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ABSTRACT

Objectives The rate of falling among older citizens
appears to vary across different countries, but the
underlying aspects causing this variation are unexplained.
We aim to describe between-country variation in falling
and explore whether intrinsic fall risk factors can explain
possible variation.

Design Prospective study on data from the cross-national
Survey of Health, Ageing and Retirement in Europe
(SHARE).

Setting Twelve European countries (Austria, Belgium,
Czech Republic, Denmark, Estonia, France, Germany, Italy,
The Netherlands, Spain, Sweden, Switzerland).
Participants Community-dwelling persons aged >65
years (n=18596).

Measurements Socio-demographic factors (age,

gender, education level and living situation) and intrinsic
fall risk factors (less than good self-rated health (SRH),
mobility limitations, limitations with activities of daily
living (ADL), dizziness, impaired vision, depression and
impaired cognition) were assessed in a baseline interview.
Falling was assessed 2 years later by asking whether the
participant had fallen within the 6 months prior to the
follow-up interview.

Results There was significant between-country
variation in the rate of falling (varying from 7.9% in
Switzerland to 16.2% in the Czech Republic). The
prevalence of intrinsic fall risk factors varied twofold

to fourfold between countries. Associations between
factors age >80 years, less than good SRH, mobility
limitations, ADL limitations, dizziness and depression,
and falling were different between countries (p<0.05).
Between-country differences in falling largely persisted
after adjusting for socio-demographic differences but
strongly attenuated after adjusting for differences in
intrinsic fall risk factors.

Conclusion There is considerable variation in the rate of
falling between European countries, which can largely be
explained by between-country variation in the prevalence
of intrinsic fall risk factors. There are also country-specific
variations in the association between these intrinsic

risk factors and falling. These findings emphasise the
importance of addressing intrinsic fall risk in (inter)national
fall-prevention strategies, while highlighting country-
specific priorities.

Strengths and limitations of this study
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» This was the first study to compare falling and fall
risk among European countries.

» This study has the advantage of using standardised
methods for data collection and data from nationally
representative samples of those aged 65 years and
over from 12 European countries.

» Falling was assessed retrospectively, by asking
whether a person was bothered by the fall, this
might have caused recall bias in our study and a
tendency towards only reporting more serious falls.

» We did not have information on the number of falls
or place of fall.

INTRODUCTION

Every vyear around 30%
ty-dwelling older citizens over age 65 fal
Falling places a high burden on the health of
older people and on public health resources.”
Around 5-10% of all falls result in serious
injury such as a head injury or fracture.”°
Around 90% of fractures of the hip, one of
the most debilitating injuries among older
people, are the result of a fall. In 2000, the
combined costs in Europe for hip fractures
were estimated at €24.4bi11i0n7, these costs
are expected to double in 2050 due to the
ageing population. Falling can also have
negative psychosocial effects such as fear of
falling, activity avoidance and social isola-
tion.”” Due to the burden caused by falling
and positive results from fall prevention inter-
ventions, prevention of falling is a priority of
health policy.” """

The rate of falling among older citi-
zens appears to vary across countries and
cultures.” * 1 However, few studies have
investigated falling cross-nationally using
uniform methodology to measure falling. A
three-country study in community-dwelling

of communi-
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men aged 65 years or above found that the proportion of

fallers was highest in the US, intermediate in Sweden and

lowest in Hong Kong."” Another study among persons
aged 50-79 years in 36 European centres showed that
the age-standardised incidence ranged between 1.7 and

75.1 falls/100 person years among men and between 3.0

and 52.5 falls/100 person years among women."” Differ-

ences in the incidence of falls explained 24%, 14% and

6% of the between-centre variation in incidence of distal

forearm and upper and lower limb fractures, respectively.

The study provides little explanation on why they found

such a wide variation in fall rates and speculated it is likely

a complex pattern of varying intrinsic (patientrelated)

and external (environment-related) factors.

What causes an individual person to fall is indeed a
difficult question to answer as fall risk factors are multi-
fold.! 19 119 A¢ the same time, risk factors have been
well described in the literature and studies have shown
that intrinsic factors, in particular mobility and balance
problems, are the strongest predictors of falling.' ' *
Between-country variation in the prevalence of intrinsic
fall risk factors is therefore likely to contribute to
between-country variation in falling, but this has not been
documented so far. Furthermore, insight into regional
differences of falls and fall risk factors can help (inter)
national policy makers to prioritise the right fall preven-
tion strategies or continue successful efforts. Exercise
programmes, multifactorial fall prevention strategies and
home safety interventions reduce falls,” "' *' the latter
being more effective in persons with a higher intrinsic
fall risk.” Therefore, the aim of this study is to describe
the variation in falling across 12 European countries and
to determine whether this variation can be explained by
intrinsic fall risk factors. We sought to answer three ques-
tions:

1. How does the rate of falling vary for older citizens
across 12 European countries?

2. Does the prevalence of intrinsic fall risk factors as
well as the strength of the association with falling vary
between the European countries?

