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Introduction

At present, China faces serious challenges from an aging 
population (1, 2). The aging process promotes a decline in 
skeletal muscle mass and function and therefore contributes 
to sarcopenia, which is characterized by a degenerative loss of 
skeletal muscle mass and strength (3). Sarcopenia is associated 
with an increased risk of falls and fractures, an impaired ability 
to perform activities associated with daily living, physical 
disabilities, loss of independence, poor quality of life, and 
an increased risk of death (4, 5). Because of the debilitating 
symptoms and increased burden of healthcare costs on patients, 
finding the risk factors of sarcopenia and preventing it at an 
early stage are essential.

  In the other side, aging is also associated with osteoporosis 
which affects more than one-third of people aged ≥ 50 years 
old in China (6, 7). Previous studies have investigated the 
associations between osteoporosis and sarcopenia. Many of 
these studies suggest that high lean mass and muscle strength 
are positively associated with bone mineral density, and linking 
sarcopenia to osteoporosis (8-12). While some studies found 
that the presence of osteoporosis is significantly associated with 
short-term sarcopenia, others have not observed this reciprocal 
relationship (8, 9). 

On the other hand, the TUGT, as muscle function assessment 
tool used to identify sarcopenia, is included in the European 
Working Group on Sarcopenia in Older People (EWGSOP) 
(13), which is a dynamic balance assessment tool that is good 
at predicting recurrent falls (14). It can prevent and reduce 
fracture morbidity and mortality by assessing the risk of falls 
in patients with osteoporosis. However, the TUGT was not 
included in the definition of sarcopenia used by the Asian 
Working Group for Sarcopenia (AWGS) (15), which means 
that we may overlook the important role of dynamic balance 
in muscle function when we use the sarcopenia definition from 
the AWGS. Previous studies have suggested that, in addition 
to the existing indicators for identifying sarcopenia, the TUGT 
should also be an important indicator of sarcopenia which could 
strengthen its association with adverse outcomes, including 
poor prognosis, and prevent adverse events in the elderly (2, 
16).

Because few longitudinal studies explore the impact of poor 
dynamic balance on the incidence of sarcopenia as defined by 
the AWGS, the relationship between the two is still unclear. 
Given the increasing prevalence of osteoporosis and the 
important role dynamic balanced plays in the assessment of 
muscle function, linking these two health risks is essential. 
Therefore, in the present study, we aimed to examine the joint 
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and separate effects of osteoporosis and poor dynamic balance 
on the incidence of sarcopenia in elderly Chinese individuals.

Methods

Study participants
Our study population included residents from three areas 

(Hougu, East Chadian, and West Chadian) of Tianjin, China. 
A total of 976 older individuals (age ≥ 60) in these areas 
joined the national free physical examination program from 
2013 to 2016; all 976 subjects were invited to participate 
in a comprehensive geriatric assessment. Participants with 
the following conditions were excluded from the study: (1) 
unable to communicate with interviewers or to grant informed 
consent; (2) unable to perform the handgrip strength test or 
the 4-meter walking test; (3)unable to stand for measurement 
of body composition, weight, and height; (4) who had a foot 
injury making the bone density test not feasible; and (5) who 
were taking a drug that may interfere with bone or calcium 
metabolism (e.g., estrogen, calcitionin, diphosphonate). 11 
subjects were excluded, excluded persons included 2 people 
with underlying diseases that were likely to affect bone or 
calcium metabolism, and 9 people who failed to perform a 
physical examination. The final study population comprised 
871 subjects with no sarcopenia after 94 sarcopenia subjects 
were excluded. The cohort was invited to attend repeat 
questionnaire interviews and physical measurements at 12, 
24, and 36 months during the 3-year period following the 
baseline investigation. During the follow-up years, we excluded 
participants who died (n=3), bedridden (n=4) and those missing 
data (n=206). Our final sample included 658 participants. 
Our study was approved by the Ethics Committee of Tianjin 
medical university, and all subjects agreed to participate in the 
survey and gave informed written consent for data collection. 
The registration number of approval of the EC for this study is 
ChiCTR1800016308.

