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ABSTRACT

Background
With ageing populations and increasing exposure to risk factors for chronic diseases, the prevalence of chronic disease multimorbidity is rising globally. There is little evidence on the determinants of multimorbidity and its impact on healthcare utilisation and health status in Europe. 

Methods
We used cross-sectional data from the Survey of Health, Ageing and Retirement in Europe (SHARE) in 2011-2012, which included nationally representative samples of persons aged 50 years and older from sixteen European nations. Negative binomial and logistic regression models were used to assess the association between number of chronic diseases and healthcare utilisation, self-perceived health, depression and reduction of functional capacity.

Results 
Overall 37.3% of participants reported multimorbidity, the lowest prevalence was in Switzerland (24.7%), the highest in Hungary (51.0%). The likelihood of having multimorbidity increased substantially with age. Number of chronic conditions were associated with greater health care utilisation in both primary (regression coefficient for medical doctor visits= 0.29, 95% CI=0.27-0.30) and secondary setting (Adjusted Odds Ratio (AOR) for having any hospitalisation in the last year=1.49, 95% CI=1.42-1.55) in all countries analysed. Number of chronic diseases was associated with fair/poor health status (AOR 2.13 95%CI=2.03-2.24), being depressed (AOR 1.48 95%CI=1.42-1.54) and reduced functional capacity (AOR 2.12 95%CI=2.02-2.22).

Conclusion
Multimorbidity is associated with greater healthcare utilisation, worse self-reported health status, depression and reduced functional capacity in European countries. European health systems should prioritise improving the management of patients with multimorbidity in order to improve their health status and increase health care efficiency.































INTRODUCTION

Chronic conditions are the leading cause of global disease burden worldwide (1). With population ageing and increasing exposure to risk factors, the prevalence of multimorbidity, defined as persons with two or more co-existing chronic conditions (2, 3) is likely to grow in many settings. 

Emerging evidence has found that patients with multimorbidity have higher health service utilisation, healthcare expenditure and poorer health outcomes (4-7). Multimorbidity might be considered as major source of healthcare inefficiency with higher risk of avoidable inpatient admission, suboptimal disease management, inadequate treatment and communication barriers (2, 7-11).

Despite the growing prevalence of multimorbidity in Europe, few published studies have examined its impact in European health systems (8, 12-14), and none of these studies have undertaken cross-country comparisons. The aim of this study is to examine correlates of multimorbidity and its impact on healthcare utilisation, self-reported health status, mental health and functional capacity using nationally representative samples from multiple countries in Europe. 


METHODS

Sample and data
We used cross-sectional data from the Survey of Health, Ageing and Retirement in Europe (SHARE), which was conducted during 2011-2012 (wave 4). The data collected national representative samples of individuals aged 50 years and over in 16 European countries: Austria, Belgium, Switzerland, Germany, Denmark, Spain, France, Italy, Netherlands, Sweden, Czech Republic, Poland, Estonia, Hungary, Portugal and Slovenia. The data contains individuals’ information on their socio-demographic characteristics, health status and healthcare utilisation. 

Variables
Our main variable of interest was the number of coexistent chronic diseases (CDs) reported by each respondent. We counted the number of CDs for each respondent and defined those with multimorbidity as the presence of two or more of chronic diseases. 
Respondents were asked about their healthcare utilisation in both primary and secondary care, including 1) number of medical doctor visits, defined as the sum of general practitioner (GP), emergency room and outpatient visits during the last year 2) whether or not been hospitalized in the past year 3) number of hospitalizations in the past year 4) total nights at the hospital in the past year. 
We also considered the following outcomes: (1) self-rated health coded in two groups (a) ‘excellent’, ‘very good’ and ‘good’ health; and (b) ‘fair’ or ‘poor’ health,  (2) depression, measured through the euro-d classification (15) and (3) reduction of functional capacity, categorized as reduced/not reduced, through the GALI scale (16). Definition of each of the outcome variables can be found in the appendix table 2.
We included the following covariates in the analyses: age, gender, whether the respondents lived alone, education, household income, and employment status.

