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Introduction: Sleep disturbance and insufficient sleep have been linked to
metabolic syndrome, increasing cardiovascular disease and mortality risk.
However, few studies investigate the joint effect of sleep and exercise on
metabolic syndrome. We hypothesized that regular exercise can mitigate the
exacerbation of metabolic syndrome by sleep insufficiency.
Objective: The aim of this study was to investigate whether exercise can attenuate
or eliminate the relationship between sleep insufficiency and metabolic syndrome.
Method: A total of 6,289 adults (mean age = 33.96 years; women: 74.81%) were
included in the study, a cross-sectional study conducted based on the results of
employee health screening questionnaires and databases from a large
healthcare system in central Taiwan. Participants reported sleep insufficiency or
not. Self-reported exercise habits were classified into 3 levels: no exercise,
exercise <150 min/week, and exercise ≧150 min/week. Multiple logistic
regression and sensitivity analyses were conducted to understand the joint
associations of sleep patterns and exercise with metabolic syndrome with
exposure variables combining sleep duration/disturbances and PA.
Results: Compared with the reference group (sufficient sleep), individuals with
sleep insufficiency had a higher risk for metabolic syndrome [adjusted odds ratio
(AOR) = 1.40, 95% confidence interval (95% CI): 1.01–1.94, p < 0.05] in females
aged 40–64 years, but not in other populations. Sleep insufficiency was not
associated with the risk of metabolic syndrome among individuals achieving an
exercise level of <150 min/week, and in particular among those achieving
≧150 min/week in all populations in our study.
Conclusion: Sleep insufficiency was related to a higher risk of metabolic syndrome
in female healthcare staff aged 40–64 years. Being physically active with exercise
habits in these individuals, the risk of metabolic syndromewas no longer significant.
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1. Introduction

Sleep disturbances are common in Chinese healthcare professionals, and their prevalence

is much higher than the general population (1). Up to 70 million American adults suffer

from sleep problems (2). Insomnia increases the risk of depression, metabolic syndrome,

cardiovascular disease, and cancer (3, 4). In addition, sleeping for more than 8 h a day,
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having difficulty falling asleep, and using sleeping pills increase all-

cause mortality, cardiovascular disease mortality, and cancer

mortality. Being physically active eliminates these effects (5).

Insufficient sleep could lead to a cascade of disorders through

endocrine and metabolic changes associated with diabetes

(insulin resistance) and weight gain, all of which increase the risk

of metabolic syndrome (6–8). Furthermore, modern working

patterns, lifestyles and technologies are often not conducive to

adequate sleep at times when the internal physiological clock is

promoting it (for example, late-night screen time, shift work and

nocturnal social activities) (8). In hospital staff, work stress and

long hours reduce the time they have for sleep and exercise,

putting them at higher risk of developing metabolic syndrome

(9). Night shifts increase the prevalence of shift work sleep

disorders (10) and exacerbate the situation (11). Physical activity

(PA) is beneficial for both mental and physical health. Being

physically active not only reduces anxiety and depression, but

also improves cardiorespiratory fitness and muscular strength

(12, 13). Moreover, it reduces the risk of metabolic syndrome

and major cardiovascular disease (4). Both aerobic exercise and

resistance training have been proved to decrease the risk of type

2 diabetes (14). PA is also associated with lower all-cause

mortality (5, 15). The association between physical activity and

sleep is complicated, since exercising late in the evening or night

may affect the release of melatonin (3). Aside from this, there is

mounting evidence revealing that PA improves both the quality

and the quantity of sleep (16–19).

Metabolic syndrome includes central obesity, hypertension,

hyperglycemia, and hyperlipidemia (20, 21). Approximately one-

third of adults in the United States suffer from metabolic

syndrome, and this number is still on the rise (21). Some of the

risk factors for metabolic syndrome are obesity, smoking, alcohol

consumption, fast food consumption, insomnia, a sedentary

lifestyle, and night shifts (9, 22, 23). Metabolic syndrome puts

individuals at a higher risk of cardiovascular disease, diabetes,

and even death (4, 20, 24). To prevent metabolic syndrome, it is

crucial to cultivate a habit of exercising and improve diet and

sleep quality (21).

