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Summary: Background: An epidemiological survey has been periodically performed since 1977 among the
adult population in Tanushimaru, a typical farming town in Japan. We aimed in this study to retrospectively inves-
tigate changes of grip strength (GS) and its correlates over 40 years in the same cohort of community-dwelling
adults. We used pooled data from the survey to deduce essential correlates of GS in community-dwelling adults.
Methods: We retrospectively compared serial correlates of GS in the adult population in Tanushimaru between a
population tested in 1977 and 1979 (Cohort A, n=2.452) and another population tested in 2016 and 2018 (Cohort
B, n=1,505), to identify essential correlates of GS for investigating changes in GS during the past 40 years in com-
munity-dwelling adults.

Results: Age, height, weight, and the occupation of the subjects remained as correlates of GS in both genders dur-
ing the past 40 years. In males, abdominal circumference also remained as a correlate of GS. Serum albumin levels
in males and systolic blood pressure in females were identified as new correlates. GS after adjustment for the
above correlates weakened in both genders, and the serial change in GS was particularly remarkable in subjects
whose occupations were Class-1 and Class-2, which were defined as moderately hard work.

Conclusions: From a periodically-performed epidemiological survey of a community-dwelling cohort in a
Japanese typical farming town, age, height, weight, and occupation were deduced as essential correlates of GS. GS
in the community dwelling cohort weakened in both genders over 40 years, possibly affected by their occupation.
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INTRODUCTION

Grip strength (GS) is often used as an indicator of
skeletal muscle strength in the whole body. Skeletal
muscle volume and strength decrease and weaken
with aging, and sarcopenia and dynapenia are defined
as the age-related loss of muscle mass and strength. A
loss of GS is included in the diagnostic criteria of sar-
copenia in Asia and Europe, suggesting that age is an
essential correlate of GS. In addition, although weak-
ened GS was reported to be associated with loss of

physical functionality, fractures by falls, cognitive im-
pairment, all-cause mortality [1], and nutritional status
[2] in epidemiological studies, there has been no re-
port regarding serial changes in GS and its correlates
over several decades in adults in an epidemiological
study. If the correlates can be clarified, GS-related ad-
verse events, such as fractures by falls, cognitive im-
pairment, cardiovascular disease, respiratory disease,
and cancer [1,3,4], may be prevented more effective-
ly.

Changes in lifestyle components, such as the kind
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of occupation [5], smoking [6], and alcohol drinking
[7] habits, and nutrition status [2], may influence GS
and its correlates over a long period. Therefore, seri-
ally epidemiological surveys among adults who have
lived in the same communities for several decades
may help to resolve the issue by identifying changes in
the correlates of GS over time. We have periodically
performed an epidemiological survey for the adult
population in Tanushimaru, a typical farming town in
Japan, since 1958 [8]. The demographic characteris-
tics of the population have been comparable to those
of a general Japanese population so far [8,9]. Accord-
ingly, we retrospectively compared correlates of GS in
the population in Tanushimaru between a cohort in
1977 and 1979 and another cohort in 2016 and 2018.
The aim of this study was to investigate changes in the
correlates of GS over 40 years in community-dwelling
adults in Tanushimaru, Japan, to deduce essential cor-
relates of GS in such community-dwelling adults, and
finally to compare GS after adjustment for the essen-
tial correlates between the two cohorts.

MATERIALS AND METHODS

Subjects

We enrolled subjects from 4 surveys of the Ta-
nushimaru study in 1977, 1979, 2016, and 2018. The
subjects provided written informed consent to use
their data for retrospective cohort studies in the future.
This study conformed to the principles outlined in the
Declaration of Helsinki and was approved by the
Committees on the Ethics Review Board of the Ku-
rume University School of Medicine.

