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Backgrounds: This study aimed to clarify the association of American guideline-
based leisure time physical activity (PA) level with mental health in 4,080 military
personnel in Taiwan.

Methods: The moderate intensity PA level was assessed according to the total
running time per week (wk) reported in a self-administered questionnaire over the
previous 6 months and was categorized into PA level <150, 150-299, and >300
min/wk. Mental stress was assessed by the Brief Symptom Rating Scale (BSRS)-5
for which >15 points were classified as great mental stress. Suicide ideation (SI)
was graded as 1 for mild, 2 for moderate, and 3 or 4 for severe. Multivariable
logistic regression analysis was employed to determine the association between
PA and mental health while adjusting for demographics, smoking, alcohol intake,
betel nut chewing, and obesity.

Results: As compared to participants with a PA level of <150 min/wk., those with
PA levels 150-299 min/wk. and> 300 min/wk. had a lower possibility of SI >1
[odds ratios (ORs) and 95% confidence intervals (Cls): 0.58 (0.40-0.83) and 0.23
(0.14-0.36), respectively] and Sl >1 and/or BSRS-5> 15 [ORs: 0.55 (0.39-0.79) and
0.21 (0.13-0.34), respectively]. The possibilities were more significantly lower for
Sl >2 [ORs: 0.37 (0.20-0.68) and 0.10 (0.04-0.26), respectively] and S| >2 and/or
BSRS-5> 15 [ORs: 0.35 (0.20-0.62) and 0.10 (0.04-0.25), respectively].

Conclusion: Our findings indicate that participating in moderate-intensity leisure
time PA level for >150 min/wk. may have a positive effect on mental health
among military personnel. The impact appears to be even more significant when
engaging in a higher PA level of >300 min/wk.
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Introduction

Mental health disorder, manifesting as psychological distress, is
a leading cause of the global health burden (1). One in eight
individuals worldwide encounters a mental health disorder, and
nearly half of all individuals experience such a disorder at some point
in their life (1). For military personnel, exposure to combat and
rescue, witnessing traumatic events, and the military culture,
characterized by strict hierarchies, long deployments, and a sense of
duty, can lead to a range of mental health issues, e.g., suicidality,
insomnia, anxiety, hostility, depression, and interpersonal sensitivity
(2). Suicidality is a serious issue that has not declined appreciably in
several decades, and there is no accurate predictor of increased risk
for suicide (3). Previous reports have shown that nearly 24 out of
every 100,000 soldiers in the US died by suicide (4, 5). Although
several studies have been done in the armed forces of the US in the
past decade and recently in 2020-21, when the suicide rate in the
armed forces reduced approximately 15%, the suicide rate again
increased rapidly in the first quarter of 2023 (6, 7). With this alarming
trend, mental health promotion has been a critical agenda for the
armed forces.

Physical activity (PA) forms an integral part of military life
because physical training is designed to improve physical fitness and
is always encouraged and even required. The newly published World
Health Organization (WHO) guidelines report that frequent PA has a
beneficial impact on cardiometabolic as well as cardiovascular disease
(CVD) risk, and is also therapeutic for people with psychological
distress (8). The effect of PA is even comparable to that of anti-
depressants and psychotherapy in some cases (9). We have shown very
marked improvements in psychological distress, including depression,
anxiety, and hostility, in patients with CVD following a formal PA/
cardiac rehabilitation program that improves levels of cardiorespiratory
fitness (CRF) (10-15). Despite growing recognition of the importance
of frequent PA to improve mental health (8), these investigations did
not provide a specific threshold. The American guideline recommends
a moderate-intensity leisure time PA level, e.g., running >150 min/
week (wk) for civilian adults (8, 16). However, it is unclear whether
the guideline-based PA level also benefits mental health for military
personnel. Therefore, this study aimed to examine the association
between moderate-intensity PA levels during leisure time and mental
health in a large sample of military subjects in Taiwan.

