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Background and aims. Falls have been associated with adverse 
health-related outcomes in older people, but their effects on the need 
for hospital admissions is unclear. We investigated the association be-
tween falls and all-cause hospitalizations in older people. 
Methods. A sample of 2,123 community-dwelling adults aged ≥ 65 un-
derwent multidimensional assessment at baseline and after 4.4 years. 
Self-reported falls in the year before baseline and in the year before the 
4.4-year assessment were categorized as none, one, or ≥ 2 (recurrent 
falls). The hospitalizations number over 7 years after baseline was ob-
tained from medical records. The association between falls and hos-
pitalizations number was investigated using multivariable generalized 
mixed models with a Poisson distribution. Possible modifying effects of 
sociodemographic and medical factors on the studied association was 
investigated through interaction analysis.
Results. Compared with no falls, the annual hospitalizations number 
for people who reported recurrent falls increased by 1.38 (95% CI: 
1.05-1.81) in the short-term (over one year) and by 1.20 (95% CI: 1.03-
1.39) in the long term (over 3.5 years). That increase was more marked 
in the first two years after the fall, then tended to lessen over time. No 
significant modifying effects on the association between falls and hos-
pitalizations number were found.
Conclusions. Recurrent falls may result in a greater need for hospi-
tal-based care, both in the short term, and, although to a lesser extent, 
in the long term. Since older people account for more than one in three 
inpatients, identifying modifiable factors for hospitalization, e.g. falls, is 
essential from clinical and public health perspectives.
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INTRODUCTION

Hospitalizations in older people have been associated with a worsening 
of functional abilities 1-3  cognitive status 4-6, and physical performance 7,8, 
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especially in physically frail  9,10 or cognitively impaired 
individuals 10-14 irrespective of the reason for admission. 
Given that older people account for more than one in 
three inpatients, and therefore incur high healthcare 
costs and resources, 15 identifying potentially modifiable 
factors for hospitalization in this group is highly impor-
tant from clinical and public health perspectives. 
The impact of falls on the multifaceted aspects of older 
adults’ health is well-known. Previous studies have 
shown that such events may negatively affect cogni-
tive and functional status, physical performance, and 
psychological well-being 1,16-18. These effects could be 
exacerbated by a reduction in mobility, and also by the 
development of concerns about falling and depressive 
mood, which may arise irrespective of the presence of 
fall-related injuries, with a subsequent reduction in so-
cial interactions 16,19-22. So far, little attention has been 
paid to the possible impact of falls on the individuals’ 
clinical vulnerability, which is determined by the control 
of existing comorbidities and the onset of new morbid 
conditions, and may be reflected in a greater likelihood 
of accessing hospital-based care 23-26. Note that the in-
creased need for hospitalization triggered by a fall may 
not necessarily be due to the occurrence of fall-related 
injuries. Indeed, falls may also alter the labile balance of 
health of older people leading to an increased need for 
hospitalization, including in the longer term 25,27. 
Since falls are potentially avoidable events, if found to 
affect the individual’s clinical vulnerability, this will un-
equivocally show the need for fall prevention interven-
tions and also for closer monitoring of the clinical status 
of older individuals who have already experienced a fall. 
Moreover, if in this regard falls are found to have a more 
detrimental impact on some categories of older adults 
and may occur in specific time windows, this would 
provide the basis for optimizing the design of these 
targeted interventions.
This study aimed to investigate the possible short- and 
long-term effects of falls on the need for all-cause hos-
pitalizations in community-dwelling older adults. Our hy-
pothesis is that falls, especially recurrent falls, may affect 
the individuals’ labile balance in health in both the short 
and longer term, increasing their need for hospital care. 

METHODS

Study deSign

This study uses data from the Progetto Veneto Anzi-
ani (Pro.V.A.), an observational cohort study on Italian 
individuals aged 65 years or older. The cohort was 
assembled between 1995 and 1997 through a mul-
tistage age- and sex-stratified sampling strategy that 

randomly selected a sample of 3,099 older men and 
women, representative of the general population age 
≥ 65 years in the study sites. Details on the sampling 
procedures and the main characteristics of the general 
older population and the selected cohort are shown in 
the published study protocol 28. For the present study, 
we used data collected between 1995 and 2004, in-
cluding the baseline assessment and the follow-ups 
performed after a mean of 4.4 and 7 years. Trained 
nurses and physicians conducted comprehensive as-
sessments at city hospitals or, for those participants 
who were unable to attend a clinic, at home. In this 
study, in particular, we considered information on the 
number of falls reported in the year before the base-
line assessment and in the year before the 4.4-year 
assessment (exposure), in relation to the frequency of 
hospitalizations during the subsequent years (baseline 
to the 4.4-year assessment, and the 4.4-year to the 
7-year assessment, respectively).