PA has been proven effective in preventing metabolic

syndrome and improving the quality of sleep. However, few

studies investigate the joint effect of sleep and exercise on

metabolic syndrome. Whether it attenuates the detrimental

association between sleep insufficiency and metabolic syndrome

is still unknown. We hypothesized that regular exercise can

mitigate the exacerbation of metabolic syndrome by sleep

insufficiency, and aimed to explore the association between self-

reported sleep insufficiency and exercising habits with metabolic

syndrome.
2. Methods

2.1. Study population

We carried out a cross-sectional study using the Strengthening

the Reporting of Observational studies in Epidemiology (STROBE)
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guidelines (25) at the China Medical University Hospital (CMUH),

Taiwan, from January 2020 to December 2021. According to

occupational health regulations in Taiwan, workers across the

country are required to undergo annual health screenings, where

they provide anthropometric measurements and undergo physical

examination and blood tests. We obtained data of 11,093 subjects

with informed consent from the information department of the

hospital. Participants were excluded if they were not between 20

and 64 years old (N = 69), if they did not complete the health

screen (with missing data, N = 354), and if they were pregnant in

the study period (N = 315). We chose the first set of data

available for each worker (without pregnancy in the case of

women workers) during this period. (Figure 1), and they were

asked to complete a self-administered questionnaire. The

questionnaire included questions about sleep and several lifestyle

questions (e.g., smoking, alcohol consumption, sleep, and

exercise). The project was approved by the Institutional Review

Board of China Medical University Hospital (CMUH110-REC3-

205), and all participants provided written informed consent

before enrolling in the study.
2.2. Data collection

2.2.1. Measures of sleep patterns
Questions of sleep insufficiency attempt to indicate healthy

sleep more directly than measures of sleep duration, which may

rule out important individual differences in sleep requirements.

Altman et al. had demonstrate a study to investigate self-reported

sleep duration and self-reported sleep insufficiency as predictors

of cardiometabolic health outcomes by telephone interview (26).

In this study, participants were asked whether they were getting

sufficient sleep through the self-administered questionnaire.

Insufficient (Inadequate) sleep means either not enough sleeping

time or poor sleep quality. On the basis of the participants’ self-

awareness, we categorized them into two groups: One in which

the participants got sufficient (adequate) sleep and one in which

the participants got insufficient sleep.

2.2.2. Measures of physical activity
The World Health Organization (WHO) suggests that adults

aged 18–64 years should do at least 150–300 min of moderate-

intensity aerobic PA in a week. In this study, participants were

asked three questions concerning physical activity through a

modified short International Physical Activity Questionnaire

(IPQA) (27, 28): “Do you do exercise?” “How many times do

you exercise in a week?” and “How much time do you usually

spend doing exercise?” On the basis of the WHO’s suggestion,

we categorized the participants into three groups: No exercise

habits, exercise for less than 150 min per week, and exercise for

more than (or exactly) 150 min per week.

2.2.3. Ascertainment of metabolic syndrome
In this study, the diagnostic criteria for metabolic syndrome

were the post-2004 revision of the NCEP ATP III diagnostic

criteria and the 2005 American Heart Association (AHA) and
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FIGURE 1

Flowchart of study participant selection from employees of a single medical center.
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National Heart, Lung, and Blood Institute (NCLBI) criteria

(29, 30). According to the NCEP ATP III definition, metabolic

syndrome is present if three or more of the following five criteria

are met: (1) In the Asian context, a waist circumference of at

least 90 cm in men and 80 cm in women, measured at the top of

the iliac crest at the end of a normal expiration; (2) systolic

blood pressure of at least 130 mmHg or diastolic blood pressure

of at least 85 mmHg, or receiving pharmacologic therapy for

hypertension; (3) a triglyceride (TG) level of at least 150 mg/dl

or receiving pharmacologic therapy for elevated TG levels; (4) a

high-density lipoprotein (HDL) cholesterol level of less than

40 mg/dl in men and 50 mg/dl in women or receiving

pharmacologic therapy for reduced HDL cholesterol levels; (5) a

fasting glucose level of at least 100 mg/dl or receiving

pharmacologic therapy for elevated fasting glucose levels.

2.2.4. Possible confounding factors
We selected covariates a priori based on previous literature: sex,

age, and job tenure, shift duty categorized as day shift only and

other shifts except for day shift (defined as working in the

evening from 4:00 p.m. to 0:00 a.m. and in the night from 0:00

a.m. to 8:00 a.m.) (23, 31), personal habits (smoking, alcohol

drinking, betel nut chewing, dining out, etc.) (11), and

medications (e.g., sleeping pills) (32).
2.3. Data analyses

The percentage of each demographic characteristic was

presented using frequency distribution. We used the chi-square

test to compare the risk of metabolic syndrome between different

demographic characteristics. ANOVA was adopted to assess the

difference in continuous variables (age, PA hours, etc.) between
Frontiers in Cardiovascular Medicine 03
occupation categories. A t-test was used to assess the risk of

metabolic syndrome between continuous variables.