Covariates
We interviewed all participants in person using a 

questionnaire from our previous study (17). We collected 
data on the participants’ sociodemographics and behavioral 
characteristics, including age, sex, living conditions, history 
of falls and depression. Depressive symptoms were assessed 
using the Geriatric Depression Scale, participants with a score 
of ≥11 were considered to have depressive symptoms. We also 
reviewed whether participants had chronic medical conditions 
(e.g., osteoarthritis). Performance-based assessments, including 
the 4-m walking velocity test (WS) and the Timed Up and 
Go Test (TUGT), were also conducted. The prevalence of 
specific medical conditions about hypertension, hyperlipidemia, 
stroke, coronary heart disease (CHD), and kidney disease 
was established using standardized criteria that combined 
information from history of physical illness evaluated on 
the basis of participants’ response (yes or no) to questions, 

physician diagnosis, and taking corresponding medication or 
undergoing other treatment now or in the past.

Assessment of OS
The BMD was measured at calcaneus by the quantitative 

ultrasound (QUS; OsteoPro UBD2002A, BMTECH; World 
Wide Co. Ltd., Seoul, Korea),(18) utilizing T scores based on 
World Health Organization (WHO) criteria (19), which were 
obtained from the automated equipment. A T score less than 
-2.5 was considered to indicate OP.

Assessment of Sarcopenia
Sarcopenia was defined according to the AWGS criteria 

(15), in which a person who has low muscle mass, low muscle 
strength and/or low physical performance was identified as 
having sarcopenia. Low muscle mass was classified as relative 
skeletal muscle mass index (ASM/ht2) less than 7.0kg/m2 and 
5.7kg/m2 in men and women, respectively; low muscle strength 
was defined as grip strength <26kg or <18kg for males and 
females, respectively; low physical performance was defined 
as walking speed <0.8m/s for both males and females. Details 
of measurement methods have been described in our previous 
cross-sectional study (20). 

Poor dynamic balance definition
Poor dynamic balance was measured by TUGT (21). 

Participants were instructed to sit in a chair before receiving a 
start signal, after which they were to stand up, walk 3m, turn 
to walk back and sit down again. The time taken to complete 
the test was recorded twice for each participant to obtain 
an average, with a 10-seconds interval between consecutive 
measurements. Participants scoring in the top 20% on the 
TUGT were defined as poor dynamic balance.

Statistical Analysis
Baseline characteristics of the study population are according 

to osteoporosis (yes or no) and poor dynamic balance (yes or 
no) groups as mean and median values and standard deviations 
for continuous variables and proportions for categorical 
variables. All continuous variables were presented as mean 
and standard deviation; classification variables were reported 
as percentages. Differences in the characteristics according 
to different incidence of osteoporosis and balance status were 
analyzed using analysis of variance, Kruskal–Wallis rank 
tests and χ2 tests. Logistic regression analysis was used to 
analyze the association between incidence of osteoporosis 
or balance status with sarcopenia, Model 1 was adjusted 
for gender, age and BMI. Model 2 was adjusted for gender, 
age, BMI, educational level, smoking and drinking habits, 
IPAQ (international physical activity questionnaire), CVD 
(Cardiovascular Diseases), osteoarthritis, marital status, history 
of falls, and depression. All statistical analyses were performed 
using SPSS version 19.0, and P-values less than 0.05 were 
considered statistically significant.



THE JOURNAL OF NUTRITION, HEALTH & AGING©

J Nutr Health Aging
Volume 24, Number 1, 2020

73

Results

Baseline characteristics
The final study included 658 participants (44.4% male) 

with a mean age of 68.42 ± 5.43 years, baseline characteristics 
according to the presence of osteoporosis and poor dynamic 
balance of baseline clinical characteristics are shown in Table 
1. Overall, 29.8% subjects only suffering osteoporosis (OPA), 
10.6% subjects only have poor dynamic balance (PBA), 16.6% 
subjects have both osteoporosis and dynamic poor dynamic 

balance (OP+PB) at baseline. 

Clinical Characteristics of the Study Population at 3-year 
follow-up

After three years of follow-up, the incidence of sarcopenia 
in the general population is 8.1% (9.6% in male, 6,8% in 
female). The OP+PB group have the highest incidence of 
sarcopenia (15.6%, P=0.013). The OPA group have more 
female proportions (55.2/ 44.8vs38.2/61.8, p=0.002), 
lower BMI (26.28±3.28vs25.00±3.30, P<0.001), grip 

Table 1
Basic Characteristics According to Categories of prevalence of osteoporosis and poor dynamic balance

