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1.1 Background 

Population ageing in Europe
Europe has the highest proportion of persons over 65 years compared with any other 
continent1. In 2015, Europeans over 65 years accounted for 19% of the population and by 
2040 this will be 27% 2. This demographic change is the result of people increasingly living 
longer and having less children compared with the post-war generation whose children are 
now ageing. At age 65, women in the European Union have an average life expectancy of 
21.1 years and for men this is 17.7 years3. However, both men and women of 65 years live 
an average of only 8.5 years free from disability. Multimorbidity, which is the co-occurrence 
of two or more diseases, increases with age and has become a large problem in Europe4 5. 
In addition to physical health problems, older persons may also have relatively more social 
and mental health problems, which can be associated with higher disability and mortality6-8.

Frailty
While some persons remain relatively healthy with aging, others become vulnerable to 
stressors. Frailty was introduced to capture this variability in the ‘speed of aging’9. It has 
been described as a state of increased vulnerability to external stressors10 11. The concept of 
frailty offers a more holistic viewpoint of the patient and directs attention away from organ-
specific diagnoses10. Frailty is an important risk factor for adverse outcomes such as hospital 
admission and mortality and a better predictor of adverse outcomes than age alone9 12-14. Frail 
older persons are two to four times as likely to develop or worsen disabilities in self-care tasks 
and household management tasks compared with non-frail older persons15. Furthermore, 
mortality is much higher among persons with chronic diseases who are also frail, compared 
with persons with chronic diseases who are not frail16 17. Frailty is manageable and early 
intervention slows functional decline and reduces hospital admissions and mortality11 18 19. 
One of the recommendations from an international consensus meeting consisting of experts 
in frailty and geriatrics from 6 major international, European, and US societies was to assess 
frailty in all persons of 70 years and older11. Further research is needed to identify which 
populations are frail or at a higher risk of developing frailty in order to target prevention 
strategies.

There has been a lot of discussion on the appropriate definition and way of measuring 
frailty. The two most popular models of frailty are the frailty phenotype; also known as 
physical frailty, developed by Fried et al., and Rockwood’s accumulation-of-deficits model. In 
Fried’s definition a person is frail if he/she presents with three or more of the following five 
symptoms: weight loss, exhaustion, low activity, slowness and weakness20. The Rockwood’s 
deficits model consists of adding together an individual’s number of impairments and 
conditions to create a Frailty Index21 22. While the original Frailty index focused on physical, 
psychological and cognitive impairments, there has been recent interest in using blood 
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biomarkers related to ageing23. Other recent models view frailty as a multidimensional 
concept which includes psychosocial vulnerability as well as physical vulnerability24. 
Examples of such multidimensional frailty tools are the Tilburg Frailty Index and Groningen 
Frailty Index25 26. These instruments include items related to loneliness, social isolation, 
sadness and nervousness in addition to items assessing physical health and cognition25 26. 

Falling
Falling is an adverse outcome of frailty27. Furthermore, falling and frailty have both been 
classified as geriatric syndromes; they are highly prevalent, have multiple causes, and are 
associated with poor outcomes28 29. Every year around 30% of community-dwelling older 
citizens over age 65 fall 30-32. Around 5 to 10% of all falls result in serious injury such as a 
head injury or fracture 33 34. 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 €24.4 billion35, 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 isolation 36 37. Due to the burden caused 
by falling and positive results from fall prevention interventions, prevention of falling is a 
priority of European health policy 32 38-40.

Variation in health
The health of older persons varies considerably between European countries. With 13.8 
years, women in Sweden have the highest number of years without disability at age 65 and 
with 3.7 years, women in Slovakia the lowest (figure 1)3. In general, persons in Scandinavian 
(Denmark, Finland, Norway, Sweden), and Anglo-Saxon (Ireland, United Kingdom) regimes 
report better health in comparison with Bismarckian (Austria, Belgium, France, Germany, 
Luxembourg, Netherlands, Switzerland), East European (Croatia, Czech Republic, Hungary, 
Poland, Slovenia), and Southern (Greece, Italy, Portugal, Spain) countries41-45. Between-
country differences in health and life expectancy have been linked to socioeconomic, 
political and cultural factors45-48. Persons living in richer countries on average live longer 
than persons living in poorer countries. A well-known illustration of this, is the association 
between the national income of a country and life expectancy at birth46. Improved 
population health has also been consistently linked to advanced levels of democracy and 
egalitarian political traditions45 47. Between-country differences have often been studied for 
certain outcomes such as mortality, healthy life years and disability. However, between-
country differences in other outcomes such as falling have not been studied. Literature has 
focused on geographical differences in limb fractures and has found that hip fracture rates 
are highest in Scandinavian countries compared with other countries in Europe 49-51. Insight 
into regional differences of falls and fall risk factors can help (inter)national policy makers to 
prioritise the right fall prevention strategies or continue successful efforts.



GENERAL INTRODUCTION 13

1

Figure 1: Healthy life years at age 65, by sex and European country in 2013. Source: Eurostat, 2015.

Inequaliti es in health are also present within populati ons of all European countries and 
pose a major challenge to public health. Persons with a lower educati on level, a lower 
occupati onal class or a lower income die at a younger age and have a higher prevalence 
of most health problems52. Inequaliti es in mortality have also increased in many countries 
in the past decades52. Studies among older persons have found that persons with a low 
socioeconomic status are frailer and become frailer over ti me compared with persons with a 
high socioeconomic status53-55. Older persons from ethnic minority groups have also found to 
be in poorer health compared with persons from nati ve populati ons56-60. In Western Europe, 
large ethnic minority groups consist of immigrants sett led during the decades aft er the 
Second World War. These immigrants are ageing. However, relati vely litt le research is done 
on unravelling socioeconomic and ethnic diff erences in frailty. This increases the urgency to 
study the frailty level of these groups and associated factors, and to develop strategies to 
prevent frailty and adverse outcomes.

Primary care systems in Europe 
As the number of older persons is increasing, there will be relati vely fewer beds available in 
inpati ent care faciliti es, such as hospitals, nursing homes or care homes. In additi on, most 
older persons prefer to live independently as much as is possible, receive care at home and 
die at home61 62. Because of this, it is important to have a well-functi oning primary care system 
that supports older persons in living independently for as long as possible. In many European 
countries, general practi ti oners provide day-to-day primary care for their communiti es and 
act as gatekeepers to specialised care. However, the importance and accessibility of general 
practi ti oners in community care diff ers by country. The Netherlands has a relati vely high 
number of general practi ti oners, with over 15 per 10 000 inhabitants. Croati a, Spain and 
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the UK are in the middle with around 8 general practitioners per 10 000 inhabitants. Greece 
has one of the lowest numbers with 4 per 10 000 inhabitants63. The Primary Health Care 
Activity Monitor for Europe (PHAMEU) study has developed the following quality indicators 
for primary care: accessibility, availability of prevention and treatment services, continuity 
of care and coordination of care64 65. They found that population health is better in countries 
with relatively stronger primary care compared with countries with relatively weaker 
primary care64. 

The care system is currently often characterised by a monodisciplinary approach focussed 
on one disease or condition64 66 67. However, as described earlier, older persons may have 
multiple physical- and psychosocial health problems6-8. This could place a burden on 
health- and social care services. Because of this, the demand for cost-effective models of 
integrated and coordinated provision of different health and social care services has grown64 

68. Multidisciplinary collaboration which is patient-centred instead of disease-centred and 
coordinated from primary care could provide a solution64. In addition, because of the 
pressure on the health care system due to population ageing, the interest in preventive 
interventions that increase healthy life years among older Europeans has increased40 69. 

Coordinated preventive care
Several models of coordinated preventive care approach for older persons have been 
proposed70-74. Common elements that these care models have is a single entry point for 
older persons and assessment of frailty and other geriatric syndromes. The gold standard 
for identifying frailty and geriatric syndromes among older persons is a comprehensive 
geriatric assessment; a multidimensional and multidisciplinary assessment of an older 
persons’ physical, mental and social health75 76. However, this is time consuming and is 
preferably performed by a geriatrician77. Brief multidimensional frailty tools have therefore 
been developed to identify frailty in primary care72-74. After this frailty assessment, if needed, 
further assessment is done with short validated tools for particular health risks such as falls, 
polypharmacy or vision problems and a multidimensional care plan is developed. In complex 
cases a multidisciplinary consultation could be organised by the general practitioner together 
with other health professionals such as a nurse, pharmacist and physiotherapist. A nurse 
could alleviate the workload for the general practitioner and act as care coordinator. He/she 
coordinates the assessments and follow-up care services in consultation with the general 
practitioner. The health of the older person is monitored and the care plan is adjusted if 
needed. With the aim of improving interdisciplinary communication, an electronic patient 
system could be used through which health professionals from different disciplines 
communicate71. Table 1 provides an overview of differences between a coordinated 
preventive care approach and ‘traditional’ care for older persons.
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Coordinated preventive interventions that integrate multiple disciplines often aim to reduce 
functional decline, nursing home admissions and mortality, and increase quality of life 
among older persons 78-80. A smaller number of studies have focussed on reducing mental 
health problems or promoting social functioning among older persons80-82. Evidence for 
the effect of coordinated preventive interventions regarding these outcomes is mixed and 
more research is needed 78-82. Most  studies have been conducted in Northwest European or 
American settings, studies in Southern and Eastern European settings are lacking19 78-80. More 
insight is needed into what specific outcomes can be achieved with coordinated preventive 
care for older persons in diverse European settings. It is therefore important to evaluate the 
effectiveness of such care approaches in various European settings. A large meta-analysis 
of complex care interventions for older persons showed no evidence for any specific type 
or intensity of intervention and the authors suggest that tailoring of interventions to the 
context and client needs is key19. This suggests that care coordination and integration 
between disciplines could be organised in many ways depending on the availability and 
organizational structures in the local context.

Table 1: Differences between coordinated preventive care and ‘traditional’ care for older persons (adapted from 
Looman et al. 82)

Coordinated preventive care ‘Traditional’ care

Role general practitioner Single entry point, coordinator of care 
supported by a nurse

Gatekeeper

Pro-activeness versus 
reactiveness

Preventive multidimensional assessment of 
frailty and other health risks

Care on own initiative and for 
specific health problems

Care plan Multidisciplinary care plan No or monodisciplinary care plan

Care coordination and 
monitoring

Case management monitoring, contact 
person professionals, evaluates care plan

No case management

Communication Multidisciplinary meetings, support by 
electronic patient system

Bilateral communication by phone 
calls and letters

Promotion of healthy ageing
Rowe & Kayn argued that researchers have neglected the heterogeneity in the non-frail or 
‘normal’ group of older persons83. They introduced a concept of successful ageing to describe 
older persons who have no or little loss of functioning and emphasised the importance of 
modifiable factors such as exercise, social support and diet for successful ageing. This called 
for a shift from management of chronic and age-related conditions towards prevention of 
health problems and promotion of healthy ageing. The World Health Organization focuses 
on promotion of healthy and active ageing, which is reflected in their definition of healthy 
and active ageing: “the process of optimising opportunities for health, participation, and 
security in order to enhance quality of life as people age”84. The promotion of healthy ageing 
is currently a priority of European policy40 69. A key initiative is the European Innovation 
Partnership on Active and Healthy Ageing40. They have funded actions that improve healthy 
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ageing and identified priority areas for healthy ageing, which are: appropriate medication 
prescription and adherence, falls prevention and management of frailty. 

1.2 This thesis

Research questions
In order to identify target groups for intervention strategies aimed at healthy ageing it 
is important to study which populations are at a higher risk of poor health outcomes. In 
addition, the effectiveness and feasibility of coordinated preventive care interventions that 
promote healthy ageing should be evaluated in diverse European settings. Therefore, the 
aim of this thesis is twofold. Firstly, this thesis aims to study the variation in indicators of 
healthy ageing among populations in Europe. More specifically, variation in frailty according 
to socioeconomic status and ethnic background and between-country variation in falling 
and fall risk are studied. The second aim is to evaluate the effects and process components 
of a coordinated preventive care approach aimed at promoting healthy ageing among older 
persons in Europe. The following research questions will be answered:  

•  �What is the association of socioeconomic status and ethnic background with frailty among 
older persons in the Netherlands? 

•  �What is the rate of falling and intrinsic fall risk among older persons in Europe and can 
between-country variation in falling be explained by intrinsic fall risk? 

•  �What are the effects of a coordinated preventive care approach on the lifestyle, health 
and quality of life among older persons in Europe and how does this approach perform in 
terms of process components?

Outline of this thesis
In this thesis six studies are presented. Table 2 provides an overview of the studies presented 
in this thesis. The research focus of these studies can be divided into two overarching 
topics, presented in two parts in this thesis. Part I of this thesis consists of studies on the 
variation in healthy ageing among community-dwelling older persons in Europe. In chapter 
2, the associations of socioeconomic status with frailty and frailty components among 
community-dwelling older persons in the Netherlands are studied. In addition, the extent to 
which morbidities mediate the association of socioeconomic status with frailty components 
is studied. In chapter 3, the association of ethnic background with frailty and frailty 
components among community-dwelling older persons in the Netherlands is studied. In 
chapter 4, the rate of falling and intrinsic fall risk among community-dwelling older persons 
in twelve European countries is studied and whether between-country variation in falling 
can be explained by intrinsic fall risk among the populations of the countries. Part II of this 
thesis consists of studies on the design and evaluation of a coordinated preventive care 
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approach which integrated social and health care services and aimed to promote healthy 
ageing among older persons. This approach was implemented in five diverse European 
settings (Greater Manchester, United Kingdom; Pallini, Greece; Rijeka, Croatia; Rotterdam, 
the Netherlands; and Valencia, Spain). This study; Urban Health Centres Europe (UHCE), is 
described in more detail in the next paragraph. In chapter 5, the design of the UHCE study 
is described. In chapter 6, the effects of the UHCE approach are evaluated on the lifestyle, 
health and quality of life of community-dwelling older persons in five European cities. In 
chapter 7, specific process components of the UHCE approach are studied to evaluate 
how the approach is implemented, which persons are reached and what their experience 
is with the approach. Finally, in chapter 8, the results of the studies are summarised and 
interpreted alongside the literature. Strengths and limitations of these studies are discussed 
as well as recommendations for future research and implications for policy and practice. 

Table 2: Overview of the studies presented in this thesis

Chapter Study design Study/data Sample N Research focus

Part I - Variation in healthy ageing among older persons in Europe

2 Cross-sectional TOPICS-MDS Community-dwellers 
aged ≥55 years in the 
Netherlands

26 014 The association of education 
level and neighbourhood 
socioeconomic status with 
frailty and frailty components

3 Cross-sectional TOPICS-MDS Ethnically diverse 
community-dwellers 
aged ≥55 years in the 
Netherlands

23 371 The association of ethnic 
background with frailty and 
frailty components

4 Longitudinal SHARE Community-dwellers 
aged ≥65 years in 12 
European countries

18 596 The variation in falling across 
twelve European countries 
and extent to which this is 
explained by intrinsic fall risk 
factors

Part II – Promotion of healthy ageing among older persons in Europe

5 Design paper UHCE NA NA Design of the UHCE study

6 Pre-post 
controlled trial

UHCE Community-dwellers 
aged ≥70 years in 5 
European cities

1836 Evaluation of effect of 
the UHCE approach on 
lifestyle, fall risk, appropriate 
medication use, loneliness, 
frailty, level of independence, 
health-related quality of life 
and care use

7 Mixed-methods 
study

UHCE Community-dwellers 
aged ≥70 years 
and professionals 
participating in UHCE 
approach in 5 European 
cities

986 & 
23 

Evaluation of UHCE 
approach regarding process 
components: context, reach, 
dose delivered and received, 
satisfaction and experience.
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1.3 Studies and data used

The UHCE project
The Urban Health Centres Europe (UHCE) project was set up to promote the lifestyle, health 
and quality of life of older European citizens by developing, implementing and evaluating 
a coordinated preventive health and social care approach (The UHCE approach) in primary 
care settings in Greater Manchester, United Kingdom; Pallini, Greece; Rijeka, Croatia; 
Rotterdam, the Netherlands; and Valencia, Spain (figure 2). The UHCE approach included 
an assessment of health risks and, if indicated, follow-up care in which different health and 
social care disciplines work together coordinated from a single point of care. The UHCE 
approach was specifically targeted at prevention of falling, management of polypharmacy, 
loneliness and frailty. In each city, 250 participants aged 75 years and older were recruited 
to receive the UHCE approach and compared with 250 participants who received ‘care 
as usual’. By means of a baseline and 12-month follow up assessment, the effects of the 
UHCE approach on lifestyle, fall risk, appropriate medication use, loneliness, frailty, level of 
independence, quality of life and care use were assessed. In addition, process components 
were evaluated alongside the effects of the UHCE approach.

Figure 2: The five cities of the UHCE project 
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SHARE study
The Survey of Health, Ageing and Retirement in Europe (SHARE) is a multidisciplinary and 
cross-national panel database of micro data on health, socioeconomic status and social and 
family networks85. Persons are interviewed using standardised Computer Assisted Personal 
Interviews. Since its start in 2004, more than 120,000 individuals aged 50 or older have been 
interviewed in 27 European countries and Israel. Data are collected roughly every two years, 
and to date, data of six waves had been collected. The data are available to the research 
community free of charge and more than 6000 researchers from all over the world are 
registered as SHARE users. For this thesis, data from wave 4 (2010/2011) and wave 5 (2013) 
were used, collected in 12 European countries (Sweden, Denmark, Austria, Germany, the 
Netherlands, Belgium, Switzerland, France, Italy, Spain, Czech Republic and Estonia).

TOPICS-MDS
The Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-MDS) is a public 
access data repository designed to capture essential information on the physical and mental 
well-being of older persons and informal caregivers in the Netherlands86. TOPICS-MDS was 
developed to collect uniform information from all studies funded under the program Dutch 
National Care for the Elderly87. Included survey items were based on the recommendations 
of an expert panel who identified the key outcomes in older persons’ health relevant in a 
range of settings86. Data were collected between 2010 and 2013 in 50 different studies in the 
Netherlands. TOPICS-MDS consists of the pooled data of these studies. For this thesis, we 
used data from community-dwelling older persons collected in 2010.
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ABSTRACT

Background
So far, it has not yet been studied whether socioeconomic status is associated with distinct 
frailty components and for which frailty component this association is the strongest. We 
aimed to examine the association between socioeconomic status and frailty and frailty 
components. In addition we assessed the mediating effect of the number of morbidities on 
the association between socioeconomic status and other frailty components.

Methods
This is a cross-sectional study of pooled data of The Older Persons and Informal Caregivers 
Survey Minimum DataSet in the Netherlands among community-dwelling persons aged 55 
years and older (n=26,014). Frailty was measured with a validated Frailty Index that consisted 
of 45 items. The Frailty Index contained six components: morbidities, limitations in activities 
of daily living (ADL), limitations in instrumental ADL (IADL), health-related quality of life, 
psychosocial health and self-rated health. Socioeconomic indicators used were education 
level and neighbourhood socioeconomic status. 

Results
Persons with primary or secondary education had higher overall frailty and frailty component 
scores compared to persons with tertiary education (P<.001).  Lower education levels 
were most consistently associated with higher overall frailty, more morbidities and worse 
self-rated health (P<.05 in all age groups). The strongest association was found between 
primary education and low psychosocial health for persons aged 55-69 years and more IADL 
limitations for persons aged 80+ years. Associations between neighborhood socioeconomic 
status and frailty (components) also showed inequalities, although less strong. The number 
of morbidities moderately to strongly mediated the association between socioeconomic 
indicators and other frailty components.

Conclusion
There are socioeconomic inequalities in frailty and frailty components. Inequalities in frailty, 
number of morbidities and self-rated health are most consistent across age groups. The 
number of morbidities a person has play an important role in explaining socioeconomic 
inequalities in frailty and should be taken into account in the management of frailty.
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INTRODUCTION

Frailty can be defined as a state of increased vulnerability to external stressors and adverse 
outcomes such as death and hospitalization1 2. Frailty is a better predictor of adverse 
outcomes than age3. Hence, it is important to identify persons or groups at risk of developing 
frailty in order to target prevention strategies. Older persons with a low socioeconomic 
status (SES) are more frail and become more frail over time compared to persons with a 
high SES4-6. Many indicators of SES such as education level, occupation, income and wealth 
have been linked to frailty4 7-9. 

A widely used approach to measure frailty is the accumulation-of-deficits approach that 
results in a Frailty Index (FI)10 11. The FI is calculated by adding up the number of health deficits 
a person has, divided by the total of possible health deficits included in the index. Theou et al. 
found that of eight commonly use frailty scales, the FI most accurately predicted mortality12. 
A standard procedure to construct a FI was developed by Searle et al., who recommended 
to include the following components in the index: morbidities, disability in Activities of Daily 
Living (ADL) and Instrumental ADL (IADL), restricted activity, impairments in general cognition 
and physical performance, psychological health and self-rated health (SRH)13. In addition to 
the study of ‘overall’ frailty, the assessment of frailty components could uncover important 
information about the specific domain in which a person is frail. Recently, Yang et al. have 
studied the associations of frailty components with mortality and found that IADL and ADL 
limitations played a greater role in mortality compared to other components14. 

It is not yet studied which frailty component contributes most strongly to socioeconomic 
inequalities in frailty. By uncovering this, interventions could be directed towards narrowing 
the gap in frailty between persons with a higher versus a lower SES. In the FI approach and 
other frailty measures such as the FRAIL scale, morbidities are considered as part of frailty2 12. 
 Theoretically morbidities precede the other frailty components of the FI, as proposed in 
different health models15 16. Having certain morbidities at a younger age, such as depression 
or cardiovascular disease, could lead to an increase in ADL and/or IADL limitations at older 
age17. Studies using Fried’s frailty phenotype have showed that both number and specific 
morbidities such as obesity partly explained why persons with a lower SES were more frail 
compared to persons with a higher SES9 18. Therefore we hypothesize that the presence of 
morbidities could mediate the association between SES and other components of the FI.

The aim of this study was, 1) to assess the association between SES indicators and a) ‘overall’ 
frailty and b) the distinct frailty components (morbidities, ADL, IADL, health-related quality 
of life (HRQoL), psychosocial health and SRH), and 2) to assess whether and to what extent 
the number of morbidities mediates the association between SES and the other frailty 
components (ADL, IADL, HRQoL, psychosocial health and SRH).
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METHODS

Study design and population
We applied a cross-sectional study design using data from The Older Persons and Informal 
Caregivers Survey Minimum DataSet (TOPICS-MDS)19. TOPICS-MDS is a data-base designed 
to capture information on the well-being of older persons in the Netherlands. TOPICS-MDS 
was developed to collect uniform information from studies funded under the National Care 
for older citizens Programme20. Included survey items were based on the recommendations 
of experts who identified key outcomes in older persons’ health19. Data were collected 
between 2010 and 2013 in 50 studies in the Netherlands. TOPICS-MDS consists of pooled 
data of these studies which differ across study design, sampling framework, and inclusion 
criteria. TOPICS-MDS is a fully anonymized data set, and therefore this analysis was exempt 
from ethical review (Radboud University Medical Centre Ethical Committee review reference 
number: CMO: 2012/120). 

Our analysis was restricted to data from independently living Dutch persons aged 55 years 
and older. We further excluded persons with more than 15 missing items for the FI (n=3658), 
missing education level (n=221) or country of birth (n=1569). The final sample comprised of 
data from 30 studies of 26,014 persons (see figure 1).

Figure 1: Population of analysis.



SOCIOECONOMIC INEQUALITIES IN FRAILTY	 33

2

Frailty and components
Frailty was measured by the TOPICS-Frailty Index (TOPICS-FI), which was developed and 
validated using TOPICS-MDS data by Lutomski et al.21. In our study we included the 45 item 
TOPICS-FI, after exclusion of the item measuring prostatism. Searle et al. showed that a FI 
with 30–40 variables is accurate for predicting adverse outcomes13 22. The TOPICS-FI was 
calculated when at least 30 items were available. This was done by adding up the number 
of health deficits a person reported, divided by the total health deficits measured for this 
person, following Searle et al.13. This resulted in a score between 0-1, where higher scores 
represent higher frailty. 

The TOPICS-FI as used in this study consists of 45 items that belong to six components, each 
measured by validated instruments; morbidities, ADL, IADL, HRQoL, psychosocial health and 
SRH13. The component ‘Morbidities’ was measured by 16 items regarding the self-reported 
presence (yes/no) of diabetes, stroke, heart failure, cancer, respiratory condition (asthma, 
chronic bronchitis, lung emphysema or Chronic obstructive pulmonary disease (COPD), 
incontinence, joint damage of hips or knees, osteoporosis, hip fracture, fractures other than 
hip, dizziness with falling, depression, anxiety/panic disorder, dementia, hearing problems, 
vision problems. The component ‘ADL limitations’ was measured by 6 items using a modified 
version of the Katz instrument23 24. Persons could indicate whether they needed help (yes/no) 
with the following activities: bathing, dressing, toileting, incontinence, sitting down, eating. 
The component ‘IADL limitations’ was measured by 9 items using a modified version of the 
Katz instrument23 24. Persons could indicate whether they needed help (yes/no) with the 
following activities: using the telephone, travelling, shopping, preparing a meal, cleaning, 
taking medications, handling finance, brushing hair and walking. The component ‘HRQoL’ 
was measured by 6 items of the EuroQol 5D+C25. Persons could indicate whether they had 
problems (no/some/extreme) with the following: mobility, self-care, usual activities, pain/
discomfort, anxiety/depression and cognition. The component ‘Psychosocial health’ was 
measured with 5 items of the RAND-36 26. Persons could indicate how much of the time 
in the past month (none/a little/ some/a good bit/most/all) they had been the following: 
nervous, calm, downhearted, happy and down in the dumps, and how much time (none/a 
little/some/most/all) health problems had interfered with social activities. The component 
‘SRH’ was measured with 2 items of the RAND-3626, one regarding perceived current health 
status (poor/fair/good/very good/excellent) and one regarding perceived changes in health 
in the past year (much worse/slightly worse/about the same/a little better/much better). 
The score for each component of the TOPICS-FI were calculated analogous to the FI, by 
adding up the health deficits within the FI component that a person had, divided by the total 
of possible health deficits included in the component13. This resulted in a score between 0-1, 
where higher scores represent worse health. We accepted no missing variables for SRH and 
a maximum of 1 of 3 missing variables for other FI component scores.
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Indicators of SES	
In this study we applied two indicators of SES; education level and neighbourhood SES. 
TOPICS-MDS used the 1997 International Standard Classification of Education27 to assess 
education level; participants were asked whether they had completed: fewer than 6 years 
of primary school; 6 years of primary school; further uncompleted education; vocational 
school; secondary professional education or university entrance level or tertiary education. 
We categorized the education level into “primary education or less”, “secondary education” 
and “tertiary education or higher”, based on the definition by Statistics Netherlands28. 

For the neighbourhood SES, the 2006 reference scores for area codes were used, as calculated 
by The Netherlands Institute for Social Research29 based on the education level, income 
and labor market position of persons living in each area code. Scores were categorized into 
quartiles, quartile 1 is the least deprived quartile (high education, high income, high labor 
market position), while quartile 4 is the most deprived.   

Potential confounders
Gender, age, living arrangement, marital status and level of urbanization were incorporated 
as potential confounders in this study based on literature and availability in TOPICS-MDS. 
Age was assessed by asking year of birth. Living arrangement was assessed by asking 
whether participants were living: independent alone, independent with others, care or 
nursing home. Only persons living independently were included and categorized into “not 
alone” and “alone”. Marital status was assessed by asking whether participants were: 
married, divorced, widowed, unmarried, long term cohabitation unmarried. Answers were 
categorized into “married/cohabitant partners”, “divorced”, “widowed” and “single”. Level 
of urbanization was based on the density of addresses in an area code and categorized as 
by Statistics Netherlands into “not urban”, “little urban”, “somewhat urban”, “urban” and 
“very urban”30.

Statistical analysis
The statistical significance of differences in socio-demographic characteristics, frailty and 
frailty components (morbidities, ADL limitations, IADL limitations, psychosocial health, 
HRQoL and SRH) among persons from different education levels was calculated using chi-
squared tests for categorical variables and one-way ANOVA for continues variables. 

To examine the association between SES, frailty and frailty components (model 1), we 
estimated multilevel random-intercept models because data were clustered in studies31. As 
such, dependency between the observations of participants of a study because of sampling 
design and/or inclusion criteria, was taken into account. Only potential confounders that 
led to a substantial change in effect estimates (i.e. ≥10% change) were included in models32. 
Subsequently, we examined the presence of mediation by the number of morbidities in 
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the association between SES and other frailty components, by following the causal step 
approach proposed by Baron and Kenny (figure 2)33. When SES indicators were significantly 
associated with the morbidities component and when the morbidities component was 
significantly associated with the other frailty components, the morbidities component was 
considered a ‘true’ mediator. Only then, the morbidities component was added to model 1 
(model 2). To assess the mediating effect, the percentages of attenuation of effect estimates 
were calculated by comparing model 2 relative to model 1.

Figure 2: Conceptual framework for the association between socioeconomic status and Frailty Index components, 
where the morbidities component mediates the association between socioeconomic status and other Frailty 
Index components.

We explored the presence of interaction between the indicators of SES and sex, age and 
living arrangement in the association between SES and frailty and frailty components. We 
also explored interaction between the indicators of SES and morbidities (exposure-mediator 
interaction) in the association between SES and frailty and frailty components. After applying 
Bonferroni correction for multiple testing34, we found significant interactions between SES 
and age on overall frailty and on all frailty components, and therefore stratified all analyses 
by age in three groups: 55-69 years, 70-79 years, and 80 years and older. 

Percentages of missing values in the potential confounders were 2% or less (table 1). Missing 
data on potential confounders were imputed using multiple imputation. We computed five 
imputation datasets using a fully conditional specified model35. Pooled estimates from these 
datasets were used to report regression coefficients and 95% confidence intervals (CIs). We 
considered a p-value of .05 or lower to be statistically significant for main analyses and 
used Bonferroni correction for testing interactions34. Descriptive analyses were performed 
using SPSS version 23.0 (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp). Multilevel 
linear regression analysis were performed using R-3.3.2. 
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Non-response analysis
A comparison of persons included in the study (N=26,014) with persons not included due 
to missing values for education level, FI and/or country of birth (N=5448) did not indicate 
significant differences in terms of sex (p=.882) and living arrangement (p=.113). However, 
excluded persons were older (p<.001), more often single (p<.05), more often living in rural 
areas and in deprived neighbourhoods (p<.001) than persons included in the study.

RESULTS

Table 1 shows the characteristics of the study population. Of all persons, 10.5% of the 
persons had tertiary education, and 32.8% had primary education or less. Compared with 
persons who received tertiary education, persons who received primary education or less 
were older, more often female, more often living alone, more often widowed and less often 
married, single or divorced and more often living in deprived neighbourhoods (P<.001). 
Frailty was highest in persons who received primary education or less (mean=0.23; SD=0.13), 
followed by persons who received secondary education (mean=0.20; SD=0.12) and persons 
who received tertiary education (mean=0.16; SD=0.11).  

