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Abstract

Purpose: To evaluate the associations of sarcopenia and previous falls with 2-year major 

osteoporotic fractures (MOFs) in community-dwelling older adults.

Methods: Four thousand Chinese men and women ≥ 65 years recruited from Hong Kong 

communities were prospectively followed up. Measures of muscle mass, grip strength, gait speed 

and falls in the previous year were recorded at baseline, the 2nd year and the 4th year visit for each 

subject. The associations of fall history, sarcopenia and its components with 2-year MOFs were 

evaluated using generalized linear mixed models.

Results: Poor grip strength and poor gait speed were significantly associated with a higher 2-

year MOFs risk, with an adjusted OR(95%CI) per one SD decrease of 1.48 (1.17, 1.87) and 1.17 
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(1.00, 1.36), respectively. Falls in the previous year was a significant predictor for 2-year MOFs 

risk, with an adjusted OR(95%CI) per one added fall of 1.85 (1.40, 2.44) in men and 1.26 (1.01, 

1.58) in women. The adjusted OR(95%CI) of height adjusted appendicular lean muscle mass 

(ALM/height2) per one SD decrease and sarcopenia for 2-year MOFs risk were 1.34 (0.87, 2.06) 

and 1.72 (0.92, 3.21) in men, and were 0.73 (0.57, 0.93) and 0.76 (0.39, 1.47) in women, 

respectively (P for interaction by gender = 0.012 and 0.017, respectively).

Conclusions: Poor sarcopenia related physical performance and falls in the previous year were 

significant predictors for 2-year MOFs in community-dwelling older adults. The predictive value 

of ALM by DXA for near-term fracture risk is limited and different across genders.
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Introduction

Osteoporotic fractures result in increased morbidity, mortality, and healthcare cost. With 

global population aging, the corresponding medical burden is increasing exponentially [1]. 

Over the past 10 years, several measurements including FRAX [2], Garvan Fracture Risk 

Calculator [3], and Qfracture [4], have been developed for 5- or 10-year fracture risk 

assessment to aid treatment decisions. However, risk alarming and medical attention based 

on a relatively short perspective are largely poor both in fracture patients and high risk 

groups in the community [5, 6]. Healthcare organizations are now beginning to highlight the 

importance of measuring near-term (i.e. 2 years) fracture risk to improve public awareness 

and deliver timely treatment [7, 8]. Among the risk factors identified for fracture, sarcopenia 

[9, 10] and falls [7, 11] are two important components that could be potentially modified in 

short-term. They could be potential targets for risk identification and intervention to reduce 

near-term fracture incidence in community-dwelling older adults.

Sarcopenic individuals, defined as having age-related loss of muscle mass, in addition to the 

loss of strength and physical performance [12], had a higher risk of falls and long-term 

fracture rate compared with their non-sarcopenic counterparts [10]. A reduction in muscle 

mass and/or muscle function may lead to an increase in falling tendency, and then the risk of 

subsequent fractures, as the individual components of sarcopenia were also good predictors 

for future falls and long-term fractures [13–15]. However, sarcopenia-related evaluations for 

near-term risk of fracture is scanty. Furthermore, some discrepancies in the association 

between lean muscle mass and long-term fracture risk had been observed. Studies among 

men tended to find low lean muscle mass a predictive factor for fracture [14, 16], while that 

among women were more likely to report a null or reverse association [17, 18]. The 

inconsistent predictive value of muscle mass across genders may potentially account for the 

inconsistent performance of sarcopenia reported in the fracture predictions [19, 20]. We also 

found that sarcopenia was an independent risk predictor for long-term fractures in old men 

but not old women in a previous study [21]. Further evaluations on the predictive value of 

sarcopenia and its components for near-term fracture risk in community dwelling older 

adults are needed, preferably separately for men and women.
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Substantial studies have identified long-term fracture risk in relation to falls [22]. However, 

fall-related risk factors could potentially be even more important in predicting near-term 

fracture as their fracture predictive ability may decline with increasing follow-up time [23, 

24]. Perhaps due to the relatively low incidence of near-term fracture in community-

dwelling adults, only few studies on the association between fall-related risk factors and 

near-term fractures have been conducted among osteoporotic and fractured patients [25–27], 

and particularly in community-dwelling older adults. Further studies are required to 

establish the near-term fracture predictive power of previous falls in community-dwelling 

older adults.

