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INTRODUCTION

Bone fractures represent one of the main causes of 
morbidity and disability in the elderly population, with 
consequent high costs for the healthcare system  1. 
The incidence of fractures increases exponentially 
with age, particularly for hip fractures, for which it re-
portedly rises by 1% a year for women over 80 with 
some geographical variations  1. The wrist, vertebra 

and distal forearm are other common sites of fracture 
in older people, though their incidence may be un-
derestimated because patients are less likely to need 
hospitalization. 
The recognized major factors predisposing older adults 
to fractures are bone strength and recurrent falls  2  3. 
Both these conditions are strongly influenced by fea-
tures typical of aging, such as sarcopenia, cognitive and 
functional impairments, depression and inflammatory 

Background and aims. Frailty has been associated with an increased risk of fractures in older people, but 
the mechanisms behind this relationship have yet to be fully elucidated. We aimed to investigate which frailty 
criteria were more closely associated with the risk of fractures in community-dwelling older people.
Methods. This study analyzed data from 2,113 older men and women enrolled in the Progetto Veneto Anziani 
(ProVA) study and with no fractures at baseline. Frailty was assessed at baseline and defined as the presence 
of at least three out of five Fried criteria, pre-frailty was the presence of one or two criteria, while non-frailty 
was the presence of none of the criteria. Fractures after a mean 4-year follow-up were assessed on the basis 
of medical records, self-reports, and radiographic examinations.
Results. At follow-up, we identified 233 (11%) new cases of fracture, with an age- and gender-specific inci-
dence rate of 22/1000 person-years (95% CI: 11-36). Compared with the non-frail, frail and pre-frail individuals 
carried a significant 59% (OR = 1.59, 95% CI: 1.31-1.93) and 21% (OR = 1.21, 95% CI: 1.09-1.34) higher risk 
of fractures, respectively. Among the frailty determinants, slow gait raised the likelihood of fractures by 56%, 
physical inactivity by 46%, exhaustion by 32%, and weakness by 31%. No significant associations with unin-
tentional weight loss emerged after adjusting for potential confounders. 
Conclusions. Frailty may predict the occurrence of fractures in older people, probably through mechanisms 
mediated by impaired physical performance and exhaustion. Slow gait seems to be the most relevant factor in 
increasing the risk of fractures in advanced age.
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states –  which also describe the phenotype of frailty 
syndrome 4 5. 
A two-way relationship between fractures and frailty 
has emerged from the current literature. In fact, frailty 
status may predispose individuals to falls 2 6, and a his-
tory of fractures has been associated with the onset of 
frailty 7 8. Moreover, a recent systematic review and me-
ta-analysis including five prospective studies showed 
that the pooled risk of fractures was increased by 67% 
in frail and by 30% in pre-frail individuals, compared 
with non-frail people 9.
While the link between frailty and bone fractures has 
been demonstrated in a large body of literature, little 
attention has been paid to which aspects of frailty could 
be more influential than others. Rothman et al. assessed 
the impact of frailty determinants on the occurrence of 
injurious falls in a cohort of community-living older in-
dividuals, finding slow gait speed at baseline the most 
significant predictor  10. To the best of our knowledge, 
however, no studies have investigated which determi-
nants of frailty are the most associated with the risk 
of fractures. Identifying the frailty determinants more 
strongly associated with the onset of fractures may en-
able targeted preventive action to reduce the risk of falls 
and bone fractures. 
Based on these considerations, the aim of our study 
was to investigate the impact of frailty syndrome and 
its determinants on the incidence of bone fractures in a 
cohort of older persons over a 4.4-year follow-up. 

SUBJECTS AND METHODS

Data source anD subjects

The study population consisted of individuals included 
in the Progetto Veneto Anziani (Pro.V.A.), an observa-
tional cohort study that involved 3099 age- and sex-
stratified community-dwelling adults aged 65 years and 
over (1245 men and 1854 women) living in northern 
Italy. Participants were randomly selected between 
1995 and 1997 using a multi-stage stratified sampling 
method  11. The study data were collected by trained 
physicians and nurses at two out-patients’ clinics or at 
participants’ homes if they were housebound.
For the purposes of the present study, we analyzed 
participants’ baseline data to identify cases of frailty 
syndrome, and then examined the cases of fracture 
after a mean follow-up of 4.4 ± 1.2 years. 
Of the 3,099 participants initially enrolled in the study, 
326 were excluded because they reported a history of 
fractures at baseline, 651 died before the follow-up, 
and 9 lacked sufficient follow-up data, so the final sam-
ple consisted of 2,113 older men and women. 
The ethical committees of the University of Padua and 

the Veneto Region’s Local Health Units (USSL) no. 15 
and 18 approved the study protocol, and participants 
gave their written informed consent.