Study population and data collection

From the initial sample of 3,099 participants, for the 
purpose of this study, we excluded 118 individuals liv-
ing in nursing homes, 2 with missing data on reported 
falls at baseline, 23 with missing data on hospitaliza-
tions in the first time window (baseline to the 4.4-year 
follow-up), 166 who were absent at follow-up, and 667 
who died before follow-up. The final sample comprised 
2,123 community-dwelling older adults; compared with 
these individuals, those who were excluded because of 
missing data or absence at follow-up (n = 191) had a 
worse cognitive status (baseline Mini-Mental State Ex-
amination [MMSE]: 23.4 ± 5.8 vs 24.4 ± 4.7, p = 0.02), 
but there were no significant differences in age, sex, 
educational level, body mass index (BMI), number of 
chronic diseases or number of hospitalizations in the 
year before the first assessment. 
Of the 2,123 individuals who were assessed at baseline 
and at the 4.4-year follow-up, 868 were absent at the 
7-year follow-up, 138 of whom because they had de-
ceased. Of the remaining participants, we had complete
data on hospitalizations up to the 7-year assessment
for 647 individuals. As shown in Supplementary Table I,
analysis of participants by number of falls assessed at
baseline and at the 4.4-year follow-up indicated that
those who experienced recurrent falls were more likely
to die in the subsequent years, but there were no sub-
stantial differences in the drop-out rates.
The study protocol was approved by the ethical com-
mittees of the University of Padua and the Veneto Re-
gion’s Local Health Units (USSL) nos. 15 and 18. Par-
ticipants (or their next of kin in case of severe cognitive
disorders) gave their written informed consent.
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anthropometric, Sociodemographic, and medical data

Baseline data were collected by trained physicians and 
nurses in face-to-face interviews with the study par-
ticipants. In addition to age and sex, the research team 
collected data on formal education (< 5 or ≥ 5 years), 
monthly income (≤ or > 500 euro), habitation status (liv-
ing alone or co-habiting), smoking habits (former, cur-
rent or never) and alcohol consumption (categorized 
as none or occasional; light, < 7 units of alcohol [UA]/
week for women and < 14 UA/week for men; and heavy, 
≥ 7 UA/week for women and ≥ 14 UA/week for men). 
Participants’ BMI (kg/m2) was computed as the ratio 
between measured body weight (kg) and the square of 
height (m). Their cognitive and physical performances, 
functional status and depressive mood were assessed 
using validated scales. Cognitive function was assessed 
with the 30-item MMSE, a well-known instrument for 
evaluating cognitive performance in older adults  29. 
Functional status was evaluated through the Activities 
of Daily Living (ADL) and the Instrumental ADL (IADL) 
scales. In particular, of the IADL items, we considered 
self-sufficiency in the following activities: shopping, us-
ing transportation, using the telephone, managing own 
money, and taking medicines 30,31. Physical performance 
was assessed through the Short Physical Performance 
Battery (SPPB), which combines the results of gait 
speed, chair stand and static balance tests to obtain a 
total score ranging from 0 to 12, the higher the score the 
better the physical performance  32. Depressive mood 
was evaluated through the 30-item Geriatric Depression 
Scale (GDS), which yields a score ranging from 0 to 30 
in order of increasing depressive symptoms 33.
Medical conditions were assessed by expert geriatric 
physicians through standardized clinical algorithms 
and questionnaires, physical examination, medical and 
hospital records, blood tests, self-reported symptoms, 
and the list of drugs regularly taken. In this study, we 
considered the presence of the following chronic dis-
eases: diabetes  34 arterial hypertension, orthostatic 
hypotension, ischemic heart diseases (including angina 
requiring a stent, angioplasty or hospitalization, and 
myocardial infarction), heart failure, atrial fibrillation, pe-
ripheral vascular diseases, stroke, chronic anemia, dys-
lipidemia, chronic kidney disease, chronic obstructive 
pulmonary disease (COPD), asthma, osteoporosis (with 
and without fractures), upper or lower limb osteoarthri-
tis  35, degenerative disc disease, Parkinson’s disease 
or Parkinsonism, congenital intellectual disability, vision 
deficits, hearing deficits, urinary incontinence, fecal in-
continence, and cancer. The total number of chronic 
diseases for each participant was taken as an indica-
tor of multimorbidity, categorized as no diseases, one 
disease, and ≥ 2 diseases.

expoSure variable: fallS

At both the baseline and the 4.4-year follow-up assess-
ments, the number of self-reported falls in the previous 
year was ascertained through face-to-face interviews 
with the participants or with their caregivers. We adopt-
ed the World Health Organization’s definition of a fall 
as any “unexpected event where a person falls to the 
ground from an upper level or the same level”  36. To 
investigate the impact of recurrent falls on outcome, the 
number of falls in the previous year was categorized as 
none, one, or two or more (recurrent falls).

outcome variable: hoSpitalizationS

The total number of all-cause hospitalizations in the pe-
riod from baseline to the 4.4-year follow-up, and from 
the 4.4-year to the 7-year follow-up was obtained by 
physicians through comprehensive analysis of medical 
and hospital records. 

StatiStical analySiS

The characteristics of the sample at baseline were 
expressed as means  ±  standard deviations for the 
quantitative variables, and as absolute numbers and 
percentages for the categoric variables. Comparison of 
these characteristics by reported falls at baseline was 
performed by ANOVA or Chi-squared test, as appropri-
ate. The associations between falls assessed at base-
line and the number of hospitalizations in the period 
from baseline to 4.4 years, and between falls assessed 
at the 4.4-year assessment and the number of hospi-
talizations in the period from the 4.4- to the 7-year as-
sessments were investigated using a generalized mixed 
model with Poisson distribution for the study outcome. 
The reference group was those individuals who reported 
no falls. We used 2 models for these analyses: Model 1 
was adjusted only for age, sex, and time to follow-up or 
death; Model 2 was further adjusted for factors known 
to be associated with falls and hospitalizations, which 
included educational level, smoking and drinking hab-
its, habitation status, number of hospitalizations in the 
year before assessment, number of chronic diseases, 
MMSE, and hip fractures (as time-varying variable). 
The possible modifying effects of age, sex, habitation 
status, and number of chronic diseases on the associa-
tion between falls and hospitalizations was investigated 
through interaction analysis by adding each multiplica-
tive interaction term to the model. All statistical tests 
were two-tailed and the alpha for statistical significance 
was set at 0.05. Analyses were performed in R 37. 