Characteristic Normal (n=183) OPA (n=296) PBA (n=70) OP+PB (n=109) P-value
Male/ Female (%) 55.2/ 44.8 38.2/ 61.8a 48.6/ 51.4 40.4/ 59.6a 0.002
Age (y) 67.41±4.76 67.94±5.07 69.30±5.62a 70.85±6.45ab <0.001
BMI (kg/m2) 26.28±3.28 25.00±3.30a 26.18±3.43b 25.22±3.39a <0.001
Fat mass (%) 33.63±12.01 32.84±8.01 35.73±7.81 33.03±8.10 0.424
Grip (kg) 29.21±8.70 26.29±8.55a 26.17±7.76a 23.68±8.50ab <0.001
ASM (%) 20.54±4.39 18.23±4.01a 19.45±3.07 19.68±4.79b <0.001
4-meter walking test (m/s) 1.10±0.16 1.01±0.16a 0.82±0.12ab 0.85±0.15ab <0.001
TUGT(s) 9.13±1.23 9.37±1.18 13.25±2.76ab 13.04±2.14ab <0.001
IPAQ(Mets/week) 5358(4219, 6517) 4282(3504, 5060) 4335(2993,5677) 3336(2461,4211) 0.086
Fall history (%) 22(12.0) 67(22.6)a 15(21.4) 17(15.6) 0.023
Smoking (%) 63(34.4) 98(33.1) 19(27.1) 34(31.2) 0.715
Drinking (%) 34(18.6) 32(10.8) 13(18.6) 20(18.3) 0.056
Widowed (%) 11(6.0) 26(12.2) 6(8.6) 14(12.8) 0.122
Living alone (%) 8(4.4) 25(8.4) 2(2.9) 12(11.0) 0.064
Illiteracy (%) 74(40.4) 130(43.9) 27(38.6) 36(33.0) 0.254
Farming (%) 150(82.0) 256(86.5) 64(91.4) 97(89.0) 0.165
Diabetes (%) 12(6.6) 23(7.8) 16(22.9)ab 10(9.2)c <0.001
Hypertension (%) 81(44.3) 121(40.9) 37(52.9) 49(45.0) 0.329
Hyperlipidemia (%) 15(8.3) 22(7.4) 5(7.1) 6(5.5) 0.862
Heart disease (%) 35(19.1) 77(26.0) 14(20.0) 28(25.7) 0.288
Peptic ulcer (%) 10(5.5) 22(7.4) 1(1.4) 10(9.2) 0.174
Stroke (%) 7(3.8) 21(7.1) 7(10.0) 7(6.4) 0.285
Gout (%) 3(1.6) 3(1.0) 1(1.4) 1(0.9) 0.923
Osteoarthritis (%) 44(24.0) 79(26.7) 21(30.0) 38(34.9) 0.226
Kidney disease (%) 7(3.8) 10(3.4) 2(2.9) 3(3.7) 0.983
Hepatic disease (%) 3(1.6) 5(1.7) 2(2.9) 1(0.9) 0.807
Biliary tract disease (%) 9(4.9) 13(4.4) 4(5.7) 5(4.6) 0.970
Thyroid disease (%) 3(1.6) 1(0.3) 0 2(1.8) 0.281
Anemia (%) 0 1(0.3) 0 0 0.549
Depression (%) 15(8.2) 15(5.1) 3(4.3) 9(6.4) 0.388
Notes: OPA: Osteoporosis only; PBA: Poor dynamic balance only; OP+PB: Osteoporosis with poor dynamic balance. BMI, body mass index; ASM, appendicular skeletal muscle mass; 
TUGT, timed up and go test; a. p < 0.05 versus normal, b. p < 0.05 versus osteoporosis only, c. p < 0.05 versus poor balance only. 
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strength (29.21±8.70vs26.29±8.55, P<0.001),  ASM 
(20.54±4.39vs18.23±4.01, P<0.001),  walking speed 
(1.10±0.16vs1.01±0.16, P<0.001) and more fall ing 
history (12%vs22.6, P=0.023) than normal people. The 
PBA group have higher age (67.41±4.76vs69.30±5.62, 
P<0.001), lower grip strength (29.21±8.70vs26.17±7.76, 
P<0.001) than normal people, more diabetes (P<0.001) 
than all other groups. The OP +PB group have more 
female proportions (55.2/44.8vs40.4/59.6, P=0.002), 
higher age (67.41±4.76vs70.85±6.45, P<0.001), lower 
BMI (26.28±3.28vs25.22±3.39, P<0.001), grip strength 
(29.21±8.70vs23.68±8.50, P<0.001) than normal people, higher 
age (67.94±5.07vs70.85±6.45, P<0.001), lower grip strength 
(26.29±8.55vs23.68±8.50, P<0.001) than OPA group, all data is 
shown in Table 1. 

