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Introduction

Physical activity plays an important role in the prevention

of lifestyle diseases such as cardiovascular disease, diabetes,

and cancer. It is also effective for the maintenance of muscu-

loskeletal health and physical performance1. Previous epidemi-

ologic studies have suggested that more physically active

elderly people better maintain physical function2,3. Although

leisure time physical activity is generally considered beneficial,

occupational activity may be hazardous to musculoskeletal

health in the elderly, resulting in, for example, osteoarthritis4.

We recently reported that prolonged occupational activity

such as farm work adversely affects mobility in elderly women,

although it favorably affects upper-body muscle function, such

as grip strength5. To confirm this finding, we took advantage

of the fact that data were available from another cohort study

on musculoskeletal health conducted in a nearby rural commu-

nity (Muramatsu). In that cohort study, postural sway was

measured as an outcome because impaired body balance is an

important risk factor for falls and fractures in the elderly6. 

Regarding physical activity and postural sway, an observa-

tional study showed that body sway was lower in more phys-

ically active postmenopausal women2, and a short-term

exercise intervention improved postural sway in elderly sub-

jects7. These studies suggested that in general, physical activity

maintains postural balance. To the best of our knowledge,

however, effects of occupational activity on postural sway

have rarely been studied, although its effects on occurrence of

some musculoskeletal diseases have been studied8.

Active women in our study population in Muramatsu per-

J Musculoskelet Neuronal Interact 2015; 15(1):78-82

Prolonged occupational activity and 6-year changes in 

postural sway in elderly women

K. Nakamura1, K. Kitamura1, R. Oshiki2, R. Kobayashi2, T. Saito3, T. Nishiwaki4

1Division of Preventive Medicine, Niigata University Graduate School of Medical and Dental Sciences, 1-757 Asahimachi-dori, Chuo-ku,

Niigata City 951-8510, Japan; 2Department of Physical Therapy, Niigata University of Health and Welfare, 1398 Shimami-cho, Kita-ku, 

Niigata City 950-3198, Japan; 3Department of Health and Nutrition, Niigata University of Health and Welfare, 1398 Shimami-cho,

Kita-ku, Niigata City 950-3198, Japan; 4Faculty of Nursing, Health Science University, 7187 Kodachi, Fujikawaguchiko-machi, 

Minamitsuru-gun, 401-0380 Yamanashi, Japan

Abstract

Objectives: Prolonged occupational work such as farm work has been reported to adversely affect mobility in elderly women.

The purpose of this study was to investigate possible relationships between prolonged occupational work and 6-year changes in

postural sway in elderly women. Methods: Subjects were 392 women aged ≥69 years who participated in a 6-year follow-up ex-

amination of the Muramatsu Cohort Study. Handgrip strength and postural sway, measured as gravity-center velocity (cm/s),

were evaluated at baseline and 6-year follow-up. Interviews were conducted to determine the time spent on moderate occupational

activity (3-5 metabolic equivalents) such as farm work. Activity levels were defined as: 1, no-activity; 2, “short” (>0, ≤17.75

h/wk); and 3, “long” (≥17.75 h/wk). Results: At baseline, mean values for age, handgrip strength, and postural sway were 73.3

years (SD 3.7), 20.3 kg (SD 4.1), and 2.0 cm/s (SD 0.8), respectively, and 32.5% of participants engaged in occupational activity.

The change in postural sway was significantly greater in the long-activity group (median, 35.0 h/wk) than the no-activity group

(0.56 vs. 0.27 cm/s, P=0.021). Conclusions: Prolonged occupational work may be detrimental to the control of body balance.

Accordingly, elderly individuals are not recommended to engage in prolonged occupational activity.

Keywords: Cohort Studies, Occupational Activity, Physical Fitness, Postural Balance, Elderly Women

Original Article Hylonome

The authors have no conflict of interest.

Corresponding author: Kazutoshi Nakamura, MD, Division of Preventive 

Medicine, Niigata University Graduate School of Medical and Dental Sciences,

1-757 Asahimachi-dori, Chuo-ku, Niigata City 951-8510, Japan 

E-mail: kazun@med.niigata-u.ac.jp

Edited by: S. Warden

Accepted 10 January 2015



K. Nakamura et al.: Occupational activity and postural sway

79

formed occupational activity, including farm work, that re-

quired repetitive movements adopting unnatural body posi-

tions, rather than leisure-time or sports activity6. The purpose

of the present study was to investigate possible relationships

between prolonged occupational activity and 6-year changes

in handgrip strength and postural sway in elderly women. 