anthropometric, Demographic  
anD clinical characteristics

Trained physicians and nurses conducted face-to-face 
interviews with study participants, and recorded infor-
mation on their educational level, physical activity, and 
smoking and drinking habits. Participants’ educational 
level was classified as ≤ 5 or > 5 years (primary school 
in Italy lasts 5 years), and monthly income as ≤ 500 or 
> 500 € (equivalent to one million lire), considering as a 
cut-off the mean pension of Italian retired people dur-
ing the study period. Smoking status was classified as 
“never”, “former” (for at least a year in the past) and 
“current” smokers. Drinking habits, defined as any use 
of any alcoholic beverage in the previous month, was 
categorized as yes/no. Body weight and height were 
measured, and the body mass index was calculated 
(BMI, kg/m2). Waist circumference was measured mid-
way between the lowest rib and the iliac crest (with 
participants standing) and expressed in centimeters.
Functional status was evaluated with the Activities of 
Daily Living (ADL, score from 0 for complete depend-
ence to 6 for total self-sufficiency) and the Instrumental 
Activities of Daily Living (IADL, score from 0 for total de-
pendence to 8 for complete independence)  12 scales. 
Depressed mood was assessed using the 30-item 
Geriatric Depression Scale (GDS), a method validated 
for the elderly population, which indicates depressive 
symptoms for scores higher than 10 13. Cognitive sta-
tus was assessed by means of the Mini-Mental State 
Examination (MMSE) 14. Lower extremity physical per-
formance was tested by means of the Short Physical 
Performance Battery (SPPB), which evaluates gait 
speed, static balance, and time to rise from a chair. The 
total score on these three tests ranged from 0 (poor) to 
12 (good) physical performance  15. Handgrip strength 
was assessed using a JAMAR hand-held dynamometer 
(BK-7498, Fred Sammons, Inc.), and the highest score 
obtained with three technically-acceptable tests on the 
dominant side was considered in our analyses.
The participants’ medical and hospital records, co-
morbidities, self-reported symptoms, and records of 
physical examinations and blood tests were collected 
by trained physicians and nurses. For the purpose of 
our analyses, we considered the presence of hyperten-
sion, diabetes, cardiovascular diseases (CVD), chronic 
obstructive pulmonary diseases (COPD), osteoporosis, 
cancer, lower limb osteoarthritis (OA), and cognitive 
impairment. Any use of calcium and vitamin D supple-
ments, and bisphosphonates (assessed as yes/no) was 
also recorded. Diabetes was defined as fasting plasma 
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glucose levels ≥ 7.0 nmol/L, glycosylated hemoglobin 
(HbA1c) ≥ 6.5%, the use of glucose-lowering drugs, or 
a history of a 2 h post-load glucose ≥ 11.1 nmol/L 16. 
CVD was defined as any of the following: conges-
tive heart failure, angina requiring a stent, angioplasty 
or hospitalization, myocardial infarction and stroke. 
Osteoporosis was identified on participants’ medical 
history or dual X-ray absorptiometry (DXA) scans, defin-
ing the disease as the presence of a T-score of -2.5 
or lower at the hip, femoral neck, or spine  17. Lower 
limb OA was assessed during the interviews with physi-
cians and nurses by means of a clinical examination 
and participants’ medical records, previous  X-ray re-
ports, and use of analgesics. A diagnosis of OA was 
subsequently confirmed by a rheumatologist using a 
standardized algorithm that also considered records of 
hospital admissions for OA and prostheses intended to 
relieve OA-related complications. Renal function was 
assessed from the estimated glomerular filtration rate 
(eGFR), calculated with the MDRD (Modification of Diet 
in Renal Diseases) formula 18.
Biochemical parameters were also considered as po-
tential confounders in our analyses. Serum concentra-
tions of 25-hydroxyvitamin D (25[OH]D) and parathor-
mone (PTH) were assessed. Serum 25OHD levels were 
measured by radioimmunoassay (RIA kit; DiaSorin) with 
intra- and inter-assay coefficients of variation (CV) of 8.1 
and 10.2%, respectively. Serum intact PTH levels were 
measured using a two-site immunoradiometric assay 
kit (N-tact PTHSP; DiaSorin): the intra- and inter-assay 
CV were 3.0 and 5.5%, respectively. 

