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Abstract
Background  Identification of factors relevant to balance performance impairments in the elderly population was 
critical for developing effective interventions and preventions. However, there have been very limited data available 
based on large scale studies. The present study identified factors that independently contributed to performance 
impairments in overall balance, domains of static balance, postural stability, and dynamic balance, and individual 
items.

Methods  A total of 1984 community-dwelling Chinese elderly from urban areas of Shanghai were recruited. 
Information on demographic characteristic, exercise, and health status were collected with a face-to-face interview. 
Balance performances were assessed on site by trained investigators based on the X16 balance testing scale. To 
identify the effectors, ordinal logistic regression analysis was applied for overall balance, static balance, postural 
stability, and dynamic balance. Binary logistic regression analysis was used for 16 items.

Results  The community-dwelling elderly residents were aged from 60 to 97 years old. With increases of age, 
risks of impairments in overall balance increased gradually (ORs from 1.26 to 3.20, all P < 0.01). In the elderly with 
overweight and obesity, there was higher proportion of balance impairments compared to the elderly with normal 
BMI (OR = 1.26, P < 0.001). Regular exercise every week was associated with reduced risks of balance impairments (ORs 
from 0.63 to 0.73, all P < 0.001). Presences with vision lesion (ORs from 1.28 to 1.59, all P < 0.001), moderate hearing 
impairment (OR = 1.54, P < 0.001), somesthesis dysfunction (ORs from 1.59 to 13.26, all P < 0.001), and cerebrovascular 
disease (OR = 1.45, P = 0.001) were related to increased risks of balance impairments. Likewise, age, exercise, vision, 
hearing, somesthesis, and cerebrovascular disease were significantly associated with static balance, postural stability, 
and dynamic balance. Both overweight and obesity and underweight were associated with higher proportions of 
dynamic balance impairments. Regular exercise was significantly related to reduced risks of impairments in 15 out of 
the 16 items.
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Background
Population ageing has been a global phenomenon for 
decades. There was 702.9  million population aged 65 
years and over in the world in 2019 and there will be 
997.5  million in 2030. China had the largest population 
in the world, and accounted for about one fourth of the 
global elderly population [1]. In China, population aged 
65 years and over was 11.9% of total population in 2018, 
the proportion was nearly doubled within 20 years [2]. 
Along with increasing life expectancy, accelerating age-
ing, and growing prevalence of chronic diseases in the 
elderly, their health status together with sequent socio-
economic issues have become significant public health 
challenges worldwide [3]. In the elderly, balance perfor-
mance has been an important indicator of their func-
tional status. Substantial evidence showed that functional 
declines in balance performance predicted poor health 
outcomes, reduced independence of activity of daily liv-
ing, and elevated need for health care [4–7].

Maintenance of balance depended on responses and 
coordinations of the visual [8–11], vestibular [12, 13], 
somatosensory [14], muscle, and skeletal systems [15, 
16]. With increasing age in the elderly, these physiologi-
cal and functional conditions declined progressively, 
consequently, balance deficit manifested [16], falls and 
fall-related injuries occurred [9, 17, 18]. Besides, respira-
tory capacity, metabolic syndrome and related disorders 
[14, 19], cognition [20], functions of nervous system [13], 
and life styles [19] were involved in balance performance.

Identification of factors relevant to balance perfor-
mance impairments in the elderly population was critical 
for developing effective interventions and preventions. 
The present study was based on community-dwelling 
elderly in urban of China. The sociodemographic, life 
style, heath characteristics, and disease conditions were 
investigated, their independent contributions to balance 
performances at overall balance, domain (static balance, 
postural stability, and dynamic balance), and individual 
item levels were assessed with multivariable regression 
analyses. The findings provided scientific evidence for 
guidance on solutions to balance impairments.

Methods
Subjects
A total of 1984 community-dwelling Chinese elderly 
from urban areas of Shanghai were recruited according to 

the previous report [21]. In brief, 2312 residents aged 60 
years or over were investigated, out of which 328 elderly 
were not admitted due to the lacks of independencies in 
walking or cognitive status, or incompleteness of data 
collection. The remaining 1984 elderly were eligible and 
included for association analyses [21].

Ethical consideration
The study was approved by Institutional Review Board 
(IRB) of Changning Center for Disease Control and Pre-
vention, Shanghai. The protocols were in accordance with 
the guidelines of institutional declaration. The written 
informed consent forms were signed by the participants.

Data collection
Data were collected with a face-to-face interview. Demo-
graphic information included gender, age, height, body 
weight, education level, exercise, and smoking. Body 
mass index (BMI) was calculated. Information on health 
status included vision, eye diseases (cataract, retinopa-
thy), hearing, somesthesis, hypotension, hypertension, 
hyperlipidemia, cardiovascular disease, cerebrovascular 
disease, linguistic incompetence, varicose veins, diabe-
tes, chronic bronchitis, asthma, arthritis, osteoporosis, 
intervertebral disc herniation, hemorrhoids, and prostate 
hypertrophy (Table 1).

Balance performances were assessed on site by trained 
investigators based on the X16 balance testing scale (the 
X16 scale). Domains of static balance, postural stability, 
and dynamic balance, were manifested with 4, 4, and 8 
items, respectively. The performance on each item was 
evaluated, then performances on domains and overall 
balance were obtained [22].

Value assignments for variables
Value assignments for independent (X) and dependent 
(Y) variables were listed in Table  1. Ages were divided 
into a total of 6 groups. Ages from 60 to 85 years old 
made 5 groups by a 5-year interval, the 6th group was 
composed of all the elderly ages 85 years old and over 
given relatively limited sample size.

The BMI (kg/m2) was categorized into 3 groups of 
underweight, normal, and overweight and obesity. The 
cutoff values were according to guidelines for prevention 
and control of overweight and obesity in Chinese adults 
[23].

Conclusions  In the elderly, age, overweight and obesity, exercise, vision, hearing, somesthesia, and cerebrovascular 
disease were dominant factors associated with impairments in overall balance, domains of static balance, postural 
stability, and dynamic balance, and most individual items.

Trial registration  Not applicable.

Keywords  Elderly, Community-dwelling, Balance, Static balance, Postural stability, Dynamic balance, Factor
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Type of
variables

Variables Categories Value
assigned

n %

X Gender Male 1 (ref ) 940 47.4
Female 2 1044 52.6

Age (yrs) 60- 6 (ref ) 511 25.8
65- 5 530 26.7
70- 4 378 19.1
75- 3 297 15.0
80- 2 165 8.3
85–97 1 103 5.2

Education Elementary school or 
below

1 204 10.3

Middle or high school 2 1022 51.5
College or above 3 (ref ) 758 38.2

Incomea 0- 1 (ref ) 12 0.6
500- 2 166 8.4
2000- 3 716 36.1
3000- 4 404 20.4
4000- 5 275 13.9
5000- 6 276 13.9
10,000- 7 135 6.8

BMI (kg/m2)b Underweight (< 18.5) 1 63 3.2
Overweight or obesity 
[24.0-)

2 746 37.6

Normal [18.5–24.0) 3 (ref ) 1174 59.2
Exercise 0- 4 (ref ) 453 22.8
(times/week, > 10 min/time) 1- 3 442 22.3

4- 2 244 12.3
7 1 845 42.6

Smoking No 0 (ref ) 1575 79.4
Yes 1 409 20.6

Vision (m)c 4- 3 (ref ) 1348 67.9
1- 2 483 24.3
0- 1 153 7.7

Eye diseases No 0 (ref ) 1811 91.3
(Cataract or retinopathy) Yes 1 173 8.7
Hearing impairmentd 0 4 (ref ) 1589 80.1

Moderate 3 332 16.7
Severe 2 54 2.7
Profound 1 9 0.5

Somatosensory dysfunction 0 4 (ref ) 1405 70.8
Mild 3 476 24.0
Moderate 2 93 4.7
Severe 1 10 0.5

Hypotension No 0 (ref ) 1961 98.8
Yes 1 23 1.2

Hypertension No 0 (ref ) 1047 52.8
Yes 1 937 47.2

Hyperlipidemia No 0 (ref ) 1735 87.4
Yes 1 249 12.6

Cardiovascular disease No 0 (ref ) 1706 86.0
Yes 1 278 14.0

Cerebrovascular disease No 0 (ref ) 1852 93.3
Yes 1 132 6.7

Linguistic incompetence No 0 (ref ) 1930 97.3

Table 1  Demographic characteristics of the elderly and value assignments for variables
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Type of
variables

