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Abstract 

Background:  Mobility decrease leading to disability can gradually develop during early life, however, its related 
factors are not well clarified. Therefore, we investigate the related factors of mobility decrease at various levels, using 
nationwide data in Japan.

Methods:  In total, 8681 independent community dwellers aged 20-89 years were analysed (average age, 51.6 years; 
58.5% women). Three stages of mobility decrease were based on the locomotive syndrome risk test: Stage 1, emerg-
ing; Stage 2, progressing; Stage 3, progressed to restrict social engagement. Age was analysed using a simple quad-
ratic function model.

Results:  The prevalence of Stages 1-3 was 31.6% (n = 2746), 5.8% (n = 504), and 3.2% (n = 278), respectively. On the 
multivariable logistic regression, increased age in participants aged ≥40 years (stage 1: odds ratio[OR] 1.05-1.20, stage 
2: OR 1.04-1.22, stage 3: OR 1.05-1.22), female (stage 1: OR 2.28, 95% confidence interval [CI] 1.99-2.61, stage 2: OR 2.40, 
95% CI 1.77-3.25, stage 3: OR 1.80, 95% CI 1.19-2.72), overweight status (stage 1: OR 1.56, 95% CI 1.34-1.82, stage 2: OR 
3.19, 95% CI 2.38-4.27, stage 3: OR 2.87, 95% CI 1.90-4.32), hypertension (stage 1: OR 1.20, 95% CI 1.01-1.41, stage 2: 
OR 1.99, 95% CI 1.49-2.64, stage 3: OR 2.10, 95% CI 1.44-3.05), and diabetes mellitus (stage 1: OR 1.62, 95% CI 1.17-2.24, 
stage 2: OR 1.57, 95% CI 0.93-2.66, stage 3: OR 2.10, 95% CI 1.13-3.90) were positively associated. The frequency of 
physical activity/sports, even a few per month, was inversely associated with all stages (stage 1: OR 0.59-0.72, stage 2: 
OR 0.50-0.67, stage 3: 0.36-0.53). A one-year increase in age had a stronger impact on mobility decrease in older adults 
than in younger ones. Increased age in participants aged < 40 years and smoking were associated with Stage 1, while 
intake of various foods was inversely associated with Stages 1 and 2.

Conclusion:  Increased age (< 40 years) was associated with emerging mobility decrease, while that (≥ 40 years) was 
associated with any levels of mobility decrease. Female, lifestyle habits, including physical activities and overweight 
status, were associated with mobility decrease at every level.
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Background
Disability degrades the quality of life and increases mor-
tality, especially among older adults [1, 2]. The number 
of disabled older adults and the expenditure of long-
term care insurance have significantly surged in Japan 
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compared with 20 years ago [3]. The prevalence of disa-
bility is estimated to be one-fifth in Japanese older adults 
(≥ 65 years )[3, 4]. Known as a key factor of disability 
[1, 5–7], mobility decrease is an important urgent issue 
that must be addressed in Japan due to its rapidly super-
aging society. As life expectance has increased world-
wide, mobility decrease has become a global challenge 
[8]. Therefore, it is crucial to devise feasible strategies for 
addressing it, since it may can start in early life [5, 9–12].

The Japanese Orthopedic Association (JOA) proposed 
the concept of locomotive syndrome, a condition of 
decreased mobility essential to everyday life (e.g., walk-
ing, climbing stairs, or standing up from a chair) [13, 
14]. The JOA developed the locomotive syndrome risk 
test to quantify mobility decrease; this test is a simple 
and easily feasible screening tool specialized for mobility 
decrease leading to disability and can continuously quan-
tify mobility decrease from young/middle-aged to older 
adults [14–17]. Herein, disability is assumed to be certi-
fied as requiring care under the long-term care insurance 
in Japan [18]. The locomotive syndrome risk test is com-
posed of two physical tests and one self-administrated 
questionnaire [14–17]. All three tests are recommended 
to complete, since they represent different dimension 
of mobility. Based on the indices of the test set, mobil-
ity decrease can be divided into three stages: emerg-
ing (Stage 1), progressing (Stage 2), and progressed to 
restrict social engagement (Stage 3) [14, 19]. According 
to the JOA, different measures are necessary against each 
mobility decrease stage, such as appropriate exercise and 
intake of nutrition for Stage 1, and medical examination 
or treatment for Stage 3 [14, 19].