Frailty assessment anD DeFinition

At baseline we assessed the presence of frailty and 
frailty determinants on the basis of Fried frailty criteria 4. 
In particular, we defined frailty as the presence of at 
least three criteria of Fried frailty phenotype, and pre-
frailty as the presence of one or two criteria 4, among:
- self-reported unintentional weight loss of 5 kg or 

more over the previous year;
- exhaustion, defined as a GDS score higher than 

10, and the answer “no” to the item “Do you feel 
full of energy?” (since data based on the Center for 
Epidemiological Studies scale for depression [CES-
D] were unavailable). The GDS has been used to 
estimate and predict fatigue and exhaustion in other 
similar studies 19; 

- physical activity level, measured by estimating the 
energy expenditure on daily activities with a cutoff of 
383 kcals/week, and 270  kcals/week for men and 
women 4, respectively, to define low physical activity;

- gait speed, measured during a 4-meter walk, and 
adjusting for gender and height to define appropri-
ate cut-offs for frailty 4;

- grip strength, adopting specific cut-offs by gender 
and BMI to define the presence of weakness 4.

assessment oF Fractures 
Information on fractures was obtained at the end of the 
study period from medical and hospital records, self-
reports, and X-rays taken during the 4.4-year follow-up 
of any incident fractures involving the wrist, radius, or 
femoral or vertebral regions. 

statistical analysis

The Pro.V.A. sample was generalized to the population 
in the two geographical areas where the participants 
lived, using a set of weights based on the gender and 
age distribution of the reference population (Italy, Cen-
sus 1991) and the sample fraction.
Normal distributions of continuous variables were tested 
using the Shapiro-Wilk test. The data are shown as means 
± standard deviations for quantitative measures and as 
frequency percentages for all discrete variables. Differ-
ences in baseline characteristics between individuals clas-
sified by frailty status were compared through the ANOVA 
test, for continuous variables, and the Chi-square test, for 
the categorical ones. Levene’s test was used to test the 
homoscedasticity of the variances, and Welch’s ANOVA 
was used whenever its assumption was violated. 
Multivariate logistic regression analyses were run, con-
sidering baseline frailty status as the independent vari-
able and the onset of fractures during the follow-up as 
the dependent variable. Participants who were not frail 
were taken for reference in all analyses. Variables that 
significantly differed between baseline frailty groups and 
that could be potential confounders in the association 
between frailty and fractures were considered for inclu-
sion in the fully-adjusted model. Adjusted odds ratios 
(OR) and 95% confidence intervals (CI) were calculated 
to estimate the strength of the associations between 
baseline frailty status and frailty criteria with the onset of 
frailty at follow-up. 
All analyses were performed using the SPSS 21.0 for 
Windows (SPSS Inc., Chicago, Illinois). All statistical 
tests were two-tailed, and a p-value <  0.05 was as-
sumed to be statistically significant.

RESULTS

The data on 2,113 participants (798  M, 1315  F, un-
weighted data) were included for the purposes of our 
study. Across the sample as a whole, the mean age 
was 74.4 ± 7.0 years and the mean BMI was 27.9 ± 4.5 
kg/m2. At the baseline assessment, 216 (10.2%) par-
ticipants, the majority of them women (79.6%), met at 
least three of the frailty criteria and were defined as 
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frail. Compared with the participants who reached 
the follow-up assessment, those who died during the 
study period were more likely to be older (mean age 
81.5  ±  7.6 years) and to report higher prevalence of 
diabetes (21.5%), CVD (41.2%), COPD (17.1%), can-
cer (11.7%), cognitive impairment (26.7%), and frailty 
(41.9%). They were more likely to have lower BMI val-
ues (26.6 ± 4.5 kg/m2), to be dependent in activities of 
daily living and physically impaired. No significant differ-
ences were found instead on educational level, socio-
economic status, and drinking habits (data not shown). 
The characteristics of the sample as a whole, and di-
vided by baseline frailty status are reported in Table  I. 
Compared with non-frail and pre-frail subjects, those 
who were frail were significantly older, less physically 
active and more dependent in ADL. They reported 
lower educational levels and monthly incomes, and 