Statistical analysis
[bookmark: _GoBack]We used multiple logistic regression analysis to determine socioeconomic and demographic correlates of multimorbidity (binary variable). We assessed the association between number of CDs (count variable) and binary outcomes using logistic regression models. These binary outcomes included any hospitalisation, fair/poor self-perceived health status, depression and reduction of functional capacity. We ran negative binomial models to assess the association between number of CDs and number of medical doctor visits, number and length of hospitalisations. All the models adjusted for covariates listed above. A detailed version of the research methods is available online (appendix 1).

RESULTS

We analysed information from 56,427 respondents (appendix 2).The median age was 66 years (IQR 58-73), 55.9% were female, 84.1% had at least secondary level or above of education and 57.6% were retired. 

The mean number of CDs was 1.37 (95% CI=1.35-1.38, appendix 4). The crude prevalence of multimorbidity was 37.3%, and this percentage increased from 22.7% for persons aged 50-59 years to 52.8% for persons aged 70 years and over (figure 1). Respondents from Switzerland had the lowest number of CDs (mean=1.2, 95% CI=1.2-1.3) with those from Hungary having the highest (mean=2.2, 95% CI=2.1-2.2). The prevalence of multimorbidity ranged from 24.7% in Switzerland to 51.0% in Hungary. High blood pressure was the most prevalent condition (42.8%), followed by arthritis/rheumatism (26.4%) and heart problems (15.0%).

The likelihood of having multimorbidity increased substantially with age (AOR=1.36, 95% CI=1.17-1.59 for 60-69 years group; AOR=2.79, 95% CI=2.34-3.32 for the 70+ years group, compared with 50-59 years group), and this association was found to be statistically significant in all countries except in Hungary and Denmark. Participants with higher levels of education were less likely to have multimorbidity (primary completed: AOR=1.52, 95%CI=1.32-1.75; no formal education: AOR=1.55, 95% CI=1.26-1.91, compared with those who completed at least a second level of education). Those in the most affluent quintile (5th quintile) were less likely to have multimorbidity (5th quintile: AOR=0.64, 95%CI=0.54-0.75, as compared to 1st quintile), a finding that was consistent within countries (appendix 5). 
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Increasing number of CDs was associated with a higher number of medical doctor visits (coeff=0.29, 95% CI=0.27-0.30, figure 2). The mean number of medical doctor visits annually increased from 4.8 in persons without any CD to 9.9 for persons with multimorbidity. The positive association between increasing number of CDs and primary care utilisation was found in all countries, and this association was found to be the strongest in Italy (coeff= 0.35, 95%CI=0.31-0.40). 

Increasing number of CDs was also associated with higher secondary care utilisation (figure 2, appendix 6). Increasing number of CDs was significantly associated with a higher likelihood of being hospitalized (AOR= 1.49, 95%CI=1.42-1.55), increased number of hospitalizations (coeff= 0.35, 95%CI=0.31-0.40) and a longer length of stay (coeff= 0.49, 95%CI=0.43-0.55).The association between increasing number of CDs and secondary care utilisation was found consistently across all countries. 

 Increasing number of CDs was associated with a higher likelihood of reporting self-perceived fair/poor health status (AOR=2.13, 95% CI=2.03-2.24), feeling depressed (AOR=1.48, 95% CI= 1.42-1.54) and to have reduced functional capacity (AOR=2.12, 95% CI=2.02-2.22). This association was found consistently across all countries, and was strongest in countries as Portugal and Hungary and weakest in countries as Belgium and Switzerland (Figure 2).

DISCUSSION
We found that multimorbidity was highly prevalent (37%) among older people in European countries. The variation in prevalence within countries might reflect undiagnosed CDs and underlying population characteristics of each country.  We found a strong association between multimorbidity and increasing age as well as level of education, employment status and household income. An increasing number of CDs was associated with higher healthcare utilisation in both primary and secondary care settings. An increasing number of CDs was also associated with worse self-perceived health, reduced functional capacity and depression.