Education level was significantly associated with frailty; frailty was higher in persons of all 
age groups with secondary and primary or less education as compared to persons with 
tertiary education (p<.05; table 2-model 1). This was also found for the frailty components 
morbidities and SRH. Persons with lower education levels generally had higher scores (i.e. 
worse health) for IADL limitations, psychosocial health and HRQoL, although not significant 
in all age groups for secondary education. ADL limitations were only worse in persons aged 
70-79 years with primary education or less compared to persons with tertiary education 
(p<.05). Among all frailty components, the association between education level and 
psychosocial health was strongest in persons aged 55-69 years, while for persons aged 80+ 
years this was IADL limitations. For frailty and all frailty components except IADL limitations, 
stronger associations were observed in persons aged 55-69 compared to older age groups. 
The number of morbidities mediated the association between education level and other 
frailty components, attenuations ranged between 19% and 80% (table 2-model 2). 

Neighbourhood SES was significantly associated with frailty, morbidities, IADL limitations, 
psychosocial health, HRQoL and SRH (p<.05; table 3-model 1). Persons living in more deprived 
neighbourhoods (third or fourth quartile) had higher scores compared to those living in 
the least deprived neighbourhoods (first quartile). The number of morbidities mediated the 
association between neighbourhood SES and other frailty components, attenuations ranged 
between 20% and 90% (table 3-model 2).
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Table 1: Socio-demographic characteristics and frailty outcomes by education level of 26,014 persons of The 
Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-MDS).

Education level

Total 
N=26,014

Tertiary 
N=2723

Secondary 
N=14,762

Primary or less
N=8529

P-value*

Age in years (mean, SD) 78.0 (6.8) 76.1 (7.1) 77.7 (6.7) 79.3 (6.7) <0.001

Sex, N (%) <0.001

 Male 10,825 (41.6) 1800 (66.1) 6394 (43.3) 2631 (30.8)

 Female 15,189 (58.4) 923 (33.9) 8268(56.7) 5898 (69.2)

Living arrangement, N (%) <0.001

 Alone 11,689 (44.9) 860 (31.6) 6377 (43.2) 4452 (52.2)

 With others 14,325 (55.1) 1863 (68.4) 8385 (56.8) 4077 (47.8)

Marital status, N (%) <0.001

 Married/Cohabitant partners 13,954 (53.6) 1836 (67.4) 8261 (56.0) 3857 (45.2)

 Divorced 1562 (6.0) 189 (7.0) 878 (5.9) 494 (5.8)

 Widowed 9288 (35.7) 491 (18.0) 4940 (33.5) 3857 (45.2)

 Single 1211 (4.7) 206 (7.6) 684 (4.6) 321 (3.8)

Neighbourhood SES, N (%) <0.001

 First quartile 7277 (28.5) 1298 (48.2) 4369 (30.1) 1610 (19.4)

 Second quartile 6988 (27.4) 649 (24.1) 4012 (27.7) 2327 (28.0)

 Third quartile 5259 (20.6) 427 (15.9) 2958 (20.4) 1874 (22.6)

 Fourth quartile 5970 (23.4) 320 (11.9) 3165 (21.8) 2485 (30.0)

Level of urbanization, N (%) <0.001

 Not urban 5802 (22.3) 592 (21.7) 3232 (21.9) 1978 (23.2)

 Little urban 7031 (27.0) 578 (21.2) 4177 (28.3) 2277 (26.7)

 Somewhat urban 4114 (15.8) 637 (23.4) 2410 (16.3) 1067 (12.5)

 Urban 6313 (24.3) 704 (25.9) 3497 (23.7) 2112 (24.8)

 Very urban 2754 (10.6) 213 (7.8) 1445 (9.8) 1096 (12.8)

Overall Frailty mean FI (SD)† 0.20 (0.12) 0.16 (0.11) 0.20 (0.12) 0.23 (0.13) <0.001

Morbidities, mean FI (SD)† 0.17 (0.12) 0.14 (0.11) 0.16 (0.12) 0.18 (0.13) <0.001

Number morbidities, mean (SD) 2.61 (1.90) 2.16 (1.69) 2.55 (1.87) 2.88 (1.98) <0.001

ADL limitations, mean FI (SD)† 0.11 (0.19) 0.08 (0.17) 0.11 (0.19) 0.13 (0.20) <0.001

Number ADL limitations, mean (SD) 0.65 (1.10) 0.47 (0.97) 0.62 (1.08) 0.78 (1.16) <0.001

IADL limitations, mean FI (SD)† 0.21 (0.24) 0.14 (0.21) 0.20 (0.23) 0.26 (0.25) <0.001

Number IADL limitations, mean (SD) 1.48 (1.67) 0.96 (1.47) 1.39 (1.62) 1.81 (1.74) <0.001

Psychosocial health, mean FI (SD)† 0.26 (0.18) 0.22 (0.16) 0.25 (0.17) 0.28 (0.19) <0.001

Health-related quality of life, mean FI (SD)† 0.22 (0.17) 0.18 (0.16) 0.21 (0.17) 0.25 (0.17) <0.001

Self-rated Health, mean FI (SD)† 0.58 (0.17) 0.54 (0.17) 0.57 (0.17) 0.60 (0.17) <0.001

* P-values are based on Chi-squared test for categorical variables and one-way ANOVA for continues variables.  
† Mean FI=mean number of health deficits reported/total health deficits measured in instrument; score between 
0-1 where higher scores represent worse health. Missing N (%) for variables: Age=544 (2%); sex=8 (<1%); living 
arrangement=0 (0%); marital status=50 (<1%); Neighbourhood SES=520 (2%); Level of urbanization=199 (1%); 
morbidities=531 (2%); ADL=45 (<1%); IADL=124 (<1%); psychosocial health=281 (1%); Health-related quality 
of life=521 (2%); Self-rated health=100 (<1%). FI=frailty index; (I)ADL= (instrumental) activities of daily living; 
SES=socioeconomic status.



38	 CHAPTER 2

Ta
bl

e 
2.

 A
ss

oc
ia

tio
n 

of
 e

du
ca

tio
n 

le
ve

l w
ith

 o
ve

ra
ll 

fr
ai

lty
 a

nd
 w

ith
 it

s 
si

x 
co

m
po

ne
nt

s 
(M

od
el

 1
) 

an
d 

ch
an

ge
 in

 a
ss

oc
ia

tio
n 

of
 e

du
ca

tio
n 

le
ve

l w
ith

 t
he

 fi
ve

 o
th

er
 f

ra
ilt

y 
co

m
po

ne
nt

s 
aft

er
 a

dj
us

tm
en

t f
or

 th
e 

m
or

bi
di

tie
s 

co
m

po
ne

nt
 (M

od
el

 2
); 

st
ra

tifi
ed

 b
y 

ag
e 

gr
ou

p 
am

on
g 

26
,0

14
 p

er
so

ns
 o

f T
he

 O
ld

er
 P

er
so

ns
 a

nd
 In

fo
rm

al
 C

ar
eg

iv
er

s 
Su

rv
ey

 
M

in
im

um
 D

at
aS

et
 (T

O
PI

CS
-M

DS
).

O
ve

ra
ll 

Fr
ai

lty
M

or
bi

di
tie

s
AD

L
lim

ita
tio

ns
IA

DL
 

lim
ita

tio
ns

Ps
yc

ho
so

ci
al

 
he

al
th

He
al

th
-r

el
at

ed
 

qu
al

ity
 o

f l
ife

Se
lf-

ra
te

d 
he

al
th

B 
(9

5%
 C

I)
B 

(9
5%

 C
I)

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†
M

od
el

 1
Ag

e 
55

-6
9 

ye
ar

s
 S

ec
on

da
ry

 
ed

uc
ati

on
0.

01
6*

*
(0

.0
05

-0
.0

26
)

0.
01

9*
**

(0
.0

08
-0

.0
30

)
0.

00
7

(-0
.0

08
-0

.0
22

)
0.

00
5

(-0
.0

13
-0

.0
23

)
0.

01
6

(-0
.0

03
-0

.0
36

)
0.

02
0*

(0
.0

03
-0

.0
38

)
0.

02
8*

*
(0

.0
11

-0
.0

46
)

 ≤
 P

rim
ar

y 
ed

uc
ati

on
0.

04
7*

**
(0

.0
35

-0
.0

59
)

0.
05

2*
**

(0
.0

39
-0

.0
64

)
0.

01
3

(-0
.0

05
-0

.0
30

)
0.

03
4*

*
(0

.0
13

-0
.0

55
)

0.
07

4*
**

(0
.0

51
-0

.0
96

)
0.

05
6*

**
(0

.0
36

-0
.0

76
)

0.
06

4*
**

(0
.0

44
-0

.0
85

)
Ag

e 
70

-7
9 

ye
ar

s
 S

ec
on

da
ry

 
ed

uc
ati

on
0.

00
7*

(0
.0

01
-0

.0
13

)
0.

00
8*

*
(0

.0
02

-0
.0

14
)

-0
.0

02
(-0

.0
10

-0
.0

07
)

0.
01

1*
(0

.0
00

-0
.0

21
)

0.
00

6
(-0

.0
03

-0
.0

15
)

0.
00

5
(-0

.0
04

-0
.0

14
)

0.
01

6*
**

(0
.0

07
-0

.0
25

)
 ≤

 P
rim

ar
y 

ed
uc

ati
on

0.
02

7*
**

(0
.0

21
-0

.0
33

)
0.

02
2*

**
(0

.0
15

-0
.0

28
)

0.
01

0*
(0

.0
00

-0
.0

19
)

0.
03

9*
**

(0
.0

28
-0

.0
51

)
0.

03
4*

**
(0

.0
24

-0
.0

44
)

0.
02

9*
**

(0
.0

19
-0

.0
38

)
0.

04
3*

**
(0

.0
33

-0
.0

53
)

Ag
e 

≥ 
80

 y
ea

rs
 

 S
ec

on
da

ry
 

ed
uc

ati
on

0.
01

5*
**

(0
.0

06
-0

.0
24

)
0.

01
2*

*
(0

.0
03

-0
.0

21
)

0.
00

1
(-0

.0
14

-0
.0

16
)

0.
01

9*
(0

.0
01

-0
.0

36
)

0.
02

2*
**

(0
.0

09
-0

.0
35

)
0.

01
8*

*
(0

.0
05

-0
.0

31
)

0.
01

4*
(0

.0
01

-0
.0

26
)

 ≤
 P

rim
ar

y 
ed

uc
ati

on
0.

02
6*

**
(0

.0
17

-0
.0

36
)

0.
01

9*
**

(0
.0

09
-0

.0
28

)
0.

01
2

(-0
.0

03
-0

.0
28

)
0.

04
4*

**
(0

.0
26

-0
.0

63
)

0.
02

6*
**

(0
.0

12
-0

.0
40

)
0.

03
3*

**
(0

.0
19

-0
.0

46
)

0.
02

2*
**

(0
.0

07
-0

.0
35

)
M

od
el

 2
Ag

e 
55

-6
9 

ye
ar

s
 S

ec
on

da
ry

 
ed

uc
ati

on
N

A
N

A
0.

00
1

(-0
.0

14
-0

.1
6)

N
A

-0
.0

03
(-0

.0
21

-0
.0

14
)

N
A

0.
00

3
(-0

.0
15

-0
.0

22
)

N
A

0.
00

9
(-0

.0
07

-0
.0

25
)

55
%

0.
01

7*
(0

.0
01

-0
.0

34
)

39
%

 ≤
 P

rim
ar

y 
ed

uc
ati

on
N

A
N

A
-0

.0
03

(-0
.0

21
-0

.0
14

)
N

A
0.

01
4

(-0
.0

07
-0

.0
34

)
59

%
0.

04
0*

**
(0

.0
19

-0
.0

62
)

46
%

0.
02

6*
*

(0
.0

07
-0

.0
44

)
54

%
0.

03
6*

**
(0

.0
16

-0
.0

56
)

44
%

Ag
e 

70
-7

9 
ye

ar
s

 S
ec

on
da

ry
 

ed
uc

ati
on

N
A

N
A

-0
.0

05
(-0

.0
14

-0
.0

04
)

N
A

0.
00

6
(-0

.0
04

-0
.0

16
)

45
%

0.
00

2
(-0

.0
07

-0
.0

11
)

N
A

0.
00

1
(-0

.0
07

-0
.0

08
)

N
A

0.
01

3*
*

(0
.0

04
-0

.0
21

)
19

%

 ≤
 P

rim
ar

y 
ed

uc
ati

on
N

A
N

A
0.

00
2

(-0
.0

08
-0

.0
11

)
80

%
0.

02
8*

**
(0

.0
17

-0
.0

39
)

28
%

0.
02

4*
**

(0
.0

14
-0

.0
34

)
29

%
0.

01
6*

**
(0

.0
07

-0
.0

25
)

45
%

0.
03

2*
**

(0
.0

23
-0

.0
42

)
26

%



SOCIOECONOMIC INEQUALITIES IN FRAILTY	 39

2

Ta
bl

e 
2 

co
nti

nu
ed

O
ve

ra
ll 

Fr
ai

lty
M

or
bi

di
tie

s
AD

L
lim

ita
tio

ns
IA

DL
 

lim
ita

tio
ns

Ps
yc

ho
so

ci
al

 
he

al
th

He
al

th
-r

el
at

ed
 

qu
al

ity
 o

f l
ife

Se
lf-

ra
te

d 
he

al
th

B 
(9

5%
 C

I)
B 

(9
5%

 C
I)

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†
Ag

e 
≥ 

80
 y

ea
rs

 
 S

ec
on

da
ry

 
ed

uc
ati

on
N

A
N

A
-0

.0
05

(-0
.0

20
-0

.0
10

)
N

A
0.

01
1

(-0
.0

06
-0

.0
28

)
42

%
0.

01
6*

*
(0

.0
03

-0
.0

28
)

27
%

0.
01

0
(-0

.0
02

-0
.0

22
)

44
%

0.
00

8
(-0

.0
04

-0
.0

20
)

43
%

 ≤
 P

rim
ar

y 
ed

uc
ati

on
N

A
N

A
0.

00
3

(-0
.0

12
-0

.0
19

)
N

A
0.

03
2*

**
(0

.0
15

-0
.0

50
)

27
%

0.
01

7*
*

(0
.0

03
-0

.0
30

)
35

%
0.

02
1*

**
(0

.0
08

-0
.0

33
)

36
%

0.
01

3*
(0

.0
01

-0
.0

25
)

41
%

Va
lu

es
 a

re
 d

er
iv

ed
 fr

om
 m

ul
til

ev
el

 m
ul

tiv
ar

ia
bl

e 
lin

ea
r r

eg
re

ss
io

n,
 te

rti
ar

y 
ed

uc
ati

on
 is

 th
e 

re
fe

re
nc

e 
gr

ou
p.

 M
od

el
 1

 is
 a

dj
us

te
d 

fo
r c

on
fo

un
de

rs
: a

ge
, s

ex
, a

nd
 li

vi
ng

 a
rr

an
ge

m
en

t 
(a

lo
ne

/n
ot

 a
lo

ne
). 

M
od

el
 2

 is
 a

dd
iti

on
al

ly
 a

dj
us

te
d 

fo
r 

m
or

bi
di

tie
s.

 *
 p

<0
.0

5;
 *

* 
p<

0.
01

; *
* 

p<
0.

00
1.

 †
 %

 re
pr

es
en

ts
 th

e 
%

 c
ha

ng
e 

in
 e

ffe
ct

 e
sti

m
at

es
 re

la
tiv

e 
to

 m
od

el
 1

 a
fte

r 
ad

ju
st

m
en

t f
or

 m
or

bi
di

tie
s;

 th
is 

w
as

 c
al

cu
la

te
d 

by
: 1

00
x 

((B
m

od
el

1-B
m

od
el

2)/
B m

od
el

1). 
B=

eff
ec

t e
sti

m
at

e;
 C

I=
co

nfi
de

nc
e 

in
te

rv
al

; (
I)A

DL
=(

in
st

ru
m

en
ta

l) 
ac

tiv
iti

es
 o

f d
ai

ly
 li

vi
ng

.



40	 CHAPTER 2

Ta
bl

e 
3.

 A
ss

oc
ia

tio
n 

of
 n

ei
gh

bo
ur

ho
od

 s
oc

io
ec

on
om

ic
 s

ta
tu

s 
w

ith
 o

ve
ra

ll 
fr

ai
lty

 a
nd

 w
ith

 it
s 

si
x 

co
m

po
ne

nt
s 

(M
od

el
 1

) 
an

d 
ch

an
ge

 in
 a

ss
oc

ia
tio

n 
of

 n
ei

gh
bo

ur
ho

od
 

so
ci

oe
co

no
m

ic
 st

at
us

 w
ith

 th
e 

fiv
e 

ot
he

r f
ra

ilt
y 

co
m

po
ne

nt
s a

fte
r a

dj
us

tm
en

t f
or

 th
e 

m
or

bi
di

tie
s c

om
po

ne
nt

 (M
od

el
 2

); 
st

ra
tifi

ed
 b

y 
ag

e 
gr

ou
p 

am
on

g 
25

,4
94

 p
er

so
ns

 o
f T

he
 

O
ld

er
 P

er
so

ns
 a

nd
 In

fo
rm

al
 C

ar
eg

iv
er

s S
ur

ve
y 

M
in

im
um

 D
at

aS
et

 (T
O

PI
CS

-M
DS

).

O
ve

ra
ll 

Fr
ai

lty
M

or
bi

di
tie

s
AD

L
lim

ita
tio

ns
IA

DL
 

lim
ita

tio
ns

Ps
yc

ho
so

ci
al

 
he

al
th

He
al

th
-r

el
at

ed
 

qu
al

ity
 o

f l
ife

Se
lf-

ra
te

d 
he

al
th

B 
(9

5%
 C

I)
B 

(9
5%

 C
I)

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†

M
od

el
 1

Ag
e 

55
-6

9 
ye

ar
s

 S
ec

on
d 

qu
ar

til
e

0.
00

8
(-0

.0
04

-0
.0

20
)

0.
00

6
(-0

.0
07

-0
.0

18
)

0.
00

5
(-0

.0
12

-0
.0

22
)

-0
.0

05
(-0

.0
25

-0
.0

16
)

0.
02

0
(-0

.0
02

-0
.0

42
)

0.
01

7
(-0

.0
03

-0
.0

36
)

0.
02

1*
(0

.0
01

1-
0.

04
1)

 T
hi

rd
 

qu
ar

til
e

0.
01

2*
(0

.0
01

-0
.0

23
)

0.
01

3
(-0

.0
01

-0
.0

25
)

-0
.0

04
(-0

.0
21

-0
.0

12
)

0.
00

5
(-0

.0
15

-0
.0

25
)

0.
02

3*
(0

.0
01

-0
.0

44
)

0.
02

8*
*

(0
.0

10
-0

.0
47

)
0.

02
1*

(0
.0

01
-0

.0
40

)
 F

ou
rt

h 
qu

ar
til

e
0.

02
3*

**
(0

.0
12

-0
.0

33
)

0.
02

5*
**

(0
.0

14
-0

.0
36

)
-0

.0
02

(-0
.0

17
-0

.0
13

)
0.

01
6

(-0
.0

02
-0

.0
34

)
0.

04
3*

**
(0

.0
24

-0
.0

63
)

0.
02

8*
*

(0
.0

11
-0

.0
45

)
0.

03
6*

**
(0

.0
18

-0
.0

53
)

Ag
e 

70
-7

9 
ye

ar
s

 S
ec

on
d 

qu
ar

til
e

0.
00

3
(-0

.0
01

-0
.0

08
)

0.
00

7*
*

(0
.0

02
-0

.0
12

)
-0

.0
01

(-0
.0

08
-0

.0
06

)
0.

00
0

(-0
.0

09
-0

.0
09

)
0.

00
1

(-0
.0

07
-0

.0
09

)
0.

00
6

(-0
.0

01
-0

.0
13

)
0.

00
2

(-0
.0

06
-0

.0
09

)
 T

hi
rd

 
qu

ar
til

e
0.

01
0*

**
(0

.0
04

-0
.0

15
)

0.
01

2*
**

(0
.0

06
-0

.0
18

)
0.

00
2

(-0
.0

06
-0

.0
10

)
0.

00
7

(-0
.0

03
-0

.0
17

)
0.

01
0*

(0
.0

01
-0

.0
18

)
0.

01
3*

*
(0

.0
05

-0
.0

22
)

0.
00

8
(-0

.0
01

-0
.0

17
)

 F
ou

rt
h 

qu
ar

til
e

0.
01

4*
**

(0
.0

08
-0

.0
19

)
0.

01
5*

**
(0

.0
09

-0
.0

21
)

0.
00

4
(-0

.0
05

-0
.0

12
)

0.
01

0*
(0

.0
00

-0
.0

21
)

0.
01

6*
**

(0
.0

07
-0

.0
25

)
0.

01
8*

**
(0

.0
09

-0
.0

26
)

0.
02

5*
**

(0
.0

16
-0

.0
33

)
Ag

e 
≥ 

80
 y

ea
rs

 

 S
ec

on
d 

qu
ar

til
e

0.
00

5
(-0

.0
01

-0
.0

11
)

0.
00

6
(-0

.0
01

-0
.0

12
)

0.
00

2
(-0

.0
08

-0
.0

13
)

0.
01

2
(-0

.0
01

-0
.0

24
)

-0
.0

03
(-0

.0
12

-0
.0

07
)

0.
01

0*
(0

.0
01

-0
.0

19
)

-0
.0

02
(-0

.0
11

-0
.0

07
)

 T
hi

rd
 

qu
ar

til
e

0.
00

3
(-0

.0
04

-0
.0

10
)

0.
00

8*
(0

.0
01

-0
.0

15
)

-0
.0

02
(-0

.0
14

-0
.0

10
)

0.
00

2
(-0

.0
12

-0
.0

15
)

0.
00

0
(-0

.0
11

-0
.0

10
)

0.
00

3
(-0

.0
07

-0
.0

13
)

0.
00

3
(-0

.0
07

-0
.0

13
)

 F
ou

rt
h 

qu
ar

til
e

0.
01

2*
**

(0
.0

05
-0

.0
19

)
0.

00
8*

(0
.0

01
-0

.0
15

)
0.

00
4

(-0
.0

08
-0

.0
16

)
0.

01
7*

(0
.0

03
-0

.0
30

)
0.

01
7*

*
(0

.0
06

-0
.0

27
)

0.
02

5*
**

(0
.0

15
-0

.0
35

)
0.

01
0*

(0
.0

00
-0

.0
20

)



SOCIOECONOMIC INEQUALITIES IN FRAILTY	 41

2

Ta
bl

e 
3 

co
nti

nu
ed O

ve
ra

ll 
Fr

ai
lty

M
or

bi
di

tie
s

AD
L

lim
ita

tio
ns

IA
DL

 
lim

ita
tio

ns
Ps

yc
ho

so
ci

al
 

he
al

th
He

al
th

-r
el

at
ed

 
qu

al
ity

 o
f l

ife
Se

lf-
ra

te
d 

he
al

th
B 

(9
5%

 C
I)

B 
(9

5%
 C

I)
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

B 
(9

5%
 C

I)
%

†
B 

(9
5%

 C
I)

%
†

M
od

el
 2

Ag
e 

55
-6

9 
ye

ar
s

 S
ec

on
d 

qu
ar

til
e

N
A

N
A

0.
00

3 
(-0

.0
14

-0
.2

0)
N

A
-0

.0
07

(-0
.0

27
-0

.0
13

)
N

A
0.

01
5

(-0
.0

06
-0

.0
36

)
N

A
0.

01
4

(-0
.0

05
-0

.0
32

)
N

A
0.

01
9*

(0
.0

00
-0

.0
38

)
N

A

 T
hi

rd
 

qu
ar

til
e

N
A

N
A

-0
.0

07
(-0

.0
23

-0
.0

09
)

N
A

0.
00

1
(-0

.0
19

-0
.0

20
)

N
A

0.
01

5
(-0

.0
05

-0
.0

35
)

N
A

0.
02

3*
*

(0
.0

06
-0

.0
40

)
N

A
0.

01
5

(-0
.0

03
-0

.0
33

)
N

A

 F
ou

rt
h 

qu
ar

til
e

N
A

N
A

-0
.0

09
(-0

.0
24

-0
.0

06
)

N
A

0.
00

5
(-0

.0
13

-0
.0

22
)

N
A

0.
02

7*
*

(0
.0

08
-0

.0
45

)
37

%
0.

01
4

(-0
.0

02
-0

.0
29

)
50

%
0.

02
2*

*
(0

.0
05

-0
.0

39
)

39
%

Ag
e 

70
-7

9 
ye

ar
s

 S
ec

on
d 

qu
ar

til
e

N
A

N
A

-0
.0

04
(-0

.0
11

-0
.0

04
)

N
A

-0
.0

04
(-0

.0
13

-0
.0

04
)

N
A

-0
.0

03
(-0

.0
10

-0
.0

05
)

N
A

0.
00

2
(-0

.0
04

-0
.0

09
)

N
A

-0
.0

02
(-0

.0
10

-0
.0

05
)

N
A

 T
hi

rd
 

qu
ar

til
e

N
A

N
A

-0
.0

03
(-0

.0
11

-0
.0

05
)

N
A

0.
00

0
(-0

.0
10

-0
.0

10
)

N
A

0.
00

3
(-0

.0
06

-0
.0

11
)

70
%

0.
00

6
(-0

.0
02

-0
.0

14
)

54
%

0.
00

0
(-0

.0
08

-0
.0

08
)

N
A

 F
ou

rt
h 

qu
ar

til
e

N
A

N
A

-0
.0

03
(-0

.0
11

-0
.0

06
)

N
A

0.
00

1
(-0

.0
08

-0
.0

11
)

90
%

0.
00

8
(-0

.0
01

-0
.0

16
)

50
%

0.
00

8*
(0

.0
01

-0
.0

16
)

56
%

0.
01

6*
**

(0
.0

07
-0

.0
24

)
36

%

Ag
e 

≥ 
80

 y
ea

rs
 

 S
ec

on
d 

qu
ar

til
e

N
A

N
A

0.
00

0
(-0

.0
11

-0
.0

10
)

N
A

0.
00

8
(-0

.0
04

-0
.0

20
)

N
A

-0
.0

06
(0

.0
15

-0
.0

03
)

N
A

0.
00

6
(-0

.0
02

-0
.0

15
)

N
A

-0
.0

05
(-0

.0
14

-0
.0

03
)

N
A

 T
hi

rd
 

qu
ar

til
e

N
A

N
A

-0
.0

06
(-0

.0
17

-0
.0

06
)

N
A

-0
.0

04
(-0

.0
17

-0
.0

10
)

N
A

-0
.0

04
(-0

.0
14

-0
.0

06
)

N
A

-0
.0

01
(-0

.0
10

-0
.0

08
)

N
A

-0
.0

01
(-0

.0
11

-0
.0

08
)

N
A

 F
ou

rt
h 

qu
ar

til
e

N
A

N
A

0.
00

1
(-0

.0
10

-0
.0

13
)

N
A

0.
01

2
(-0

.0
01

-0
.0

26
)

29
%

0.
01

3*
*

(0
.0

03
-0

.0
23

)
24

%
0.

02
0*

**
(0

.0
11

-0
.0

30
)

20
%

0.
00

7
(-0

.0
03

-0
.0

16
)

30
%

Va
lu

es
 a

re
 d

er
iv

ed
 fr

om
 m

ul
til

ev
el

 m
ul

tiv
ar

ia
bl

e 
lin

ea
r r

eg
re

ss
io

n,
 F

irs
t Q

ua
rti

le
 is

 th
e 

re
fe

re
nc

e 
gr

ou
p.

 M
od

el
 1

 is
 a

dj
us

te
d 

fo
r c

on
fo

un
de

rs
: a

ge
, s

ex
, a

nd
 li

vi
ng

 a
rr

an
ge

m
en

t 
(a

lo
ne

/n
ot

 a
lo

ne
). 

M
od

el
 2

 is
 a

dd
iti

on
al

ly
 a

dj
us

te
d 

fo
r m

or
bi

di
tie

s.
* 

p<
0.

05
; *

* 
p<

0.
01

; *
* 

p<
0.

00
1.

 †
 %

 re
pr

es
en

ts
 th

e 
%

 c
ha

ng
e 

in
 e

ffe
ct

 e
sti

m
at

es
 re

la
tiv

e 
to

 m
od

el
 1

 a
fte

r 
ad

ju
st

m
en

t f
or

 m
or

bi
di

tie
s;

 th
is 

w
as

 c
al

cu
la

te
d 

by
: 1

00
x 

((B
m

od
el

1-B
m

od
el

2)/
B m

od
el

1). 
B=

eff
ec

t e
sti

m
at

e;
 C

I=
co

nfi
de

nc
e 

in
te

rv
al

; (
I)A

DL
=(

in
st

ru
m

en
ta

l) 
ac

tiv
iti

es
 o

f d
ai

ly
 li

vi
ng

.



42	 CHAPTER 2

DISCUSSION

This study showed that persons with the lowest SES, e.g. the lowest education level or living 
in the most deprived neighbourhoods, had the highest overall frailty and frailty component 
scores. The number of morbidities mediated the association between SES indicators and 
other frailty components.

In our study, education level was most consistently associated with overall frailty, 
morbidities and SRH. Former research found that lower educated persons are on average 
more frail compared to higher educated persons5-8. Education level has been associated 
with frailty components, such as ADL, IADL and SRH, although few studies compare multiple 
outcomes36-38. We found associations of neighborhood SES as indicator of individual SES 
with frailty and with frailty components, but these were generally less strong. Additionally, 
we examined the isolated effect of neighbourhood SES after adjustment for individual 
education level and found consistent associations for the most deprived neighbourhoods 
(S1 table). Few studies have investigated the association between neighbourhood SES and 
frailty39. The association between the SES indicators and ADL limitations was not consistent 
in our study, which might be due to a ceiling effect for the instrument used in a community-
dwelling population40. 

We found the strongest association between education level and psychosocial health 
for persons aged 55-69 years and with IADL limitations for persons aged 80 years and 
over. Vaughan et al. found that persons who had no cardiovascular disease when aged 
between 65-80 years maintained good physical functioning over the age of 80 years17. As 
certain morbidities are more prevalent among persons with a lower SES, this could at a 
younger age result in worse psychosocial health or self-rated health, but may as one ages 
increasingly impact on functional health17 41. Socioeconomic inequalities in frailty and all 
frailty components except for IADL limitations, were larger among persons aged 55-69 years 
compared to older persons. This finding is often explained by a ‘healthy survivor effect’, 
where unhealthier persons with a low SES have died at a younger age and is found in cross-
sectional research for various health outcomes42-45. However, longitudinal research has 
found confirming and contradicting results, depending on the indicator by which SES and 
health is measured4 46. Further research is needed to understand the mechanisms behind 
these findings. 