were less likely to be drinkers and smokers. As regards 
comorbidities, the frail group had a higher prevalence 
of CVD, osteoporosis, cancer, lower limb OA, cognitive 
impairment and depressed mood. 
After 4.4 years of follow-up, we found 233 (11%) new 
cases of fracture, with an age- and gender-specific inci-
dence rate of 22/1000 person-years (95% CI: 11-36) in 
the sample as a whole. Figure 1 shows the cumulative 
rate of fractures reported at follow-up among partici-
pants divided by baseline frailty status. Significant dif-
ferences emerged in the rate of new fractures between 
the groups, with 78 cases among the non-frail (8.7%), 
118 among the pre-frail (11.8%), and 37 among the frail 
individuals (17.1%; p < 0.0001). Similarly, the presence 
at baseline of all determinants of frailty was associ-
ated with a higher incidence of fractures at follow-up 
(p < 0.0001 for all, Fig. 1). 

Table I. Baseline characteristics of the sample as a whole, and by frailty status. Numbers are mean values (and standard deviations) 
or percentages (%), as appropriate (unweighted data).

Frailty status

Variables
All

(n = 2113)
Non-frailty
(n = 894)

Pre-frailty
(n = 1003)

Frailty
(n = 216)

P-values

Age (years) 74.4 ± 7.0 71.8 ± 5.5 75.4 ± 7.1 80.8 ± 7.0 < 0.001
Sex (women, %) 62.2 51.1 68.4 79.6 < 0.001
BMI (kg/m2) 27.9 ± 4.5 27.7 ± 4.0 28.1 ± 4.8 27.4 ± 5.4 0.04
Waist (cm) 96.8 ± 11.6 96.5 ± 10.4 97.3 ± 12.2 95.6 ± 13.1 0.09
Diabetes (%) 15.1 14.3 15.2 18.5 0.30
CVD (%) 18.2 13.6 19.4 31.5 < 0.001
Osteoporosis (%) 39.6 32.7 43.3 51.4 < 0.001
Cancer (%) 6.8 4.9 8.0 8.8 0.01
COPD (%) 7.4 5.8 8.7 7.9 0.06
Lower limb OA (%) 24.4 15.3 28.4 43.5 < 0.001
Cognitive impairment (%) 4.2 0.2 2.9 26.9 < 0.001
Educational level > 5 years (%) 14.2 19.0 12.1 8.0 < 0.001
Current smokers (%) 9.4 12.5 7.5 5.2 < 0.001
Former smokers (%) 28.5 35.1 25.0 17.4 < 0.001
Monthly income > 500 € (%) 39.9 43.1 35.7 33.0 0.01
Drinking habits (%) 69.1 75.1 66.9 55.1 < 0.001
ADL (score) 5.3 ± 1.2 5.8 ± 0.5 5.2 ± 1.1 3.5 ± 2.0 < 0.001
IADL (score) 6.3 ± 1.8 7.2 ± 1.0 6.2 ± 1.6 3.5 ± 2.0 < 0.001
GDS (score) 9.4 ± 5.3 7.8 ± 3.6 10.4 ± 5.3 11.5 ± 8.3 < 0.001
MMSE (score) 24.3 ± 5.0 26.0 ± 3.3 24.0 ± 4.4 18.3 ± 8.4 < 0.001
SPPB (score) 8.5 ± 3.3 10.4 ± 1.5 8.0 ± 3.0 3.2 ± 3.0 < 0.001
25(OH)D (nmol/l) 83.2 ± 54.1 96.5 ± 55.9 77.3 ± 51.9 51.8 ± 36.1 < 0.001
PTH (ng/l) 40.3 ± 23.8 36.7 ± 18.9 42.2 ± 26.2 46.9 ± 28.2 < 0.001
GFR (ml/min) 69.9 ± 18.3 71.9 ± 16.9 69.1 ± 18.2 65.7 ± 23.2 < 0.001
Use of calcium supplements (%) 1.8 1.9 1.6 1.9 0.87
Use of vitamin D supplements (%) 1.0 0.7 1.2 1.4 0.43
Use of bisphosphonates (%) 1.4 1.5 1.4 0.9 0.83