Our healthcare population could not represent the general

population, so it is not appropriate to use relative risk (RR)

(33, 34), besides, the number of cases of sleep insufficiency with

metabolic syndrome is relatively small, the odds and risk are

similar (34, 35). Therefore, multiple logistic regression was used to

assess the relationship between different occupational categories

and metabolic syndrome, to determine the risk factors for

metabolic syndrome in healthcare staff, and to include interferer

correction. The correlation between exercise habits and metabolic

syndrome and the correlation between sleep status and metabolic

syndrome were analyzed to estimate the adjusted odds ratio (AOR)

for the explanatory variables, with a ratio greater than 1 indicating

a positive correlation and the opposite indicating a negative

correlation. The 95% confidence interval was used to examine the

statistical significance of the adjusted odds ratio. We derived a

variable combining sleep insufficiency or not and the exercise

habits of six groups, where the group with sufficient sleep and the

highest exercise amount (equal to or more than 150 min/week)

served as the reference group. The adjusted odd ratios of metabolic

syndrome for each group were compared to the reference group.

In our analyses, we did not adjust for clinical sleeping disorders

(sleep apnea, insomnia, etc.) or mental health due to the small

amount of such data in our cohort. To evaluate the robustness of

our results and to reduce the possibility of spurious associations

due to residual confounding, we conducted a set of sensitivity

analyses where we excluded (a) those who suffered from clinical

sleep disorders (sleep apnea, insomnia, and other sleep disorders)

and (b) those who used psychiatric medications.

For all statistical analyses, the level of significance was set at

0.05. All statistical assessments were two sided and performed

with SAS (version 9.4, SAS Institute, Inc., Cary, NC).
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3. Results

3.1. Baseline demographic

Among the 6,289 participants in the core analyses, 712 (11.3%)

were diagnosed with metabolic syndrome. Table 1 presents

the characteristics of the participants with and without metabolic

syndrome. The participants had a mean age of 33.96 ± 9.66 years,

with 4,592 (73.02%) aged 20–39 years and 1,697 (26.98%) aged

40–64 years. Among the participants, 4,705 (74.81%) were femal

(Table 1).

In all, 2,936 (46.68%) participants considered that they did not

get enough sleep, 43 (0.68%) took sleeping pills and 211 (3.36%)

had sleep disorders, including 31 (0.49%) with obstructive sleep

apnea, 170 (2.70%) with insomnia, and 11 (0.17%) people with

other sleep disorders (Table 1).

Of the participants, 4,089 (65.02%) had no exercise habits.

Only 604 (9.60%) participants met the WHO criteria for

exercising more than 150 min per week (Table 1).
3.2. The association between sleep
insufficiency and exercise habits and
metabolic syndrome

Table 2 presents the association between sleep insufficiency and

exercise habits and metabolic syndrome by multiple logistic

regression. Supplementary Table S2 presents the results for all

covariates used in the model. Compared to the reference group

(sufficient sleep), individuals with sleep insufficiency had a higher

risk of metabolic syndrome (adjusted odds ratio (AOR) [95%

confidence interval (95% CI)] 1.18 (0.99–1.39), p = 0.052) (Table 2).

In addition, females aged 40–64 years with sleep insufficiency had a

statistically significantly increased risk of metabolic syndrome, but

the result did not achieve the significance threshold. [AOR (95%

CI): 1.40 (1.01–1.94), p = 0.044] (Table 3). Therefore, in this

healthcare system, perceived sleep insufficiency may be a problem

serious enough to increase the risk of metabolic syndrome.

