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Abstract

Objectives—To test the hypothesis that men and women with both low bone mineral density and 

sarcopenia have a higher risk of fracture than those with only one or neither conditions.

Design—The Osteoporotic Fractures in Men study and the Study of Osteoporotic Fractures in 

women are prospective observational studies with a mean follow up of 9 years (2000–2012) and 

8years (1997–2009) respectively.

Setting—US clinical centers

Participants—5,544 men (mean age=73.7 years) and 1,114 women (mean age=77.6 years); all 

≥age 65; able to walk without assistance, and without bilateral hip replacement.

Measurements—Sarcopenia was defined as low appendicular lean mass plus either slowness or 

weakness; and low bone mineral density, by the World Health Organization definition of T-score<

−1.0. Participants were classified as normal bone mineral density and no sarcopenia (N=3367 

men, 308 women); sarcopenic only (N=79 men; 48 women); low bone mineral density only 

(N=1986 men; 626 women), and low bone mineral density and sarcopenic (N=112 men; 132 

women).
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Results—Compared to men with normal bone mineral density and no sarcopenia, the Hazard 
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ratio [HR] for fracture was 3.79 (95% confidence interval [CI], 2.65–5.41) among men with low 

bone mineral density and sarcopenia, 1.67 (95% CI, 1.45–1.93) among men with low bone mineral 

density only, and 1.14 (95% CI, 0.62–2.09) among men with sarcopenia only. Women with low 

bone mineral density and sarcopenia (HR, 2.27; 95% CI, 1.37–3.76), and women with low bone 

mineral density alone (HR, 2.62; 95% CI, 1.74–3.95), but not women with only sarcopenia had 

increased risk of fracture compared to normal women.

Conclusion—Men with both low bone mineral density and sarcopenia are at especially high risk 

of fracture.
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INTRODUCTION

Age-related deterioration in both bone and muscle manifested as low bone mineral density 

(BMD) and sarcopenia may contribute to fractures. It is well established that individuals 

with low BMD have an increased risk of fracture (1).

Falls and functional impairments, which are known to be associated with fractures, have 

been previously linked to sarcopenia(2) (3). Furthermore, myosteatosis, which results in 

reduced muscle strength and function, has been associated with fractures (4) (5). Hence, 

sarcopenia may increase risk of fractures.

Sarcopenia was initially defined as the loss of muscle mass (6). However, more recent 

definitions of sarcopenia add components of muscle strength and/or physical performance, 

because the loss of muscle mass is not sufficient to characterize the sarcopenic syndrome 

(7). Inclusion of these additional measures in the operational definition of sarcopenia may 

improve the prediction of clinical outcomes, such as fractures.

In 2009, the term “sarco-osteopenia” was coined to emphasize that both weak bones and 

weak muscles may contribute to fractures in the elderly (8). To our knowledge, the 

combined effect of both sarcopenia, defined as low muscle mass and strength, and low BMD 

on fracture risk has not yet been studied.

The purpose of the current study was to compare the incidence of non-vertebral fractures 

among men and women based on both low BMD and sarcopenia. We hypothesized that 

individuals with both sarcopenia and low BMD will have the greatest risk of fracture 

compared to individuals with only one or neither condition.

METHODS

Study population

We examined data of 5,544 white and black men (mean age=73.7years) from the 

Osteoporotic Fractures in Men (MrOS) study and 1,114 white and black women (mean 

age=77.6 years) from the Study of Osteoporotic Fractures (SOF). The MrOS and SOF 
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studies are both multicenter prospective cohort studies designed to identify risk factors for 

osteoporosis and osteoporotic fracture. In MrOS, 5994 older men were recruited from six 

sites (Birmingham, AL; Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA; Portland, OR; 

and San Diego, CA) across the United States from March 2000 to April 2002(9, 10). In 

SOF, 9,704 women were recruited from four US sites (Baltimore, MD; Minneapolis, MN; 

Pittsburgh, PA; Portland, OR) between 1986–1988. The original SOF cohort was enhanced 

by the addition of 662 African American women recruited between 1997–98. To be eligible, 

both men and women needed to be age 65 years or older, be able to walk without assistance 

from another person, and have reported no bilateral hip replacement. Human subjects 

approval was obtained at all sites with written informed consent obtained from all 

participants.