Methods

Participants

In 2003, 774 ambulant women aged 69 years or older in

Muramatsu, Japan (population, approximately 20 000), partic-

ipated in a baseline examination, which was conducted in con-

junction with the annual health check program sponsored by

the local government. Details of the Muramatsu cohort were

previously published9. All participants were non-institutional-

ized and independent. Of the 723 subjects alive in 2009, 392

(54.2%) participated in a follow-up examination. Written in-

formed consent was obtained from all participants, and the

study was approved by the Ethics Committee at the Niigata

University School of Medicine.

Baseline examination

The baseline examination was conducted at 9:30-11:00 and

13:00-14:30 in May and June 2003. Participants were in-

structed to come to the examination under normal health con-

ditions (not exhausted or tired) to the extent possible. Handgrip

strength was measured once for each hand with a digital dy-

namometer (T.K.K.5401, Takei Scientific Instruments Co.,

Ltd., Niigata, Japan). Subjects performed a light test trial to

adjust the position of the handle of the dynamometer before

recording handgrip strength. Results from the non-dominant

hand were used as grip strength values. Postural sway was

evaluated by measuring the locus length per second of grav-

ity-center sway. The locus length (i.e., movement velocity) of

gravity-center sway correlates highly with the area surround-

ing the locus, and both indices predict recurrent falls10. Addi-

tionally, locus length was previously reported to predict the

occurrence of osteoporotic fractures6. Participants stood for 30

seconds in the standard Romberg position on the force plat-

form of a gravicorder (GS-10, Anima, Inc., Tokyo, Japan)8 and

looked at a round mark (3 cm in diameter) on a wall that was

2 m away. Researchers ensured that all subjects focused on the

mark, and locus length was recorded. Body mass index (BMI)

was calculated from the height and weight of participants in

light underclothes. Levels of serum 25-hydroxyvitamin D, an

index of vitamin D status, were measured because vitamin D

status has been shown to be a determinant of muscle function

and falls12. The concentration of serum 25-hydroxyvitamin D

was determined from a non-fasting blood specimen and the

Nichols AdvantageR chemiluminescent assay (Nichols Institute

Diagnostics, San Clemente, CA, USA), which has a 2.4%

inter-assay coefficient of variation.

Demographic characteristics, occupational activity, and in-

formation regarding lifestyle habits such as smoking and drink-

ing were obtained through an interview. Occupational activity

was defined as the extent of engagement in moderate activities

(3-5 metabolic equivalents [METs]) such as farm work and gar-

dening, as assessed by the method described by Sallis et al.13.

The total time spent on occupational and leisure time/sport ac-

tivities during the previous week was recorded separately. With

respect to the total hours of occupational activity, most vari-

ables were zero and thus could not be divided into tertiles or

quartiles. Accordingly, occupational activity levels were de-

fined as follows: 1, no activity (“no-activity” group); 2, lower

half (“short” group, <17.75 hr/wk); and 3, upper half (“long”

group, ≥17.75 hr/wk). Leisure time and sport activities in this

population, such as playing gateball (croquet), taking walks,

and performing traditional Japanese dancing, were regarded as

light physical activity (1-2.9 metabolic equivalents [METs]).

In the present population, women performed farm work that re-

quired repetitive work while standing, half-standing, sitting and

half-sitting, rather than leisure-time or sports activity5. Infor-

mation on history of chronic musculoskeletal disorders that

could affect postural sway was obtained. Chronic muscu-

loskeletal disorders included chronic pain in the legs or hip (or

related disorders such as osteoarthritis), chronic low back pain

or related disorders, such as lumbar spondylosis, rheumatoid

arthritis, and neural complaints, such as neuralgia and numb-

ness in the body or legs.

Follow-up examination

The follow-up examination was conducted in June and July

2009 in the same setting as the baseline examination. Height,

weight, handgrip strength, and postural sway were measured.

Statistics

All continuous variables were assessed for normality. Pos-

tural sway (locus length) values skewed high and underwent

log transformation before analysis. First, the baseline charac-

teristics of participants and non-participants were compared to

characterize profiles of participants in the follow-up examina-

tion. Analysis of variance and analysis of covariance (AN-

COVA) were used to determine differences among groups.