Materials and methods
Study population

Individuals for this cross-sectional study were included from the
main study of the cardiorespiratory fitness and health in the armed
forces (CHIEF) in Taiwan (17). All participants underwent regular
annual whole-body health examinations in the Hualien Armed Forced
General Hospital, the only military referral hospital in East Taiwan in
2014. Only the participants who completed the available questionnaire
on leisure time PA levels and psychological distress assessment were
recruited for this study (18, 19). The Institutional Ethics Committee
approval (No. 16-05-008) from the Mennonite Christian Hospital in
Taiwan was obtained at the beginning of the study, and all participants
gave informed consent.
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Clinical and biochemical assessment

Each participant responded to a questionnaire regarding their
personal information and substance use experience (cigarette
smoking, alcohol drinking, and betel nut chewing).
Anthropometric parameters for waist circumference, body
height, and body weight were further measured in a standing
position. The body mass index (BMI) was calculated as body
weight (kilograms) divided by the square of body height (meters).
General obesity was defined as BMI >27 kg/m?, and abdominal
obesity was defined as a waist circumference >90 cm in men and
>80 cm in women (20-22).

The hemodynamic information about systolic blood pressure
(SBP), diastolic blood pressure (DBP), and pulse rate was
obtained from the right upper arm, using the automatic blood
pressure monitoring machine (Parama-Tech Co Ltd., Fukuoka,
Japan). Serum metabolic biomarkers, including total cholesterol,
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), triglyceride, fasting glucose
(FPG), serum uric acid (SUA), blood urea nitrogen (BUN), and
creatinine, and blood cells information about white blood cell
count (WBC), red blood cell count (RBC), hemoglobin, and
platelet count were obtained from participants’ overnight fasting

blood samples (17, 23).

Mental health assessment

Mental health was assessed using one question on suicide
ideation (SI) and the 5-item Brief Symptom Rating Scale (BSRS-5)
scores (24-26), which comprised trouble falling asleep
(insomnia), feeling tense (anxiety), feeling easily annoyed or
irritated (hostility), feeling low in mood (depression), and feeling
inferior to others (interpersonal sensitivity). The scoring of each
domain of the BSRS-5 and SI used a five-point Likert-type scale,
where 0=not at all, 1=mild, 2=moderate, 3 =severe, and
4 = extremely severe. Traditionally, normal, slight, moderate, and
great psychological distress has been defined by the sum of
BSRS-5 scores <5, 6-9, 10-14, and > 15, respectively. Internal
consistency (Cronbach alpha) coefficients for the BSRS-5 score
ranged between 0.77 and 0.90. The test-retest reliability
coefficient was 0.82 (24). In this study, those with SI >2 and the
BSRS-5 > 15 were considered to have great psychological distress,
which was the main outcome in this study. The secondary
outcomes in this study were the psychological distress separately
assessed by various degrees of SI, the BSRS-5 scores >5, >10,
and > 15, BSRS-5>2 (over
moderate degree).

and each domain of the

Moderate intensity PA level

Through a questionnaire, the moderate-intensity PA level of
each participant was assessed by weekly total running time on
average during leisure time in the past 6 months based on the
2018 American guideline, with <150, 150-299, and >300 min/wk.
considered as low, adequate and high levels, respectively (16).
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Statistical analysis

The demographic and clinical characteristics were expressed as
numbers (%) for categorical data, and mean + standard deviation (SD)
for continuous data. The chi-square test was used to compare
categorical variables, and the analysis of variance (ANOVA) test was
used to compare continuous variables between those with and without
psychological distress. Multiple logistic regression analysis was used
to determine the odds ratio (OR) and 95% confidence interval (CI) of
psychological distress. We conducted two stages of analysis. In the first
stage, the univariate analysis model, only the guideline-based PA levels
were entered as a predictor. In the second stage, the multinomial
analysis model, we entered potential confounders in the regression
analysis and then tested if there was a significant change in the
association. Age was treated as a continuous variable, and sex,
specialty, cigarette smoking, alcohol drinking, betel nut chewing, and
general and abdominal obesity were treated as categorical variables.
The possibility of any suicide ideation (>1) with and without BSRS-5
scores >5, >10, and >15 was, respectively, analyzed, and the possibility
of moderate or more severe (>2) suicide ideation with and without
BSRS-5 scores >5, >10, and >15 was also analyzed. The software SPSS
26.0 (IBM Corp., Armonk, NY, United States) was used to establish a
database and for subsequent statistical analysis. A two-sided p-value
of less than 0.05 was considered to indicate statistical significance.