3. To what extent does variation in prevalence of socio-
demographic and intrinsic fall risk factors among
European countries explain  between-country
variation in falling?

METHODS

Study design and population

This was a prospective study with a 2-year follow-up period.
For this study we used data from the Survey of Health,
Ageing and Retirement in Europe (SHARE). SHARE is
a harmonised longitudinal survey of ageing processes in
people aged 50 years and older across Europe that started
in 2004. The study has been described in detail else-
where.”” Samples from different countries are based on
probability household samples and respondents are inter-
viewed using standardised computer assisted personal
interviews (CAPIs). SHARE has obtained ethical approval

by the institutional review board at University of Mann-
heim, Germany.

We analysed data from community-dwelling persons
aged 265 years at wave 4 (2010/2011) who also partic-
ipated in wave 5 (2013).”” Data from 12 European
countries (Sweden, Denmark, Austria, Germany, the
Netherlands, Belgium, Switzerland, France, Italy, Spain,
Czech Republic and Estonia) were included in this study.
There were 28 344 persons aged 65 years and older from
the 12 European countries in wave 4, of which 18596
persons (74.3%) participated in wave five and were
included in the study.

Measures

Falling

The outcome measure used in this study is the rate of
falling, defined as the presence of one or more self-re-
ported falls in the 6months prior to wave 5. This was
assessed by asking participants ‘For the past 6 months at
least, have you been bothered by any of the health condi-
tions on this card?’. A showcard was presented to the
participant with five health conditions among which was
‘falling down’.

Socio-demographic factors

The following socio-demographic factors assessed at wave
4 were used: age, gender, education level and living situ-
ation. Year and month of birth of the respondent was
assessed in the questionnaire, age was calculated and cate-
gorised in 5-year groups (65—69 years; 70-74 years; 75-79
years and 280 years) for stratification of rate of falling and
categorised into <80 years and =80 years for logistic regres-
sions. Living situation was assessed by asking whether the
respondent lived together with their spouse and whether
anyone else was living in the household; the number of
persons in the household was calculated and categorised
into ‘not alone’ (>1person) and ‘alone’ (one person).
For international comparisons of education, SHARE uses
the 1997 International Standard Classification of Educa-
tion (ISCED-97). Education level was assessed by asking
the highest level of education completed and categorised
the level of education into ‘low’ (0-10 years) and ‘high’
(11-25 years).

Intrinsic fall risk factors

We used three systematic reviews to determine which
risk factors were consistently and strongly associated
with falling1 2021 and then used the risk factors which
were present in the wave 4 data: self-rated health (SRH),
mobility limitations, limitations with activities of daily
living (ADL), dizziness, impaired vision, depression and
impaired cognition. SRH is a common measure used
in comparing population health and was assessed with
the US global version of SRH,” by asking: ‘Would you
say your health is ...”; options were poor, fair, good,
very good, excellent. Less than good SRH was defined
as ‘poor’ or “fair'.?° Mobility limitations were assessed
with three items from the extensively used and validated

2
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SF-36 instrument,”’ by asking participants whether they
had problems with one or more of the following activ-
ities: walking 100 metres, walking one set of stairs and
walking several sets of stairs. Mobility limitations were
defined as having problems with one or more of these
activities. Six basic ADL limitations as developed by Katz
et al”® were assessed by asking participants whether they
had difficulties with one or more of six ADLs (dressing,
walking across a room, bathing, eating, getting in or
out of bed, using toilet). ADL limitations were defined
as having problems with one or more of these activities.
Dizziness was assessed by asking: ‘For the past 6 months
at least, have you been bothered by any of the health
conditions on this card?'. A showcard was presented to
the participant with five conditions among which were
‘dizziness, faints or blackouts’. Vision was assessed by
asking: 'How good is your eyesight for seeing things at
a distance, like recognising a friend across the street
(using glasses or contact lenses as usual)? Would you say
itis ...’; options were poor, fair, good, very good, excel-
lent. Impaired (diminished) vision was defined as ‘poor’
or ‘fair’. Depression was assessed by the Euro-D scale,
with 12 items: depression, pessimism, death wishes, guilt,
sleep, interest, irritability, appetite, fatigue, concentra-
tion, enjoyment, and tearfulness. Each item is scored 0
(symptom not present) or 1 (symptom present). Scores >4
indicated depression. Euro-D was developed to compare
symptoms of depression across Europe and validated in
a European sample.”” * Cognitive function was assessed
by five tests that assessed verbal fluency, immediate and
delayed recall, orientation and numeracy.” ** A summary
cognitive function score of averaged z-scores of the five
tests was built for individuals who had valid values for
at least three of the tests. Respondents were classified as
being cognitively impaired if their score was in the lowest
decile of the summary indicator. Cognition impairment
according to this definition is likely to reflect the lower
range of statistically ‘normal’ cognitive function, not
necessarily clinically diagnosable disorders.”

