
Frailty and Fracture, Disability, and Falls: A Multiple Country
Study from the Global Longitudinal Study of Osteoporosis in
Women (GLOW)

Sarah E. Tom, PhD, MPH*, Jonathan D. Adachi, MD†, Frederick A. Anderson Jr, PhD‡,
Steven Boonen, MD, PhD§, Roland D. Chapurlat, MD, PhD∥, Juliet E. Compston, MD#,
Cyrus Cooper, MD**, Stephen H. Gehlbach, MD, MPH‡, Susan L. Greenspan, MD††,
Frederick H. Hooven, PhD‡, Jeri W. Nieves, PhD‡‡, Johannes Pfeilschifter, MD§§, Christian
Roux, MD, PhD∥∥, Stuart Silverman, MD##, Allison Wyman, MS‡, and Andrea Z. LaCroix,
PhD***

*Group Health Research Institute, Seattle, WA, USA, and Pharmaceutical Health Services
Research Department, School of Pharmacy, University of Maryland, Baltimore, MD, USA
†St. Joseph’s Hospital, McMaster University, Hamilton, ON, Canada
‡Center for Outcomes Research, UMASS Medical School, Worcester, MA, USA
§Leuven University Center for Metabolic Bone Diseases, Division of Geriatric Medicine,
Katholieke Universiteit Leuven, Leuven, Belgium
∥Division of Rheumatology, INSERM UMR 1033, Université de Lyon, Hôpital E. Herriot, Hospices
Civils de Lyon, Lyon, France
#School of Clinical Medicine, Addenbrooke’s Hospital, University of Cambridge, Cambridge, UK
**MRC Lifecourse Epidemiology Unit, University of Southampton, Southampton, UK
††University of Pittsburgh, Pittsburgh, Pennsylvania, USA
‡‡Helen Hayes Hospital and Columbia University, West Haverstraw, NY, USA
§§Department of Internal Medicine III, Alfried Krupp Krankenhaus, Essen, Germany
∥∥Paris Descartes University, Department of Rheumatology, Paris, France
##Department of Rheumatology, Cedars-Sinai/UCLA, Los Angeles, CA, USA
***Fred Hutchinson Cancer Research Center, Seattle, WA, USA.

Abstract
Objectives—To test whether women age ≥ 55 years with increasing evidence of a frailty
phenotype would have greater risk of fractures, disability, and recurrent falls, compared with
women who were not frail, across geographic areas (Australia, Europe, and North America) and
age groups.
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Design—Multinational, longitudinal, observational cohort study.

Setting—The Global Longitudinal Study of Osteoporosis in Women (GLOW).

Participants—Women (n=48,636) age ≥ 55 years enrolled at sites in Australia, Europe, and
North America.

Measurements—Components of frailty (slowness/weakness, poor endurance/exhaustion,
physical activity, and unintentional weight loss) at baseline and report of fracture, disability, and
recurrent falls at 1 year of follow-up were investigated. Women also reported health and
demographic characteristics at baseline.

Results—Among those age < 75 years, women from the United States were more likely to be
prefrail and frail than women from Australia/Canada, and Europe. The distribution of frailty was
similar by region for women age ≥ 75 years. Odds ratios from multivariable models for frailty
versus non frailty were 1.23 (95% CI = 1.07–1.42) for fracture, 2.29 (95% CI = 2.09–2.51) for
disability, and 1.68 (95% CI = 1.54–1.83) for recurrent falls. The associations for pre-frailty
versus non frailty were weaker but still indicated statistically significant increased risk for each
outcome. Overall, associations between frailty status and each outcome were similar across age
and geographic region.

Conclusion—Increased evidence of a frailty phenotype is associated with increased risk for
fracture, disability, and falls among women age ≥ 55 years in 10 countries, with similar patterns
across age and geographic region.
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INTRODUCTION
Frailty is a state of increased vulnerability resulting from decreased reserve, diminished
resistance to stressors,1 and multisystem impairment.2 Some previous studies have proposed
to measure frailty through an index of health deficits,3-5 while another group of studies has
identified similar but not identical scales based on shrinking, weakness, poor endurance, and
low activity to describe a frailty phenotype.1, 6-9 Several frailty phenotype metrics predicted
increased risk of future falls,1, 8, 9 fracture,6, 8, 10 and disability.1, 6, 7, 9, 10 Moderate stages
of a frailty phenotype, which may be reversible, may be an important prevention target for
these health outcomes.11

Moderate stages of frailty may relate to risk of future health outcomes. The intermediate
stage between no frailty and frailty (pre-frailty) may be associated directly with increased
risk for falls, fracture, and disability. In an indirect manner, pre-frailty may increase risk of
these outcomes through increasing the risk of becoming frail. However, pre-frailty has been
less consistently associated with health outcomes than frailty.6-8 Some studies showed
relationships between pre-frailty and health outcomes that were more moderate in magnitude
than those for frailty, 6, 8, 12 but confirmation of these findings is needed.