Abbreviations. BMI: body mass index; CVD: cardiovascular diseases; COPD: chronic obstructive pulmonary disease; ADL: activities of daily living; IADL: instrumental 
activities of daily living; GDS: geriatric depression scale; MMSE: mini mental state examination; SPPB: short physical performance battery; 25(OH)D: 25-hydroxyvitamin 
D; PTH: parathormone; GFR: glomerular filtration rate.
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Logistic regression analyses confirmed the association 
between baseline frailty status and fractures at follow-
up also after adjusting for potential confounders, with 
the fracture risk 20% higher for the pre-frail, and 56% 
higher for the frail individuals (OR = 1.56, 95% CI: 1.31-
1.87, p < 0.001), compared with those who were not 
frail (Tab.  II). When the frailty criteria were considered 
separately, the risk of fractures was significantly as-
sociated with low baseline walking speed (OR = 1.51, 
95%  CI:  1.34-1.70, p  <  0.001), low physical activity 
(OR = 1.62, 95% CI: 1.31-2.00, p < 0.001), weakness 
(OR = 1.35, 95% CI:  1.22-1.51, p < 0.001), and ex-
haustion (OR = 1.23, 95% CI: 1.09-1.39, p = 0.001). No 
significant results emerged for the association between 
unintentional weight loss and fractures at follow-up. 

DISCUSSION

Our longitudinal study confirmed that frailty and pre-
frailty significantly increased risk of fractures occurring 
over a period of 4.4 years in a cohort of community-
dwelling older adults. The determinants of frailty most 
strongly associated with fractures were slow gait, 
physical inactivity, exhaustion and weakness.
The sample considered in our study revealed a higher 
prevalence of frailty than in similar samples of older 
people (10.2 vs 6.9%  4 and 8.8%  20), while large co-
horts of women showed an even higher prevalence of 
frailty than ours, ranging from 16% in two American 

works 21 22 to 22% in the GLOW international study 23. 
These differences in frailty prevalence may be attribut-
able to a variability of the participants’ characteristics 
depending on the inclusion criteria adopted and/or on 
the different tools used to assess frailty, particularly 
weight loss, physical activity and exhaustion. 
When we investigated the association between the oc-
currence of fractures and the presence of frailty pheno-
type, we found a 56 and 20% higher risk of fractures 
in frail and pre-frail individuals, respectively, compared 
with their non-frail counterparts. Our results confirm 
the findings of previous studies 6 8 9 22 24 25. In particular, 
similar prospective studies on older women showed an 
increase in the risk of fractures ranging from 11-31% 
for the pre-frail, and from 25-57% for frail subjects 21-23, 
with a marked variability due mainly to the site of frac-
ture considered. Consistently, the risk of falls − a factor 
that, combined with declining bone strength, may sig-
nificantly influence the risk of fractures − seems to rise 
in frail individuals too 4 7 8 26 22-24. However, the results of 
a recent study that compared the simplified Women’s 
Health Initiative and the standard Cardiovascular Health 
Study frailty phenotypes in predicting adverse health-
related outcomes in older women found that both 
phenotypes were associated with increased rates of 
falls and mortality, but neither could predict incident hip 
fractures 27.
In addition to bone strength  28, other well-recognized 
factors promoting falls and fractures in older people 
are also common features of the frailty syndrome, such 
as poor physical performance, impaired balance and 
mobility, low body mass index and reduced lean mass, 
loss of vision, cognitive decline and polypharmacy  29. 
The overall impact of these factors on the likelihood 
of fractures was demonstrated in our study too when 
frailty determinants were analyzed separately, with slow 
gait, physical inactivity, weakness and exhaustion all as-
sociated with a higher risk of fractures. 
Many authors have identified low walking speed as the 
strongest predictor of such adverse outcomes as cardi-
ovascular diseases, chronic disability and mortality 10 30. 
Rothman et al. also found that this factor was the only 
frailty criterion capable of predicting injurious falls  10, 
since it is an indicator of impaired mobility and physical 
inactivity, both conditions potentially predisposing older 
people to fractures 31. Weakness is another marker of 
scarce physical performance that could raise the risk 
and consequences of falls in older people  32. Loss of 
muscle strength, together with a reduction in muscle 
mass, are the hallmarks of sarcopenia, a condition 
closely associated with osteoporosis and higher risk 
of falls  28  33. Our study confirmed that weakness in-
creases the chances of fractures, even after adjusting 
for any presence of osteoporosis, suggesting that this 