Thus, this study aimed to examine: a) the independent association of the Asian sarcopenia 

definition and its components [28] (grip strength, gait speed, and height adjusted 

appendicular lean muscle (ALM/height2)) with the risk of 2-year major osteoporotic 

fractures (MOFs), and b) the independent association of falls in the previous year with the 

risk of 2-year MOFs, in the Chinese community-dwelling older adults. Gender difference in 

the association of each predictor with 2-year MOFs risk was further examined.

Methods

Study participants

The present study was conducted in the Mr. OS and MS. OS Hong Kong cohort. At baseline, 

two thousand Chinese men and 2000 Chinese women aged ≥ 65 years were recruited from 

local communities from August 2001 to March 2003 by recruitment notices and talks in 

community centres and housing estates [29]. Among these 4000 participants, 3427 (85.7%) 

and 3153 (78.8%) participants were followed up by a visit to the research centre at the end 

of the 2nd year (the 2nd visit) and at the end of 4th year (the 3rd visit), respectively. A 

repeated-observations design with three 2-year intervals was adopted (Flow chart see Fig 1). 

Data from the participants collected in the three visits would be used to predict subsequent 

2-year MOF occurred from each visit.

Demographical factors and fall history measurements

The interview was conducted using a structured questionnaire at each visit. Information on 

the clinical risk factors in the FRAX algorithm (including age, gender, previous fracture, 

parental fracture, current smoking, alcohol drinking, use of glucocorticoids, and rheumatoid 

arthritis) was collected. Self-reported falls during the 12 months preceding the baseline and 

each repeated visit were recorded. A fall was defined as any unexpected loss of balance 

resulting in coming to rest on the ground. Self-reported physical activity level was assessed 

using the Physical Activity Scale of the Elderly (PASE). Body weight (kilograms) was 

measured using the Physician Beam Balance Scale (Healthometer, IL. USA) with the 

participants wearing an examination gown. Body height (centimeters) was measured by a 

Holtain Harpenden stadiometer (Holtain Ltd., Crosswell, UK). Body mass index (BMI) 

(kg/m2) was calculated.
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Assessment of bone mineral density (BMD) and appendicular lean muscle mass (ALM)

Areal femoral neck BMD and lean mass were measured with dual energy X-ray 

absorptiometry (DXA) using a Hologic QDR 4,500 W device (Waltham, MA, USA). 

Centralized quality control procedures, certificated DXA operators, and standardized 

procedures for scanning were used to ensure measurement reproducibility [30]. The 

coefficients of variation (CVs) of the scanners estimated using a central phantom was 1.3% 

and 0.8% for femoral neck BMD and lean mass, respectively. Total ALM was calculated as 

the sum of appendicular lean mass minus bone mineral content of both arms and legs, with 

the operator adjusting the cut lines of the limbs according to specific anatomical landmarks 

[31]. Height adjusted ALM (ALM/height2) was calculated.

Osteoporosis definition and FRAX score calculation

The osteoporosis category was defined using a femoral neck BMD T-score calculated based 

on the NHANES III reference database for femoral neck measurements in women aged 20 - 

29 years [32]. The Hong Kong Chinese-FRAX (version 3.8) 10-year risk estimate of MOFs 

for each participant was calculated (using the baseline clinical risk factors and femoral neck 

BMD) with the assistance of the WHO Collaborating Centre for Metabolic Bone Disease, 

University of Sheffield, UK [19].