The number of morbidities moderately to strongly mediated the association between SES 
indicators and other frailty components. Former research has found that both specific 
morbidities and number of morbidities mediate socioeconomic inequalities in frailty9 18 47 48. 
Hoogendijk et al. found that cognitive impairment, obesity, and number of chronic diseases 
had the largest contributions to socioeconomic inequalities in frailty18, while Soler-Vila et 
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al. found largest contributions for obesity, depression and musculoskeletal disease9. These 
studies have looked at physical frailty as developed by Fried49. A study by Gobbens et al. that 
used a multidimensional concept of frailty found that multi-morbidity could explain income 
differences in psychological and physical frailty, but not social frailty47. More longitudinal 
research is needed on the role of specific morbidities and number of morbidities in 
explaining socioeconomic inequalities in frailty and frailty components. Furthermore, 
this means that frailty and morbidities more often coexist in persons with a low SES. It is 
important to manage the progression of morbidities in this group, as the presence of frailty 
in persons with chronic diseases such as diabetes and COPD has shown to strongly increase 
mortality50 51. 

The main strengths of this study are the size and diversity of the study population, this 
study included data from a large number of older persons from different regions in the 
Netherlands. Furthermore, we used validated instruments to measure frailty and frailty 
components. This study has some limitations. First, this study had a cross-sectional design, 
which limits conclusions regarding causality.  Health could also impact a person’s SES, which 
is defined as health selection, however the effect of health selection is small for education 
level52. Second, there was considerable variation between the 30 included projects regarding 
sampling frame, inclusion criteria, study design, sample size, and data collection method. 
We used meta-analyses techniques to correct for clustering between subjects in projects. 
However, we believe that these pooled data are likely to reflect reality better than data 
from a single project based on one nonrandom sample. Third, due to item non-response 
there were some missing data. To deal with this we used multiple imputation methods 
for potential confounders. A non-response analysis showed that there were some socio-
demographic differences between persons who were excluded and who were included, 
although it is unclear how this could have affected the size of the effect. We additionally 
performed a series of sensitivity analyses restricted to persons who had a complete number 
of items for the FI and for each FI component, changes were marginal.

In conclusion, there are socioeconomic inequalities in frailty and frailty components. 
Inequalities in frailty, number of morbidities and SRH are most consistent across age groups. 
The number of morbidities a person has play a role in explaining socioeconomic inequalities 
in frailty and should be considered in the management of frailty. 
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ABSTRACT	

Objective
Few European studies examined frailty among older persons from diverse ethnic 
backgrounds. We aimed to examine the association of ethnic background with frailty. In 
addition, we explored the association of ethnic background with distinct components that 
are considered to be relevant for frailty.

Design and setting
This was a cross-sectional study of pooled data of The Older Persons and Informal Caregivers 
Survey Minimum DataSet (TOPICS) in the Netherlands. 

Participants
Community-dwelling persons aged 55 years and older with a Dutch, Indonesian, Surinamese, 
Moroccan or Turkish ethnic background were included (n=23,371). 

Measurements
Frailty was assessed with the validated TOPICS-Frailty Index that consisted of 45 items. 
The TOPICS-Frailty Index contained six components: morbidities, limitations in activities of 
daily living (ADL), limitations in instrumental ADL, health-related quality of life, psychosocial 
health and self-rated health. To examine the associations of ethnic background with frailty 
and with distinct frailty components, we estimated multilevel random-intercept models 
adjusted for confounders.

Results
TOPICS-Frailty Index scores varied from 0.19 (SD=0.12) among persons with a Dutch 
background to 0.29 (SD=0.15) in persons with a Turkish background. After adjustment 
for age, sex, living arrangement and education level, persons with a Turkish, Moroccan 
or Surinamese background were frailer compared with persons with a Dutch background 
(p<.001). There were no significant differences in frailty between persons with an Indonesian 
compared with a Dutch background. The IADL component scores were higher among all 
groups with a non-Dutch background compared with persons with a Dutch background 
(p<.05 or lower for all groups).

Conclusions
Compared with older persons with a Dutch background, persons with a Surinamese, 
Moroccan or Turkish ethnic background were frailer. Targeted intervention strategies should 
be developed for the prevention and reduction of frailty among these older immigrants.



3

ETHNIC DIFFERENCES IN FRAILTY	 53

INTRODUCTION
The concept of frailty was introduced to capture the variability in the rate of ageing1. 
Frailty can be defined as a state of increased vulnerability to external stressors2 3. Frailty is 
an important risk factor for adverse outcomes such as institutionalisation and mortality1 4. 
Early intervention in frail older persons could improve functional health and reduce 
hospital admissions5 6. A widely used approach to measure frailty is the accumulation-of-
deficits approach developed by Rockwood and Mitnitski that results in a Frailty Index 7 8. 
Theou et al found that of eight commonly used approaches to measure frailty, frailty 
measured with a Frailty Index most accurately predicted mortality1. A standard procedure 
to construct a Frailty Index was developed by Searle et al., who recommended to include 
the following components in the index: morbidities, disability in activities of daily living 
(ADL) and instrumental ADL (IADL), restricted activity, impairments in general cognition and 
physical performance, psychological health and self-rated health (SRH)9.The assessment of 
distinct components that are considered to be relevant for frailty could uncover important 
information about the specific domain in which a person is frail. Yang and Gu have studied 
the associations between distinct components of frailty and mortality and found that IADL 
and ADL limitations components played an important role in the association between frailty 
and mortality10. In a previous study on socioeconomic inequalities in frailty and frailty 
components by our team, we found consistent educational inequalities in overall frailty, 
number of morbidities and SRH11.

American studies have found that older persons from ethnic minority groups are frailer 
compared with European Americans12-14. In Western Europe, large ethnic minority groups 
consist of immigrants settled during the decades after the Second World War. These 
immigrants are ageing, however little research on frailty has been conducted in this 
group. In the Netherlands, the number of immigrants aged 55 years or older increased 
threefold in the past 15 years15. The largest immigrant groups in the Netherlands have an 
Indonesian, Surinamese, Moroccan or Turkish ethnic background16. In the 1960s and early 
1970s, many persons with a Moroccan or Turkish background came to the Netherlands as 
labour migrants17. Many Turkish or Moroccan ‘first generation’ immigrants have difficulties 
speaking and writing Dutch17. Many persons with a Surinamese background came to the 
Netherlands between 1970 and 1980, during the period of decolonisation of Suriname17. In 
general, persons with a Surinamese background are familiar with Dutch society and were 
taught Dutch language at school. Between 1945 and 1965, following the decolonisation 
of Indonesia, many persons migrated from Indonesia to the Netherlands17. Many of these 
persons have a Dutch or mixed Dutch and Indonesian ancestry and a similar socioeconomic 
status as native-born Dutch persons16. On average, older persons with a Turkish, Moroccan 
or Surinamese ethnic background have a lower socioeconomic status and more chronic 
health conditions compared with older persons with a Dutch background18-21.  However, 
Dutch studies on the variation in frailty according to ethnic background are limited22. This 
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increases the urgency to study the frailty level among these older immigrant groups. The 
aim of this study was therefore to examine the association of ethnic background with frailty 
among older persons aged 55 years and older. In addition, we explored the associations of 
ethnic background with distinct components that are considered to be relevant for frailty 
(morbidities, ADL, IADL, health-related quality of life (HRQoL), psychosocial health and SRH).

METHODS
Study design
We applied a cross-sectional study design using data from The Older Persons and Informal 
Caregivers Survey Minimum DataSet (TOPICS-MDS). The development and design of 
TOPICS-MDS has been described in more detail23. TOPICS-MDS is a database designed to 
capture information on the well-being of older persons in the Netherlands. TOPICS-MDS was 
developed to collect uniform information from studies funded under the National Care for 
older citizens Programme24. Included survey items were based on the recommendations of 
experts from eight medical research centres in the Netherlands who identified key outcomes 
in older persons’ health using validated instruments. Then, an independent multidisciplinary 
panel with expertise in gerontology, epidemiology, biostatistics and health services research 
evaluated and revised TOPICS-MDS. Dutch TOPICS-MDS questionnaires were piloted in four 
regions throughout the Netherlands. Misinterpretation of questions were identified and 
minor changes were made by a plain language expert. The Dutch version of TOPICS-MDS was 
translated into Turkish, the two Moroccan languages and the two Surinamese languages. 
Two independent translators, who were native speakers of the target language, translated 
all items and differences were reconciled in a consensus meeting. Another translator back 
translated the forward translation and discrepancies were discussed, which resulted in 
a final translation. Questionnaires were then cross-culturally validated by the three-step 
test-interview (TSTI)25. The translation and cross-cultural validation of TOPICS-MDS was 
done as part of the SYMBOL study and has been described in more detail26. Between 2010 
and 2013, 50 studies were conducted in the Netherlands which applied the TOPICS-MDS 
questionnaire23. TOPICS-MDS consists of pooled data of these studies which differ across 
study design, sampling framework, and inclusion criteria. TOPICS-MDS is a fully anonymised 
dataset.

Patient and Public Involvement
The research proposal of this study was presented to a forum of older persons and informal 
caregivers who are part of the geriatric network of Southwest Netherlands and was adapted 
according to their suggestions. The study design was presented at the ‘TOPICS Special 
Interest Group Diversity’, who advised on design and subgroup analyses. This interest group 
consisted of researchers, older persons and a representative of the Network of Organisations 
of Older Migrants (NOOM) in the Netherlands. The results of this study will be disseminated 
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to participants on the TOPICS-MDS website https://topics-mds.eu/ and on the website of 
the Organisation of Health Research and Development (ZonMw) https://www.zonmw.nl/nl/. 

Ethnic background
We defined ethnic background according to the classification of Statistics Netherlands27. 
The participant had a non-Dutch ethnic background if at least one of the parents was born 
in another country than the Netherlands. To determine the country of origin, the following 
was applied27. If the participant was also (as well as parent/parents) born outside of the 
Netherlands, the participants’ country of birth determined the ethnic background. If the 
participant was born in the Netherlands but their mother was not, the country of birth of the 
mother determined the ethnic background. If the mother was born in the Netherlands but 
the father was not, the country of birth of the father determined the ethnic background. We 
categorised participants according to ethnic background; Dutch, Indonesian, Surinamese, 
Moroccan or Turkish ethnic background. 

Population for analysis
We restricted our analysis to TOPICS-MDS data from studies on independently living persons 
aged 55 years and older with a Dutch, Indonesian, Surinamese, Moroccan or Turkish ethnic 
background. We included studies that recruited participants from the general population 
and from general practitioners’ registries. We excluded studies among persons living in a 
nursing home, studies that recruited participants in a hospital setting (n=6136) and studies 
for persons with dementia (n=507). We excluded other ethnic groups due to small numbers 
(n=1718). We also excluded persons with more than 15 missing items for the TOPICS-Frailty 
Index (n=3662) and with missing country of birth (n=752). The final sample comprised data 
from 29 studies with data of 23 371 persons (see figure 1).

TOPICS-Frailty Index and components
Frailty was measured by the TOPICS-Frailty Index, which was developed and validated using 
data from the TOPICS-MDS questionnaire by Lutomski et al.28. As described previously11, 
in our study we included the 45 item TOPICS-Frailty Index, after exclusion of the item 
measuring prostatism. Searle et al. showed that a Frailty Index with 30–40 items is accurate 
for predicting adverse outcomes9 29. The TOPICS-Frailty Index was calculated when at least 
30 items were available. Binary items were scored 0 when the deficit was absent and 1 
when the deficit was present. For items with multiple response categories, responses were 
coded so that they could be mapped on the interval 0–1, as proposed by Searle et al.9. 
For example, when the response categories were no/some/extreme, responses were coded 
0/0.5/1 respectively. Then, the health deficits a person reported were added up and divided 
by the total health deficits measured for this person. This resulted in a score between 0-1. 
Persons were also grouped according to their TOPICS-Frailty Index score, we used a cut-off 
score ≥0.25 to indicate frailty as suggested by Rockwood et al.30. 
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Figure 1: Population of analysis.

The TOPICS-Frailty Index consists of 45 items of the TOPICS-MDS questionnaire that belong 
to six components, each measured by validated instruments; morbidities, ADL, IADL, 
HRQoL, psychosocial health and SRH9. The component ‘morbidities’ was measured by 
16 items regarding the self-reported presence (yes/no) of diabetes, stroke, heart failure, 
cancer, respiratory condition (asthma, chronic bronchitis, lung emphysema or Chronic 
obstructive pulmonary disease), incontinence, joint damage of hips or knees, osteoporosis, 
hip fracture, fractures other than hip, dizziness with falling, depression, anxiety/panic 
disorder, dementia, hearing problems, vision problems. The component ‘ADL limitations’ 
was measured by six items using a modified version of the Katz et al instrument31 32. Persons 
could indicate whether they needed help (yes/no) with the following activities: bathing, 
dressing, toileting, incontinence, sitting down, eating. The component ‘IADL limitations’ was 
measured by nine items using a modified version of the Katz et al instrument31 32. Persons 
could indicate whether they needed help (yes/no) with the following activities: using the 
telephone, travelling, shopping, preparing a meal, cleaning, taking medications, handling 
finance, brushing hair and walking. The component ‘HRQoL’ was measured by using the six 
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items of the EuroQol 5D+C33. Persons could indicate whether they had problems (no/some/
extreme) with the following: mobility, self-care, usual activities, pain/discomfort, anxiety/
depression and cognition. The component ‘psychosocial health’ was measured with five 
items of the RAND-36 34. Persons could indicate how much of the time in the past month 
(none/a little/ some/a good bit/most/all) they had been the following: nervous, calm, 
downhearted, happy and down in the dumps, and how much time (none/a little/some/
most/all) health problems had interfered with social activities. The component ‘SRH’ was 
measured with two items of the RAND-3634, one regarding perceived current health status 
(poor/fair/good/very good/excellent) and one regarding perceived changes in health in 
the past year (much worse/slightly worse/about the same/a little better/much better). The 
score for distinct components of the TOPICS-Frailty Index was calculated analogous to the 
TOPICS-Frailty Index, by adding up the health deficits within the component that a person 
had, divided by the total of possible health deficits included in the component9. Higher 
scores represent a higher proportion of health deficits for that component. We accepted 
no missing variables for the SRH component score and a maximum of one of three missing 
variables for the other frailty component scores.

Potential confounders
We incorporated the following potential confounders in this study: gender, age, living 
arrangement, marital status, generation of immigration, education level and socioeconomic 
status of the neighbourhood. Age in years was assessed by asking year of birth. Living 
arrangement was assessed by asking whether participants were living: independent alone 
or independent with others. We categorised answers into ‘not alone’ and ‘alone’. Marital 
status was assessed by asking whether participants were: married, divorced, widowed, 
unmarried, long term cohabitation unmarried. We categorised answers into ‘married/
cohabitant partners’, ‘divorced’, ‘widowed’ and ‘single’. Generation of immigration was 
assessed by country of birth of participant and his/her parents. We categorized answers into 
‘first-generation’ when the person was born in a country other than the Netherlands and 
‘second generation’ if the person was born in the Netherlands and (one of) the parents were 
born in another country. Socioeconomic status was assessed with both education level and 
neighbourhood socioeconomic status. TOPICS-MDS uses the 1997 International Standard 
Classification of Education35 to assess education level; participants were asked whether they 
had completed: fewer than 6 years of primary school; 6 years of primary school; primary 
school without further completed education; vocational school; secondary professional 
education or university entrance level or tertiary education. We categorised the level of 
education into ‘primary education or less’ and ‘secondary education or higher’. For the 
neighbourhood socioeconomic status, the 2006 reference scores for area codes were used, 
as calculated by the Netherlands Institute for Social Research36 based on the education level, 
income and labor market position of persons living in each area code. We categorized scores 
into quartiles: quartile 1 is the least deprived quartile and quartile 4 is the most deprived.   
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Statistical analysis
We calculated the statistical significance of differences in sociodemographic characteristics, 
frailty and frailty components (morbidities, ADL limitations, IADL limitations, psychosocial 
health, HRQoL and SRH) by ethnic background using chi-squared tests for categorical 
variables and one-way analysis of variance for continues variables. 

To examine the association of ethnic background with frailty and with distinct frailty 
components, we estimated multilevel random-intercept models because data were 
clustered in studies37. As such dependency between the observations of participants of a 
study (because of sampling design and or inclusion criteria) was taken into account. We 
built one multilevel linear regression model for the continues TOPICS-Frailty Index outcome 
and one multilevel logistic regression model for the dichotomous outcome ‘frailty’, with 
ethnic background as independent variable. We furthermore built six separate multilevel 
linear regression models for the six frailty component outcomes with ethnic background as 
independent variable. Only potential confounders that led to a substantial change in effect 
estimates in the association between ethnic background and frailty (ie; ≥10% change) were 
included in all models: age, sex, living arrangement (alone/not alone) and education level38. 
Marital status was excluded due to multicollinearity with living arrangement. Interaction 
effects of ethnic background with age, sex, living arrangement and education level on frailty 
and the six frailty components were assessed.

Percentages of missing values in the covariates were 2% or less (table 1). Because the 
missing values were not completely at random, multiple imputation was used to deal 
with the missing values in the covariates. Five imputed datasets were created using a fully 
conditional specified model, thus taking into account the uncertainty of imputed values39. 
We used pooled estimates from these five imputed datasets to report regression coefficients 
and their 95% CIs. We considered a p value of .05 or lower to be statistically significant and 
used Bonferroni correction for testing explorative interactions (p value=.05/4)40. Descriptive 
analyses were performed using SPSS V.23.0 (IBM SPSS Statistics for Windows, Armonk, NY: 
IBM Corp). Multilevel linear regression analyses were performed using R-V.3.3.2 using lme4 
package.

Non-response analysis
A comparison of persons included in the study (n=23 371) with persons not included due to 
missing values for the TOPICS-Frailty Index and/or country of birth (n=4414) did not indicate 
significant differences in terms of age (p=.872), sex (p=.779), living arrangement (p=.444) 
and marital status (p=.166). However, excluded persons were more often living in rural areas 
and in deprived neighbourhoods (p<.001) than persons included in the study.
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RESULTS

Table 1 presents the characteristics according to ethnic background. The mean age was 
77.8 years (SD=7.0 years) and 58.9% were female. Four per cent of the sample had a non-
Dutch ethnic background and the majority of these persons (90.4%) were first generation 
immigrants. Sex differed between the ethnic groups (p=.003), as did age, living arrangement, 
marital status, generation of immigration, education level and the socioeconomic status of 
the neighbourhood persons were living in (all p<.001).

Table 1: Sociodemographic characteristics by ethnic background of 23,371 persons of The Older Persons and 
Informal Caregivers Survey Minimum DataSet (TOPICS-MDS).

Dutch
N=22,360

Indonesian
N=519

Surinamese
N=214

Moroccan
N=137

Turkish
N=141

P-value*

Age in years (mean, SD) 78.0 (6.8) 78.7 (7.3) 72.0 (9.2) 67.4 (8.5) 65.9 (7.6) <0.001

Sex, N (%) 0.003

 Male 9251 (41.4) 193 (37.2) 85 (39.7) 45 (32.8) 41 (29.1)

 Female 13,109 (58.6) 326 (62.8) 129 (60.3) 92 (67.2) 100 (70.9)

Living arrangement, N (%)

 Alone 9961 (44.5) 256 (49.3) 126 (58.9) 32 (23.4) 24 (17.0) <0.001

 With others 12,399 (55.5) 263 (50.7) 88 (41.1) 105 (76.6) 117 (83.0)

Marital status, N (%)

 Married/Cohabitant partners 12,053 (53.9) 242 (46.6) 75 (35.0) 97 (70.8) 109 (77.3) <0.001

 Divorced 1371 (6.1) 50 (9.6) 45 (21.0) 13 (9.5) 7 (5.0)

 Widowed 7901 (35.3) 192 (37.0) 61 (28.5) 26 (19.0) 22 (15.6)

 Single 1035 (4.6) 35 (6.7) 33 (15.4) 1 (0.7) 3 (2.1)

Generation of immigration <0.001

 First-generation NA 432 (83.2) 206 (96.3) 135 (98.5) 141 (100.0)

 Second-generation NA 87 (16.8) 8 (3.7) 2 (1.5) 0 (0.0)

Education level, N (%) <0.001

 Secondary or higher 15,023 (67.2) 420 (80.8) 135 (63.1) 18 (13.1) 10 (7.3)

 Primary or less 7337 (32.8) 99 (19.2) 79 (36.9) 119 (86.9) 129 (92.7)

SES neighbourhood, N (%)

 First quartile 6395 (28.6) 174 (33.5) 22 (10.3) 7 (5.1) 9 (6.4) <0.001

 Second quartile 6010 (26.9) 130 (25.0) 35 (16.4) 4 (2.9) 0 (0.0)

 Third quartile 4733 (21.2) 98 (18.9) 22 (10.3) 12 (8.8) 23 (16.3)

 Fourth quartile 5222 (23.3) 116 (22.5) 135 (63.1) 113 (82.5) 109 (77.3)

* P-values are based on Chi-squared test for categorical variables and one-way ANOVA for continues variables. 
Missing N (%) for variables: Age=574 (2%); sex=9 (<1%); living arrangement=0 (0%); marital status=49 (<1%); 
Generation of immigration=0 (0%); education level=193 (1%); SES neighbourhood=386 (2%); NA=not applicable; 
SES=socioeconomic status.
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The proportion of persons who were frail differed according to ethnic background (p<.001; 
table 2). Mean TOPICS-Frailty Index scores varied from 0.19 (SD=0.12) among persons with 
a Dutch background to 0.29 (SD=0.15) in persons with a Turkish background. The distinct 
frailty component scores also differed according to ethnic background (p≤.002 or lower; 
table 2). 

Multilevel regression analyses adjusted for age, sex, living arrangement and education level 
showed that persons with a Turkish, Moroccan or Surinamese background were frailer 
compared with persons with a Dutch background (p<.001 for all groups; table 3). There were 
no significant differences in frailty between persons with a Dutch background and persons 
with an Indonesian background. 

Table 3. Association of ethnic background with frailty among 23,371 persons of The Older Persons and Informal 
Caregivers Survey Minimum DataSet (TOPICS-MDS).

Frailty Index
(score 0-1)

Frailty 
(yes)

N B (95% CI)† OR (95% CI)‡

Dutch 22,360 ref ref

Indonesian 519 0.003
(-0.006-0.012)

1.09
(0.89-1.34)

Surinamese 214 0.042***
(0.026-0.058)

1.98***
(1.42-2.78)

Moroccan 137 0.065***
(0.041-0.089)

2.86***
(1.73-4.72)

Turkish 141 0.121***
(0.098-0.143)

6.18***
(3.86-9.88)

† Values are derived from multilevel multivariable linear regression. ‡ Frailty Index score ≥ 0.25; values are derived 
from multilevel multivariable logistic regression. The models are adjusted for: age, sex, living arrangement (alone/
not alone) and education level. 

*** p<0.001. B=effect estimate; CI=confidence interval.

The associations of ethnic background with six distinct frailty component scores are 
presented in table 4. All groups with a non-Dutch background had higher IADL limitations 
scores compared with persons with a Dutch background (p<.05 or lower for all groups).  
Psychosocial and SRH scores were only higher among persons with a Moroccan or Turkish 
background compared with persons with a Dutch background (p<.001 for both groups). Out 
of all groups with a non-Dutch background, only persons with a Turkish background had 
higher scores for all frailty components compared with persons with a Dutch background 
(p<.001 for all components). 
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We found significant effect modification by education level and age in the association of 
ethnic background with frailty (p<.01 for both). We, therefore, present results stratified by 
education level in supplementary table S1 and stratified by age in supplementary table S2. 

DISCUSSION

We found that older persons with a Turkish, Moroccan or Surinamese background were 
frailer compared with persons with a Dutch background. We did not find differences in 
frailty in persons with an Indonesian background compared with persons with a Dutch 
background. Studying distinct components of frailty separately showed that all groups with 
a non-Dutch background had more IADL limitations compared with persons with a Dutch 
background. 

In our study, ethnic differences in frailty persisted after controlling for age, sex, living 
arrangement and education level. Van Assen et al., who used the Tilburg Frailty Index to 
measure frailty, also found that persons with a Surinamese, Moroccan or Turkish background 
were frailer compared with persons with a Dutch background22. A European study found 
that in Northern and Western Europe, immigrants who were born in low-income or 
middle-income countries demonstrated higher levels of frailty compared to native-born 
Europeans and immigrants born in high income countries41. However, while socioeconomic 
disadvantage among these immigrant groups plays an important role in the explanation 
of these differences, other factors such as poor healthcare experience and discrimination 
are also thought to be important42-44. Communication with healthcare providers can be 
challenging and care is often not adapted to specific needs of immigrant groups45. This 
high level of frailty among these older immigrants could therefore reflect the accumulation 
of health risks over the life course. A recent Dutch study found that cardiovascular and 
psychiatric diseases contributed most strongly to the disease burden among non-Western 
immigrants18. They estimated that their disease burden will increase stronger in the coming 
decades compared with persons with a Dutch background18. Targeted health interventions 
should therefore be developed in order to reach these immigrant groups, not only at older 
age, but also at younger ages in order to prevent frailty and reduce functional decline. 

All groups with a non-Dutch ethnic background had higher IADL limitations component scores 
compared to persons with a Dutch background. A Swedish study found an increased risk 
of impaired IADL among older immigrants from low-income and middle-income countries 
compared with persons with a Swedish background46. In frailty instruments that do not take 
into account IADL limitations, such as the Fried phenotype or the Tilburg Frailty instrument, 
ethnic inequalities in frailty might be smaller. However, it is likely that help provided by the 
social network of an older person in performing instrumental activities differs culturally. 
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Van Assen et al. found that social frailty was higher in older persons with a Turkish or 
Surinamese, but lower in those with a Moroccan background compared with persons with 
a Dutch background22. Interventions should take into account whether additional support 
is needed for older immigrants to live independently and to what extent there is a burden 
for their caregivers. 

This study also found important differences between immigrant groups. Psychosocial health 
component scores were higher among persons with a Turkish or Moroccan background 
but not among persons with a Surinamese background compared with those with a Dutch 
background. Other studies have found that both psychological frailty as well as psychiatric 
diseases are more common among Turkish and Moroccan immigrants than among 
Surinamese immigrants18 20 22. It has been suggested that a lower acculturation, higher 
discrimination and the distinct nature of the migration history of Turkish and Moroccan 
immigrants compared with Surinamese immigrants might be at the root of these differences18 

20 46. These findings emphasise the importance of studying immigrant groups separately and 
developing intervention strategies targeted at specific needs of different immigrant groups.

The main strength of this study is that we were able to study frailty with a validated Frailty 
Index among an ethnically diverse group of older persons, as research on frailty among 
older immigrants is scarce. Furthermore, the TOPICS-MDS questionnaire was translated 
into the native languages of the main ethnic minority groups in the Netherlands as well as 
cross-culturally adapted. This study has some limitations. Although the TOPICS-MDS is a 
large database, there were relatively few persons with a Turkish or Moroccan background. 
Exploratory stratified analyses by education level and age therefore had less power, but 
could provide a starting point for future studies. Future studies among older persons should 
include more persons from ethnic minority groups to study ethnic differences in frailty in 
subgroups by sociodemographic characteristics such as age and education level. Second, 
although the operationalisation of the TOPICS-Frailty Index used in this study was validated, 
the operationalisation of the distinct frailty components as used in this study was not. 
These components consisted of validated tools such as the Katz et al instrument31 32 and the 
EuroQol 5D+C33, but were operationalised with an accumulation-of-deficits approach. The 
operationalisation of individual frailty components should therefore be validated in further 
research. Third, our study used data from 29 studies with samples that varied regarding 
sampling frame, inclusion criteria, study design, sample size, and data collection method. 
In the main analyses, we used meta-analyses techniques to correct for clustering between 
subjects in projects. However, we believe that these pooled data are likely to reflect reality 
better than data from a single project based on one non-random sample. Last, ethnic 
background was determined by country of birth, which is the standard in the Netherlands. 
This may be less reliable in some groups such as Surinamese who are ethnically diverse.
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In conclusion, older persons with a Turkish, Moroccan or Surinamese background were frailer 
compared with persons with a Dutch background. Targeted intervention strategies should 
be developed for the prevention and reduction of frailty among these older immigrants. 
These strategies should also be targeted at the younger-old and meet the specific needs of 
different immigrant groups, such as psychosocial health among older persons with a Turkish 
or Moroccan background.
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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=18 596). 

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<.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.
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INTRODUCTION

Every year around 30% of community-dwelling older citizens over age 65 fall 1-3. Falling 
places a high burden on the health of older people and on public health resources 4. Around 
5-10% of all falls result in serious injury such as a head injury or fracture 5 6. 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 €24.4 
billion7, 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 
isolation 8 9. Due to the burden caused by falling and positive results from fall prevention 
interventions, prevention of falling is a priority of health policy 3 10-12.

The rate of falling among older citizens appears to vary across countries and cultures 2 13 14. 
However, few studies have investigated falling cross-nationally using uniform methodology 
to measure falling. A three-country study in community-dwelling 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 15. 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 
13. Differences 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 (patient-related) and external 
(environment related) factors.
 
What causes an individual person to fall is indeed a difficult question to answer as fall 
risk factors are multifold 1 10 16-19. At 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 1 19 20. 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 prevention strategies or continue successful efforts. Exercise 
programmes, multifactorial fall prevention strategies and home safety interventions reduce 
falls,3 11 21 the latter being more effective in persons with a higher intrinsic fall risk3. 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 questions:
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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 sociodemographic 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 elsewhere 22. Samples from different 
countries are based on probability household samples and respondents are interviewed 
using standardised computer assisted personal interviews (CAPI). SHARE has obtained 
ethical approval by the institutional review board at University of Mannheim, Germany.

We analysed data from community-dwelling persons aged ≥ 65 years at wave 4 (2010/2011) 
who also participated in wave 5 (2013)23. 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 18,596 persons (74.3%) 
participated in wave 5 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-reported falls in the 6 months 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 
conditions 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 situation. Year and month of birth of the respondent was assessed 
in the questionnaire, age was calculated and categorised in 5-year groups (65-69 years; 
70-74 years; 75-79 years and ≥80 years) for stratification of rate of falling and categorised 
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into <80 years and ≥80 years for logistic regressions. 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’ (>1 person) and ‘alone’ (one person). For international 
comparisons of education, SHARE uses the 1997 International Standard Classification of 
Education (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 20 24 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 SRH25, 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’26. Mobility 
limitations were assessed with three items from the extensively used and validated SF-36 
instrument27, by asking participants whether they had problems with one or more of the 
following activities: 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 al28 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 it is…’; options were poor, fair, 
good, very good, excellent. 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, concentration, 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 29 30. Cognitive function was assessed 
by five tests that assessed verbal fluency, immediate and delayed recall, orientation and 
numeracy31 32. 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 



78	 CHAPTER 4

summary indicator. Cognition impairment according to this definition is likely to reflect the 
lower range of statistically ‘normal’ cognitive function, not necessarily clinically diagnosable 
disorders33.

Statistical analysis
The statistical significance of differences in socio-demographic characteristics and intrinsic 
fall risk factors among persons from different countries were calculated using chi-squared 
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 association of socio-
demographic and intrinsic risk factors with falling, multivariable logistic regression analyses 
were performed for each country separately. The multivariable models were conducted 
on the 17 575 persons (94.5%) with complete data. We tested for the significance 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-demographic 
and intrinsic fall risk factors. Country was entered as 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-demographic 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 to 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 multivariable 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 
.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 future23. A comparison of the persons included in this study (n=18 
596) with the persons who were excluded due to non-participation at follow-up (n=9748) 
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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 statistics (table 1 and figure 1), we used calibrated sampling weights 
to account for the sampling design, non-response, and attrition. We report unweighted 
descriptive statistics in a supplementary table (see 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 precision34 35. 