Measurements and calculations

Body mass index (BMI) was calculated as the
body weight in kilograms divided by the square of the
height of each person in meters. Blood pressure was
measured twice with participants in the supine posi-
tion. The second blood pressure measurement was
taken after 5 deep breaths and the 5Sth-phase diastolic
pressure was used for statistical analyses. The mean
blood pressure (MBP), which reflects a reduction in
arteriolar caliber [10], was calculated with a standard
formula as follows: MBP = diastolic blood pressure
(DBP) + 1/3 [systolic blood pressure (SBP) — DBP].
Pulse pressure (PP), which reflects increased large ar-
tery stiffness and a risk factor for cardiovascular and
cerebrovascular events [11], was calculated as the dif-
ference between SBP and DBP. In order to measure
the abdominal circumference (AC), we placed a tape
measure in a horizontal plane around the abdomen at

the level of the iliac crest, and read the length at the
end of a normal expiration. Maximum voluntary iso-
metric GS was measured with a Smedley-type hand-
held dynamometer (Matsumiya Ika Seiki Seisakusho
Co., Ltd., Tokyo, Japan). Subjects maintained upright
standing positions, held the dynamometer in a com-
fortable grip size adjusted to their hands, and squeezed
it as hard as possible two times with each hand. The
highest value in measured values for the left and right
hands was adopted for statistical analyses. Blood was
drawn from the antecubital vein after a half day of
fasting. The serum total cholesterol (TC), triglycerides
(TG), uric acid (UA), total protein (TP), and albumin
levels were measured according to standard methods
in a commercial laboratory (Kyodo Igaku Laborato-
ries, Inc., Fukuoka, Japan).

Classification of occupations

We classified the occupations of the subjects into
4 groups based on the grade of work as follows;
(Class-0) no occupation, (Class-1) office worker, chief
priest, monk, teacher, nursery school teacher, hotel
manager, barber, beautician, doctor, nurse, midwife,
radiologist, dentist, pharmacist, massager, physical
therapist, care worker, industrial artist, dressmaker,
housemaker, and garbage person, (Class-2) transport-
er, electric worker, mechanic, industrial worker, serv-
er, cook, butcher, surveyor, painter, and news dealer,
(class-3) farmer, builder, masonry, fisherman, Self-
Defense Forces personnel, and railway employee [12].
Class-3 was defined as the hardest type of work in the
4 classes.

Statistical analysis

We divided all data into two cohorts defined as
subjects in 1977 and 1979 (Cohort A) and in 2016 and
2018 (Cohort B). Comparisons of baseline character-
istics between the two groups were performed by the
Wilcoxon signed-rank tests. Regarding SBP, DBP, TC,
TG, UA, TP, and albumin in the baseline characteris-
tics, comparisons of the characteristics between the
two cohorts were performed by the logistic regression
analysis, in which the statistical significance was ad-
justed for age. The chi-square test was used to perform
univariate analysis for categorical variables. The uni-
variate analyses were also performed to examine an
association between GS and other baseline character-
istics excluding BMI, MBP, and PP, which are calcu-
lated with other baseline characteristics such as height,
weight, SBP, and DBP. Then, the multivariate analy-
ses were performed to adopt essential correlates of GS
in Cohorts A and B for adjusting the following com-
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parison of least square means of GS between Cohort A
and Cohort B in the logistic regression analysis. The
comparison of least square means of GS between Co-
hort A and Cohort B by the occupation class was per-
formed in the logistic analysis including the interac-
tion between the change of time and the occupation
class. Normal distribution of measured values was
checked using the Shapiro-Wilk test. Statistical sig-
nificance was assumed at a value of p<<0.05. Data
were analyzed using JMP Pro 13.0 (SAS Institute,
Cary, NC, USA).

RESULTS

Differences in the subjects’ baseline characteristics
between Cohort A and Cohort B

The baseline characteristics of all subjects are
shown by gender in Table 1. The median values of
age, height, weight, AC, SBP, DBP, MBP, and PP were
greater in both genders in order of Cohort B to Cohort
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A. Similarly, the frequency of subjects with hyperten-
sion were higher in both genders in order of Cohort B
to Cohort A. Despite remaining in normal range, the
serum TC and TP levels in both genders and the serum
UA levels in males were higher in order of Cohort B to
Cohort A, whereas the serum albumin levels in both
genders and the serum TG and UA levels in females
were lower in order of Cohort B to Cohort A.