Physical function tests and sarcopenia definition

Grip strength was measured using a dynamometer (JAMAR Hand Dynamometer 5030JO; 

Saimnons Preston, Bolingbrook, IL). Two readings were taken from each side, and the 

maximum value of the right/left was used for analysis. Participants were asked to walk (at a 

normal pace for twice) along a straight line 6 meters long in distance, including both the 

accelerating and decelerating phase. Gait speed in the present study was measured using the 

best time in seconds to complete the walk. According to the consensus report proposed by 

the Asian Working Group for Sarcopenia (AWGS) [28], sarcopenia is defined in which a 

person who has low muscle mass with low muscle strength and/or low physical 

performance. Gender-specific cut-off values of < 7 kg/m2 for men and < 5.4 kg/m2 for 

women were used to define low ALM, values of < 26 kg for men and < 18 kg for women to 

define low grip strength, and values of ≤ 0.8 m/s to define slow gait speed according to the 

AWGS [28].

Follow-up for fractures

Fracture occurrence was determined by carrying out a search in the Hospital Authority 

electronic database, which included all visits to Accident and Emergency Departments and 

outpatient clinics from baseline to October 2013. The database covers all publicly funded 

hospitals in Hong Kong [33]. Fractures occurring from each visit (baseline, the 2nd visit, and 

the 3rd visit) through 2 years of follow up were recorded for each subject in the present 

study. A MOF was defined as a fracture of the hip, clinical spine, wrist or humerus.

Statistical analysis

Differences in baseline characteristics between genders were tested using Student-t test for 

continuous variables and Chi-Square test for categorical variables. Baseline characteristics, 
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physical and functional measures, and incident fracture events were shown in mean 

(standard deviation, SD) for continuous variables and frequency (percent) for categorical 

variables. These results were presented for each gender and visit (1: baseline, 2: the 2nd year, 

and 3: the 4th year). For each repeated measure, a P value for trend across time points was 

calculated using linear regression model for continuous variables and using Mantel-Haenszel 

Chi-Square test for categorical variables.

Repeated measures analysis taken three visits into account was applied (1: baseline, 2: the 

2nd year, and 3: the 4th year). To account for within-subject variability and missing values, a 

generalized linear mixed model [34] was used to estimate the odds ratio (OR) of falls in the 

previous year, sarcopenia and its components (grip strength, gait speed, and ALM/height2), 

separately for 2-year MOFs risk. Parameters were estimated by the Restricted Pseudo-

Likelihood method and the models followed an independent covariance structure (variance 

component) to satisfy the convergence criterion. ORs were estimated by adjusting for a) 

basic adjustments: gender (1 for men and 2 for women), baseline age and time point (1, 2, 

and 3); b) full adjustments: basic adjustments + continuous values of BMD, BMI, number of 

falls in the previous year, self-reported physical activity level, and baseline FRAX score. OR 

per one SD decrease in each continuous variable for MOFs risk was estimated, and 95% 

confidence interval (CI) was reported for each OR. Estimates were further calculated for 

each gender. An interaction of each predictor and gender with MOFs risk was examined to 

assess the difference between genders.

All statistical tests were two-tailed with P < 0.05 being considered as significant. Statistical 

analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA).

Results

At baseline, the mean age of men was 72.4 (5.0) and 72.6 (5.4) of women. Compared with 

men, women had a higher prevalence of osteoporosis and higher FRAX score, but a lower 

prevalence of sarcopenia. (Table 1) Within 2 years after each visit (1: baseline, 2: the 2nd 

year, and 3: the 4th year), 23 (1.2%), 24 (1.4%) and 24 (1.5%) men had incident MOFs, 

while 55 (2.8%), 56 (3.3%), and 44 (2.8%) women had incident MOFs. (Table 2)

In the three repeated measures spanning across 4 years, femoral neck BMD and ALM/

height2 declined significantly in women (P for trend was 0.012 and 0.013, respectively), but 

not in men. Grip strength and gait speed declined significantly in both genders (P for trend 

all <0.001). Self-reported physical activity level increased significantly in women (P for 

trend < 0.001), but not in men.