RESULTS

Our sample consisted of 2,123 older adults (786  M, 
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1,337 F) with a mean age of 74.4 ± 6.9 years. In the year 
before the baseline assessment 15.6% of the sample had 
experienced one fall, and 12.3% declared two or more 
falls. As shown in Table I, compared with the other catego-
ries, participants reporting recurrent falls were more likely 
to be older, women, and to have lower educational and 
socioeconomic levels. They also had a lower prevalence of 
smoking and alcohol consumption, while the multidimen-
sional evaluation showed them to have worse cognitive, 
functional and physical performances, and depressive 
symptoms. More than 90% of the sample had ≥ 2 chronic 
diseases; these and the number of hospitalizations in the 
previous year did not vary according to the number of 
previous falls. Considering health status, individuals who 
experienced a higher number of falls were more likely to 
have had previous hip fractures and stroke, and to suffer 

from osteoporosis and osteoarthritis, while no significant 
differences were observed on the prevalence of cardio-
vascular diseases, diabetes and COPD (data not shown).
There were 2,934 hospitalizations between baseline 
and the 4.4-year assessment (median 1 [IQR: 0-2] per 
each individual), and 407 between the 4.4- and 7-year 
assessments (median 0 [IQR: 0-1]). Between baseline 
and the 4.4-year follow-up 54.4% of individuals were 
hospitalized at least once, and between the 4.4- and 
7-year follow-ups 32.6% were hospitalized at least
once. In the first year after the baseline assessment,
18% of individuals were hospitalized at least once, and
in the first year after the 4.4-year visit, 17.6%.
The results of the Poisson mixed models for the as-
sociation between falls and the number of subsequent
hospitalizations are shown in Table II. After adjusting for

Table I. Characteristics of the 2,123 study participants by the number of falls reported at baseline.

All Number of previous falls

Characteristics 0 1 ≥ 2 P value
n 2123 1524 338 261

Age (years) 74.4 (6.9) 74.0 (6.8) 74.9 (7.1) 76.0 (7.2) < 0.001
Sex (female) 1337 (63.0) 899 (59.0) 241 (71.3) 197 (75.5) < 0.001

Educational level (< 5 y) 979 (46.1) 661 (43.4) 167 (49.4) 151 (57.9) < 0.001
Habitation status* 0.010

Living with somebody 1727 (81.3) 1269 (83.3) 258 (76.3) 200 (76.6)
Living alone 390 (18.4) 251 (16.5) 79 (23.4) 60 (23.0)

Monthly income* 0.024
> €500 833 (39.2) 629 (41.3) 122 (36.1) 82 (31.4)
≤ €500 1289 (60.7) 894 (58.7) 216 (63.9) 179 (68.6)

Alcohol consumption < 0.001
None or occasional 1467 (69.1) 1013 (66.5) 251 (74.3) 203 (77.8)

Light 395 (18.6) 298 (19.6) 59 (17.5) 38 (14.6)
Heavy 261 (12.3) 213 (14.0) 28 (8.3) 20 (7.7)

Smoking habit < 0.001
Never 1329 (62.6) 906 (59.4) 226 (66.9) 197 (75.5)
Former 602 (28.4) 477 (31.3) 81 (24.0) 44 (16.9)
Current 192 (9.0) 141 (9.3) 31 (9.2) 20 (7.7)

ADL 4.56 (1.04) 4.66 (0.92) 4.54 (0.96) 4.05 (1.52) < 0.001
IADL 4.17 (1.18) 4.27 (1.09) 4.10 (1.14) 3.64 (1.51) < 0.001

Total SPPB 8.51 (3.26) 8.85 (3.11) 8.36 (3.15) 6.73 (3.68) < 0.001
Mini-Mental State Examination 24.41 (4.74) 24.71 (4.61) 24.06 (4.81) 23.09 (5.10) < 0.001

Geriatric depression scale 8.68 (6.20) 8.12 (6.00) 9.21 (6.09) 11.26 (6.73) < 0.001
Body mass index (kg/m2) 27.84 (4.55) 27.84 (4.55) 27.76 (4.34) 27.95 (4.78) 0.841

Previous hip fracture 72 (3.4) 43 (2.8) 10 (3.0) 19 (7.3) 0.001
N. chronic diseases 0.155

0 19 (0.9) 14 (0.9) 3 (0.9) 2 (0.8)
1 142 (6.7) 112 (7.3) 22 (6.5) 8 (3.1)

≥ 2 1962 (92.4) 1398 (91.7) 313 (92.6) 251 (96.2)
N. hospitalizations in the previous year 0.29 (0.57) 0.27 (0.56) 0.32 (0.59) 0.34 (0.61) 0.111