The frequency of daily smokers was significantly
higher in male subjects in order of Cohort A to Cohort
B (the left panel in Figure 1). The frequency of daily
alcohol drinkers was significantly higher in female
subjects in order of Cohort B to Cohort A (the center
panel in Figure 1). The frequencies of both genders in
the occupation class-3 markedly decreased in Cohort
B compared with those in Cohort A (the right panel in
Figure 1).

Changes in the subjects’ blood pressure and nutrition
during 40 years

TABLE 1.
Baseline characteristics of all subjects
Male Female
Cohort A (n=1528) Cohort B (n=607) P-value Cohort A (n=924) Cohort B (n=898) P-value
Age (year) 52 (43,65) 70 (63,77) p<0.001 50 (38, 63) 69 (61,77) p<0.001
Height (m) 1624 (158.0,166.6) 165.5(161.3,170) p<<0.001  150.5 (1464, 154.5) 152.4(147.8,156.7) p<0.001
Weight (Kg) 58(52.5,64.9) 64 (57.9,70.3) p<<0.001  50.2 (45,56) 51.6 (46.5,575) p<0.001
BMI 220(202,24.1) 23.5(21.6,252) p<0.001 222(202,244) 222(20.1,248) p=0.684
AC (cm) 84 (78.5,89) 88 (83,93) p<0.001 78 (71,85) 83.5(77,90) p<0.001
Grip strength (Kg) 40 (33,48) 35.6(29.8,40.8) p<0.001 28(23,34) 22.9(19.8,25.8) p<0.001
SBP (mmHg) 136 (122, 150) 146 (131, 161) p<0.001 128 (116, 150) 144 (129, 159) p<0.001
DBP (mmHg) 80 (74,90) 83 (75,91) p<0.001 78 (70, 86) 80 (73, 88) p<0.001
MBP (mmHg) 98.7 (90.7, 108) 104 (94.7,113) p<0.001  95.3 (86,107.3) 102.2 (93, 110.8) p<0.001
Pulse pressure (mmHg) 54 (46, 68) 61 (51,74) p<0.001 52 (42, 64) 63 (52,75) p<<0.001
Hypertension (%) 552 69.9 p<0.001 447 67.0 p<0.001
TC (mg/dL) 157 (141, 179) 196 (175,217) p<0.001 156 (142, 176) 214 (190, 237) p<0.001
TG (mg/dL) 108 (82, 152) 106 (74, 152) p=0.131 111 (83, 157) 99 (71.5,141.5)  p<0.001
UA (mg/dL) 52(45,59) 60(5.1,69) p<0.001 53 (4.5,6.1) 47 4.1,55) p<0.001
TP (mg/dL) 7.0 (6.8,7.3) 74(7.0,7.6) p<0.001 7.0(6.8,7.3) 74(7.1,7.6) p<0.001
Albumin (mg/dL) 4.6 (4.3,4.8) 45(4.3,4.6) p<0.001 4.6(4.3,4.8) 45 4.3,4.7) p<0.001

Cohort A indicates community-dwelling adults who lived in Tanushimaru in 1977 and 1979. Cohort B indicates those in 2016
and 2018. BMI; body mass index, AC; abdominal circumference, SBP; systolic blood pressure, DBP; diastolic blood pressure,
MBP; mean blood pressure, TC; total cholesterol, TG; triglyceride, UA; uric acid, TP; total protein. Values except for the
frequency of hypertension are indicated by median (interquartile range). Statistical comparisons were performed by Mann-

Whitney U tests.
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In males, DBP was elevated over the 40 years from
1977 to 2018 after adjustment for age (Table 2). Their
serum TC, TG, UA, and TP levels also increased in
that period. In females, SBP or DBP did not change,
whereas serum TC and TP levels increased. Mean-
while, the TG, UA, and albumin levels decreased.