Risk of the incidence of sarcopenia
Compared with other groups, the OP+PB group had an 

increased incidence of new sarcopenia, and associations 
between osteoporosis and poor dynamic balance on the risk of 
developing sarcopenia are explored in Table 2. The incidence 
of sarcopenia was progressively greater in OP+PB group 
(OR=2.416, 95%CI=1.124-5.195) than OPA group (OR=0.797, 
95%CI=0.378-1.682) or PBA group (OR=1.226, 95%CI=0.447-
3.363) in models without adjustment, after adjusting for 
potential confounders the result still be true (OR=2.431, 
95%CI=1.053-5.614). Figure 1 shows the incidence of 
sarcopenia according to different age group (60-69years:5.47%, 
70-79 years:15.44%, ≥80 years:20%).

Discussion

In this study, we estimated the joint and separate effects 
of osteoporosis and poor dynamic balance on incidence of 
sarcopenia in a suburban-dwelling population of elderly persons 
aged 60 years and older in China. Those subjects who suffer 
from both osteoporosis and poor dynamic balance at baseline 
had the highest incidence of sarcopenia (15.6%, P=0.013) 
after a three-years follow-up. Osteoporosis or poor dynamic 

balance alone had no significant effect on the incidence of 
sarcopenia while people with both these two conditions had a 
significantly higher incidence of sarcopenia. After adjusting 
for potential confounders, osteoporosis and poor dynamic 
balance can predict the incidence of sarcopenia in Chinese 
community suburban-dwelling elderly individuals (OR=2.416, 
95%CI=1.124-5.195). 

Figure 1
Incidence of sarcopenia according to age decades at 3-year 

follow-up

* Significant difference at P< 0.05 when compared with Group 60-69years by analysis of 
variance.

The new incidence of sarcopenia
In our study, the incidence of sarcopenia in the general 

population is 8.1% (9.6% in males, 6.8% in females), which is 
similar to some previous studies which used a population whose 
average age was similar to ours and used the same definition of 
sarcopenia we did.(9, 20). However, when using a definition 
consistent with the EWGSOP, a systematic review showed 
that the prevalence of sarcopenia was 1–33% (and up to 68% 
in males) (22). These large differences in the prevalence of 
sarcopenia may be due to variable susceptibilities related to 

Table 2
Comparison of Response and Logistic Regression Analyses of the New Incidence Rate of sarcopenia 3-Year Follow-Up Among 

Different Subjects with Different Categories of osteoporosis and poor dynamic balance

Normal OPA PBA OP+PB P-value
Incidence of sarcopenia (%) 13(7.1) 17(5.7) 6(8.6) 17(15.6) 0.013
Logistic regression analyses Odds Ratio (95% CI)
Unadjusted 1.00 (Referent) 0.797(0.378-1.682) 1.226 (0.447-3.363) 2.416(1.124-5.195)abc 0.024
Adjusted Model 1 1.00 (Referent) 0.697 (0.322-1.509) 1.281(0.458-3.580) 2.302(1.023-5.179)abc 0.044
Adjusted Model 2 1.00 (Referent) 0.643(0.288-1.433) 1.274(0.439-3.698) 2.431(1.053-5.614)abc 0.037
Notes: OPA: Osteoporosis only; PBA: Poor dynamic balance only; OP+PB: Osteoporosis with poor dynamic balance; ap < 0.05 versus normal, bp < 0.05 versus OPA cp < 0.05 versus 
PBA; Model 1 was adjusted for gender, age, BMI; Model 2 was adjusted for Model 1 variables in addition to educational level, smoking and drinking habits, IPAQ(international physical 
activity questionnaire), CVD (Cardiovascular Diseases), osteoarthritis, marital status, history of falls, and depression. 
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age, gender, and ethnicity. In a previous study of a  Taiwanese 
population (23), the prevalence of sarcopenia (12.7% in 
males, 13.3% in females) was higher than our study. While 
the Taiwanese population is similar ethnically to the Chinese 
population, they were older in average age. These results were 
consistent with our research that showed older groups have 
higher morbidity (shown in figure 1). However, a Spanish study 
using a population with an average age similar to ours (69.21 ± 
7.56 years) showed a higher incidence of sarcopenia (27.23% in 
female). This high variability to some extent can be attributed to 
differences in characteristics, gender, and living conditions of 
the study sample (24). 

