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Abstract

OBJECTIVES: While sarcopenia is prevalent after hip fracture in the acute postfracture period, 

little is known about the prevalence after discharge. This study assessed longitudinal trends in 

sarcopenia prevalence over 12 months after hip fracture using three different operational 

definitions.

DESIGN: Prospective observational study.

SETTING: Baltimore Hip Studies seventh cohort.

PARTICIPANTS: A total of 82 men and 78 women, aged 65 years and older, with surgical repair 

of a nonpathological hip fracture.

MEASUREMENTS: Baseline assessment included a dual-energy X-ray absorptiometry scan and 

interview. Follow-up assessments, which additionally included performance measures, occurred 2, 

6, and 12 months after admission. Using these measures, three sarcopenia definitions were 

assessed over the year following hip fracture: European Working Group on Sarcopenia in Older 

Persons (EWGSOP), International Working Group on Sarcopenia (IWGS), and Foundation for the 

National Institutes of Health (FNIH).
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RESULTS: EWGSOP and IWGS provided the highest prevalence of sarcopenia (62%−69% in 

men, 42%−62% in women), while prevalence by FNIH was much lower for men (15%−19%) and 

women (5%−12%). For both men and women, the agreement between EWGSOP and IWGS 

definitions was excellent, and FNIH showed poor agreement with them, supported by various 

statistical measures across first-year follow-up. Prevalence was stable over time in men by all 

definitions, while the prevalence in women by FNIH was lowest at 2 months, significantly 

increased at 6 months (P = .03), and remained higher at 12 months. Whether sarcopenia 

prevalence differed significantly by sex varied by time point and definition; however, when 

different, men had a higher prevalence than women (P < .05). While some participants recovered 

from sarcopenia over time, some also became newly sarcopenic.

CONCLUSION: The prevalence of sarcopenia after fracture differed greatly for EWGSOP and 

IWGS compared to FNIH. Overall, there appeared to be no reduction in sarcopenia over the year 

after hip fracture, regardless of definition. Future research should examine the relationship 

between sarcopenia prevalence and functional recovery.
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It is estimated more than 250,000 hospitalizations for hip fracture occur per year in the 

United States.1 Hip fractures result in increased risk of mortality and new disability.2,3 

Osteoporosis, defined by low bone mineral density (BMD), is a known risk factor for hip 

fracture1; however, fracture risk and recovery are also related to sarcopenia.4 Sarcopenia, a 

geriatric syndrome of age-related loss of muscle and strength,5,6 is associated with disability 

and poor lower-extremity function in older adults.7 Studies have shown sarcopenia to be a 

risk factor for falls8 and fragility fractures (including hip fracture), independent of BMD.9,10 

However, studies of sarcopenia after fracture have been limited to the acute postfracture 

period (typically a few days to within 1 month of fracture).11–19 Longitudinal changes in 

sarcopenia over a more extended postfracture period have not been examined.

The prevalence of sarcopenia in the acute period after fracture varies widely by study, 

ranging from 12%13 to 95%12 in men and from 18%13 to 68%15 in women. The 

heterogeneity in estimates is due, in part, to a lack of consensus on the definition of 

sarcopenia.20,21 There are several definitions of sarcopenia that incorporate different 

measurements for operationalization. The European Working Group on Sarcopenia in Older 

Persons (EWGSOP) definition6 and the International Working Group on Sarcopenia 

(IWGS)22 are two definitions that have cut points for lean mass and muscle function. Most 

recently, the Foundation of the National Institutes of Health (FNIH) sarcopenia project 

developed cut points to identify “clinically relevant weakness and low lean mass.”23 The 

criteria used to generate the cut points were predictive of increased mobility limitation.23 In 

the community-dwelling, older adult population, these three definitions do not have high 

agreement with each other.21

Despite the heterogeneity in estimates of sarcopenia after fracture, with one exception,13 

studies find that men are more likely to be sarcopenic after fracture.12,14–16,19 Older men 
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without fracture also have greater strength losses over time, compared to women.24 These 

findings suggest that longitudinal patterns of sarcopenia after fracture may differ by sex.