PA significantly reduced the risk ofmetabolic syndrome in active

individuals compared with those who did not exercise. Exercising for

less than 150 min per week reduced the risk of metabolic syndrome

to 66% [AOR (95% CI): 0.66 (0.54–0.80), p < 0.001]. Meanwhile,

exercising for more than 150 min per week reduced the risk of

metabolic syndrome to 54% [AOR (95% CI): 0.54 (0.39–0.72),

p < 0.001], even more so in women, reducing it to only 46% [AOR

(95% CI): 0.46 (0.27–0.75), p = 0.002] (Table 2). Therefore, it is

clear that exercise can significantly reduce the risk of metabolic

syndrome, no matter the amount of exercise.
3.3. The association between sleep,
exercise, and metabolic syndrome

The joint association between sleep insufficiency and exercise

habits and metabolic syndrome is shown in Table 4. We set the
Frontiers in Cardiovascular Medicine 04
group in which individuals had sufficient sleep and exercised for

at least 150 min per week as the reference group. Compared to

the reference group, the group in which individuals had

insufficient sleep and no exercise habits had a 2.01-fold increased

risk of metabolic syndrome [AOR (95% CI): 2.01 (1.37–3.02),

p < 0.001], while the group in which individuals had insufficient

sleep and exercised for less than 150 min per week had a

1.41-fold increased risk of metabolic syndrome [AOR (95% CI):

1.41 (0.92–2.21), p = 0.120], and the group in which individuals

had insufficient sleep but exercised for at least 150 min per week

had a 1.09-fold increased possibility of metabolic syndrome

[AOR (95% CI): 1.09 (0.61–1.89), p = 0.773] (Table 4 and

Figure 2). It can be concluded that with increased exercise,

the risk of metabolic syndrome decreases and is no longer

statistically significant.

The analysis results for females aged 40–64 years were similar

to those for the entire population, as shown in Table 5. We set the

group in which women had sufficient sleep and exercised for at

least 150 min per week as the reference group. Compared to the

reference group, the group in which women had insufficient

sleep and no exercise habits had a 3.28-fold increased risk of

metabolic syndrome [AOR (95% CI): 3.28 (1.45–8.84), p = 0.008],

while the group in which women had insufficient sleep and

exercised for less than 150 min per week had a 1.48-fold lower

risk of metabolic syndrome [AOR (95% CI): 1.48 (0.55–4.44),

p = 0.456], and the group in which women had insufficient sleep

and exercised for at least 150 min per week had a 2.18-fold lower

risk of metabolic syndrome [AOR (95% CI): 2.18 (0.62–7.65),

p = 0.213] (Table 5 and Figure 3). Therefore, sleep insufficiency

was related to a higher risk of metabolic syndrome in female

healthcare staff aged 40–64 years. Being physically active with

exercise habits in these individuals, the risk of metabolic

syndrome was no longer significant.

We analyzed the data after removing those participants on

sleeping pills and with sleeping disorders, and the sensitivity

analysis showed the same results (Table 5).
4. Discussion

Our study revealed that the prevalence of metabolic syndrome

in the healthcare system at a tertiary medical center in Taiwan was

11.3% and exercise attenuated the risk of metabolic syndrome

caused by sleeping insufficiency in females aged 40–64 years.
4.1. Baseline demographics

According to our study, the prevalence of metabolic syndrome

in a healthcare system at a tertiary medical center in Taiwan was

11.3%, which is far lower than the 33% prevalence in the overall

population in the United States (36). This may be related to the

fact that nearly three-quarters of the staff in this health system

were under the age of 40 years. The prevalence of metabolic

syndrome in another healthcare system in Taiwan was 12%,

similar to our findings (37).
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TABLE 1 Baseline demographics of the participants with and without metabolic syndrome.

Variables Entire sample Metabolic syndrome p-value

(n = 6,289) Yes (n = 712) No (n = 5,577)
Age (years) 33.96 ± 9.66 40.02 ± 10.32 33.19 ± 9.29 <0.001*

Age <0.001*

20–40 years 4,592 (73.02) 347 (7.56) 4,245 (92.44)

40–64 years 1,697 (26.98) 365 (21.51) 1,332 (78.49)

Sex <0.001*

Male 1,584 (25.19) 312 (19.70) 1,272 (80.30)

Female 4,705 (74.81) 400 (8.50) 4,305 (91.50)

BMI (kg/m2) 23.46 ± 4.40 29.71 ± 4.26 22.66 ± 3.73 <0.001

SBP (mmHg) 116.0 ± 13.40 130.4 ± 13.56 114.1 ± 12.20 <0.001

DBP (mmHg) 73.90 ± 11.15 86.24 ± 11.34 72.32 ± 10.09 <0.001

Waist circumference (cm) 75.24 ± 11.62 91.96 ± 9.50 73.10 ± 10.02 <0.001

Glucose (mg/dl) 89.52 ± 14.94 105.4 ± 31.43 87.48 ± 9.43 <0.001

LDL (mg/dl) 108.3 ± 29.60 120.4 ± 33.90 106.8 ± 28.65 <0.001

HDL (mg/dl) 57.84 ± 13.82 42.47 ± 8.44 59.81 ± 13.12 <0.001

Cholesterol (mg/dl) 180.9 ± 33.32 187.1 ± 38.61 180.2 ± 32.50 <0.001

Occupation <0.001*

Physician 995 (15.82) 148 (14.87) 847 (85.13)

