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Physical activity is crucial to prevent sarcopenia, but there is scant data on the link between sarcopenia 
and physical activity in rural communities.  Therefore, this study investigated associations of farming activity 
and snow removal with sarcopenia in a middle-aged and older population in rural Japan.  This cross-
sectional study enrolled 3,056 residents aged ≥ 40 years (49.2% men; mean age, 64.2 years) in Yuzawa, 
Japan.  Information on farming activity and snow removal were collected via questionnaire from May 
through November and from December through April, respectively.  Sarcopenia was assessed by the 
SARC-F (strength, ambulation, rising from a chair, stair climbing, and history of falling) score.  Associations 
of farming activity and snow removal with sarcopenia were assessed using multivariable logistic regression 
analysis with adjustment for potential confounders.  Participants who engaged in farming activity, snow 
removal, and both accounted for 3.8%, 40.5%, and 29.4% of the total, respectively.  In the multivariable 
logistic regression analysis, adjusted odds ratios [95% confidence intervals (CI)] of sarcopenia for farming 
activity and snow removal were 0.80 (0.63-1.03) and 0.68 (0.53-0.87), respectively.  Compared with 
participants who did not engage in farming activity or snow removal, participants who engaged in both had 
a significantly lower adjusted odds ratio of sarcopenia [0.63 (95% CI 0.47-0.86)].  Participants who engaged 
in snow removal and those who engaged in both farming activity and snow removal showed inverse 
associations with sarcopenia.  Our findings further support the importance of physical activity in preventing 
or mitigating sarcopenia in rural communities.
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Introduction
“Healthy aging” is defined by the World Health 

Organization as “the process of developing and maintaining 
the functional ability that enables well-being in older age” 
(Beard et al. 2016).  Functional ability is affected by indi-
vidual capacities, environmental characteristics, and their 

interaction.  Skeletal muscle plays a crucial role in main-
taining physical function, metabolic health, and overall 
well-being (Smith et al. 2013).  Aging-related loss of skele-
tal muscle is a determinant of sarcopenia, which leads to 
poor prognosis in terms of quality of life, disability, and 
mortality (Cruz-Jentoft et al. 2019).  The prevalence of sar-
copenia is around 22% among older Japanese adults aged 
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65-89 years (Yamada et al. 2013), whereas the global esti-
mate is 10% among healthy adults aged 60 years or older 
(Shafiee et al. 2017).  Skeletal muscle undergoes its own 
aging process, and physical activity is a potent countermea-
sure against aging-related muscle loss.  

Physical activity is a daily free-living activity and can 
be distinguished as either leisure-time or non-leisure-time 
physical activity.  Regular physical activity is a modifiable 
factor for reducing the risk of sarcopenia (Cartee et al. 
2016; Marzetti et al. 2017), but most related studies have 
focused only on leisure-time physical activity (i.e., exer-
cise), which is reported to account for only 5% of the popu-
lation’s total energy expenditure (Dong et al. 2004).  A pre-
vious study found that non-leisure-time physical activity 
such as housework accounted for the majority of physical 
activity in the older population (Morgan and Clarke 1997) 
and was associated with all-cause mortality (Arrieta and 
Russell 2008).  Moreover, physical activity varies by season 
and whether one lives in a rural or urban setting (Matthews 
et al. 2001; Matz et al. 2015).  Winter season and rural set-
ting are considered to be factors contributing to reduced 
physical activity but no study has simultaneously assessed 
physical activity in rural life such as farming activity in the 
green season and snow removal in the snow season.  
Horticultural therapy is reported to improve subjective 
well-being and physical function in older adults (Lai et al. 
2018; Lin et al. 2022), while snow removal is reported to 
maintain physical function in hemodialysis patients (Sato 
and Iino 2022).  Indeed, physical activity in rural life was 
shown to have a cross-sectional association with well-being 
(Kabasawa et al. 2021) and thus might be a potential mea-
sure for healthy aging with respect to preventing sarcopenia.

This study investigated the association between physi-
cal activity in rural life (specifically, farming activity and 
snow removal) and sarcopenia in community-dwelling mid-
dle-aged and older Japanese adults, using baseline data 
from the Yuzawa Cohort Study in Niigata Prefecture, Japan.  
Our findings provide new insights into the health effects of 
physical activity in rural life from the perspective of healthy 
aging in the community.