The aims of this study were to compare the prevalence of sarcopenia over the first year after 

hip fracture using three operational definitions, EWGSOP, IWGS, and FNIH, by (1) 

evaluating agreement and discrepancies across men and women, (2) determining whether 

there were longitudinal differences in sarcopenia prevalence within and between men and 

women, and (3) investigating the postfracture sarcopenia status transitions from month 2 to 

month 6, and from month 6 to month 12.

METHODS

Study Sample

Study subjects were from the seventh cohort of the Baltimore Hip Studies (BHS-7), a 

prospective observational study that frequency matched (1:1) men and women on calendar 

time of hip fracture and hospital. Participants received rehabilitation consistent with usual 

care, and no interventions were administered in this study. The sample comprised 339 hip 

fracture patients, aged 65 years and older, who were community dwelling with surgical 

repair of a nonpathological hip fracture at one of eight study hospitals in the Baltimore, MD, 

area. Participants were enrolled within 15 days after hospital admission. Patients who were 

not community dwelling, not English speaking, bed bound 6 months before fracture, 

weighed 300 pounds or more, lived 70 miles or more from the hospital of admission, did not 

have surgery, or had hardware in the non-fractured hip were excluded. At baseline and 

follow-up, patients underwent a dual-energy X-ray absorptiometry (DXA) scan and 

completed physical performance measures at 2, 6, and 12 months after admission. At all 

visits, participants completed an interview and had their grip strength assessed. The protocol 

was approved by the institutional review board (IRB) at the University of Maryland 

Baltimore, as well as by each study hospitalʼs IRB. Additional details of BHS-7 are 

described elsewhere.25 The analytic sample comprised 82 men and 78 women (N = 160) in 

BHS-7 who had DXA, grip strength, and physical performance measures available at 2 

months after admission. Study participants who did not have the measures necessary for 

assessment of sarcopenia for all three definitions at 2 months after admission were excluded 

(N = 179). Participants who did not have an assessment of sarcopenia at 6 or 12 months after 

admission, or were lost to follow-up, were excluded from the analyses at those time points 

(excluded at 6 months: n = 19; excluded at 12 months: n = 35).

Measures

A modified Charlson Comorbidity Index measured how many of the following 

comorbidities a participant had: myocardial infarction, congestive heart failure, peripheral 

vascular disease, dementia, chronic pulmonary disease, connective tissue disease, ulcers, 

diabetes, hemiplegia, moderate or severe renal disease, diabetes with end-organ damage, 

tumor, leukemia, lymphoma, moderate or severe liver disease, metastatic solid tumor, and 

AIDS.26 It was modified by excluding mild liver disease, which was not assessed in this 

study. Cognitive status was assessed for these analyses using the Modified Mini-Mental 

State Examination (3MS).27
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The prevalence of sarcopenia at multiple time points was assessed using three different 

definitions: EWGSOP,6 IWGS,22 and FNIH.23 These three definitions were chosen because 

they are widely used and include an assessment of muscle mass as well as muscle strength 

and/or physical performance. A summary of these three definitions is shown in Table 1. 

Each definition included an assessment of muscle strength, appendicular lean mass, and 

physical performance, with the physical performance component in the EWGSOP and FNIH 

being optional. Due to the requirement of a physical performance measure, IWGS could not 

be assessed at baseline. As a result, sarcopenia was only captured with all three definitions at 

2, 6, and 12 months after admission. There are both similarities and differences across these 

three operational definitions of sarcopenia. IWGS defines slowness as a usual gait speed less 

than1.0 m/s, while both the EWGSOP and FNIH definitions define slowness as usual gait 

speed less than 0.8 m/s. The FNIH definition has a lower, more stringent cut point for grip 

strength than EWGSOP and IWGS. While EWGSOP and IWGS assess lean mass relative to 

height squared (and use the same cut points for this measure), FNIH assesses lean mass 

relative to body mass index (BMI).

Statistical Analyses

Data were analyzed and compared across men and women in this study. When the baseline 

characteristics and sarcopenia prevalence were compared across men and women, P values 

were obtained by two-sample t-tests for continuous variables and Fisherʼs exact test and 

Pearson χ2 tests for categorical variables.