In the generalized linear mixed model, poorer grip strength and poorer gait speed were 

associated with higher risks of MOFs within 2-year follow-up, with a significant basic-

adjusted OR (95%CI) per one decreased SD of 1.60 (1.29, 2.00) and 1.21 (1.05, 1.40), 

respectively (P for interaction by genders = 0.949 and 0.716, respectively; Table 3). The falls 

in the previous year was a significant predictor for 2-year MOFs risk in both genders, with a 

higher basic-adjusted OR(95%CI) per one added fall in men (1.78 (1.35, 2.35)) than women 

(1.25 (1.02, 1.55), P for interaction = 0.036; Table 3). The associations of ALM/height2 and 
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sarcopenia with 2-year MOFs were significantly different across genders. The basic-adjusted 

OR (95%CI) of ALM/height2 per one SD decrease for MOFs risk was 1.34 (1.04, 1.72) in 

men and 0.88 (0.76, 1.03) in women (P for interaction = 0.002; Table 3). The basic-adjusted 

OR (95%CI) of sarcopenia (yes vs no) for MOFs risk was 2.07 (1.16, 3.68) in men and 0.79 

(0.43, 1.45) in women (P for interaction = 0.010; Table 3). Further adjustments for BMI, 

femoral neck BMD, self-reported physical activity level falls in the previous year, and 

baseline FRAX score did not essentially change the estimations in the basic models, except 

that the adjustments attenuated the association of ALM/height2 and sarcopenia with 2-year 

MOFs risk in men, and ALM/height2 became positively associated with MOF’s risk in 

women (Table 3). Fig 2 showed the full-adjusted ORs (95%CI) of each predictor for 2-year 

MOFs risk, separately by genders if gender difference was significant.

Exploratory analyses and results

To explore whether the lower ALM/height2 in relation to decreased 2-year MOFs risk in 

women was also associated with decreased subsequent falling risk within the 2-year follow-

up period, a generalized linear mixed model was used to separately estimate the OR of 

ALM/height2 for the subsequent fall and the 2-year MOFs risk (repeated measures analysis 

taken two visits into account was applied using data of ALM/height2 at baseline and the 2nd 

visit, subsequent falls (i.e., self-reported falls in the previous year at the 2nd and the 3rd 

visit), and subsequent 2-year MOFs from the baseline and the 2nd visit). Only two time-

points were used in the exploratory analyses as we have no subsequent fall information after 

the 3rd visit (the 4th year). Similar analysis was conducted in men for comparison. As shown 

in Fig 3, after adjusting for BMI, femoral neck BMD, self-reported physical activity level, 

and baseline FRAX score, low ALM/height2 was significant protector both for 2-year MOFs 

risk and subsequent falling risk in women (OR (95%CI) = 0.68 (0.51, 0.91) and 0.85 (0.75, 

0.97), respectively). In men, low ALM/height2 was significantly associated with higher 2-

year MOFs risk (OR (95%CI) = 1.72 (1.01, 2.93)), and marginally significantly with higher 

subsequent risk for falls (OR (95%CI) = 1.15 (0.98, 1.36)).

Discussion

In the community-dwelling older adults, poor grip strength and poor gait speed were 

significantly associated with 2-year MOFs risk without gender difference, irrespective of 

age, body size, BMD, previous falls, physical activity level and other clinical risk factors of 

fracture. Each one more fall in the previous year would increase 78% risk of having a MOF 

in 2 years in men and 25% in women. Appendicular lean muscle mass had an inconsistent 

association with 2-year MOFs risk across genders. Lower ALM/height2 was a risk factor for 

2-year MOFs in older men but not in older women. This difference was more remarkable 

after further adjustment for BMD, previous falls, physical activity level and other clinical 

risk factors. Thus accordingly, the Asian sarcopenia definition was a potential predictor for 

2-year MOFs risk in older men but not in older women.