GS-related characteristics in the subjects

In males in Cohorts A and B, the univariate analy-
sis for correlates of GS showed that age, SBP, and the
history of hypertension were inversely associated with
GS (Table 3). Meanwhile, height, weight, the serum
TG and albumin levels, habits of daily smoking and
alcohol intake, and occupation were positively associ-
ated with GS. In females in Cohorts A and B, the uni-
variate analysis showed that age, AC, SBP, DBP, the
serum TC and TP levels, and the history of hyperten-
sion were inversely associated with GS. Meanwhile,
height, weight, the serum albumin levels, and the oc-
cupation were positively associated.

The multiple stepwise regression analysis for
males in Cohort A adopted age, AC, and occupation as
inverse correlates of GS. Weight, height, and the se-
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rum TC levels were adopted as positive collates of GS
(Table 4). Meanwhile, the multiple stepwise regres-
sion analysis for males in Cohorts A and B adopted
age, AC, and the occupation as inverse correlates of
GS. Weight, height, and the serum albumin levels
were adopted as positive correlates of GS. Findings in
the above multiple stepwise regression analyses indi-
cated that the factors of age, weight, AC, height, and
occupation, in that order, were unchanged as the cor-
relates of GS of males over 40 years. Next, the multi-
ple stepwise regression analysis for females in Cohort
A adopted age as an inverse correlate of GS. Height,
weight, and the occupation were adopted as positive
correlates of GS (Table 4). Meanwhile, the multiple
stepwise regression analysis for females in Cohorts A
and B adopted age as an inverse correlate of GS.
Height, weight, the occupation, and SBP were adopted
as positive correlates of GS. Findings in the multiple
stepwise regression analyses indicated that the factors
of age, height, weight, and occupation, in that order,
were unchanged as the correlates of GS of females
over the 40 years.

Smoking Alcohol intake Occupation
Cohort A Cohort B Cohort A Cohort B Cohort A Cohort B
*

r0.3% f 0.9%

[ Non-smoker
B smoker

10.7%i

89.3%

Female

“ 30.3%

4.9%
B, 6% *
% . 17.5%
5.8%

v/
*%
1.8%J

0. r7.6%

‘ 67.8%

Non-drinker Class-0
Drinker | Class-1
I class-2
B Class-3

Fig. 1. The frequencies of smokers, alcohol drinkers, and workers classified into four different occupations in both genders in
Cohorts A and B. Cohort A indicates community-dwelling adults who lived in Tanushimaru in 1977 and 1979. Cohort B indi-
cates those in 2016 and 2018. Smoking and alcohol intake were classified as current habitual use or not. The content of the four
different classes of the occupations is described in the Material and Methods section. Subjects in Class-0 indicates subjects who
do not work daily. The work levels of Class-1, Class-2, and Class-3 were classified into comparatively light, moderate, and
hard, respectively. §: p<<0.001 vs. the percentage of the male smokers in Cohort B, §: p<<0.001 vs. the percentage of the female
alcohol drinkers in Cohort A, *: p<0.001 vs. the percentage of the male workers corresponding to the same occupation class in
Cohort A, **: p<0.001 vs. the percentage of the female workers corresponding to the same occupation class in Cohort A.
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TABLE 2.
Comparison of several baseline characteristics estimated after adjustment for age