To assess the agreement among the three operational sarcopenia definitions in the absence of 

a gold standard criterion, we used three statistical measures: positive percentage agreement 

(PPA), negative percentage agreement (NPA), and Cohenʼs κ.21,29 The first two values 

measured the pairwise sensitivity and specificity of one definition vs the others. Dam et al 

defined the PPA as “the proportion of participants who were categorized as having the 

condition by both the FNIH criteria and a second set of criteria divided by the number of 

participants who were categorized as having the condition by the second set of criteria.”21 

Similarly, they defined the NPA. Cohenʼs κ statistics were calculated for all pairwise 

comparisons of three sarcopenia definitions in men and women separately and their 

interpretations were: κ < 0.4 indicates poor agreement; κ = 0.4 to 0.75, fair to good 

agreement; and κ ≥ 0.75, excellent agreement.29,30

As an exploratory analysis of longitudinal trends, we plotted the prevalence of sarcopenia 

over time by sex using EWGSOP, IWGS, and FNIH definitions in several ways. First, we 

compared sarcopenia prevalence using three definitions in one longitudinal plot to visualize 

their agreement. Second, we compared longitudinal prevalence across men and women for 

each sarcopenia definition to show the sex-specific trends, then confirmed the comparison of 

prevalence across two adjacent visits using McNemarʼs tests. Third, we plotted a comparison 

of sarcopenia trajectory by sex. Last, we assessed sarcopenia transitions in the year after hip 

fracture for men and women by each operational definition.
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RESULTS

Baseline sample descriptive characteristics were compared by sex (82 men and 78 women), 

and the results are shown in Table 2. The mean ages of men and women in the sample are 

similar, 81.0 years for men and 80.2 years for women. Both men and women were 

predominantly white (92% and 96%, respectively), had similar BMI, and had similar 

education, consistent with some college (13.7 and 13.3 years for men and women, 

respectively). Women had significantly fewer comorbidities (P < .01), higher prevalence of 

osteoporosis (P < .01), and marginally higher cognition, as measured by the 3MS, than men 

(P = .06).

We examined the agreement among these three operational sarcopenia definitions at varying 

months. The agreement of sarcopenia prevalence across varying definitions was visualized 

in Figure 1. Figure 1A,B showed that EWGSOP and IWGS definitions had excellent 

agreement, with κ statistics ≥0.85 for all time points in both men and women, including 

100% agreement at month 2 in men. Both PPAs and NPAs between the EWGSOP and 

IWGS were high, all greater than 97% PPAs across all time points with all greater than 81% 

NPAs. However, FNIH showed poor agreement with EWGSOP and IWGS across all months 

in both men and women, with κ statistics ranging in men from 0.09 to 0.12 for FNIH and 

EWGSOP and from 0.04 to 0.09 for FNIH and IWGS, and in women from 0.03 to 0.11 and 

0.02 to 0.11 for FNIH and EWGSOP and FNIH and IWGS, respectively. The PPAs between 

the FNIH and other definitions were low, ranging from 0.17 to 0.24 in men and from 0.06 to 

0.58 in women; however, the NPAs were high, with all greater than 0.87 in men and all 

greater than 0.92 in women. There were no significant differences in the agreement findings 

across men and women based on κ statistic values.

In addition to agreement, Figure 1 demonstrates differences in sarcopenia prevalence by 

definition in men and women. Under FNIH, women had a prevalence of sarcopenia at 2, 6, 

and 12 months of 5.1%, 12.3%, and 7.46%, respectively, while men had a prevalence of 

15.9%, 19.1%, and 15.1%, respectively. These prevalences are also plotted in Figure 2A,B 

for men and women, respectively. Men had a relatively stable sarcopenia trajectory over time 

across the three definitions. Furthermore, McNemarʼs tests confirmed that there were no 

statistically significant sarcopenia prevalence changes in men across months 2 to 6 and 

months 6 to 12, with all P values >.05, across all three operational definitions. Figure 2B 

shows that the prevalence of sarcopenia in women per the EWGSOP and IWGS definitions 

trended downward, while the prevalence per the FNIH definition trended upward for the first 

6 months after hip fracture. Sarcopenia prevalence increased in women from 2 to 6 months 

by the FNIH definition (McNemarʼs test P = .025). No other differences in sarcopenia 

prevalence were statistically significant in women.