Numbers are frequencies and percentages, or means ± standard deviations, as appropriate. ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; 
SPPB, Short Physical Performance Battery. *Six participants had missing data on habitation status, and one participant on monthly income.
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potential confounders, we found that individuals who ex-
perienced only one fall did not differ from those with no 
falls with respect to the number of hospitalizations either 
in the short term (over the first year) or in the long term 
(over a median of 3.5 [IQR: 3.4, 3.5] years from baseline 
or from the 4.4-year follow-up). The annual number of 
hospitalizations for people who reported recurrent falls 
increased significantly by 1.38 (1.05, 1.81) in the short 
term, and by 1.20 (1.03, 1.39) in the long term compared 
with those with no falls. This trend can be seen in Fig-
ure 1, which reports the number of hospitalizations over 
time for individuals who experienced none, one, or two 
or more falls. As can be seen, compared with the other 
groups, older adults with previous recurrent falls showed 
a more marked increase in the number of hospitaliza-
tions in the first two years after fall assessment, which 
was then attenuated over time. The interaction analyses 
revealed no significant interactions between falls and 
age, sex, habitation status, and number of chronic dis-
eases modifying the association between falls and the 
number of hospitalizations (data not shown).

DISCUSSION

The results of our study show that recurrent falls in 
community-dwelling older adults can increase the need 
for hospitalization in both the short and the long term. 
On the other hand, a history of only one fall was not 
associated with any significant increase in the number 
of ward admissions over time. 
The frequency of hospitalizations in our sample is in line 
with the findings of previous studies on similar popula-
tions, which have estimated that around one in five 
community-dwelling individuals are hospitalized at least 
once per year 24-26,38,39. This draws attention to the need 
to identify those factors that may trigger a need for hos-
pital-based care in older individuals, who are high users 
of healthcare resources with concomitant high costs. 

In this regard, our study found that having experienced 
recurrent falls was associated with a greater number of 
ward admissions compared with having had no falls. 
On the other hand, there were no differences between 
individuals who had fallen only once and those who 
had experienced no falls in terms of the need for hos-
pitalization in subsequent years. These findings confirm 
previous studies that observed that recurrent falls, but 
not single falls, were associated with higher use of the 
health service 23-25, even when adjusting, as in our work, 
for potential confounders like major injuries, risk behav-
iors, and health status. Interestingly, we found that the 
factors that might influence the impact of falls on sub-
sequent hospitalizations, such as advanced age, sex, 
living alone or number of chronic diseases, did not have 
any significant effect on the association. Similar results 
were obtained by Stel et al., who did not find any specific 
factor associated with use of the health service in the 

Table II. Generalized mixed model for the short- and long-term associations between falls and the annual number of hospitaliza-
tions.

Exponentiated coefficients and 95% confidence intervals p-values

Short term 
(1 year)

Long term 
(3.5 years)

Falls Model 1 Model 2 Model 1 Model 2
0 [ref] [ref] [ref] [ref]
1 1.19 (0.93, 1.52)

p = 0.178
1.19 (0.92, 1.52)

p = 0.181
1.08 (0.94, 1.24)

p = 0.271
1.08 (0.94, 1.24)

p = 0.268
≥ 2 1.51 (1.16, 1.97)

p = 0.002
1.38 (1.05, 1.81)

p = 0.021
1.25 (1.08, 1.46)

p = 0.004
1.20 (1.03, 1.39)

p = 0.021
Model 1 is adjusted for age and sex. Model 2 is also adjusted for educational level, habitation status, smoking habits, alcohol consumption, number of hospitalizations in 
the year before the assessment, baseline Mini-Mental State Examination, hip fracture (as time-varying variables), and time. A random intercept is included in the model.

Figure 1. Mean number of hospitalizations after the asses-
sments by number of reported falls.

Unadjusted mean (95% confidence interval) for the number of hospitalizations 
for the “No fall” group: year 1, 0.24 (0.21, 0.27); year 2, 0.29 (0.25, 0.32); year 3, 
0.25 (0.22, 0.28); year 4, 0.22 (0.19, 0.25). “One fall” group: year 1, 0.28 (0.22, 
0.33); year 2, 0.28 (0.22, 0.34); year 3, 0.23 (0.17, 0.29); year 4, 0.27 (0.21, 0.33). 
“Recurrent fall” group: year 1, 0.39 (0.30, 0.47); year 2, 0.43 (0.34, 0.53); year 3, 
0.33 (0.26, 0.40); year 4, 0.26 (0.19, 0.33).
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months following the fall 26. A possible interpretation of 
these results is that the impact of falls may extend to the 
entire older population, affecting even the healthiest older 
individuals. This hypothesis is supported by the fact that 
the burden of falls, and especially recurrent falls, is mul-
tidimensional, in the sense that they do not impact only 
on one aspect of the individual’s health but can affect 
functional status 9,16,21,40, the occurrence of new falls and 
mobility limitations 41-43, and psychological well-being 20. 
The physical and psychological effects of falls are ex-
acerbated by the development of fear of falling, which 
further leads older adults to avoid physical activities and 
to reduce physical performance, exposing them to a 
higher risk of new falls 44,45. Moreover, over time, these 
broad-spectrum consequences of falls may facilitate the 
development of chronic diseases and hamper the con-
trol of existing conditions, ultimately increasing clinical 
vulnerability and use of health services 38,39,46. 
As far as we are aware, most previous studies on this 
topic have examined the association between falls and 
the subsequent need for hospitalization over a follow-
up period of 2 years or less 23-26. Only Wolinsky et al.’s 
study examined two time windows, namely a 2-year 
and a 4-year period  25, and they found that recurrent 
falls were associated with a lower likelihood of contact 
with a physician in the following two years, but a greater 
likelihood of hospitalization over both the 2-year and, 
even more so, the 4-year follow-up period. Similarly, in 
our study we distinguished between the effect of falls 
on the need for hospital care in the short and the long 
term. In agreement with Wolinsky et al. 25, we found that 
the increased need for hospitalization in individuals who 
had experienced recurrent falls compared with non-
fallers, persisted up to 4 years. This supports Tinetti et 
al.’s hypothesis of a spiral response to falls, according 
to which falls could trigger a gradual and spiraling de-
terioration in health status, ultimately leading to greater 
use of health resources. At the same time, we found 
that the tendency of accumulating hospitalizations in-
creased in the first years after the fall, then gradually 
lessened over time. Although recurrent falls may have 
led to a worsening in health status up to death, such 
that the most resilient individuals selectively survive over 