Body composition by whole body Dual Energy X-ray Absorptiometry (DXA) was available 

for the 5,544 white and black MrOS men at baseline and a subset of 1,114 white and black 

SOF women (when recruited for the year 10 exam). Women without whole body DXA were 

not included since sarcopenia cannot be assessed without appendicular lean mass.

Bone Mineral Density (BMD) measurement

In men, total hip BMD (g/cm2) and femoral neck BMD (g/cm2) were measured using DXA 

Hologic QDR 4500(Bedford, MA). In women, BMD was measured by DXA using Hologic 

1000 and 2000 scanners. Details of the measurement and densitometry procedures have been 

published elsewhere (11) (12). Briefly, certified technicians performed the DXA scans 

following a strict protocol. To assess longitudinal performance of the scanners, an 

anthropometric spine phantom was scanned daily and a hip phantom weekly at each clinical 

center. In both genders, the right hip was scanned unless there was a fracture, implant, 

hardware, or other problem, in which case the left hip was scanned. Individuals were 

classified as having low BMD according to the 1994 World Health Organization (WHO) 

recommendations if their femoral neck T-score was < −1 (13). Subjects were considered to 

have normal BMD if their T-score was >= −1. The T-score was calculated using the 

National Health and Nutrition Examination Survey III reference database (14). Young 

Caucasian women were used as the reference population in both men and women as 

recommended by the International Society for Clinical Densitometry (ISCD) (15).

Sarcopenia assessment

The definition of sarcopenia was based on the European Working Group on Sarcopenia in 

Older persons (EWSOP) (7). Participants were classified as sarcopenic if they had low lean 

mass plus either slowness (classified by gait speed) or weakness (assessed by grip strength). 

Low lean mass was defined using the approach of Newman et al (16) to correct appendicular 

lean mass for height and fat mass. Linear regression was used to model the relationship 

between appendicular lean mass on height (meters) and fat mass (kg). The 20th percentile of 

the distribution of residuals was used as the cutpoint for low muscle mass. Separate models 

were fit for men and women. We concentrated on the residual method because in the 

Framingham study, the residuals method was associated with mobility limitations in both 

men and women but other definitions of sarcopenia were not (17). Walking speed was 

calculated as the average two usual walking pace attempts over 6 meters and expressed as 
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m/s. Slowness was defined as gait speed slower than 0.8 m/s. Grip strength was measured 

using a Jamar dynamometer (Jackson, MI, USA) in men and a handheld dynamometer 

(Sparks Instruments and Academics, Coralville, Iowa) in women. The maximum grip 

strength from all attempts was used in our analysis. Weakness was assessed by grip strength 

and characterized as less than 30 kg for men, or less than 20 kg for women. For each 

participant, height was measured on a Harpenden stadiometer (DyFed, UK). Lean mass of 

extremities and total body fat were obtained using the Hologic QDR 4500 and 2000 for men 

and women, respectively. Appendicular lean mass was calculated as the sum of lean mass in 

the arms and legs. Bone mineral content was removed from the lean mass calculation.

Subjects’ classification

Men and women were classified into four groups based on their bone mass and sarcopenia 

status: 1) Individuals with normal BMD and no sarcopenia (N=3367, 61% men; 308, 28% 

women), 2) individuals with normal BMD and sarcopenia (N=79 men, 1% men; 48, 4% 

women), 3) individuals with low BMD and no sarcopenia (N=1986 men, 36% men; 626, 

56% women), 4) and individuals with low BMD and sarcopenia (N= 112 men, 2% men; 

132, 12% women).

Other Measurements

Covariates were assessed at baseline in men and at year 10 in women at the time of the 

whole body DXA. Participants completed questionnaires and interviews that collected 

information on demographics, lifestyle, medical history and a medication inventory. 