Sarcopenia prevalence over time was compared in men and women using both EWGSOP 

and FNIH definitions (Figure 2C). Since EWGSOP and IWGS have excellent agreement and 

similar prevalence, IWGS prevalence was not plotted in Figure 2C. Furthermore, χ2 tests 

were used to quantitatively compare sex differences in sarcopenia prevalence over time 

using the three operational definitions. Both exploratory and confirmatory analysis found 

that, compared to women, men had a significantly higher prevalence of sarcopenia at 2 
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months by FNIH (P = .03), at 6 months by IWGS (P = .03), and at 12 months by EWGSOP 

and IWGS (P = .02 and P < .01, respectively).

How participantsʼ sarcopenia status transitioned over time by the varying definitions is 

shown in Figure 3. Among men with sarcopenia data at adjacent time points, there were 

some changes in sarcopenia status (Figure 3A). Using the FNIH definition, changes in 

sarcopenic status were seen in 18% of men (9/51; 6 newly sarcopenic, 3 recovered 

sarcopenic) between 2 and 6 months, but only 13% of men (6/45; 4 newly sarcopenic, 2 

recovered sarcopenic) between 6 and 12 months. For the IWGS definition, the values for 

men were 18% (9/51; 5 newly sarcopenic, 4 recovered sarcopenic) between 2 and 6 months 

and 7% (3/43; 2 newly sarcopenic, 1 recovered sarcopenic) between 6 and 12 months; for 

the EWGSOP definition, the values for men were 20% (11/53; 5 newly sarcopenic, 6 

recovered sarcopenic) between 2 and 6 months and 11% (5/46; 3 newly sarcopenic, 2 

recovered sarcopenic) between 6 and 12 months.

Sarcopenia status transitions for women are shown in Figure 3B. The following transitions 

were noted for FNIH: 10% changed (5/50; 6 newly sarcopenic, 0 recovered sarcopenic) 

between 2 and 6 months and 10% changed (5/50; 1 newly sarcopenic, 4 recovered 

sarcopenic) between 6 and 12 months. For IWGS, the corresponding values were 20% 

(10/50; 3 newly sarcopenic, 7 recovered sarcopenic) and 14% (7/50; 3 newly sarcopenic, 4 

recovered sarcopenic) for 2 and 6 months and 6 and 12 months, respectively; for EWGSOP, 

the values were 20% (10/51; 4 newly sarcopenic, 6 recovered sarcopenic) and 18% (9/50; 4 

newly sarcopenic, 5 recovered sarcopenic) for 2 and 6 months and 6 and 12 months, 

respectively.

DISCUSSION

We sought to examine the prevalence of sarcopenia in the year after hip fracture overall and 

by sex across three definitions, and whether sarcopenia prevalence changed over the year 

after hip fracture. Our findings suggest that the prevalence of sarcopenia among hip fracture 

patients differs by definition and persists over time in men. Where sex differences in 

sarcopenia exist, sarcopenia prevalence is higher in men than women. Recovery from 

sarcopenia in the year after hip fracture was low in both men and women.

The prevalence of sarcopenia for the EWGSOP and IWGS definitions, depending on time 

point, was 61% to 69% in men and 41% to 62% in women. For the FNIH definition, the 

prevalence was substantially lower, 15% to 20% in men and 5% to 13% in women. A 

systematic literature review by Cruz-Jentoft et al found that the prevalence of sarcopenia 

among community-dwelling older adults is between 1% and 29%.31 These estimates were 

obtained using the EWGSOP definition of sarcopenia. A pooled study by Dam et al found 

the prevalence of sarcopenia to be 5.3% (EWGSOP), 5.1% (IWGS), and 1.3% (FNIH) for 

men; among women, the prevalence was 13.3% (EWGSOP), 11.8% (IWGS), and 2.3% 

(FNIH).21 In comparison, our study found that the prevalence of sarcopenia is substantially 

higher among hip fracture patients.
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Studies have reported a lower prevalence of sarcopenia by the FNIH definition compared to 