Statistical analysis

The statistical significance of differences in socio-de-
mographic characteristics and intrinsic fall risk factors
among persons from different countries were calculated
using x” tests and independent samples t test. Rate of
falling was stratified by sex and different age categories to
study differences between countries. To examine the asso-
ciation of socio-demographic and intrinsic risk factors
with falling, multivariable logistic regression analyses
were performed for each country separately. The multi-
variable models were conducted on the 17575 persons
(94.5%) with complete data. We tested for the signifi-
cance of between-country differences in the strength of
the association between predictors (socio-demographic
and intrinsic risk factors) and falling by including data
from all countries in one logistic regression model and
adding an interaction term for country*predictor, for
each predictor separately.

To examine whether differences in intrinsic fall risk
could explain differences in rate of falling, we also
performed logistic regression analyses with the dataset
that contained all countries. Association between country
of residence and falling was adjusted for socio-demo-
graphic and intrinsic fall risk factors. Country was entered
as a dummy variable with Switzerland as the reference
category as it had the lowest rate of falling. Each logistic
regression model was built up in several steps: we first
tested the association between country of residence and
falling (model 1), we subsequently added socio-demo-
graphic factors (model 2), mental health factors (model
3) and physical health factors (model 4). In the final
model we added all socio-demographic and intrinsic fall
risk factors together (model 5). All models were corrected
for falling at baseline. We calculated change in ORs of
models with predictors compared with model 1 with
the formula: (OR model 1-OR model with predictors)/
(OR model 1-1)*100%. Falling was assessed in the same
way in wave 4 and entered as covariate in all multivari-
able models. In a sensitivity analysis we added interaction
terms between predictors and country separately to the
final model (model 5). We considered a p-value of 0.05
or lower to be statistically significant. All analyses were
performed using SPSS version 21.0 (IBM SPSS Statistics
for Windows, IBM Corp., Armonk, New York).

Non-response analysis and weights

SHARE has high contact rates (>95%) and a moderate
cooperation rate (70-80%) between waves. Exact reasons
for refusal to participate are unknown; for 2.6% of the
sample death was reported as the reason. The mortality
data are however not always reliable; SHARE aims to
uncover this in the future.” A comparison of the persons
included in this study (n=18596) with the persons who
were excluded due to non-participation at follow-up
(n=9748) indicated that these persons were older, had a
higher intrinsic fall risk and more often reported a fall
at baseline. Attrition was highest in Germany, France
and the Czech Republic. To calculate descriptive statis-
tics (table 1 and figure 1), we used calibrated sampling
weights to account for the sampling design, non-response
and attrition. We report unweighted descriptive statis-
tics in a supplementary table (see online supplementary
Table S1). Weights were calibrated against the national
populations by age group and sex, as well as for mortality
between waves. We did not apply weights in regression
models because weighting is unnecessary for consistency
and potentially harmful for precision.34 9

RESULTS

Socio-demographic and fall risk characteristics

Mean age at baseline for the overall weighted sample
was 74.1 years (SD 6.8 years) and 55.8% were women.
Participants in Spain and Italy had lower education levels
compared with those from other countries and were less
often living alone (p<0.001; table 1).
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Figure 1 Rate of falling, by country and age group for
(A) men and (B) women from 12 countries in the Survey of
Health, Ageing and Retirement in Europe, 2010-2013.

The prevalence of all intrinsic fall risk factors varied
between countries (p<0.001; table 1). The prevalence
of most intrinsic risk factors was on the lower end of the
spectrum in Switzerland, Denmark, Sweden and The
Netherlands and on the higher end of the spectrum in
Italy, Estonia, Spain and Czech Republic. In France and
Belgium the prevalence of ADL limitations, impaired
vision and depression was on the higher end of the spec-
trum. Impaired cognition was highest in Spain (39.5%)
and Italy (24.3%) and ranged from 4.0% to 13.5% in the
other countries.