Variables Categories Value
assigned

n %

Yes 1 54 2.7
Varicose veins No 0 (ref ) 1931 97.3

Yes 1 53 2.7
Diabetes No 0 (ref ) 1736 87.5

Yes 1 248 12.5
Chronic bronchitis No 0 (ref ) 1893 95.4

Yes 1 91 4.6
Asthma No 0 (ref ) 1958 98.7

Yes 1 26 1.3
Arthritis No 0 (ref ) 1779 89.7

Yes 1 205 10.3
Osteoporosis No 0 (ref ) 1794 90.4

Yes 1 190 9.6
Intervertebral disc herniation No 0 (ref ) 1880 94.8

Yes 1 104 5.2
Hemorrhoids No 0 (ref ) 1863 93.9

Yes 1 121 6.1
Prostate hypertrophy No 0 (ref ) 1895 95.5

Yes 1 89 4.5
Y (score)e Balance performancef Good (18–20) 1 (ref ) 1484 74.8

Fair (11–17) 2 355 17.9
Poor (0–10) 3 145 7.3

Static balance 4 1 (ref ) 1462 73.7
3 2 270 13.6
2 3 101 5.1
1 4 42 2.1
0 5 109 5.5

Postural stability 8 1 (ref ) 1413 71.2
7 2 92 4.6
6 3 171 8.6
5 4 73 3.7
4 5 180 9.1
3 6 17 0.9
2 7 18 0.9
1 8 4 0.2
0 9 16 0.8

Dynamic balance 8 1 (ref ) 1505 75.9
7 2 206 10.4
6 3 68 3.4
5 4 31 1.6
4 5 30 1.5
3 6 27 1.4
2 7 21 1.1
1 8 25 1.3
0 9 71 3.6

I 1 1 0 (ref ) 1826 92.0
0 1 158 8.0

I 2 1 0 (ref ) 1815 91.5
0 1 169 8.5

I 3 1 0 (ref ) 1758 88.6
0 1 226 11.4

I 4 1 0 (ref ) 1503 75.8

Table 1  (continued) 
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Vision could be with the aid of glasses. Vision was clas-
sified into 3 categories, without difficulty for further than 
4 m (4-) was valued as 3, without difficulty for 1–4 m (1-) 
was valued as 2, and able for less than 1 m (0-) was valued 
as 1.

Hearing could be with the aid of audiphone. Hearing 
was classified based on WHO’s grades of hearing impair-
ments with modifications [24]. 0, no impairment or slight 
hearing problems, able to hear words in normal voice, 
was valued as 4. Moderate impairment, able to hear 
words using raised voice, was valued as 3. Severe impair-
ment, able to hear words when shouted into better ear, 
was valued as 2. Profound impairment, unable to hear 
even a shouted voice, was valued as 1.

Without a certain disease (including disorder, dysfunc-
tion, or impairment) was valued as 0 while with a certain 
disease was assigned value of 1. Diseases with prevalence 
less than 1% were ruled out in analysis.

Dependent variables Y were categorized based on the 
score (points) evaluated by the X16 scale [22]. The over-
all balance performance was categorized into 3 groups 
(Good, fair, and poor) with two-step cluster analysis [21]. 
For overall balance performance and individual domains, 

good or intact balance performance was assigned value of 
1, increased values were assigned with increasing impair-
ments (correspondingly decreasing balance scores). For 
individual items, intact balance was assigned value of 0, 
and lesioned balance was valued 1.

Independent variables of men, younger age, higher edu-
cation level, normal function, and without disease were 
set as references. Dependent variables of good or intact 
balance performance condition were set as references.

Statistical analyses
EpiData 3.0 (The EpiData Association, Odense, Den-
mark) and SPSS 23.0 (SPSS Inc. Chicago, IL, USA) were 
used for data entry and data analysis, respectively.

Ordinal logistic regression analysis was adopted to 
identify the effectors of overall balance performance and 
individual domains (static balance, postural stability, and 
dynamic balance). Binary logistic regression analysis was 
used for 16 items.

For each dependent variable, univariate logistic regres-
sion mode was applied to list out potentially associ-
ated independent variables with significance level of 
0.10 (Tables S1-S7), then stepwise multivariable logistic 

Type of
variables

Variables Categories Value
assigned

n %

0 1 481 24.2
II 5 2 0 (ref ) 1727 87.0

1 or 0 1 257 13.0
II 6 2 0 (ref ) 1681 84.7

1 or 0 1 303 15.3
II 7 2 0 (ref ) 1510 76.1

1 or 0 1 474 23.9
II 8 2 0 (ref ) 1444 72.8

1 or 0 1 540 27.2
III 9 1 0 (ref ) 1817 91.6

0 1 167 8.4
III 10 1 0 (ref ) 1769 89.2

0 1 215 10.8
III 11 1 0 (ref ) 1665 83.9

0 1 319 16.1
III 12 1 0 (ref ) 1794 90.4

0 1 190 9.6
III 13 1 0 (ref ) 1772 89.3

0 1 212 10.7
III 14 1 0 (ref ) 1865 94.0

0 1 119 6.0
III 15 1 0 (ref ) 1844 92.9

0 1 140 7.1
III 16 1 0 (ref ) 1787 90.1

0 1 197 9.9
aIncome was the average Chinese yuan per month per capita. bBMI (kg/m2) was categorized into underweight, normal, and overweight and obesity. cVision, could be 
with the aid of glasses, vision was classified into 3 categories, without difficulty for further than 4 m (4-), without difficulty for 1–4 m (1-), able for less than 1 m (0-). 
dHearing, could be with the aid of audiphone. eY were categorized based on the score (points) evaluated by the X16 scale. fThe overall balance performance was 
categorized into 3 groups with two-step cluster analysis

Table 1  (continued) 
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regression analysis was performed to identify associa-
tions with significance level of 0.05.

The regression coefficient (β), odds ratios (OR), and the 
95% confidence intervals (CI) were reported.

Results
Demographic characteristics of the elderly
A total of 1984 community-dwelling elderly were 
included in the study, their demographic characteristics 
were summarized in Table 1. The elderly residents were 
aged from 60 to 97 years old, amongst 1041 (52.5%) resi-
dents were aged from 60 to 70 years, 675 (34.1%) were 
within 70 to 80 years, and 268 (13.5%) were aged over 
80 years. There were 940 (47.4%) men and 1044 (52.6%) 
women.

Of the elderly, 1174 (59.2%) residents maintained 
normal BMI, 746 (37.6%) residents were overweight or 
obese, and 63 (3.2%) residents were underweight. Among 
the elderly, 636 (32.0%) residents had vision lesion, 173 
(8.7%) residents had eye diseases, 395 (19.9%) residents 
had hearing impairments, and 579 (29.2%) residents had 
somesthesis disorders.

Factors associated with impairments in overall balance 
performance
Age, BMI, exercise, vision, hearing, somesthesis, and 
cerebrovascular disease were associated with impair-
ments in overall balance (Table  2). Compared to the 
elderly aged 60- years, risks of balance impairments for 
increasing aged elderly elevated gradually, ORs increased 
from 1.26 for the elderly aged 65- years to 3.20 for those 
aged 85 years and above (All P < 0.01). Compared to the 
elderly with normal BMI, there was higher proportion of 
balance impairments in the elderly with overweight and 
obesity (OR = 1.26, P < 0.001), whereas there was no sig-
nificant alteration in the elderly with underweight.

Presences with vision lesion (all P < 0.001), moderate 
hearing impairment (OR = 1.54, P < 0.001), and cerebro-
vascular disease (OR = 1.45, P = 0.001) were related to 
increased risks of balance impairments.

Aggravating somatosensory dysfunctions were related 
to distinct increase in risks of balance impairments, with 
ORs of 1.59, 4.85, and 13.26 for mild, moderate, and 
severe dysfunctions, respectively (all P < 0.001).