Results

In total, 4,080 individuals with complete data on leisure time PA
levels, as well as mental health information, were included in this
study for analysis. The demographics and characteristics of the study
population are shown in Table 1. Their average age was approximately
29.2years, and 89.9% of them were males. A higher prevalence of
alcohol consumption and betel nut chewing was observed in those
with any suicide ideation or BSRS >15. Furthermore, those without SI
and BSRS <15 had higher PA levels.

The results of multiple logistic regression analysis for the
association between guideline-based moderate-intensity PA levels and
psychological distress items are shown in Table 2. As compared to
those with a PA level of <150 min/wk., those with a PA level of
150-299 min/wk. had lower odds of suffering from moderate or more
severe depression [OR and 95% CI: 0.67 (0.49-0.91)] and interpersonal
sensitivity [OR: 0.67 (0.47-0.96)]. In addition, those with a PA level of
>300 min/wk. had lower odds of suffering from moderate or more
severe insomnia, anxiety, hostility, depression, and interpersonal
sensitivity [ORs: 0.48 (0.36-0.65), 0.31 (0.21-0.45), 0.47 (0.34-0.65),
0.29 (0.20-0.43), and 0.43 (0.29-0.64), respectively]. With regard to
the BSRS-5 score (Supplementary Table S1), there was a tendency for
those with a PA level of >300min/wk. to have lower odds of
BSRS-5>15 [OR: 0.21 (0.04-1.04)], BSRS-5>10 [OR: 0.38 (0.21-
0.69)], and BSRS-5>5 [OR: 0.41 (0.31-0.55)], as compared to those
with a PA level of <150 min/wk.

Table 3 reveals the results of multiple logistic regression analysis
of American guideline-based moderate-intensity PA levels for S and/
or various grades of psychological distress. For SI >1, an inverse dose-
response relationship was found between PA levels and SI with
psychological distress. As compared to those with a PA level of
<150 min/wk., those with a PA level of 150-299 min/wk. and a PA
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level of >300min/wk. were observed to be less likely to have any SI
[ORs: 0.58 (0.40-0.83) and 0.23 (0.14-0.36), respectively], any SI and/
or BSRS-5>15 [ORs: 0.55 (0.39-0.79) and 0.21 (0.13-0.34),
respectively], any SI and/or BSRS-5>10 [ORs: 0.63 (0.45-0.87) and
0.27 (0.18-0.41), respectively], and any SI and/or BSRS-5>5 [OR: 0.72
(0.57-0.91) and 0.37 (0.29-0.49), respectively]. For moderate or more
severe SI (>2), such an inverse dose-response relationship still existed
and became more obvious. As compared to those with a PA level of
<150 min/wk., those with a PA level of 150-299 min/wk. and a PA
level of >300 min/wk. were observed to be less likely to have an SI >2
[OR: 0.37 (0.20-0.68) and 0.10 (0.04-0.26), respectively], an SI >2
and/or BSRS-5>15 [OR: 0.35 (0.20-0.62) and 0.10 (0.04-0.25),
respectively], an SI >2 and/or BSRS-5> 10 [OR: 0.52 (0.34-0.79) and
0.24 (0.14-0.40), respectively], and an SI >2 and/or BSRS-5>5 [OR:
0.69 (0.54-0.89) and 0.36 (0.27-0.48), respectively].