Falling
There was significant between-country variation in the
proportion of persons reporting falling (p<0.001; table 1).
In Switzerland, Denmark, Sweden and Austria between
7.9% (95% CI 6.6% to 9.4%) and 9.5% (95% CI 8.3%
to 10.9%) reported falling within the past 6 months. In
Italy, The Netherlands, Germany and Belgium this varied
between 11.0% (95% CI 9.5% to 12.8%) and 12.8%
(95% CI 11.3% to 14.4%). In Estonia, France, Spain and
the Czech Republic this varied between 13.9% (95% CI
12.7% to 15.2%) and 16.2% (95% CI 14.7% to 17.9%).
The between-country variation in falling showed similar
patterns for both men and women aged <80 years as well
as among women aged =80 years (figure 1A and B).
Among men aged =80 years, the between-country varia-
tion was smaller and distributed differently. Especially few
men in Italy reported falling (figure 1A).

Factors associated with falling in each country

When controlling for all factors in the model, older age
(=80 years) was associated with falling in almost all coun-
tries (ORs varying from 1.42 in the Czech Republic to

3.06 in Denmark). Female gender was associated with
falling in six countries. Lower education level and living
alone were not associated with falling in most countries
(table 2).

Associations between the seven intrinsic factors and
falling were in a positive direction in almost all coun-
tries. The only exception was having at least one mobility
limitation in Germany (OR=0.44; 95% CI 0.19 to 0.98),
although this was in a positive direction (non-significant)
in univariable analysis. Having at least one mobility limita-
tion and impaired cognition were most often significantly
associated with falling (ORs varying from 0.44 to 2.06 and
from 1.42 to 2.24, respectively).

In countries where intrinsic fall risk factors were more
prevalent (Estonia, Czech Republic, Spain, Italy, France
and Belgium) the contribution of a specific fall risk factor
was lower (ORs varying from 1.42 to 1.97) than in the
other countries where fall risk factors were less preva-
lent (ORs varying from 1.72 to 5.19). These differences
were significant for factors age =80 years, less than good
SRH, mobility limitations, ADL limitations, dizziness and
depression (p<0.05; table 2, last column).

Country differences in falling

In the unadjusted model, differences in falling between
Switzerland and six countries (The Netherlands,
Belgium, France, Spain, Czech Republic and Estonia)
were significant (table 3, model 1). After adjusting for
socio-demographic factors, ORs changed -44.4% to
22.4% (model 2). In all countries attenuation of ORs was
strongest when additionally adjusting for fall risk factors
related to physical health (mobility limitations, ADL
limitations, dizziness, SRH and vision) (model 4). In the
final model (model 5), differences in falling between Swit-
zerland and four countries (The Netherlands, Belgium,
France and Czech Republic) remained significant. All
ORs were strongly attenuated (varying from 21.9% for
The Netherlands to 149.0% for Italy).

DISCUSSION

Main study findings

The results of this study show considerable variation in
the rate of falling and prevalence of intrinsic fall risk
factors between European countries. Between-country
differences in falling largely persisted after adjusting for
socio-demographic differences, but were strongly atten-
uated after adjusting for differences in intrinsic fall risk
factors.

Comparison with other findings

The rate of falling observed in the different countries
(between 7.9% and 16.2% within 6 months) was on the
low end of the rate reported in the literature, which is
between 20% and 40% within 12 months.? '* **% In
our study, falling was assessed retrospectively by asking
whether a person was bothered by falling in the past 6
months. Preferably falls are measured prospectively on
a weekly basis, as specificity of retrospective self-report
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is high but the sensitivity is lower (80-89%),” so there
might have been a recall bias. Measuring falls prospec-
tively is however a time-intensive procedure and not
feasible for larger surveys. However, we believe the reason
for the lower rate is predominantly due to the specific
formulation of the question, as it assessed whether the
person was bothered by the fall, this might have resulted
in a tendency towards only reporting more serious falls.

Differences in wealth and expenditure on elderly care
between countries play a role in the between-country
variations in falling and intrinsic fall risk we found."’
Older citizens in the original EU-15 countries are in
better health compared with those in eastern European
countries and within the EU-15 countries a north—-south
gradient for several health indicators at older age has
been shown.'™ In our study, rate of falling and prev-
alence of fall risk was higher in Spain, Estonia and the
Czech Republic and also Belgium and France, compared
with the other countries. The Organisation for Economic
Co-operation and Development (OECD) reports a lower
proportion of institutionalised long-term care recipients
aged >6b years in southern and eastern European coun-
tries, but also in Belgium and France."' As our study only
includes community-dwelling older citizens, this could
partly explain a higher rate of falling and prevalence of
intrinsic fall risk in these countries, where more persons
in poor health are living independently.