Materials and Methods
Study design and participant

This cross-sectional study used baseline data from the 
Yuzawa Cohort Study, which targeted all 5,560 residents 
aged 40 years or older in Yuzawa at baseline (FY 2015) 
(Kabasawa et al. 2020).  The self-administered question-
naires were delivered to residents by neighborhood associa-
tion staff, while some were mailed.  Among the residents of 
Yuzawa, 3,449 (62.0%) agreed to participate in the study by 
completing the questionnaire.  After excluding participants 
with missing data [farming activity, n = 118, snow removal, 
n = 19, body mass index (BMI), n = 17, SARC-F score, n = 
203] and BMI outliers [greater than mean ± 3 standard 
deviations (SD), n = 36], the present study included 3,056 
participants for analysis.  All participants provided written 

informed consent to participate in the study.  The protocol 
for the study was approved by the Niigata University Ethics 
Committee (No. 2015-2140).

Briefly, Yuzawa is located at N36° E138° in the 
Uonuma region in Niigata Prefecture, Japan (https://www.
town.yuzawa.lg.jp/).  The total area of the town is 357 km2, 
of which about 92% is mountain forest.  In 2015, the popu-
lation was 8,046, with 33.9% of the population aged 65 
years or older.  Of the 3,455 households, 342 were farm 
households (including part-time and full-time).  The area 
has abundant snow accumulation almost every year, with a 
snow depth of about 1-3 m and an annual cumulative snow-
fall of about 5-10 m.  

Assessment of physical activity in rural life
Physical activity in rural life was assessed in terms of 

farming activity and snow removal, based on the responses 
to the questionnaire.  For farming activity from May to 
November, participants were asked how many hours per 
day on average they spent (1) operating agricultural 
machinery (e.g., transporting and planting rice with a trac-
tor, combine harvester, or truck) (2) performing moderate 
tasks in the fields (e.g., planting, weeding, or harvesting) (3) 
performing hard tasks in the fields (e.g., transporting rice, 
harvested goods, or materials).  For snow removal from 
December to April, participants were asked how many 
hours per day on average they spent (1) using a snow 
blower, (2) using a shovel to remove snow from the roof, 
and (3) using a sleigh shovel to remove snow from the roof.  
The exercise intensity for each physical activity was deter-
mined based on a previous report (Ainsworth et al. 2011).  
For farming activity, 2.8 metabolic equivalents (METs) 
were used for operating machinery, 4.3 METs for moderate 
tasks, and 6 METs for hard tasks.  For snow removal, 2.5 
METs were used for using a snow blower, 5.3 METs for 
using a snow shovel, and 7.5 METs for using a sleigh 
shovel.  The exercise intensity of farming activity and snow 
removal per day (METs × minutes per day) was calculated 
by multiplying these METs by the time spent working.

Assessment of sarcopenia
Sarcopenia was assessed by the screening tool 

SARC-F, which is a five-item self-report questionnaire con-
sisting of items on muscle strength, walking, standing up 
from a chair, climbing stairs, and falling (Malmstrom and 
Morley 2013).  Scores for each component ranged from 0-2 
points, with a total score ranging from 0 (best) to 10 
(worst).  Participants with a total score ≥ 4 were considered 
to have sarcopenia (Cruz-Jentoft et al. 2019).  The Japanese 
version of the SARC-F was previously validated, with a 
specificity as high as 85.8% for men and 72.4% for women 
(Ida et al. 2017).

Other variables
Information on other covariates was obtained via self-

administered questionnaire.  BMI was calculated by divid-
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ing the self-reported weight by the square of the self-
reported height.  Medical history included self-reported 
histories of cancer, heart disease, diabetes, stroke, and frac-
tures.  Physical activity without seasonal variation was cal-
culated using data from the Japan Public Health Center-
based prospective study-physical activity questionnaire 
(JPHC-PAQ) (Kikuchi et al. 2020).  The JPHC-PAQ col-
lects information on non-leisure-time activities (commuting, 
work, and housework) and leisure-time activities without 
seasonal variation in the previous year.  The JPHC-PAQ 
was assessed in terms of MET-minutes per day, which is the 
MET intensity multiplied by the time spent engaged in each 
activity per day.  MET intensities were set as follows 
(Kikuchi et al. 2020): leisure-time activities (slow walking, 
2.8 METs; fast walking, 4.0 METs; light- to moderate-
intensity exercise, 3.0 METs; high-intensity exercise, 6.0 
METs), non-leisure-time activities (sitting, 1.3 METs; 
standing, 2.0 METs; walking, 3.0 METs; vigorous work, 6.0 
METs), sleep (0.9 METs), and other (1.3 METs).  