Figure 1. Cumulative incidence of fractures occurring during 
the 4.4-year follow-up in participants divided by frailty status 
and presence/absence of frailty criteria at baseline.
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frailty criterion has an independent role in raising the 
risk of fractures, probably through endocrine-immune 
mechanisms involved in the musculoskeletal frailty typi-
cal of advanced age 33 34. The incidence of fractures in 
our sample also rose for people reporting exhaustion 
at baseline. The feeling of tiredness and depression 
have been associated with a higher likelihood of falls 
due to a worse physical performance, slow reaction 
time and gait, and an impaired balance, mediated by 
both cognitive and physical mechanisms 35 36. Falls and 
the fear of falling can negatively affect motor and psy-
chological well-being, adding to the risk of fractures 37. 
Finally, when we considered unintentional weight loss, 
we found no significant independent association with 
the onset of fractures, although there are reports of re-
ductions in lean mass and BMI being associated with 
higher risks of falls and fractures 38 39.
The present study has some limitations. First of all, our 
not having assessed vertebral fractures by means of 
morphometric measurements means that we may have 
underestimated the incidence of such fractures in our 
sample because most mild and early vertebral body 
deformations are asymptomatic in older people. Sec-
ond, we did not consider a history of falls as a potential 
confounder in the association between frailty and the 
occurrence of new fractures, though having excluded 
individuals reporting fractures at baseline minimizes this 
potential bias. Third, our assessment of frailty syndrome 
may be biased because self-reported information was 
considered regarding weight loss and daily physical 
activities, and the GDS scale was used to define ex-
haustion. 
On the other hand, a strength of our work lies in the 
prospective design of the study and the inclusion of a 
large sample of older subjects living in the community. 
Having adjusted our analyses for multiple covariates 

also strengthens our results, ruling out any influence of 
confounders on the association between frailty and the 
occurrence of fractures. A novel aspect of our study 
lies in that we investigated how frailty status was as-
sociated with the risk of fractures by focusing on single 
frailty determinants.
In conclusion, frail and pre-frail older adults carry a high-
er risk of fractures than their non-frail peers. Physical 
inactivity and slow gait, in particular, but also weakness 
and exhaustion seem to exacerbate the fracture risk in 
older people. Assessing older people for any presence 
of these factors may help to identify those at higher risk 
of fractures and enable targeted preventive action. 
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Table II. Association between the baseline frailty status and frailty determinants with the presence of fractures at follow-up.

Odds ratios and 95% Confidence Intervals of Incident Fractures

Age- and sex-adjusted model P-value Fully-adjusted model* P-value
Baseline frailty status

Non-frailty 1 [ref] 1[ref]
Pre-frailty 1.19 (1.08-1.31) < 0.001 1.20 (1.09-1.33) < 0.001
Frailty 1.67 (1.44-1.94) < 0.001 1.56 (1.31-1.87) < 0.001

Unintentional weight loss 1.69 (1.16-2.46) 0.01 1.34 (0.91-1.98) 0.14
Weakness 1.37 (1.23-1.51) < 0.001 1.35 (1.22-1.51) < 0.001
Slowness 1.50 (1.35-1.67) < 0.001 1.51 (1.34-1.70) < 0.001
Low physical activity 1.79 (1.50-2.13) < 0.001 1.62 (1.31-2.00) < 0.001
Exhaustion 1.29 (1.15-1.44) < 0.001 1.23 (1.09-1.39) 0.001
*Adjusted for: sex (male/female), age, body mass index (20-24.9 vs < 20/25-29.9/≥ 30 kg/m2), cardiovascular diseases, osteoporosis, lower limb osteoarthritis, cancer, 
cognitive impairment (all as yes vs no), educational level (≤ 5 vs > 5 years), smoking habits (never vs current vs former), monthly income (< vs > 500 euros), drinking 
habits (yes vs no), serum levels of parathormone (≤ 55 vs > 55 ng/l), serum levels of 25-hidroxivitamin D (< 75 vs ≥ 75 nmol/l), activities of daily living (as continuous 
variable).