Consistently with the associations with long-term fracture risk [13, 14, 22–24], we found 

that sarcopenia- and fall-related risk factors were also independently associated with 2-year 

MOFs risk. Poor muscle strength, poor gait speed and previous falls could all independently 
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predict near-term fracture risk in community-dwelling older adults. While BMD changes 

relatively steadily across the three measurements spanning across 4 years, functional indices 

change more remarkably. This suggests that previous fall condition and these functional 

indices have to be closely monitored to assess imminent fracture risk. Moreover, physical 

function improvement and fall risk reduction could happen rapidly after a short course of 

intervention [11, 35]. Intervention targeting on improving functional performance and 

reducing fall risk could potentially markedly reduce near-term fracture incidence. Further 

randomized trials should also be conducted to examine the potential synergistic benefits of 

functional performance- and fall-related intervention with pharmacological treatment for 

their imminent anti-fracture efficacy.

We provided the first direct evidence to show that lean muscle mass could predict near-term 

fracture differently across genders. Higher ALM/height2 increased 2-year MOFs risk 

potentially through increasing subsequent falling in older women but tended to be a 

protective factor in men. This provided a possible explanation to the consistent lack of 

association and counterintuitive associations observed between DXA-based lean muscle 

mass or sarcopenia and long-term fracture risk that were previously reported [15, 17, 18, 21, 

36–38]. The limited predictive value of lean muscle mass measured by DXA for fracture 

could be partly attributed to the limitations of DXA in quantifying skeletal muscle mass. 

DXA based lean mass does include non-skeletal muscle tissue, such as non-contractile 

connective and fibrotic tissue [17, 39], which may attenuate or even reverse the association 

of lean mass with muscle function and fracture risk. Age-related decrease in strength 

outpacing the concomitant decrease in lean mass [40], has also been suggested to play a part 

in increasing fracture risk [17, 41]. Moreover, increased infiltration of fat into skeletal 

muscle with aging [42] could also undermine the accuracy of DXA in assessing muscle 

mass particularly in older adults. However, although a potential higher fat infiltration (as 

indicated by lower attenuation of skeletal muscle) in older women than men had been 

reported[42, 43], more direct evidence are needed to demonstrate that older women had a 

higher fiber or fatty infiltration than older men. In addition, the correction methods 

accounting for muscle size (namely using height squared: ALM/height2 in the present study) 

for DXA-based muscle mass might also contribute to the difference. Especially when 

women are more likely to have a low height than men in general, DXA-based ALM/height2 

might be over adjusted by height. However, we found (see Supplementary Table 1) that 

while similar gender difference in predicting near-term fracture risk by using ALM/weight 

as ALM/height2 had been done, the gender difference by using ALM/BMI was truly 

attenuated some (P value for interaction = 0.161) but with declining predictive values in both 

genders. More evidence is needed before changing current recommendations for the muscle 

mass correction method. And the reasons why the limitations of DXA-based lean muscle 

mass might be more obvious in older women deserved further exploration. Nevertheless, our 

finding suggests that DXA-based lean muscle mass may not be an appropriate indicator for 

imminent fracture risk in its current form, especially in older women. There is a need to 

identify better estimates to define skeletal muscle mass based on DXA or other assessments 

[28, 44], particularly when sarcopenia is now recognized as a muscle disease with an 

ICD-10 code [45].
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Strengths of the study include the large sample of well-characterized older community-

dwelling participants who all had 3 longitudinal visits, each with a 2-year follow-up for 

fracture events. We also have comprehensive data on body measurements, falls history, 

physical function performance and clinical risk factors for fracture. The limitations include 

non-random sampling as well as the lack of subjects younger than 65 years and Chinese 

subjects outside Hong Kong. Therefore, our findings cannot be generalized to the young old 

or ethnic Chinese elsewhere. This is an epidemiologic observational study with a potential 

for healthy volunteer bias, and the small nmnber of fracture events from each visit through 2 

years of follow up may limit the power to interpret the associations between predictors and 

near-tenn fracture risk. The gender difference in the associations between lean muscle mass 

and fracture risk needs further clarification. Self-reported falls might lead to the 

underreporting of falls not associated with significant injury, and cognitive impairment may 

influence the recall accuracy in older adults although no appreciably effect had been 

observed as we reported previously [23]. And using “self-reported falls in the previous year 

at the 2nd year and the 4th year visit” to represent subsequent falls respectively from baseline 

and the 2nd year may underestimate the falling risk in the exploratory analyses. No data on 

muscle quality is available to further distinguish the associations of muscle quantity and 

muscle quality with near-tenn fracture risk. More studies including various measures of 

skeletal muscle quality are required to validate and clarity the associations.