Statistical methods
Participant characteristics are summarized as mean ± 

SD, median (25th-75th percentiles), or number (percentage) 
by overall, age category (< 65 years and ≥ 65 years), and 
activity groups; (1) Farming activity only (Farming activ-
ity), (2) Snow removal only (Snow removal), (3) None, and 
(4) Both.  Differences in the baseline characteristics among 
age groups and activity groups were assessed using one-
way analysis of variance or the Kruskal–Wallis test for con-
tinuous variables (depending on normal or skewed distribu-
tion, respectively) and the chi-square test for categorical 
variables, respectively.  The correlations between farming 
activity, snow removal, and JPHC-PAQ were assessed using 
Spearman’s correlation coefficients.

The associations of farming activity and snow removal 
with sarcopenia were tested by performing a logistic regres-
sion analysis modeled with each physical activity as an 
independent variable and sarcopenia as a dependent vari-
able.  In this model, farming activity or snow removal are 
included in all, regardless of the presence or absence of 
snow removal or farming activity, respectively.  Model 1 
was adjusted for sex, age, and BMI; Model 2 was adjusted 
for the covariates in Model 1 plus medical history; and 
Model 3 was adjusted for the covariates in Model 2 plus 
JPHC-PAQ score.  Next, we performed a multivariable 
logistic regression analysis (Model 3) to compare the fol-
lowing three groups: (1) neither farming activity nor snow 
removal (None, reference), (2) either farming activity or 
snow removal (Either), and (3) both farming activity and 
snow removal (Both).  P-trend values were estimated by 
this model, which included the groups (an independent vari-
able) treated as an ordinal variable.  We repeated these 
analyses among the participants without any medical his-
tory.  Furthermore, a similar multivariable logistic regres-
sion analysis (Model 3) was performed for both the partici-
pants who engaged in some farming activity and those who 

engaged in some snow removal in order to assess the dose–
response relationship of each physical activity intensity × 
time (in quartiles) with sarcopenia.

Finally, we performed a subgroup analysis by age.  
The participants were divided into those aged 65 years and 
over and those under 65 years of age, and a multivariable 
logistic regression analysis (Model 3) was performed.

All statistical analyses were performed using SPSS 
version 28.0 (IBM Corp., Armonk, NY, USA).  The signifi-
cance level was set at less than 5%.

Results
The mean (± SD) age and prevalence of sarcopenia 

were 63.7 (± 12.5) years and 11.5% in men and 64.7 (± 
13.2) years old and 18.6% in women, respectively.  Table 1 
shows the baseline characteristics for participants overall 
and by age category (< 65 years old or ≥ 65 years).  The 
prevalence of sarcopenia was 5.4% in the younger group 
and 24.6% in the older group.  The older group was more 
likely to engage in farming activity and snow removal, to 
have any medical history, and to have a lower JPHC-PAQ 
score compared with the younger group.  Supplementary 
Table S1 shows the baseline characteristics according to the 
four groups; participants who engaged in farming activity, 
snow removal, both, and neither.  The farming activity 
group was older and more likely to have sarcopenia com-
pared with the other groups.  The snow removal group was 
younger and less likely to have sarcopenia compared with 
the other groups.  The None group was more likely to have 
a medical history (except for fractures in men), to live 
alone, and to have a lower JPHC-PAQ score compared with 
the other groups.  There was a modest correlation between 
farming activity and snow removal, with a Spearman’s cor-
relation coefficient of 0.364.  The Spearman’s correlation 
coefficients for JPHC-PAQ were 0.319 for farming activity 
and 0.219 for snow removal.  

Table 2 shows the associations of farming activity and 
snow removal with sarcopenia.  For farming activity, the 
association with sarcopenia was significant in Models 1 and 
2, but its association was attenuated by the adjustment for 
JPHC-PAQ in Model 3 [Adjusted odds ratio (AOR) = 0.80 
(95% CI 0.63-1.03), P = 0.08 overall] (Table 2A).  
Regarding snow removal, the association with sarcopenia 
was slightly attenuated by the adjustment for covariates but 
remained significant in Model 3 overall and for both sexes 
(Table 2B).  