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<.001; table 1).

The prevalence of all intrinsic fall risk factors varied between countries (p<.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 spectrum. 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<.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 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 1B). Among men 
aged ≥80 years, the between-country variation was smaller and distributed differently. 
Especially few men in Italy reported falling (figure 1A).
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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.



82	 CHAPTER 4

Ta
bl

e 
2:

 M
ul

tiv
ar

ia
bl

e 
bi

na
ry

 lo
gi

sti
c r

eg
re

ss
io

n 
pe

r c
ou

nt
ry

 w
ith

 a
ss

oc
ia

tio
ns

 (o
dd

s r
ati

os
 a

nd
 9

5%
 co

nfi
de

nc
e 

in
te

rv
al

s)
 o

f s
oc

io
-d

em
og

ra
ph

ic
 a

nd
 in

tr
in

si
c f

al
l r

is
k 

fa
ct

or
s w

ith
 se

lf-
re

po
rt

ed
 fa

lli
ng

 a
m

on
g 

pe
rs

on
s f

ro
m

 1
2 

co
un

tr
ie

s i
n 

Th
e 

Su
rv

ey
 o

f H
ea

lth
, A

ge
in

g 
an

d 
Re

tir
em

en
t i

n 
Eu

ro
pe

, 2
01

0-
20

13
.

Sw
itz

er
 

la
nd

De
n

m
ar

k
Sw

ed
en

Au
st

ria
Ita

ly
N

et
he

r 
la

nd
s

G
er

m
an

y
Be

lg
iu

m
Es

to
ni

a
Fr

an
ce

Sp
ai

n
Cz

ec
h 

Re
pu

bl
ic

Pd

n=
13

45
n=

84
0

n=
94

6
n=

18
64

n=
13

64
n=

10
27

n=
57

0
n=

17
47

n=
27

49
n=

17
71

n=
13

96
n=

19
56

n=
17

,5
75

Ag
e 

≥8
0 

ye
ar

s
2.

18
b 

 

(1
.3

3-
3.

57
)

3.
06

c

(1
.6

9-
5.

55
)

2.
08

b

(1
.2

0-
3.

59
)

2.
12

c

(1
.4

4-
3.

11
)

1.
14

(0
.7

0-
1.

87
)

2.
43

c

(1
.4

9-
3.

97
)

2.
95

b

(1
.4

7-
5.

92
)

1.
62

b

(1
.1

6-
2.

61
)

1.
53

b

(1
.1

7-
2.

00
)

1.
35

(0
.9

8-
1.

87
)

1.
44

a

(1
.0

1-
2.

04
)

1.
42

a

(1
.0

2-
1.

99
)

.0
04

Fe
m

al
e 

ge
nd

er
1.

60
(0

.9
6-

2.
66

)
0.

72
(0

.3
9-

1.
33

)
0.

91
(0

.5
5-

1.
53

)
1.

83
b

(1
.2

1-
2.

77
)

1.
73

a

(1
.1

3-
2.

65
)

1.
33

(0
.8

1-
2.

19
)

1.
75

(0
.9

2-
3.

35
)

1.
79

c

(1
.2

7-
2.

54
)

1.
07

(0
.8

2-
1.

40
)

1.
75

c

(1
.2

7-
2.

43
)

1.
66

b

(1
.1

7-
2.

36
)

1.
43

a

(1
.0

7-
1.

91
)

.0
86

Lo
w

 
ed

uc
ati

on
1.

23
(0

.7
5-

2.
00

)
1.

06
(0

.5
6-

2.
03

)
0.

70
(0

.4
3-

1.
15

)
0.

74
(0

.5
0-

1.
10

)
0.

69
(0

.4
0-

1.
17

)
1.

37
(0

.8
4-

2.
22

)
0.

92
(0

.4
0-

2.
08

)
1.

00
(0

.7
3-

1.
37

)
0.

82
(0

.6
4-

1.
05

)
1.

32
(0

.9
7-

1.
81

)
0.

85
(0

.4
8-

1.
49

)
1.

18
(0

.9
1-

1.
54

)
.2

75

Li
vi

ng
 a

lo
ne

1.
24

(0
.7

6-
2.

01
)

1.
46

(0
.8

1-
2.

64
)

0.
90

(0
.5

2-
1.

55
)

1.
49

a

(1
.0

4-
2.

16
)

0.
99

(0
.6

1-
1.

60
)

1.
53

(0
.9

4-
2.

48
)

1.
30

(0
.6

6-
2.

58
)

1.
40

a

(1
.0

2-
1.

93
)

1.
27

(0
.9

8-
1.

63
)

1.
21

(0
.9

0-
1.

63
)

1.
39

(0
.9

5-
2.

02
)

1.
35

a

(1
.0

3-
1.

79
)

.5
30

Le
ss

 th
an

 
go

od
 S

RH
1.

22
(0

.7
0-

2.
11

)
1.

67
(0

.8
9-

3.
13

)
1.

57
(0

.9
2-

2.
68

)
1.

77
b

(1
.1

9-
2.

65
)

1.
15

(0
.7

1-
1.

85
)

2.
09

b

(1
.2

7-
3.

43
)

1.
80

(0
.8

9-
3.

63
)

1.
64

b

(1
.1

7-
2.

32
)

1.
05

(0
.7

3-
1.

51
)

1.
10

(0
.8

0-
1.

50
)

1.
13

(0
.7

7-
1.

64
)

1.
69

c

(1
.2

6-
2.

27
)

.0
01

M
ob

ili
ty

 
lim

ita
tio

n(
s)

1.
13

(0
.6

3-
2.

03
)

2.
06

a

(1
.0

6-
3.

99
)

1.
99

a

(1
.1

3-
3.

51
)

1.
16

(0
.7

6-
1.

75
)

1.
42

(0
.8

7-
2.

31
)

1.
72

a

(1
.0

5-
2.

83
)

0.
44

a

(0
.1

9-
0.

98
)

1.
77

c

(1
.2

5-
2.

50
)

1.
67

c

(1
.2

7-
2.

21
)

1.
47

a

(1
.0

6-
2.

03
)

1.
42

(0
.9

7-
2.

07
)

1.
19

(0
.9

0-
1.

59
)

.0
02

AD
L 

lim
ita

tio
n(

s)
1.

36
(0

.6
8-

2.
73

)
1.

98
(0

.9
3-

4.
19

)
1.

45
(0

.7
6-

2.
77

)
2.

02
b

(1
.2

9-
3.

15
)

1.
41

(0
.8

5-
2.

35
)

1.
59

(0
.8

2-
3.

10
)

2.
43

a

(1
.0

6-
5.

53
)

1.
33

(0
.9

2-
1.

91
)

1.
51

b

(1
.1

4-
2.

00
)

1.
60

a

(1
.1

0-
2.

32
)

1.
17

(0
.7

7-
1.

78
)

1.
20

(0
.8

3-
1.

75
)

.0
22

Di
zz

in
es

s
1.

84
(0

.9
5-

3.
57

)
5.

19
c

(2
.7

6-
9.

77
)

1.
62

(0
.8

5-
3.

08
)

1.
05

(0
.6

6-
1.

69
)

1.
78

a

(1
.1

0-
2.

87
)

1.
16

(0
.6

1-
2.

19
)

1.
21

(0
.5

2-
2.

78
)

1.
32

(0
.8

7-
1.

99
)

1.
45

b

(1
.1

1-
1.

89
)

1.
16

(0
.7

7-
1.

77
)

0.
92

(0
.6

1-
1.

39
)

1.
97

c

(1
.3

8-
2.

81
)

<.
00

1

Im
pa

ire
d 

vi
sio

n
1.

77
(1

.0
0-

3.
13

)
1.

07
(0

.5
0-

2.
30

)
1.

61
(0

.7
8-

3.
33

)
1.

25
(0

.7
7-

2.
03

)
1.

03
(0

.6
7-

1.
59

)
1.

12
(0

.5
9-

2.
13

)
1.

05
(0

.4
2-

2.
68

)
0.

88
(0

.5
9-

1.
32

)
1.

50
c

(1
.1

8-
1.

92
)

0.
97

(0
.6

7-
1.

40
)

1.
27

(0
.9

1-
1.

76
)

1.
10

(0
.7

9-
1.

54
)

.3
75

De
pr

es
sio

n
1.

39
(0

.8
2-

2.
36

)
1.

96
a

(1
.0

2-
3.

79
)

1.
48

(0
.8

6-
2.

56
)

1.
39

(0
.9

3-
2.

07
)

1.
77

a

(1
.1

3-
2.

76
)

1.
07

(0
.6

3-
1.

82
)

1.
29

(0
.6

4-
2.

58
)

1.
78

c

(1
.2

9-
2.

45
)

1.
18

(0
.9

2-
1.

52
)

1.
06

(0
.7

8-
1.

44
)

1.
25

(0
.8

7-
1.

79
)

1.
14

(0
.8

5-
1.

54
)

.0
25

Im
pa

ire
d 

co
gn

iti
on

1.
76

(0
.7

7-
4.

06
)

1.
28

(0
.5

7-
2.

86
)

2.
24

a

(1
.0

4-
4.

83
)

1.
38

(0
.8

0-
2.

38
)

2.
02

b

(1
.3

0-
3.

14
)

2.
24

b

(1
.2

1-
4.

14
)

1.
13

(0
.4

1-
3.

16
)

1.
33

(0
.8

9-
2.

00
)

1.
47

a

(1
.0

4-
2.

08
)

1.
11

(0
.7

5-
1.

63
)

1.
42

a

(1
.0

2-
1.

99
)

1.
54

c

(1
.0

4-
2.

30
)

.3
34

Al
l O

dd
s 

ra
tio

s 
ar

e 
ad

ju
st

ed
 fo

r o
th

er
 fa

ct
or

s 
in

 th
e 

ta
bl

e 
an

d 
se

lf-
re

po
rt

ed
 fa

lli
ng

 a
t b

as
el

in
e.

 a
) p

<0
.0

5;
 b

) p
<0

.0
1;

 c
) p

<0
.0

01
; d

) W
e 

te
st

ed
 fo

r t
he

 s
ig

ni
fic

an
ce

 o
f 

be
tw

ee
n-

co
un

tr
y 

di
ffe

re
nc

es
 in

 th
e 

st
re

ng
th

 o
f t

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
pr

ed
ic

to
rs

 (s
oc

io
-d

em
og

ra
ph

ic
 a

nd
 in

tr
in

sic
 ri

sk
 fa

ct
or

s)
 a

nd
 fa

lli
ng

 b
y 

in
cl

ud
in

g 
da

ta
 fr

om
 a

ll 
co

un
tr

ie
s 

in
 o

ne
 lo

gi
sti

c 
re

gr
es

sio
n 

m
od

el
 a

nd
 a

dd
in

g 
an

 in
te

ra
cti

on
 te

rm
 fo

r c
ou

nt
ry

(d
um

m
y)

*p
re

di
ct

or
, f

or
 e

ac
h 

pr
ed

ic
to

r s
ep

ar
at

el
y.

 A
DL

=A
cti

vi
tie

s 
of

 d
ai

ly
 li

vi
ng

; 
SR

H=
se

lf-
ra

te
d 

he
al

th



VARIATION IN FALLING AND FALL RISK	 83

4

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 countries (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 positive direction in 
almost all countries. 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 limitation 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 
prevalent (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<.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 Switzerland 
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).
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Table 3: Associations (odds ratios and 95% confidence intervals) between countries and self-reported falling 
adjusted for socio-demographic factors and intrinsic fall risk factors among persons from 12 countries in The 
Survey of Health, Ageing and Retirement in Europe, 2010-2013; N=17,575.

Model 1:
Univariate1

Model 2:
Socio-demographic2 

adjusted

Model 3:
Mental health3 

adjusted

Model 4:
Physical health4 

adjusted

Model 5:
Adjusted for all5 

variables

Switzerland 1 1 1 1 1

Denmark 1.28 (0.94-1.74) 1.24 (0.90-1.70) 1.25 (0.90-1.72) 1.09 (0.79-1.51) 1.12 (0.80-1.55)

Sweden 1.23 (0.91-1.66) 1.22 (0.90-1.67) 1.23 (0.90-1.69) 1.11 (0.81-1.51) 1.14 (0.83-1.57)

Austria 1.18 (0.91-1.52) 1.15 (0.88-1.50) 1.10 (0.84-1.44) 0.93 (0.71-1.21) 0.92 (0.70-1.22)

Italy 1.30 (0.99-1.71) 1.31 (0.99-1.74) 1.06 (0.79-1.42) 0.93 (0.69-1.24) 0.85 (0.63-1.15)

Netherlands 1.48b (1.11-1.97) 1.39b (1.04-1.88) 1.44a (1.07-1.95) 1.33 (0.98-1.79) 1.38a (1.02-1.86)

Germany 1.36 (0.96-1.91) 1.52a (1.07-2.17) 1.41 (0.98-2.02) 1.13 (0.79-1.62) 1.13 (0.78-1.63)

Belgium 1.78c (1.39-2.29) 1.65c (1.27-2.13) 1.47b (1.13-1.91) 1.34a (1.03-1.74) 1.31a (1.00-1.71)

Estonia 1.83c (1.45-2.32) 1.80c (1.42-2.29) 1.53c (1.19-1.95) 1.09 (0.85-1.40) 1.06 (0.82-1.37)

France 2.07c (1.62-2.63) 1.83c (1.42-2.36) 1.60c (1.23-2.07) 1.51b (1.17-1.95) 1.42b (1.09-1.84)

Spain 2.10c (1.64-2.70) 1.96c (1.50-2.55) 1.45b (1.10-1.91) 1.39a (1.06-1.83) 1.22 (0.92-1.62)

Czech 
Republic

2.30c (1.81-2.92) 2.35c (1.84-3.01) 2.23c (1.73-2.86) 1.78c (1.39-2.30) 1.79c (1.38-2.31)

a) p<0.05; b) p<0.01; c) p<0.001. 1)Adjusted for self-reported falling at baseline; 2)Adjusted for model 1 and 
socio-demographic factors (sex, age, education level and living situation); 3) Adjusted for model 2, depression 
and impaired cognition; 4) Adjusted for model 2, mobility limitations, activities of daily living (ADL) limitations, 
dizziness, less than good self-rated health (SRH) and impaired vision; 5) Adjusted for model 2, mobility limitations, 
ADL limitations, dizziness, less than good SRH, impaired vision, depression and impaired cognition. 

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 
attenuated 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 2 14 36-38. 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 is high 
but the sensitivity is lower (80-89%)39, so there might have been a recall bias. Measuring 
falls prospectively 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 
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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 40. 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 40-43. In our study, rate of falling and prevalence 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 >65 
years in southern and eastern European countries, but also in Belgium and France 44. 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 problems in particular, have been shown to 
be most important in the aetiology of falling 1 19 20. 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 to 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 42. 

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 Italian-born immigrant men, which they also could not explain by 
established fall risk factors 45. 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 coverings 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 35 46. In The Netherlands cycling is a common form of transportation and largely 
contributes to outdoor falls 47, this could clarify our finding that the prevalence of intrinsic 
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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 data13 15. 
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 48 49. Recurrent falls have been found 
to occur among persons with poorer health and higher intrinsic fall risk 50 51. In an additional 
analysis 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 documentation) developed for translation of cross cultural 
surveys 52 53. 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 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 
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importance of addressing intrinsic fall risk in (inter)national fall-prevention strategies, while 
highlighting country-specific priorities. 
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Table S2: Multivariable binary logistic regression with associations (odds ratios and 95% confidence intervals) 
of socio-demographic and intrinsic fall risk factors with self-reported falling in wave 5 and wave 4 & 5, among 
persons from 12 countries in The Survey of Health, Ageing and Retirement in Europe, 2010-2013.

Falling < 6 months of wave 5
N=2068/17,575

Falling < 6 months of both wave 4 & wave 5
N=376/17,575

Age ≥80 years 1.68c (1.50-1.88) 1.68c (1.33-2.11)

Female gender 1.43c (1.28-1.60) 1.62c (1.25-2.12)

Low education 1.00 (0.89-1.11) 0.77a (0.60-0.98)

Living alone 1.31c (1.18-1.46) 1.46b (1.16-1.84)

Less than good SRH 1.43c (1.27-1.60) 1.81c (1.35-2.43)

Mobility limitation(s) 1.44c (1.29-1.62) 2.75c (2.03-3.73)

ADL limitation(s) 1.46c (1.28-1.66) 2.10c (1.65-2.66)

Dizziness 1.44c (1.26-1.63) 2.59c (2.06-3.26)

Impaired vision 1.18b (1.05-1.34) 1.53c (1.21-1.94)

Depression 1.30c (1.16-1.45) 1.69c (1.33-2.16)

Impaired cognition 1.43c (1.25-1.64) 1.09 (0.83-1.43)

All Odds ratios are adjusted for other factors in the table and country, the outcome ‘falling < 6 months of wave 5’ is 
additionally adjusted for self-reported falling at baseline. a) p<0.05; b) p<0.01; c) p<0.001

ADL=Activities of daily living; SRH=self-rated health
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ABSTRACT

Background
Older persons often have interacting physical and social problems and complex care needs. 
An integrated care approach in the local context with collaborations between community-, 
social-, and health-focused organisations can contribute to the promotion of independent 
living and quality of life. In the Urban Health Centres Europe (UHCE) project, five European 
cities (Greater Manchester, United Kingdom; Pallini (in Greater Athens Area), Greece; Rijeka, 
Croatia; Rotterdam, the Netherlands; and Valencia, Spain) develop and implement a care 
template that integrates health and social care and includes a preventive approach. The 
UHCE project includes an effect and process evaluation.

Methods
In a one-year pre-post controlled trial, in each city 250 participants aged 75+ years are 
recruited to receive the UHCE approach and are compared with 250 participants who receive 
‘care as usual’. Benefits of UHCE approach in terms of healthy life styles, fall risk, appropriate 
medication use, loneliness level and frailty, and in terms of level of independence and health-
related quality of life and health care use are assessed. A multilevel modeling approach is 
used for the analyses. The process evaluation is used to provide insight into the reach of 
the target population, the extent to which elements of the UHCE approach are executed as 
planned and the satisfaction of the participants.	

Discussion
The UHCE project will provide new insight into the feasibility and effectiveness of an 
integrated care approach for older persons in different European settings.

Trial registration
ISRCTN registry number is ISRCTN52788952. Date of registration is 13/03/2017.
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BACKGROUND

By 2040, Europeans over 65 years old will account for 27% of the EU-28’s population, 
compared with 18% in 2013, according to Eurostat predictions 1. This will be associated 
with a steep increase in demand for care. Health professionals, including physicians, will 
have an increasing workload and have limited time for prevention. Adding to this, older 
persons often have multiple, interacting social and health problems 2-4. However, care is 
currently often characterised by a monodisciplinary approach, where health and social care 
are isolated from each other 5 6. 

A preventive integrated care approach in the local context where informal and formal 
infrastructures can be connected, and where community-, social-, and health-focused 
organisations are collaborating can contribute to the promotion of independent living and 
quality of life 7 8. A care coordinator, typically a nurse practitioner or physician assistant, may 
play a key role in assessing physical and social problems among older people and coordinate 
follow-up care 9-12. This promotes collaboration and communication between community-, 
social-, and health-focused professionals. However, more insight is still needed in ways 
to combine health and social care and the content of effective care pathways 7. Previous 
research efforts on integrated care have had mixed results and best practices are needed 
13 14. Although there is evidence that physical exercise programs contribute to better health 
and prevent falls in older populations 15-17, less is known about the effects of social care 
programs when integrated in health care 18-20. Integration between social and health care 
can be organized in different ways according to availability and organizational structures 
in the local context, therefore it is valuable to evaluate the effectiveness of integrated care 
approaches in different (international) settings.

The UHCE project
In the Urban Health Centres Europe (UHCE) project, a consortium of twelve European 
partners was set up to respond to the call of the European Commission Executive Agency 
for Health and Consumers to improve and evaluate community action in the field of health, 
in particular the improvement of management of multi-morbidity of older persons using 
integrated care pathways that focus on adherence to treatment and prevention of falls and 
frailty. (www.uhce.eu). UHCE aims to address three pertinent issues among older persons; 
(a) appropriate medication prescription and adherence, (b) falls prevention, (c) prevention 
of functional decline and frailty. In this project, five European cities (Greater Manchester, 
United Kingdom; Pallini, Greece; Rijeka, Croatia; Rotterdam, the Netherlands; and Valencia, 
Spain) will develop and implement a care template that integrates health and social care 
and includes a population oriented, preventive approach. In UHCE, a general care template 
is adapted to the local context of the five cities. The main objective of the evaluation study is 
to evaluate the UHCE approach in a pre-post controlled design in terms of benefits for older 
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persons (75 years and older) involved and process performance. The following research 
questions will be answered:
1.	� What are the benefits of the UHCE approach for older persons in terms of healthy 

life styles, fall risk, appropriate medication use, loneliness and frailty, as well as the 
benefits in terms of level of independence and health-related quality of life?

2.	� What are the benefits of the UHCE approach in terms of reducing the use of 
ambulatory and residential health- and social care among older persons? 

2.	� What is the reach of the target population by the UHCE approach, to what extent 
are the elements of the UHCE template executed as planned and are the main 
stakeholders satisfied? 

The UHCE approach is applied in an intervention group, which is compared with a control 
group. We hypothesize that intervention group participants, compared to those in the 
control group have more favourable life styles (physical activity, smoking, alcohol use) less 
fall risk and higher appropriate medication use, less loneliness, less frailty, higher level 
of independence and more favourable health-related quality of life.  We furthermore 
hypothesize that participants in the intervention group, compared to the control group use 
less ambulatory, residential and social care. We aim towards a reach of participants in the 
intervention group of 70% or higher, and an appreciation of 7 or higher on a 1-10 scale. 

METHODS/DESIGN

The intervention: The UHCE approach
 A general template of the UHCE approach was developed by systematically reviewing the 
literature to identify evidence based interventions and validated assessment instruments 
for frailty, fall risk and polypharmacy (see www.uhce.eu). Furthermore, focus groups and 
interviews with main stakeholders (older persons, health and social care professionals, 
caregivers and policy makers) were held to identify their demands and preferences regarding 
the UHCE template, which led to the decision to address loneliness as a separate health 
problem, in addition to frailty, fall risk and polypharmacy.

UHCE starts with a frailty assessment and an assessment of fall risks, polypharmacy and 
loneliness in order to identify priorities for prevention and care of the older persons 
participating (figure 1). We use validated instruments that are practical and commonly used 
in a primary care setting. Fall risk is measured following a validated protocol developed by 
the Dutch safety research institute 21. Polypharmacy is measured following the common 
definition of using of five or more different medicines22, in addition we measure whether 
persons have difficulty to take the medicines as prescribed23. Loneliness is measured with 
the social subscale of the Tilburg Frailty Indicator24. Frailty is measured with the Tilburg 
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Frailty indicator, which was made and validated for use in primary care and has been 
extensively researched 24 25.

The results of the assessments are discussed with the older person, a person in charge of 
care coordination (nurse practitioner or other) and a physician (figure 1). As a result of this 
shared decision-making process, a decision on a care plan is made and each participant is 
referred to evidence based “care pathways” (interventions) that are described in the UHCE 
template and adapted to the context of each of the five participating cities. The main UHCE 
care pathways are: multifactorial fall prevention actions (which include physical exercise 
groups, home hazard identification or other actions based on the judgement of a physician), 
actions addressing polypharmacy (which include appropriate prescribing and adherence 
action or other actions based on the judgement of a physician), actions addressing loneliness 
(which include support groups, social activities, or other actions based on the judgement 
of a physician) and frailty action (which include group based exercise programs or other 
actions based on the judgement of a physician). 

The care coordinator (a nurse, social worker or trained physician assistant) coordinates and 
monitors the progress of each individual care plan under the supervision of the physician 
(figure 1). Follow-up visits are scheduled if needed. The care coordinator monitors the 
compliance to the care plan. The general UHCE template is adjusted in accordance with 
national standards and the local setting of the five participating cities.

Figure 1: The UHCE approach
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Design, setting and procedures
The evaluation of UHCE has a specific pre-post controlled design 26. Intervention and control 
sites (general practitioner; GP practices or primary health centres; PHC) are chosen based 
on their location in distinct neighbourhoods in the participating cities. Older persons in the 
catchment area of an intervention site receive an invitation by their physician to join the 
study in the area where the UHCE approach is applied. Older persons in the catchment area 
of a control site receive an invitation by their physician to join the study in the area where 
‘usual care’ is applied. The study is performed in accordance with the capacity, organizational 
and contextual factors of each of the five participating cities, as described below. 

Greater Manchester is a metropolitan county in North West England, with a population 
of 2.7 million persons27. Participants are recruited through GPs of individual GP practices, 
the intervention practices are located in Tameside and Glossop districts and the control 
practices are located in South Manchester. Assessments are taken at the participant’s home 
by a trained assistant. The results are assessed by researchers and clinicians before being 
provided to the participant’s GP. The participant’s GP is responsible for decisions on care in 
collaboration with health and social care staff at the GP practice.

Pallini is a suburban town and a municipality situated in the eastern part of the greater 
Athens area, with a population of 54,415 persons 28. Participants are recruited through the 
Municipal Health and Social Services. In Pallini, as only city, participants are randomized 
(by using a random numbers table) into the intervention group (UHCE approach) and the 
control group (‘usual care’). Assessments are taken at three community centres and the 
Municipal Health Centre by trained health staff. A health professional or a social worker is 
the care coordinator, and a physician is responsible for decisions on care in collaboration 
with the nurse.

Rijeka is a port city located at the most western part of the Republic of Croatia and has a 
population of 128,384 persons 29. Participants are recruited through individual GP practices, 
intervention practices are located in the Western part of Rijeka and control practices are 
located in the Eastern part of Rijeka. Assessments are taken at the participant’s home by 
community nurses, who act as care coordinators. The participant’s GP, supported by the 
nurse is responsible for decisions on care.

Rotterdam is a port city in the Netherlands province of South Holland, with a population 
of 638,714 persons30. Participants are recruited through their GP based in PHC, the 
intervention PHC is located in Ommoord neighbourhood and the control PHCs are located in 
the Oosterflank and Zevenkamp neighbourhoods. Assessments are taken at the participant’s 
home by a trained assistant. Results are then provided to a geriatric nurse, who is the care 
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coordinator, in collaboration with the GP. The participant’s GP, supported by the nurse is 
responsible for decisions on care. 

Valencia is a port city located on the Southeastern coast of Spain, it has a population of 
800,666 persons 31. Participants are recruited through the GPs of the intervention PHC 
in the Nou Moles neighbourhood and the control PHC in the El Botanic neighbourhood. 
Assessments are taken at the participant’s home by a trained assistant who supports case 
management by the GP. The participant’s GP is responsible for decisions on care supported 
by the nurse and social workers of the health centres.

Study population and eligibility to participate in the study
We aim to include 250 participants in both the intervention group and 250 participants in 
the control group in each city. In total, 1250 participants are included in the intervention 
group and 1250 participants in the control group. In each city, the target population consists 
of persons living independently, aged 75 years or more, who are, according to their GP, 
expected to be able to participate in the study for at least 6 months. Persons are not eligible 
to participate if they are not able to comprehend the information provided in the local 
language or if they are not able to cognitively evaluate the risks and benefits of participation 
and are not expected to be able to make an informed decision regarding participation in the 
study, according to their GP or physician. If possible, the participant is invited to designate 
an informal caregiver to support him or her, such as the partner, a child, sibling, friend or 
neighbour.

Data-collection and measures
Data collection is done with the use of a questionnaire; which includes the UHCE assessment 
(described above), outcome and other measures. Two non-invasive measurements (hand-
grip strength and mid-upper arm circumference) are additionally performed and written 
down in the questionnaire. These data are collected at both baseline (T0) and after 12 months 
(T1). The instruments used for the outcome measures are described in the measurements 
section. The instruments and items for which no validated translations are available are 
translated forward and backward by translators. Forward- and back-translations are 
discussed by the study team and translation is adapted when needed. 

Outcome measures
Both general outcome health measures and specific outcome health measures applicable 
to each care pathway are applied: healthy life styles, fall risk, appropriate medication use, 
loneliness, frailty, level of independence and health-related quality of life. Healthy life style 
is measured with one item on physical activity, two items on smoking, and three items of 
the AUDIT-C32 on high-risk alcohol use. Fall risk is measured by two items on (the number of) 
falls in the previous year, a single item asking whether or not the person is afraid of falling, 
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and fear of falling while performing several daily activities as measured by the 7-item Falls 
Efficacy Scale International (FES-I) short version33. Appropriate medication use is measured 
with 10 items of the Medication risk questionnaire (MRQ-10)23, a tool developed for use by 
older persons to identify who is at increased risk of potentially experiencing a medication-
related problem. Loneliness is measured with the short 6-item version of the Jong Gierveld 
loneliness scale34, which measures the degree of what one wants and what one has in terms 
of interpersonal affection and intimacy. Frailty is measured with the 15-item Tilburg Frailty 
indicator24 25, that includes questions on physical, psychological and social components of 
frailty. Physical frailty is additionally measured with the SHARE-Frailty instrument which 
is an instrument that was developed and validated in a European population35 36, SHARE-
frailty includes hand-grip strength measurement, and physical frailty is also measured with 
a measurement of the mid-upper arm circumference37, a measure for malnutrition. Level of 
independence is measured with the Groningen activity restriction scale38, that includes 18 
items on independence of activities of daily living (ADL) and instrumental activities of daily 
living (IADL) and additionally with the one-item Global Activity Limitation Index (GALI)39 40. 
Health-related quality of life is measured with the 12-item short-form (SF-12)41 42 and the full 
5-item mental health scale of the SF-3643. 

Additionally to health measures, use of care is measured with four questions regarding the 
use of doctor appointments, household work, help caring (such as washing or dressing) and 
hospital admissions.

Other measures
Various socio-demographic characteristics are measured: age, gender, country of birth, 
educational level, income, marital status, employment situation, household composition 
and religion. Additionally, several questions on the participant’s general health are asked: 
self-reported height and weight, use of walking or other aids, whether they ever have been 
diagnosed with any of fifteen listed health conditions. Any additional remarks can be left in 
an open box at the end of the questionnaire.

Process evaluation
A process evaluation is used to monitor program implementation and help to understand 
the relationship between the delivery of specific UHCE approach elements and program 
outcomes. We based our design of the process evaluation on the theoretical framework for 
public health interventions as developed by Steckler and Linnan 44 45. The following elements 
are included and outlined below: reach, dose delivered and received, fidelity, satisfaction, 
and context.
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Reach
This process element aims at measuring the proportion of the intended target population 
that is reached by the care approach. In UHCE we calculate which proportion of the 
participants that we contacted participate in the UHCE approach. If possible reasons for 
refusal are reported. 