Nurse 2,961 (47.08) 246 (8.31) 2,715 (91.69)

Health professional 977 (15.54) 101 (10.34) 876 (89.66)

Administration staff 1,356 (21.56) 217 (16.00) 1,139 (84.00)

Job tenure <0.001*

≤10 4,693 (74.62) 412 (8.78) 4,281 (91.22)

10–20 1,009 (16.04) 161 (15.96) 848 (84.04)

>20 587 (9.33) 139 (23.68) 448 (76.32)

Working hours past 1 month (h/week) 44.81 ± 11.60 45.26 ± 10.17 44.75 ± 11.77 0.215

Working hours past 6 months (h/week) 45.16 ± 11.76 45.46 ± 10.19 45.12 ± 11.95 0.413

Smoking <0.001*

Yes 231 (3.67) 58 (25.11) 173 (74.89)

Never 6,058 (96.33) 654 (10.80) 5,404 (89.20)

Betel nuts 0.008

Yes 27 (0.43) 8 (29.63) 19 (70.37)

Never 6,262 (99.57) 704 (11.24) 5,558 (88.76)

Alcohol 0.025*

Yes 1,970 (31.32) 249 (12.64) 1,721 (87.36)

Never 4,319 (68.68) 463 (10.72) 3,856 (89.28)

Personal fatigue score 41.05 ± 18.34 40.78 ± 18.21 41.08 ± 18.36 0.673

Work-related fatigue score 40.41 ± 16.06 39.47 ± 15.74 40.53 ± 16.10 0.098

Duty shift <0.001*

Day shift 3,689 (58.66) 472 (12.79) 3,217 (87.21)

Other 2,600 (41.34) 240 (9.23) 2,360 (90.77)

Exercise habits 0.128

None 4,089 (65.02) 487 (11.91) 3,602 (88.09)

<150 min/week 1,596 (25.38) 165 (10.34) 1,431 (89.66)

≥150 min/week 604 (9.60) 60 (9.93) 544 (90.07)

Lack of sleep 0.598

Yes 2,936 (46.68) 339 (11.55) 2,597 (88.45)

No 3,353 (53.32) 373 (11.12) 2,980 (88.88)

Meal on time 0.989

Yes 3,199 (50.87) 362 (11.32) 2,837 (88.68)

No 3,090 (49.13) 350 (11.33) 2,740 (88.67)

Dining out 0.166

Yes 3,442 (54.73) 407 (11.82) 3,035 (88.18)

No 2,847 (45.27) 305 (10.71) 2,542 (89.29)

Dining out frequency (times/day) 0.366

0 2,847 (45.27) 305 (10.71) 2,542 (89.29)

1 1,266 (20.13) 147 (11.61) 1,119 (88.39)

2 2,176 (34.60) 260 (11.95) 1,916 (88.05)

(Continued)
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TABLE 1 Continued

Variables Entire sample Metabolic syndrome p-value

(n = 6,289) Yes (n = 712) No (n = 5,577)
Sedative hypnotic 0.142

Yes 43 (0.68) 8 (18.60) 35 (81.40)

No 6,246 (99.32) 704 (11.27) 5,542 (88.73)

Sleep disorder Hx (sleep apnea + insomnia + other sleep disorders) <0.001*

Yes 211 (3.36) 44 (20.85) 167 (79.15)

No 6,078 (96.64) 668 (10.99) 5,410 (89.01)

Sleep apnea Hx <0.001*

Yes 31 (0.49) 17 (54.84) 14 (45.16)

No 6,258 (99.51) 695 (11.11) 5,563 (88.89)

Insomnia Hx 0.158

Yes 170 (2.70) 25 (14.71) 145 (85.29)

No 6,119 (97.30) 687 (11.23) 5,432 (88.77)

Other sleep disorders Hx 0.358

Yes 11 (0.17) 2 (18.18) 9 (81.82)

No 6,278 (99.83) 710 (11.31) 5,568 (88.69)

Chi-square test. Two-sample t-test. Differences between the two groups were analyzed with chi-square tests for categoric variables and independent-samples t-tests for

continuous variables. Significant variables were then entered into a stepwise backward logistic regression analysis.