Table 2  Factors associated with balance impairments
Variable β SE Waldc2 P OR 95% CI
Age (yrs)
60- ref
65- 0.228 0.082 7.701 0.006 1.26 (1.07, 1.48)
70- 0.313 0.088 12.635 < 0.001 1.37 (1.15, 1.63)
75- 0.530 0.094 31.977 < 0.001 1.70 (1.41, 2.04)
80- 0.768 0.116 44.035 < 0.001 2.15 (1.72, 2.70)
85–97 1.164 0.150 59.911 < 0.001 3.20 (2.39, 4.30)
Income -0.074 0.020 13.665 < 0.001 0.93 (0.89, 0.97)
BMI (kg/m2)
  Overweight or obesity [24.0-) 0.230 0.059 15.006 < 0.001 1.26 (1.12, 1.41)
  Normal [18.5–24.0) ref
Exercise (times/week, > 10 min/time)
  0- ref
  1- -0.317 0.084 14.412 < 0.001 0.73 (0.62, 0.86)
  4- -0.469 0.102 21.064 < 0.001 0.63 (0.51, 0.76)
  7- -0.405 0.074 29.547 < 0.001 0.67 (0.58, 0.77)
Vision (m)
  4- ref
  1- 0.248 0.069 12.939 < 0.001 1.28 (1.12, 1.47)
  0- 0.466 0.110 17.869 < 0.001 1.59 (1.28, 1.98)
Hearing impairment
  0 ref
  Moderate 0.429 0.081 27.821 < 0.001 1.54 (1.31, 1.80)
Somatosensory dysfunction
  0 ref
  Mild 0.461 0.070 43.037 < 0.001 1.59 (1.38, 1.82)
  Moderate 1.580 0.178 79.158 < 0.001 4.85 (3.43, 6.88)
  Severe 2.585 0.733 12.443 < 0.001 13.26 (3.15, 55.74)
  Cerebrovascular disease 0.372 0.114 10.579 0.001 1.45 (1.16, 1.81)
 Non-significant factors were not presented. Significance level is 0.05
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Relative to low income, income increase was negatively 
associated with risks of balance impairments (OR = 0.93, 
P < 0.001).

Relative to no exercise, regular exercises of 1 to 7 times 
every week were associated with reduced risks of bal-
ance impairments, the ORs were from 0.63 to 0.73 (All 
P < 0.001).

Factors associated with impairments in static balance, 
postural stability, and dynamic balance
Similar to associations with impairments in overall bal-
ance, age, exercise, vision, hearing, somesthesis, and cere-
brovascular disease were associated with impairments in 
all 3 domains of static balance (Table 3), postural stabil-
ity (Table 4), and dynamic balance (Table 5). The positive 
and negative associations were indicated (Table 6).

Compared to the elderly aged 60- years, risks of impair-
ments in static balance increased significantly since 70- 
years (OR from 1.28 to 1.87, all P < 0.005).

With increases of age, risks of impairments in postural 
stability (OR from 1.28 to 3.01, all P < 0.005) and dynamic 
balance (OR from 1.17 to 2.58, all P < 0.05) increased 
gradually and stably.

Compared to the elderly with normal BMI, there was 
higher proportions of postural stability and dynamic 
balance impairments in the elderly with overweight and 
obesity (both ORs = 1.24, both P < 0.001).

Distinct vision lesion (only able for less than 1  m, 
0-) increased risks of impairments in static balance 
(OR = 1.46, P < 0.001), postural stability (OR = 1.24, 
P = 0.029), and dynamic balance (OR = 1.39, P = 0.001). 
Moderate hearing loss increased risks of impairments 
in static balance (OR = 1.26, P = 0.002), postural stability 

Table 3  Factors associated with static balance impairments
Variable β SE Waldc2 P OR 95% CI
Age (yrs)
60- ref
70- 0.249 0.081 9.569 0.002 1.28 (1.10, 1.50)
75- 0.400 0.086 21.458 < 0.001 1.49 (1.26, 1.77)
80- 0.448 0.109 17.031 < 0.001 1.56 (1.27, 1.94)
85–97 0.628 0.140 20.117 < 0.001 1.87 (1.42, 2.47)
Education
Elementary school or below 0.302 0.099 9.377 0.002 1.35 (1.11, 1.64)
College or above ref
Income -0.046 0.019 5.921 0.015 0.96 (0.92, 0.99)
BMI (kg/m2)
Underweight (< 18.5) 0.253 0.148 2.902 0.088 1.29 (0.96, 1.72)
Normal [18.5–24.0) ref
Exercise (times/week, > 10 min/time)
0- ref
1- -0.334 0.078 18.551 < 0.001 0.72 (0.61, 0.83)
4- -0.526 0.095 30.677 < 0.001 0.59 (0.49, 0.71)
7- -0.332 0.068 23.552 < 0.001 0.72 (0.63, 0.82)
Vision (m)
4- ref
1- 0.150 0.064 5.538 0.019 1.16 (1.03, 1.32)
0- 0.381 0.103 13.817 < 0.001 1.46 (1.20, 1.79)
Hearing impairment
0 ref
Moderate 0.232 0.076 9.219 0.002 1.26 (1.09, 1.46)
Severe 0.364 0.184 3.914 0.048 1.44 (1.00, 2.06)
Somatosensory dysfunction
0 ref
Mild 0.152 0.067 5.196 0.023 1.16 (1.02, 1.33)
Moderate 0.683 0.143 22.634 < 0.001 1.98 (1.49, 2.62)
Severe 1.449 0.528 7.522 0.006 4.26 (1.51, 11.99)
Hypertension 0.121 0.053 5.119 0.024 1.13 (1.02, 1.25)
Hyperlipidemia 0.137 0.080 2.910 0.088 1.15 (0.98, 1.34)
Cerebrovascular disease 0.179 0.107 2.793 0.095 1.20 (0.97, 1.48)
 Non-significant factors were not presented. Significance level is 0.05
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(OR = 1.30, P < 0.001), and dynamic balance (OR = 1.46, 
P < 0.001).

Aggravating somatosensory dysfunction was positively 
associated with distinct increase in risks of impairments 
in static balance (with ORs of 1.16, 1.98, and 4.26 for 
mild, moderate, and severe dysfunctions, respectively, all 
P < 0.05), postural stability (with ORs of 1.68, 3.19, and 
8.58, all P < 0.001), and dynamic balance (with ORs of 
1.39, 3.24, and 6.08, all P < 0.001).

Cerebrovascular disease was positively associated with 
impairments in static balance (OR = 1.20, P = 0.095), pos-
tural stability (OR = 1.57, P < 0.001), and dynamic balance 
(OR = 1.30, P = 0.013).

Compared to the elderly with low income, those 
with higher income had lower risks of impairments in 
static balance (OR = 0.96, P = 0.015), postural stability 
(OR = 0.96, P = 0.032), and dynamic balance (OR = 0.92, 
P < 0.001). Likewise, compared to the elderly with-
out exercise, those with regular exercise of 1 to 7 times 
every week had lower risks of impairments in static bal-
ance (ORs from 0.59 to 0.72, all P < 0.001) and postural 

stability (ORs from 0.70 to 0.80, all P < 0.005), and exer-
cise of 4 to 7 times every week had lower risks of impair-
ments in dynamic balance (ORs from 0.70 to 0.81, both 
P < 0.05).

Factors associated with impairments in individual items of 
balance
Further, potential factors associated with individual items 
of static balance (Table 7), postural stability (Table 8), and 
dynamic balance (Table  9) were identified. The positive 
and negative associations were indicated (Table 10).

Age was positively correlated with impairments in 
nearly all the items. Except the performance in standing 
with feet together (item I 1), age was significantly related 
to impairments in the remaining 15 items (ORs from 1.72 
to 9.35, Tables 7, 8 and 9).