Dose delivered and received
Dose delivered measures whether the anticipated care is offered to the participant and 
dose received measures the extent in which participants actively engage in the care that 
is offered. For this purpose, data on the delivery of the UHCE approach and reasons for 
non-participation in care are recorded by the care coordinator. A 1-page logbook is kept for 
each participant that includes the different stages of the UHCE approach: 1. assessment, 2 
shared decision making, and 3. care pathways and monitoring. At least after 6 months, the 
care coordinator records (if needed telephone contact with the participant or responsible 
health care provider is sought) whether key elements of the UHCE approach are delivered. 
In case of loss to follow- up at the T1 measurement, reasons are recorded by the research 
staff, given they are provided by the participant.

Fidelity and satisfaction
We aim to measure the extent to which the UHCE approach is implemented as planned 
(fidelity) and the satisfaction of main stakeholders with the UHCE approach. In the T1 
questionnaire, three items measure the general satisfaction with professional, social and 
self-care in the past 12 months, 4 items measure the satisfaction with specific UHCE elements 
(assessment, shared-decision making and care-pathways) and a final question rates the 
whole UHCE approach on a scale from 1 to 10. To gain more in-depth knowledge on how the 
UHCE approach is carried out and which barriers are encountered, focus groups and semi-
structured interviews with older persons, caregivers, and social and health professionals 
involved in UHCE are held 12 months after inclusion of the last group of participants. In each 
city we organize 1 focus group with 6-8 older persons and caregivers (e.g. family, friends) and 
1 group with 6-8 social and health care professionals. All professionals involved with UHCE 
are invited to participate in the focus groups. The focus group discussions are recorded and 
translated in English.

Context
As the UHCE approach is implemented in five diverse settings its’ success depends on the 
context in which it is implemented. With the use of structured forms we make an inventory 
of relevant contextual factors of each city in which the UHCE approach is embedded; type 
and experience of health staff, setting, resources and interventions available or newly 
developed.
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Power considerations
In each of the five cities, 250 participants are included in the intervention group and 250 
participants in the control group. Assuming a 20% loss to follow-up between T0 and T1 
due to mortality, rehousing or impossibility to participate, we expect to receive complete 
data of 2000 participants at follow up, equally divided over the intervention group and the 
control group. We assume equal standard deviations in the intervention group and the 
control group, alpha of 0.05 and power of 0.80. Given 5 participating cities with each an 
intervention and control group, we applied a correction factor to account for the cluster 
design, assuming an average cluster size of 200 older citizens (2000/10) and an intra-class 
correlation coefficient of 0.02.  For this expected sample size and assumptions, with regard 
to the continuous outcome measures, a difference of 0.25 SD (standard deviation) between 
the intervention and the control group can be detected at follow-up. For example, regarding 
the health-related quality of life as measured by the Physical and Mental Component 
Summary Scale scores of the SF-12, a difference of 2.9 points can be detected for the 
Physical Component Summary Scale (SD=11.4) and 3.0 points for the Mental Component 
Summary Scale (SD=11.9)46.

Data management and analysis
Data from all cities is combined and data-management and analysis is done at Erasmus 
MC. Paper questionnaires are scanned and automatically transferred into electronic files. 
Paper participant logbooks are entered into an electronic data-entry form by research staff. 
Electronic data is checked for missing or incorrect data. If an error is present in the electronic 
data, scans of the paper questionnaires and logbooks are consulted. If needed responsible 
staff are contacted for clarification. 

Descriptive statistics are used to summarize characteristics of participants in each city and 
in the total study population. Participant socio-demographic characteristics (age, gender, 
income, educational level) are compared at baseline between the intervention and control 
group of each city and in the total study population. A multilevel modelling approach is used 
to examine differences in the outcome measures between the intervention and control 
group, taking into account the clustering effects at the city-level. Multilevel linear regression 
analyses are conducted for the continuous outcome variables with group (intervention 
or control) as independent variable and baseline values and potential confounders as 
covariates. Multilevel logistic regression is performed for dichotomous outcome variables. 
Subgroup analyses are conducted by means of formal interaction tests for intervention and 
those variables which are likely to influence the effect of the intervention itself: gender, age 
and educational level. In addition, subgroup analyses are done for subgroups of individuals 
with an indication for specific care pathways (frailty, fall risk, polypharmacy and loneliness), 
comparing participants with this indication in control and intervention groups. In addition, 
the above mentioned analyses are repeated for each city separately.
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All qualitative data (interviews and focus groups) are recorded, transcribed and translated 
to English. Thematic analysis of data is done using a pre-defined coding framework which is 
developed through discussion and consensus among the research team47.

Dissemination
We have set up an Advisory Board with experts from six EU countries. The role of the Advisory 
Board is to provide a critical perspective throughout the project. The scientific project 
results are disseminated by the project team through publications in scientific journals and 
conferences. To further disseminate the knowledge to all stakeholders we use the project 
website (www.uhce.eu). The European Local Inclusion and Social Action Network (ELISAN) 
is one of the partners of the UHCE project and aids the dissemination of project results to 
all stakeholders via social media. 

DISCUSSION

This study aims to evaluate the potential benefits of the UHCE approach on healthy lifestyle, 
fall risks, appropriate medication use, loneliness, frailty, level of independence and quality 
of life in older European persons. This is done using a pre-post controlled design in five 
European cities: (Greater Manchester, United Kingdom; Pallini (in Greater Athens Area), 
Greece; Rijeka, Croatia; Rotterdam, the Netherlands; and Valencia, Spain). This study has 
several strengths. To our knowledge this is one of the first European studies that aims to 
implement an integrated care approach in different European settings. Carrying out an 
integrated care approach in different settings will provide information on the generalizability 
of the care approach in various European settings. This could also help facilitate future 
implementation into routine primary care practice. The development of the UHCE approach 
was based on the experiences and preferences of a diverse group of stakeholders (older 
persons, their caregivers, medical and social care providers), which supported the co-
creation of the intervention for the end-user and could generate a wider acceptance of the 
intervention. 

The proposed study has some limitations and we expect to encounter some challenges. 
Participation of older persons may be a problem; that may affect the cities differently. To 
increase participation, requests to participate are sent through their personal GP, where 
possible. Because our target group consists of older persons, we also expect persons to 
move to another place (e.g. nursing home), pass away during the follow-up period, or not be 
fit enough to participate. We apply a non-randomized design, which makes results subject 
to confounding variables. Randomization was not desirable for cities that worked with GP 
practices as it is not feasible for GPs to give ‘usual care’ and care according to UHCE at 
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the same time. In our questionnaire we tried to capture the most important confounding 
variables; however it remains possible that we missed other relevant variables. 

As the growth of the European older population will pose a challenge for the European 
Union, new ways of providing care are necessary. Integrating social and health care and 
providing a preventive care approach may provide better outcomes. The UHCE project will 
further elucidate whether such an approach could be effective and feasible for an older 
population in different settings and identify potential effective elements of integrated 
preventive care.
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ABSTRACT

Background
Older persons often have multiple health and social problems and need a variety of health 
services. A coordinated preventive approach that integrates the provision of health and 
social care services could promote healthy ageing. Such an approach can be organised 
differently, depending on the availability and organizational structures in the local context. 
Therefore, it is important to evaluate the effectiveness of a coordinated preventive care 
approach in various European settings. 

Objectives
This study explored the effects of a coordinated preventive health and social care approach 
on the lifestyle, health and quality of life of community-dwelling older persons in five 
European cities.

Design
International multi-center pre-post controlled trial. 

Setting
Community settings in cities in the United Kingdom, Greece, Croatia, the Netherlands and 
Spain. 

Participants
1844 community-dwelling older persons (mean age=79.5; SD=5.6).

Methods
The Urban Health Centres Europe (UHCE) approach consisted of a preventive multidimensional 
health assessment and, if a person was at-risk, coordinated care-pathways targeted at fall 
risk, appropriate medication use, loneliness and frailty. Intervention and control sites were 
chosen based on their location in distinct neighbourhoods in the participating cities. Persons 
in the catchment area of the intervention sites ‘the intervention group’ received the UHCE 
approach and persons in catchment areas of the control sites ‘the control group’ received 
care as usual. A questionnaire and two measurements were taken at baseline and at one-
year follow-up to assess healthy lifestyle, fall risk, appropriate medication use, loneliness 
level, frailty, level of independence, health-related quality of life and care use. To evaluate 
differences in outcomes between intervention group and control group for the total study 
population, for those who received follow-up care-pathways and for each city separately 
(multilevel) logistic and linear regression analyses were used.



Results
Persons in the intervention group had less recurrent falls (OR= 0.65, 95% CI = 0.48; 0.88) 
and lower frailty (B=-0.43, 95% CI= -0.65 to -0.22) at follow-up compared with persons in 
the control group. Physical health-related quality of life and mental well-being was better 
(B=0.95; 95% CI= 0.14-1.76; and B=1.50; 95% CI=0.15-2.84 respectively). The effects of the 
UHCE approach were stronger in the subgroup of persons (53.6%) enrolled in care-pathways. 

Conclusions
Our study found promising but minor effects for the use of a coordinated preventive health 
and social care approach for the promotion of healthy ageing of older persons. Future 
studies should further evaluate effects of coordinated preventive health and social care 
aimed at healthy ageing. 
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BACKGROUND

It is estimated that by 2040, Europeans over 65 years old will account for 27% of the 
population, compared with 19% in 20151. This will be associated with a sharp increase in 
demand for care. Promotion of healthy ageing is therefore a priority of European policy2. 
Older persons often have multiple health and social problems and need a variety of health 
services3 4. However, care in Europe is characterised by a curative and monodisciplinary 
approach focussed on one illness or disease5 6. In addition, a focus on prevention and 
health promotion could increase healthy life years and reduce the burden on health care 
resources6. As a result of this, the demand is growing for a preventive approach in which 
both health and social care services are provided6 7. 

A typical coordinated preventive care approach for older persons includes a multidimensional 
assessment of health and social risks and multidisciplinary coordinated follow-up care8-11. In 
many European countries, general practitioners (GPs) are the gatekeepers to specialised 
care and have a central role in community care12. A nurse practitioner or physician assistant 
could alleviate the burden of the GP and act as care coordinator. Evidence for preventive 
interventions with multidisciplinary coordinated follow-up care is mixed and more research 
is needed13-15. Most of these studies have been conducted in Northwest European or 
American settings, studies in Southern and Eastern European settings are lacking16-19.  

Aspects such as accessibility of primary care, availability of prevention and treatment 
services and continuity of care vary considerably between European countries6 20. A striking 
example is the difference between European countries in the importance and accessibility of 
GPs in community care12. This has an impact on the role a GP could play and the organization 
of care. Therefore, it is important to evaluate the effectiveness of coordinated preventive 
care approaches in various European settings. Coordinated preventive health and social care 
can be organised in many ways depending on the availability and organizational structures 
in the local context.

Objective
The Urban Health Centres Europe (UHCE) approach was developed to promote healthy ageing 
of older persons. The UHCE approach included a preventive multidimensional assessment 
of health risks and, if indicated, coordinated follow-up health and social care. The UHCE 
approach was specifically targeted at fall risk, appropriate medication use, loneliness and 
frailty. This study evaluates the UHCE approach, which we hypothesized had a positive effect 
on lifestyle, fall risk, appropriate medication use, loneliness, frailty, level of independence, 
health-related quality of life and care use among community-dwelling older persons.
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METHODS

Study design and setting
The effect evaluation of the UHCE approach was conducted in primary care and community 
settings in five European cities (Greater Manchester, United Kingdom; Pallini, Greece; Rijeka, 
Croatia; Rotterdam, the Netherlands; and Valencia, Spain) between May 2015 and June 
2017. In Manchester, Rijeka, Rotterdam and Valencia a specific pre-post controlled design 
was applied 21. Randomization was not desirable for these cities that worked with existing 
GP practices as it was not feasible for GPs to give ‘usual care’ and care according to UHCE 
at the same time. In these cities, intervention and control sites (GP practices or primary 
health centres; PHC) were chosen based on their location in distinct neighbourhoods in 
the participating cities. Older persons in the catchment area of an intervention site receive 
an invitation by their physician to join the study in the area where the UHCE approach 
is applied. Older persons in the catchment area of a control site receive an invitation by 
their physician to join the study in the area where ‘usual care’ is applied (table 1). In Pallini, 
participants from municipality registers were first randomised by the use of a random 
numbers table into the intervention group and the control group (table 1). Participants were 
afterwards invited to participate in the study by a health team of the municipality employed 
for this study. Ethical committee procedures have been followed in all cities and approval 
has been provided. Written informed consent was obtained from all participants. The study 
was registered as ISRCTN52788952.

Participants
In each city, the initial target population consisted of persons living independently, aged 75 
years or older, who were, according to their physician, able to participate in the study for at 
least 6 months. Persons were not eligible to participate if they were not able to comprehend 
the information provided in the local language or if they were not able to cognitively 
evaluate the risks and benefits of participation and were not expected to be able to make an 
informed decision regarding participation in the study, according to their physician. In two 
cities; Pallini and Valencia, the age of the target population was lowered to 70 years or older 
due to difficulties encountered during the inclusion. Persons were invited to participate in 
the study by their health care provider (table 1). 

Intervention
In the intervention group, persons received care according to the UHCE approach. We used the 
CREDICI II criteria for complex interventions as a reporting guideline22, see supplementary text 
S1. The development of the UHCE approach followed an intervention mapping approach23. 
A general template for the UHCE approach was developed by systematically reviewing the 
literature to identify evidence based interventions and validated assessment instruments for 
fall risk, polypharmacy, loneliness and frailty (see www.uhce.eu). Additionally, focus groups 
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and interviews with main stakeholders (older persons, health and social care professionals, 
caregivers and policy makers) were held to identify their needs and preferences regarding 
healthy and active ageing. This led to the decision to address loneliness as a separate 
health problem, in addition to frailty, fall risk and polypharmacy24 as well as any medical 
problems which were identified during the assessment that did not belong to the previously 
mentioned categories. We furthermore decided to apply an integral conceptual model of 
frailty, which includes physical as well as social and psychological components and is geared 
towards a multidisciplinary approach25. 

The general template of the UHCE approach consisted of three stages. In the first stage of the 
UHCE approach, the older person received a health assessment of fall risk, polypharmacy, 
loneliness and frailty in order to identify whether the person had an indication of a need 
for a follow-up care-pathway. A short standardized assessment form was developed for 
all cities, which consisted of validated instruments. For assessment of fall risk, a validated 
protocol developed by the Dutch safety research institute was applied26. Assessment of 
polypharmacy followed the common definition of using of five or more different medicines27, 
in addition difficulty in taking medications as prescribed was assessed28. Assessment of 
loneliness made use of the social subscale of the Tilburg Frailty Indicator29 and if loneliness 
was indicated further assessment with the Jong-Gierveld loneliness scale30. The assessment 
of frailty followed the Tilburg Frailty indicator for indication of frailty29. In the second stage 
of the UHCE approach, shared-decision making took place; the results of the assessments 
(the indications for care-pathways) were discussed with the older person, a person in 
charge of care coordination and a physician. Staff encouraged the older person to involve 
an informal caregiver in the shared-decision making process. Shared-decision making was 
included in order to develop a care plan which was adapted to the preferences of the older 
person, which was thought to promote involvement in care-pathways. In the third stage, 
as a result of the shared decision-making process, a decision on a care plan was made and 
each participant was referred to care-pathways. The care-pathways aimed to promote 
healthy ageing among the older persons by reducing fall risk, inappropriate medication use, 
loneliness and frailty. Specific interventions were recommended: 1) fall prevention actions; 
recommended evidence-based interventions were home-based exercise programmes, 
group exercise programmes and multifactorial assessment and intervention programmes, 
2) actions addressing polypharmacy (adherence and/or appropriate prescribing actions); 
recommended evidence-based interventions focused on self-monitoring programmes to 
improve adherence and/or multifaceted pharmaceutical care for appropriate prescribing, 
3) actions addressing loneliness; recommended evidence-based interventions were social 
activities and/or support within a group format, and 4) frailty/medical action; recommended 
evidence-based interventions included group exercise programmes and multidisciplinary 
care. Additionally in this care-pathway, other medical care which did not fall under care-
pathways 1-3 could be given when the healthcare provider deemed this necessary. The 
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care coordinator was asked to monitor the progress of each individual care plan under the 
supervision of a physician. Follow-up visits could be scheduled if needed. For this purpose, 
a uniform logbook was developed for all cities which was kept for each older person who 
received the UHCE approach. In this logbook the care coordinator recorded the outcomes 
and involvement of the older person and health staff in the three stages (assessment, 
shared-decision and care-pathways) of the UHCE approach. The results of this logbook, 
along with the evaluation of other process indicators, were part of the evaluation of process 
components of the UHCE approach, following the Steckler and Linnan framework31. This 
evaluation has previously been described in more detail24.

The general template of the UHCE approach was then adapted to the national standards 
and context of each of the five participating cities. Specific information for each city; on 
the place and staff involved in the assessment, staff who acted as care coordinator, type 
of care and health staff involved in the care-pathways, is reported in table 1. Initially, the 
UHCE project aimed to make use of or improve existing care available in the communities. 
However, in Pallini, Rijeka and Valencia, the availability of existing care was limited or the 
referral to existing care proved to be difficult. In these cases new care provisions were 
developed. No additional monetary incentives were provided to health staff involved in 
existing care. In the settings where new care was developed, staff was hired on a voluntary 
bases or compensated. No monetary incentives were provided to participants. For some 
of the interventions participants could borrow materials needed for the intervention (e.g. 
tablets). Persons in the control group received their usual care. Participants in the control 
group had access to existing care services delivered in the care-pathways, but not to 
newly developed services. No coordinated preventive referral to existing care services nor 
coordinated preventive monitoring of health was in place. In all cities except for Pallini, GPs 
were the first point of contact and had a gatekeeper function towards existing care services. 
In Pallini, GPs were scarce and specialist care was directly accessible upon appointment. 
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Measures
Because the UHCE approach acted upon general health outcomes reported in the literature 
16-19 as well as health outcomes specific to care-pathways (depending on the care-pathway 
persons were involved in), we explored the effect of the UHCE approach on various primary 
outcomes24. We hypothesized that the UHCE approach would have positive effects on both 
general outcome measures of healthy lifestyle, level of independence and quality of life as 
well as specific outcome measures to each care-pathway: fall risk, appropriate medication 
use, loneliness and frailty. Data was collected at baseline and after 12 months by using a self-
report questionnaire and two physical measurements. The instruments and items for which 
no validated translation was available were translated forward and backward. Forward- 
and back-translations were discussed by the study team and translation was adapted 
when needed. In each city, the questionnaire and assessment was piloted in at least five 
older persons. Misinterpretation of questions were identified and minor changes were 
made. Measures used are described below. Details of measurement of these measures are 
described in the supplementary text S2.

General health outcome measures 
Healthy lifestyle was measured with one item on physical activity, two items on smoking, 
and three items of The Alcohol Use Disorders Identification Test (AUDIT-C)32. Frailty was 
measured with the 15-item Tilburg Frailty indicator (TFI); scores range from 0 to 15 with 
higher scores indicating higher levels of frailty25 29. Physical frailty was additionally measured 
with the SHARE-Frailty instrument33 34. Malnutrition, a component of physical frailty, was 
measured with the validated Short Nutritional Assessment Questionnaire 65+ (SNAQ-
65+)35. Level of independence was measured with the 18-item Groningen activity restriction 
scale (GARS); scores range from 18 to 72 with higher scores indicating lower levels of 
independence36. Severely limited function was measured with the one-item Global Activity 
Limitation Index (GALI)37 38. Health-related quality of life was measured with the 12-item 
short-form (SF-12v2), which consists of physical and mental component summary (PCS/
MCS) scores 39 40, and the full 5-item mental well-being scale of the SF-3641. Scores for SF-
12v2 and SF36 range from 0 to 100 with higher scores indicating higher levels of quality of 
life or well-being.

Specific health outcomes care-pathways
Fall risk was measured by an item on any falls and an item on recurrent falls in the previous 
year, an item on fear of falling, and fear of falling while performing several daily activities as 
measured by the 7-item Falls Efficacy Scale International (FES-I) short version; scores range 
from 7 to 28 with higher scores indicating higher levels of fear of falling 42. Appropriate 
medication use was measured with 10 items of the Medication risk questionnaire (MRQ-10); 
scores range from 0-10 with higher scores indicating lower levels of appropriate medication 
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use 28. Loneliness was measured with the 6-item version of the Jong Gierveld loneliness 
scale30; scores range from 6-18 with higher scores indicating higher levels of loneliness.

Care use
As secondary outcome measures, use of health and social care was measured in the 
questionnaire. Four items measured, within the past 12 months: the number of visits to 
a medical doctor, the number of days admitted to a hospital, the hours per week receiving 
help in household work due to health problems and the hours per week receiving help in 
caring for oneself. 

Socio-demographic factors
Age (in years), gender, living situation (alone/not alone) and education level were assessed 
in the baseline questionnaire. Education level was measured by asking the highest level 
of education completed and categorised according to the 2011 International Standard 
Classification of Education (ISCED) into ‘lower’ (ISCED 0-2) and ‘higher’ (ISCED 3-8)43. 

Analysis
Participant socio-demographic characteristics and health outcomes were evaluated at 
baseline between the intervention and control group in the total study population and in 
each city separately by means of chi-square tests for categorical variables and one-way 
ANOVA for continuous variables. 

Main effects at follow-up were evaluated for the total study population, as per “intention 
to treat”, using a multilevel modelling approach. Clustering effects at city-level were 
taken into account. Multilevel linear regression analyses were conducted for continuous 
outcome variables with group (intervention or control) as independent variable. Multilevel 
logistic regression was performed for dichotomous outcome variables. We corrected effect 
estimates of multilevel analyses for covariates, based on literature 44; age, sex, living situation, 
education level and the baseline status of the outcome variable. Subgroup “per-protocol” 
analyses were done for persons with an indication for specific care-pathways. We compared 
persons in the control group who had an indication with persons in the intervention group 
who had an indication and enrolled in a care-pathway. Persons who received other types of 
medical care or did not have an indication but received care, were analysed in a separate 
‘frailty/medical care-pathway’. We compared persons in the frailty/medical care-pathway 
with all persons in the control group. We assessed interactions between intervention 
condition and city, gender, age and education level in the association between intervention 
condition and all outcomes24. We applied Bonferroni correction for testing interactions45 
(P=0.05/45=0.001). We found significant interaction for ‘city’, and performed linear and 
logistic regression analyses per city separately with the same variables as in the main 
analyses. We considered a P-value of 0.05 or lower to be statistically significant for all other 
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analyses. Multilevel logistic regression analyses and interaction testing were performed 
using R-3.3.2. All other analyses were performed using SPSS version 23.0 (IBM SPSS Statistics 
for Windows, Armonk, NY: IBM Corp).

A power calculation has been previously described24. The target sample size was 1250 
participants in both the intervention group and the control group24. Accounting for a 20% 
loss to follow-up, we expected to receive complete data of 1000 participants in both groups 
at follow up. We assumed an alpha of 0.05 and power of 0.80 and applied a correction 
factor to account for the cluster design by city, assuming an average cluster size of 200 
older citizens (2000/10) and an intra-class correlation coefficient of 0.02. On this basis, a 
treatment difference of 0.25 standard deviation (SD) for continues outcomes such as the 
SF12 could be detected at follow-up. 

RESULTS

Overall, 1215 persons were included in the intervention group and 1110 persons in the 
control group at baseline (figure 1). At the 12-month follow-up, 986 persons in the 
intervention group (81.2%) completed the questionnaire and 858 persons in the control 
group (77.3%) completed the questionnaire (figure 1). Reasons for drop-out at follow-up 
were unwillingness to participate, feeling too ill to participate, mortality and relocation. 
Persons who dropped out of the intervention group after baseline were older (P<0.001), 
lower educated (P<0.001) and had a lower level of independence (GARS, P<0.001) than 
persons included in the intervention group at follow-up. Persons who dropped out of the 
control group only had a lower level of independence (GARS, P=0.003) than persons included 
in the control group at follow-up. Of the 986 persons in the intervention group, information 
of 15 persons on enrolment in care-pathways was missing or could not be linked to study 
data. Of those with information, 520 (53.6%) enrolled in any care-pathway during the UHCE 
study, this differed by city (figure 1).

At baseline, the average age of persons in this study was 79.5 years (SD=5.6), 60.8% of the 
sample consisted of women, 38.1% were living alone and 51.1% had a lower education level 
(table 2). The fear of falling score measured with the short FES-I and loss of independence 
score were lower and mental health-related quality of life and mental well-being were 
higher among persons in the intervention group compared to the control group (P<0.05). 
All other characteristics were similar between the groups at baseline. Characteristics by city 
are presented in table S1. 
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Table 2: Socio-demographic, lifestyle and health characteristics by intervention and control group among 
persons in the UHCE study (N=1844).

Total

N=1844

Control group

N=858

Intervention 
group
N=986

P value

Age in years, mean (SD) 79.5 (5.6) 79.7 (5.5) 79.3 (5.7) 0.188

Female gender, N (%) 1122 (60.8) 527 (61.4) 595 (60.3) 0.636

Living alone, N (%) 703 (38.1) 323 (37.7) 380 (38.5) 0.708

Lower education, N (%) 935 (51.1) 429 (50.6) 506 (51.5) 0.705

Healthy lifestyle, N (%) 1265 (69.1) 569 (67.3) 696 (70.7) 0.109

Fear of falling, N (%) 867 (47.0) 410 (47.8) 457 (46.3) 0.538

Fall past year, N (%) 552 (30.2) 267 (31.4) 285 (29.1) 0.278

Recurrent falls past year, N (%) 255 (13.9) 118 (13.9) 137 (14.0) 0.953

Physical frailty (SHARE-FI) 367 (20.2) 180 (21.5) 187 (19.1) 0.204

Severely limited function (GALI), N (%) 319 (17.4) 158 (18.5) 161 (16.4) 0.222

Malnutrition (SNAQ-65+), N (%) 273 (15.4) 112 (13.8) 161 (16.7) 0.093

Fear of falling (short FES-I) , mean (SD) 10.5 (4.7) 10.7 (5.0) 10.3 (4.5) 0.038

Medication risk (MRQ-10), mean (SD) 4.4 (1.6) 4.4 (1.6) 4.4 (1.7) 0.358

Loneliness (short JG), mean (SD) 0.6 (0.7) 0.6 (0.7) 0.6 (0.7) 0.165

Frailty (TFI), mean (SD) 5.1 (3.2) 5.2 (3.2) 5.1 (3.1) 0.632

Loss independence (GARS), mean (SD) 25.0 (9.4) 25.5 (10.2) 24.5 (8.7) 0.022

HRQoL PCS (SF-12), mean (SD) 42.1 (12.0) 41.8 (12.1) 42.3 (11.9) 0.469

HRQoL MCS (SF-12), mean (SD) 50.3 (10.6) 49.3 (10.7) 51.2 (10.4) <0.001

Mental well-being (SF-36), mean (SD) 74.2 (20.4) 73.0 (20.9) 75.2 (20.0) 0.022

Missing items: Age=1, Gender=0, Living situation=1, Education=13, Healthy lifestyle=14, Fear of falling=0; Fall=16, 
Recurrent falls=16; SHARE-FI=26; GALI=9; SNAQ-65+=71; short FES-I=18, MRQ-10=22, short JG=23, TFI=8, GARS=3, 
SF-12=92, SF-36=18. Lower education=ISCED 0-2; Healthy lifestyle= no smoking, no drinking and exercise>1 times 
a week. For short FES-I (range 7-28); MRQ-10 (range 0-10); short JG (range 6-18); TFI (range 0-15); GARS (range 18-
72); higher scores mean worse health or more health risk. SF-12 and SF-36 scores range 0-100 and higher scores 
means a higher quality of life or better mental well-being. Abbreviations: FES-I= Falls Efficacy Scale International; 
GALI= Global Activity Limitation Index; GARS=Groningen activity restriction scale; ISCED=International Standard 
Classification of Education; JG=Jong-Gierveld; MRQ-10=Medication Risk Questionnaire 10; SF-12=short form 12; 
SF-36=short form 36; SHARE-FI= Survey of Health, Ageing and Retirement in Europe-Frailty Instrument; SNAQ-
65+= Short Nutritional Assessment Questionnaire 65+; TFI=Tilburg Frailty Index.
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Figure 1: Flowchart of participants through trial.

At follow-up, persons in the intervention group had significantly less recurrent falls 
compared to persons in the control group (10.5% vs. 14.8%; OR= 0.65, 95% CI = 0.48-0.88; 
table 3). Frailty was lower among persons in the intervention group compared to persons in 
the control group (mean=4.9, SD=3.3 vs mean=5.5, SD=3.4; B=-0.43, 95% CI= -0.65 to -0.22; 
table 3). Physical health-related quality of life was significantly better among persons in the 
intervention group compared to persons in the control group (mean=41.8, SD=12.1 vs 40.4, 
SD=11.5, B=0.95; 95% CI= 0.14-1.76; table 3). Finally, mental well-being was significantly 
better among persons in the intervention group compared to persons in the control group 
(mean=74.9, SD=20.5 vs mean=71.8, SD=21.3, B=1.50; 95% CI=0.15-2.84; table 3). No other 
effects of the UHCE approach on lifestyle, health or quality of life were found. Results by city 
are presented in table S2 and S3. In Rijeka, significant positive effects were found for nine 
outcomes. In Valencia, significant positive effects were found for three outcomes and in 
Rotterdam for one outcome. In Manchester, significant positive effects were found for one 
outcome and negative effects for one outcome. No effects were found in Pallini.
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Table 3: Prevalence and mean of outcomes at follow-up and effects of the UHCE approach with the control group 
as reference (N=1844).

Control  
group
N=858

Intervention 
group
N=986

Adjusted 
 effect estimates

P value

N (%) N (%) OR (95% CI)a

Healthy lifestyle 555 (65.4) 678 (68.9) 0.96 (0.68; 1.34) 0.790

Fear of falling 441 (51.6) 472 (48.1) 0.86 (0.68; 1.08) 0.188

Fall past year 267 (31.3) 280 (28.9) 0.92 (0.74; 1.14) 0.441

Recurrent falls past year  126 (14.8) 102 (10.5) 0.65 (0.48; 0.88) 0.005

Physical frailty (SHARE-FI) 245 (29.4) 236 (24.8) 0.78 (0.60; 1.02) 0.065

Severely limited function (GALI) 176 (20.7) 192 (19.7) 1.09 (0.83; 1.43) 0.539

Malnutrition (SNAQ-65+) 135 (17.1) 145 (15.3) 0.82 (0.62; 1.09) 0.181

Mean (SD) Mean (SD) B (95% CI)b

Fear of falling (short FES-I) 11.5 (5.4) 10.8 (5.2) -0.25 (-0.60;0.10) 0.167

Medication risk (MRQ-10) 4.4 (1.6) 4.4 (1.6) 0.03 (-0.09;0.15) 0.653

Loneliness (short-JG) 0.7 (0.7) 0.6 (0.7) -0.10 (-0.24;0.03) 0.128

Frailty (TFI) 5.5 (3.4) 4.9 (3.3) -0.43 (-0.65;-0.22) <0.001

Loss independence (GARS) 27.4 (11.9) 26.4 (10.8) -0.11 (-0.73;0.52) 0.742

HRQoL PCS (SF-12) 40.4 (11.5) 41.8 (12.1) 0.95 (0.14;1.76) 0.022

HRQoL MCS (SF-12) 48.8 (11.3) 50.6 (11.2) 0.52 (-0.32;1.37) 0.224

Mental well-being (SF-36) 71.8 (21.3) 74.9 (20.5) 1.50 (0.15;2.84) 0.029

a) Values are derived from random-intercept multilevel logistic regression models adjusted for clustering by city 
and adjusted for age, gender, education, living situation and baseline status of the outcome measure. 

b) Values are derived from random-intercept multilevel linear regression models adjusted for clustering by city 
and adjusted for age, gender, education, living situation and baseline status of the outcome measure. Healthy 
lifestyle= no smoking, no drinking and exercise>1 times a week. For short FES-I (range 7-28); MRQ-10 (range 0-10); 
short JG (range 6-18); TFI (range 0-15); GARS (range 18-72); higher scores mean worse health or more health risk. 
SF-12 and SF-36 scores range 0-100 and higher scores means a higher quality of life or better mental well-being. 
Abbreviations: B=Beta coefficient; FES-I= Falls Efficacy Scale International; JG=Jong-Gierveld; MRQ-10=Medication 
Risk Questionnaire 10; OR=Odds ratio; SF-12=short form 12; SF-36=short form 36; SHARE-FI= Survey of Health, 
Ageing and Retirement in Europe-Frailty Instrument; SNAQ-65+= Short Nutritional Assessment Questionnaire 65+; 
TFI=Tilburg Frailty Index.