Frailty and the risk of fractures 125

References
1 De Laet CE, Pols HA. Fractures in the elderly: epidemiology 

and demography. Baillière’s best Pract Res Clin Endocrinol 
Metab 2000;14:171-9.

2 de Vries OJ, Peeters GMEE, Lips P, et al. Does frailty pre-
dict increased risk of falls and fractures? A prospective 
population-based study. Osteoporos Int 2013;24:2397-
403.

3 Rolland Y, Abellan van Kan G, Bénétos A, et al. Frailty, 
osteoporosis and hip fracture: causes, consequences 
and therapeutic perspectives. J Nutr Health Aging 
2008;12:335-46.

4 Fried LP, Tangen CM, Walston J, et al. Frailty in older 
adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci 2001;56:M146-56. 

5 Kojima G. Frailty as a predictor of future falls among 
community-dwelling older people: a systematic review and 
meta-analysis. J Am Med Dir Assoc 2015;16:1027-33. 

6 Kojima G. Frailty as a predictor of fractures among com-
munity-dwelling older people: a systematic review and 
meta-analysis. Bone 2016;15:116-22. 

7 Fang X, Shi J, Song X, et al. Frailty in relation to the risk 
of falls, fractures, and mortality in older Chinese adults: 
results from the Beijing Longitudinal Study of Aging. J Nutr 
Health Aging 2012;16:903-7.

8 Liu L-K, Lee W-J, Chen L-Y, et al. Association between 
frailty, osteoporosis, falls and hip fractures among com-
munity-dwelling people aged 50 years and older in Taiwan: 
results from I-Lan Longitudinal Aging study. PLoS One 
2015;10:e0136968.

9 Chen K-W, Chang S-F, Lin P-L. Frailty as a predictor of fu-
ture fracture in older adults: a systematic review and meta-
analysis. Worldviews Evidence-Based Nurs 2017;14:282-
93. 

10 Rothman MD, Leo-Summers L, Gill TM. Prognostic 
significance of potential frailty criteria. J Am Geriatr Soc 
2008;56:2211-6. 

11 Corti M-C, Guralnik JM, Sartori L, et al. The effect of cardi-
ovascular and osteoarticular diseases on disability in older 
Italian men and women: rationale, design, and sample 
characteristics of the Progetto Veneto Anziani (PRO.V.A.) 
study. J Am Geriatr Soc 2002;50:1535-40.

12 Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living. Ger-
ontologist 1969;9:179-86.

13 Yesavage JA, Brink TL, Rose TL, et al. Development and 
validation of a geriatric depression screening scale: a pre-
liminary report. J Psychiatr Res 1982;17:37-49. 

14 Tombaugh TN, McIntyre NJ. The mini-mental state ex-
amination: a comprehensive review. J Am Geriatr Soc 
1992;40:922-35. 

15 Guralnik JM, Ferrucci L, Simonsick EM, et al. Lower-
extremity function in persons over the age of 70 years 
as a predictor of subsequent disability. N Engl J Med 
1995;332:556-61. 

16 Drouin P, Blickle JF, Charbonnel B, et al. Diagnosis and 

classification of diabetes mellitus. In: Porte D, Sherwin RS, 
Baron A, Eds. Diabetes Care. American Diabetes Associa-
tion 2009;32:S62-7. 

17 Report of a WHO Study Group. Assessment of fracture 
risk and its application to screening for postmenopau-
sal osteoporosis. World Health Organ Tech Rep Ser 
1994;843:1-129. 

18 Levey AS, Coresh J, Greene T, et al. Expressing the modi-
fication of diet in Renal Disease study equation for esti-
mating glomerular filtration rate with standardized serum 
creatinine values. Clin Chem 2007;53:766-72.

19 Bossola M, Di Stasio E, Antocicco M, et al. Qualities of 
fatigue in patients on chronic hemodialysis. Hemodial Int 
2013;17:32-40. 

20 Cesari M, Leeuwenburgh C, Lauretani F, et al. Frailty syn-
drome and skeletal muscle: results from the Invecchiare in 
Chianti study. Am J Clin Nutr 2006;83:1142-8. 