Relative to normal BMI, overweight and obesity was 
significantly related with elevated risks of impairments 
in all items in postural stability (ORs from 1.64 to 1.93, 
Table 8). Except the walk path (item III 14), overweight 
and obesity was significantly related with elevated risks 

Table 4  Factors associated with postural stability impairments
Variable β SE Waldc2 P OR 95% CI
Age (yrs)
60- ref
65- 0.249 0.074 11.303 0.001 1.28 (1.11, 1.48)
70- 0.375 0.081 21.643 < 0.001 1.46 (1.24, 1.70)
75- 0.589 0.086 46.872 < 0.001 1.80 (1.52, 2.13)
80- 0.664 0.106 39.074 < 0.001 1.94 (1.58, 2.39)
85–97 1.103 0.135 66.898 < 0.001 3.01 (2.31, 3.93)
Income -0.040 0.018 4.598 0.032 0.96 (0.93, 1.00)
BMI (kg/m2)
Overweight or obesity [24.0-) 0.217 0.053 16.631 < 0.001 1.24 (1.12, 1.38)
Normal [18.5–24.0) ref
Exercise (times/week, > 10 min/time)
0- ref
1- -0.228 0.075 9.146 0.002 0.80 (0.69, 0.92)
4- -0.286 0.091 9.884 0.002 0.75 (0.63, 0.90)
7- -0.353 0.068 27.197 < 0.001 0.70 (0.61, 0.80)
Vision (m)
4- ref
1- 0.134 0.063 4.568 0.033 1.14 (1.01, 1.29)
0- 0.216 0.099 4.788 0.029 1.24 (1.02, 1.51)
Hearing impairment
0 ref
Moderate 0.263 0.074 12.664 < 0.001 1.30 (1.13, 1.50)
Somatosensory dysfunction
0 ref
Mild 0.521 0.065 63.524 < 0.001 1.68 (1.48, 1.91)
Moderate 1.161 0.135 73.830 < 0.001 3.19 (2.45, 4.16)
Severe 2.150 0.430 25.043 < 0.001 8.58 (3.7, 19.91)
Cerebrovascular disease 0.448 0.101 19.497 < 0.001 1.57 (1.28, 1.91)
Linguistic incompetence 0.352 0.163 4.664 0.031 1.42 (1.03, 1.96)
 Non-significant factors were not presented. Significance level is 0.05
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of impairments in the remaining 7 items in dynamic bal-
ance (ORs from 1.35 to 2.96, Table 9).

Distinct vision lesion (only able for less than 1  m, 0-) 
was positively significantly associated with performance 
impairments in standing with one foot in front (item I 2, 
OR = 1.79), standing with eye closed (item I 3, OR = 2.36), 
and standing on one leg (item I 4, OR = 1.79) in static bal-
ance domain (Table 7).

Vision lesions (1- and 0-) were positively significantly 
associated with performance impairments in all 4 items 
(ORs from 1.52 to 2.00) in postural stability (Table  8). 
Except step continuity (item III 13), vision lesions (1- and 
0-) were positively significantly associated with perfor-
mance impairments in the remaining 7 items (ORs from 
1.80 to 3.27) in dynamic balance (Table 9).

Somesthesis dysfunction was significantly associated 
with elevated risks of performance impairments in all 
items in static balance (ORs from 1.81 to 21.53, Table 7), 
postural stability (ORs from 2.31 to 170.76, Table 8), and 
dynamic balance (OR, from 1.62 to 48.14, Table 9). And 

aggravating dysfunction was associated with increased 
risks of impairments.

Cerebrovascular disease was significantly associ-
ated with elevated risks of performance impairments 
in all items in postural stability (ORs from 1.71 to 2.37, 
Table 8), and in step height, walk path, and turning while 
walking (items III 10, III 14, and III 16) as well, with ORs 
of 1.89, 2.22, and 2.76, respectively (Table 9).

Regular exercise was significantly related to reduced 
risks of impairments in all the items of static balance 
(ORs from 0.27 to 0.59, Table 7), 3 items of postural sta-
bility (ORs, from 0.44 to 0.70, Table 8), and all items of 
dynamic balance (OR, from 0.19 to 0.60, Table 9).

Discussion
The present study provided factors associated with bal-
ance performance in the community-dwelling elderly. 
Age, overweight and obesity, exercise, vision, hearing, 
somesthesia, and cerebrovascular disease were dominant 
factors associated with impairments in overall balance, 
all domains, and most individual items.

Table 5  Factors associated with dynamic balance impairments
Variable β SE Waldc2 P OR 95% CI
Age (yrs)
60- ref
65- 0.155 0.074 4.336 0.037 1.17 (1.01, 1.35)
70- 0.182 0.081 5.053 0.025 1.20 (1.02, 1.41)
75- 0.317 0.086 13.598 < 0.001 1.37 (1.16, 1.62)
80- 0.526 0.105 25.046 < 0.001 1.69 (1.38, 2.08)
85–97 0.948 0.134 50.220 < 0.001 2.58 (1.99, 3.35)
Income -0.080 0.019 18.531 < 0.001 0.92 (0.89, 0.96)
BMI (kg/m2)
Underweight (< 18.5) 0.270 0.147 3.384 0.066 1.31 (0.98, 1.75)
Overweight or obesity [24.0-) 0.217 0.054 15.844 < 0.001 1.24 (1.12, 1.38)
Normal [18.5–24.0) ref
Exercise (times/week, > 10 min/time)
0- ref
4- -0.208 0.092 5.161 0.023 0.81 (0.68, 0.97)
7- -0.358 0.069 26.932 < 0.001 0.70 (0.61, 0.80)
Vision (m)
4- ref
1- 0.235 0.063 13.770 < 0.001 1.27 (1.12, 1.43)
0- 0.331 0.100 10.951 0.001 1.39 (1.14, 1.69)
Hearing impairment
0 ref
Moderate 0.376 0.075 25.378 < 0.001 1.46 (1.26, 1.69)
Somatosensory dysfunction
0 ref
Mild 0.330 0.065 25.678 < 0.001 1.39 (1.22, 1.58)
Moderate 1.175 0.146 64.995 < 0.001 3.24 (2.43, 4.31)
Severe 1.805 0.491 13.544 < 0.001 6.08 (2.33, 15.91)
Cerebrovascular disease 0.259 0.104 6.170 0.013 1.30 (1.06, 1.59)
Linguistic incompetence 0.413 0.175 5.561 0.018 1.51 (1.07, 2.13)
 Non-significant factors were not presented. Significance level is 0.05
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Table 6  Factors associated with impairments in static balance, postural stability, dynamic balance, and balance
Variable Static balance Postural 

stability
Dynamic 
balance

Bal-
ance

Gender
Age (yrs)
60-
65- + + +
70- + + + +
75- + + + +
80- + + + +
85–97 + + + +
Education
Elementary school or below +
Middle or high school
College or above
Income - - - -
BMI (kg/m2)
Underweight (< 18.5)
Overweight or obesity [24.0-) + + +
Normal [18.5–24.0)
Exercise (times/week, > 10 min/time)
0-
1- - - -
4- - - - -
7- - - - -
Smoking
Vision (m)
4-
1- + + + +
0- + + + +
Eye diseases
Hearing impairment
0
Moderate + + + +
Severe +
Profound
Somatosensory dysfunction
0
Mild + + + +
Moderate + + + +
Severe + + + +
Hypotension
Hypertension +
Hyperlipidemia
Cardiovascular disease
Cerebrovascular disease + + +
Linguistic incompetence + +
Varicose veins
Diabetes
Chronic bronchitis
Asthma
Arthritis
Osteoporosis
Intervertebral disc herniation
Hemorrhoids
Prostate hypertrophy
+ OR > 1, positively associated with balance impairments, potential risk factors for balance impairments. - OR < 1, negatively associated with balance impairments, 
potential protective factors for balance impairments. Non-significant factors were not presented. Significance level is 0.05
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Age and gender
In the elderly, increasing age brought about increased 
risks of balance impairments in all aspects with slightly 
varying strengths of associations. In contrast the signifi-
cant role of age, gender did not play evident role.

In static balance, age had the strongest strength of 
association with standing on one leg (item I 4) compared 
to strengths with standing with feet together with eyes 
opened and closed (item I 1 and item I 3). These results 
confirmed differences in declining trends between items. 
Previous findings indicated abilities of standing on one 
leg decreased with increasing age more significantly than 

abilities of standing with feet together with eyes opened 
and closed in the elderly [25].