Discussion

Our findings suggested that military personnel engaging in a
moderate intensity PA level of >150 min/wk. in leisure time might
have lower psychological distress, particularly in depression and
interpersonal sensitivity, and be protected from any SI. Moreover,
adhering to the highest PA level that the guideline recommended,
>300 min/wk., may provide additional benefits for mental health in
the military.

The impacts of PA on mental health are incredibly extensive and
beneficial for physical or mental illness regardless of age stratum.
Higher intensity PA levels have been associated with greater
improvements in psychological symptoms (1). In addition, aerobic PA
is found to be an important protective factor against health-
threatening reactions to acute psychosocial stress (27), which can
enhance the consolidation and subsequent recall of fear extinction
learning (28). Consistent with our findings, a prior study conducted
in the Brazilian Army highlighted the dose-response association
between greater leisure time PA levels and lower psychological
distress, while occupational PA may have detrimental effects on
mental health (29). Notably, this study was the first report that greater
leisure time PA may prevent the development of SI, particularly
moderate or more severe SI, for military subjects. This finding was also
noted in the general population (30). Additionally, our findings in
patients with cardiovascular diseases following cardiac rehabilitation
exercise and improvements in CRF showed reductions in
psychological distress, anxiety, hostility, and especially depression as
well as psychological distress-associated increased mortality (10-15).

Regular exercise regulates the activity of the hypothalamic—
pituitary—adrenal axis (31), and exerts anti-inflammation effects by
increasing the release of peroxisome proliferator-activated receptor
gamma coactivator 1 (PGCl)-a (32). Numerous clinical and
translational studies have revealed an association between
psychological distress and elevated pro-inflammatory cytokines (33—
35). In addition, higher PA levels elevate serotonin and norepinephrine
concentrations (36), and enhance the release of neurotrophin (31).
These bioactive molecules can cross the blood-brain barrier (BBB),
enhance brain-derived neurotrophic factor (BDNF) signaling, and
positively contribute to mental health (37-40).

This study has several limitations. First, the cross-sectional
design employed in this study could not establish a causal
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TABLE 1 Characteristics of the study participants.