Conclusions

Poor grip strength, poor gait speed and falls in the previous year were independent 

predictors for 2-year MOFs risk in community-dwelling older adults. They should be 

adopted in the evaluation of near-tenn fracture risk identification in older adults and are 

potential targets for intervention aiming to reduce imminent fracture risk. Although lower 

ALM/height2 tended to be a risk factor for 2-year MOFs in older men, it might be associated 

with lower risk of 2-year MOFs in older women. This limited the predictive value of current 

Asian definition of sarcopenia for near-term fracture risk in women. Further deliberations on 

the method of muscle mass estimation are needed.
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Fig 1. 
Flow chart for subjects and data collection in the study
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Fig 2. 
Odds ratios (ORs) of sarcopenia (and its components) and falls history for 2-year major 

osteoporotic fractures risk in older adults. OR per one standard deviation (SD) decrease was 

shown for continuous predictors. The models were adjusted for age, gender, time point, 

BMI, femoral neck BMD, physical activity level, no. of falls in the previous year, and 

baseline FRAX score. If gender difference was significant, estimates were separately shown 

for each gender
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Fig 3. 
Odds ratio (OR) per one standard deviation (SD) decrease in ALM/height2 for the 

subsequent fall (yes vs no) and the 2-year MOFs were shown, respectively. The models were 

adjusted for age, time point, BMI, femoral neck BMD, physical activity level, and baseline 

FRAX score. * indicate for P value < 0.05
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Table 1

The baseline characteristics in men and women.

Baseline characteristics
Mean (SD) / n (%)

P value
Men (n=2000) Women (n= 2000)

Age (year) 72.4 (5.0) 72.6 (5.4) 0.254

Body mass index (BMI) (kg/m2) 23.5 (3.1) 23.9 (3.5) <0.001

Femoral neck BMD (g/cm2) 0.7 (0.1) 0.6 (0.1) <0.001

FRAX score for MOF 6.7 (3.3) 14.6 (8.2) <0.001

High risk category for MOF 111 (5.6) 758 (37.9) <0.001

Previous fracture (since 50 years old): yes 274 (13.7) 416 (20.8) <0.001

Parental hip fracture: yes 83 (5.0) 87 (5.3) 0.651

Current smoking: yes 238 (11.9) 37 (1.9) <0.001

Alcohol drinking (3 or more units / day): yes 16 (0.8) 0 (0.0) <0.001

Glucocorticoids using (lasting ≥ 3 months): yes 11 (0.6) 5 (0.3) 0.133

Rheumatoid arthritis: yes 21(1.1) 38 (1.9) 0.026

Osteoporosis: yes 223 (11.2) 825 (41.3) <0.001

Sarcopenia: yes 187 (9.4) 106 (5.3) <0.001

Notes BMD: bone mineral density; MOF: major osteoporotic fracture.

Difference between genders was tested using Student-t test for continuous variables and Chi-Square test for categorical variables.
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Table 2

Repeart physical and functional measures at three visits in men and women.

Men, mean (SD) / n (%) Women, mean (SD) / n (%)

Baseline visit
(n=2000)

The 2nd visit
(2nd year)
(n=1745)

The 3rd visit
(4th year)
(n=1566)

P for 

trend
a

Baseline visit
(n=2000)

The 2nd visit
(2nd year)
(n=1682)

The 3rd visit
(4th year)
(n=1586)

P for 

trend
a

Body mass index 
(BMI) (kg/m2)

23.45(3.13) 23.38(3.07) 23.35(3.12) 0.348 23.92(3.45) 23.81(3.41) 23.81(3.5) 0.326

Femoral neck 
BMD (g/cm2)