In order to implement effective measures against mobil-
ity decrease leading to disability based on the stage, it is 
imperative to determine the related factors of all mobil-
ity decrease stages. A variety of predictors for mobility 
decrease have been examined, including age, sex, comor-
bidity, lifestyle factors (i.e., sedentary lifestyle, smoking, 
obesity), and physiological factors (i.e., poor nutritional 
status) [20], since mobility decrease is a compound of 
biological mechanisms and behavioural factors [21]. 
Similarly, many factors associated with disability have 
been reported, such as age, sex, obesity, smoking, insuf-
ficient physical activity, cardiovascular diseases, diabetes 
mellitus, and musculoskeletal diseases [22–26]. Disabil-
ity and mobility decrease share similar factors, however, 
the factors associated with ‘mobility decrease leading to 
disability’ are not well clarified. In addition, most studies 
investigating factors associated with mobility decrease or 
disability have focused on older adults, rather than a wide 
range of age groups, even though mobility decrease can 
gradually develop during early life [5, 10–12].

Hence, this study investigates the related factors com-
mon to every stage of mobility decrease in independent 
community dwellers aged 20-89 years, using the locomo-
tive syndrome risk test set, and determined whether related 
factors of mobility decrease differ with stage progression 
compared to that in participants without symptoms of 
mobility decrease.

Methods
Participants
Participants aged 20-89 years were recruited nationwide 
from 2017 to 2019, in proportion to the population of 
seven areas in Japan. The details of the participant recruit-
ing method have been previously reported [10]. Briefly, 
participants comprised independent community dwellers 
who could walk independently without a caregiver’s help, 
and respond to self-administrated questionnaires. Indi-
viduals with certified need for long-term care insurance in 
Japan were excluded, since they are certified as “disabled”. 
Other exclusion criteria were related to temporary mobil-
ity decrease (since the mobility status could be worse than 
usual and easily fluctuate): a medical history of hospitaliza-
tion within a month, history of trauma or surgeries of the 
spine/lower extremities within three months, and those 
undergoing treatment of the spine/lower extremities due 
to pain. All participants provided written informed con-
sent and this study was approved by the authors’ affiliated 
institutions.

We reviewed the data of 10,444 individuals, of which 
1400 were excluded according to the exclusion criteria. Of 
the remaining 9044, we analysed the data of 8681 commu-
nity dwellers aged 20–89 years (3607 men, 5074 women) 
who completed all three tests of the locomotive syndrome 
risk test. In addition to the locomotive syndrome risk test 
results, we evaluated age, sex, height, weight, occupation, 
physical activities, nutrition, smoking, comorbidities, and a 
history of orthopaedic surgery.

Locomotive syndrome risk test
The locomotive syndrome risk test comprises three tests, 
summarized below as previously described [15–17, 27, 28]. 
The validity, reliability, and feasibility of this test have been 
confirmed in previous studies [17, 28].

Two‑step test
The two-step test assesses horizontal mobility, such as 
walking. The two-step test score is a standardized value 
adjusted for height, defined by the following equation:

two-step test score = maximum two-step stride length (cm)

÷ individual�s height (cm).
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The two-step test score is strongly correlated with the 
maximum walking speed [16].

Stand‑up test
The stand-up test assesses vertical mobility, such as 
standing up. The stand-up test score is a record of the 
lowest height (10, 20, 30, or 40 cm) of the stool from 
which the subject can successfully stand up (the subject 
is able to stand up using the stool on one or both legs and 
maintain their posture for 3 s). Supplementary Table  1 
lists the scoring system of the stand-up test; higher scores 
indicate better ability. The stand-up test score is strongly 
associated with knee extensor strength [15, 29].

25‑question geriatric locomotive function scale [GLFS‑25]
The GLFS-25 is a self-administrated questionnaire, 
indicating motor dysfunction [17]. The questionnaire 
comprises 25 items, each with a score of 0-4, on body 
pain, usual care, social activities, movement difficulties, 
and mental health status. Full and zero scores indicate 
the worst and best subjective locomotive conditions, 
respectively.