The study revealed all 4 items of postural stability 
were associated with age. And age had higher strengths 
of associations with transitions from standing to sitting 
(item II 5) and standing to squatting (item II 7) than tran-
sitions from sitting to standing (item II 6) and squatting 
to standing (item II 8). Functional base of support (FBOS) 
was a measure of postural stability during forward and 
backward moving. It was reported that in community-
dwelling elderly aged 60 to 91 years old, with increasing 
age, FBOS declined, subsequently, FBOS sway increased 
[26]. Decreased FBOS and increased FBOS sway could 

Table 7  Factors associated with impairments in individual items of static balance
Variable I 1 I 2 I 3 I 4
Age (yrs)
60- ref ref ref
65- 1.45 (0.99, 2.12)
70- 1.75 (1.00, 3.07) 2.31 (1.57, 3.40)
75- 2.16 (1.17, 3.99) 2.44 (1.41, 4.24) 3.58 (2.42, 5.30)
80- 2.72 (1.39, 5.29) 3.07 (1.67, 5.65) 3.58 (2.25, 5.70)
85–97 3.10 (1.48, 6.50) 4.22 (2.13, 8.36) 6.4 (3.67, 11.16)
Education
Elementary school or below 2.06 (1.26, 3.38) 1.73 (1.06, 2.83) 1.86 (1.24, 2.79)
Middle or high school 1.42 (1.09, 1.86)
College or above ref ref ref
Income 0.85 (0.74, 0.96) 0.85 (0.76, 0.96) 0.93 (0.85, 1.01)
BMI (kg/m2)
Underweight (< 18.5) 2.11 (0.96, 4.63) 2.38 (1.18, 4.79) 1.68 (0.91, 3.10)
Overweight or obesity [24.0-) 1.37 (0.95, 1.97) 1.32 (0.95, 1.83)
Normal [18.5–24.0) ref ref ref
Exercise (times/week, > 10 min/time)
0- ref ref ref ref
1- 0.54 (0.33, 0.88) 0.39 (0.24, 0.64) 0.44 (0.32, 0.61)
4- 0.39 (0.19, 0.82) 0.29 (0.13, 0.62) 0.36 (0.18, 0.69) 0.27 (0.17, 0.42)
7- 0.59 (0.38, 0.90) 0.48 (0.31, 0.73) 0.52 (0.35, 0.78) 0.40 (0.30, 0.53)
Vision (m)
4- ref ref ref
1- 1.53 (1.17, 2.01)
0- 1.79 (1.05, 3.05) 2.36 (1.46, 3.81) 1.79 (1.18, 2.70)
Hearing impairment
0 ref ref ref
Moderate 1.78 (1.15, 2.76) 1.64 (1.05, 2.55) 2.11 (1.45, 3.09)
Severe 2.68 (1.30, 5.53)
Somatosensory dysfunction
0 ref ref ref ref
Mild 1.40 (0.96, 2.04) 1.81 (1.39, 2.36)
Moderate 5.71 (3.27, 9.95) 5.24 (2.95, 9.32) 3.15 (1.79, 5.55) 3.32 (1.98, 5.57)
Severe 12.83 (2.91, 56.53) 21.53 (3.89, 119.05) 10.05 (2.05, 49.27) 5.29 (1.05, 26.61)
Hypertension 1.69 (1.18, 2.43) 1.43 (1.00, 2.06) 1.26 (1.00, 1.60)
Linguistic incompetence 1.90 (0.93, 3.86)
Chronic bronchitis 1.66 (1.01, 2.72)
Asthma 2.79 (1.06, 7.38)
 Non-significant factors were not presented. Significance level is 0.05
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explain declined performances of postural stability with 
age. Physiologic decrements induced by aging in skeletal 
muscle power, strength, and mass contributed largely 
to deteriorations in balance performance. Major mus-
culature of lower limb required for backward and for-
ward movements were distinct [27]. Higher strengths 
of associations with transitions from standing to sitting 
and standing to squatting possibly hinted declined abil-
ity to perform backward movement might be at a greater 
extent than forward movement, which might be attrib-
utable to differential decrements in muscle functions by 
aging.

Dynamic balance performance depended on integra-
tion of muscles, skeletons, neural inputs and process-
ing, cardiorespiratory capacity, and metabolism. During 
aging, functions in these aspects would by definition 
deteriorate, which would lead to corresponding impair-
ments in task performance [27–33]. In the present study 
performances of all individual items in dynamic balance 

declined independently with increased age, the high-
est strength of association was found with step continu-
ity (item III 13). Decremented performances indicated 
functional deteriorations in the elderly. Relatively, step 
continuity reflected comprehensive performance abilities 
of combined items, dysfunctions in any involved aspect 
would result in its impairment.

Among 3 domains, age had the least association with 
static balance and the strongest strength of association 
with postural stability. In contrast to static balance, pos-
tural stability and dynamic balance subjected to effects 
of physiologic decrements, function deteriorations, life 
styles, and exercises more sensitively [27, 34].

Somesthesia
In general, somatosensory dysfunction showed strong 
association with balance impairments in all aspects, and 
somatosensory dysfunction showed stronger association 
with postural stability and dynamic balance than static 

Table 8  Factors associated with impairments in individual items of postural stability
Variable II 5 II 6 II 7 II 8
Age (yrs)
60- ref ref ref ref
65- 2.09 (1.39, 3.14) 1.72 (1.20, 2.48)
70- 2.56 (1.68, 3.90) 2.21 (1.52, 3.22)
75- 3.88 (2.16, 6.97) 2.92 (1.74, 4.92) 4.31 (2.82, 6.60) 3.29 (2.23, 4.85)
80- 6.06 (3.22, 11.38) 3.30 (1.83, 5.95) 5.95 (3.66, 9.67) 3.68 (2.32, 5.84)
85–97 9.35 (4.65, 18.77) 7.90 (4.05, 15.41) 7.62 (4.25, 13.65) 5.85 (3.34, 10.27)
Income 0.87 (0.77, 0.97) 0.91 (0.82, 1.02) 0.92 (0.85, 1.01)
BMI (kg/m2)
Underweight (< 18.5) 2.16 (1.01, 4.63) 1.86 (0.90, 3.84)
Overweight or obesity [24.0-) 1.93 (1.38, 2.72) 1.87 (1.36, 2.56) 1.64 (1.27, 2.11) 1.82 (1.43, 2.32)
Normal [18.5–24.0) ref ref ref ref
Exercise (times/week, > 10 min/time)
0- ref ref ref
1- 0.67 (0.44, 1.03) 0.70 (0.50, 0.97)
4- 0.51 (0.28, 0.94) 0.66 (0.43, 1.02) 0.56 (0.37, 0.85)
7- 0.44 (0.29, 0.67) 0.57 (0.41, 0.78) 0.55 (0.41, 0.74)
Vision (m)
4- ref ref ref ref
1- 1.67 (1.15, 2.43) 1.52 (1.07, 2.14) 1.61 (1.23, 2.11)
0- 2.00 (1.18, 3.38) 1.69 (1.09, 2.61) 1.84 (1.20, 2.80)
Hearing impairment
0 ref ref ref ref
Moderate 2.04 (1.39, 2.99) 2.41 (1.68, 3.44) 1.49 (1.09, 2.03) 1.63 (1.20, 2.20)
Somatosensory dysfunction
0 ref ref ref ref
Mild 2.31 (1.59, 3.37) 3.55 (2.52, 5.02) 2.86 (2.17, 3.77) 2.43 (1.86, 3.17)
Moderate 13.10 (7.19, 23.85) 16.01 (8.90, 28.82) 12.40 (6.65, 23.13) 9.59 (5.13, 17.92)
Severe 83.34 (8.85, 784.95) 170.76 (13.92, 2094.03) 34.49 (3.60, 330.24)
Hypotension 4.03 (1.51, 10.75)
Cerebrovascular disease 1.78 (1.06, 3.00) 2.37 (1.46, 3.83) 1.71 (1.10, 2.66) 1.71 (1.11, 2.63)
Chronic bronchitis 1.69 (0.93, 3.06)
 Non-significant factors were not presented. Significance level is 0.05
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balance. The findings were expected. Effective spatial 
orientation and balance required the integration of pro-
prioceptive, vestibular, and vision. Associations of som-
esthesia with balance performance were well established. 
With increasing age, somatosensory deterioration was 
developed followed by increased body sway, decreased 
flexibility of the ankle-hip head axis, greater frailty, worse 
functional capacity, and higher fall prevalence [35–37]. 
Stronger association with postural stability and dynamic 
balance might be attributable to more profound contri-
butions of physiologic decrements and function deterio-
rations [34].

Vision and hearing
In regard to static balance performance, poor vision did 
not affect capacities of standings with feet together with 

eyes opened (Item I 1 and item I 2), however, poor vision 
was related to impairments in standing with feet together 
with eyes closed (Item I 3) and standing on one leg (Item 
I 4). A recent study in young and middled-aged adults 
reported that with normal vision, adults performed static 
balance better with eyes open than with eyes closed. 
And adults with visual impairment performed worse on 
standing on one leg than adults without visual impair-
ment [38]. These results were in agreement with our find-
ings in the elderly. Another study addressed the fact that 
participants with worse vision had higher failure rates of 
maintaining balance on foam surface [39]. These results 
suggested vision was one of the elements responsible for 
maintaining static balance though accurate vision might 
be less determined for maintaining upright position with 
feet together with eyes opened on firm surface.