The strong association between increasing number of CDs and increasing levels of healthcare utilisation in European countries is consistent with recent studies conducted in both developed and developing countries (6, 8, 12, 17-20) which have highlighted the impact on secondary care utilisation predominantly. Patients with multimorbidity can often have complications during a hospital stay and the subsequent intensification of care and coordinated approach needed might impact the length of stay substantially. 
Our findings showing that people with physical multimorbidity are more likely to be depressed in European countries are in line with a recent Scottish study(4). The strong association between multimorbidity and reduced functional capacity is also in line with findings from a recent Canadian study highlighting that these two conditions are strongly interrelated (21). 

Strength and limitations 
According to our knowledge this is the first study to examine the prevalence, correlates and impacts of chronic disease multimorbidity using a large and nationally representative data in Europe. Limitations of the study include the use of self-reported measures of chronic disease and healthcare utilisation which may underestimate their prevalence, particularly for older persons and those from lower socio-economic and educational background who may be more likely to under-report (22, 23). Prevalence of the study outcomes might also be underestimated because patients admitted to the hospital or with severe illness by the time the survey was conducted might not have been able to participate. Furthermore the SHARE questionnaire did not ask about all diseases typically included in clinical database studies (24). By defining multimorbidity as simple count of CDs, our analysis weighted all diseases equally, although the effect of multimorbidity on individuals can vary with combination and severity of CDs (14). Further studies looking at the impact of CD comorbidity amongst some of the most common chronic conditions are warranted. 

Policy implications
Our findings provide further evidence for policies and targeted interventions to tackle the growing burden of multimorbidity in Europe. The strong association between healthcare utilisation and number of chronic diseases can be used to populate forecasting models to predict future burden of the CDs. The forecasting models can further assess the potential impact of preventive policies on CDs and the economic consequences of these policies (25).
Furthermore, considering that clinical management is still largely focused on single diseases, our findings support the idea that more focus should be placed on how to best treat patients with multimorbidity who need a continuous, coordinated and comprehensive approaches to their care (24, 26). Improvement of the primary care system would contribute to reductions in population risk factors for multimorbidity and may contribute to reduce avoidable hospital admissions (8-11, 27).  European health systems should prioritise improving the management of patients with multimorbidity to improve health outcomes, increase health care efficiency and contain costs. 
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Fig. 1: Prevalence of multimorbidity by age category in 16 European countries  


AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EU POOLED: Europe.
The order of the countries is based on the order used in the SHARE database.

Fig. 2: Association between number of CDs and healthcare utilisation, self-perceived health, depression and functional capacity. 

[image: ]

Notes: Primary care utilisation defined by the number of medical doctor visits, secondary care utilisation defined by the number of hospitalizations. Regression coefficients and AOR are adjusted for age, gender, number of people living in the same household, residence, educational level and employment status. 
All the regression coefficients and AOR values were found statistically significant.  
AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EU: Pooled data
APPENDIX

Appendix 1 – DETAILED METHODS 

Sample and data
We used cross-sectional data from the Survey of Health, Ageing and Retirement in Europe (SHARE), which was conducted during 2011-2012 (wave 4). SHARE is coordinated by the Munich Center for the Economics of Aging and is harmonised with the U.S. Health and Retirement Study (HRS), the English Longitudinal Study of Ageing (ELSA), Study on Global Ageing and Adult Health (SAGE) and other data sources [1]. The data collected national representative samples of individuals aged 50 years and over in 16 European countries: Austria, Belgium, Switzerland, Germany, Denmark, Spain, France, Italy, Netherlands, Sweden, Czech Republic, Poland, Estonia, Hungary, Portugal and Slovenia. Considering that SHARE is a multinational survey, different strategies are used in sampling strategies between countries, with the best available frame resources (i.e. population registries) chosen in the country in order to achieve full probability sampling [1]. Moreover SHARE provides sampling weights to obtain nationally representative estimates from each country. The data contains individuals’ information on their socio-demographic characteristics, health status (including presence of chronic disease condition, disability) and healthcare utilisation. Full details of the methods of SHARE are reported elsewhere [2, 3]. Data collection was undertaken during a similar time frame permitting cross country comparisons of various health indicators. 