Intrinsic risk factors, and mobility and balance prob-
lems in particular, have been shown to be most important
in the aetiology of falling." " *’ In our study, limitations
in physical health factors explained the largest part
of between-country differences, having one or more
mobility limitations was significantly associated with
falling in many countries and highly prevalent among
most countries. The strength of the association of several
intrinsic risk factors and older age with falling differed
between countries. In countries where intrinsic fall risk
factors were more prevalent, the impact of these intrinsic
risk factors and older age on falling was smaller compared
with the other countries. In these countries, we found a
relatively high risk for falling in the group <80 years and
the group who did not have these intrinsic risk factors,
which could explain this finding. This could suggest
that in these countries other conditions, such as frailty,
contribute more to falling and occur at an earlier age.*

Persons in Italy and especially men had a relatively
low rate of falling and a high prevalence of intrinsic
fall risk compared with other countries. Interestingly,
an Australian study found a lower fall rate among Ital-
ian-born immigrant men, which they also could not
explain by established fall risk factors.” This contrasts
our other findings, where we found a high intrinsic fall
risk in countries with a high rate of falling. As we did
not include environmental fall risk factors, it is possible
that differences in extrinsic hazards such as floor cover-
ings and home maintenance contribute to this finding.
Additionally, it is possible that outdoor and indoor
activity patterns associated with increased fall risk differ

by culture (such as cycling, fast walking, housekeeping
and taking stairs). Older persons in northern countries
have been found to be more physically active compared
with older persons living in southern countries.” ** In
The Netherlands cycling is a common form of trans-
portation and largely contributes to outdoor falls,"” this
could clarify our finding that the prevalence of intrinsic
fall risk could to a smaller extent explain falling in
The Netherlands. Future studies should investigate the
impact of cultural differences in activity patterns and
extrinsic risk factors on between-country differences in
falling.

Strengths and weaknesses

To our knowledge, this is the first study comparing
falling and fall risk among European countries. Previous
studies have compared few countries or used centre-
based data.'” '” This study has the advantage of using
standardised methods for data collection and data from
nationally representative samples of those aged 65 years
and over from 12 European countries. By the use of
survey data, we were able to capture many intrinsic fall
risk factors. The longitudinal design ensured that the
intrinsic fall risk factors preceded fall outcomes.

This study has some limitations. Between baseline
and follow-up interviews, 25.7% of persons were lost to
follow-up. These persons were older, had a higher intrinsic
fall risk and more often reported a fall at baseline. Attrition
was highest in Germany, France and the Czech Republic,
which might have resulted in an underestimation of the
rate of falling, especially in these countries. This, however,
does not affect the overall trend seen between countries
as the rate of falling in these countries was on the high
end of the spectrum. Furthermore, we corrected for
attrition and mortality using sampling weights calibrated
against the national populations. Second, we did not have
information on the number of falls (recurrent or first
time fall) or place of fall. Studies suggest that indoor falls
are more often due to intrinsic fall risk and outdoor falls
due to environmental risk factors.” * Recurrent falls have
been found to occur among persons with poorer health
and higher intrinsic fall risk.”’°" In an additional anal-
ysis we compared persons who reported falling in both
wave 4 and 5, with persons who only reported falling in
wave 5 and indeed found stronger associations between
intrinsic risk factors and falling for the first group (Table
S2). Third, to minimise cross-cultural differences in
translation of questions, SHARE uses the TRAPD method
(translation, review, adjudication, pretesting, and docu-
mentation) developed for translation of cross-cultural
surveys.”” > However, it remains possible that cultural
differences in the interpretation of a survey question
might have caused some variation between countries.
Finally, in the full model with all countries, we did not
take into account the country—predictor interactions as all
associations were consistent in the direction of the effect,
pointing toward an increase in fall risk. In a sensitivity
analysis we added interaction terms between predictors
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and country separately; the changes to our findings were
marginal (data not shown).

CONCLUSION

In conclusion, there is considerable variation in rate of
falling among citizens aged =65 years between European
countries, which can largely be explained by between-
country variation in the prevalence of intrinsic fall risk
factors. There are also country-specific variations in the
association between these intrinsic risk factors and falling.
These findings emphasise the importance of addressing
intrinsic fall risk in (inter)national fall-prevention strate-
gies, while highlighting country-specific priorities.
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