Table 9  Factors associated with impairments in individual items of dynamic balance
Variable III 9 III 10 III 11 III 12
Age (yrs)
60- ref ref ref ref
65- 1.82 (0.97, 3.42)
75- 2.93 (1.44, 5.96) 2.55 (1.35, 4.82) 1.79 (1.12, 2.86) 2.28 (1.19, 4.38)
80- 3.53 (1.63, 7.64) 2.77 (1.38, 5.56) 2.81 (1.66, 4.73) 3.32 (1.65, 6.68)
85–97 5.52 (2.45, 12.43) 5.89 (2.82, 12.29) 4.21 (2.30, 7.71) 5.26 (2.49, 11.10)
Education
Elementary school or below 1.61 (1.02, 2.54)
College or above ref
Income 0.88 (0.78, 0.99) 0.91 (0.82, 1.01) 0.84 (0.74, 0.96)
BMI (kg/m2)
Underweight (< 18.5) 2.26 (0.94, 5.45)
Overweight or obesity [24.0-) 2.96 (1.96, 4.48) 2.07 (1.44, 2.96) 1.35 (1.02, 1.79) 1.55 (1.07, 2.24)
Normal [18.5–24.0) ref ref ref ref
Exercise (times/week, > 10 min/time)
0- ref ref ref ref
1- 0.58 (0.37, 0.93)
4- 0.53 (0.32, 0.89) 0.49 (0.25, 0.96)
7- 0.37 (0.22, 0.62) 0.29 (0.18, 0.47) 0.53 (0.37, 0.75) 0.43 (0.27, 0.68)
Vision (m)
4- ref ref ref ref
1- 2.40 (1.54, 3.74) 1.80 (1.22, 2.67) 1.95 (1.43, 2.66) 2.14 (1.43, 3.19)
0- 2.79 (1.51, 5.17) 2.56 (1.50, 4.39) 2.32 (1.48, 3.63)
Eye diseases 1.66 (0.94, 2.92)
Hearing impairment
0 ref ref ref ref
Moderate 1.88 (1.20, 2.96) 2.59 (1.74, 3.85) 1.73 (1.24, 2.43) 2.84 (1.88, 4.28)
Somatosensory dysfunction
0 ref ref ref ref
Mild 1.55 (0.97, 2.47) 2.28 (1.52, 3.42) 1.36 (0.98, 1.88) 1.62 (1.05, 2.48)
Moderate 10.66 (5.80, 19.58) 8.88 (4.92, 16.00) 5.04 (2.95, 8.62) 7.96 (4.44, 14.29)
Severe 37.61 (5.81, 243.29) 36.62 (6.08, 220.54) 24.82 (2.73, 225.88) 31.43 (5.50, 179.68)
Hypertension 1.56 (1.09, 2.24)
Cerebrovascular disease 1.89 (1.11, 3.20)
Linguistic incompetence 2.60 (1.18, 5.73) 1.85 (0.92, 3.70) 2.13 (1.02, 4.45)
 Non-significant factors were not presented. Significance level is 0.05
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As for postural stability and dynamic balance perfor-
mances, poor vision was involved in their performance 
impairments of nearly all items. Valid visual information 
was vital for postural control and movement process and 
visual inputs could be relied heavily for certain popula-
tion. Vision deficit could slow visual perception response, 
increased oscillations, decreased flexibility, consequently, 
influenced the ability of dynamic postural control and 
reduced gait velocity [10, 35, 40, 41].

Unexpectedly, the present study found that moder-
ate hearing impairment increased risks of impairments 
in overall balance, all 3 domains, and 15 out of 16 items. 
While severe hearing impairment affected standing with 
feet together with eyes opened (Item I 1) only and pro-
found hearing impairment did not show any effect on 
balance performance. There might be a potential that the 
elderly with severe and profound hearing impairments 
presented more caution and concentration during per-
forming. The mechanisms need to be explored.

Exercise
The exercise was independently associated with balance 
performances in all aspects. Regular exercise, longer 
than 10 min per time and the minimum 1 time per week, 
was related to reduced risks of balance impairments. 
Our findings confirmed and extended previous results. 
A large body of evidence showed exercises, of varying 
frequencies, duration, and intensities, were effective for 
improved balance performance in the elderly, and over 
the long run, were preventive for fall occurrence and fall-
related injuries.

For example, in the elderly aged 60 years over, 6 weeks 
of strength exercise and balance exercise increased maxi-
mal strength of lower leg muscles, postural stability, and 
dynamic balance performances [42]. In the community-
dwelling elderly aged 65 years over, 20 weeks of light-
to-moderate intensity-oriented exercise intervention 
with three times per week improved overall functional 
fitness such as muscle resistance, hand grip strength, 

Table 9  Factors associated with impairments in individual items of dynamic balance (Continued)
Variable III 13 III 14 III 15 III 16
Age (yrs)
60- ref ref ref ref
70- 1.90 (0.95, 3.79)
75- 4.08 (2.16, 7.71) 2.13 (0.92, 4.92) 2.07 (0.92, 4.66) 2.72 (1.38, 5.35)
80- 5.19 (2.60, 10.37) 2.53 (1.03, 6.19) 3.63 (1.56, 8.44) 3.16 (1.51, 6.61)
85–97 8.57 (4.13, 17.81) 4.69 (1.84, 11.94) 4.66 (1.92, 11.31) 5.92 (2.72, 12.92)
Income 0.81 (0.71, 0.92)
BMI (kg/m2)
Overweight or obesity [24.0-) 1.90 (1.33, 2.72) 1.94 (1.25, 3.00) 1.77 (1.20, 2.61)
Normal [18.5–24.0) ref ref ref
Exercise (times/week, > 10 min/time)
0- ref ref ref ref
1- 0.60 (0.38, 0.93) 0.49 (0.29, 0.82) 0.42 (0.27, 0.67)
4- 0.42 (0.22, 0.82) 0.30 (0.13, 0.72) 0.45 (0.24, 0.86)
7- 0.36 (0.23, 0.56) 0.29 (0.15, 0.56) 0.21 (0.12, 0.39) 0.19 (0.11, 0.32)
Vision (m)
4- ref ref ref
1- 2.14 (1.29, 3.55) 2.35 (1.45, 3.82) 2.22 (1.45, 3.39)
0- 2.38 (1.24, 4.56) 3.27 (1.86, 5.78)
Hearing impairment
0 ref ref ref ref
Moderate 1.99 (1.33, 2.98) 3.65 (2.18, 6.12) 1.93 (1.19, 3.11) 2.36 (1.55, 3.60)
Somatosensory dysfunction
0 ref ref ref ref
Mild 1.97 (1.31, 2.95) 3.19 (1.87, 5.44) 2.39 (1.54, 3.71)
Moderate 11.58 (6.54, 20.49) 7.55 (3.85, 14.82) 15.47 (8.00, 29.92) 11.44 (6.15, 21.28)
Severe 38.92 (7.03, 215.62) 18.18 (3.45, 95.85) 48.14 (7.61, 304.40)
Hypertension
Cerebrovascular disease 2.22 (1.19, 4.16) 2.76 (1.60, 4.76)
Linguistic incompetence 2.71 (1.26, 5.83) 2.22 (1.01, 4.88)
Chronic bronchitis 2.03 (1.02, 4.02)
Hemorrhoids 0.30 (0.11, 0.79)
 Non-significant factors were not presented. Significance level is 0.05
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cardiorespiratory capacity, agility and balance, and flex-
ibility [43]. In the elderly 65 years over, following 12 
months of exercise program consisted of a warm-up, 
muscle strength, and cool-down exercises, grip strength 
and multiple motor functions were improved [44]. Mul-
tivariate logistic regression analysis revealed, every 
60-min increase in light physical activity was associ-
ated with higher odds of good static balance [45]. In the 
elderly residing in Sydney, Australia, following 6 months 
of designed exercises to improve balance, coordination, 
aerobic capacity, and muscle strength, postural sways 
on the floor with eyes open and eyes closed and coordi-
nated stability were improved. And following 12 months 
of designed exercises, rate of fall was lower than the con-
trols [46]. Another study in the women elderly in Syd-
ney, Australia reported, a 12 month program of regular 
exercise improved performances in leg muscle strength, 
reaction time, neuromuscular control, and body sway, 
further, reduced balance-related falls [47].