Variables
Our main variable of interest was the number of coexistent chronic diseases (CDs) reported by each respondent. SHARE includes a comprehensive list of questions related to chronic conditions : 1) heart attack/problem 2) high blood pressure 3) high blood cholesterol 4) stroke/cerebral vascular disease 5) diabetes/high blood sugar 6) chronic lung disease 7) arthritis/rheumatism 8) cancer 9) stomach/duodenal/peptic ulcer, 10) Parkinson’s disease 11) cataracts 12) hip fracture or femoral fracture 13) other fractures 14) Alzheimer`s disease/dementia/organic brain syndrome/senility/other serious memory impairment 15) other conditions not yet mentioned. Responses were based on the following question: “Has a doctor ever told you that you had/Do you currently have any of the conditions on this card? With this we mean that a doctor has told you that you have this condition, and that you are either currently being treated for or bothered by this condition”. We excluded from our list of CDs ‘high blood cholesterol’ and ‘other conditions not yet mentioned’ because they were not indicating specific CDs, and counted the number of CDs for each respondent and defined those with multimorbidity as the presence of two or more of the conditions considered. 
Respondents were asked about their healthcare utilisation in both primary and secondary care, including 1) number of medical doctor visits, defined as the sum of general practitioner (GP), emergency room and outpatient visits during the last year 2) whether or not been hospitalized in the past year 3) number of hospitalizations in the past year 4) total nights at the hospital in the past year. 
We created binary measures using data on selected outcomes including: (1) self-rated health using the question: ”would you say your health is…”. We categorized participants’ health status into two groups; (a) ‘excellent’, ‘very good’ and ‘good’ health; and (b) ‘fair’ or ‘poor’ health,  (2) depression, measured through the euro-d classification, categorizing the variable with a cut points of ≥4 of the scale indicating clinically relevant depressive symptoms [4] and (3) reduction of functional capacity, categorized as reduced/not reduced, through the GALI scale [5]. Definition of each of the outcome variables can be found in the appendix table 2.
We included the following covariates in the analyses: age (in groups: 50-59, 60-69, ≥
70 years), gender, whether the respondents lived alone, education (no formal education, primary completed, secondary or above), household income (quintiles) and employment status (employed/self-employed, retired, unemployed, permanently sick/disabled, other). 
We used the official imputed dataset provided by the SHARE team for the analyses in this study [6].

Statistical analysis
We used multiple logistic regression analysis to determine socioeconomic and demographic correlates of multimorbidity. We assessed the association between number of CDs and binary outcomes using logistic regression models. These binary outcomes included any hospitalisation, fair/poor self-perceived health status, depression and reduction of functional capacity. We ran negative binomial models for continuous outcomes, namely, number of medical doctor visits, number and length of hospitalisations. All the models adjusted for covariates listed above. We conducted pooled analyses using data from all countries, but also ran separate analyses in each country and reported adjusted odds ratios (AOR) and 95% confidence intervals (CI). 

Covariates used for adjusted analyses were tested for multicollinearity. The multicollinearity diagnostics (VIF) were all less than 5, indicating an assumption of reasonable independence among predictor variables. Sampling weights were used to account for the complex, multi-stage design of the SHARE dataset. We performed the statistical analyses using Stata 12 (StataCorp).
1. Börsch-Supan A, Brandt M, Hunkler C, Kneip T, Korbmacher J, Malter F, et al. Data resource profile: The survey of health, ageing and retirement in europe (share). Int J Epidemiol. 2013;42(4):992–1001. 
2. Börsch-Supan A, Brandt M, Litwin H WG. Active ageing and solidarity between generations in Europe: First results from SHARE after the economic crisis. Berlin: De Gruyter; 2013. 
3. Malter F B-SA. SHARE Wave 4: Innovations & Methodology. Munich: MEA, Max Planck Institute for Social Law and Social Policy; 2013. 
4. Larraga L, Saz P, E DM, G M, A. L. A validation of the Spanish version of the EURO-D scale" an instrument for detecting depression in older people. Int J Geriatr Psychiatry. 2006;21:1199–205. 
5. Jagger C, Gillies C, Cambois E, Al. E. The Global Activity Limitation Index measured function and disability similarly across European countries. J Clin Epidemiol. 2010;63(8):892–9.
6. SHARE. SHARE - Release Guide 1.1.1 WAVE 4 [Internet]. Available from: http://www.share-project.org/fileadmin/pdf_documentation/SHARE_wave_4_release_guide_1.1.1.pdf