Stages of locomotive syndrome
Three stages of mobility decrease were defined based on 
the three locomotive syndrome risk test results (Sup-
plementary Table  2) [14, 19]. Each test score had the 
threshold values for stages 1-3; the two-step test scores 
of 1.3, 1.1, 0.9, the stand-up test scores of 5, 3, 2 and the 
GLFS-25 scores of 7, 16, 24 correlated with stages 1, 2, 3, 
respectively. Participants were categorized into the high-
est (worst) stage determined by each test: for example, 
a participant with a two-step test score of 1.4, stand-up 
test score of 4, and GLFS-25 score of 20 was classified as 
Stage 2.

Explanatory variables
Body mass index (BMI; kg/m2) was categorized into 
underweight (< 18.5), normal (18.5  ≤  BMI < 25), over-
weight (≥ 25) according to the conventional World 
Health Organization classification [30]. Subjects with 
obesity (BMI ≥ 30) were included in the overweight cate-
gory, due to the low prevalence of obesity in the Japanese 
population (2-3%) [31]. Hypertension, diabetes mel-
litus, and dyslipidaemia were assessed by self-reported 
medication information. Occupation was classified into 
heavy, intermediate, light, other (miscellaneous activi-
ties), and unemployed, according to the National Health 
and Nutrition Examination (NHANES) study [32]. The 
frequency of physical activity/sports was categorized into 
four levels: rarely or never, a few times per month, a few 
times per week, and almost every day [33]. Nutrition was 
evaluated by dietary habits using food frequency scores, 

which covers the frequency per week of ten main food 
groups: meat, fish and shellfish, eggs, milk, soybean prod-
ucts, green and yellow vegetables, potatoes, fruits, sea-
weed, and fats and oils [34]. A score of 0-3 was assigned 
to each group, and the food frequency score was the sum 
of the scores of the 10 groups, ranging 0-30. Scores of 0 
and 30 indicate the worst and best food intake frequency, 
respectively. Smoking was assessed as current smoker or 
not. Histories of other comorbidities (anaemia, heart dis-
eases including angina pectoris and myocardial infarct, 
stroke, chronic kidney disease, and orthopaedic surgery) 
were judged as “yes” if the subject had been diagnosed as 
such by medical doctors.

Statistical analysis
The prevalence rate and demographics of the partici-
pants were examined according to stage. All continuous 
variables are reported as the mean and standard devia-
tion, whereas categorical variables are expressed as num-
bers and percentages. Differences in proportions among 
stages were evaluated using the chi-square test. Differ-
ences in continuous scores were evaluated using the 
analysis of variance. Using subjects without locomotive 
syndrome (Stage 0) as the reference, multivariable logistic 
regression analyses were performed to examine the asso-
ciations between each stage and related factors. Explora-
tory variables comprised all those shown in Table  1, 
except for chronic kidney disease, which was excluded 
since its prevalence was < 1% (0.3%) in this study. Con-
sidering the possible quadratic effect of age on mobility 
decrease according to a previous study [9, 10], as well 
as the result of a restricted quadratic spline model  [35] 
(Supplementary Fig.  1), a simple quadratic function 
model was adopted for age, since the effect of almost all 
the ages was sufficiently adjusted for by this model except 
for ages ≥80 years. The estimated odds ratio (OR) of a 
one-year change from the ages of 20, 30, 40, 50, 60, 70, 
and 80 years are presented as the representative values, 
since the effect of age differs due to its quadratic effect. 
Additionally, the effect of age was shown by plotting a 
fitted model on the log odds scale. A p-value < 0.05 was 
considered statistically significant. All statistical analyses 
were performed using SAS 9.4 (SAS Institute., NC, US).

Results
Summary characteristics of the participants accord-
ing to stage are shown in Table  1. Of the 8681 partici-
pants, the prevalence of Stages 1-3 was 31.6% (n = 2746), 
5.8% (n = 504), and 3.2% (n = 278), respectively. Stage 
3 had the highest mean age (p <   0.001) and the highest 
rates of rare or no physical activity/sports (p <   0.001) 
and comorbidities such as hypertension and diabetes 
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mellitus (p <   0.001), and the highest food frequency 
scores (p <  0.001).