The influence of osteoporosis for sarcopenia
The definition of sarcopenia used in our study includes 

muscle mass, muscle strength, and walking speed. With aging, 
the decrease of muscle mass and muscle strength can result 
from multiple causes, including neuronal loss, decreased 
testosterone, IGF-I, insulin growth factor, and an increased 
level of inflammatory cytokines (25). Therefore, the incidence 
of sarcopenia can rise sharply with aging. On the other hand, 
with aging, the decline of human estrogen content is also a 
risk factor for the onset of sarcopenia (8), which also is an 
important risk factor for osteoporosis (26). The loss of muscle 
strength and mass during the aging process causes structural 
changes in the microarchitecture of the bones and decreases 
mineral density, resulting in the decline of bone quality and an 
increased rate of fractures (25). Our study shows that people 
with osteoporosis alone do not have a higher risk for sarcopenia 
after a three follow-up (OR=0.797, 95%CI=0.378-1.682). Some 
previous studies similar to ours, after adjusting for confounding 
factors, could not find a significant association between 
sarcopenia and osteoporosis (27, 28). A previous study showed 
that among the three assessment components of sarcopenia, the 
strongest link to osteoporosis was grip strength (8). However, 
in our study, the patients suffering only from osteoporosis 
group had a higher grip strength (26.29±8.55vs23.68±8.50, 
P<0.001) than those suffering from both osteoporosis and 
poor dynamic. Although their grip strength was lower than 
in the normal group, there was no difference in the change 
of grip strength between the osteoporosis-only group and the 
normal group during the three years of follow-up (1.50vs2.38, 
P=0.335), which means that despite the fact that high lean 
mass and muscle strength were positively associated with bone 
mineral density, osteoporosis alone is not sufficient to affect the 
incidence of sarcopenia in our subjects. However, some studies 
suggest that high lean mass and muscle strength are positively 
associated with BMD, and sarcopenia is associated with low 
BMD and osteoporosis (8-12). In summary, a larger sample size 
and more years of follow-up will clarify this issue.

The influence of poor dynamic balance for sarcopenia
Previous studies have shown that sarcopenia is more 

common in patients with disabilities, weakness, and those who 

have a higher risk of falling (29). There is already evidence that 
the TUGT can reliably predict the risk of falling (14). TUGT is 
likely related to the sequencing of several important dynamic 
stability skills, such as turning and sit-to-stand transitions as 
well as straight-ahead gait, which could be used to measure 
both gait speed and dynamic balance (30). So in order to 
better show the difference in the impact of walking speed and 
dynamic balance on the incidence of sarcopenia, we replaced 
the TUGT with the 4-m walking test which is used to indicate 
walking speed in our study. We analyzed the effects of poor 
walking speed alone and combined poor walking speed and 
osteoporosis at baseline on the incidence of sarcopenia, the 
slowest 20% for the 4-m walking test was defined as having 
poor walking speed (shown in the table below). We found 
that the baseline poor walking speed did not have a significant 
impact on the new incidence of sarcopenia (Poor walking 
speed only group VS normal group: OR=1.936, 95%CI=0.594-
6.313; Osteoporosis with poor walking speed group VS normal 
group: OR=1.980, 95%CI=0.747-5.247). Dynamic stability 
during gait-related activities is essential for autonomy and 
was suitable for assessed by TUGT in our study (31), and the 
impact of dynamic stability on the incidence of sarcopenia 
is undoubtedly more obvious. However, the difference and 
priority of dynamic balance and walking speed assessed by 
TUGT is still needs more research to clarify. On the other hand, 
we found that suffering only from poor dynamic balance had 
no significant effect on the risk for sarcopenia after three years 
(OR=1.226, 95%CI=0.447-3.363). Similar to our study, another 
study found that patients with poor TUGT results do not 
have the same physical performance as those with sarcopenia 
(32). The possible reason is that the fast twist skeletal muscle 
capacity which dynamic balance requires is not included in the 
identification criteria for sarcopenia. However, some previous 
studies have shown that people with poor dynamic balance have 
both lower muscle mass and muscle strength, which increase 
the incidence of sarcopenia (10, 33). 