Appendix 2 – Table: Sample characteristics
	 
	SAMPLE SIZE
	AGE GROUPS (%)
	GENDER (%)
	N PERSONS SAME HOUSEHOLD
(%)
	LEVEL OF EDUCATION (%)
	OCCUPATION (%)

	
	
	50-59 yo
	60-69 yo
	>70 yo
	female
	> 1 person
	No formal
	Primary completed
	Secondary and above
	Retired
	Employed /     Self-employed
	Unemployed
	Permanently sick /Disabled
	Other

	AT
	5039
	30.22
	34.63
	35.15
	57.25
	28.99
	8.99
	21.19
	69.82
	63.94
	22.03
	2.38
	1.01
	10.64

	DE
	1544
	17.81
	38.21
	43.98
	52.72
	14.77
	0.06
	0.58
	99.35
	63.67
	22.47
	2.91
	2.46
	8.48

	SE
	1921
	12.02
	41.85
	46.12
	53.98
	22.28
	0.42
	0.78
	98.8
	69.18
	27.17
	1.09
	1.77
	0.78

	NL
	2686
	27.14
	40.66
	32.2
	55.51
	17.76
	0.22
	1.34
	98.44
	45.87
	29.08
	1.64
	5.58
	17.83

	ES
	3474
	26.83
	29.3
	43.87
	54.49
	10.88
	12.15
	24.24
	63.62
	40.88
	19.29
	5.7
	4.32
	29.82

	IT
	3508
	24.74
	35.86
	39.4
	54.5
	11.69
	1.34
	41.13
	57.53
	53.71
	19.61
	1.88
	2.51
	22.29

	FR
	5509
	32.46
	31.77
	35.78
	56.09
	25.5
	0.91
	2.31
	96.79
	60.56
	26.81
	2.9
	3.1
	6.63

	DK
	2187
	37.4
	32.28
	30.32
	53.41
	21.08
	8.6
	23.41
	67.99
	47.19
	43.21
	2.24
	5.12
	2.24

	CH
	3605
	33.98
	33.81
	32.21
	53.95
	20.28
	5.83
	37.36
	56.81
	45.83
	41.3
	1.47
	2.11
	9.29

	BE
	5040
	36.9
	31.11
	31.98
	54.56
	22.8
	1.03
	2.54
	96.43
	48.55
	28.27
	4.64
	5.28
	13.25

	CZ
	5886
	29.61
	39.36
	31.02
	57.1
	21.7
	0.24
	1.99
	97.77
	70.05
	24.7
	2.24
	2.21
	0.8

	PL
	1707
	21.09
	42.47
	36.44
	56.24
	9.43
	0.59
	7.56
	91.86
	69.95
	12.71
	3.1
	7.97
	6.27

	HU
	2968
	32.82
	37.4
	29.78
	56.17
	17.92
	0.34
	2.7
	96.97
	65.8
	19.71
	4.25
	7.31
	2.93

	PT
	1989
	32.68
	36.8
	30.52
	56.26
	11.97
	7.19
	54.55
	38.26
	56.46
	22.78
	6.13
	2.01
	12.62

	SI
	2694
	35
	30.62
	34.37
	56.09
	18.26
	1.86
	7.91
	90.24
	67.19
	18.63
	5.16
	1.71
	7.31

	EE
	6670
	28.41
	30.6
	40.99
	59.42
	23.69
	0.04
	2.61
	97.35
	56.28
	33.09
	4.11
	5.58
	0.94

	EUROPE POOLED
	56427
	29.8
	34.56
	35.64
	55.94
	20.22
	2.95
	12.98
	84.06
	57.59
	26.36
	3.25
	3.68
	9.12



AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EUROPE POOLED: Pooled data. The order of the countries is based on the order used in the SHARE database.