Male Female

Cohort A (n=1528) Cohort B (n=607)  P-value Cohort A (n=924)  Cohort B (n=898)  P-value
AC (cm) 84.0£0.2 87.6x04 p<0.001  79.3x03 82.3+0.3 p<0.001
SBP (mmHg) 140.1+0.9 142.5+1.0 p=0.116 143.1x1.3 142.1+0.7 p=0.512
DBP (mmHg) 80.9£0.5 84.5+0.6 p<0.001  79.7x0.7 80.7x£04 p=0.264
TC (mg/dL) 158.0x14 201.6x1.5 p<0.001  156.8%2.1 216.7x12 p<0.001
TG (mg/dL) 120.5+34 141.6+4.1 p<0.001  131.8+4.1 114.6x24 p<0.001
UA (mg/dL) 5.23x0.05 6.12+0.06 p<0.001  5.43x0.07 4.81+0.04 p<<0.001
TP (mg/dL) 7.01x0.02 7.37+0.02 p<0.001  7.04x0.03 7.39+0.01 p<0.001
Albumin (mg/dL) 4.52+0.01 4.56x+0.02 P=0.119  4.55%x0.02 4.50+0.01 P=0.014

Cohort A indicates community-dwelling adults who lived in Tanushimaru in 1977 and 1979. Cohort B indicates those in 2016
and 2018. AC; abdominal circumference, SBP; systolic blood pressure, DBP; diastolic blood pressure, TC; total cholesterol,
TG; triglyceride, UA; uric acid, TP; total protein. P values are adjusted by age. Other values are indicated by least squares mean

=+ standard error.

TABLE 3.
Univariate analysis for correlates of grip strength in all subjects by gender
Male Female

B SE  P-value B SE  P-value
Age, years -0.720 0.010  <0.001 -0.709 0.007  <0.001
Height, cm 0472 0.031 <0.001 0.444 0.022  <0.001
Weight, Kg 0.387 0.020 <0.001 0.270 0.018  <0.001
AC,cm -0.014 0.028 0.536 -0.110 0.017  <0.001
SBP, mmHg -0.187 0.010 <0.001 —0.287 0.007  <0.001
DBP, mmHg 0.029 0.020 0.184 -0.076 0014 0.001
TC, mg/dL -0.010 0.006 0.712 -0.120 0.004  <0.001
TG, mg/dL 0.144 0.003  <0.001 0.020 0.002 0.483
UA, mg/dL 0.015 0.181 0.576 -0.010 0.145 0.720
TP, mg/dL -0.021 0.507 0.440 -0.101 0370  <0.001
Albumin, mg/dL 0.241 0.712  <0.001 0.138 0.561  <0.001
Smoking 0.158 0232  <0.001 0.035 0.464 0.136
Alcohol drinking 0.145 0255 <0.001 0.002 0.204 0.943
Hypertension —-0.106 0.238  <0.001 -0.272 0.157  <0.001
Occupation 0.297 0.185  <0.001 0.340 0.147  <0.001

AC; abdominal circumference, SBP; systolic blood pressure, DBP; diastolic blood
pressure, TC; total cholesterol, TG; triglyceride, UA; uric acid, TP; total protein. 3 and
SE indicate standardized regression coefficients and standard error, respectively.
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TABLE 4.

Multiple stepwise regression analysis for correlates of grip strength in part of or all of subjects by gender
Cohort A p SE  P-value  Cohort A and Cohort B B SE  P-value
Male Male

Age, years -0.493 0.024 <0.001 Age, years -0.577 0.015 <0.001
Weight, Kg 0427 0.047 <0.001 Weight, Kg 0.406 0.035 <0.001
AC,cm —-0.253 0.048 <0.001 AC -0.234 0.037 <0.001
Height, cm 0.113 0.047 <0.001 Height, cm 0.148 0.034 <0.001
Occupation —0.089 0224 <0.001 Occupation -0.063 0.173 0.005
TC, mg/dL 0.072 0.007 0.006 Albumin, mg/dL 0.054 0.518 0.005
Female Female

Age, years —0.466 0016 <0.001 Age, years -0.492 0011 <0.001
Height, cm 0.227 0.037 <0.001 Height, cm 0.206 0023 <0.001
Weight, Kg 0.172 0.039 <0.001 Weight, Kg 0.144 0.024 <0.001
Occupation 0.127 0.150 <0.001 Occupation 0.092 0.114 <0.001

SBP, mmHg 0.064 0.007 0.012

Cohort A indicates community-dwelling adults who lived in Tanushimaru in 1977 and 1979. Cohort B indicates
those in 2016 and 2018. AC; abdominal circumference, TC; total cholesterol, SBP; systolic blood pressure. 3 and
SE indicate standardized regression coefficients and standard error, respectively.