Fig. 1 shows the AOR and 95% CI of sarcopenia for 
the None (reference), Either, and Both groups.  The Either 
group was not significant but the Both group was signifi-
cantly associated with sarcopenia [AOR = 0.63 (95% CI 
0.47-0.86)] (Fig. 1A).  Also, in both sexes, the Both group 
was significantly associated with sarcopenia but the Either 
group was not (Fig. 1B, C).  P-trend values for these asso-
ciations were significant for participants overall as well as 
for both sexes (P-trend = 0.003 overall, 0.027 for men, and 
0.047 for women).
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We performed a similar logistic regression analysis 
(Model 3) of the participants without a medical history (n = 
2,364).  Farming activity showed a marginal relationship 
with sarcopenia [AOR = 0.74 (95% CI 0.54-1.00), P = 
0.051], while snow removal was significantly associated 
with sarcopenia [AOR = 0.71 (95% CI 0.52-0.96), P = 
0.025].  Compared with the None group, the Either group 
was not significantly associated with sarcopenia [AOR= 
0.97 (95% CI 0.69-1.37)] but the Both group showed a sig-
nificant association with sarcopenia [AOR= 0.61 (95% CI 

0.42-0.89)].
Next, each physical activity was treated in quartiles 

(Q1 as the least and Q4 as the highest in intensity × time 
per day) to test the dose–response relationship for each 
association with sarcopenia (Table 3).  Regarding farming 
activity, there was no dose–response relationship with sar-
copenia (Table 3A).  Regarding snow removal, compared 
with the Q1 group, the Q2 group had a significantly lower 
odds ratio of sarcopenia but a dose–response relationship 
was not observed (Table 3B).  

Table 1.  Baseline characteristics according to physical activity: farming activity, snow removal.

Overall < 65 years ≥ 65 years P-valuea

n 3,056 1,512 1,544
Age, years 64.2 (±12.9) 53.5 (± 7.4) 74.7 (± 7.3) < 0.001
Men 1,503/3,056 (49.2%) 765/1,512 (50.6%) 738/1,544 (47.8%) 0.122
Body mass index, kg/m2 22.7 (± 3.1) 22.8 (± 3.1) 22.7 (± 3.1) 0.636
Farming activity, MET-minutes/day 361.7 [147.4-816.9] 221.1 [73.7-610.7] 442.3 [184.3-921.4] 0.002
Snow removal, MET-minutes/day 438.9 [181.7-900.0] 382.7 [160.7-774.6] 522.0 [214.3-1,002.9] < 0.001
Medical history
  Cancer 285/3,056 (9.3%) 66/1,512 (4.4%) 219/1,544 (14.2%) < 0.001
  Heart disease 159/3,056 (5.2%) 34/1,512 (2.2%) 125/1,544 (8.1%) < 0.001
  Diabetes mellitus 243/3,056 (8.0%) 69/1,512 (4.6%) 174/1,544 (11.3%) < 0.001
  Stroke 118/3,056 (3.9%) 31/1,512 (2.1%) 87/1,544 (5.6%) < 0.001
  Fracture 169/3,056 (5.5%) 46/1,512 (3.0%) 123/1,544 (8.0%) < 0.001
Living alone 364/3,056 (11.9%) 136/1,512 (9.0%) 228/1,544 (14.8%) < 0.001
JPHC-PAQ, MET-minutes/day 2,482.0 (± 646.5) 2,558.0 (± 653.1) 2,407.4 (± 631.2) < 0.001
Sarcopenia 462/3,056 (15.1%) 82/1,512 (5.4%) 380/1,544 (24.6%) < 0.001

aOne-way analysis of variance or Kruskal–Wallis test for continuous variables and chi-square test for categorical variables.
MET, metabolic equivalent of task; JPHC-PAQ, the Japan Public Health Center-based prospective study-physical activity questionnaire.  
Values are shown as means (± SD), median [25-75 percentiles], or number (%).

Table 2.  Odds ratios [95% CIs] of sarcopenia for farming activity and snow removal.

Overall Men Women

A. Farming activity

Crude 0.97 [0.79-1.20] 0.95 [0.68-1.32] 1.09 [0.83-1.45]

Model 1 0.66 [0.52-0.83] 0.65 [0.46-0.92] 0.67 [0.49-0.91]

Model 2 0.68 [0.54-0.86] 0.69 [0.49-0.98] 0.67 [0.49-0.92]
Model 3 0.80 [0.63-1.03] 0.79 [0.55-1.15] 0.81 [0.58-1.13]

B. Snow removal

Crude 0.35 [0.29-0.43] 0.37 [0.26-0.52] 0.39 [0.30-0.51]
Model 1 0.58 [0.46-0.74] 0.51 [0.35-0.74] 0.64 [0.47-0.87]
Model 2 0.60 [0.48-0.77] 0.55 [0.38-0.80] 0.65 [0.48-0.88]
Model 3 0.68 [0.53-0.87] 0.61 [0.41-0.90] 0.73 [0.54-0.99]