  However, this trend has not been shown in our population. 
Many studies suggested that due to multiple items included 
in the TUGT, a poor TUGT score represents worse muscle 
strength and muscle mass (14, 16). A decrease in muscle mass 
and muscle strength would reduce cortical bone strength and 
bone density (11, 34). Subjects with poor muscle strength and 
muscle mass may have osteoporosis at the same time due to 
bone-to-muscle interactions (27), since subjects with worse 
muscle function were in the combined group, and the poor 
balance group did not show a significant increase in morbidity. 
On the other hand, some studies suggested that poor TUGT 
scores may result from a great variety of underlying conditions, 
which is consistent with study (15). People with poor TUGT 
scores were older (67.41±4.76vs69.30±5.62, P<0.001), had 
lower grip strength (29.21±8.70vs26.17±7.76, P<0.001) than 
normal people, and were more likely to have diabetes (P<0.001) 
than all other groups. Previous studies have demonstrated that 
a loss of lean tissues and deterioration in muscle function have 
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been described as one of the many complications of type 2 
diabetes mellitus (35), which is consistent with a previous study 
that suggested that a TUGT score is determined by multiple 
body functions (15). 

Combined effect of osteoporosis and poor dynamic balance 
on sarcopenia

 Sarcopenia is one of the most important contributing 
factors to frailty, disability, and mortality in older people 
(4, 5), and finding the risk factors of sarcopenia and 
preventing it at an early stage are essential. In our study, 
we found that osteoporosis and poor dynamic balance can 
predict the incidence of sarcopenia in Chinese community-
dwelling elderly individuals (OR=2.416, 95%CI=1.124-5.195), 
and even after adjusting for potential confounders, the result 
still holds (OR=2.431, 95%CI=1.053-5.614). Many previous 
studies have demonstrated results consistent with our study 
that patients who suffer from osteoporosis and poor muscle 
capacity measured by TUGT are more susceptible to have 
sarcopenia (8-12, 33). We found that individuals who suffer 
from both osteoporosis and poor dynamic balance are typically 
older (67.41±4.76vs70.85±6.45, P<0.001), and have a lower 
BMI (26.28±3.28vs25.22±3.39, P<0.001), and grip strength 
(29.21±8.70vs23.68±8.50, P<0.001) than normal people in our 
data. Previous studies have shown that a higher age and a lower 
BMI are both important risk factors for sarcopenia which is 
consist with our study (36). On the other hand, with the increase 
of age, the loss of hormones such as testosterone and growth 
hormone is an important cause of sarcopenia (2), testosterone 
deprivation selectively decreases lower-limb muscle function, 
predominantly affecting muscles that support body weight, 
accelerate the body forwards during walking, and mediate 
balance (37). Although the poor dynamic balance group did 
not show significant effects on the morbidity of sarcopenia, 
after superimposing the performance of body bone mass on the 
basis of the dynamic balance assessment, the influence on the 
incidence of sarcopenia became very obvious, which represents 
a significantly higher incidence of sarcopenia in patients both 
with osteoporosis and poor dynamic balance.

Strengths and limitations
This study has a number of strengths. It was the first to 

examine a uniquely-defined group of suburban older men and 
women living in a discrete geographical area. Our participants 
were recruited from a suburban area and were leading a more 
physically active lifestyle than subjects in other geographical 
areas. Despite extensive efforts to curb the limits of our 
study, some limitations did exist. First, all participants in the 
present study were relatively healthy.  We did not include 
participants who could not undergo a free annual national 
physical examination (e.g., those bedridden or with serious 
disease). Therefore, our results may actually underestimate 
the prevalence of osteoporosis or sarcopenia and its associated 
health impacts. Despite this limitation, statistical differences 

were still observed, implying that statistical power should not 
be a serious problem. Even so, we will increase future sample 
sizes and years of follow-up to increase power to evaluate risk 
factors in future research. 

Conclusions

In our study, we found that individuals who suffer from 
osteoporosis or poor dynamic balance alone did not have an 
increased risk for sarcopenia, while patients who suffered 
from both had a significantly higher incidence of sarcopenia. 
This suggests that measures should be taken in subjects with 
both poor bone status and dynamic balance to prevent the 
onset of sarcopenia, thereby reducing the occurrence of frailty, 
disability, and mortality.
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