The results of the multivariable logistic regression anal-
ysis for Stages 1-3, with age and age-squared terms in the 
exploratory variables, are shown in Table 2 and Fig. 1a-c. 
Increased age in participants aged ≥40 years, female sex, 
overweight status, hypertension, frequency of physical 
activity/sports, and a history of orthopaedic surgery were 
related factors in all stages. Among these, the frequency 
of physical activity/sports was inversely associated with 
all stages. Although sports club membership and dia-
betes mellitus also showed association with all stages, 

the relationship failed to reach significance for Stage 2. 
In contrast, dyslipidaemia was not associated with any 
stages. Furthermore, increased age in participants aged 
< 40 years was associated with Stage 1, but not Stages 2 
and 3. The trajectories of the increase in estimated OR 
with a one-year change in age differed between Stage 1 
and Stages 2 and 3 (Fig. 2 a-c). Smoking was associated 
with only Stage 1 (OR 1.45, 95% confidence interval [CI] 
1.20-1.74), while nutrition (frequency food score) was 
inversely associated with Stage 1 (OR 0.98, 95% CI 0.97-
0.99) and Stage 2 (OR 0.97, 95% CI 0.94-0.99), but not 
Stage 3. The higher the stage, the greater the odds ratio 

Table 1  Background characteristics of the participants (n = 8681)

SD standard deviation, BMI body mass index

none Stage1 Stage2 Stage3 Total P

N(%) 5153 (59.4) 2746 (31.6) 504 (5.8) 278 (3.2) 8681

Age (years), mean ± SD 44.5 (16.1) 60.1 (15.7) 67.8 (15.1) 70.5 (14.7) 51.6 (18.2) <  0.001

  20-64 (n, %) 4369 (84.8) 1437 (52.3) 158 (31.4) 82 (29.5) 6046 (69.7)

  65-74 (n, %) 620 (12.0) 769 (28.0) 126 (25.0) 53 (19.1) 1568 (18.1)

  75-89 (n, %) 164 (3.2) 540 (19.7) 220 (43.7) 143 (51.4) 1067 (12.3)

Sex <  0.001

  Male 2407 (46.7) 922 (33.6) 176 (34.9) 102 (36.7) 3607 (41.6)

  Female 2746 (53.3) 1824 (66.4) 328 (65.1) 176 (63.3) 5074 (58.5)

BMI (Kg/m2) <  0.001

  Underweight 537 (10.4) 203 (7.4) 36 (7.1) 26 (9.4) 802 (9.2)

  Normal 3894 (75.5) 1970 (71.7) 311 (61.7) 183 (65.8) 6358 (73.2)

  Overweight, Obese 722 (14.0) 573 (20.9) 157 (31.2) 69 (24.8) 1521 (17.5)

Hypertension (n, %) 478 (9.4) 692 (25.5) 220 (44.6) 131 (48.5) 1521 (17.8) <  0.001

Diabetes mellitus (n, %) 88 (1.7) 137 (5.1) 42 (8.5) 31 (11.5) 298 (3.5) <  0.001

Dyslipidaemia (n, %) 368 (7.2) 510 (18.8) 133 (27.0) 75 (27.8) 1086 (12.7) <  0.001

Occupation (n, %) <  0.001

  Heavy 250 (4.9) 186 (6.8) 37 (7.4) 17 (6.2) 490 (5.7)

  Intermediate 1309 (25.8) 970 (35.7) 189 (37.9) 94 (34.4) 2562 (29.9)

  Light 2021 (39.8) 710 (26.1) 70 (14.0) 32 (11.7) 2833 (33.0)

  Unemployed 312 (6.1) 479 (17.6) 146 (29.3) 103 (37.7) 1040 (12.1)

  Miscellaneous 1189 (23.4) 376 (13.8) 57 (11.4) 27 (9.9) 1649 (19.2)

Sports club membership (n, %) 1014 (19.8) 552 (20.2) 108 (21.4) 46 (16.6) 1720 (19.9) 0.41

Frequency of physical activity/sports (n, %) <  0.001

  Rarely or Never 1989 (38.7) 1113 (40.7) 203 (40.4) 125 (45.5) 3430 (39.6)

  A few times/ month 1029 (20.0) 382 (14.0) 57 (11.3) 27 (9.8) 1495 (17.3)

  A few times/ week 1377 (26.8) 670 (24.5) 128 (25.5) 73 (26.6) 2248 (26.0)

  Almost Everyday 751 (14.6) 571 (20.9) 115 (22.9) 50 (18.2) 1487 (17.2)

Food frequency score, mean ± SD 18.4 (5.0) 19.2 (5.0) 19.4 (5.0) 19.7 (5.2) 18.7 (5.0) <  0.001