Participants were asked to bring all prescription and over-the-counter medications to the 

clinic for verification of use (18). Smoking status was categorized as current or not (former, 

none) and alcohol consumption was assessed by the average number of drinks per week. 

Participants were asked if they walked as a form of exercise. Self-rated health was 

categorized as excellent/good vs fair, poor or very poor. Information on history of falls in 

the past year and previous fractures was obtained. Functional status was assessed by asking 

about difficulty with five instrumental activity of daily living (IADL) (“walking 2 or 3 

blocks outside on level ground”, “climbing up 10 steps without resting”, “preparing meals”, 

“doing heavy housework”, and “shopping for groceries or clothes”). Weight was measured 

on balance beam scales (except for one of the MrOS site which used a digital scale). Body 

mass index (BMI) was calculated as the weight in kilograms divided by the square of height 

in meters.

Fracture Ascertainment

All non-spine fractures were identified through our mailed questionnaire follow-ups which 

were mailed every 4 months to ask if the participants had sustained a new fracture; these 

contacts were > 95% complete. Participants who reported a fracture were asked about the 

circumstances of the fracture. The degree of trauma was categorized into: “fall from a 

standing height or less”;“fall on stairs, steps or curb”, “fall from more than standing height”, 

and traumatic. Traumatic fractures (minimal, moderate, and severe) were included since 

they have been previously associated with low BMD (19). Pathological fractures were 

excluded. All fractures were confirmed by radiographic report and adjudicated centrally 

over a mean of 9 years for men and 8 years for women. These analyses included fractures 
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that occurred between 2000 and 2012 in men, and between 1997 and 2009 in women. The 

follow-up time ended at the date of the first fracture, date of death, date of last contact or 

database lock. In sensitivity analyses, we excluded traumatic fractures.

Statistical analysis

Baseline characteristics were compared across the groups using ANOVA for continuous 

variables and Chi Square for categorical ones. Pairwise comparisons of the baseline 

characteristics were calculated and p-values were included in Table 1.

For the primary outcome, we initially adjusted for age. The incidence rates of non-spine 

fractures for each of the four groups were estimated using a Poisson distribution. Using Cox 

Proportional Hazards Models, the age and multivariable adjusted Hazard ratios (HR) and 

95% Confidence Intervals were calculated. Participants with normal BMD and no 

sarcopenia formed the referent group. The multivariable-adjusted model included 

established risk factors for fracture: age, race, fall history, previous fracture history, current 

smoking, glucocorticoids, rheumatoid arthritis, alcohol consumption, IADL impairments, 

and physical activity. We used backward elimination to drop all variables that did not reach 

a statistically significant level of p<0.1. The interaction term between low BMD and 

sarcopenia on fracture risk was assessed. We also studied the association between low BMD 

and fracture risk adjusting for sarcopenia, and the association between sarcopenia and 

fracture risk adjusting for low BMD. In participants who experienced a non-spine fracture, 

pairwise comparisons were done to compare the circumstances of the fracture across the 

four groups.

Separate analyses were done for men and women using SAS 9.3 (SAS Institute, Inc., Cary, 

NC).

RESULTS

The majority of men were white with little difference in race across the groups. Sarcopenic 

men with or without low BMD were older than the other groups but there was little 

variability in smoking and alcohol consumption among the groups. A higher percentage of 

women with low BMD with or without sarcopenia were white and these women tended to be 

older. Total hip and femoral neck BMD were the lowest in the low BMD and sarcopenia 

group in men, and in the low BMD with or without sarcopenia groups in women. Unlike 

sarcopenic women, sarcopenic men had a higher number of IADL impairments, and a higher 

percentage of falls.