Model 1 was adjusted for age and body mass index (models for Overall includes sex as an adjustment); Model 2 was 
adjusted for Model 1 plus medical history; and Model 3 was adjusted for Model 2 plus physical activity without 
seasonal variation.
CI, confidence intervals.  Values are shown as odds ratios and 95% CIs, calculated using a logistic regression analysis.
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Table 4 shows the subgroup analysis results by age for 
the associations of farming activity and snow removal with 
sarcopenia.  In the younger participants (age < 65 years), 
farming activity was significantly associated with sarcope-
nia but snow removal was not.  In the older participants 
(age ≥ 65 years), although farming activity was not associ-
ated with sarcopenia, snow removal was significantly asso-
ciated with sarcopenia.

Discussion
To our knowledge, this is the first study to examine the 

association of physical activity in rural life (specifically, 

farming activity and snow removal) with sarcopenia in the 
middle-aged and older Japanese population.  The study 
found that participants who engaged in snow removal and 
those who engaged in both farming activity and snow 
removal showed inverse associations with sarcopenia.  

This study found an inverse association between snow 
removal (but not farming activity) and sarcopenia, even 
after adjusting for physical activity without seasonal varia-
tion.  Farming activity and snow removal would seem to be 
similar activities in rural life but might differ in terms of 
intensity.  Although we can choose the degree to which we 
engage in farming activity, snow removal is a necessary 
task to maintain daily life, and the degree of engagement 
depends not on our personal preference but rather the envi-
ronment (climate).  Typically, the intensity of snow removal 
is high (Ainsworth et al. 2011) and therefore it requires a 
high level of physical function.  We should carefully con-
sider its temporality due to the study design.  Our results 
may reflect the fact that people with high physical function 
who can perform snow removal tend to have a low preva-
lence of sarcopenia, but this was not necessarily the case 
for farming activity.  

We also found no association between sarcopenia and 
engaging in either farming activity or snow removal alone.  
Even if a person is physically able to perform snow 
removal, this alone is not associated with sarcopenia.  
Future studies are needed to confirm whether a causal rela-
tionship exists between snow removal and sarcopenia, but 
we may be able to emphasize the importance of engaging in 
farming activity in the green season as well as snow 
removal in the snow season from the perspective of pre-
venting or mitigating sarcopenia.  Environmental factors 
such as weather and infrastructure are important determi-
nants of health and might be barriers to physical activity 
(Alessy et al. 2023); however, engaging in year-round 
physical activity in line with environmental conditions may 
have a positive effect on sarcopenia.

This study also found a significant inverse association 
between snow removal and sarcopenia in the older group 
(age ≥ 65 years).  This suggested that snow removal may be 
a worthwhile activity for older adults in order to prevent sar-
copenia.  However, we should mention that prolonged snow 
removal in a poor posture can lead to adverse events such as 
low back injuries and falls (Watson et al. 2011).  Low back 
pain itself is a risk for sarcopenia (Lin et al. 2023).  Thus, in 
the older group, it is necessary to enhance their understand-
ing of the appropriate working posture and the equipment 
used so that they can safely perform the work.

This study has several limitations that should be noted.  
First, because of the cross-sectional study design, we can-
not determine causality in the relationship between physical 
activity in rural life and sarcopenia.  The Yuzawa Cohort 
Study and similar studies should longitudinally assess the 
association between physical activity in rural life and sarco-
penia in the future.  Second, although the Asian Working 
Group for Sarcopenia recommends diagnosing sarcopenia 

Fig. 1.  Adjusted odds ratios of sarcopenia according to physical 
activity: none, either, both.

 A. Overall; B. Men; C. Women.  Black points and bars 
indicate adjusted odds ratios and 95% confidence intervals, 
respectively.  Adjusted odds ratios were estimated by a 
multivariable logistic regression model with adjustment for 
sex (only for overall), age, body mass index, medical 
history, and JPHC-PAQ score.
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based on criteria such as muscle mass, muscle strength, and 
physical function, this study used SARC-F, a screening tool 
for sarcopenia.  The Japanese version of SARC-F has been 
reported to have high specificity but low sensitivity (Ida et 
al. 2017), and thus it might lead to misclassification in the 
assessment of outcomes.  Third, because this study was 
conducted in Yuzawa, a rural town in Japan, the results may 
not be broadly generalizable.  The town of Yuzawa provides 
subsidies for hiring snow removal services as well as for 
home renovations aimed at realizing snow-resistant houses.  
The town also provides snow removal services for sick and 
older residents who live alone.  These unique aspects may 
influence the basic characteristics of the study participants; 
for example, some participants engaged only in farming 
activity and participants in the None group were more likely 

to live alone.  Finally, the results were adjusted for major 
confounders but we cannot rule out the possibility of resid-
ual confounding.  Also, climate factors such as temperature 
and snow accumulation continue to change, so our results 
might be affected by uncertainty in environmental factors.