EWGSOP and IWGS in the general population, consistent with that observed in our hip 

fracture sample. The higher prevalence when using the EWGSOP or IWGS definition may 

be driven by slowness (gait speed <0.8 m/s or <1.0 m/s, respectively), which is not included 

in the FNIH definition of sarcopenia. In our hip fracture sample, over 90% of individuals 

met the EWGSOP or IWGS threshold for slowness. The FNIH definition uses more strict 

thresholds for weakness than EWGSOP; thus, fewer participants were identified as weak by 

the FNIH definition, despite this population recently experiencing a hip fracture. 

Additionally, a smaller proportion in our sample met the FNIH threshold for low lean mass 

(49% and 26% in men and women, respectively, for FNIH at 2 months vs 67% and 72% in 

men and women, respectively, for EWGSOP and IWGS at 2 months). While the FNIH 

definition was created to identify clinically meaningful weakness and low lean mass, it did 

not identify weakness and low lean mass in this population whom you would expect to be 

experiencing weakness and low lean mass after hip fracture. Different criteria may be 

necessary to identify older adults at greatest risk of disability after an acute event, such as a 

hip fracture, as opposed to the typical definitions of sarcopenia that were designed to 

identify those at greatest risk of functional decline in a general population of older persons.

Despite differing criteria, the EWGSOP and IWGS definitions had excellent agreement in 

our sample. EWGSOP and IWGS agreement with FNIH was poor. Dam et al found that 

among male older adults, FNIH has poor agreement with the IWGS (κ = 0.14) and fair to 

good agreement with EWGSOP (κ = 0.53).21 Among women, the agreement between FNIH 

and both IWGS (κ = 0.12) and EWGSOP (κ = 0.14) was poor21; however, agreement was 

better among men. We found no sex differences in agreement. We also observed weaker 

agreement between FNIH and both IWGS and EWGSOP, despite the higher prevalence of 

sarcopenia observed compared to the community-dwelling older adult population. Future 

studies will need to determine which definition is the most valid in a hip fracture population. 

Specifically, studies will need to examine the association between various measures of 

sarcopenia and outcomes of recovery.

Sarcopenia has been found to be more prevalent in women in the general, older adult 

population.21 However, in this study, prevalence was higher in men. This finding is 

consistent with several other studies in the literature.12,14–16,19 This sex difference is likely 

because men who fracture are typically sicker than women who fracture.12 In our sample, 

the number of comorbidities at baseline was significantly higher in male hip fracture 

patients.

Sarcopenia, regardless of definition used, persists over time among men, but small changes 

were seen among women. For EWGSOP and IWGS, sarcopenia peaked at 2 months after 

admission in women, while it peaked at 6 months for the FNIH definition. The FNIH 

definition was the only definition that showed an increase in sarcopenia over time (among 

women from 2 to 6 months). The lack of recovery in sarcopenia status over time may be 

because standard rehabilitation in the year after fracture has little impact on sarcopenia, or it 

may indicate that standard rehabilitation after fracture does not overcome aging-related 

losses of muscle and strength as the focus is more on eliminating disability in activities of 

daily living (ADLs) and instrumental ADLs than in increasing muscle mass and strength. 
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Preliminary studies suggest that exercise may have beneficial effects on sarcopenia.32 

However, it is difficult to make these conclusions without examining sarcopenia levels 

prefracture and/or immediately after fracture and in response to specific interventions 

designed to increase muscle mass and strength.

Another difficulty arises when considering the transitions in and out of sarcopenia that we 

observed over time. Although pairwise data were not available for the entire analytic sample, 

at adjacent time points between 7% and 20% of men and 10% and 20% of women had a 

change in sarcopenia status, inclusive of 0% to 10% of men and women becoming newly 

sarcopenic. Further study is needed to determine if changes in sarcopenia, either developing 

or resolving, impact clinical outcomes.33 Also, analyzing the characteristics of sarcopenic 

recoverers may provide insight on how to intervene and reverse sarcopenia after an acute 

event.