Changes in GS of the subjects during 40 years

In males, GS in Cohort B was weaker than that in
Cohort A after adjustment for age, height, weight, AC,
the serum albumin levels, and occupation (39.6 = 0.4
Kgvs.37.9 £ 0.4 Kg) (Figure 2). Also, in females, GS
in Cohort B was weaker than that in Cohort A after
adjustment for age, height, weight, SBP, and occupa-
tion (26.8 = 0.3 Kg vs. 25.7 = 0.3 Kg). Moreover, in
the comparison of GS between Cohort A and Cohort B
by the occupation class (Figure 3), GS in males whose
occupations were graded into Class-2 weakened from
41.5 £ 0.9 Kg in Cohort A to 36.9 = 0.9 Kg in Cohort
B. GS in females whose occupations were graded into
Class-1 and Class-2 weakened from 26.3 + 0.3 Kg in
Cohort A to 24.7 = 0.2 Kg in Cohort B and from 27.6
* 1.1 Kg in Cohort A to 24.1 £ 0.3 Kg in Cohort B,
respectively.

DISCUSSION

This retrospective and cross-sectional cohort study
is the first report to evaluate serial changes in GS and
its correlates over a period of 40 years from 1977 to
2018 in the same community-dwelling cohort in Ja-
pan. This major findings of this study were as follows:
(1) age, weight, AC, height, and occupation remained
as the correlates of GS of males over 40 years, (2) se-

rum albumin levels became a new correlate of GS in
males over 40 years, replacing serum TC levels, (3)
age, height, weight, and occupation remained as the
correlates of GS of females over the 40 year period,
(4) SBP became a new correlate of GS of females dur-
ing the 40 years, (5) GS after adjustment for the above
correlates weakened in both genders, and (6) the
weakened GS was prominent in the occupation class-2
group in males and in the occupation class-1 and
class-2 groups in females.

Changes in the subjects’ physiques and nutritional
status during 40 years

According to the national nutrition survey in Japan
[13], the average per-capita daily calories in Japanese
adults decreased from 2,131 Kcal in 1977 and 1979 to
1,904 Kcal in 2016 and 2018. The average per-capita
daily intake of animal protein in adults also decreased
from 39.0 g in 1977 and 1979 to 38.4 g in 2016 and
2018. However, the numerical values of height,
weight, AC, and the serum concentrations of TC and
TP in both genders in this study increased in Cohort B
as compared with those in Cohort A, indicating that
the physiques of the subjects got bigger without show-
ing overnutrition but with an increase in obesity dur-
ing the period. It is unclear why this discrepancy oc-
curred. Meanwhile, the average per-capita daily intake
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Fig. 2. Comparisons of grip strength
between Cohort A and Cohort B by
gender. Cohort A indicates community-
dwelling adults who lived in
Tanushimaru in 1977 and 1979. Cohort
B indicates those in 2016 and 2018.
The comparisons were performed by
statistical analyses adjusted for con-
founding factors described in the
Results section. Grip strength in both
genders weakened toward 2018.
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of animal fat in Japanese adults increased from 28.4 g
in 1977 and 1979 to 30.1 g in 2016 and 2018 [13]. The
increase in the daily intake of animal fat from 1977 to
2018 might have contributed to increases in the nu-
merical values of weight, AC, and the serum concen-
trations of TC in both genders in Cohort B. However,
such a speculation must be tempered by the fact that
the increase in daily intake of animal fat was very
small.