When comparing persons who enrolled in any type of care-pathway with all persons in the 
control group (table 4), adjusted significant effects were stronger compared to the whole 
intervention group for recurrent falls (OR=0.58, 95% CI=0.40-0.85), frailty (B=-0.44, 95% 
CI=-0.71 to -0.17) and physical health-related quality of life (B=1.22, 95% CI=0.24-2.21). 
Additionally there was a positive effect on loneliness (B=-0.18, 95% CI=-0.35 to -0.02). The 
positive effect on mental well-being was no longer significant. 
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For persons in the falls, loneliness and frailty/medical care-pathways, significant positive 
effects were found on frailty and physical health-related quality of life (table S4). For persons 
in the falls care-pathway, additional positive effects were found on recurrent falls and 
loneliness. For persons in the loneliness care-pathway additional positive effects were found 
on fear of falling measured as single item and recurrent falls. For persons in the frailty/
medical care-pathway, additional positive effects were found on fear of falling measured 
as single item and loneliness. For persons in the polypharmacy care-pathway no positive 
effects were found.

Table 4: Prevalence and mean of outcomes at follow-up and effects of the UHCE approach for persons enrolled 
in any care-pathway with the control group as reference (N=1378).

Control group
N=858

Intervention 
group
N=520

Adjusted  
effect estimates

P value

N (%) N (%) OR (95% CI)a

Healthy lifestyle 555 (65.4) 334 (64.5) 1.04 (0.67; 1.62) 0.848

Fear of falling 441 (51.6) 302 (58.2) 0.83 (0.63; 1.11) 0.215

Fall past year 267 (31.3) 142 (27.6) 0.82 (0.63; 1.06) 0.129

Recurrent falls past year 126 (14.8) 51 (9.9) 0.58 (0.40; 0.85) 0.005

Physical frailty (SHARE-FI) 245 (29.4) 154 (31.0) 0.87 (0.64; 1.18) 0.360

Severely limited function (GALI) 176 (20.7) 126 (24.6) 1.19 (0.86; 1.64) 0.303

Malnutrition (SNAQ-65+) 135 (17.1) 103 (20.6) 1.05 (0.76; 1.46) 0.755

Mean (SD) Mean (SD) B (95% CI)b

Fear of falling (short FES-I) 11.5 (5.4) 12.3 (5.7) -0.24 (-0.68;0.21) 0.299

Medication risk (MRQ-10) 4.4 (1.6) 4.5 (1.7) 0.08 (-0.07;0.23) 0.312

Loneliness (short-JG) 0.7 (0.7) 0.7 (0.7) -0.18 (-0.35;-0.02) 0.033

Frailty (TFI) 5.5 (3.4) 5.9 (3.3) -0.44 (-0.71;-0.17) 0.001

Loss independence (GARS) 27.4 (11.9) 28.3 (12.0) 0.06 (-0.75;0.87) 0.886

HRQoL PCS (SF-12) 40.4 (11.5) 40.3 (11.8) 1.22 (0.24;2.21) 0.015

HRQoL MCS (SF-12) 48.8 (11.3) 46.7 (11.8) -0.31 (-1.39;0.76) 0.568

Mental well-being (SF-36) 71.8 (21.3) 67.2 (20.6) 0.68 (-1.06;2.41) 0.444

a) Values are derived from random-intercept multilevel logistic regression models adjusted for clustering by city 
and adjusted for age, gender, education, living situation and baseline status of the outcome measure. 

b) Values are derived from random-intercept multilevel linear regression models adjusted for clustering by city 
and adjusted for age, gender, education, living situation and baseline status of the outcome measure. Healthy 
lifestyle= no smoking, no drinking and exercise>1 times a week. For short FES-I (range 7-28); MRQ-10 (range 0-10); 
short JG (range 6-18); TFI (range 0-15); GARS (range 18-72); higher scores mean worse health or more health risk. 
SF-12 and SF-36 scores range 0-100 and higher scores means a higher quality of life or better mental well-being. 
Abbreviations: B=Beta coefficient; FES-I= Falls Efficacy Scale International; JG=Jong-Gierveld; MRQ-10=Medication 
Risk Questionnaire 10; OR=Odds ratio; SF-12=short form 12; SF-36=short form 36; SHARE-FI= Survey of Health, 
Ageing and Retirement in Europe-Frailty Instrument; SNAQ-65+= Short Nutritional Assessment Questionnaire 65+; 
TFI=Tilburg Frailty Index.
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Regarding care use, the number of hours per week needing household help due to health 
problems was reduced among persons in the intervention group compared to persons in 
the control group (table S5). There were no effects on the use of doctor visits, hospital 
admissions and help in self-care.

DISCUSSION

Principal findings
Using a pre-post controlled design, we explored the effects of the UHCE approach on 
multiple outcomes of the lifestyle, health and quality of life among older persons in five 
European cities. The UHCE approach showed minor positive effects in tackling recurrent 
falls and frailty and promoting physical health-related quality of life and mental well-being 
compared to care as usual. Effects were stronger in the subgroup of persons who enrolled 
in care-pathways. 

Interpretation 
It is promising that we found positive effects of the UHCE approach on tackling recurrent 
falls and frailty and promoting physical health-related quality of life and mental well-being. 
However, the effect sizes of these outcomes were minor for the whole intervention group and 
minor or small for the subgroup of persons who enrolled in care-pathways. Furthermore, our 
study was exploratory in the sense that we measured effects on multiple outcomes which 
increases the chances of finding false positive results due to chance alone. Several systematic 
reviews report favourable effects of similar interventions on falls, functional decline, nursing 
home admissions and mortality16 18 19, but others do not17 46. Effects on quality of life are less 
studied and evidence is of low quality17. A possible reason for the small effects found in 
our study is that only around half of the persons in the intervention group enrolled in care-
pathways. The dose in which older persons take-up complex care interventions is rarely 
studied and could impact on the effectiveness of interventions19 31. For professionals, parts of 
the intervention might be time consuming or difficult to apply44 47. For older persons, health 
and mobility problems can be barriers to engagement in interventions47 48. The effects of the 
UHCE approach on health and quality of life were stronger when evaluating the subsample 
of persons enrolled in care-pathways. When analysing care-pathways separately, positive 
effects on fall outcomes, frailty and quality of life were found in persons who followed the 
falls prevention, frailty and/or loneliness care-pathways. As part of the falls prevention and 
frailty care-pathways most persons received physical exercise programmes. There is ample 
evidence on the benefits of physical exercise programmes for the prevention of falls and risk 
of falling in older populations49-51 and to a lesser extent frailty52, mental health and quality 
of life53 54. The polypharmacy care-pathway did not decrease inappropriate medication 
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use for persons enrolled in this care-pathway. The MRQ-10 instrument used to measure 
inappropriate medication use might have not been sensitive enough to detect a change.

To our knowledge this was the first coordinated preventive care study conducted in multiple 
European settings. Most of the studies on coordinated preventive health and social care 
have been conducted in the US, Canada or Northwest Europe16-19. In these settings, care for 
older persons was greatly improved during the 1980s to 1990s and care interventions after 
that time might have been of little extra benefit19. This could explain the low uptake of care 
in the Northwest European cities Manchester and Rotterdam. In these cities, qualitative 
analyses of logbooks revealed that many older persons reported that they did not enrol 
in a care-pathway because they were already involved in other care. Most positive effects 
of the UHCE approach were found in Rijeka, where all persons in the intervention group 
enrolled in a care-pathway. Possible explanations for the high uptake of care in Rijeka were 
a high morale to engage in activities among participants and regular monitoring of the care 
process by community nurses who had a personal relationship with the participants and 
acted as care coordinator in this study. Establishment of a trusted relationship is important 
for improvement of uptake and adherence to care interventions among older persons48. This 
therefore could be a key component of future studies. These studies could quantitatively 
explore to what extent the bond between patient and care provider impacts on effectiveness.
 
In our study, not using additional inclusion criteria such as frailty or multi-morbidity might 
also have impacted on enrolment in care-pathways as participants could have been too 
healthy to need care. However, frail persons might in turn not be fit and willing enough to 
engage in preventive care. Evidence on effective intervention components of coordinated 
care interventions and target populations has been mixed16 19. In a meta-analysis, Beswick et 
al. found reductions in nursing home admissions for populations with increased death rates 
and no benefits for any specific type of intervention among multifactorial interventions19. 
Though, Stuck et al. found that only interventions with a multidimensional geriatric 
assessment, regular follow-up visits and targeted at persons at lower risk for death were 
effective in reducing functional decline16. More research is needed to uncover the effective 
elements and target groups of complex coordinated preventive care interventions for older 
persons. In order to identify these elements, reporting of the development and evaluation 
of these complex interventions should be streamlined22 55. It could also be possible that 
structured and preventive monitoring and promotion of the health of older persons could 
result in stronger health benefits within a longer time span, as our study only measured 
effects in one year. Future studies should investigate the long-term effects of a coordinated 
preventive care approach for older persons.
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Strengths and limitations
The main strength of our study is that we implemented the UHCE approach in five diverse 
European cities. This provides information on the effectiveness and generalisability of a 
coordinated preventive care approach in various European settings. With the use of a uniform 
questionnaire and measurements we were able to apply the same evaluation design in all 
cities and there were few missing data. There were also some limitations. First, although 
we almost reached our targeted sample size for the intervention group, we did not for the 
control group. Especially in Pallini and Rotterdam there were difficulties including persons 
in the control group despite attempts to boost participation. Selective inclusion cannot be 
excluded, although differences between control group and intervention group at baseline 
were small. To account for differences in sample size between cities, we used a multilevel 
modelling approach in analyses. Persons lost to follow-up in the intervention group were 
older and had a lower level of independence compared to persons in the intervention group 
included in the analyses. Therefore, the UHCE approach might have reached a relatively 
healthy group of older persons. Secondly, we applied a non-randomised design, which 
makes results subject to confounding variables. However, differences between persons in 
the control and intervention group at baseline were small. Third, whereas the UHCE project 
initially aimed to make use of existing care provisions, this was not always possible in all 
settings. This may have impacted the acceptability of the UHCE approach, especially in cases 
where health staff was newly employed, who were unfamiliar to the older participants. 

Conclusions
Our study found promising but minor effects for the use of a coordinated preventive health 
and social care approach for the promotion of healthy ageing of older persons. Future studies 
should further evaluate the effects of coordinated preventive health and social care aimed 
at healthy ageing in diverse European settings. The main challenge is participation in care 
of this vulnerable older population. Therefore, effective strategies are needed to promote 
engagement in care, tailored to the needs of older persons. More research is needed to 
determine the specific effective components of coordinated preventive health and social 
care that contribute to health improvements of older persons.
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Table S5: Mean social and health care use in past 12 months at follow-up and effects of the UHCE approach with 
the control group as reference (N=1844).

Control 
group
N=858

Intervention 
group
N=986

Adjusted  
effect estimates

P value

Mean (SD) Mean (SD) B (95% CI)a

Number visits medical doctor 6.5 (6.5) 6.0 (7.7) -0.25 (-0.90;0.41) 0.463

Days admitted to hospital 1.3 (5.3) 1.5 (6.1) 0.24 (-0.30;0.77) 0.390

Hours/week help household due to health 1.5 (5.3) 1.0 (3.3) -0.39 (-0.75;-0.04) 0.030

Hours/week help self-care 0.4 (2.7) 0.3 (2.6) -0.01 (-0.23;0.20) 0.904

a) Values are derived from random-intercept multilevel linear regression models adjusted for clustering by city and 
adjusted for age, gender, education, living situation and baseline status of the outcome measure. 
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Supplementary Text S1: CREDICI II criteria
First stage: Development

1	 Description of the intervention’s underlying theoretical basis 
The development of the UHCE approach followed an intervention mapping approach. An integral conceptual 
model of frailty was applied, which includes physical as well as social and psychological components and is 
geared towards a multidisciplinary approach.

2	 Description of all intervention components, including the reasons for their selection as well as their 
aims / essential functions 

The general template of the UHCE approach consisted of three stages. In the first stage of the UHCE approach, 
the older person received a health assessment consisting of validated instruments in order to identify 
whether the person had an indication of a need for a follow-up care-pathway. In the second stage of the 
UHCE approach, shared-decision making took place; the results of the assessments (the indications for care-
pathways) were discussed with the older person, a person in charge of care coordination and a physician. 
Shared-decision making was included in order to develop a care plan which was adapted to the preferences of 
the older person, which was thought to promote involvement in care-pathways. In the third stage, as a result 
of the shared decision-making process, a decision on a care plan was made and each participant was referred 
to care-pathways. The care-pathways aimed to promote healthy ageing among the older persons by reducing 
fall risk, inappropriate medication use, loneliness and frailty.

3	 Illustration of any intended interactions between different components 
Interaction stage 1 (indication for care-pathway as a result of the assessment) and stage 3 (care-pathways) by 
stage 2 (shared decision-making and fine-tuning care-plan to the needs of the older person). Results of the 
assessments (the indications for care-pathways) were discussed with the older person, a person in charge of 
care coordination and a physician. Staff encouraged the older person to involve an informal caregiver in the 
shared-decision making process. Shared-decision making was included in order to develop a care plan which 
was adapted to the preferences of the older person, which was thought to promote involvement in care-
pathways. 

4	 Description and consideration of the context’s characteristics in intervention modelling 
The general template of the UHCE approach was adapted to the national standards and context of each of the 
five participating cities. Specific information for each city; on the place and staff involved in the assessment, 
staff who acted as care coordinator, type of care and health staff involved in the care-pathways, is reported in 
Table 1.

Second Stage: Feasibility and piloting 

5	 Description of the pilot test and its impact on the definite intervention 
Focus groups and interviews with main stakeholders (older persons, health and social care professionals, 
caregivers and policy makers) were held to identify their needs and preferences regarding healthy and 
active ageing. This led to the decision to address loneliness as a separate health problem, in addition to 
frailty, fall risk and polypharmacy. In each city, the assessment was piloted in at least five older persons. 
Misinterpretation of questions were identified and minor changes were made.

Third stage: Evaluation 

6	 Description of the control condition (comparator) and reasons for the selection 
Persons in the control group received their usual care. Participants in the control group had access to existing 
care services delivered in the care-pathways, but not to newly developed services. No coordinated preventive 
referral to existing care services and monitoring of health was in place. In all cities except for Pallini, GPs were 
the first point of contact and had a gatekeeper function towards existing care services. In Pallini, GPs were 
scarce and specialist care was directly accessible upon appointment.
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7	 Description of the strategy for delivering the intervention within the study context 
A short standardized assessment form was developed for all cities, which consisted of validated instruments. 
In addition, a uniform logbook was developed for all cities which was kept for each older person who received 
the UHCE approach. In this logbook the care coordinator recorded the outcomes and involvement of the older 
person and health staff in the three stages (assessment, shared-decision and care-pathways) of the UHCE 
approach.

8	 Description of all materials or tools used delivery the intervention 
A short standardized assessment form was developed for all cities, which consisted of validated instruments. 
In addition, a uniform logbook was developed for all cities which was kept for each older person who received 
the UHCE approach. In this logbook the care coordinator recorded the outcomes and involvement of the older 
person and health staff in the three stages (assessment, shared-decision and care-pathways) of the UHCE 
approach. 

9	 Description of fidelity of the delivery process compared the study protocol 
Initially, the UHCE project aimed to make use of or improve existing care available in the communities. 
However, in Pallini, Rijeka and Valencia, the availability of existing care was limited or the referral to existing 
care proved to be difficult. In these cases new care provisions were developed. In two cities; Pallini and 
Valencia, the age of the target population was lowered to 70 years or older due to difficulties encountered 
during the inclusion.

10	 Description of a process evaluation and its underlying theoretical basis
A uniform logbook was developed for all cities which was kept for each older person who received the UHCE 
approach. In this logbook the care coordinator recorded the outcomes and involvement of the older person 
and health staff in the three stages (assessment, shared-decision and care-pathways) of the UHCE approach. 
The results of this logbook, along with the evaluation of other process indicators, were part of the evaluation 
of process components of the UHCE approach, following the Steckler and Linnan framework. This evaluation 
has previously been described in more detail.

11	 Description of internal facilitators and barriers potentially influencing the delivery of the intervention 
as revealed by the process evaluation 

The uptake of care in the Northwest European cities Manchester and Rotterdam was low. In these cities, 
qualitative analyses of logbooks revealed that many older persons reported that they did not enrol in a care-
pathway because they were already involved in other care. Most positive effects of the UHCE approach were 
found in Rijeka, where all persons in the intervention group enrolled in a care-pathway. Possible explanations 
for the high uptake of care in Rijeka were a high morale to engage in activities among participants and regular 
monitoring of the care process by community nurses who had a personal relationship with the participants 
and acted as care coordinator in this study.

12	 Description of external conditions or factors occurring during the study which might have influenced 
the delivery of the intervention or mode of action ( how it works) 

In all cities except for Pallini, GPs were the first point of contact and had a gatekeeper function towards 
existing care services. In Pallini, GPs were scarce and specialist care was directly accessible upon appointment.

13	 Description of costs or required resources for the interventions
No additional monetary incentives were provided to health staff involved in existing care. In the settings 
where new care was developed, staff was hired on a voluntary bases or compensated. No monetary 
incentives were provided to participants. For some of the interventions participants could borrow materials 
needed for the intervention (e.g. tablets).
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Supplementary Text S2: Details of measurement of measures 

General outcome measures of lifestyle, health and quality of life

Healthy lifestyle was measured with one item on physical activity that assessed whether a person engaged in 

activities that require low or moderate energy, two items on smoking that assessed whether a persons smoked 

and the number of cigarettes/cigars or pipes per day, and three items of The Alcohol Use Disorders Identification 

Test (AUDIT-C)[1]. Healthy lifestyle was defined as engaging in activities that require low or moderate energy more 

than once per week, not smoking and no high-risk alcohol use. Frailty was measured with the 15-item Tilburg 

Frailty indicator (TFI)[2], that includes questions on physical, psychological and social components of frailty. Answer 

options of the items are scored one point each if the frailty component is present. Physical frailty was additionally 

measured with the SHARE-Frailty instrument which was developed and validated in a European population[3]. 

The SHARE-frailty instrument consists of 5 items approximating Fried’s frailty definition; exhaustion, weight loss, 

slowness and physical activity and a hand-grip strength measurement. When the hand-grip strength measurement 

was missing, this item was imputed with a question from the TFI on hand-grip strength. Frailty was calculated via 

estimation of a discrete  factor model based on the five items[4]. Malnutrition, a component of physical frailty, 

was measured with the validated Short Nutritional Assessment Questionnaire 65+ (SNAQ-65+)[5]. The SNAQ-65+ 

instrument consists of 3 items on weight loss, appetite and functioning and a measurement of mid-upper arm 

circumference. Malnutrition was present when weight loss was present (person lost 6 kg or 13lbs or more during 

the last six months, or 3kg or 6½lbs or more during the last month) or mid-upper arm circumference was <25 

cm. Level of independence was measured with the Groningen activity restriction scale (GARS)[6], which includes 

18 items on independence of activities of daily living (ADL) and instrumental activities of daily living (IADL). Four 

answer options ranged from ‘yes I can do this activity fully independently’ to ‘ I can do this activity only with 

someone’s help’. Answer options are scored on a 4-point scale; minimum score is 18 and maximum score is 72, 

with higher scores representing a lower level of independence. Severely limited function was measured with the 

one-item Global Activity Limitation Index (GALI)[7]. This item asks about the extent a person is limited in activities 

people usually. Answer options were not/moderately/severely limited and were categorized into severely limited 

and not limited/moderately limited. Health-related quality of life was measured with the 12-item short-form (SF-

12v2), which consists of physical and mental component summary (PCS/MCS) scores[8]. Number of answer options 

differed per question. Mental well-being was measured with the full mental well-being scale of the SF-36[9]. Scores 

of the PCS, MCS and mental-wellbeing instruments range between 0-100; with higher scores representing a higher 

quality of life.

Specific outcome measures applicable to each care-pathway

Fall risk was measured by two items that assessed whether a person had fallen and the number of falls in the 

previous year, a single item that assessed whether or not the person was afraid of falling. Fear of falling was 

also measured by the 7-item Falls Efficacy Scale International (FES-I) short version[10]. This instruments measured 

whether a person is concerned while performing seven daily activities. Answer options were not at all/somewhat/

fairly/very concerned. Answer options are scored on a 4-point scale; minimum score is 7 and maximum score is 

28, with higher scores representing a higher fear of falling. Appropriate medication use was measured with 10 

items of the Medication risk questionnaire (MRQ-10)[11]; a validated tool, developed for use by older persons to 
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identify who is at increased risk of potentially experiencing a medication-related problem. Answer options of the 

items are scored one point each if the medication risk component is present. Loneliness was measured with the 

short 6-item version of the Jong Gierveld loneliness scale[12], that assesses the degree of what one wants and 

what one has in terms of interpersonal affection and intimacy. Answer options were yes/somewhat/no and were 

scored on a 3-point scale; minimum score is 6 and maximum score is 18; with higher scores representing a higher 

level of loneliness.
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ABSTRACT

Background
There is increasing interest for primary care interventions for older persons that offer 
coordinated preventive care and integrate health and social care services. However, there is 
a lack of knowledge on how such interventions are implemented and which older persons 
are reached in coordinated preventive care. The Urban Health Centres Europe (UHCE) 
approach was a coordinated preventive care approach that integrated health and social care 
services aimed at promoting healthy ageing among older persons in European cities. 

Objectives
We aimed to examine how the UHCE approach was implemented, which persons were 
reached and what their experience was with the approach. 

Design
Mixed-methods design to evaluate specific process components of the UHCE approach; 
context, reach, dose delivered and received, and satisfaction.

Settings
Community settings in five cities in the United Kingdom, Greece, Croatia, the Netherlands 
and Spain.

Participants
Community-dwelling older persons who received the UHCE approach (N=986) and a subset 
of professionals who were involved in the UHCE approach (N=23).

Methods
Quantitative and qualitative data from logbooks, a questionnaire and focus-groups were 
collected among older persons who received the UHCE approach. Qualitative data from 
focus-groups were also collected among care professionals who participated in the UHCE 
approach. 

Results
The place of assessment, type of care-pathways and staff involved in the UHCE approach 
differed among the five participating cities. Limited function was associated with non-
enrolment in two care-pathways (P<0.01). The mean rating of the UHCE approach was 8.3 
(SD=1.9) out of 10. Feeling supported by a care professional was mentioned as a benefit for 
older persons. Mistrust towards unfamiliar care providers and lack of confidence to engage 
in care activities were mentioned as barriers towards engagement in care.



Conclusions
Implementation of coordinated preventive care interventions for older persons is strongly 
dependent on the context. Care activities that require transport or a higher level of 
activity might not reach older persons who are limited in their functioning and should be 
adapted for this group. It is furthermore important for care professionals to build a trusted 
relationship with their older clients and focus on psychosocial barriers that might affect 
their care decisions.
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BACKGROUND

Europe has the highest proportion of persons over 65 years compared to any other 
continent1. Multi-morbidity; the co-occurrence of two or more diseases, increases with age 
and has become a large problem in Europe2 3. Older persons are the majority users of health 
and social care services4-6. This poses a challenge for healthcare systems. As the number of 
older persons is increasing, there will be relatively fewer beds available in inpatient care 
facilities, such as hospitals, nursing homes or care homes. In addition, most older persons 
prefer to live independently as much as possible, receive care at home and die at home7 8. 
Because of this, it is important to have a well-functioning primary care system that supports 
older persons in living independently for as long as possible. Primary care interventions for 
older persons that offer coordinated preventive care and integrate health and social care 
services could answer both older persons’ and societies’ needs9 10. Coordinated preventive 
care interventions for older persons often include a multidimensional assessment of health 
and multidisciplinary coordinated follow-up care11-14. Care coordination is typically done by 
a nurse or practice assistant to alleviate the workload for the general practitioner.

Coordinated preventive care interventions for older persons are considered to be complex 
to carry out, because they consist of multiple interconnecting parts and involve multiple 
care professionals15. However, studies often do not report how interventions are carried 
out, such as the specific context in which the intervention is implemented and whether 
the intervention is implemented as planned16. Therefore there is a lack of knowledge on 
how interventions are implemented and which older persons are reached in coordinated 
preventive care. Steckler and Linnan have developed a framework to study specific 
components of process evaluation for public health interventions17 18. In this framework, 
specific components which are evaluated include: the context in which the intervention is 
implemented, reach of the target population, dose of the intervention actually delivered to 
and received by participants, and satisfaction of main stakeholders with the intervention17. 
The Stecklar and Linnan framework is recommended for the development and reporting 
of complex interventions because it provides transparency about the delivery of the 
intervention19. Evaluation of process components may increase the understanding of the 
implementation of and persons reached by coordinated preventive care for older persons 
in diverse settings.

Objective
The Urban Health Centres Europe (UHCE) approach was a preventive coordinated care 
approach aimed at improving the healthy lifestyle, health and quality of life of older European 
persons20. The UHCE approach included a preventive multidimensional assessment of health 
risks and, if indicated, coordinated follow-up health and social care pathways. Results on 
the effects of the UHCE approach for older persons in five European cities are currently 
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in press21. The UHCE approach showed promising, but minor positive effects in tackling 
recurrent falls and frailty and promoting physical health-related quality of life and mental 
well-being compared to care as usual. In the current study, we aimed to evaluate process 
components of the UHCE approach by applying the framework developed by Steckler and 
Linnan. The following research questions will be answered: 

1)	 In what context was the intervention template implemented?
2)	 Which population did the UHCE approach reach? 
3)	� What dose of the intervention was actually delivered to and received by 

participants? 
4)	� What was the satisfaction and experience of the main stakeholders involved in the 

UHCE approach? 

METHODS

Intervention template
A general template for the UHCE approach intervention has been previously described20 21. The 
UHCE approach was specifically targeted at fall risk, appropriate medication use, loneliness 
and frailty. The development of the UHCE approach followed an intervention mapping 
approach22. An integral conceptual model of frailty was applied, which includes physical 
as well as social and psychological components and is geared towards a multidisciplinary 
approach23. The general template of the UHCE approach consisted of three stages. The first 
stage of the UHCE approach consisted of a health assessment of fall risk, polypharmacy, 
loneliness and frailty in order to identify whether he/she had an indication of a need for a 
follow-up care-pathway. A short standardized assessment form was developed for all cities, 
which consisted of validated instruments. For assessment of fall risk, a validated protocol 
developed by the Dutch safety research institute was included24. Assessment of polypharmacy 
followed the common definition of using of five or more different medicines25, in addition 
difficulty in taking medications as prescribed was assessed26. Assessment of loneliness 
made use of the social subscale of the Tilburg Frailty Indicator27 and if loneliness was 
indicated further assessment with the Jong-Gierveld loneliness scale was recommended28. 
For the assessment of frailty, the Tilburg Frailty indicator was included27. In each city, the 
assessment was piloted in at least five older persons. Misinterpretation of questions were 
identified and minor changes were made. The second stage of the UHCE approach consisted 
of shared-decision making. Shared-decision making was included in order to develop a 
care plan which was adapted to the preferences of the older person, which was thought 
to promote involvement in care-pathways. It was recommended to discuss results of the 
assessment between the older person, the person in charge of care coordination and the 
physician and to encourage the older person to involve an informal caregiver in the shared-
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decision making process. The third stage of the UHCE approach consisted of referral to care-
pathways. As a result of the shared decision-making process, a decision on an individualized 
care plan was made and each participant was referred to care-pathways according to their 
indication. In the UHCE template, evidence-based interventions for each care-pathway were 
recommended, which were identified in the literature search. The main care-pathways 
were: 1) fall prevention actions; recommended evidence-based interventions were home-
based exercise programmes, group exercise programmes and multifactorial assessment 
and intervention programmes, 2) actions addressing polypharmacy (adherence and/or 
appropriate prescribing actions); recommended evidence-based interventions focused on 
self-monitoring programmes to improve adherence and/or multifaceted pharmaceutical 
care for appropriate prescribing, 3) actions addressing loneliness; recommended evidence-
based interventions were social activities and/or support within a group format, and 
4) frailty/medical action; recommended evidence-based interventions included group 
exercise programmes and multidisciplinary care. Additionally in this care-pathway, other 
medical care which did not fall under care-pathways 1-3 could be given when the healthcare 
provider deemed this necessary. The care coordinator was asked to monitor the progress 
of each individual care plan under the supervision of a physician. Follow-up visits could 
be scheduled if needed. The general template of the UHCE approach was then adapted to 
the national standards and context of each of the five participating cities. The study was 
registered in the ISRCTN registry under number ISRCTN52788952.

Design
For the purpose of the current study, we studied the intervention group. We applied a mix 
of quantitative and qualitative data collection methods based on the theoretical framework 
for public health interventions as developed by Steckler and Linnan to evaluate process 
components of the UHCE approach17 18. Specific process components which were evaluated 
included: the context in which the intervention was implemented, reach of the target 
population, dose of the intervention actually delivered and received by participants, and 
satisfaction and experience of main stakeholders with the intervention17. The study was 
conducted between May 2015 and June 2017.

Participants
Older persons 
In each city, the initial target population of the UHCE approach consisted of persons living 
independently, aged 75 years or older, who were, according to their physician, able to 
participate in the study for at least 6 months. Persons were not eligible to participate if they 
were not able to comprehend the information provided in the local language or if they were 
not able to cognitively evaluate the risks and benefits of participation and were not expected 
to be able to make an informed decision regarding participation in the study, according 
to their physician. In two cities; Pallini and Valencia, the age of the target population was 
lowered to 70 years or older due to difficulties encountered during the recruitment period.
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Professionals
In each city, health and social care professionals participated in the UHCE approach. Care 
decisions were made by a physician, together with the care coordinator, older person and 
sometimes an informal caregiver (e.g. partner or family member). Other professionals 
involved in the care-pathways were physiotherapists, occupational therapists, physical 
educators, psychologists, social workers, pharmacists and volunteers; depending on the 
context of the local setting.  