This study has several potential implications.  When 
considering outcomes of aging in rural settings, it is impor-
tant to understand how older people experience and interact 
with their environment, community, and society at large 
(Andrews et al. 2013).  Indeed, in rural areas, both farming 
activity and snow removal are considered types of commu-
nity practice that can provide opportunities for social 
engagement and regular physical activity.  Our findings fur-
ther support that the choice to continue engaging in farming 
activity in later life is worthwhile for maintaining physical 
function.  Meanwhile, some studies have reported health 
risks associated with snow removal, including low back 
injuries and accidents during snow removal (Watson et al. 
2011; Yamaguchi et al. 2017; Hatakeyama et al. 2020) and 
cardiovascular events (Franklin et al. 2001).  Therefore, 
snow removal is not necessarily recommended for every-
one, and its safety should be carefully considered.  Taken 
together, the findings suggest the possibility that farming 
activity and snow removal may facilitate healthy aging in 
rural communities; however, further studies are needed to 
establish the safety of snow removal and its potential appli-
cations in other areas.

In conclusion, this study observed an inverse associa-
tion between snow removal and sarcopenia in middle-aged 
and older Japanese adults.  Notably, the participants who 
engaged in both farming activity and snow removal showed 
an inverse association with sarcopenia, even after adjusting 
for physical activity without seasonal variation.  These find-
ings suggest the possibility of benefits from engaging in 
physical activity in rural life for healthy aging in rural com-
munities and provide further evidence of the importance of 
environmental factors on our health.  Further studies are 
needed to confirm the temporality and causality of the asso-
ciation between physical activity in rural life and sarcope-
nia.

Table 3.  Association between each physical activity (time × intensity) and sarcopenia.

Q1 Q2 Q3 Q4 P-trend

A.  Farming activity, METs × minutes/day

Cases/n (%) 37/252 (14.7%) 35/256 (13.7%) 43/254 (16.9%) 36/254 (14.2%)
Adjusted odds ratio [95% CI] 1(Ref) 0.64 [0.36-1.12] 0.68 [0.39-1.17] 0.66 [0.36-1.20] 0.222

B.  Snow removal, METs × minutes/day

Cases/n (%) 64/525 (12.2%) 41/543 (7.6%) 51/532 (9.6%) 72/537 (13.4%)
Adjusted odds ratio [95% CI] 1(Ref) 0.61 [0.39-0.94] 0.70 [0.46-1.07] 1.09 [0.73-1.63] 0.502

Each physical activity was treated in quartiles, with Q1 as the least and Q4 as the highest intensity × time of physical activity.  
Multivariable logistic regression analysis was used to estimate the adjusted odds ratios [95% CIs] for sarcopenia and P-trend values.  
The model was adjusted by sex, age, body mass index, medical history, and the JPHC-PAQ score for participants with farming activity 
or snow removal.
CI, confidence intervals.

Table 4.  Odds ratios [95% CIs] of sarcopenia for farming 
activity and snow removal, respectively, according 
to age group.

< 65 years 
(n = 1,512)

≥ 65 years 
(n = 1,544)

A.  Farming activity

Crude 0.61 [0.34-1.10] 0.74 [0.58-0.93]

Model 1 0.52 [0.28-0.95] 0.72 [0.56-0.94]

Model 2 0.52 [0.28-0.95] 0.75 [0.58-0.98]
Model 3 0.51 [0.28-0.93] 1.04 [0.78-1.38]

B.  Snow removal

Crude 0.69 [0.42-1.14] 0.39 [0.31-0.50]
Model 1 0.80 [0.48-1.35] 0.54 [0.41-0.71]
Model 2 0.82 [0.49-1.38] 0.56 [0.43-0.74]
Model 3 0.80 [0.47-1.36] 0.67 [0.51-0.89]

Model 1 was adjusted by sex, age, and body mass index; Model 
2 was adjusted by the covariates in Model 1 plus medical 
history; and Model 3 was adjusted by the covariates in model 2 
plus the JPHC-PAQ score.
CI, confidence intervals.  Odds ratios and 95% CIs were 
calculated using a logistic regression analysis.