Changes in the subject’s GS and its correlates during
40 years

A multiple stepwise regression analysis adopted
age, height, weight, and occupation as common cor-
relates of GS in both genders in Cohorts A and B, sug-
gesting that these four correlates, which were un-
changed as the correlates of GS over 40 years from
1977 to 2018, may be essential correlates of GS in
both genders. There were previous reports regarding a
strong correlation between age and GS in healthy
adults [14,15]. There were also reports that height and
weight were correlated with GS in adults [16]. The ab-
solute values of the standardized regression coeffi-
cients of age were comparable with those of weight in
males in Cohort A and Cohort B, suggesting that age
and weight may be generally high-powered correlates
in the community-dwelling adult males. Nevertheless,
the increase of weight, which is a positive correlate of

Occupation Occupation Occupation Occupation
Class-0 Class-1 Class-2 Class-3
Male Female Male Female Male Female Male Female
50
p=0.578 p=0.141 p<0.001 p=0.557
1 I_I 1
40
@ p=0.731 p<0.001 p<o 001 p=0.833
= 30- 1 I_I
E
1) .
e .
o
s
» 20
o
|
(0]
10
0
A B AB A B AB A B AB A B AB
Cohort Cohort Cohort Cohort

Fig. 3. Comparisons of grip strength between Cohort A and Cohort B by
gender and the occupation class of the subjects. Cohort A indicates
community-dwelling adults who lived in Tanushimaru in 1977 and
1979. Cohort B indicates those in 2016 and 2018. Grip strength weak-
ened toward 2018 in males in the group of the occupation class-2 and in
females in the groups of the occupation class-1 and class-2.
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GS, in both genders in Cohort B over 40 years did not
influence the weakness of GS in either gender in Co-
hort B.

AC, which is an inverse correlate of GS in males
in Cohorts A and B, elongated in Cohort B as com-
pared with that in Cohort A, suggesting that it might
be a considerable correlate as an influencer to weaken
GS in males. There was a report that AC was inversely
associated with GS in elderly men [17], possibly sup-
porting the above speculation. It will be necessary to
monitor similar reports going forward. Although GS
was reported to be associated with metabolic syn-
drome [18], it was impossible in this study to diagnose
metabolic syndrome in Cohort A, because we had no
data regarding serum high-density lipoprotein levels
and fasting glucose levels. We would like to study se-
rial changes in the coexistence of metabolic syndrome
as a correlate of GS in the future.

The multiple stepwise regression analysis addi-
tionally adopted serum albumin as a correlate of GS in
males and SBP in females. Although the serum albu-
min levels were correlated with GS in patients with
heart failure, in which the correlation coefficient was
0.034 [19], the relationship might not apply to the
community-dwelling cohort as reported in this study.
Meanwhile, a longitudinal study of older adults in the
Netherlands reported that low serum albumin level
was independently associated with weaker GS and fu-
ture decline in GS [20]. The roles of low-grade inflam-
mation and protein synthesis degradation were specu-
lated as potential mechanisms of the association
between serum albumin levels and GS in the longitu-
dinal study, in which inflammatory markers, such as
serum C-reactive protein and interleukin-6 which
were measured; however, we did not examine any in-
flammatory markers in our study. Another longitudi-
nal study of older adults in the Netherlands reported
that arterial stiffness, which is a factor regulating SBP
[21], was not associated with GS [22]. Nevertheless,
several reports indicated a positive correlation be-
tween serum albumin levels and GS in 1,750 adults in
Netherlands [19] and 273 adults in Spain [23], and an-
other positive correlation between blood pressure and
GS in 420 adults in the United States [24]. Although
those studies were conducted in different races and
age groups from our study, their findings may support
our results. The age-adjusted values of the serum albu-
min in males or those of SBP in females did not change
in Cohort B as compared with those in Cohort A, sug-
gesting that the two correlates might not influence
changes in GS in either gender in Cohort B. Neverthe-
less, it will be necessary to monitor whether the two

correlates remain as essential correlates of GS in the
community-dwelling cohort during the next several
decades.