Data collection
Data collection measures consisted of a mix of quantitative and qualitative methods. Table 
1 presents an overview of process evaluation components for each study question and the 
way these were measured in the study.

Table 1: Components of the process evaluation, related research questions and method of measurement

Component Research question Measurement
Log books Focus 

groups
Questionnaire Other*

Context In what context was the intervention 
template implemented?

X

Reach Which population did the UHCE approach 
reach?

-	 How many persons accepted to 
participate in the UHCE approach?

X

-	 What were characteristics of persons 
who were lost to follow-up between 
baseline and follow-up?

X

Dose 
delivered and 
received

What dose of the intervention was actually 
delivered to and received by participants?

-	 To what extent were three stages 
of the UHCE approach (assessment, 
shared-decision making, care-
pathways) delivered to older persons?

X

-	 What were factors associated with 
non-enrollment in care-pathways?

X

-	 What were reasons for non-
enrolment in care-pathways?

X

Satisfaction 
and 
experience

What was the satisfaction and experience 
of the main stakeholders involved in the 
UHCE approach?
-	 Were older persons satisfied with the 

UHCE approach?
X

-	 What benefits, barriers and 
improvements did older persons and 
health professionals report?

X

*Context was measured by structured forms; number of persons reached was recorded in project registries. 
Abbreviations; UHCE=Urban Health Centres Europe
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Logbooks
A uniform logbook was developed for all cities. This logbook was kept for each older person 
that received the UHCE approach (N=986). This logbook included delivery and involvement 
of the older person in the three different stages of the UHCE approach: 1. Whether or not 
a health assessment took place and whether the participant had an indication for any care-
pathways, 2. Whether or not shared decision making took place, and 3. Whether or not 
the participant followed any care-pathways and if not, reason for not following any care-
pathways. At least after 6 months, the care coordinator recorded (if needed telephone 
contact with the participant or responsible health care provider was sought) whether these 
different stages of the UHCE approach were delivered. The paper participant logbooks were 
entered into an electronic data-entry form by research staff. Electronic data were checked 
for missing or incorrect data. If needed, responsible staff were contacted for clarification. 

Questionnaire
A self-report questionnaire was administered to all older persons at baseline and at follow-
up after 12 months (N=986). The questionnaire was developed in English and translated into 
local languages if no validated translation was already available in the literature. Items were 
translated into the local languages and backward into English. Backward English translations 
were discussed among the study team and translation was adapted when needed. In 
each city, the questionnaire was piloted in at least five older persons. Misinterpretation of 
questions were identified and minor changes were made. Age (in years), sex, living situation 
(alone/not alone), education level, function and mental health were assessed in the baseline 
questionnaire. Education level was measured by asking the highest level of education 
completed and categorised according to the 2011 International Standard Classification of 
Education (ISCED) into ‘lower’ (ISCED 0-2) and ‘higher’ (ISCED 3-8)29. Function was measured 
with the one-item Global Activity Limitation Index (GALI) and categorised into ‘limited’ 
(moderately or severely limited) and ‘not limited’30 31. Poor mental health was measured 
with the full 5-item mental well-being scale of the SF-36 (MHI-5)32. The MHI-5 measures 
nervousness, downheartedness and feeling sad, jollity, calmness and happiness using a 
Likert scale (range 1–6). Mental health was categorized into ‘poor mental health’ (score≤52) 
and ‘good mental health’ (score>52)33. Satisfaction with the UHCE approach was measured 
in the follow-up questionnaire. Four items measured whether persons agreed on being 
satisfied with each of the three UHCE stages. Answers were categorized into ‘agree/strongly 
agree’ and ‘neither agree nor disagree/disagree/strongly disagree’. A final question rated 
person’s satisfaction with the full UHCE approach on a scale from 1 to 10. 

Focus groups
Focus groups were held around the time of the follow-up assessment (12 months after 
baseline). Semi-structured focus group guides were developed which included probe 
questions on experiences with the three different stages of the UHCE approach; the benefits 
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and barriers encountered and improvements that could be made. In each city we organised 
one focus group with four to six older persons and informal caregivers; except in Manchester, 
where we organized two focus groups with four older persons and one informal caregiver 
each. Older persons and caregivers involved in the focus groups were selected when they 
were physically and mentally able to participate in the focus group and enrolled (or when 
the person they cared for enrolled) in at least one care-pathway. In each city we organized 
one focus group with four to six social and health care professionals (general practitioners, 
nurses, physical therapists, occupational therapists, pharmacists, social workers) involved in 
the UHCE approach. In Manchester, an in-depth interview was held with two professionals 
involved in UHCE. In total: 26 older persons, four informal caregivers and 23 professionals 
were interviewed in the focus groups and in-depth interview. The focus group discussions 
and in-depth interview were recorded, transcribed into the local language and translated 
into English where appropriate. 

Data analysis
Quantitative data on dose delivered in three stages of the UHCE approach as reported 
in the logbooks and satisfaction with the UHCE approach as reported in the follow-up 
questionnaires were summarised using descriptive statistics (frequencies, means and 
percentages). We analysed factors associated with non-enrolment among persons who 
enrolled in a specific care-pathway (falls, polypharmacy, loneliness and frailty/medical) and 
persons who did not enrol in that care-pathway but had an indication to receive that care-
pathway. For this, a multilevel modelling approach was used, taking into account clustering 
effects at city-level. Four multilevel logistic regression models were built (one for each care-
pathway) to analyse the association of factors (age, sex, living situation, education level, 
function and mental health) with non-enrolment. We corrected the effect estimates of 
multilevel analyses for all factors. 

Thematic analysis of focus-group data and reasons why persons did not enrol in a care-
pathway as reported in the logbooks was done using a pre-defined coding framework which 
was developed through discussion and consensus among the research team34. Focus group 
transcripts and reasons why persons did not enrol in a care-pathway as reported in the 
logbooks were read multiple times and coded into overarching themes by two independent 
researchers (CF and XZ). If discrepancy in coding between the two researchers existed, the 
codes were discussed among the researchers until consensus was reached. We considered 
a P-value of 0.05 or lower to be statistically significant. All quantitative analyses were 
performed using SPSS version 23.0 (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp).
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RESULTS

Context
The place of assessment, type of care-pathways, staff involved and context of each of the 
five participating cities and are described in more detail in Table 2. In all cities, except for 
Pallini, general practices were involved in the UHCE approach. In Pallini, the UHCE approach 
was provided by a health team from the municipal health centre newly employed for 
this study. The health assessment took place at the person’s home in all cities except for 
Pallini, where the assessment took place at a community centre. Care coordination was 
performed by nurses in three settings and by trained assistants under the supervision of 
a general practitioner in two settings. In Rotterdam and Manchester, the UHCE approach 
made use of existing care interventions. In Rijeka and Valencia, some new care provisions 
were developed and in Pallini all care provisions were newly developed. Falls care-pathways 
varied among settings, including group-based exercise programs, home adjustments and 
physiotherapy. In Rijeka and Valencia persons who had a frailty indication were also offered 
to enrol in the falls care-pathway. In Rijeka and Pallini, the polypharmacy care-pathway 
included a self-managed medication adherence application. In the other settings, persons 
entering this care-pathway received a medication review by a pharmacist. The loneliness 
care-pathway included group-based activities and support groups. No additional monetary 
incentives were provided to health staff involved in existing care. In the settings where new 
care was developed, staff was hired on a voluntary bases or compensated. No monetary 
incentives were provided to participants. For some of the interventions participants could 
borrow materials needed for the intervention.
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Reach, dose delivered and received 
Overall, 2,825 persons were invited to participate in the UHCE approach and 1,215 persons 
(43.0%) accepted the invitation and completed the baseline health assessment (Table 3). 
Of these persons, 986 persons (81.2%) completed the follow-up questionnaire at 12-month 
follow-up. A comparison of persons included at follow-up (N=986) with persons who dropped 
out of the study after baseline (N=229) did not indicate significant differences in terms of 
sex (P=0.164), living situation (P=0.519), function (P=0.593) and mental health (P=0.463). 
However, persons who dropped out of the study after baseline were older (P<0.001) and 
lower educated (P=0.001).

Of the 986 persons who received the UHCE approach, according to the UHCE template; 
502 persons (50.9%) had an indication to follow the falls care-pathway, 495 (50.2%) had 
an indication to follow the polypharmacy care-pathway, 280 (28.4%) had an indication to 
follow the loneliness care-pathway and 532 (54.0%) had an indication to follow the frailty 
care-pathway (Table 3). Indications for care-pathways, as reported in logbooks differed from 
those proposed in the UHCE template. More persons had an indication for the falls and 
loneliness care-pathways and less persons for the polypharmacy and frailty care-pathways. 
Shared-decision making was done with 969 (98.3%) of participants. In total, 520 persons 
(53.6%) enrolled in any care-pathway during the UHCE study. Enrolment in any care-pathway 
varied between 99.5% in Rijeka to 14.6% in Rotterdam. Most persons; 278 (28.6%) enrolled 
in the falls care-pathway, followed by 223 persons (23.0%) enrolled in the loneliness care-
pathway, 130 persons (13.7%) enrolled in the polypharmacy care-pathway and 94 persons 
(9.9%) enrolled in the frailty/medical care-pathway.

Factors associated with non-enrolment in care-pathways among older persons involved in 
the UHCE approach are presented in Table 4. Limited function was positively associated 
with non-enrolment in the falls and loneliness care-pathways (p<0.01). Female gender was 
positively associated with non-enrolment in the polypharmacy care-pathway, but negatively 
associated with non-enrollment in the loneliness care-pathway (p<0.05).
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The reasons older persons reported for why they did not enroll in care-pathways are 
presented in table 5. Of the 466 persons who were non-enrolled, 326 had an indication 
for a care-pathway according to the logbooks. Of those, 173 persons reported a reason 
for non-enrolment. Most of these persons (28.3%) reported that they wanted to deal with 
health problem themselves. Other reported reasons were lack of willingness (27.2%), 
already being involved in other care or exercise (22.0%) and health problems preventing 
participation (11.6%). 

Table 5. Reasons participants reported why they did not enroll in care-pathways (N=173)

Reason reported* N (%)

Wants to deal with it themselves 49 (28.3)

Does not want 47 (27.2)

Involved other care or exercise 38 (22.0)

Health problems prevent participation 20 (11.6)

Interested but not yet applied 15 (8.7)

Feels too healthy 9 (5.2)

Too far/transportation difficulties 9 (5.2)

Too busy to participate 6 (3.5)

Moved 2 (1.2)

Care for someone, too busy 2 (1.2)

*Multiple reasons could be reported per person

Satisfaction and experience UHCE approach
Satisfaction with the UHCE approach among older persons is reported in Table S1. Persons 
were generally satisfied with the UHCE approach. Overall, 82.1% of persons in all cities felt 
they had benefitted from the health assessment and 85.4% of persons felt it was worth the 
time and effort. The mean rating of the UHCE approach was 8.3 (SD=1.9) out of 10, ranging 
from 6.5 (SD=2.4) in Pallini to 9.3 (SD=1.2) in Manchester.

In the focus groups, several benefits of the UHCE approach for older persons were 
mentioned by both older persons and professionals. They mentioned that older persons 
valued the feeling that someone looked out for them; either the care coordinator or care 
professionals in the care-pathways. Another benefit which was mentioned by both older 
persons and professionals was that the group-based care-pathways of UHCE had given older 
persons involved in these activities the opportunity to meet other people. An older woman 
in Valencia mentioned that the social support group had helped her to open up to people. 
Older persons and professionals from several cities also mentioned that results from the 
assessment and contact with care professionals had motivated older persons to take action 
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regarding their health. Some benefits for care professionals were also mentioned in focus 
groups with care professionals. Using a structured approach in preventively recording older 
person’s health was valued. Care professionals in Rotterdam mentioned that this aided 
them in future care decisions, because they were able to look back in the records.

Some barriers and recommendations were mentioned in focus groups by both older 
persons and care professionals. One of the main barriers towards engagement in care that 
was mentioned in all cities was mistrust among older persons towards unfamiliar care 
professionals and activities. Several care professionals stressed the importance of building 
a trusted relationship with their clients. A geriatric nurse in Rotterdam mentioned the 
importance of long-term investing in the relationship and repeating of health promotion 
messages. Feeling embarrassed or lacking confidence about engaging in activities was 
also mentioned as a barrier to engage in care by several older persons. An older woman in 
Manchester mentioned that after she fell down, she lacked the confidence to go out alone. 
An older man in Pallini mentioned he felt uncomfortable about sharing his feelings in a 
group. Another barrier towards participation in activities mentioned in several cities were 
health constraints. A recommendation that was made by care professionals in Rijeka, was 
to further adapt preventive care activities to needs of specific groups of older persons such 
as persons with chronic illnesses. In cities where activities were not embedded in existing 
care, both older persons and care professionals expressed the desire to continue activities 
beyond the project. In Rijeka and Rotterdam, care professionals reported unfamiliarity in 
collaborating with social care professionals. Care professionals in Rijeka suggested that 
meetings with health and social care professionals could be organized in order to improve 
collaboration. Time constraints were also mentioned as a barrier by care professionals in 
several cities.

DISCUSSION

In this study, we examined how a coordinated preventive social and health care approach 
aimed at healthy ageing was implemented, which persons were reached and their 
experience with the approach. We found that the context of implementation varied 
between the European settings. Limited function was associated with non-enrolment for 
falls and loneliness pathways. Feeling supported by a care professional was mentioned as a 
benefit for older persons. Mistrust towards unfamiliar care providers and lack of confidence 
to engage in certain care activities were mentioned as barriers.

The implementation of the UHCE template was strongly dependent on availability of staff 
and services in the local communities of the five European cities. Although most cities 
worked with GP practices, this was not possible in Pallini because GP services were limited. 
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Greece has one of the lowest numbers of GPs with 1 per 2500 inhabitants compared to The 
Netherlands with 1 per 650 inhabitants35. The extent of integration of the UHCE approach 
within the existing care system also differed among cities. In some cities, the availability of 
existing care was limited or the referral to existing care proved to be difficult. This could 
have impacted on the sustainability of the UHCE approach, in fact, participants mentioned 
they wished activities would continue beyond the project. Typical models for coordinated 
preventive care for older persons 36-39, which work with GPs and include various social and 
health services might be difficult to implement in certain European settings. Differences 
in the implementation of the UHCE approach was also reflected by differences in health 
assessment indications between the original template and used by some cities. These 
cities reported sometimes using additional instruments or basing decisions on further 
clinical judgement. Further cross-cultural adaptation and validation of health assessment 
instruments could improve medical decision-making, such as has been done for the Tilburg 
Frailty Indicator in some countries40 41.

In a previous study we found minor effects of the UHCE approach on the lifestyle, health 
and quality of life of older persons and hypothesized that this was due to only around half of 
the persons in the intervention group enrolling in care-pathways21. Results from the current 
study imply that persons in poor health might have enrolled less often. Interventions in the 
falls and loneliness care-pathways required persons to move to the training location and 
included active activities such as balance and strength training or social group activities. 
Persons who were limited in function might have not been able to participate in these 
activities. In most cities, care in the frailty and polypharmacy care-pathways consisted of 
further assessment or referral to other care services. So these pathways required a less 
active involvement of older persons. Future interventions should develop strategies to reach 
older persons with limited functioning. Further adapting interventions to needs of groups 
with specific health problems were recommended by care professionals in this study. This is 
supported by findings from a large meta-analysis of complex care interventions which found 
no benefits of any specific type of intervention and recommended tailoring of interventions 
to client needs42. 

Older persons were generally satisfied with the UHCE approach. A benefit for older 
persons was feeling that a care professional looked out for them. Feeling supported by and 
experiencing a better relationship with the care provider has also been reported in other 
coordinated care interventions 43-45. Trust appears to be the foundation of the relationship 
between care provider and older person and impacts on the acceptance of offered care46-

48. Also in our study, mistrust among older persons towards unfamiliar services and care 
providers was the main barrier towards participation in care. Psychosocial reasons were 
also a barrier towards care uptake in our study. Some older persons did not want to engage 
in activities that could put them in awkward social situations. Others did not feel confident 
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enough to travel to activity locations because they were afraid of falling. It is therefore 
important for care professionals to focus on these psychosocial factors that influence care 
decisions. Even more so, because older persons themselves appear to prefer that care 
professionals focus on their psychosocial context48.  

Strengths and limitations
The main strength of our study is that we did an extensive evaluation of process components 
based on a theoretical framework proposed by Stecklar and Linnan17. By combining 
quantitative and qualitative methods we were able to triangulate some important study 
findings. This study also has some limitations. First, logbooks were completed by staff 
involved in the UHCE approach. This might have caused a bias and positive reporting of 
the execution of logbook components. For example, cities reported that shared-decision 
making was done in almost 100% of cases. However, it was unclear how and to what extent 
the older person was involved in this process. Perhaps the definition of shared-decision 
making has been interpreted differently by cities. Secondly, older persons included in the 
focus groups might have been those that were most positive about the UHCE approach as 
these persons were selected by care professionals involved in the study. Third, there were 
many missings for the questions on satisfaction of the UHCE approach. Persons who did not 
reply to some of these questions could have thought these questions were not applicable 
to them or were the persons who were less involved in the UHCE approach. The responses 
could have therefore been biased towards the more active participants who might have 
been more positive about the UHCE approach. Last, we did not include a representative 
number of informal care-givers in the focus groups. Having the perspective of this group of 
stakeholders would have strengthened our findings.

Conclusions
Implementation of coordinated preventive care interventions for older persons is strongly 
dependent on the context. Care activities that require transport or a higher level of activity 
might not reach older persons who are limited in their functioning and should be adapted 
for this group of older persons. Mistrust towards unfamiliar care providers and lack of 
confidence to engage in certain care activities are main barriers towards engagement in 
care among older persons. It is therefore important for care professionals to build a trusted 
relationship with their older clients and focus on psychosocial barriers that might affect 
their care decisions.
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SUPPLEMENTAL MATERIAL

Table S1. Satisfaction among older persons with the UHCE approach

Satisfaction statements Total Manchester Pallini Rijeka Rotterdam Valencia

Agree or strongly agree; n/N (%)

I can benefit from the health 
assessment

630/767 
(82.1)

167/212 
(78.8)

76/104 
(73.1)

194/221 
(87.8)

13/23 
(56.5)

180/207 
(87.0)

The health assessment was worth 
the time and effort

650/761 
(85.4)

189/211 
(89.6)

74/99 
(74.7)

192/221 
(86.9)

15/23 
(65.2)

180/207 
(87.0)

I had a say in decisions about my 
health	

372/474 
(78.5)

2/3 
(66.7)

65/97 
(67.0)

199/221 
(90.0)

16/23 
(69.6)

90/130 
(69.2)

I am satisfied with the care I 
received 

433/532 
(81.4)

5/5 
(100)

75/111 
(67.6)

191/221 
(86.4)

15/23 
(65.2)

146/171 
(85.4)

Scale 1-10; mean±SD

I am satisfied with the UHCE 
approach (scale 1-10)

8.3±1.9 9.3±1.2 6.5±2.4 8.3±1.8 7.9±0.9 8.8±1.5

* Missing/not applicable: Benefit from health assessment=219; Worth time and effort=225; Results discussed with 
me=622; Had a say in decisions=512; Satisfied with care=454; Satisfied UHCE approach=188. 





General discussion

Chapter 8





GENERAL DISCUSSION	 173

8

The aims of this thesis were twofold. Firstly, this thesis aimed to study the variation in 
indicators of healthy ageing among populations in Europe. More specifically, variation in 
frailty according to socioeconomic status and ethnic background and between-country 
variation in falling and fall risk were studied. The second aim was to evaluate the effects and 
process components of a coordinated preventive care approach aimed at promoting healthy 
ageing among older persons in Europe.

In this chapter the main findings of the studies reported in this thesis will be discussed. 
The methodological issues that could have affected these findings will then be addressed. 
Finally, recommendations for future research and implications for policy and practice will 
be specified.

8.1 Main findings and interpretation 

What is the association of socioeconomic status and ethnic background with frailty 
among older persons in the Netherlands?
Data of The Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-
MDS) in the Netherlands were analysed to study the association of socioeconomic status 
and ethnic background with frailty and frailty components. Frailty was measured with a 
validated Frailty Index, which consisted of six components: morbidities, activities of daily 
living, instrumental activities of daily living, health-related quality of life, psychosocial health 
and self-rated health. In Chapter 2, the associations of socioeconomic status (education 
level and neighbourhood socioeconomic status) with frailty and frailty components among 
community-dwelling older persons in the Netherlands were studied. The results showed 
that older persons who had primary or secondary education were frailer compared with 
older persons who had tertiary education. Persons living in neighbourhoods with the 
lowest socioeconomic status (lowest quartile) were frailer compared with persons living 
in neighbourhoods with the highest socioeconomic status (highest quartile). In Chapter 
3, the association of ethnic background (Dutch, Indonesian, Surinamese, Moroccan or 
Turkish) with frailty and frailty components among community-dwelling older persons in 
the Netherlands was studied. Persons with a Turkish, Moroccan or Surinamese background, 
were frailer compared with persons with a Dutch background. There were no significant 
differences in frailty between persons with an Indonesian background compared with 
persons with a Dutch background. 

Our study, as well as other studies confirm that socioeconomic disadvantage is an important 
factor associated with a higher level of frailty among older persons 1-4. These inequalities in 
frailty could arise because of an accumulation of health risks; such as mental and physical 
health problems, over the life course. Chronic diseases and multimorbidity are more 
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prevalent among middle aged persons with a low socioeconomic status and persons from 
ethnic minority groups5 6. In our study we found that the number of morbidities moderately 
to strongly contributed to educational inequalities in frailty. A Scottish study found a high 
level of mixed mental and physical conditions among the most deprived particularly at earlier 
age6. A Dutch study showed that psychiatric diseases are more common among Turkish 
and Moroccan immigrants and diabetes is more common among Surinamese immigrants 
compared with persons with a Dutch background5 7 8. These factors along with other 
factors we did not study, such as smoking, low exercise level and low social participation 
are likely associated with a high level of frailty among socioeconomically disadvantaged 
groups6 9 10. Among immigrant groups, other factors such as poor healthcare experience and 
discrimination have been reported and could also play a role in the development of health 
problems and frailty11-13. Communication with health care providers can be challenging and 
care is often not adapted to specific needs of immigrant groups14. 

We found inequalities in frailty and frailty components according to education level and 
neighbourhood socioeconomic status even among the youngest old, aged 55-69 years. 
Persons with only primary education level or living in the most deprived neighbourhoods 
appear to become frail at a relatively early age15. The sample of persons with a Surinamese, 
Moroccan or Turkish background was relatively young compared with persons with a Dutch 
background and had a high level of frailty. This was also found in another Dutch study7. 
It is unclear whether these inequalities in frailty become increasingly larger at older age. 
Longitudinal research shows contradicting findings, depending on the indicator by which 
socioeconomic status and health is measured16 17.  We found smaller socioeconomic 
inequalities among older-old, which is more often found in cross-sectional research and 
could be due to a healthy survivor effect18-21. 

What is the rate of falling and intrinsic fall risk among older persons in Europe and can 
between-country variation in falling be explained by intrinsic fall risk? 
To study the variation in falling and fall risk across European countries data of the Survey 
of Health, Ageing and Retirement in Europe (SHARE) were used. This study was described 
in Chapter 4. The results of this study showed that there is a considerable variation in the 
rate of falling between European countries. Persons in Switzerland, Denmark, Sweden 
and Austria reported relatively few falls compared with the other countries and persons 
in Estonia, France, Spain and the Czech Republic reported the most falls. We found that 
the between-country variation in falling could indeed largely be explained by the between-
country variation in the prevalence of intrinsic fall risk factors.

To our knowledge our research was the first to study between-country differences in falling 
and fall risk. Literature has focused on geographical differences in limb fractures and has 
found that hip fracture rates are highest in Scandinavian countries22-24, which appears to 
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contradict our findings. However, a hip fracture arises predominantly from the combination 
of a fall and low bone density, but the literature is inconclusive about the contribution of 
either one to the hip fractures 25-27. It could be that a low bone density due to a Vitamin D 
deficiency is a strong contributor to a bone fracture in Scandinavian countries24. Furthermore, 
data from studies on geographical differences in limb fractures have come from hospital 
registers, which include institutionalised elderly as opposed to our study which includes 
community-dwelling older persons22 23. 

Socioeconomic factors likely explain the found differences in falling and fall risk between 
countries in our study. Important socioeconomic indicators such as the wealth and 
expenditure on elderly care differ between the countries in our study28. 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 shown15 28-30. Our findings highlight the countries which could prioritise 
fall prevention strategies in particular. Fall prevention strategies such as exercise programs, 
multifactorial fall prevention strategies and home safety interventions have shown to be 
effective in reducing falls31-33. Former research has furthermore shown that home safety and 
improvement interventions are especially effective in populations with a high intrinsic fall 
risk32. 

What are the effects of a coordinated preventive care approach on the lifestyle, health 
and quality of life among older persons in Europe and how does this approach perform 
in terms of process components?
To promote healthy ageing among older persons, a coordinated preventive health and social 
care approach, Urban Health Centres Europe (UHCE), was developed and implemented in 
five European cities (Greater Manchester, United Kingdom; Pallini, Greece; Rijeka, Croatia; 
Rotterdam, the Netherlands; and Valencia, Spain). A pre-post controlled trial was conducted 
to evaluate the effects of the UHCE approach on the lifestyle, health and quality of life of 
older persons in these cities. Process components were evaluated alongside the effects 
of the UHCE approach. Participants in the intervention group received care according to 
the UHCE approach and participants in the control group received care as usual. The UHCE 
approach consisted of a multidimensional health assessment and, if a person was at-risk, 
coordinated care-pathways targeted at fall risk, appropriate medication use, loneliness and 
frailty. The design and evaluation of this approach were described in Chapter 5, 6 and 7. 
The UHCE approach showed minor positive effects in tackling recurrent falls and frailty and 
promoting physical health-related quality of life and mental well-being compared with care 
as usual. The context of implementation varied strongly between the European settings. 
Although satisfaction was high, several barriers towards engagement in care were identified.
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Several systematic reviews have been done on the effects of coordinated preventive care 
interventions for older persons34-38. Some systematic reviews report favourable effects on 
falls, functional decline, nursing home admissions and mortality34-36, but others do not37 38. 
The evidence regarding the effects on quality of life has been reported to be of relatively low 
quality37. Coordinated preventive care approaches have been criticised to be a black box, 
because the specific contents of the intervention are largely unknown or underreported39. 
An analysis of nine complex care interventions showed that the evaluation of certain aspects 
was rarely done: context, intervention fidelity and adaptation to the implementation 
context, and training for those delivering the intervention39. A main reason for the minor 
and mixed effects found for the health of older persons in our and other studies could be a 
low enrolment and engagement in care among older persons involved. In our study, around 
half of the persons who received the UHCE approach enrolled in a care-pathway. We found 
that persons in poor health enrolled less often. For older persons, poor health and mobility 
problems can be barriers to engagement in care interventions40 41. Mistrust among older 
persons towards unfamiliar services and care providers was another main barrier towards 
participation in care in our study. Trust appears to be the foundation of the relationship 
between care provider and older person and impacts on the acceptance of offered care42-44.
 
Coordinated preventive care interventions in primary care such as the UHCE approach usually 
include a multidimensional frailty assessment. Although the benefits of frailty assessments 
are recognised, there is still debate on which instrument is most appropriate45. The ability 
of frailty instruments to predict mortality is moderate46. Therefore, using frailty instruments 
as a strict diagnostic test for frailty and adverse outcomes has limitations. However, clinical 
judgement alone is also found to be inappropriate to identify frail older persons47. General 
practitioners are used to focus on specific diseases and not on frailty as a multicomponent 
condition. General practitioners have mentioned that the use of a frailty instrument directs 
their attention towards health problems in multiple domains which may otherwise go 
unnoticed48. It can as such provide a starting point for further investigation. A structured 
two-step procedure performed by the general practitioner has been found to perform 
nearly as well as a comprehensive geriatric assessment performed by a geriatrician49.

8.2 Methodological considerations 

The results of this thesis should be viewed in the light of some methodological considerations. 
Here, the main methodological considerations of the studies in this thesis are discussed. 
These methodological considerations relate to: study design, participants, measurements, 
confounding, mediation, moderation and treatment fidelity.
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Study design
In chapter 2 and 3, cross-sectional studies of pooled data from multiple studies were done 
to study the association of ethnic background with frailty and of socioeconomic status with 
frailty. Data on both the determinants and outcomes were collected at one point in time. 
Reverse causation can therefore not be excluded. However, we selected study determinants 
that logically are expected to precede the outcomes in time: socioeconomic status, 
morbidities and ethnic background. However, in the case of socioeconomic status, health 
could also impact a person’s socioeconomic status, which is defined as health selection. The 
effect of health selection is however considered to be relatively small50. 

The pooled data used in chapter 2 and 3 consisted of studies included in The Older Persons 
and Informal Caregivers Survey Minimum DataSet (TOPICS-MDS). There was considerable 
variation between the included studies regarding sampling frame, inclusion criteria, study 
design, sample size, and data collection method. Therefore, the results of chapter 2 and 
3 should be interpreted with caution. However, generally, these pooled data may provide 
more information regarding the associations studied than data from a single study. 

In chapter 4, a longitudinal design was used to study the association of intrinsic fall risk 
factors with falling. Intrinsic fall risk factors were measured in wave 4 of the SHARE study 
and falling was measured in wave 5, two years later. This longitudinal design ensured that 
the intrinsic fall risk factors preceded fall outcomes. However, a longitudinal design is still an 
observational design and therefore causality cannot be inferred. In contrast to randomised 
trials, the determinant of interest is not randomly distributed among all persons. Participants 
with and without the determinant may differ with respect to unmeasured characteristics. If 
these unmeasured characteristics are also associated with the outcome of interest, residual 
confounding cannot be excluded51.

In chapter 6 we applied a non-randomised design to evaluate the effect of the UHCE 
approach on the lifestyle, health and quality of life of older persons in these cities in all 
cities except for Pallini. A non-randomised design makes results subject to confounding 
variables. Randomization within general practices was not desirable for cities that worked 
with general practitioners as it is not feasible for general practitioners to provide both ‘usual 
care’ and the UHCE approach at the same time. A cluster randomised trial was not feasible 
as the cities in this study worked with too few general practices to have enough clusters for 
randomization. For example in the case of Rotterdam, general practices were embedded in 
three primary care centres. In our analyses we included the most important confounding 
variables; however it remains possible that we missed other relevant variables.

In chapter 7 we followed a theoretical framework developed by Stecklar and Linnan to 
evaluate process components of the UHCE approach implementation. One of the reasons 
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why process evaluations were developed, was to explain why certain effects were found in 
effect evaluations and pinpoint to components of interventions that were effective52. It is 
however difficult to identify specific components of the intervention that were effective or 
ineffective and explain results. Especially in complex interventions, the interplay of multiple 
components could play a role in the found intervention effects. 