Men

A total of 870 (16%) men experienced a non-spine fracture: 402 (12%, normal); 11 (14%, 

sarcopenic); 421 (21%, low BMD), and 36 (32%, both low BMD and sarcopenia). The age-

adjusted incidence of non-spine fracture was similar in normal men (13.2 per 1,000) and 

those with sarcopenia alone (15.1 per 1,000), but was much higher in men with both low 

BMD and sarcopenia (46.5 per 1,000) (Figure 1). Men with low BMD and sarcopenia had a 

4-fold increased risk of fracture in comparison to normal men, HR= 3.75(2.64 to 5.32), 

Table 2. Men with sarcopenia alone did not have a statistically significant higher risk of 
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fractures HR=1.19(0.65 to 2.17), however, those with low BMD alone had an intermediary 

risk of fracture HR=1.79(1.56 to 2.05) in between normal men and men with both 

conditions. These associations remained significant after adjusting for important covariates 

(Table 2). The interaction term between sarcopenia and low BMD was borderline significant 

(p=0.06). Low BMD was associated with fracture risk after adjusting for sarcopenia (HR, 

1.97; 95% CI, 1.72–2.25). Similarly, sarcopenia was associated with fracture risk after 

adjusting for low BMD (HR, 2.25; 95% CI, 1.68–3.03). Exclusion of traumatic fractures 

showed somewhat similar results (Table 2b, p-interaction=0.11).

Women

Overall, 272 (25%) women experienced a non-spine fracture: 31 (10%, normal); 7 (15%, 

sarcopenic); 194 (33%, low BMD), and 40 (32%, both low BMD and sarcopenia). The age-

adjusted incidence of fracture ranged from 13.9 per 1,000 in normal women to about 40 per 

1,000 in women with low BMD or both low BMD and sarcopenia (Figure 1). Of interest, 

there was little gender difference in fracture incidence rates in subjects with low BMD and 

sarcopenia (Figure 1). Women with low BMD with or without sarcopenia had an 

approximate 3-fold increased risk of fracture compared to normal women, HR= 2.80(1.72 to 

4.58) and 3.09 (2.08 to 4.59) respectively, Table 2. The effect size decreased to 2.5 in both 

groups after adjusting for important covariates but remained statistically significant. Women 

with sarcopenia alone had a similar fracture rate as normal women. The interaction term 

between sarcopenia and low BMD was not statistically significant (p=0.37). Low BMD was 

associated with fracture risk after adjusting for sarcopenia (HR, 3.48; 95% CI, 2.47–4.90). 

However, sarcopenia was not associated with fracture risk after adjusting for low BMD (HR, 

1.09; 95% CI, 0.79–1.49). Exclusion of traumatic fractures revealed similar results (Table 

2b, p-interaction=0.33).

Circumstances of the fracture

Overall 80% of fractures in men and 90% in women followed a fall. In men with both low 

BMD and sarcopenia, 75% of their non-spine fractures followed a fall from a standing 

height or less. In comparison, fewer fractures in the other groups followed a fall from a 

standing height, between 56% and 64% (Figure 2a.). Pairwise comparisons showed that 

differences were statistically significant between men with both low BMD and sarcopenia 

and men with low BMD alone, and between men with both low BMD and sarcopenia and 

men without both conditions.

Similarly, in women, a higher proportion of fractures in subjects with both low BMD and 

sarcopenia were due to a fall from < standing height (82%) compared to women with low 

BMD alone (75%), sarcopenia alone (67%), and normal women (78%). However, these 

differences were not statistically significant (Figure 2b).

DISCUSSION

The findings of this study show that men with both low BMD and sarcopenia have a 4-fold 

higher risk for non-spine fractures compared to men with normal BMD and no sarcopenia. 

In men, the borderline significance of the interaction term suggests that the effect of 
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sarcopenia and low BMD on fracture risk may depend on each other. The risk of fracture 

was about 2.5-fold higher in women with both sarcopenia and low BMD as well as in 

women with low BMD alone. Sarcopenia alone was not an independent risk factor for 

fractures in men and women. Our findings illuminate a previously unrecognized and 

potentially strong role of sarcopenia in the risk of fractures among older men.