the longer follow-up period, the observed trend sup-
ports the further possibility that falls can initially cause 
a drop in health status, which then stabilizes over time 
(the drop-stabilization response) 25,47. 
Our study has some limitations that need to be men-
tioned. Firstly, fall occurrences were assessed only 
twice over the observation period, and the date of the 
falls was not recorded so we could not take into account 
other possible events occurring between the assess-
ments. Secondly, the use of self-reported data on falls 
is susceptible to recall bias, and hence misclassification 
bias. However, this is more likely to result in underesti-
mation of the frequency of falls and of the strength of the 
association between falls and hospitalizations. Thirdly, 
we did not take into account possible differences in the 
causes and durations of hospitalizations as a function 
of fall occurrence, which will be a matter for future stud-
ies. Finally, the Pro.V.A. study period could affect the 
generalizability of our results. Indeed, although falls re-
main a major health concern in particular for the oldest 
old 48-50, we did not account for changes in society and 
healthcare system that occurred in the latter years and 
may have influenced the clinical management of older 
adults. On the other hand, one of the strengths of our 
work is in having based our research on a large sample 
and a long follow-up period, offering us the possibility of 
evaluating the impact of falls on hospitalizations in two 
time windows. Moreover, our results are further sup-
ported by the fact that the frequency of hospitalizations 
was obtained from reliable sources (i.e. medical and 
hospital records) rather than from self-reported infor-
mation, and by our analyses having taken into account 
the temporal relationship between falls and subsequent 
ward admissions. 
Recurrent falls are associated with a greater need for 
hospital-based care, which seems to be more marked 
in the first years after fall occurrence, and persists in 
the long term, although tending to attenuate over time. 
These findings have important clinical implications 
since they highlight the need to develop new, effective 
interventions for fall prevention and to closely monitor 
the health status of older individuals reporting recent 
experiences of recurrent falls.

Supplementary Table I. Frequency of deaths and dropout rates with respect to the number of falls reported before the baseline 
and before the 4.4-year assessment.

Falls before 
baseline

n Deaths at 
4.4-year 

assessment

Dropouts 
at 4.4-year 
assessment

Falls before the 
4.4-year 

assessment

n Deaths 
at 7-year 

assessment

Dropouts 
at 7-year 

assessment
0 2056 409 (19.9) 122 (5.9) 0 1358 76 (5.6) 493 (36.3)
1 485 120 (24.7) 28 (5.8) 1 453 30 (6.6) 145 (32.0)

≥ 2 415 138 (33.3) 16 (3.9) ≥ 2 312 32 (10.3) 92 (29.5)
Numbers are frequencies and percentages of participants within the same fall category. 



C. Trevisan et al.74

Acknowledgements
We are grateful to all the interviewers, nurses, and phy-
sicians who took part in this study. We thank scientific 
language editor Tessa Say for her help in the manu-
script preparation.

Conflict of interest statement
The Authors declare no conflict of interest.

Funding
The data collection phase of the PRO.V.A. study was 
supported by the Fondazione Cassa di Risparmio di 
Padova e Rovigo, the University of Padua, the Local 
Health Units (Azienda Unità Locale Socio Sanitaria) nos. 
15 and 18 of the Veneto Region, and a grant from the 
Veneto Regional Authority (Ricerca Sanitaria Finalizzata 
n. 156/03). The data analysis phase was financed by a 
grant from the University of Padua (Population Aging -
Economics, Health, Retirement and the Welfare State 
- POPA_EHR). The sponsors had no involvement in the 
study design, methods, participant recruitment, data 
collection and analysis, nor in the drafting of this paper.

Author contributions
CT, AKW, CC, GS, SM: contributed to the conception 
and design of the work; GS, SM, MN: contributed to the 
acquisition of data; CT, MN: performed the analyses; 
all authors contributed to the interpretation of data for 
the work; CT: drafted the manuscript; AKW, MN, SM, 
CC, GS: critically revised the manuscript. All gave final 
approval and agree to be accountable for all aspects of 
work ensuring integrity and accuracy.

Ethical consideration
This study was approved by the Institutional Ethics 
Committee of the participating centers. 
The research was conducted ethically, with all study 
procedures being performed in accordance with the re-
quirements of the World Medical Association’s Declara-
tion of Helsinki. Written informed consent was obtained 
from each participant/patient for study participation and 
data publication.