Participants
All studies in this thesis, with the exception of chapter 4, use opportunity samples of older 
persons. This might limit the generalizability of the results of these studies, because the 
sample populations might not be representative of the target population. Another important 
indicator of the introduction of possible selection bias in our studies is the participation rate, 
as it is likely that only a specific subsample of persons with certain characteristics participate. 
Usually, persons who agree to participate in a study are healthier compared with persons 
who do not participate; known as healthy participant bias53 54. We observed that there 
was considerable variation in the participation rate between the projects in the studies in 
Chapter 2 and 3 and between the countries included in the studies in Chapter 4 and 6. It 
is therefore likely that the participants of these studies are healthier compared with the 
general population of community-dwelling older persons. However, we could not compare 
persons participating in the studies with persons who did not want to participate as we did 
not have characteristics of those not participating. In chapter 7, we used qualitative data 
from focus groups with older persons and professionals. Older persons included in the focus 
groups might have been those that were most positive about the UHCE approach as these 
persons were selected by care professionals involved in the study.

Bias can also arise when some data are not missing at random, because persons with certain 
characteristics do not answer a study question or drop-out of the study51. In Chapter 2 and 3 
there was some missing data in the outcome and relatively few missing data in the covariates. 
We used multiple imputation to account for missing data in the covariates55. In Chapter 4 and 
6, persons who dropped out of the studies were older and in worse health. In longitudinal 
and experimental studies, especially in an older population, attrition is common. In chapter 
4 we accounted for this attrition by using standardised sampling weights. In chapter 6 we 
could not account for attrition. Around 20% of persons were lost to follow-up between 
baseline and follow-up measurements, which was as expected in this older population56. 
In chapter 7, there were many missing data for the questions on satisfaction of the UHCE 
approach. Persons who did not reply to some of these questions could have thought these 
questions were not applicable to them or were the persons who were less involved in the 
UHCE approach. The responses could have therefore been biased towards the more active 
participants who might have been more positive about the UHCE approach.
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Measurements
Most data collected in the studies were based on self-reported data. This could have led 
to certain types of response bias. Data was mostly collected by interviewers, which could 
increase the chance for older persons to give socially desirable answers. Furthermore, older 
persons might have not reported health problems such as falls in the past year because they 
could not remember. This problem, known as recall bias, is common in studies with older 
persons. Therefore, health problems might have been underreported in our studies. In all 
studies of this thesis, with the exception of chapter 2, persons from different countries or 
with a different ethnic background were included. It is possible that cultural differences 
in the interpretation of a survey question might have caused variation between these 
subgroups. This is known as differential item functioning and affects all cross-national 
research. Questionnaires were however translated using rigorous methodology and 
wherever possible, we used measures that had been validated in different populations. The 
TOPICS-MDS questionnaire was translated and cross-culturally validated for use in the main 
immigrant groups in the Netherlands.

Confounding, mediation and moderation 
Unmeasured confounders could have affected the results in this thesis. A confounder is a 
variables that is both associated with the determinant and the outcome studied and which 
is not on the causal pathway. Ignoring confounding could lead to under or over estimation 
of the association between determinant and outcome, it could even lead to a change in the 
direction of the effect. The studies presented in these thesis were adjusted for confounders 
carefully chosen based on previous literature, availability in the data and exploratory 
analyses. However, the possibility of residual confounding by unmeasured confounders 
cannot be ruled out. 

To analyse mediation, we used the Baron and Kenny method in chapter 3. Mediators are 
variables that are associated with the determinant and outcome and are on the causal 
pathway between determinant and outcome. Limitations of the Baron and Kenny method 
have been mentioned which include that it requires a significant overall relation between 
the exposure and outcome and allows no exposure-mediator interaction57. In our study, 
the association between exposure and outcome was not always significant, therefore we 
might have missed mediation in non-significant associations. Furthermore, since causality 
cannot be established in observational research, it is possible that some associations were 
not causal.

In our studies, we tested moderation by means of formal interaction tests and stratified data 
when there was significant interaction. Moderation happens when the association between 
the determinant and outcomes varies according to a third variable51. This third variable is 
known as a moderator, or effect modifier. Stratification according to the different values 
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of the moderator will give different associations of the determinant with the outcome. 
Interaction tests are highly dependent on population size. Because we applied many 
interaction tests, we applied the Bonferroni corrections for interaction testing58. This might 
have increased the chance of false negatives, that is, not finding significant moderation 
when in reality there was moderation.

Treatment fidelity
As discussed earlier, coordinated preventive care studies are often affected by a low 
intervention fidelity due to them being time-consuming and complex41 59. With this in 
mind the UHCE intervention was designed as a two-step approach. First assessing health 
problems by using simple validated tools for use in primary care and then if needed, further 
assessment and follow-up care by means of evidence-based interventions. We also decided 
to limit the intervention to four main health problems reported by older persons in our focus 
groups and in the literature; frailty, falls, polypharmacy and loneliness. We found that the 
UHCE approach was implemented differently in the five settings. Parts of the intervention 
were inappropriate to carry out by healthcare providers in certain settings. Furthermore, 
although we had information on whether or not persons enrolled in a care-pathway, we did 
not have information on whether they dropped-out before termination of the care-pathway 
or the extent to which they adhered to the care-pathway. We also do not know what kind 
of care was provided by the health care providers in the control group. A preventive, case-
finding approach and follow-up care of frail older persons is recommended by the Dutch 
National General Practitioner’s association and the National Health Service in the UK60 61. 
General practitioners in the control group might therefore have integrated some form of this 
approach in their daily practice.  The difference in care and positive effects for the health of 
older persons between the control group and the intervention group might have therefore 
been too small to detect in these settings. 

8.3 Recommendations for future research

Studying variation in healthy ageing
How socioeconomic status impacts on age-related conditions such as frailty during the 
life-course is still largely unknown. Longitudinal life-course studies are needed to assess 
the effect of socioeconomic status on frailty. It is important to evaluate several indicators 
of socioeconomic status such as education level, income and wealth as results may vary 
depending on the indicator. More longitudinal research is also needed to study the factors 
that contribute to these socioeconomic inequalities in frailty. Besides chronic diseases, 
other factors such as lifestyle behaviours, social participation and social support could also 
be important mediators. Lastly, it is also important to study the role of physical and mental 
diseases in the progression of frailty. 
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Older immigrants are a growing group in Europe and it is therefore important to study the 
health and health-conditions related to ageing in this group. Just as with socio-economic 
inequalities in frailty, ethnic inequalities in frailty could potentially be explained by certain 
morbidities as the disease burden among immigrant groups is higher compared with native-
born persons. There is however a lack of research on ethnic variation in health. Cohort 
studies often lack a substantial number of respondents from ethnic minority groups, which 
makes exploration of ethnic differences in health difficult. Our study on ethnic inequalities 
in frailty found important differences between specific immigrant groups and it is therefore 
recommended to study specific immigrant groups separately. 

It is furthermore important to conduct more research on the translation and cross-cultural 
validation of frailty instruments. Cross-cultural validation studies of instruments are lacking 
and when conducted, often inadequately done62. Especially frailty instruments that rely on 
self-report should be cross-culturally validated as interpretation of survey questions differs 
culturally. 

As our study was the first to study international variation in falling and fall risk in older 
persons, replication studies are needed. To increase the validity of measurement of falls, 
the number of falls should be measured prospectively on a weekly basis. Further research 
could also study international variation in extrinsic fall risk factors and behavioural fall risk 
factors, besides intrinsic factors. Extrinsic fall risk factors such as medication use and home 
hazards have been found to be associated with falls, although associations were less strong 
compared with most intrinsic risk factors such as balance and mobility63-65. However, this 
could vary between countries as most studies have been done in Western settings. It is 
important to study fall risk factors in populations of non-Western settings to be able to 
adapt fall prevention strategies to these specific contexts.

Intervention studies aimed at the promotion of healthy ageing
One of the difficulties in coordinated preventive care studies is the use of appropriate 
outcomes to measure beneficial health effects. The persons included in the intervention 
are often a heterogeneous group. The actual care interventions persons receive are also 
heterogeneous. It is therefore difficult to capture effects in a single outcome measure. 
Broad outcomes such as health-related quality of life and disability have often been used 
to capture health effects across different domains59. However, these outcomes might not 
adequately capture health improvements in specific outcomes. A study by Rockwood et al. 
has found that among frail older persons, measuring multiple individualised goals detects 
more clinically relevant changes than measuring broad health outcomes such as disability 
and quality of life66. Individualised goals could also be appropriate for a heterogeneous 
population with healthier and unhealthier older persons as goals are specific for each 
individual. Other outcomes such as institutionalization and mortality are more objective 
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measures of health benefits. However, most intervention studies that have been done had a 
follow-up time of 12 to 24 months34 59 67. This might not be long enough to measure an effect 
on these outcomes. Structured and preventive monitoring of health as done in coordinated 
preventive care interventions, could also result in other health benefits within a longer time 
span, but research is lacking. Future studies should investigate the long-term effects of a 
coordinated preventive care approach for older persons. 

Most research has focused on frailty as a risk factor for functional decline and loss of 
independence and used frailty instruments to identify persons who are frail and at-risk for 
functional decline. However, studies have found that frailty is indeed a reversible state15. 
Thus, focusing interventions on the prevention or treatment of frailty could be a next step. 
These interventions could target persons at an earlier age and focus on the promotion of 
healthy ageing rather than prevention of functional decline. Including older persons with 
a low socioeconomic status and from ethnic minority groups in these interventions and 
adapting interventions to their situation could be key, as intervention studies among these 
groups are currently scarce.

Future research could also have a stronger focus on intervention processes and qualitative 
measures besides quantitative measures. Especially the context, modelling of processes and 
outcomes, fidelity, and training of persons involved in the intervention may be described. 
The Criteria for Reporting the Development and Evaluation of Complex Interventions in 
healthcare (CREDICI) criteria have been developed as a reporting guideline for complex 
interventions68. The template for intervention description and replication (TIDieR) checklist 
developed in 2014 may provide a useful tool for the reporting of details of intervention 
elements69. It is recommended to encourage researchers to use these guidelines in the 
designing and reporting of interventions. These guidelines could be used in templates for 
ethical applications, trial registration and scientific papers.

8.4 Implications for practice and policy 

Addressing socioeconomic and ethnic inequalities in healthy ageing
It is important that health interventions target persons who are frail or at risk of becoming 
frail. Persons with a low socioeconomic status appear to be an important group of 
persons with a high risk of frailty. Older immigrants appear to be another group with a 
high frailty level. Interventions could target modifiable mediating factors that contribute 
to socioeconomic and ethnic inequalities in frailty. Although it is important to have a 
better understanding which mediating factors explain these differences in frailty, there is 
growing evidence that morbidities contribute to these differences. Obesity, depression, 
cognitive impairment, musco-skeletal disease and multimorbidity have been linked to 
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socioeconomic inequalities in frailty and could be target points for early intervention70-72. 
Psychiatric diseases appear more common among Turkish and Moroccan immigrants and 
diabetes appears more common among Surinamese immigrants compared with persons 
with a Dutch background and could be targeted5 7 8. It is furthermore important to manage 
the progression of these chronic diseases. The presence of frailty in persons with chronic 
diseases such as diabetes and COPD has been associated with increased mortality73 74. We 
recommend to evaluate whether targeted assessment of frailty among older persons with 
(multiple) chronic diseases is feasible and effective. 

As frailty appears to arise at a relatively younger age among persons with a low socioeconomic 
status and among persons with a Turkish, Moroccan or Surinamese background, 
interventions could be targeted at a younger age in these persons to prevent an increase 
in frailty level. Physical exercise interventions could be a promising strategy because they 
promote an active lifestyle and have been found to be effective in reducing frailty, falls, 
disability and depression in older persons75-78. However, participation in physical exercise 
programs is often low and strategies are needed to improve participation79. 

Interventions could also be developed that directly target social disadvantage among older 
persons. Although this is considered difficult to change, there are examples of interventions 
that target social disadvantage for older age groups in Europe such as public pension funds, 
free public transport or cultural activities schemes. 

Coordinated preventive care interventions and European policy
A general template for coordinated preventive care could be a promising strategy for the 
promotion of healthy ageing in various European settings. We recommend developing 
and evaluating strategies to increase the participation in care among older persons. Such 
strategies may focus on increasing the engagement in health promotion activities by 
tailoring such activities to the needs of older persons. Both environmental barriers as well 
as personal barriers appear to affect care decisions among older persons. An environmental 
strategy could be the provision of transport for functionally impaired persons. Personal 
strategies could be the building of a trusting relationship between care provider and client. 
Within a trusting relationship, psychosocial factors that influence care decisions among 
older persons could be identified and addressed. 

The between-country differences of falls and fall risk factors we found could help (inter)
national policy makers to prioritise the right fall prevention strategies or continue successful 
efforts. Several fall prevention strategies have shown to be effective in reducing falls31-33. 
Home safety interventions have been found to be especially effective in persons with a higher 
intrinsic fall risk and might be appropriate in countries with a high intrinsic fall risk32. Although 
we did not study variation in other health outcomes at older age among European countries, 
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other studies also find a higher frailty level and disability in persons of countries in Southern 
Europe and Eastern Europe compared to North-Western Europe15 28-30, which they attribute to 
socioeconomic differences between the countries. Policies that target social disadvantage in 
Europe could improve underlying health problems and health-related quality.

Promotion of healthy ageing
Thirty years after Rowe and Kayn introduced their concept of successful ageing80, we 
still mostly look at promotion of healthy ageing from a medical point of view; focusing 
on identifying and treating age-related health problems. This is understandable because 
research in this field has been done within the medical discipline. The studies in this thesis 
also focused on identifying and preventing age-related health problems. Frailty instruments 
assess the presence of health problems such as poor mobility or low muscle strength81 82. 
By merely focusing on treating health problems and disability we could overlook potential 
protective factors that might be present. For example, social support and participation, 
are suggested to be protective factors for developing and worsening of frailty9 10. When we 
identify potential protective factors of ageing, we could aim to create an environment to 
nourish and promote them. In 2011, Huber introduced a new definition of health as “the 
ability to adapt and to self-manage”83. This definition is particularly useful in the context of 
ageing, as older persons are rarely free from diseases or conditions. Advancements in the 
field of smart design and technology could potentially support self-management of health. 
Examples of such advancements could be the attractive design of aids for older persons and 
supportive technology to promote an active and social lifestyle.

8.5 General conclusions

Some general conclusions can be drawn from the studies in this thesis. First, we established 
the presence of socioeconomic and ethnic inequalities in frailty among older persons in 
our studies. Second, falling and fall risk was found to vary considerably between European 
countries. Last, a coordinated preventive health- and social care approach for the promotion 
of healthy ageing among older persons in varied European settings was received positively 
and showed promising results. However, the effects of such a coordinated preventive care 
approach on the health and quality of life of older persons could be greater when older 
person’s engagement in the approach is promoted. 

Future research is recommended, that focusses on the role that morbidities and other 
factors play in the onset and progression of frailty among socially disadvantaged groups. 
Additionally, it is suggested to evaluate coordinated preventive care interventions with longer 
follow-up periods that include a thorough process evaluation. In conclusion, coordinated 
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preventive approaches that integrate health- and social care should be developed further, 
and might be a promising strategy in European policies regarding active and healthy ageing.
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Summary

Europe has the highest proportion of persons over 65 years compared with any other 
continent. In 2015, Europeans over 65 years accounted for 19% of the population and by 
2040 this will be 27%. While some persons remain relatively healthy with aging, others 
become frail and vulnerable to internal and external stressors. Frail older persons are two 
to four times as likely to develop or worsen disabilities in self-care tasks and household 
management tasks compared with non-frail older persons. Frailty is manageable and early 
intervention slows functional decline and reduces hospital admissions and mortality. It is 
therefore important to identify populations who are frail or at a higher risk of developing 
frailty in order to target prevention strategies. The care system is currently often characterised 
by a monodisciplinary approach focussed on one disease or condition. However, older 
persons often may have multiple physical- and social health problems. This could pose a 
challenge for health- and social care services. Because of this, the demand for cost-effective 
models of integrated and coordinated provision of different health and social care services 
has grown. In addition, because of the pressure on the health care system due to population 
ageing, the importance of preventive interventions that increase healthy life years among 
older Europeans has grown. 

This thesis therefore aimed to study, 1) the variation in indicators of healthy ageing among 
older persons in Europe, and, 2) the effects and process components of a coordinated 
preventive health and social care approach aimed at promoting healthy ageing in Europe. 
The following research questions were answered:  

•   �What is the association of socioeconomic status and ethnic background with frailty 
among older persons in the Netherlands? 

•   �What is the rate of falling and intrinsic fall risk among older persons in Europe and can 
between-country variation in falling be explained by intrinsic fall risk? 

•   �What are the effects of a coordinated preventive care approach on the lifestyle, health 
and quality of life among older persons in Europe and how does this approach perform 
in terms of process components?

Data of The Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-
MDS) in the Netherlands were analysed to study the association of socioeconomic status 
and ethnic background with frailty and frailty components. Frailty was measured with a 
validated Frailty Index, which consisted of six components: morbidities, activities of daily 
living, instrumental activities of daily living, health-related quality of life, psychosocial health 
and self-rated health. In Chapter 2, the associations of socioeconomic status (education 
level and neighbourhood socioeconomic status) with frailty and frailty components among 
community-dwelling older persons in the Netherlands were studied. The results showed 
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that older persons who had primary or secondary education were frailer compared with 
older persons who had tertiary education. Across all age groups, persons with a lower 
education level consistently had higher overall frailty levels, more morbidities and worse 
self-rated health compared with older persons with a high education level. The number of 
morbidities these persons had, also moderately to strongly contributed to the educational 
inequalities in frailty. Persons living in neighbourhoods with the lowest socioeconomic status 
(lowest quartile) were frailer compared with persons living in neighbourhoods with the 
highest socioeconomic status (highest quartile). However there were fewer neighbourhood 
inequalities compared with educational inequalities. 

In Chapter 3, the association of ethnic background (Dutch, Indonesian, Surinamese, 
Moroccan or Turkish) with frailty and frailty components among community-dwelling older 
persons in the Netherlands was studied. Persons with a Turkish, Moroccan or Surinamese 
background, were frailer compared with persons with a Dutch background. There were 
no differences in frailty between persons with an Indonesian background compared with 
persons with a Dutch background. Of the frailty components; instrumental activities of daily 
living, necessary for independent living in the community, were more impaired among all 
persons with a non-Dutch background compared with persons with a Dutch background.

To study the variation in falling and fall risk across European countries data of the Survey 
of Health, Ageing and Retirement in Europe (SHARE) were used. This study is described in 
Chapter 4. The results of this study showed that there is a considerable variation in the 
rate of falling between European countries. Persons in Switzerland, Denmark, Sweden 
and Austria reported relatively few falls compared with the other countries and persons 
in Estonia, France, Spain and the Czech Republic reported the most falls. There was also a 
strong variation in intrinsic fall risk factors such as mobility limitations, self-rated health and 
impaired vision. The between-country variation in falling could indeed largely be explained 
by the between-country variation in the prevalence of intrinsic fall risk factors and not by 
the between-country variation in the studied sociodemographic factors; age, sex, education 
level and living situation. The associations of five intrinsic fall risk factors; less than good 
self-rated health, mobility limitations, activities of daily living limitations, dizziness, and 
depression with falling and older age with falling, were smaller in countries with a high rate 
of falling compared with countries with a low rate of falling.

To promote healthy ageing among older persons, a coordinated preventive health and social 
care approach, Urban Health Centres Europe (UHCE), was developed and implemented in 
five European cities (Greater Manchester, United Kingdom; Pallini, Greece; Rijeka, Croatia; 
Rotterdam, the Netherlands; and Valencia, Spain). A pre-post controlled trial was conducted 
to evaluate the effects of the UHCE approach on the lifestyle, health and quality of life of 
older persons in these cities. Process components were evaluated alongside the effects 
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of the UHCE approach. Participants in the intervention group received care according to 
the UHCE approach and participants in the control group received care as usual. The UHCE 
approach consisted of a multidimensional health assessment and, if a person was at-risk, 
coordinated care-pathways targeted at fall risk, appropriate medication use, loneliness 
and frailty. The design and evaluation of this approach are described in Chapter 5, 6 and 
7. The UHCE approach showed minor positive effects in tackling recurrent falls and frailty 
and promoting physical health-related quality of life and mental well-being compared with 
care as usual. These effects appeared stronger in the subgroup of persons who enrolled 
in care-pathways. The context of implementation varied between the European settings. 
Non-enrolment was higher among persons with limited function in the falls and loneliness 
pathways compared with persons with better function. Feeling supported by a care 
professional was mentioned as a benefit of the UHCE approach for older persons. Mistrust 
towards unfamiliar care providers and lack of confidence to engage in certain care activities 
were mentioned as barriers. 

In Chapter 8, the main findings of the studies reported in this thesis are discussed in the 
context of existing literature. Subsequently, the methodological issues that could have 
affected these findings are addressed. Finally, recommendations for future research and 
implications for policy and practice are specified and conclusions from this research are 
drawn. Future research is recommended, that focusses on the role that morbidities and 
other factors play in the onset and progression of frailty among socially disadvantaged 
groups. Additionally, it is suggested to evaluate coordinated preventive care interventions 
with longer follow-up periods that include a thorough process evaluation. In conclusion, 
coordinated preventive approaches that integrate health- and social care should be 
developed further, and might be a promising strategy in European policies regarding active 
and healthy ageing.
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Samenvatting

Europa heeft de grootste proportie mensen boven de 65 jaar vergeleken met elk ander 
continent. In 2015 was 19% van de Europeanen boven de 65 jaar en in 2040 zal dit oplopen 
tot 27%. Terwijl sommige mensen wanneer ze ouder worden relatief gezond blijven, 
worden anderen kwetsbaar en ontvankelijk voor interne en externe stressoren. Het is 
voor kwetsbare ouderen twee tot vier keer zo waarschijnlijk dat ze hun zelfredzaamheid 
verliezen in het uitvoeren van zelfzorgactiviteiten en huishoudelijke activiteiten vergeleken 
met niet-kwetsbare ouderen. Kwetsbaarheid is omkeerbaar en vroege interventie vertraagt 
functionele achteruitgang en vermindert ziekenhuisopname en mortaliteit. Het is daarom 
belangrijk om populaties te identificeren die kwetsbaar zijn of een verhoogd risico hebben 
om kwetsbaar te worden, zodat preventieve strategieën gericht kunnen worden ingezet. 
In de zorg is er op dit moment relatief vaak een monodisciplinaire aanpak die aandacht 
besteedt aan één aandoening of ziekte. Ouderen kunnen echter meerdere fysieke-, mentale- 
en sociale gezondheidsproblemen tegelijk hebben. Dit is een uitdaging voor gezondheids- 
en sociale zorg. Om deze reden is de vraag toegenomen naar kosteneffectieve modellen 
van geïntegreerd en gecoördineerd aanbieden van verschillende gezondheids- en sociale 
diensten. Daar komt bij dat door de druk op het zorgsysteem door de vergrijzing het belang 
is toegenomen van preventieve interventies die het aantal gezonde levensjaren van oudere 
Europeanen verhogen. 

Het doel van deze thesis was daarom om 1) de variatie in indicatoren van gezond ouder worden 
onder ouderen in Europa te onderzoeken, en om 2) de effecten en procescomponenten 
van een gecoördineerde preventieve gezondheids- en sociale zorgaanpak gericht op de 
bevordering van gezond ouder worden te evalueren in verschillende Europese steden. De 
volgende onderzoeksvragen werden beantwoord:

•   �Wat is het verband tussen sociaaleconomische status, etnische achtergrond en 
kwetsbaarheid onder ouderen in Nederland?

•   �Wat is de mate van vallen en intrinsiek valrisico onder ouderen in Europa en kan variatie 
tussen landen in vallen verklaard worden door variatie tussen landen in intrinsiek 
valrisico?

•   �Wat zijn de effecten van een gecoördineerde preventieve zorgaanpak op de leefstijl, 
gezondheid en kwaliteit van leven onder ouderen in Europa, en hoe wordt deze aanpak 
uitgevoerd wat betreft procescomponenten?

Data van ‘The Older Persons and Informal Caregivers Survey Minimum DataSet’ 
(TOPICS-MDS) zijn geanalyseerd om het verband tussen sociaaleconomische status en 
etnische achtergrond en kwetsbaarheid in Nederland te onderzoeken. Kwetsbaarheid is 
gemeten met een gevalideerde kwetsbaarheidsindex, die bestond uit zes componenten: 
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aandoeningen en ziektes, activiteiten van het dagelijks leven, instrumentele activiteiten van 
het dagelijks leven, kwaliteit van leven, psychosociale gezondheid en zelf-gerapporteerde 
gezondheid. In Hoofdstuk 2 werd het verband onderzocht tussen sociaaleconomische 
status (opleidingsniveau en sociaaleconomische status van de buurt) en kwetsbaarheid 
en kwetsbaarheidscomponenten onder zelfstandig wonende ouderen in Nederland. 
De resultaten toonden aan dat ouderen met een primair of secundair opleidingsniveau 
kwetsbaarder waren vergeleken met ouderen met een tertiair opleidingsniveau. In alle 
leeftijdsgroepen hadden ouderen met een lager opleidingsniveau een hogere mate van 
kwetsbaarheid, meer aandoeningen en een slechtere zelf-gerapporteerde gezondheid 
vergeleken met ouderen met een hoger opleidingsniveau. Het aantal aandoeningen 
van ouderen was een gemiddeld tot sterk wegende factor in de opleidingsgerelateerde 
ongelijkheden in kwetsbaarheid. Ouderen die in buurten woonden met de laagste 
sociaaleconomische status (het laagste kwartiel) waren kwetsbaarder dan ouderen in 
buurten met de hoogste sociaaleconomische status (hoogste kwartiel). Er waren echter 
minder buurtgerelateerde ongelijkheden dan opleidingsgerelateerde ongelijkheden.

In Hoofdstuk 3 werd het verband onderzocht tussen etnische achtergrond 
(Nederlands, Indonesisch, Surinaams, Marokkaans of Turks) en kwetsbaarheid en 
kwetsbaarheidscomponenten onder zelfstandig wonende ouderen in Nederland. 
Ouderen met een Turkse, Marokkaanse of Surinaamse achtergrond waren kwetsbaarder 
vergeleken met ouderen met een Nederlandse achtergrond. Er waren geen verschillen in 
kwetsbaarheid tussen ouderen met een Indonesische achtergrond en ouderen met een 
Nederlandse achtergrond. Alle ouderen met een niet-Nederlandse achtergrond hadden 
meer beperkingen in instrumentele activiteiten die nodig zijn om zelfstandig te wonen. 

Om de variatie in vallen en valrisico tussen Europese landen te onderzoeken werd data 
gebruikt van de ‘Survey of Health, Ageing and Retirement in Europe’ (SHARE). Dit onderzoek 
is beschreven in Hoofdstuk 4. De resultaten van deze studie lieten een aanzienlijke variatie 
in vallen tussen Europese landen zien. Ouderen in Zwitserland, Denemarken, Zweden 
en Oostenrijk rapporteerden relatief weinig vallen vergeleken met de andere landen, 
en ouderen in Estland, Frankrijk, Spanje en Tsjechië rapporteerden de meeste vallen. Er 
was een sterke variatie in intrinsieke valrisicofactoren zoals mobiliteitsbeperkingen, zelf-
gerapporteerde gezondheid en visusbeperkingen. De variatie tussen landen in vallen 
kon inderdaad grotendeels verklaard worden door de variatie tussen landen in intrinsiek 
valrisico en niet door de variatie tussen landen in sociaal-demografische factoren: leeftijd, 
sekse, opleidingsniveau en leefsituatie. De verbanden tussen oudere leeftijd en vallen en 
tussen vijf intrinsieke valrisicofactoren en vallen – minder dan goede zelf-gerapporteerde 
gezondheid, mobiliteitsbeperkingen, beperkingen in activiteiten van het dagelijks leven, 
duizeligheid en depressie – waren kleiner in landen met een hoog valpercentage vergeleken 
met landen met een laag valpercentage.
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Om gezond ouder worden te bevorderen onder ouderen is een gecoördineerde preventieve 
gezondheids- en sociale zorgaanpak ‘Urban Health Centres Europe’ (UHCE) ontwikkeld 
en geïmplementeerd in vijf Europese steden (Greater Manchester, Verenigd Koninkrijk; 
Pallini, Griekenland; Rijeka, Kroatië; Rotterdam, Nederland en Valencia, Spanje). Een pre-
post gecontroleerde studie is uitgevoerd om de effecten te onderzoeken van de UHCE-
aanpak op de leefstijl, gezondheid en kwaliteit van leven van ouderen in deze steden. 
Procescomponenten werden geëvalueerd naast de effecten van de UHCE-aanpak. 
Deelnemers in de interventiegroep kregen zorg volgens de UHCE-aanpak en deelnemers 
in de controlegroep kregen zorg zoals gewoonlijk. De UHCE-aanpak bestond uit een 
multidimensionale gezondheidsbeoordeling, en wanneer de persoon een verhoogd risico 
had, ook uit gecoördineerde zorgpaden gericht op valrisico, adequaat medicatiegebruik, 
eenzaamheid en kwetsbaarheid. Het ontwerp en de evaluatie van deze aanpak zijn 
beschreven in Hoofdstuk 5, 6 en 7. De UHCE-aanpak zorgde voor kleine positieve effecten in 
het tegengaan van herhaald vallen en kwetsbaarheid en het bevorderen van fysieke kwaliteit 
van leven en mentaal welzijn vergeleken met zorg zoals gewoonlijk. Deze effecten leken sterker 
in de subgroep van ouderen die een zorgpad volgden. De context van uitvoering verschilde 
sterk tussen de Europese steden. Ouderen die beperkingen hadden in functioneren volgden 
minder vaak de valrisico- of eenzaamheidszorgpaden vergeleken met ouderen met beter 
functioneren. Ouderen noemden als voordeel van de UHCE-aanpak zich gesteund te voelen 
door een zorgprofessional. Wantrouwen tegenover onbekende zorgprofessionals en gebrek 
aan zelfvertrouwen om deel te nemen aan bepaalde zorgactiviteiten werden genoemd als 
barrières. 

In Hoofdstuk 8 zijn de hoofdbevindingen van de studies in deze thesis beschreven in 
het licht van bestaande literatuur. Daarna zijn de methodologische kwesties die deze 
bevindingen mogelijk hebben beïnvloed beschreven. Uiteindelijk zijn aanbevelingen voor 
toekomstig onderzoek en implicaties voor beleid en praktijk uiteengezet en is een conclusie 
geformuleerd. Toekomstig onderzoek is aan te bevelen naar de rol die ziektes, aandoeningen 
en andere factoren spelen in de aanloop naar en progressie van kwetsbaarheid onder 
sociaal achtergestelde groepen. Daarnaast zijn gecoördineerde preventieve zorginterventies 
nodig met een langere follow-up tijd die tevens een gedegen procesevaluatie bevatten. In 
conclusie, gecoördineerde preventieve zorg strategieën moeten verder worden ontwikkeld, 
en zouden gunstig kunnen zijn voor Europees beleid gericht op het actief en gezond ouder 
worden. 
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