Whether the associations between frailty with falls, fracture, and disability are stable across
different geographic areas and how early in adult life these associations are evident remains
unclear. Most examinations of the associations of frailty and subsequent falls, fracture, and
disability have taken place in the United States.7, 10 Additional evaluation of these
relationships in countries with different socioeconomic contexts,13 health care systems,14

physical environments,15, 16 and cultures7 is necessary to validate the utility of a frailty
measure in predicting health decline. Previous studies have investigated the consequences of

Tom et al. Page 2

J Am Geriatr Soc. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



frailty in older individuals, typically age ≥ 65 years.1, 6-9 Little is known about the
relationship between frailty and health outcomes at oldest ages, or in adults age ≤ 65 years.
One study found that associations between frailty and increased risks for falls, death, and
fracture were similar among women age ≥ 80 years and women age 69–79 years.8 To our
knowledge, no previous study has examined the consequences of frailty among adults age ≤
65 years.

Using a measure of frailty that is similar to a previously proposed scale,6 we examined the
associations between baseline frailty and risk of fractures, incident or worsening disability,
and recurrent falls during 1 year of follow-up in a large sample of women age ≥ 55 years
from Australia, Europe, and North America. We hypothesized that women with increasing
evidence of frailty would have greater risk of falls, fracture, and disability, compared with
women who were not frail, across geographic areas and age.

METHODS
The Global Longitudinal Study of Osteoporosis in Women (GLOW) is an observational
study designed to examine international patterns of risk factors for and health consequences
of fragility fractures in women age ≥ 55 years. The study has been described in detail
previously.17 Briefly, 60,393 women age ≥ 55 years from 17 study sites in Australia,
Belgium, Canada, France, Germany, Italy, the Netherlands, Spain, the United Kingdom
(U.K.), and the United States (U.S.) have participated in GLOW. Physicians were recruited
from a list of all available physicians in a study region or through primary care networks.
Within each practice, women who were age ≥ 55 years and who had visited the practice
within the past 2 years were eligible for study inclusion. Samples were drawn stratified by
age such that two thirds of participants were age ≥ 65 years. We excluded women who were
unable to complete the survey because of cognitive impairment, language barriers,
institutionalization, or ill health. Questionnaires were initially mailed and were available in
English, French, German, Spanish, Italian, and Dutch. Telephone interviews were conducted
if mailed surveys were not returned or women needed assistance in completing the survey.
This analysis uses baseline and the first annual follow-up wave.

Measurement of Frailty
We based our measurement of frailty on the components specified in the Fried model, which
accounts for muscle weakness, slow walking speed, exhaustion, low physical activity, and
unintentional weight loss.1 Questions were selected to create a frailty instrument similar to
the Women’s Health Initiative (WHI) instrument.6

Slowness/weakness—The SF-36 physical functioning scale indicated slowness/
weakness through asking about limitation with 10 activities, such as climbing one flight of
stairs and bathing or dressing. Study participants reported whether they were limited a lot (0
points), limited a little (50 points), or not limited at all (100 points) in each activity. The
analysis included only women who responded to ≥ 6 activities.

Poor endurance/exhaustion—The measure of poor endurance/exhaustion came from
the following questions from the SF-36 vitality component: “Did you feel full of life?” “Did
you have a lot of energy?” “Did you feel worn out?” “Did you feel tired?” Response options
were all of the time (0 points), most of the time (25 points), some of the time (50 points), a
little of the time (75 points), and none of the time (100 points). We reverse coded responses
for the questions about feeling full of life and having a lot of energy. The analysis included
respondents who answered ≥ 3 questions.
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Physical activity—Women reported the number of days they walked at least 20 minutes
in the past 30 days. Only women who answered this question remained in the analysis.

Unintentional weight loss—Women reported whether they unintentionally lost ≥ 10 lb
in the past year. Only women who answered this question remained in the analysis.