References
1 Gill TM, Allore HG, Holford TR, et al. Hospitalization, 

restricted activity, and the development of disability 
among older persons. JAMA 2004;292:2115. https://doi.
org/10.1001/jama.292.17.2115

2 Ferrucci L, Guralnik JM, Pahor M, et al. Hospital diagno-
ses, Medicare charges, and nursing home admissions in 
the year when older persons become severely disabled. 
JAMA 1997;277:728-734.

3 Mor V, Wilcox V, Rakowski W, et al. Functional transitions 
among the elderly: patterns, predictors, and related hos-
pital use. Am J Public Health 1994;84:1274-1280. https://
doi.org/10.2105/ajph.84.8.1274

4 Wilson RS, Hebert LE, Scherr PA, et al. Cognitive de-
cline after hospitalization in a community population of 
older persons. Neurology 2012;78:950-956. https://doi.
org/10.1212/WNL.0b013e31824d5894

5 Helvik A-S, Selbæk G, Engedal K. Cognitive decline one 
year after hospitalization in older adults without dementia. 
Dement Geriatr Cogn Disord 2012;34:198-205. https://
doi.org/10.1159/000343932

6 Ehlenbach WJ, Hough CL, Crane PK, et al. Association 
between acute care and critical illness hospitalization and 
cognitive function in older adults. JAMA 2010;303:763-
770. https://doi.org/10.1001/jama.2010.167

7 Fisher S, Ottenbacher KJ, Goodwin JS, et al. Short physi-
cal performance battery in hospitalized older adults. Aging 
Clin Exp Res 2009;21:445-452. https://doi.org/10.1007/
BF03327444

8 Kortebein P, Ferrando A, Lombeida J, et al. Effect of 
10 days of bed rest on skeletal muscle in healthy older 
adults. JAMA 2007;297:1769. https://doi.org/10.1001/
jama.297.16.1772-b

9 Gill TM, Allore HG, Gahbauer EA, et al. Change in dis-
ability after hospitalization or restricted activity in older 
persons. JAMA 2010;304:1919. https://doi.org/10.1001/
jama.2010.1568

10 Gill TM, Williams CS, Tinetti ME. The combined ef-
fects of baseline vulnerability and acute hospital events 
on the development of functional dependence among 
community-living older persons. J Gerontol A Biol Sci 
Med Sci 1999;54:M377-M383. https://doi.org/10.1093/
gerona/54.7.m377

11 Pedone C, Ercolani S, Catani M, et al. Elderly patients with 
cognitive impairment have a high risk for functional decline 
during hospitalization: the GIFA Study. J Gerontol A Biol 
Sci Med Sci 2005;60:1576-1580. https://doi.org/10.1093/
gerona/60.12.1576

12 Sager MA, Rudberg MA, Jalaluddin M, et al. Hospital 
admission risk profile (HARP): identifying older patients at 
risk for functional decline following acute medical illness 
and hospitalization. J Am Geriatr Soc 1996;44:251-257. 
https://doi.org/10.1111/j.1532-5415.1996.tb00910.x

13 Sands LP, Yaffe K, Lui L-Y, et al. The effects of acute ill-
ness on ADL decline over 1 year in frail older adults with 
and without cognitive impairment. J Gerontol A Biol Sci 
Med Sci 2002;57:M449-M454. https://doi.org/10.1093/
gerona/57.7.m449

14 Helvik A-S, Selbæk G, Engedal K. Functional decline in 
older adults one year after hospitalization. Arch Geron-
tol Geriatr 2013;57:305-310. https://doi.org/10.1016/j.
archger.2013.05.008

15 Wier L, Pfuntner A, Steiner C. Hospital utilization among 
oldest adults, 2008: statistical brief. Healthc Cost Util Proj 
Published online 2006 (Accessed 2017;Feb 26).

https://doi.org/10.1001/jama.292.17.2115
https://doi.org/10.1001/jama.292.17.2115
https://doi.org/10.2105/ajph.84.8.1274
https://doi.org/10.2105/ajph.84.8.1274
https://doi.org/10.1212/WNL.0b013e31824d5894
https://doi.org/10.1212/WNL.0b013e31824d5894
https://doi.org/10.1159/000343932
https://doi.org/10.1159/000343932
https://doi.org/10.1001/jama.2010.167
https://doi.org/10.1007/BF03327444
https://doi.org/10.1007/BF03327444
https://doi.org/10.1001/jama.297.16.1772-b
https://doi.org/10.1001/jama.297.16.1772-b
https://doi.org/10.1001/jama.2010.1568
https://doi.org/10.1001/jama.2010.1568
https://doi.org/10.1093/gerona/54.7.m377
https://doi.org/10.1093/gerona/54.7.m377
https://doi.org/10.1093/gerona/60.12.1576
https://doi.org/10.1093/gerona/60.12.1576
https://doi.org/10.1111/j.1532-5415.1996.tb00910.x
https://doi.org/10.1093/gerona/57.7.m449
https://doi.org/10.1093/gerona/57.7.m449
https://doi.org/10.1016/j.archger.2013.05.008
https://doi.org/10.1016/j.archger.2013.05.008


Falls and hospitalizations 75

16 Tinetti ME, Williams CS. The effect of falls and fall injuries 
on functioning in community-dwelling older persons. J 
Gerontol A Biol Sci Med Sci 1998;53:M112-M119. https://
doi.org/10.1093/gerona/53a.2.m112