The coexistence of low BMD and sarcopenia in older men resulted in a much higher risk of 

fractures. Since, physical activity, IADL impairments, history of falls, and other mobility 

disorder risk factors were adjusted for in our analyses, this suggest that the increased risk of 

non-spine fractures in men with both low BMD and sarcopenia could be attributed to the 

crosstalk between muscles and bones. Mechanical stimuli, pleiotropy, and hormones are 

known to play major roles in this crosstalk possibly affecting bone strength (20). Indeed, 

circumstances of fractures showed that these men had a higher proportion of fractures due to 

a lower degree of trauma compared to men with low BMD alone and normal men. Low 

muscle mass and strength have been associated with low BMD(21) (22) (23) (24) (25) (26) 

and poorer quality of bones (27) (28) which may be explained by the mechanical stimuli 

exerted by muscles. Muscles and bones share common genetic factors and are believed to be 

under the influence of pleiotropic genes responsible for the synchronized deterioration of 

both tissues with age (29). Muscles and bones also act as endocrine target organs, which are 

under the influence of similar hormones such as testosterone and estrogen. Estradiol 

regulates bone resorption, and may also enhance muscle contractile forces on bone (30) (31). 

Androgens affect muscle mass and strength and trabecular bone formation (32).

Unlike our findings among men, the risk of non-spine fractures in women with low BMD 

alone and women with both low BMD and sarcopenia was similar suggesting that low BMD 

may be the driving force for non-spine fractures in women. Although the proportion of 

fractures due to a lower degree of trauma was higher in women with low BMD and 

sarcopenia, statistical significance was not met. Gender differences in fracture risk could be 

explained by the fact that muscle strength decline is generally two times greater in men 

compared to women (33). In addition, low testosterone levels have been associated with a 

decrease in muscle mass and strength (34). Since men lose more testosterone with age 

compared to women, this decline could play a role in the onset and severity of sarcopenia in 

older men (35). Another possible explanation is the inadequate power to detect the risk of 

non-spine fractures in sarcopenic women due to their small sample size.

One of the strengths of this study is that the data were obtained from two very well 

established cohorts: MrOS and SOF, designed to understand the risk of fractures in older 

subjects. Another strength is that we adopted a unique approach in assessing the risk of non-

spine fractures by classifying participants based on their bone and body composition. 

Additionally, the use of the residuals method to assess appendicular lean mass has been 

shown to be a good predictor of mobility limitations. Other appendicular lean mass 

assessment methods, such as the appendicular skeletal muscle index, do not account for total 

body fat (17) (16).

One main limitation of this study is that the definitions and algorithms of sarcopenia are still 

controversial (36). For instance, the “International working group on sarcopenia” includes 
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only the gait speed and the ratio of appendicular lean mass over height squared (ALM/

height2) in its algorithm without assessing muscle strength (37). On the other hand, the 

Foundation for the National Institutes of Health (FNIH) uses the ratio of appendicular lean 

mass over body mass index for muscle mass assessment as well as different muscle strength 

cutoffs (with or without physical performance assessment). The same analysis was repeated 

for the EWSOP (using ALM/ height2 instead of the residuals method), the international 

working group, and the FNIH operational definitions. Although not shown here, the results 

were roughly the same for older men across all three definitions. In women, results were 

similar expect for the FNIH definition which showed that participants with both low BMD 

and sarcopenia were not at a higher risk for non-spine fractures.

To conclude, men with both low BMD and sarcopenia had a much higher risk of fractures 

compared to men with only one or neither condition. This finding was not apparent in 

women suggesting gender differences in the role of sarcopenia on osteoporotic fractures. If 

our results are confirmed, assessment of sarcopenia status concomitantly with low bone 

mass status may assist in identifying men at the highest risk of future fracture. Development 

of treatments for sarcopenia management could potentially prevent fractures, especially in 

older men with both low BMD and sarcopenia.
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Figure 1. Age-adjusted incidence rate (per 1,000) of non-spine fractures by BMD and body 
composition
The incidence rates of non-spine fractures per 1,000 person years are shown on this graph. 