Classification of frailty—We defined frailty from an aggregate score based on answers
to the questions in the four domains above. For slowness/weakness, poor endurance/
exhaustion, and physical activity, assignment of points was based on a score in the lowest
quarter of the distribution (scores of ≤ 60 and ≤ 50 and ≤ 2 days, respectively). Women in
the lowest quarter of slowness/weakness received 2 points, keeping in line with the separate
categories for slowness and weakness in the Fried scale.1, 6 Women in the lowest quarter of
poor endurance/exhaustion received 1 point, and women in the lowest quarter for physical
activity received 1 point. Women who reported unintentionally losing ≥ 10 lb in the past
year received 1 point. The range of aggregate score was 0 to 5. A score of 3, 4, or 5 denoted
frailty, and a score of 1 or 2 indicated pre-frailty, an intermediate stage between no frailty
and frailty. We considered women with a score of 0 as not frail.

Other Variables
Women reported on sociodemographic and health variables at baseline, including age, race/
ethnicity (U.S. only), education (comparable questions available from Canada, France, Italy,
Spain, the U.K., and the U.S.), current smoking, alcohol consumption, falls in the past 12
months, depression and anxiety, body mass index (BMI), doctor diagnosis of chronic
diseases, the experience of any fractures since age 45 years, and the use of anti-osteoporosis
medications, including estrogen. We categorized race/ethnicity as non-Hispanic white,
Hispanic white, non-Hispanic nonwhite, and Hispanic nonwhite. The study regions used in
analyses were Canada/Australia, Europe, and the U.S. Report of depression and anxiety
symptoms was based on the EuroQol EQ-5D.18,19

Outcomes
We assessed the outcomes of falls, fracture, and disability. At 1 year of follow-up, women
reported number of falls in the past 12 months. We categorized women as recurrent fallers
versus nonrecurrent fallers. Women answered questions about limitations with self-care and
usual activities (work, school, family). Women who had no limitation at baseline with self-
care and usual activities and were somewhat limited or unable to perform in either of these
domains at the first year of follow-up were considered to have an incident disability. We
considered women who were somewhat limited with self-care or usual activities at baseline
and who were unable to perform the task at the 1 year follow-up to have a worsening
disability. Because the number of women with worsening disability was small (n = 550), for
analyses we combined these women women with incident (n=4850) into one group. We
excluded women from the models with disability as the outcome who were unable to
perform self-care or usual activities at baseline (n=1018). Women were categorized as
having a fracture if they reported that they had fractured any of the following bones in the
past 12 months: collar bone or clavicle, upper arm, wrist, spine, rib, hip, pelvis, ankle, upper
leg, or lower leg.

A total of 48,636 women provided information on the four variables we used to create the
frailty score. At follow-up, 47,780 (98.2%) women reported on fracture, 46,273 (95.1%)
women responded to disability questions, and 48,154 (99.0%) women reported on falls.
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Statistical Analysis
We describe categorical variables as proportions and test for differences using the chi-square
test or the Mantel-Haenszel chi-square test for ordered categories. We describe distributions
of continuous variables as medians with 25th and 75th percentiles and test for differences
using the Kruskal-Wallis test. For all variables, the distributions of baseline covariates by
frailty status were compared. Each outcome was modeled separately using backwards
stepwise multivariable logistic regression, beginning with the same set of variables that were
statistically significant (P < .20) in Table 1. Each model was fit using backwards selection,
keeping any variable that was significant at p < 0.05; each variable removed during
backwards selection was then individually added to the model, and any that were significant
at p < 0.05 were included in the final model. We first ran age-adjusted and multivariable
logistic regression models for each outcome. Then we ran the same models with terms to
test for interaction for frailty status by age and frailty status by geographic region. All
analyses were conducted in SAS version 9.2 (SAS Institute, Cary, NC, USA).

RESULTS
At baseline, 22% of women were frail and 31% were pre-frail. Pre-frail women comprised
31%, 29%, and 33% of the Canada/Australia, Europe and U.S. samples, respectively. The
Canada/Australia and U.S. samples had similar proportions of frail women (23% and 24%,
respectively), while 19% of women in the Europe sample were frail. Pre-frail women
accounted for 32% of women age 55–64 years, 31% of women age 65–74 years and 29% of
women age ≥ 75 years. Of women age 55–64 years, 14% were frail, while 20% and 39% of
women age 65–74 years and ≥ 75 years were frail, respectively. Women who were frail were
older, more likely to live in the U.S., to have fallen ≥2 times in the past 12 months, to have
higher levels of depression, and to have a BMI ≥ 30 kg/m2 than women who were not frail
(Table 1). Frail women were less likely to consume alcohol but were more likely to have
ever been diagnosed with hypertension, heart disease, osteoarthritis, stroke or to have had a
fracture since age 45 years than women who were not frail. In the U.S., frail women were
more likely to be non-Hispanic nonwhite. Frail women in Canada, France, Italy, Spain, the
U.K., and the U.S. were more likely to have higher secondary education and were less likely
to have post-secondary education than women who were not frail. The percentage of women
who were pre-frail reporting these characteristics fell between those of women who were
frail and women who were not frail.