17 Padubidri A, Al Snih S, Samper-Ternent R, et al. Falls 
and cognitive decline in Mexican Americans 75 years 
and older. Clin Interv Aging 2014;9:719-726. https://doi.
org/10.2147/CIA.S59448

18 Gill TM, Murphy TE, Gahbauer EA, et al. The course of 
disability before and after a serious fall injury. JAMA 
Intern Med 2013;173:1780. https://doi.org/10.1001/
jamainternmed.2013.9063

19 Tinetti ME, Kumar C. The patient who falls. JAMA 
2010;303:258. https://doi.org/10.1001/jama.2009.2024

20 Iaboni A, Flint AJ. The complex interplay of depression 
and falls in older adults: a clinical review. Am J Geriatr 
Psychiatry 2013;21:484-492. https://doi.org/10.1016/j.
jagp.2013.01.008

21 Trevisan C, Rizzuto D, Maggi S, et al. Impact of social 
network on the risk and consequences of injurious falls 
in older adults. J Am Geriatr Soc 2019;67. https://doi.
org/10.1111/jgs.16018

22 Li F, Fisher KJ, Harmer P, et al. Fear of falling in elderly per-
sons: association with falls, functional ability, and quality of 
life. J Gerontol B Psychol Sci Soc Sci 2003;58:283-290. 
https://doi.org/10.1093/geronb/58.5.p283

23 Chu LW, Chiu AYY, Chi I. Falls and subsequent health 
service utilization in community-dwelling Chinese older 
adults. Arch Gerontol Geriatr 2008;46:125-135. https://
doi.org/10.1016/j.archger.2007.03.005

24 Kiel DP, O’sullivan P, Teno JM, et al. Health care uti-
lization and functional status in the aged follow-
ing a fall. Med Care 1991;29:221-228. https://doi.
org/10.1097/00005650-199103000-00004

25 Wolinsky FD, Johnson RJ, Fitzgerald JF. Falling, health 
status, and the use of health services by older adults: a 
prospective study. Med Care 1992;30:587-597. https://
doi.org/10.1097/00005650-199207000-00002

26 Stel VS, Smit JH, Pluijm SMFF, et al. Consequences of fall-
ing in older men and women and risk factors for health ser-
vice use and functional decline. Age Ageing 2004;33:58-
65. https://doi.org/10.1093/ageing/afh028

27 Mondor L, Maxwell CJ, Hogan DB, et al. Multimorbidity 
and healthcare utilization among home care clients with 
dementia in Ontario, Canada: a retrospective analysis of a 
population-based cohort. PLoS Med 2017;14:E1002249. 
https://doi.org/10.1371/journal.pmed.1002249

28 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;50:1535-1540. https://doi.
org/10.1046/j.1532-5415.2002.50409.x

29 Tombaugh TN, McIntyre NJ. The mini-mental 
state examination: a comprehensive review. J 
Am Geriatr Soc 1992;40:922-935. https://doi.
org/10.1111/j.1532-5415.1992.tb01992.x

30 Katz S, Downs TD, Cash HR, et al. Progress in develop-
ment of the index of ADL. Gerontologist 1970;10:20-30. 
https://doi.org/10.1093/geront/10.1_part_1.20

31 Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living. Ger-
ontologist 1969;9:179-186. 

32 Guralnik JM, Ferrucci L, Simonsick EM, et al. Lower-extrem-
ity function in persons over the age of 70 years as a predic-
tor of subsequent disability. N Engl J Med 1995;332:556-
561. https://doi.org/10.1056/NEJM199503023320902

33 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. https://
doi.org/10.1016/0022-3956(82)90033-4

34 Drouin P, Blickle JF, Charbonnel B, et al. Diagnosis and clas-
sification of diabetes mellitus. Diabetes Care 2009;32(Sup-
pl 1):S62-S67. https://doi.org/10.2337/dc09-S062

35 Kanis JA, McCloskey EV, Johansson H, et al. European guid-
ance for the diagnosis and management of osteoporosis in 
postmenopausal women. Osteoporos Int 2013;24:23-57. 
https://doi.org/10.1007/s00198-012-2074-y

36 World Health Organization. WHO Global Report on falls 
prevention in older age. World Health Organization, 2007 
(http://www.who.int/ageing/projects/falls_prevention_old-
er_age/en, Accessed January 10, 2017).

37 R Development Core Team. R: a language and environ-
ment for statistical computing. Vienna, Austria R Founda-
tion for Statistical Computing 2008.

38 Xu H, Covinsky KE, Stallard E, et al. Insufficient help for 
activity of daily living disabilities and risk of all-cause hospi-
talization. J Am Geriatr Soc 2012;60:927-933. https://doi.
org/10.1111/j.1532-5415.2012.03926.x

39 Ruiz JG, Rodriguez-Suarez M, Tang F, et al. Depression 
but not frailty contributed to a higher risk for all-cause hos-
pitalizations in male older veterans. Int J Geriatr Psychiatry 
2020;35:37-44. https://doi.org/10.1002/gps.5212 

40 Gill TM, Murphy TE, Gahbauer EA, et al. Association of 
injurious falls with disability outcomes and nursing home 
admissions in community-living older persons. Am J Epi-
demiol 2013;178:418-425. https://doi.org/10.1093/aje/
kws554

