, as

evaluated using HPLP-II. In our study, the proportion of participants who had regular physical

activity or exercise habits in their leisure time was low among agricultural workers. Similar

reports of the low percentage of leisure time exercise among agricultural workers has been

made in other countries, such as Australia and Poland [46,47]. Although our results are similar

to those previously reported, Ohta et al. evaluated only men in their 40s and 50s, and Zheng

et al. evaluated only the HPLP-II. This study expanded the scope to 1) include people aged

�60 years and women; 2) evaluate many lifestyles; and 3) examine the details of bedtime and

wake-up time using circular statistics [11].

In summary, to create effective interventions for people, the study results suggest that com-

pared with non-agricultural workers, agricultural workers have different lifestyles in terms of

sleep, work, nutrition, and time spent on each daily activity. The results of this study indicate

that sleeping and napping, which are considered important for recovery from fatigue, were

better among agricultural workers. Advising them to maintain satisfactory sleep habits may be

helpful. However, it may be useful to consider further interventions, such as teaching pro-

grams that promote recovery in leisure time (e.g., to promote psychological detachment from

work).

This study had some limitations. First, as a cross-sectional study, the causal relationship

between agricultural workers and lifestyle cannot be assessed. Second, this study included par-

ticipants from only one region; consequently, the results may differ from those of other

regions. Third, participation was voluntary; the sample population may be more biased toward

those who are interested in health promotion than the general population [23]. Fourth, in this

Table 4. Comparison of mean bedtime and wake-up time between agricultural and non-agricultural workers.

Age group Agricultural workers Non-agricultural workers

Bedtime Age <60 years* 22:28 23:16

Age�60 years* 21:45 22:26

Wake-up time Age <60 years* 5:21 6:04

Age�60 years* 5:01 5:36

The circular general linear model was performed by adjusting for age, sex, and years of education.

*Asterisks indicate that the highest probability density interval of difference was not included.

https://doi.org/10.1371/journal.pone.0290662.t004
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study, we were unable to assess the amount of time and workload performed when working as

an agricultural worker. Finally, we did not examine the association between lifestyle differ-

ences and outcomes. Longitudinally designed investigations involving other regions are

needed.

Conclusions

Agricultural workers have better sleep habits but work longer hours compared with non-agri-

cultural workers. Differences in energy intake and the proportion of time spent on each daily

activity were noted. These differences should be considered when planning intervention pro-

grams for agricultural workers.
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