Farming, Snow Removal, and Sarcopenia 323

Acknowledgments
We would like to thank all the participants as well as 

the institutions in Yuzawa and Niigata Prefecture for their 
cooperation.  We would also like to thank all the members 
of the cohort study group for their continued support.  This 
study was financially supported by Niigata Prefecture and 
the Japan Society for the Promotion of Science KAKENHI 
(Grant No. 23K09737).

Conflict of Interest
The authors declare no conflict of interest.

References
Ainsworth, B.E., Haskell, W.L., Herrmann, S.D., Meckes, N., 

Bassett, D.R.Jr., Tudor-Locke, C., Greer, J.L., Vezina, J., 
Whitt-Glover, M.C. & Leon, A.S. (2011)  2011 Compendium 
of Physical Activities: a second update of codes and MET 
values.  Med. Sci. Sports Exerc., 43, 1575-1581.

Alessy, S.A., Malkin, J.D., Finkelstein, E.A., AlAhmed, R., Baat-
taiah, B.A., Evenson, K.R., Rakic, S., Cetinkaya, V., Herbst, 
C.H., Al-Hazzaa, H.M. & Alqahtani, S.A. (2023)  Effective-
ness of interventions promoting physical activity and reducing 
sedentary behavior in community-dwelling older adults: an 
umbrella review with application to Saudi Arabia.  J. Epide-
miol. Glob. Health, 13, 361-373.

Andrews, G.J., Evans, J. & Wiles, J.L. (2013)  Re-spacing and 
re-placing gerontology: relationality and affect.  Ageing Soc., 
33, 1339-1373.

Arrieta, A. & Russell, L.B. (2008)  Effects of leisure and non-
leisure physical activity on mortality in U.S.  adults over two 
decades.  Ann. Epidemiol., 18, 889-895.

Beard, J.R., Officer, A., de Carvalho, I.A., Sadana, R., Pot, A.M., 
Michel, J.P., Lloyd-Sherlock, P., Epping-Jordan, J.E., Peeters, 
G., Mahanani, W.R., Thiyagarajan, J.A. & Chatterji, S. (2016)  
The World report on ageing and health: a policy framework 
for healthy ageing.  Lancet, 387, 2145-2154.

Cartee, G.D., Hepple, R.T., Bamman, M.M. & Zierath, J.R. (2016)  
Exercise promotes healthy aging of skeletal muscle.  Cell 
Metab., 23, 1034-1047.

Cruz-Jentoft, A.J., Bahat, G., Bauer, J., Boirie, Y., Bruyere, O., 
Cederholm, T., Cooper, C., Landi, F., Rolland, Y., Sayer, A.A., 
Schneider, S.M., Sieber, C.C., Topinkova, E., Vandewoude, 
M., Visser, M., et al. (2019)  Sarcopenia: revised European 
consensus on definition and diagnosis.  Age Ageing, 48, 16-31.

Dong, L., Block, G. & Mandel, S. (2004)  Activities contributing 
to total energy expenditure in the United States: results from 
the NHAPS study.  Int. J. Behav. Nutr. Phys. Act., 1, 4.

Franklin, B.A., George, P., Henry, R., Gordon, S., Timmis, G.C. & 
O’Neill, W.W. (2001)  Acute myocardial infarction after 
manual or automated snow removal.  Am. J. Cardiol., 87, 
1282-1283.

Hatakeyama, Y., Miyakoshi, N., Ishikawa, N., Tazawa, H., Yumoto, 
S., Tomite, T., Shoji, R. & Shimada, Y. (2020)  Falls from 
heights while clearing snow in Akita prefecture: re-evaluation 
after preventive countermeasures and public service.  J. 
Orthop. Sci., 25, 503-506.

Ida, S., Murata, K., Nakadachi, D., Ishihara, Y., Imataka, K., 
Uchida, A., Monguchi, K., Kaneko, R., Fujiwara, R. & Taka-
hashi, H. (2017)  Development of a Japanese version of the 
SARC-F for diabetic patients: an examination of reliability 
and validity.  Aging Clin. Exp. Res., 29, 935-942.

Kabasawa, K., Tanaka, J., Ito, Y., Yoshida, K., Kitamura, K., 
Tsugane, S., Nakamura, K. & Narita, I. (2021)  Associations 
of physical activity in rural life with happiness and ikigai: a 

cross-sectional study.  Humanit. Soc. Sci. Commun., 8, 46.
Kabasawa, K., Tanaka, J., Nakamura, K., Ito, Y., Yoshida, K., 

Takachi, R., Sawada, N., Tsugane, S. & Narita, I. (2020)  
Study design and baseline profiles of participants in the 
Uonuma CKD cohort study in Niigata, Japan.  J. Epidemiol., 
30, 170-176.