41 Chu LW, Chiu AYY, Chi I. Impact of falls on the balance, 
gait, and activities of daily living functioning in community-
dwelling Chinese older adults. Journals Gerontol - Ser A Bi-
ol Sci Med Sci 2006;61:399-404. https://doi.org/10.1093/
gerona/61.4.399

42 Mänty M, Heinonen A, Viljanen A, et al. Outdoor and indoor 
falls as predictors of mobility limitation in older women. 
Age Ageing 2009;38:757-761. https://doi.org/10.1093/
ageing/afp178

43 Tchalla AE, Dufour AB, Travison TG, et al. Patterns, predic-
tors, and outcomes of falls trajectories in older adults: the 
MOBILIZE Boston study with 5 years of follow-up. PLoS 
One 2014;9:E106363. https://doi.org/10.1371/journal.
pone.0106363

https://doi.org/10.1093/gerona/53a.2.m112
https://doi.org/10.1093/gerona/53a.2.m112
https://doi.org/10.2147/CIA.S59448
https://doi.org/10.2147/CIA.S59448
https://doi.org/10.1001/jamainternmed.2013.9063
https://doi.org/10.1001/jamainternmed.2013.9063
https://doi.org/10.1001/jama.2009.2024
https://doi.org/10.1016/j.jagp.2013.01.008
https://doi.org/10.1016/j.jagp.2013.01.008
https://doi.org/10.1111/jgs.16018
https://doi.org/10.1111/jgs.16018
https://doi.org/10.1093/geronb/58.5.p283
https://doi.org/10.1016/j.archger.2007.03.005
https://doi.org/10.1016/j.archger.2007.03.005
https://doi.org/10.1097/00005650-199103000-00004
https://doi.org/10.1097/00005650-199103000-00004
https://doi.org/10.1097/00005650-199207000-00002
https://doi.org/10.1097/00005650-199207000-00002
https://doi.org/10.1093/ageing/afh028
https://doi.org/10.1371/journal.pmed.1002249
https://doi.org/10.1046/j.1532-5415.2002.50409.x
https://doi.org/10.1046/j.1532-5415.2002.50409.x
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1056/NEJM199503023320902
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.2337/dc09-S062
https://doi.org/10.1007/s00198-012-2074-y
http://www.who.int/ageing/projects/falls_prevention_older_age/en
http://www.who.int/ageing/projects/falls_prevention_older_age/en
https://doi.org/10.1111/j.1532-5415.2012.03926.x
https://doi.org/10.1111/j.1532-5415.2012.03926.x
https://doi.org/10.1002/gps.5212
https://doi.org/10.1093/aje/kws554
https://doi.org/10.1093/aje/kws554
https://doi.org/10.1093/gerona/61.4.399
https://doi.org/10.1093/gerona/61.4.399
https://doi.org/10.1093/ageing/afp178
https://doi.org/10.1093/ageing/afp178
https://doi.org/


C. Trevisan et al.76

44 Lavedán A, Viladrosa M, Jürschik P, et al. Fear of falling in 
community-dwelling older adults: a cause of falls, a conse-
quence, or both? PLoS One 2018;13:E0194967. https://
doi.org/10.1371/journal.pone.0194967

45 Trevisan C, Zanforlini BM, Maggi S, et al. Judgment capac-
ity, fear of falling, and the risk of falls in community-dwelling 
older adults: the progetto veneto anziani longitudinal 
study. Rejuvenation Res 2019;23:237-244. https://doi.
org/10.1089/rej.2019.2197

46 Luo H, Tang JYM, Wong GHY, et al. The effect of depres-
sive symptoms and antidepressant use on subsequent 
physical decline and number of hospitalizations in nursing 
home residents: a 9-year longitudinal study. J Am Med 
Dir Assoc 2015;16:1048-1054. https://doi.org/10.1016/j.
jamda.2015.06.016

47 Tinetti ME. Performance-oriented assessment of mobility 
problems in elderly patients. J Am Geriatr Soc 1986;34:119-
126. https://doi.org/10.1111/j.1532-5415.1986.tb05480.x

48 Cirera E, Pérez K, Santamariña-Rubio E, et al. Incidence 
trends of injury among the elderly in Spain, 2000-2010. 
Inj Prev 2014;20:401-407. https://doi.org/10.1136/
injuryprev-2014-041199

49 Nilson F, Moniruzzaman S, Andersson R. Hospitalized fall-
related injury trends in Sweden between 2001 and 2010. 
Int J Inj Contr Saf Promot 2016;23:277-283. https://doi.or
g/10.1080/17457300.2015.1032980

50 James SL, Lucchesi LR, Bisignano C, et al. The global 
burden of falls: global, regional and national estimates of 
morbidity and mortality from the Global Burden of Disease 
Study 2017. Inj Prev 2019;0:32.

https://doi.org/10.1371/journal.pone.0194967
https://doi.org/10.1371/journal.pone.0194967
https://doi.org/10.1089/rej.2019.2197
https://doi.org/10.1089/rej.2019.2197
https://doi.org/10.1016/j.jamda.2015.06.016
https://doi.org/10.1016/j.jamda.2015.06.016
https://doi.org/10.1111/j.1532-5415.1986.tb05480.x
https://doi.org/10.1136/injuryprev-2014-041199
https://doi.org/10.1136/injuryprev-2014-041199
https://doi.org/10.1080/17457300.2015.1032980
https://doi.org/10.1080/17457300.2015.1032980