In men, the incidence rate was the highest for participants with both low BMD and 

sarcopenia. Men with only one or neither conditions had lower incidence rates. On the other 

hand, the incidence rates in women with low BMD, with or without sarcopenia, were 

similar. Women with neither conditions and with sarcopenia alone had lower rates of non-

spine fractures.
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Figure 2. Proportion of fractures that were due to a fall from a standing height or less by low 
BMD and sarcopenia in older individuals
a) Results show that the proportion of men with the least degree of trauma was the highest in 

those with both low BMD and sarcopenia. A statistically significant difference was observed 

for all pairwise comparisons except between the sarcopenic alone and the low BMD and 

sarcopenia combined groups. b) In women, although the proportion of fractures with the 

least degree of trauma was the highest in the low BMD and sarcopenia combined group, 

pairwise comparisons were not statistically significant.
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Table 1

a. Baseline characteristics of older men by bone and body composition

Characteristics Normal BMD and 
no sarcopenia
(N=3367)

Sarcopenia alone
(N=79)

Low BMD alone
(N= 1986)

Low BMD and 
Sarcopenia
(N=112)

P value

Race

White, n(%) 3173(94) 76(96) 1943(98) 111(99) ac

Age (yr) 72.8±5.5 80.5±6.0 74.6±6.0 79.6±6.3 abcde

Body mass index, kg/m2 28.3±3.8 26.4±3.5 26.2±3.4 24.5±2.7 abcef

Appendicular skeletal Mass (kg) 25.3±3.4 20.3±2.3 23.4±3.0 19.4±2.0 abcde

Current smoker, n (%) 114 (3.4) 1(1.3) 68(3.4) 8(7.1)

Alcohol use (drinks/week) 4.7±7.3 5.7±10.9 3.8±5.8 3.0±5.0 acdf

Previous fracture, n(%) 1764(52.4) 43(54.4) 1228(61.9) 64(57.1) a

Rheumatoid arthritis, n(%) 174(5.2) 9(11.4) 89(4.5) 9(8.0) bd

Current oral and/or inhaled steroid user, 
n(%)

235(7.3) 12(16.9) 196(10.2) 267(24.8) abce

Walks for exercise, n(%) 1660(49.3) 32(40.5) 1033(52.0) 52(46.4) d

Excellent/Good Health Status, n(%) 2917(86.7) 61(77.2) 1718(86.6) 77(68.8) bcde

Gait speed (m/s) 1.2±0.2 0.9±0.2 1.2±0.2 0.9±0.3 bcde

Grip strength (kg) 39.8.1±7.9 26.3±5.8 37.9±7.5 25.4±7.0 abcde

Functional status

 # of IADL impairments 0.3±0.8 1.2±1.4 0.3±0.8 1.3±1.6 bcde

Any falls last 12 months, n(%) 693 (20.6) 37(46.8) 420(21.2) 32(28.6) bcdf

2 or more falls last 12 months, n(%) 306(9.1) 21(26.6) 165(8.3) 18(16.1) bcde

Total Hip BMD (g/cm2) 1.03±0.11 0.97±0.09 0.84±0.09 0.79±0.10 abcdef

Femoral neck BMD (g/cm2) 0.86±0.10 0.82±0.07 0.66±0.06 0.64±0.06 abcdef

b. Baseline characteristics of older women by bone and body composition

Characteristics Normal BMD 
and no 
sarcopenia 
(N=308)

Sarcopenia alone (N=48) Low BMD 
alone (N=626)

Low BMD and 
Sarcopenia (N= 
132)

P value

Race

White, n(%) 65(21.1) 27(56.3) 393(62.8) 103(78.0) abcef

Age (yr) 75.6±4.2 77.0±3.5 78.3±4.3 79.1±4.0 abcdf

Body mass index, kg/m2 30.8±4.7 28.4±4.5 26.9±4.5 27.3±4.7 abcd

Appendicular skeletal Mass (kg) 17.0±2.7 13.3±1.9 15.0±2.3 12.6±1.5 abcde

Current smoker, n (%) 21(6.8) 4(8.3) 40(6.4) 11(8.3)