Appendix 3 – Table:  Definition of the outcomes used in the analyses

	OUTCOME
	DESCRIPTION

	Number of Chronic Diseases
	Count of chronic diseases considering the following list of chronic diseases:
1) heart attack/problem 2) high blood pressure  3) stroke/cerebral vascular disease 4) diabetes/high blood sugar 5) chronic lung disease 6) arthritis/rheumatism 7) cancer 8) stomach/duodenal/peptic ulcer, 9) Parkinson’s disease 10) cataracts 11) hip fracture or femoral fracture 12) other fractures 13) Alzheimer`s disease/dementia/organic brain syndrome/senility/other serious memory impairment 

	Multimorbidity
	Presence of at least two chronic diseases

	Number of Medical Doctor Visits
	Sum of general practitioner, emergency room and outpatient visits during the last year

	Number of General Practitioner Visits
	Sum of general practitioner visits during the last year

	Hospitalization
	Whether or not been hospitalized in the past year 

	Number of hospitalizations
	Number of hospitalizations in the past year

	Length of hospitalizations
	Total nights at the hospital in the past year

	Self-perceived health
	Classified by answering the following question: “Would you say your health is…”
Categories: “self-perceived health as fair poor” / “self-perceived health as at least good”

	Depression
	Classified using the Euro-D classification scale (0-12; 0 “not depressed”- 12 “very depressed).                    Cut-off ≥4 for definition of depression as corresponds to presence of signs of clinically significant depression.

	Reduction of functional capacity
	Classified using the GALI scale as “reduced functional capacity” / “not reduced functional capacity”. 
The “limited with movements” category was obtained by merging two categories; “severely limited with movements” and “moderately limited with movements”. 


















Appendix 4 - Table: Descriptive statistics for outcome measures

	 
	Number of CDs
	Multimorbidity (%)
	Doctor Visits
	Been hospitalized (%)
	Number of hospitalizations
	Total nights at the hospital
	Fair-poor           self-perceived health (%)
	Depression (%)
	Reduced functional capacity (%)