The distribution of baseline frailty status by geographic region varied according to age
(Table 2). Among participants age 55–65 years and 65–74 years, women from Europe,
Canada, and Australia were more likely to be nonfrail than U.S. women (P < .001). For age
≥ 75 years the distribution of baseline frailty was similar across Canada/Australia, the U.S.,
and Europe. The percentage of women reporting each outcome by frailty status in each age
group was similar across geographic region.

Increasing level of frailty was related to greater risk of falls, fracture, and disability. In an
age-adjusted model pre-frail women and frail women had odds of falls that were
approximately 50% (OR = 1.57, 95% CI = 1.47–1.68) and 300% (OR = 3.35, 95% CI =
3.13–3.58) greater than those of nonfrail women (Table 3). In a multivariable model
compared to nonfrail women, prefrail women had a 23% (OR = 1.23, 95% CI = 1.13–1.32)
increase in the odds of falls, while frail women had a 68% increase in odds of falls (OR =
1.68, 95% CI = 1.54–1.83). In an age-adjusted model, pre-frail women and frail women had
odds of fracture approximately 40% greater (OR = 1.39, 95% CI = 1.22–1.58) and nearly
double (OR = 1.97, 95% CI = 1.73–2.25) the odds of nonfrail women, respectively. In a
multivariable model these odds of fracture were attenuated to increases of 23% for pre-frail
(OR = 1.23, 95% CI = 1.07–1.42) and 46% for frail (OR = 1.46, 95% CI = 1.26–1.70)
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women. In an age-adjusted model, pre-frail women had double (OR = 2.04, 95% CI = 1.90–
2.20) and frail women had triple (OR = 3.27, 95% CI = 3.03–3.52) the odds of disability,
compared with nonfrail women. In a multivariable model pre-frail women (OR = 1.85, 95%
CI = 1.70–2.01) and frail women (OR = 2.29, 95% CI = 2.09–2.51) had approximately
double the odds of disability, compared with nonfrail women.

Age modified the relationship between frailty and fracture in multivariable models (P value
for interaction term between age and frailty status < .01). While pre-frailty among women
age 55–64 years was not related to fracture, frail women age 55–64 years had odds of
fracture that were 85% (OR = 1.85, 95% CI = 1.43–2.39) greater those of nonfrail women.
Among women age 65–74 years, pre-frail and frail women had odds that were 28% (OR =
1.28, 95% CI = 1.02–1.62) and 50% (OR = 1.54, 95% CI = 1.20–1.96) greater than the odds
of fracture of nonfrail women, respectively. Among women age ≥ 75 years, pre-frailty was
associated with a 31% (OR = 1.31, 95% CI = 1.02–1.68) increase in the odds of fracture,
compared with the odds of nonfrailty, while frailty was not related to fracture.

Age also modified the relationship between frailty and disability in multivariable models (P
value for interaction term between age and frailty status < .01). Compared with nonfrailty in
the respective age categories, pre-frailty was associated with an 80–90% increase in odds of
disability for women age 55–64 years (OR = 1.90, 95% CI = 1.66–2.18) and age 65–74
years (OR = 1.83, 95% CI = 1.61–2.09). Frailty was associated with almost triple the odds
of disability for women age 55–64 years (OR = 2.84, 95% CI = 2.43–3.33) and over double
the odds of disability for women age 65–74 years (OR = 2.29, 95% CI = 1.99–2.64),
compared with nonfrail women in the respective age groups. For women age ≥ 75 years,
odds of disability were 80–95% increased compared with those of nonfrail women for both
pre-frail (OR = 1.79, 95% CI = 1.53– 2.09) and frail women (OR = 1.95, 95% CI = 1.68–
2.27).