Smoking (n, %) 597 (11.6) 275 (10.1) 34 (6.8) 19 (6.9) 925 (10.7) <  0.001

Anaemia (n, %) 679 (13.2) 411 (15.0) 75 (14.9) 53 (19.1) 1218 (14.1) 0.010

History of heart diseases (n, %) 79 (1.5) 135 (4.9) 46 (9.1) 30 (10.8) 290 (3.4) <  0.001

History of stroke (n, %) 27 (0.5) 55 (2.0) 19 (3.8) 22 (7.9) 123 (1.4) <  0.001

Chronic kidney disease (n, %) 5 (0.1) 11 (0.4) 4 (0.8) 2 (0.8) 22 (0.3) <  0.001

History of orthopaedic surgery (n, %) 510 (10.8) 384 (15.5) 93 (20.6) 76 (30.2) 1063 (13.5) <  0.001
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for anaemia, which reached statistical significance in 
Stages 2 (OR 1.58, 95% CI 1.10-2.27) and 3 (OR 2.41, 95% 
CI 1.54-3.78).

Discussion
In the present study, we investigated the factors associ-
ated with mobility decrease leading to disability among 
independent community dwellers aged 20-89 years, using 
nationwide data in Japan. Increased age in participants 

aged ≥40, female, overweight status, hypertension, and 
diabetes mellitus were positively associated with Stages 
1-3 mobility decrease, while sports club membership and 
the frequency of physical activities/sports were inversely 
associated with Stages 1-3. Increased age in participants 
aged < 40 years and smoking were associated with Stage 
1. Nutrition (food frequency score) was inversely associ-
ated with Stages 1 and 2, while anaemia was associated 
with Stages 2 and 3.

Table 2  Multivariable logistic regression analysis for stages 1-3 of the locomotive syndrome

OR Odds ratio, CI confidence interval, Ref reference, BMI body mass index

Stage1 Stage2 Stage3

OR 95%CI P OR 95%CI P OR 95%CI P

Age (years old)

  one year change from the age of 20 1.03 1.02-1.05 <  0.001 0.96 0.92-0.99 <  0.001 0.97 0.92-1.02 0.23

  one year change from the age of 30 1.04 1.03-1.05 <  0.001 0.99 0.97-1.02 0.64 1.01 0.97-1.05 0.72

  one year change from the age of 40 1.05 1.04-1.06 <  0.001 1.04 1.02-1.05 <  0.001 1.05 1.02-1.07 <  0.001

  one year change from the age of 50 1.06 1.06-1.07 <  0.001 1.08 1.07-1.09 <  0.001 1.09 1.07-1.11 <  0.001

  one year change from the age of 60 1.07 1.07-1.08 <  0.001 1.12 1.11-1.14 <  0.001 1.13 1.11-1.15 <  0.001

  one year change from the age of 70 1.08 1.07-1.10 <  0.001 1.17 1.14-1.19 <  0.001 1.17 1.14-1.20 <  0.001

  one year change from the age of 80 1.20 1.16-1.23 <  0.001 1.22 1.18-1.25 <  0.001 1.22 1.17-1.26 <  0.001

Sex

  Male Ref Ref Ref

  Female 2.28 1.99-2.61 <  0.001 2.40 1.77-3.25 <  0.001 1.80 1.19-2.72 0.005

Occupation

  Heavy 1.13 0.88-1.44 0.34 1.54 0.91-2.60 0.11 1.32 0.63-2.78 0.47

  Middle 0.98 0.84-1.13 0.74 1.12 0.76-1.66 0.57 1.30 0.74-2.28 0.36

  Light Ref Ref Ref

  Unemployed 1.17 0.92-1.48 0.19 1.24 0.78-1.98 0.37 1.51 0.80-2.87 0.20

  Miscellaneous 0.96 0.81-1.15 0.68 1.27 0.83-1.96 0.27 1.21 0.62-2.36 0.57

BMI (Kg/m2)

  Underweight 0.81 0.65-1.00 0.045 0.92 0.57-1.47 0.72 1.34 0.73-2.46 0.35

  Normal Ref Ref Ref

  Overweight, Obese 1.56 1.34-1.82 <  0.001 3.19 2.38-4.27 <  0.001 2.87 1.90-4.32 < 0.001

Hypertension 1.20 1.01-1.41 0.035 1.99 1.49-2.64 <  0.001 2.10 1.44-3.05 <  0.001