Bonferroni’s multiple comparison was used to compare two

mean values. The dose-dependence of the association between

activity levels and other variables was evaluated using multiple

regression analysis. Outcome variables were six-year changes

in handgrip strength and log-transformed postural sway, and

the predictor variable was length of time engaged in occupa-

tional activity (as a categorical variable). Covariates were

baseline values of age, BMI, light physical activity, smoking,

drinking, serum 25-hydroxyvitamin D, history of chronic mus-

culoskeletal disorders, and handgrip strength or log-trans-

formed postural sway, as well as 6-year BMI changes for all

multivariate analyses. Chronic musculoskeletal disorders were

coded as 1 (present) or 0 (absent). Smoking and alcohol drink-

ing habits were coded as 0, never; 1, past smoker; 2, sometime;

3, daily smoker, and as 0, never; 1, sometimes; and 2, daily

drinker. Although postural sway is potentially influenced by

the time of day, no significant a.m.-p.m. differences were ob-
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served. Therefore, no statistical adjustments were made re-

garding the time of measurements. Statistical analysis was per-

formed with SAS software (release 9.13, SAS Institute Inc.,

Cary, NC, USA). P<0.05 was considered significant.

Results

We first compared baseline characteristics of participants

(n=392) with non-participants (n=331) in the follow-up exam-

ination. Mean age, handgrip strength, and postural sway were

73.3 years (SD 3.7), 20.3 kg (SD 4.1), and 2.01 cm (SD 0.84)

for participants, and 75.6 years (SD 4.6), 18.5 kg (SD 4.8), and

2.14 cm/sec (SD 0.96) for non-participants, respectively. Par-

ticipants were on average 2.3 years younger (P<0.001), had a

handgrip strength 1.8 kg greater (P<0.001), and a postural

sway 0.13 cm/sec lower (P=0.060) than non-participants. The

median of length of time engaged in occupational activity was

1.8 h/w for participants and 1.9 h/w for non-participants, with

no significant difference (P=1.000 by Wilcoxon test).

Mean age, weight, BMI, handgrip strength, postural sway,

and serum 25-hydroxyvitamin D concentration are shown in

Table 1. The percentages of participants engaged in occupa-

tional activity, having a chronic musculoskeletal disorder,

smoking, and daily drinking at baseline were 32.5%, 20.7%,

1.8%, and 11.0%, respectively. Mean weight, handgrip

strength, and postural sway at follow-up and their 6-year

changes are also shown in Table 1. Weight and handgrip

strength decreased and postural sway increased during the 6-

year period with a significant difference.

Baseline age, handgrip strength, and postural sway by de-

gree of occupational activity are shown in Table 2. No signif-

icant differences were found between the groups. Six-year

changes in handgrip strength and postural sway by degree of

occupational activity are also displayed in Table 2. Occupa-

tional activity levels were not significantly associated with

changes in handgrip strength. In contrast, multiple ANCOVA

comparisons showed significantly greater changes in the long-

activity group than the no-activity group (P=0.045). In addi-

Baseline Follow-up 6-Year change P valuea

Age (years) 73.3 (3.7) - - -

Weight (kg) 49.6 (7.08) 47.4 (7.16) −2.2 (3.1) <0.001

Height (cm) 146.9 (5.2) 145.1 (5.6) −1.7 (1.8) <0.001

Body mass index (BMI; kg/m2) 23.0 (3.0) 22.5 (3.2) −0.5 (1.4) <0.001

Handgrip strength (kg) 20.3 (4.0) 19.2 (3.9) −1.1 (3.4) <0.001

Postural sway (cm/sec) 2.01 (0.84) 2.37 (0.92) 0.36 (0.94) <0.001

25-Hydroxyvitamin D (nmol/L) 61.0 (16.9)

aPaired t test

Table 1. Characteristics (means with standard deviations in parentheses) of the 392 subjects at baseline and follow-up, and their 6-year changes.

Length of time engaged in occupational activitya P-value P-value Significant

Zero Short Long (ANOVA) (ANCOVA)b differencec

Outcome [median=7.0 [median=35.0,

Variable [n=204] hr/wk, n=94] hr/wk, n=94]

At baseline

Age (years) 73.5 (3.9) 73.4 (3.3) 72.8 (3.4) 0.274

Handgrip strength (kg) 20.1 (4.0) 20.3 (4.0) 20.8 (4.1) 0.438 - -

Postural sway (cm/sec) 2.06 (0.965) 2.00 (0.71) 1.92 (0.65) 0.365 - -

Six-year changes

Δ Handgrip strength (kg) -1.4 (3.5) -0.8 (3.8) -0.9 (2.8) 0.328 0.252 -

Δ Postural sway (cm/sec) 0.27 (0.98) 0.34 (0.89) 0.56 (0.90) 0.044 0.026 Zero vs. Long

Results are expressed as mean (SD). 
aShort, >0 and <17.75 hr/wk; Long, ≥17.75 hr/wk
bAdjusted for baseline values of age, BMI, light physical activity, smoking, drinking, serum 25-hydroxyvitamin D, history of chronic 

musculoskeletal disorders, and handgrip strength or log-transformed postural sway, as well as 6-year BMI changes
cBonferroni’s multiple comparison