Income and education
Associations between higher income and reduced risks 
of balance impairments were observed. The influences 
might be through effects on nutrition, exercise behavior, 
life style, and medical service. Within a certain range, 
the income was positively correlated to nutrition status, 
increased income partly ensured more balanced diets fol-
lowed by better nutrient compositions. Lower income 
might be related to nutritional deficiency, and nutritional 
supplementation could be associated with greater muscle 
strength, better physical performance, and reduced fall 
occurrences [48, 49]. Moreover, income level was posi-
tively correlated with self-efficacy for exercise behavior 
[50]. Furthermore, increased income might confer access 
to higher quality of medical services.

Likewise, lower education level contributed to higher 
risks of balance impairments. In the present study, uni-
variate analysis suggested lower education level (elemen-
tary school or below) were associated with higher risks 
of impairments in all aspects of overall balance perfor-
mance, 3 domains, and 16 items.

Potential interventions and preventions
Findings of the present study provided evidence on 
potentially effective intervention and prevention mea-
sures. For example, with increases in age, risks of 
impairments in all aspect of balance elevated gradually. 
Therefore, measures could be taken in all the elderly at 
the earliest possible. Measures could be taken to control 
overweight and obesity. Weekly exercise of 4 times or 
more could be recommended to reduce risks of impair-
ments in all 3 domains and overall balance performance. 
Improvements in vision would be helpful. Improvements 
in somesthesia would be strikingly effective.Va
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Data collection and limitations
Demographic information and information on health 
status were selected based on literatures and previ-
ous studies of our research group. Inclusion criteria are 
as below. (1) There was literature evidence of associa-
tions with balance. (2) There were inconsistent results of 
associations with balance, which means further explora-
tion is needed. (3) In theories on biology and medicine, 
there were potentials that the factors might affect balance 
performances.

In the association analyses, only exercise frequency 
was applied. Due to the incompleteness of detailed infor-
mation on exercise mode, intensity, and duration, these 
variables and integrated indicators (for example, the met-
abolic equivalent for task, MET), could not be quantified 
thus related association analyses could not be conducted. 
Thereafter explorations for contributions of comprehen-
sive exercise to balance performance are warranted in 
details with appropriate designs.

Contributions of occupations were not analyzed in the 
present study. Participants were the elderly, most of them 
were retired and their occupations prior to retirements 
were not collected, which was a flaw in the design. In the 
future, optimized design with information on detailed 
occupations together with corresponding durations and 
ceases might indicate contributions of occupation alone, 
occupations in combination, and their confounding 
effects.

As it was a cross-sectional study, causal relationships 
could not be established in this study.

Conclusions
In the elderly, age, overweight and obesity, exercise, 
vision, hearing, somesthesia, and cerebrovascular dis-
ease were dominant factors associated with balance 
impairments. Increasing age brought about increased 
risks of balance impairments in all aspects measured. 
Gender did not play evident role. Overweight or obe-
sity increased impairments in overall balance, postural 
stability, and dynamic balance. Regular exercise was 
independently associated with better balance perfor-
mances in all aspects. Somatosensory dysfunction was 
associated with increased risks of balance impairments 
in all aspects. Poor vision deteriorated performances on 
overall balance, postural stability, and dynamic balance 
substantially.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-023-04219-z.

Table S1 Univariate logistic regression analysis on balance. Table S2 
Univariate logistic regression analysis on static balance. Table S3 Univari-
ate logistic regression analysis on postural stability. Table S4 Univariate 
logistic regression analysis on dynamic balance. Table S5 Univariate 

logistic regression analysis on individual items of static balance. Table S6 
Univariate logistic regression analysis on individual items of postural stabil-
ity. Table S7 Univariate logistic regression analysis on individual items of 
dynamic balance

Acknowledgements
We greatly appreciated the assistances on field investigation from staff of 
Community Health Centers in the Changning District, Shanghai. We also 
wanted to express our gratitude to the participants in the study.

Authors’ contributions
Study conceiving and design, QX, PZ. Investigation conduct, QX, PZ, XL, 
LZ, YJ. Data entry and processing, QX, PZ, XL, LZ, YJ. Data analysis and data 
interpretation, XL, XF, ZZ, MZ. Manuscript draft, JZ, HW, MZ. Manuscript 
revision, JZ, HW, MZ. All authors reviewed and approved the final manuscript.

Funding
The work was supported by Research Programs for Higher Education and 
Teaching in Wenzhou Medical University (YBJG2019007). The funding body 
was not involved in the study design, data interpretation, or manuscript 
writing.

Data availability
The data used in the study are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
The project was approved by Institutional Review Board (IRB) of Changning 
Center for Disease Control and Prevention, Shanghai. Written informed 
consents were obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Changning Center for Disease Control and Prevention, Shanghai  
200051, China
2Longhua Hospital, Shanghai University of Traditional Chinese Medicine, 
Shanghai 200032, China
3Institute of Nutrition and Diseases, Department of Preventive Medicine, 
Wenzhou Medical University, Wenzhou 325035, China

Received: 15 February 2023 / Accepted: 5 August 2023

References
1.	 United Nations, Department of Economic and Social Affairs. Population 

Division. World population ageing 2019: highlights. New York: the United 
Nations; 2019.

2.	 National Bureau of Statistics of China. China statistical yearbook. Beijing: 
China Statistics Press; 2019.

3.	 Guzmán JM, Pawliczko A, Beales S, Till C, Voelcker I. Ageing in the twentyfirst 
century:a celebration and a challenge. New York: United Nations Population 
Fund (UNFPA); 2012.

4.	 Cho K, Lee G. Impaired dynamic balance is associated with falling in post-
stroke patients. Tohoku J Exp Med. 2013;230(4):233–9.

5.	 Montero-Odasso M, Schapira M, Soriano ER, Varela M, Kaplan R, Camera LA et 
al. Gait velocity as a single predictor of adverse events in healthy seniors aged 
75 years and older. The journals of gerontology Series A, Biological sciences 
and medical sciences. 2005; 60(10):1304–9.

https://doi.org/10.1186/s12877-023-04219-z
https://doi.org/10.1186/s12877-023-04219-z


Page 18 of 18Xia et al. BMC Geriatrics          (2023) 23:545 

6.	 Verghese J, LeValley A, Hall CB, Katz MJ, Ambrose AF, Lipton RB. Epidemiol-
ogy of gait disorders in community-residing older adults. J Am Geriatr Soc. 
2006;54(2):255–61.

7.	 Verghese J, Wang C, Lipton RB, Holtzer R, Xue X. Quantitative gait dysfunction 
and risk of cognitive decline and dementia. J Neurol Neurosurg Psychiatry. 
2007;78(9):929–35.

8.	 Shi J, Zhou BY, Tao YK, Yu PL, Zhang CF, Qin ZH, et al. Incidence and associated 
factors for single and recurrent falls among the elderly in an urban commu-
nity of Beijing. Biomed Environ Sci. 2014;27(12):939–49.

9.	 Zhou H, Peng K, Tiedemann A, Peng J, Sherrington C. Risk factors for 
falls among older community dwellers in Shenzhen, China. Inj Prev. 
2019;25(1):31–5.

10.	 Roh H. Effect of visual perceptual disturbance on gait and balance. J Phys 
Ther Sci. 2015;27(10):3109–11.

11.	 Bonan IV, Colle FM, Guichard JP, Vicaut E, Eisenfisz M, Tran Ba Huy P, et al. 
Reliance on visual information after stroke. Part I: balance on dynamic pos-
turography. Arch Phys Med Rehabil. 2004;85(2):268–73.

12.	 Eibling D. Balance Disorders in older adults. Clin Geriatr Med 2966. 
2018;34(2):175–81.

13.	 Xing L, Bao Y, Wang B, Shi M, Wei Y, Huang X, et al. Falls caused by balance dis-
orders in the elderly with multiple systems involved: pathogenic mechanisms 
and treatment strategies. Front Neurol. 2023;14:1128092.

14.	 Rinkel WD, van Nieuwkasteele S, Castro Cabezas M, van Neck JW, Birnie E, 
Coert JH. Balance, risk of falls, risk factors and fall-related costs in individuals 
with diabetes. Diabetes Res Clin Pract. 2019;158:107930.

15.	 Gribble PA, Hertel J. Effect of lower-extremity muscle fatigue on postural 
control. Arch Phys Med Rehabil. 2004;85(4):589–92.