Diabetes mellitus 1.62 1.17-2.24 0.004 1.57 0.93-2.66 0.090 2.10 1.13-3.90 0.019

Dyslipidaemia 1.09 0.91-1.30 0.34 1.12 0.82-1.53 0.48 1.15 0.76-1.72 0.51

Sports club membership 0.79 0.67-0.92 0.003 0.75 0.54-1.04 0.080 0.55 0.35-0.86 0.009

Frequency of physical activity/sports

  Rarely or Never Ref Ref Ref

  A few times/ month 0.72 0.61-0.86 <  0.001 0.67 0.45-1.00 0.052 0.53 0.29-0.95 0.032

  A few times/ week 0.57 0.48-0.67 <  0.001 0.53 0.37-0.75 <  0.001 0.57 0.36-0.89 0.014

  Almost Everyday 0.59 0.49-0.71 <  0.001 0.50 0.35-0.74 <  0.001 0.36 0.21-0.60 <  0.001

Food frequency score 0.98 0.97-0.99 0.004 0.97 0.94-0.99 0.015 1.00 0.97-1.04 0.81

Smoking 1.45 1.20-1.74 <  0.001 1.44 0.93-2.25 0.11 1.59 0.84-3.00 0.15

Anaemia 1.15 0.98-1.36 0.087 1.58 1.10-2.27 0.014 2.41 1.54-3.78 <  0.001

History of stroke 1.15 0.67-1.98 0.62 1.52 0.69-3.35 0.30 2.56 1.12-5.87 0.027

History of heart diseases 1.32 0.94-1.86 0.11 1.27 0.75-2.18 0.38 0.91 0.46-1.82 0.79

History of orthopaedic surgery 1.34 1.13-1.59 0.001 1.68 1.21-2.33 0.002 2.67 1.79-3.99 <  0.001
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Fig. 1  The odds ratios (ORs) for Stages 1-3 mobility decrease (a-c, respectively). The odds ratios for each stage of mobility decrease with Stage 0 as 
the reference were shown in the Fig. 1. Circles indicate point estimates compared to the reference. The width of the horizontal lines represents the 
95% confidence intervals (CIs) for each explanatory variable
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Our findings showed that increased age, especially 
> 40 years, was a related factor for any level of mobility 
decrease, in line with previous studies reporting age-
dependent physical ability as related to mobility meas-
ures, such as grip power, muscle power of the lower 
extremities, or usual and maximum gait speed [5, 9–12]. 
Moreover, our study also showed that a one-year increase 
in age had a stronger impact on mobility decrease in 
older participants than in younger participants. In addi-
tion, the results showed that increased age was related 
with Stage 1 mobility decrease, even in participants 
aged < 40 years, which supports the concept that mobil-
ity decrease gradually starts early in life. Thus, education 
regarding mobility decrease in younger generations is 
necessary for the prevention of future mobility decrease.

The present study found that females were at greater 
risk of mobility decrease than males, which is consistent 
with previous studies indicating a life-long female disad-
vantage on physical performance tests, with no specific 
risk groups [36, 37], as well as in mobility difficulties 
[25]. Considering the prevalence of disability is higher in 
females than in males [4, 38], strategies to prevent mobil-
ity decrease targeting women are desired.

Overweight status, diabetes mellitus, and hyper-
tension were associated with almost every level of 
mobility decrease. Previous studies have reported that 
increased components of Mets (obesity, hypertension, 
elevated fasting glucose, and dyslipidaemia) are likely 
to be associated with mobility limitations among older 
adults  [39, 40]. The present study additionally showed 
that diabetes, overweight status, and hypertension are 
associated with every level of mobility decrease; how-
ever, dyslipidaemia was not associated with any level 
of mobility decrease. Several studies reported the asso-
ciation between dyslipidaemia and mobility decrease, 
whereas a study from US reported its association might 

be sex-dependent (only in females)  [39–41]. Further 
research is warranted to clarify the association between 
dyslipidaemia and mobility decrease.

Interestingly, underweight status was positively asso-
ciated with stage 3, while it was negatively associated 
with stage 1. These different results may be attributed 
to the age distribution of the stages 1 and 3. Most of 
stage 3 comprised older adults, in which underweight 
was reported to be risk to functional decline and sar-
copenia  [42, 43]. Meanwhile, half of the stage 1 group 
were young/middle-aged adults. The association 
between underweight and emerging mobility decrease 
in these population has not been well clarified, how-
ever, younger adults who are underweight might easily 
stand up or walk with less energetic cost.