Kikuchi, H., Inoue, S., Odagiri, Y., Ihira, H., Inoue, M., Sawada, 
N., Noda, M. & Tsugane, S. (2020)  Intensity-specific validity 
and reliability of the Japan Public Health Center-based 
prospective study-physical activity questionnaire.  Prev. Med. 
Rep., 20, 101169.

Lai, C.K.Y., Kwan, R.Y.C., Lo, S.K.L., Fung, C.Y.Y., Lau, J.K.H. 
& Tse, M.M.Y. (2018)  Effects of horticulture on frail and 
prefrail nursing home residents: a randomized controlled trial.  
J. Am. Med. Dir. Assoc., 19, 696-702.

Lin, T., Huang, X., Guo, D., Zhao, Y., Song, Q., Liang, R., Jiang, 
T., Tu, X., Deng, C. & Yue, J. (2023)  Pain as a risk factor for 
incident sarcopenia in community-dwelling older adults: a 
1-year prospective cohort study.  J. Am. Geriatr. Soc., 71, 
546-552.

Lin, Y., Lin, R., Liu, W. & Wu, W. (2022)  Effectiveness of horti-
cultural therapy on physical functioning and psychological 
health outcomes for older adults: a systematic review and 
meta-analysis.  J. Clin. Nurs., 31, 2087-2099.

Malmstrom, T.K. & Morley, J.E. (2013)  Sarcopenia: the target 
population.  J. Frailty Aging, 2, 55-56.

Marzetti, E., Calvani, R., Tosato, M., Cesari, M., Di Bari, M., 
Cherubini, A., Broccatelli, M., Savera, G., D’Elia, M., Pahor, 
M., Bernabei, R. & Landi, F.; SPRINTT Consortium (2017)  
Physical activity and exercise as countermeasures to physical 
frailty and sarcopenia.  Aging Clin. Exp. Res., 29, 35-42.

Matthews, C.E., Freedson, P.S., Hebert, J.R., Stanek, E.J.3rd, 
Merriam, P.A., Rosal, M.C., Ebbeling, C.B. & Ockene, I.S. 
(2001)  Seasonal variation in household, occupational, and 
leisure time physical activity: longitudinal analyses from the 
seasonal variation of blood cholesterol study.  Am. J. Epide-
miol., 153, 172-183.

Matz, C.J., Stieb, D.M. & Brion, O. (2015)  Urban-rural differ-
ences in daily time-activity patterns, occupational activity and 
housing characteristics.  Environ. Health, 14, 88.

Morgan, K. & Clarke, D. (1997)  Customary physical activity and 
survival in later life: a study in Nottingham, UK.  J. Epide-
miol. Community Health, 51, 490-493.

Sato, Y. & Iino, N. (2022)  Snow removal maintains physical func-
tion in hemodialysis patients after one year: a pilot study.  
Prog. Rehabil. Med., 7, 20220057.

Shafiee, G., Keshtkar, A., Soltani, A., Ahadi, Z., Larijani, B. & 
Heshmat, R. (2017)  Prevalence of sarcopenia in the world: a 
systematic review and meta- analysis of general population 
studies.  J. Diabetes Metab. Disord., 16, 21.

Smith, L.R., Meyer, G. & Lieber, R.L. (2013)  Systems analysis of 
biological networks in skeletal muscle function.  Wiley Inter-
discip. Rev. Syst. Biol. Med., 5, 55-71.

Watson, D.S., Shields, B.J. & Smith, G.A. (2011)  Snow shovel-
related injuries and medical emergencies treated in US EDs, 
1990 to 2006.  Am. J. Emerg. Med., 29, 11-17.

Yamada, M., Nishiguchi, S., Fukutani, N., Tanigawa, T., Yukutake, 
T., Kayama, H., Aoyama, T. & Arai, H. (2013)  Prevalence of 
sarcopenia in community-dwelling Japanese older adults.  J. 
Am. Med. Dir. Assoc., 14, 911-915.

Yamaguchi, S., Endoh, H. & Nitta, M. (2017)  Accidental falls 
related to clearing heavy snow on rooftops in a rural heavy 
snow area in Japan.  Acute Med. Surg., 4, 166-171.

Supplementary Files
Please find supplementary file(s);
https://doi.org/10.1620/tjem.2023.J086