16.	 Sturnieks DL, St George R, Lord SR. Balance disorders in the elderly. Neuro-
physiol Clin. 2008;38(6):467–78.

17.	 Howe TE, Rochester L, Jackson A, Banks PM, Blair VA. Exercise for improving 
balance in older people. Cochrane Database Syst Rev. 2007;17(4):CD004963.

18.	 Howe TE, Rochester L, Neil F, Skelton DA, Ballinger C. Exercise for improving 
balance in older people. Cochrane Database Syst Rev. 2011;9(11):CD004963.

19.	 Anson E, Thompson E, Odle BL, Jeka J, Walls ZF, Panus PC. Influences of age, 
obesity, and adverse Drug Effects on Balance and mobility testing scores in 
ambulatory older adults. J Geriatr Phys Ther. 2018;41(4):218–29.

20.	 Bhatt T, Subramaniam S, Varghese R. Examining interference of different 
cognitive tasks on voluntary balance control in aging and stroke. Exp Brain 
Res. 2016;234(9):2575–84.

21.	 Wu H, Wei Y, Miao X, Li X, Feng Y, Yuan Z, et al. Characteristics of balance 
performance in the chinese elderly by age and gender. BMC Geriatr. 
2021;21(1):596.

22.	 Ju J, Jiang Y, Zhou P, Li L, Ye X, Wu H, et al. Evaluation of the reliability 
and validity for X16 balance testing scale for the elderly. BMC Geriatr. 
2018;18(1):112.

23.	 Revision committee of guidelines for prevention and control of overweight 
and obesity in Chinese adults. Guidelines for prevention and control of 
overweight and obesity in chinese adults. People’s Medical Publishing House; 
2021.

24.	 World Health Organization. Report of the informal working group on preven-
tion of deafness and hearing impairment programme planning. Geneva: 
World Health Organization; 1991.

25.	 Bohannon RW, Larkin PA, Cook AC, Gear J, Singer J. Decrease in timed bal-
ance test scores with aging. Phys Ther314. 1984;64(7):1067–70.

26.	 King MB, Judge JO, Wolfson L. Functional base of support decreases with age. 
J Gerontol. 1994;49(6):M258–263.

27.	 Orr R. Contribution of muscle weakness to postural instability in the elderly. A 
systematic review. Eur J Phys Rehabil Med. 2010;46(2):183–220.

28.	 Herssens N, Verbecque E, Hallemans A, Vereeck L, Van Rompaey V, Saeys W. 
Do spatiotemporal parameters and gait variability differ across the lifespan of 
healthy adults? A systematic review. Gait Posture. 2018;64:181–90.

29.	 Kim B, Youm C, Park H, Lee M, Choi H. Association of muscle Mass, muscle 
strength, and muscle function with Gait ability assessed using Inertial 
Measurement Unit Sensors in Older Women. Int J Environ Res Public Health. 
2022;19(16):9901.

30.	 Mastavičiūtė A, Kilaitė J, Petroška D, Laurinavičius A, Tamulaitienė M, Alekna 
V. Associations between physical function, bone density, muscle Mass 
and muscle morphology in older men with Sarcopenia: a pilot study. Med 
(Kaunas). 2021;57(2):156.

31.	 Piirtola M, Era P. Force platform measurements as predictors of falls among 
older people - a review. Gerontology. 2006;52(1):1–16.

32.	 Saito A, Wakasa M, Kimoto M, Ishikawa T, Tsugaruya M, Kume Y, et al. Age-
related changes in muscle elasticity and thickness of the lower extremities 
are associated with physical functions among community-dwelling older 
women. Geriatr Gerontol Int. 2019;19(1):61–5.

33.	 Yee XS, Ng YS, Allen JC, Latib A, Tay EL, Abu Bakar HM, et al. Performance on 
sit-to-stand tests in relation to measures of functional fitness and sarcopenia 
diagnosis in community-dwelling older adults. Eur Rev Aging Phys Act. 
2021;18(1):1.

34.	 Pu F, Sun S, Wang L, Li Y, Yu H, Yang Y, et al. Investigation of key fac-
tors affecting the balance function of older adults. Aging Clin Exp Res. 
2015;27(2):139–47.

35.	 Accornero N, Capozza M, Rinalduzzi S, Manfredi GW. Clinical multisegmental 
posturography: age-related changes in stance control. Electroencephalogr 
Clin Neurophysiol. 1997;105(3):213–9.

36.	 da Silva LP, Moreira NB, Grando RZ, Bento PCB, Rodacki ALF, Clinical-Func-
tional, Vulnerability. Functional capacity, and Falls in Octogenarians with dif-
ferent physical activity Levels-A cross-sectional study. Int J Environ Res Public 
Health. 2022;19(19):11909.

37.	 Maki BE, Holliday PJ, Fernie GR. Aging and postural control. A compari-
son of spontaneous- and induced-sway balance tests. J Am Geriatr Soc. 
1990;38(1):1–9.

38.	 Bednarczuk G, Wiszomirska I, Rutkowska I, Skowroński W. Role of vision in 
static balance in persons with and without visual impairments. Eur J Phys 
Rehabil Med. 2021;57(4):593–9.

39.	 Willis JR, Vitale SE, Agrawal Y, Ramulu PY. Visual impairment, uncorrected 
refractive error, and objectively measured balance in the United States. JAMA 
Ophthalmol. 2013;131(8):1049–56.

40.	 Chen EW, Fu AS, Chan KM, Tsang WW. Balance control in very old adults with 
and without visual impairment. Eur J Appl Physiol. 2012;112(5):1631–6.

41.	 Lee SC. Relationship of visual dependence to age, balance, attention, and 
vertigo. J Phys Ther Sci. 2017;29(8):1318–22.

42.	 Penzer F, Duchateau J, Baudry S. Effects of short-term training combining 
strength and balance exercises on maximal strength and upright standing 
steadiness in elderly adults. Exp Gerontol 3376. 2015;61:38–46.

43.	 Rodrigues F, Amaro N, Matos R, Mendes D, Monteiro D, Morouço P. The 
impact of an exercise intervention using low-cost equipment on functional 
fitness in the community-dwelling older adults: a pilot study. Front Physiol. 
2022;13:1039131.

44.	 Yokozuka M, Okazaki K, Hoshi M, Shiine A, Fukumoto T. Effects of self-man-
agement exercise group participation in community-dwelling older adults. 
BMC Geriatr. 2022;22(1):814.

45.	 Twiddy HM, Wilson PB, Swain DP, Branch JD, Morrison S, Reynolds LJ. The 
association of moderate-to-vigorous and light-intensity physical activity on 
static balance in middle-aged and older-aged adults. Aging Clin Exp Res. 
2023;35(3):541–50.

46.	 Barnett A, Smith B, Lord SR, Williams M, Baumand A. Community-based 
group exercise improves balance and reduces falls in at-risk older people: a 
randomised controlled trial. Age Ageing. 2003;32(4):407–14.

47.	 Lord SR, Ward JA, Williams P, Strudwick M. The effect of a 12-month exercise 
trial on balance, strength, and falls in older women: a randomized controlled 
trial. J Am Geriatr Soc. 1995;43(11):1198–206.

48.	 Gray-Donald K, Payette H, Boutier V. Randomized clinical trial of nutritional 
supplementation shows little effect on functional status among free-living 
frail elderly. J Nutr. 1995;125(12):2965–71.

49.	 Coelho-Júnior HJ, Calvani R, Tosato M, Landi F, Picca A, Marzetti E. Protein 
intake and physical function in older adults: a systematic review and meta-
analysis. Ageing Res Rev. 2022;81:101731.

50.	 Lapier TK, Cleary K, Kidd J. Exercise self-efficacy, habitual physical activity, and 
fear of falling in patients with coronary heart disease. Cardiopulm Phys Ther J. 
2009;20(4):5–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Factors associated with balance impairments in the community-dwelling elderly in urban China
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Subjects
	﻿Ethical consideration
	﻿Data collection
	﻿Value assignments for variables
	﻿Statistical analyses

	﻿Results
	﻿Demographic characteristics of the elderly
	﻿Factors associated with impairments in overall balance performance
	﻿Factors associated with impairments in static balance, postural stability, and dynamic balance
	﻿Factors associated with impairments in individual items of balance

	﻿Discussion
	﻿Age and gender
	﻿Somesthesia
	﻿Vision and hearing
	﻿Exercise
	﻿Income and education
	﻿Potential interventions and preventions
	﻿Data collection and limitations

	﻿Conclusions
	﻿References