*p < 0.05.

Chou et al. 10.3389/fcvm.2023.1192241
In our study, 46.7% of the medical staff suffered from sleep

insufficiency A meta-analysis in 2021 showed that the prevalence

of insomnia among healthcare workers during the COVID-19

pandemic was 42% (38). Similarly, a cross-sectional study
TABLE 3 Risk of metabolic syndrome by sleep and exercise for participants a

4

Total

AOR 95% CI p-value AOR

Insufficient sleep
Never 1.00 – – 1.00

Yes 1.24 0.97–1.59 0.081 1.06

Exercise habits
No exercise 1.00 – – 1.00

<150 min/week 0.75 0.57–1.00 0.050 0.82

≥150 min/week 0.62 0.41–0.91 0.017* 0.67

Corrected with confounding factors: Age, sex, occupation, job tenure, shift, smoking,

*p < 0.05.

TABLE 2 Risk of metabolic syndrome by sleep and exercise.

Total

AOR 95% CI p-value AOR

Insufficient sleep
Never 1.00 – – 1.00

Yes 1.18 0.99–1.39 0.052 1.23

Exercise habits
No exercise 1.00 – – 1.00

<150 min/week 0.66 0.54–0.80 <0.001* 0.70

≥150 min/week 0.54 0.39–0.72 <0.001* 0.59

Confounding factors: Age, sex, occupation, job tenure, shift, smoking, and alcohol co

*p < 0.05.
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conducted in Shanghai, China, in 2022 showed a 55.9%

prevalence of poor sleep quality and a 49.2% prevalence of

insomnia among healthcare workers vaccinated during the

COVID-19 pandemic (39). Although the results are similar to
ged between 40 and 64 years.

0 to 64 years old

Male Female

95% CI p-value AOR 95% CI p-value

– – 1.00 – –

0.73–1.55 0.741 1.40 1.01–1.94 0.044*

– – 1.00 – –

0.55–1.24 0.356 0.68 0.45–1.01 0.061

0.39–1.14 0.147 0.55 0.28–1.01 0.067

and alcohol consumption.

20–64 years old

Male Female

95% CI p-value AOR 95% CI p-value

– – 1.00 – –

0.94–1.60 0.126 1.15 0.93–1.42 0.195

– – 1.00 – –

0.52–0.94 0.016* 0.64 0.48–0.84 0.001*

0.40–0.87 0.008* 0.46 0.27–0.75 0.002*

nsumption.
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TABLE 4 Joint association between sleep insufficiency and exercise habits and metabolic syndrome.

Variables All Excluding participants on sleeping pills or
with sleeping disorders

AOR (95% CI) p-value AOR (95% CI) p-value

Sleep insufficiency and exercise habits
Never and ≥150 min/week Ref. – Ref. –

Never and <150 min/week 1.14 (0.75–1.77) 0.541 1.20 (0.78–1.88) 0.420

Never and no 1.78 (1.22–2.66) 0.003* 1.82 (1.24–2.76) 0.003*

Yes and ≥150 min/week 1.09 (0.61–1.89) 0.773 1.03 (0.56–1.85) 0.921

Yes and <150 min/week 1.41 (0.92–2.21) 0.120 1.42 (0.91–2.25) 0.126

Yes and no 2.01 (1.37–3.02) <0.001* 2.00 (1.35–3.04) <0.001*

Corrected with confounding factors: Age, sex, occupation, job tenure, shift, smoking, and alcohol consumption.

*p < 0.05.

FIGURE 2

Joint association between sleep insufficiency and exercise habits and metabolic syndrome. *p < 0.05.

TABLE 5 Joint association between sleep insufficiency and exercise habits and metabolic syndrome among females aged 40–64 years.

Variables Females aged 40–64 years
(n = 1,131)

Excluding participants on sleeping pills and
with sleeping disorders (n = 1,091)

AOR (95% CI) p-value AOR (95% CI) p-value

Sleep insufficiency and exercise habits
Never and ≥150 min/week Ref. – Ref. –

Never and <150 min/week 1.94 (0.79–5.49) 0.175 1.89 (0.77–5.37) 0.190

Never and no 2.07 (0.91–5.57) 0.109 2.01 (0.89–5.41) 0.124

Yes and ≥150 min/week 2.18 (0.62–7.65) 0.213 1.95 (0.51–7.11) 0.309

Yes and <150 min/week 1.48 (0.55–4.44) 0.456 1.45 (0.53–4.38) 0.488

Yes and no 3.28 (1.45–8.84) 0.008* 3.17 (1.40–8.54) 0.011*

Confounding factors: Age, sex, occupation, job tenure, shift, smoking, and alcohol consumption.