Table 2. Age, handgrip strength, and postural sway at baseline and six-year changes in handgrip strength and postural sway (Δ, follow-up

minus baseline values) by degree of occupational activity.
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tion, the association between occupational activity levels and

changes in postural sway was dose-dependent (P for trend=

0.014). The correlation between length of time engaged in oc-

cupational activity and changes in postural sway was also sig-

nificant, with a correlation coefficient (r) of 0.128 (P=0.012)

(Figure 1), and a partial correlation coefficient adjusted for the

covariates of 0.126 (P=0.005). No significant correlation was

found between length of time engaged in light physical activity

and handgrip strength (r=-0.095, P=0.061) or postural sway

(r=-0.075, P=0.142).

Discussion

Kitamura et al.5 demonstrated that prolonged farm work in-

creased handgrip strength but decreased mobility (evaluated

by the timed “Up & Go” test) compared to less farm activity

in community-dwelling postmenopausal women (the Yoko-

goshi Study). The present study similarly showed that pro-

longed occupational activity worsened postural sway more

than less occupational activity.

Standing balance decreases in the elderly due to age-related

diminishment of vestibular function and reduction of lower-

extremity muscle function11. The worse postural sway of the

high-occupational-activity group is likely caused by decreased

lower-extremity function. Farm work in this study included

weeding and harvesting performed by women standing, half-

standing, sitting, or half-sitting. These chores and positions

may cause musculoskeletal disorders such as lower-extremity

osteoarthritis4, which could decrease body balance. Our find-

ings are also in agreement with data from the study by Holm-

berg et al. showing that farmers had more low back pain and

hip problems than non-farmers14.

We did not investigate details of occupational activity in the

present study. Given that the median duration of activity in the

long-activity group was quite long at 35.0 hour/week, the ac-

tivity of this group would be considered farm work. Moreover,

Muramatsu is in the same rural area as Yokogoshi, and most of

the subjects who engaged in long-term occupational activity in

the present study were also believed to be farm workers. In fact,

96% of those who engaged in moderate activity for more than

17.75 hour/week (the cutoff value for such activity in the pres-

ent study) in the Yokogoshi Study5 were involved in farm work.

It should be noted that we focused on work-related activity,

rather than leisure time or sports activities. Outdoor occupa-

tional activities, including farm work, are characterized by

repetitive work, high work load, and unnatural body positions,

which are considered harmful. The present study therefore is

generalizable to such individuals, but do not necessarily apply

to those engaged in long-term leisure time or sports activities.

It is important to determine whether increased postural sway

has detrimental effects on other health outcomes, such as falls

and fractures. Although a number of studies have reported that a

large postural sway is associated with a high risk of falls and frac-

tures6,15, no evidence exists on the effect of long-term postural

sway changes. Harbourne and Stergiou16 pointed out that postural

sway quantifies only the magnitude of sway and not stability, i.e.,

temporally evolving dynamics, of the postural control system.

Therefore, an increase in postural sway may not reflect detrimen-

tal postural control. Unfortunately, due to a mass health check-

up setting, other measures of postural sway than the locus length

of gravity-center sway could not be addressed in this study. Fu-

ture studies should focus on the stability of postural control.

This study has limitations worth noting. First, the follow-up

rate was relatively low at 53.8%. This may reflect the fact that

participants in the follow-up study were more active and healthier

than non-participants. Second, participants tended to be younger

than non-participants. Participation rates of those <75, 75-79, and

≥80 years of age (at baseline) were 60.3%, 47.1%, and 22.5%,

respectively. Consequently, we believe that our results can be

generalized to women in their 70s. Third, a one-week assessment

of activity may not provide an accurate indication of habitual ac-

tivity levels, and there may also be seasonal variation in activity.

Nonetheless, given that our participants were interviewed in early

summer, we believe that those who engage in farm work and

those who do not can be classified relatively accurately. Fourth,

handgrip strength and postural sway measured in this study may

not be sufficient to evaluate subject physical function. Finally,

we were unable to control for other factors that potentially affect

postural sway, such as vestibular function.

Our 6-year cohort study revealed that prolonged occupa-

tional activity such as farm work adversely affects postural

sway in elderly women. Although physical activity is impor-

tant for maintaining physical function, prolonged occupational

work may be detrimental to the control of body balance due

to the possibility of burdening the aging musculoskeletal sys-

tem. Accordingly, elderly individuals are not recommended to

engage in prolonged occupational activity.

Figure 1. Correlation between length of time engaged in occupational

activity and 6-year changes in postural sway.
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