Age did not modify the relationship between frailty and falls. Geographic region did not
modify the relationships between frailty and any outcome. Inclusion of education and
separately of race/ethnicity did not appreciably alter the results for any outcome for the full
sample or any age group.

DISCUSSION
Among women age ≥ 55 years in 10 countries, increasing evidence of a phenotype of frailty
was related to increasing risk of fracture, incident or worsening disability, and recurrent falls
by 1 year of follow-up. Associations persisted after adjusting for potential confounding
variables. Although interactions between frailty status and age group were statistically
significant for the outcomes of fracture and disability, the small size of the differences given
the large size of the sample were not clinically relevant. Our measure of frailty was similar,
but not identical, to previous scales and is based on readily accessible questions. Our results
demonstrate relationships between pre-frailty and frailty and health outcomes in geographic
areas and age groups that have not been previously examined. Our results suggest that
examination of frailty status in younger postmenopausal women may also improve fracture
prediction in this group. Nearly one third of fractures in postmenopausal women occur in
women age < 65 years,20 but it is often unclear which women in this age group are at
increased risk of fracture.21-23

The prevalence of frailty in our study was higher than the prevalence in the WHI study
(22.0% vs. 16.3%, respectively), which used a similar frailty scale. 6 Frailty prevalence was
higher in GLOW even though women age 50 – 64 years were included in this analysis but
excluded from the WHI analysis. This difference could relate to recruiting from physician
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practices in GLOW versus from the community in the WHI study. The women in GLOW
may have had more health problems that prompted seeking medical care than those in the
WHI. Although the prevalence of frailty increased with age, the prevalence of prefrailty was
close to 30% for all age groups. The net transfer from the states of not frail and frail to
prefrailty may be similar across age, while the net transfer from the states of not frail and
prefrail to frail may increase with age.

Our results are consistent with most previous findings. Other studies have shown an
association between increasing evidence of frailty and greater risk of fracture,6, 8, 10, 12 in
line with our results. Similarly, our results of a graded relationship between frailty and risk
of disability agreed with previous findings.1, 6, 7, 9, 10, 12 Our findings that frailty and pre-
frailty predicted recurrent falls support most previous studies of frailty and falls.1, 8, 9, 12

However, one study9 found that frailty and pre-frailty did not predict falls. That study
included women who were one third of the most disabled community-dwelling women, who
may experience higher overall falls risk than in the present study. Another prior study8

found that the relationship for increasing evidence of frailty and increased risk of falls was
greater for women age ≥ 80 years than for women age 69–80 years. However, age did not
meaningfully modify the association between frailty and falls in GLOW.

The GLOW study is unique in the sampling of women over a broad age range from 10
countries. Because this study is one of the first to examine frailty in women in their 50s and
early 60s, further examination of frailty in this age group is necessary to validate our results.
Inclusion of multiple potential confounding factors further supports the predictive value of
frailty, independent of other chronic conditions or health-related behaviors. This analysis
had several limitations. The measure of physical activity was based on walking in the past
30 days may not be as sensitive to variation in physical activity as the more detailed
instruments used in previous studies.1, 6 However, a study that used a single question to
assess physical activity found similar associations for frailty and disability.7 The questions
included in our frailty scale are simple to assess and may be clinically useful. Although
followup is only for 1 year, because of the large sample size we were able to examine
associations between baseline frailty status and subsequent health outcomes and whether age
and geographic region modified these relationships. While other studies separated disability
into subclasses, such as activities of daily living and instrumental activities of daily living,
because there were few women in each subclass in GLOW, we could not perform analysis
by subclass. Unlike other previous studies,9, 12, 24 since GLOW did not include an in-person
exam, we did not have physical performance measures such as those used in the
Cardiovascular Health Study.1 However, our results are similar to those from datasets with
physical performance measures. Our results are also in line with those of studies that used
indexes that were similar to the Fried frailty scale but that did not include identical physical
performance measures.6, 7 Self-reports of fracture were not radiographically verified.
However, our results support previous findings of a positive association between increased
frailty and radiographically verified nonspine fracture and a decreased predictive value of
frailty for fracture at oldest ages.8 The survey did not include some conditions previously
shown to be related to frailty, such as diabetes.25, 26 As our study population consists only of
women, results may not be generalizable to men. Women in GLOW were from Western,
industrialized nations. Evidence from non-Western and developing nations is needed to
verify these relationships in diverse environments. Women with cognitive impairment and
living in institutions were excluded from GLOW. Because these women are more likely to
be frail, our sample may underestimate the prevalence of frailty and the strength of
associations between frailty and health outcomes.