Alcohol use (drinks/week) 0.7±1.8 1.5±3.6 1.1±2.8 1.0±2.9 ab

Previous fracture, n(%) 69(22.5) 9(18.8) 136(21.8) 24(18.2)

Rheumatoid arthritis, n(%) 33(10.8) 5(10.4) 59(9.4) 6(4.6) c

Current oral and/or inhaled steroid user, 
n(%)

15(4.9) 5(10.4) 28(4.5) 13(9.9) ce

Walks for exercise, n(%) 119(38.8) 15(31.3) 272(43.7) 51(38.6) d

Excellent/Good Health Status, n(%) 238(77.3) 37(77.1) 493(78.8) 104(78.8)
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b. Baseline characteristics of older women by bone and body composition

Characteristics Normal BMD 
and no 
sarcopenia 
(N=308)

Sarcopenia alone (N=48) Low BMD 
alone (N=626)

Low BMD and 
Sarcopenia (N= 
132)

P value

Gait speed (m/s) 0.86±0.21 0.86±0.19 0.90±0.22 0.88±0.20 a

Grip strength (kg) 19.7±4.9 15.5±3.8 18.5±4.8 15.6±3.5 abcde

Functional status

 # of IADL impairments 1.1±1.3 1.0±1.2 0.8±1.3 0.8±1.1 a

Any falls last 12 months, n(%) 91(29.6) 12(25.0) 189(30.2) 44(33.3)

2 or more falls last 12 months, n(%) 31(10.1) 5(10.4) 79(12.6) 13(9.9)

Total Hip BMD (g/cm2) 0.93±0.13 0.91±0.12 0.70±0.11 0.71±0.09 acdf

Femoral neck BMD (g/cm2) 0.85±0.11 0.83±0.09 0.60±0.08 0.61±0.08 acdf

Significance (p<0.05): a normal vs low BMD, b normal vs sarcopenic, c normal vs low BMD and sarcopenia, d low BMD vs sarcopenic, e low 
BMD vs low BMD and sarcopenia, f sarcopenia vs low BMD and sarcopenia
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Table 2

Hazard ratio (95% confidence intervals) for non-spine fractures by sarcopenia, osteopenia/osteoporosis, and 

sarco-osteopenia/sarco-osteoporosis

a) All fractures

Variable (unit) Age adjusted
HR (95% CI)

MVa adjusted
HR(95% CI)

Men

Normal BMD and lean mass 1.00 (Ref) 1.00

Sarcopenia alone 1.19(0.65,2.17) 1.14(0.62,2.09)

Low BMD alone 1.79(1.56,2.05) 1.67(1.45,1.93)

Low BMD and sarcopenia 3.75(2.64,5.32) 3.79(2.65,5.41)

Women

Normal BMD and lean mass 1.00 (Ref) 1.00

Sarcopenia alone 1.50(0.66,3.42) 1.26(0.55,2.90)

Low BMD alone 3.09(2.08,4.59) 2.62(1.74,3.95)

Low BMD and sarcopenia 2.80(1.72,4.58) 2.27(1.37,3.76)

b) Traumatic fractures excluded (N=5,377 in men, N=1,087 in women)

Variable (unit) Age adjusted
HR (95% CI)

MVa adjusted
HR(95% CI)

Men

Normal BMD and lean mass 1.00 (Ref) 1.00

Sarcopenia alone 1.26(0.67,2.38) 1.20(0.64,2.28)

Low BMD alone 1.88(1.61,2.20) 1.82(1.55,2.13)

Low BMD and sarcopenia 4.16(2.87,6.01) 4.08(2.79,5.96)

Women

Normal BMD and lean mass 1.00 (Ref) 1.00

Sarcopenia alone 1.55(0.68, 3.55) 1.27(0.55,2.92)

Low BMD alone 2.95(1.97,4.42) 2.42(1.59,3.68)

Low BMD and sarcopenia 2.74(1.66,4.52) 2.14(1.27,3.58)

a
multivariable model (MV): adjustment included age, race, fall history, previous fracture, current smoking, steroids, rheumatoid arthritis, alcohol 

consumption, IADL impairments, and physical activity
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