Without suicidal With suicidal
ALL (n=4,080) ideation and BSRS  ideation >2 or BSRS p value
<15 (n =4,021) >15 (n=59)
Moderate intensity PA level
<150 min/wk 895 (21.9) 862 (21.4) 33 (55.9)
150-299 min/wk 1,554 (38.1) 1,534 (38.1) 20 (33.9) <0.001
>300 min/wk 1,631 (40.0) 1,625 (40.4) 6(10.2)
Age, mean (SD), years 29.22 (5.95) 29.23 (5.95) 28.24 (5.61) 0.20
Male sex 3,669 (89.9) 3,618 (90.0) 51 (86.4) 0.37
Specialty
Army 2,107 (51.6) 2069 (51.5) 38 (64.4)
Navy 849 (20.8) 838 (20.8) 11 (18.6) 0.10
Air force 1,124 (27.5) 1,114 (27.7) 10 (16.9)
Unhealthy behavior
Cigarette smoking 1,426 (35.0) 1,400 (34.8) 26 (44.1) 0.13
Alcohol drinking 1,686 (41.3) 1,654 (41.4) 32 (54.2) 0.04
Betel nut chewing 439 (10.8) 428 (10.6) 11 (18.6) 0.04
SBP, mean (SD), mmHg 117.18 (13.51) 117.20 (13.53) 116.19 (11.98) 0.56
DBP, mean (SD), mmHg 70.03 (10.14) 70.05 (10.16) 68.42 (9.32) 0.22
Plus rate, mean (SD), bpm 72.51 (10.79) 72.51 (10.78) 72.68 (11.39) 0.90
BMI, mean (SD), kg/m? 24.63 (3.15) 24.63 (3.16) 24.47 (2.88) 0.69
Waist circumference, mean (SD), cm 82.37 (8.46) 82.37 (8.47) 82.30 (7.72) 0.94
Obesity
General obesity 860 (21.1) 850 (21.1) 10 (16.9) 043
Abdominal obesity 939 (23.0) 925 (23.0) 14 (23.7) 0.89
Blood test, mean (SD)
Total cholesterol, mg/dL 173.70 (33.64) 173.71 (33.58) 172.44 (37.94) 0.77
LDL-C, mg/dL 104.70 (29.50) 104.75 (29.50) 101.37 (29.44) 0.38
HDL-C, mg/dL 48.77 (10.27) 48.76 (10.26) 49.10 (11.01) 0.80
Triglyceride, mg/dL 111.30 (96.56) 111.08 (94.01) 126.36 (207.27) 0.22
FPG, mg/dL 93.15(13.03) 93.17 (13.09) 91.98 (7.80) 0.48
SUA, mg/dL 6.53 (1.40) 6.53 (1.40) 6.50 (1.30) 0.90
BUN, mg/dL 12.68 (2.87) 12.69 (2.87) 12.33 (2.91) 0.33
Creatinine, mg/dL 0.93 (0.13) 0.93 (0.13) 0.92 (0.14) 0.38
GFR, ml/min/1.73m? 100.72 (14.92) 100.68 (14.81) 103.48 (21.52) 0.15
AST, U/L 20.29 (8.66) 20.28 (8.62) 20.95 (10.80) 0.55
ALT, U/L 22.01 (17.19) 22.00 (17.17) 22.73(18.32) 0.74
WBC, 10°/uL 6.73 (1.70) 6.73 (1.70) 6.52 (1.72) 0.34
RBC, 10°/uL 5.27 (0.49) 5.27 (0.49) 5.30 (0.54) 0.59
Hemoglobin, g/dL 14.95 (1.18) 14.95 (1.18) 15.02 (1.03) 0.64
HCT, % 44.63 (3.09) 44.63 (3.10) 44.75 (2.88) 0.77
Platelet, 10°/uL. 255.07 (51.21) 254.95 (51.21) 263.39 (50.65) 0.20
MCV; fL 85.10 (6.35) 85.11 (6.34) 84.89 (6.65) 0.79

PA, physical activity; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; FPG, fasting plasma glucose; SUA, serum uric acid; BUN, blood urea nitrogen; GFR, glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
WBC, white blood cell count; RBC, red blood cell count; HCT, hematocrit; MCV, mean corpuscular volume.

relationship between psychological distress and PA levels. Second,  effect of strength exercises on mental stress was unclear. Finally,
the focus on military subjects in this study restricts the  since psychological distress involves various factors that can affect
generalizability of the findings to the general population. Third, the =~ outcomes, it was not feasible to account for all potential
PA levels in this study were assessed by running time while the = confounding factors in this study. However, this study had some
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TABLE 2 Association of physical activity levels with various moderate to extremely severe psychological distress.

Model 1 (Unadjusted)

Insomnia >2 (1=356)  Anxiety >2 (n=228)  Hostility >2 (1=299) Depression >2 (n = 217) Interpersonal
sensitivity >2 (n =179)
OR (0] OR OR (0]

(95% CI) p value (95% CI) p value (95% CI) p value (95% Cl) p value (95% CI) p value
<150 1.00 1.00 1.00 1.00 1.00
150-299 0.86 (0.66-1.11) 0.24 0.76 (0.56-1.03) 0.07 0.82 (0.62-1.09) 0.17 0.67 (0.49-0.92) 0.01 0.68 (0.48-0.96) 0.03
>300 0.47 (0.35-0.63) <0.001 0.30 (0.20-0.43) <0.001 0.45 (0.33-0.62) <0.001 0.28 (0.19-0.41) <0.001 0.41 (0.28-0.61) <0.001

Model 2 (Multivariable-adjusted)*

<150 1.00 1.00 1.00 1.00 1.00
150-299 0.82 (0.62-1.07) 0.13 0.74 (0.54-1.01) 0.057 0.81 (0.61-1.08) 0.14 0.67 (0.49-0.91) 0.01 0.67 (0.47-0.96) 0.02
>300 0.48 (0.36-0.65) <0.001 0.31 (0.21-0.45) <0.001 0.47 (0.34-0.65) <0.001 0.29 (0.20-0.43) <0.001 0.43 (0.29-0.64) <0.001

PA, physical activity; OR, odds ratio; CI, confidence interval.