Although a European survey of 27,351 adults re-
ported that occupational class based on current or last
occupation did not predict GS of the subjects [5],
weakened GS in Cohort B was particularly shown in
the subjects whose occupations’ classes were Class-1
and Class-2. The reason remains unclear. The frequen-
cies of both genders whose occupations were graded
into Class-1 and Class-2 were increased in Cohort B.
Workers whose occupations graded into Class-1 and
Class-2 might not use their hands and fingers as force-
fully and frequently in general as before, possibly due
to improvement of working tools and/or mechaniza-
tion of work. If so, we should advise workers graded
into Class-1 and Class-2 to use their hands and fingers
actively in daily life to avoid any loss of GS. Although
a British cohort study reported that greater time spent
sitting was associated with weaker GS in 4,726 adults
[25], it was unclear in our study if the workers graded
into Class-1 and Class-2 were sitting for a compara-
tively long time in the working, and if the workers had
a risk of low occupational physical activity and high
sedentary time [26]. Nevertheless, it is undoubtable
that there are other correlates of GS, which we could
not examine in this study, such as daily medications,
exercise habits, leisure activities, and circumstances
of livelihood support. According to a study examining
the longitudinal interactions between occupational
physical activity levels and leisure time exercise in
12,969 Swedish working people, people changing
from physically active to sedentary occupations
seemed to compensate by increasing leisure time exer-
cise [27]. Despite the lack of data, weakened GS in the
subjects whose occupations’ classes were Class-1 and
Class-2 in Cohort B might be partly due to the con-
tents of leisure time exercise.

The least square means of GS in both genders aged
65-74 years in Cohort B were 36.0 = 0.5 Kg in males
and 23.6 = 0.3 Kg in females (data not shown). Mean-
while, in a national survey of GS for Japanese in 2018,
the averages of GS in both genders aged in 65-74 years
were 38.8 Kg in males and 24.6 Kg in females [28].
Thus, in adults aged 65-74 years, GS in both genders
in Tanushimaru in 2016 and 2018 seemed to be weak-
er than that in both genders in the Japanese survey in
2018. GS was reported to be positively associated
with physical function [1], suggesting that the physi-
cal functionality of both genders in Cohort B might
have become lower during the past 40 years.
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Study limitations

This study had several limitations. First, this study
was not a longitudinal study. It was possible that a not
insignificant number of subjects may have changed
their occupations during 40 years. Second, activities
of daily living, cognitive functioning, and social and
leisure activities were not assessed. These were re-
ported as correlates to GS in older people [29]. Some
males in occupation Class-0 (i.e., subjects who do not
work daily) might have a high leisure activity, result-
ing in a comparatively strong grip strength in the
males. Third, the nutritional status in the subjects was
not assessed in detail. Muscle function may react to
nutritional deprivation [30]; however, we do not have
appropriate methods or indices to assess the nutrition
of healthy subjects in detail at present. Forth, whole-
body protein and muscle mass, which are correlated
with muscle strength [30], were not measured in the
subjects. Therefore, it is unclear whether a weakened
GS in females in Cohort B was involved in a decrease
in the whole-body protein and/or muscle mass in the
females. Fifth, the classification of occupations in the
subjects might not precisely reflect their work levels.

CONCLUSIONS

Age, height, weight, and occupation may be es-
sential correlates of GS in community-dwelling adults.
For future clinical studies, our findings suggest that
we should adjust measured values of GS with at least
these four correlates. GS after adjustment for the cor-
relates which were adopted in this study weakened
over 40 years from 1977 to 2018 in both genders in
Tanushimaru, which is a typical farming town in Ja-
pan. Although this result might be attributed in part to
the kind of occupation during the observational peri-
od, longitudinal studies to validate that hypothesis and
to examine other correlates of GS are needed.
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