0.69(0.11) 0.69(0.11) 0.69(0.11) 0.613 0.58(0.10) 0.58(0.10) 0.57(0.10) 0.012*

ALM/h eight2 

(kg/m2)
7.20(0.82) 7.18(0.81) 7.17(0.82) 0.239 6.06(0.73) 6.03(0.74) 6.00(0.73) 0.013*

Grip strength 
(kg)

33.90(6.73) 32.44(6.80) 31.89(6.66) <0.001* 22.31(4.41) 19.97(4.44) 20.39(4.41) <0.001*

Gait speed (m/s) 1.07(0.23) 1.05(0.23) 0.99(0.23) <0.001* 0.96(0.21) 0.92(0.22) 0.87(0.22) <0.001*

Sarcopenia (yes) 187(9.4) 203(11.7) 236(15.1) 0.001* 106(5.3) 164(9.8) 150(9.5) <0.001*

Previous falls 
(no. of falls)

1 falls 234(11.7) 224(12.8) 177(11.3) 320(16.0) 282(16.8) 252(15.9)

≥ 2 falls 73(3.7) 81(4.6) 65(4.2) 0.617 162(8.1) 128(7.6) 103(6.5) 0.116

MOF events 
from the visit 

through 2 years 
of follow up

23 (1.2) 24 (1.4) 24(1.5) 0.315 55 (2.8) 56 (3.3) 44 (2.8) 0.857

Note SD: standard deviation; BMD: bone mineral density; ALM: appendicular lean muscle mass; MOF: major osteoporotic fracture.

a
used linear regression model for continuous variables and Mantel-Haenszel Chi-Square test for categorical variables.

*
P < 0.05.
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Table 3

Associations of sarcopenia (its components) and fall history with 2-year major osteoporotic fractures risk in 

men and women.

Predictors Model adjustment
OR (95% CI) 

a

P for interaction 
b

All Men Women

Sarcopenia (yes/no) Age + time point 1.28 (0.87, 1.90) 2.07 (1.16, 3.68)* 0.79 (0.43, 1.45) 0.010*

Full adjustment 1.18 (0.76, 1.82) 1.72 (0.92, 3.21) 0.76 (0.39, 1.47) 0.017*

Grip strength (kg) Age + time point 1.60 (1.29, 2.00)* 1.38 (1.07, 1.79)* 1.33 (1.12, 1.58)* 0.949

Full adjustment 1.48 (1.17, 1.87)* 1.23 (0.93, 1.61) 1.31 (1.09, 1.58)* 0.977

Gait speed (m/s) Age + time point 1.21 (1.05, 1.40)* 1.17 (0.91, 1.51) 1.22 (1.03, 1.44)* 0.716

Full adjustment 1.17 (1.00, 1.36)* 1.05 (0.81, 1.36) 1.21 (1.01, 1.45)* 0.703

ALM/height2 (kg/m2) Age + time point 1.02 (0.86, 1.21) 1.34 (1.04, 1.72) 0.88 (0.76, 1.03) 0.002*

Full adjustment 0.88 (0.67, 1.15) 1.34 (0.87, 2.06) 0.73 (0.57, 0.93)* 0.012*

Previous falls (per 1 added fall) Age + time point 1.40 (1.19, 1.66)* 1.78 (1.35, 2.35)* 1.25 (1.02, 1.55)* 0.036*

Full adjustment 1.43 (1.20, 1.71)* 1.85 (1.40, 2.44)* 1.26 (1.01, 1.58)* 0.035*

Note OR: odds ratio; CI: confidence interval; ALM: appendicular lean muscle mass.

Full adjustment: age, time point, BMI, femoral neck BMD, physical activity level, no. of falls in the previous year, and baseline FRAX score. 
Gender was also adjusted in the analysis including both genders.

Sarcoepnia is defined according to the Asian Working Group for Sarcopenia (AWGS).

a
OR (95%CI) per one standard deviation decrease in the predictors of continuous variables.

b
P for interaction between genders.

*
P < 0.05.
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