*p < 0.05.
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ours, both studies highlight the impact of the COVID-19 pandemic

on healthcare workers in terms of stress, which may lead to an

increased prevalence of insomnia.

In our results, exercise was not a common habit among medical

staff. Although there is plenty of evidence of the positive effects of

exercise on health and cognition, only 25% of American adults meet
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the WHO criteria of weekly exercise amount suggestions (at least

150 min of moderate-intensity aerobic exercise or at least two days of

weight training) (40). In contrast, only 15% of Taiwanese adults meet

the criteria (5). In our study, only 9.6% of the participants met the

standard. It is clear that the amount of exercise Taiwanese adults do

is far from enough compared with that of Americans.
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FIGURE 3

Joint association between sleep insufficiency and exercise habits and metabolic syndrome among females aged 40–64 years. *p < 0.05.
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4.2. The association between sleep
insufficiency and exercise habits and
metabolic syndrome

Our study revealed that sleep insufficiency has a tendency to

increase the risk of metabolic syndrome. Sleep insufficiency

significantly increased the risk of metabolic syndrome among

females aged 40–64 years. In 2016, a cross-sectional study of

4,197 adults showed that short sleep duration, difficulty falling

asleep, and difficulty maintaining sleep are all significantly

associated with metabolic syndrome (41). These are all factors of

self-reported sleep insufficiency. This can also be described as

poor sleep quality, which is related to metabolic syndrome (42).

A meta-analysis in 2021 showed that both short and long sleep

durations are significantly associated with the growing prevalence

of metabolic syndrome (43). In our study, sleep insufficiency

tended to increase the risk of metabolic syndrome, but the result

did not achieve the significance threshold. This may be related to

the lower average age of our study population. Thus, when we

isolated the 40–64-year-old age group, we found that sleep

insufficiency increased the risk of metabolic syndrome in women.

Regarding exercise habits, we found that, with exercise, the risk

of metabolic syndrome was significantly reduced in both men and

women, regardless of the amount of exercise. A study by Amirfaiz

and Shahril in 2019 showed that the prevalence of metabolic

syndrome is positively associated with physical inactivity and

sedentary time, while it is negatively associated with the intensity

of various physical activities and the number of steps taken (44).

A study in 2017 also pointed out that leisure time PA of any

amount is better than no PA and that leisure time PA above the

current guideline recommendations can further reduce the risk of

metabolic syndrome (45). However, in the healthcare system we

studied, the population that exercised was relatively small, which

may be related to a busy, stressful work life and little free time

or to the lack of an exercise environment and motivation.
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4.3. The association between sleep,
exercise, and metabolic syndrome

To the best of our knowledge, our study is the first on the joint

effect of sleep and exercise on metabolic syndrome. The aim was to

determine whether exercise can eliminate the increased risk of

metabolic syndrome caused by sleep insufficiency in healthcare staff.

As per our results, increased exercise was able to alleviate the

detrimental relationship between insufficient sleep and metabolic

syndrome in females aged 40–64 years. Apparently, the

relationship between sleep insufficiency and metabolic syndrome

became insignificant as exercise increased. In our whole

population, with increased exercise, the risk of metabolic

syndrome decreased. However, compared to the reference group,

in females aged 40–64 years with sleep insufficiency, the risk of

metabolic syndrome increased from 1.48-fold in individuals who

exercised for less than 150 min per week (N = 123) to 2.18-fold in

individuals who exercised for at least 150 min per week (N = 38).

The plausible possibility is that some individuals who already have

metabolic syndrome have a stronger willpower and exercise for at

least 150 min per week in order to address their metabolic

syndrome. In our data, individuals aged 40–64 years had more

population engaged in exercise compared to individuals aged

20–39 years (exercising for at least 150 min per week, 11.90% vs.

8.75%; exercising for less than 150 min per week, 27.88% vs.