This study may be limited by its small sample size, and findings may not generalize to 

patients seen outside of metropolitan areas in Baltimore or elsewhere in the United States, 

where case mix and care practices are similar to those in the Baltimore region. The study 

population also is predominately white, with an average education consistent with some 

college education. Additionally, missing data prevented us from examining trends in 

sarcopenia outcomes for all subjects. Selection bias, including attrition bias, may be present 

if those who had sufficient data available to assess sarcopenia were healthier than those who 

did not. Additionally, in a population recovering from hip fracture, specific fracture-related 

issues may interfere with mobility and this can cause slow gait speed not related to 

sarcopenia. This challenge suggests that it may be more appropriate to use a sarcopenia 

definition that does not require gait speed to assess sarcopenia in a patient population prone 

to mobility issues. Despite some limitations, this study is the first to assess prevalence of 

sarcopenia longitudinally over the year after hip fracture in both men and women.

In conclusion, the prevalence of sarcopenia after fracture is higher than that of the general 

older adult population and shows little improvement over time, differs by sex, and is lowest 

by the FNIH definition. Future studies are needed to determine which definition of 

sarcopenia is most appropriate in a hip fracture population, as sarcopenia prevalence 

estimates were drastically different when comparing EWGSOP or IWGS estimates to FNIH 

estimates, and the EWGSOP recently updated their definition (EWGSOP2).34 Future 

research should also assess what role sarcopenia plays in recovery trajectories and how 

addressing deficits that define sarcopenia affect clinically relevant outcomes.
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Figure 1. 
Sarcopenia prevalence and agreement by definition in men (A) and women (B). EWGSOP 

indicates European Working Group on Sarcopenia in Older Persons; FNIH, Foundations for 

National Institutes of Health; IWGS, International Working Group on Sarcopenia; κFE, κFI, 

κEI, Cohenʼs κ coefficients for the pairwise agreements with FNIH and EWGSOP pair, 

FNIH and IWGS pair, and EWGSOP and IWGS pair, respectively. Note. Study sample 

diminishes over time (6 months: n = 141; 12 months: n = 125).

Shaffer et al. Page 11

J Am Geriatr Soc. Author manuscript; available in PMC 2020 August 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Longitudinal plots of sarcopenia prevalence by sex using European Working Group on 

Sarcopenia in Older Persons (EWGSOP), International Working Group on Sarcopenia 

(IWGS), and Foundations for National Institutes of Health (FNIH) definitions in the first 

year after hip fracture. A, Sarcopenia prevalence using three definitions in men. B, 

Sarcopenia prevalence using three definitions in women. C, Sarcopenia prevalence across 

men and women using EWGSOP and FNIH definitions. Note. Significant increase by the 

FNIH definition from month 2 to 6 (P = .03). Also, study sample diminishes over time (6 

months: n = 141; 12 months: n = 125).
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Figure 3. 
Sarcopenia transitions within the first year after hip fracture by definition. A, Men. B, 

Women. EWGSOP indicates European Working Group on Sarcopenia in Older Persons; 

FNIH, Foundations for National Institutes of Health; IWGS, International Working Group 

on Sarcopenia.
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Table 2.

Study Sample Characteristics Across Men and Women (N = 160)

Characteristic Men (n = 82) Women (n = 78) P Value

Age, y 81.0 (7.5) 80.2 (7.6) .5

Race, white, % 91.5 96.2 .19

Education, y 13.7 (3.6) 13.3 (3.0) .5

BMI, kg/m2 25.4 (3.9) 25.5 (6.0) .92

Charlson Comorbidity Index 2.4 (1.8) 1.5 (1.7) .002

Osteoporosis, % 18.3 38.5 .004

3MS score 85.3 (14.9) 89.3 (12.3) .06

Note: Data are given as mean (SD), unless otherwise indicated. P values derived from two-sample t-tests, except for race, which was assessed via 

Fisherʼs exact test; and osteoporosis, which was assessed via the χ2 test.

Abbreviation: BMI, body mass index; 3MS, Modified Mini-Mental State Examination.
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