The level of physical activity and sports club mem-
bership were inversely related to every level of mobility 
decrease, in accordance with a previous study reporting 
that regular physical activity modified the age-related 
decline in mobility among community dwellers [44]. 
Furthermore, the present study revealed that individu-
als with even a few physical activities per month had 
a lower risk of mobility decrease than those with rare 
or no physical activity despite the recommendations of 
the World Health Organization (i.e., as much physical 
activity as possible, and moderate-intensity physical 
activity of ≥150 min per week or ≥ 75 min of vigorous-
intensity activities a week for good health) [45]. Since 
physical activity is a modifiable lifestyle habit, the find-
ing that any frequency of physical activity is inversely 
related with mobility decrease, compared to that with 
no or rare activity, could be an encouraging take-home 
message to the public. However, further investigations 
are necessary to confirm the effect of the frequency 
of physical activity on mobility decrease leading to 
disability.

Fig. 2  The odds ratios (ORs) for one-year increments in age for stage 1-3 (a-c, respectively). Plots of the fitted model on the log odds scale, with 
reference lines of the estimate of the log odds, at the ages of 20, 30, 40, 50, 60, 70, and 80 years are shown for each stage. In Stage 1 (a), the fitted 
curve shows a comparatively linear increase, while in Stages 2 (b) and 3 (c), the fitted curve starts to sharply increase above the age of 40 years
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Increased dietary variety was inversely related to Stages 
1 and 2, although the correlations were relatively small. 
Higher dietary variety is reportedly associated with bet-
ter mobility and is a predictive factor of a smaller decline 
in mobility; additionally, some dietary patterns may play 
a preventive role against mobility disability among older 
adults [46, 47]. The present study showed that the intake 
of various food groups may modify Stages 1 and 2 mobil-
ity decrease, which might result in substantial differences 
in long-term mobility.

Smoking was associated with Stage 1 mobility decrease, 
which is consistent with reports that smokers may have 
structural and metabolic damage in their muscles and 
lower physical functioning compared to that in non-
smokers  [48, 49]. However, the present study indicated 
that smoking was not associated with Stages 2 and 
3, which may result from the complexity of mobility 
decrease. The more mobility decrease is progressed, the 
more other covariates not included in this study might 
have effects on mobility decrease. Further investigations 
are warranted to confirm whether there is an effect of 
smoking on progressed mobility decrease.

The present study found that anaemia was positively 
associated with mobility decrease. Moreover, as the level 
of mobility deteriorated, anaemia had stronger impact on 
the dependent variable. We could not determine whether 
anaemia is a result or a cause of mobility decrease, since 
anaemia can impair physical performance via restrict-
ing oxygen supply to skeletal muscles, while immobility 
causes anaemia by adipocyte accumulation in bone mar-
row  [50, 51]. Therefore, further investigation are war-
ranted to clarify the causal relationship between anaemia 
and mobility decrease.

This study has several limitations. First, we could not 
determine the causal effects between the related factors 
and mobility decrease, since this was a cross-sectional 
study. Further detailed studies or analyses are necessary 
to draw conclusions regarding the causal relationship 
between related factors examined in this study and mobil-
ity decrease. Second, other possible factors may influ-
ence mobility decrease, such as mental status (including 
a history of depression or cognitive impairment), visual 
defects, hearing loss, trauma without orthopaedic sur-
gery or socioeconomic status. Third, history of comor-
bidities were self-reported. Forth, the participants of this 
study could have potential biases, as some were recruited 
from public medical check-ups, and others were par-
ticipants of another cohort study. Generalizations to the 
general population should be made cautiously, since the 
participants of this study were “individuals who could 
walk by themselves without a caregiver’s support”, which 
means that they could be healthier than the general 
population, especially in older adults. While performing 

locomotive syndrome risk tests for older adults with dis-
ability, we must consider safety implementation.

Conclusions
Increased age (< 40 years) was related with emerging 
mobility decrease, while that (≥ 40 years) was associated 
with any levels of mobility decrease. Education regarding 
mobility decrease for all generations as well as interven-
tions targeting females are essential for healthy aging. 
The effect of lifestyle habits such as physical activities or 
overweight status should be further investigated.
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