24.46%; p = 0.084). Among younger females aged 20–39 years,

fewer were engaged in exercise. Being unmarried was associated

with being highly sedentary (46). In addition, married people may

have small children, which is a risk factor for physical inactivity

among shift workers (47). This suggests that healthcare staff pay

more attention to their health and increase their exercise as they

age and have more free time. However, the population engaged in

exercise is still far below the US average (40).

Sleep insufficiency by itself did not significantly increase the

risk of metabolic syndrome, regardless of the other covariates.
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However, after adjusting with the other covariates, the sleep

insufficiency group had a trend to increase the risk of metabolic

syndrome compared to the group without sleep insufficiency, but

the result did not achieve the significance threshold [AOR

(95% CI): 1.18 (0.99–1.39), p = 0.052] (Table 2). In addition,

females aged 40–64 years with sleep insufficiency had a

significantly increased risk of metabolic syndrome [AOR (95%

CI): 1.40 (1.01–1.94), p = 0.044] (Table 3). Sleep insufficiency

combined with no exercise further increased the risk in all

populations [AOR (95% CI): 2.01 (1.37–3.02), p < 0.001]

(Table 4) and in females aged 40–64 years [AOR (95% CI): 3.28

(1.45–8.84), p = 0.008] (Table 5). Therefore, exercise had a

greater impact on the risk of metabolic syndrome than sleep.

Our research demonstrated that exercise decreases the risk of

metabolic syndrome caused by sleep insufficiency, including short

sleep duration or other sleep disturbances. Short sleep duration is

related to obesity, inflammation, and cardiovascular diseases

(48–50). Sleep disturbances are also a risk factor for depression

and dementia (51–53). Both may lead to a decrease in the amount

one exercises. However, increasing the amount of exercise is

expected to reduce the risk of obesity and cardiovascular disease

(54, 55). PA is effective and safe for improving sleep in both

healthy and co-morbid populations with sleep disturbance by

increasing daily activity levels using a variety of strategies, even

low intensity, such as housekeeping, sit-to-stand repetitions, along

with encouraging PA through web pages, videos, and self-goal

setting apps (19). The positive relationship between exercise and

health has been shown to be a powerful defense that counteracts

the negative effects of sleep insufficiency.
4.4. Strengths and limitations

Our study population of more than 6,000 individuals

represents people across healthcare systems. However, our study

has some limitations. First, participants were relatively young and

tended to have a slightly higher socioeconomic status than the

general adult population. However, this lack of representativeness

is highly unlikely to have influenced the associations we

examined (56). Second, the relatively young age of our

population made the relationship between sleep insufficiency and

metabolic syndrome even more ambiguous. Among the

40–64-year-olds, the benefits of exercise in preventing or

reducing metabolic syndrome became less pronounced with age

(Tables 2, 3). However, the detrimental effects of sleep

insufficiency on metabolic syndrome (43, 57) and the benefits of

exercise in preventing or reducing metabolic syndrome have been

well documented in the literature (58). Third, another limitation

is the peculiarity of participants’ occupations. Surgeons,

physiotherapists, operating room and emergency department

nurses are doing physically tough work, standing for hours or

even running around, but their work is not considered as

“aerobic exercise” and therefore not reported in the survey.

Fourth, our data were observational and we cannot rule out the

possibility of unmeasured confounding. Moreover, exercise

amount and sleep sufficiency were self-reported, which may have
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introduced recall bias. However, previous research suggests good

agreement between sleep self-reports and polysomnography (59).

It is also notable that some of the CIs are wide. This may have

been due to the small sample size in specific groups (60) (e.g.,

the group of insufficient sleep without exercise habits and the

group of insufficient sleep with exercise at least 150 min per

week). Finally, an association does not necessarily equal causation.
5. Conclusion

Despite these limitations, this study adds to the literature by

showing that sleep insufficiency was related to a higher risk of

metabolic syndrome in female healthcare staff aged 40–64 years.

Being physically active with exercise habits in these individuals,

the risk of metabolic syndrome was no longer significant. Our

results suggest that the risk of metabolic syndrome from sleep

insufficiency is exacerbated by physical inactivity. These findings

provide clinicians with the reassurance that in patients with

metabolic syndrome related to sleep insufficiency, even small

increases in exercise may have some health benefit and this may

be a starting point toward meaningful behavioral change. More

longitudinal studies with larger sample sizes in the general

population are needed to definitively determine the effect of

exercise on the detrimental association between sleep insufficiency

and metabolic syndrome and to help the public make positive

lifestyle changes by including or increasing PA in daily life.
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