Level of frailty phenotype is related in a graded way to short-term risk for falls, fracture, and
disability for women age ≥ 55 years in Australia, Europe, and North America. Frailty is a

Tom et al. Page 7

J Am Geriatr Soc. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



generalizable risk factor for important health outcomes in older women around the world,
and women of all ages may benefit from intervening on frailty components.
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Table 1

Baseline Characteristics by Baseline Frailty Status, All Regions

Characteristic Nonfrail
(n = 22,914)

Pre-frail
(n = 15,028)

Frail
(n = 10,694)

P-Valuea

Age (years), median (IQR) 66 (60, 72) 67 (60, 74) 72 (65, 79) <.001

Age group (years)

55–64 10,399 (45) 6266 (42) 2661 (25)

65-74 8728 (38) 5421 (36) 3532 (33)

≥ 75 3787 (17) 3341 (22) 4501 (42)

Race/ethnicity (U.S. only) <.001

Non-Hispanic white 9071 (92) 6556 (87) 4501 (83)

Hispanic white 139 (1.4) 125 (1.7) 77 (1.4)

Non-Hispanic nonwhite 591 (6.0) 764 (10) 825 (15)

Hispanic nonwhite 50 (0.5) 67 (0.9) 52 (1.0)

Study region <.001

Canada/Australia 2888 (13) 1912 (13) 1440 (13)

Europe 10086 (44) 5507 (37) 3676 (34)

USA 9940 (43) 7609 (51) 5578 (52)

Education (Canada, France, Italy, Spain,
U.K., U.S. only)

<.001

Primary or lower secondary/middle school 2998 (18) 2057 (18) 1564 (19)

Higher secondary 4351 (25) 3606 (31) 3164 (39)

Post secondary 9733 (57) 6018 (52) 3438 (42)

Current smoking 1606 (7.0) 1458 (9.7) 1110 (10) <.001

Falls in the past 12 months <.001

0 15,572 (68) 9354 (63) 5209 (49)

1 5058 (22) 3412 (23) 2558 (24)

≥ 2 2152 (9.5) 2124 (14) 2818 (27)

EQ-5D depression scale <.001

Not anxious or depressed 15,771 (69) 7675 (52) 4226 (40)

Moderately anxious or depressed 6105 (27) 6477 (44) 5511 (52)

Extremely anxious or depressed 867 (3.8) 734 (4.9) 840 (7.9)

BMI <.001

< 18.5 370 (1.7) 260 (1.8) 203 (2.0)

18.5–24.9 11093 (50) 5511 (38) 2631 (26)

25–29.9 7524 (34) 5108 (35) 3259 (32)

≥ 30 3309 (15) 3612 (25) 4120 (40)

Alcohol consumption (drinks per week) <.001

0 8626 (38) 7445 (50) 7164 (67)

< 7 9525 (42) 5253 (35) 2566 (24)

7–13 3724 (16) 1758 (12) 733 (6.9)

14–19 869 (3.8) 453 (3.0) 149 (1.4)

≥ 20 124 (0.5) 79 (0.5) 36 (0.3)

J Am Geriatr Soc. Author manuscript; available in PMC 2014 March 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tom et al. Page 13

Characteristic Nonfrail
(n = 22,914)

Pre-frail
(n = 15,028)

Frail
(n = 10,694)

P-Valuea

Medical history

Hypertension 9466 (42) 7588 (51) 7058 (67) < .001

Heart disease 1896 (8.4) 1933 (13) 2941 (28) < .001

Osteoarthritis 7253 (32) 5831 (40) 6091 (58) < .001

Rheumatoid arthritis 87 (0.4) 111 (0.8) 187 (1.8) < .001

Stroke 403 (1.8) 488 (3.3) 934 (8.9) < .001

Parkinson’s disease 45 (0.2) 49 (0.3) 162 (1.5) < .001

Multiple sclerosis 62 (0.3) 74 (0.5) 162 (1.5) < .001

Cancer 2873 (13) 2197 (15) 1873 (18) < .001

Any fracture since age 45 years 4202 (19) 3269 (22) 3475 (33) < .001

Current use of antiosteoporosis medication 6047 (27) 4048 (28) 2893 (20) .09

a
Chi-squared for categorical variables; Mantel-Haenszel chi-square for ordered categories; Kruskal-Wallis for continuous categories.

Values are number (percentage) unless otherwise indicated.
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