	AT
	1.3 (±1.4)
	35.88
	6.9 (±9.6)
	22.27
	0.4 (±0.9)
	2.6 (±8.5)
	30.34
	20.6
	47.41

	DE
	1.3 (±1.3)
	36.98
	8.9 (±11.5)
	20.47
	0.3 (±0.9)
	2.7 (±8.7)
	42.1
	25.65
	59.52

	SE
	1.1 (±1.2)
	29.88
	3.2 (±5.0)
	14.58
	0.2 (±0.7)
	1 (±4.6)
	32.07
	19.89
	43.31

	NL
	1.1 (±1.2)
	27.03
	5.6 (±9.4)
	11.28
	0.2 (±0.7)
	1 (±7.1)
	29.08
	18.28
	51.94

	ES
	1.4 (±1.4)
	39.18
	7.3 (±9.5)
	11.46
	0.2 (±0.8)
	1.6 (±8.9)
	47.55
	35.41
	40.27

	IT
	1.3 (±1.3)
	35.95
	9.8 (±13.4)
	13.34
	0.2 (±0.7)
	1.7 (±7.1)
	41.22
	31.78
	41.65

	FR
	1.2 (±1.3)
	33.55
	6.6 (±7.4)
	15.63
	0.3 (±1.1)
	1.8 (±8.4)
	37.12
	33.87
	44.98

	DK
	1.1 (±1.1)
	26.79
	4.7 (±7.0)
	11.71
	0.2 (±0.7)
	0.8 (±4.4)
	21.22
	16.05
	36.95

	CH
	1.0 (±1.1)
	24.74
	4.8 (±8.6)
	13.76
	0.3 (±0.9)
	1.5 (±8.5)
	17.73
	18.89
	32.09

	BE
	1.4 (±1.4)
	37.00
	7.9 (±9.7)
	17.08
	0.3 (±0.8)
	2 (±11.7)
	30.16
	29.88
	50.65

	CZ
	1.5 (±1.4)
	40.47
	7.6 (±10.2)
	17.06
	0.3 (±1.1)
	2.9 (±13.1)
	43.14
	24.7
	59.73

	PL
	1.4 (±1.3)
	39.66
	7.5 (±7.8)
	19.16
	0.3 (±0.9)
	2.7 (±10.9)
	57.53
	40.83
	58.11

	HU
	1.8 (±1.5)
	51.01
	9 (±10.8)
	18.13
	0.4 (±1.3)
	2.5 (±8.7)
	61.15
	37.84
	57.35

	PT
	1.5 (±1.4)
	39.42
	5.0 (±9.0)
	10.51
	0.1 (±0.5)
	1.1 (±5.3)
	62.14
	40.52
	49.62

	SI
	1.2 (±1.3)
	32.67
	5.6 (±11.8)
	12.81
	0.3 (±1.4)
	1.5 (±7)
	43.62
	25.95
	47.25

	EE
	1.8 (±1.5)
	49.85
	5.4 (±8.8)
	13.97
	0.2 (±0.7)
	1.8 (±8.8)
	71.45
	40.75
	59.01

	EUROPE POOLED
	1.4 (±1.4)
	37.31
	6.7 (±9.7)
	15.45
	0.3 (±0.9)
	1.9 (±9.1)
	42.28
	29.34
	49.26



AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EUROPE: pooled data. The order of the countries is based on the order used in the SHARE database.









Appendix 5 -Table: Socio-demographic correlates of multimorbidity in 16 European countries.

	 
	AT
	DE
	SE
	NL
	ES
	IT
	FR
	DK
	CH
	BE
	CZ
	PL
	HU
	PT
	SI
	EE
	EU

	AGE
	

	50-59 yo (ref)
	

	60-69 yo
	1.15
	0.82
	1.83
	1.33
	2.09
	1.62
	1.38
	1.57
	1.75
	1.61
	1.08
	2.45
	0.95
	1.52
	1.57
	1.63
	1.36

	
	0.91-1.44
	0.52-1.28
	0.99-3.4
	0.92-1.91
	1.52-2.88
	1.04-2.52
	1.01-1.88
	1.1-2.25
	1.33-2.3
	1.23-2.1
	0.78-1.47
	1.64-3.66
	0.57-1.59
	0.89-2.63
	1.14-2.17
	1.37-1.95
	1.17-1.59

	>70 yo
	2.19
	1.52
	2.51
	2.73
	3.83
	4.46
	3.04
	3.00
	2.64
	3.59
	2.34
	4.78
	1.49
	2.69
	2.53
	3.02
	2.79

	
	1.73-2.78
	0.91-2.53
	1.21-5.2
	1.8-4.13
	2.71-5.41
	2.74-7.26
	2.18-4.22
	1.93-4.66
	1.92-3.63
	2.64-4.88
	1.67-3.27
	3.03-7.52
	0.84-2.63
	1.46-4.93
	1.84-3.46
	2.46-3.71
	2.34-3.32

	
	

	GENDER
	

	Male (ref)
	

	Female
	1.11
	0.81
	1.02
	1.38
	1.15
	0.97
	1.06
	1.30
	0.93
	1.24
	1.01
	1.22
	1.53
	2.09
	0.93
	1.18
	1.04

	
	0.95-1.29
	0.61-1.06
	0.8-1.31
	1.08-1.76
	0.88-1.5
	0.7-1.35
	0.87-1.29
	1.04-1.62
	0.78-1.12
	1.03-1.49
	0.84-1.21
	0.95-1.57
	1.1-2.14
	1.44-3.04
	0.76-1.12
	1.05-1.32
	0.94-1.15

	
	

	Living Alone
	

	No (ref)
	

	Yes
	1.17
	0.97
	1.21
	0.89
	1.00
	0.91
	1.09
	0.91
	1.17
	1.19
	1.46
	1.35
	1.27
	1.85
	0.97
	0.97
	1.07

	
	0.98-1.28
	0.68-1.38
	0.88-1.67
	0.67-1.2
	0.72-1.37
	0.6-1.38
	0.88-1.34
	0.67-1.25
	0.94-1.46
	0.95-1.49
	1.16-1.85
	0.89-2.05
	0.86-1.88
	1.05-3.24
	0.76-1.24
	0.84-1.12
	0.94-1.21

	
	

	EDUCATION
	

	Secondary and Above (ref)
	