*Adjusted for age, sex, specialty, cigarette smoking, alcohol drinking, betel nut chewing, general obesity, and abdominal obesity.

TABLE 3 Association of physical activity levels with suicidal ideation and different grades of psychological distress.

Model 1 (unadjusted)

PA.levels Suicide ideation Suicide ideation and/or Suicide ideation and/or Suicide ideation and/or
(min/wk) BSRS >15 BSRS >10 BSRS >5

OR (95% Cl) p value OR (95% Cl) p value OR (95% CI) p value OR (95% Cl) p value
Suicide ideation >1 (n=151) (n=156) (n=200) (n=442)
<150 1.00 1.00 1.00 1.00
150-299 0.59 (0.41-0.84) 0.004 0.56 (0.39-0.79) 0.001 0.64 (0.47-0.88) 0.007 0.75 (0.59-0.94) 0.01
>300 0.22 (0.14-0.35) <0.001 0.21 (0.13-0.33) <0.001 0.27 (0.18-0.40) <0.001 0.37 (0.28-0.48) <0.001
Suicide ideation >2 (n=51) (n=59) (n=117) (n=402)
<150 1.00 1.00 1.00 1.00
150-299 0.36 (0.20-0.66) 0.001 0.34 (0.19-0.60) <0.001 0.53 (0.35-0.79) 0.002 0.72 (0.57-0.92) 0.009
>300 0.10 (0.04-0.25) <0.001 0.10 (0.04-0.23) <0.001 0.24 (0.14-0.39) <0.001 035 (0.27-0.47) <0.001

Model 2 (Multivariable-adjusted)*

Suicide ideation >1 (n=151) (n=156) (n=200) (n=442)
<150 1.00 1.00 1.00 1.00
150-299 0.58 (0.40-0.83) 0.003 0.55 (0.39-0.79) 0.001 0.63 (0.45-0.87) 0.005 0.72 (0.57-0.91) 0.007
>300 0.23 (0.14-0.36) <0.001 0.21 (0.13-0.34) <0.001 0.27 (0.18-0.41) <0.001 037 (0.29-0.49) <0.001
Suicide ideation >2 (n=51) (n=59) (n=117) (n=402)
<150 1.00 1.00 1.00 1.00
150-299 037 (0.20-0.68) 0.001 0.35 (0.20-0.62) <0.001 0.52 (0.34-0.79) 0.002 0.69 (0.54-0.89) 0.004
>300 0.10 (0.04-0.26) <0.001 0.10 (0.04-0.25) <0.001 0.24 (0.14-0.40) <0.001 0.36 (0.27-0.48) <0.001

PA, physical activity; OR, odds ratio; CI, confidence interval.

*Adjusted for age, sex, specialty, cigarette smoking, alcohol drinking, betel nut chewing, general obesity, and abdominal obesity.

strengths. First, the living environment and medical support in the
military were similar, possibly reducing the unmeasured
confounding effects. Second, this study focused on leisure-time PA
instead of training-related PA, which was correlated to rank in the
military, and those with lower rank were likely to have higher
psychological distress.

Conclusion

Engaging in moderate-intensity PA during leisure time based
on American guidelines was associated with better mental health
in the military in this study. It is worth noting a dose-response
phenomenon was observed in the association of greater
moderate-intensity aerobic PA levels with better mental health,
e.g., SI among military personnel. Further prospective
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longitudinal studies are needed to clarify the temporal association
between PA levels and mental health.
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