21 Woods NF, LaCroix AZ, Gray SL, et al. Frailty: emergence 
and consequences in women aged 65 and older in the 
Women’s Health Initiative Observational study. J Am Geri-
atr Soc 2005;53:1321-30. 

22 Ensrud KE, Ewing SK, Taylor BC, et al. Frailty and risk 
of falls, fracture, and mortality in older women: the study 
of osteoporotic fractures. J Gerontol A Biol Sci Med Sci 
2007;62:744-51. 

23 Tom SE, Adachi JD, Anderson FA, et al. Frailty and frac-
ture, disability, and falls: a multiple country study from the 
global longitudinal study of osteoporosis in women. J Am 
Geriatr Soc 2013;61:327-34.

24 Forti P, Rietti E, Pisacane N, et al. A comparison of frailty 
indexes for prediction of adverse health outcomes in an 
elderly cohort. Arch Gerontol Geriatr 2012;54:16-20. 

25 Kim H-J, Park S, Park S-H, et al. Prevalence of frailty in 
patients with osteoporotic vertebral compression fracture 
and Its association with numbers of fractures. Yonsei Med 
J 2018;59:317. 

26 Ensrud KE, Ewing SK, Taylor BC, et al. Comparison of 2 
frailty indexes for prediction of falls, disability, fractures, and 
death in older women. Arch Intern Med 2008;168:382-9.

27 Zaslavsky O, Zelber-Sagi S, LaCroix AZ, et al. Comparison 
of the simplified sWHI and the standard CHS frailty phe-
notypes for prediction of mortality, incident falls, and hip 
fractures in older women. J Gerontol Ser A 2017;72:1394-
400.

28 Cook MJ, Oldroyd A, Pye SR, et al. Frailty and bone health 
in European men. Age Ageing 2016;46:635-41.

29 Tinetti ME, Doucette J, Claus E, et al. Risk factors for seri-
ous injury during falls by older persons in the community. J 
Am Geriatr Soc 1995;43:1214-21.

30 Sergi G, Veronese N, Fontana L, et al. Pre-frailty and risk 
of cardiovascular disease in elderly men and women: the 
Pro.V.A. study. J Am Coll Cardiol 2015;65:976-83.

31 Dargent-Molina P, Schott AM, Hans D, et al. Separate and 
combined value of bone mass and gait speed measure-
ments in screening for hip fracture risk: results from the 
EPIDOS study. Epidémiologie de l’Ostéoporose. Osteo-
poros Int 1999;9:188-92.



C. Trevisan et al.126

32 Nguyen T, Sambrook P, Kelly P, et al. Prediction of osteo-
porotic fractures by postural instability and bone density. 
BMJ 1993;307:1111-5.

33 Gielen E, Verschueren S, O’Neill TW, et al. Musculoskel-
etal frailty: a geriatric syndrome at the core of fracture 
occurrence in older age. Calcif Tissue Int 2012;91:161-
77. 

34 Leveille SG. Musculoskeletal aging. Curr Opin Rheumatol 
2004;16:114-8.

35 Iaboni A, Flint AJ. The complex interplay of depression and 
falls in older adults: a clinical review. Am J Geriatr Psychia-
try 2013;21:484-92. 

36 Kvelde T, McVeigh C, Toson B, et al. Depressive symptom-
atology as a risk factor for falls in older people: systematic 

review and meta-analysis. J Am Geriatr Soc 2013;61:694-
706. 

37 Deshpande N, Metter EJ, Bandinelli S, et al. Psychologi-
cal, physical, and sensory correlates of fear of falling and 
consequent activity restriction in the elderly: the InCHIANTI 
study. Am J Phys Med Rehabil 2008;87:354-62. 

38 Ensrud KE, Ewing SK, Stone KL, et al. Intentional and un-
intentional weight loss increase bone loss and hip fracture 
risk in older women. J Am Geriatr Soc 2003;51:1740-7.

39 Langlois JA, Mussolino ME, Visser M, et al. Weight 
loss from maximum body weight among middle-aged 
and older white women and the risk of hip fracture: the 
NHANES I epidemiologic follow-up study. Osteoporos Int 
2001;12:763-8.