	Primary Completed
	0.79
	2.23
	0.78
	3.72
	1.39
	1.73
	1.79
	1.00
	1.08
	1.39
	1.78
	0.96
	1.67
	2.00
	0.88
	1.20
	1.52

	
	0.67-0.95
	0.41-12.26
	0.21-2.91
	1.14-12.16
	1.09-1.76
	1.28-2.34
	1.1-2.91
	0.77-1.29
	0.9-1.29
	0.86-2.26
	1.13-2.81
	0.61-1.51
	0.2-14.26
	1.34-2.99
	0.63-1.21
	0.85-1.71
	1.32-1.75

	No Formal
	1.00
	-
	1.44
	0.96
	1.53
	2.15
	1.21
	1.00
	1.52
	1.62
	2.36
	0.53
	0.61
	2.24
	1.77
	1.38
	1.55

	
	0.78-1.28
	0.00
	0.27-7.64
	0.18-5.18
	1.08-2.17
	0.77-6.06
	0.58-2.54
	0.71-1.43
	1.08-2.12
	0.72-3.64
	0.53-10.52
	0.13-2.15
	0.23-1.6
	1.12-4.52
	0.93-3.4
	0.13-14.66
	1.26-1.91

	
	

	JOB
	

	Retired (ref)
	

	Employed 
	0.52
	0.51
	0.34
	0.62
	0.38
	0.74
	0.52
	0.65
	0.55
	0.78
	0.41
	0.55
	0.32
	0.78
	0.54
	0.49
	0.56

	
	0.4-0.68
	0.32-0.79
	0.21-0.53
	0.42-0.93
	0.26-0.56
	0.44-1.25
	0.37-0.73
	0.44-0.97
	0.42-0.72
	0.57-1.05
	0.29-0.58
	0.33-0.93
	0.17-0.61
	0.42-1.44
	0.36-0.81
	0.41-0.58
	0.47-0.67

	Unemployed
	0.58
	1.45
	0.64
	0.83
	0.46
	1.99
	0.72
	0.63
	1.43
	0.81
	0.72
	1.02
	0.80
	1.53
	0.91
	0.53
	1.00

	
	0.34-1
	0.65-3.27
	0.2-2.05
	0.32-2.15
	0.27-0.79
	0.79-4.99
	0.43-1.2
	0.23-1.73
	0.74-2.77
	0.54-1.22
	0.4-1.31
	0.47-2.23
	0.36-1.78
	0.73-3.2
	0.56-1.48
	0.38-0.74
	0.74-1.36

	Permanently Sick/Disabled
	3.80
	1.02
	1.46
	3.23
	1.46
	1.39
	2.36
	2.71
	3.69
	2.19
	2.48
	2.54
	4.09
	3.58
	2.24
	3.00
	1.93

	
	1.96-7.37
	0.43-2.41
	0.62-3.46
	1.98-5.27
	0.83-2.57
	0.52-3.73
	1.48-3.76
	1.61-4.56
	2.18-6.25
	1.43-3.36
	1.39-4.41
	1.57-4.11
	2.13-7.85
	1.12-11.45
	1.12-4.48
	2.26-3.99
	1.48-2.51

	Other
	0.85
	0.61
	0.37
	1.00
	0.93
	1.10
	0.77
	1.45
	0.87
	0.94
	1.02
	1.26
	0.58
	0.97
	0.86
	0.66
	0.93

	
	0.67-1.08
	0.38-1
	0.1-1.31
	0.74-1.37
	0.69-1.27
	0.76-1.59
	0.57-1.04
	0.77-2.74
	0.63-1.18
	0.71-1.24
	0.4-2.64
	0.76-2.1
	0.24-1.43
	0.49-1.9
	0.6-1.22
	0.36-1.21
	0.8-1.07

	
	

	INCOME
	

	1Q   the poorest (ref)
	

	2Q
	1.05
	0.81
	1.10
	1.34
	0.89
	0.79
	0.92
	0.82
	1.32
	1.26
	0.82
	0.99
	0.90
	1.45
	1.10
	1.16
	0.94

	
	0.84-1.31
	0.53-1.23
	0.75-1.62
	0.97-1.84
	0.64-1.25
	0.51-1.21
	0.73-1.18
	0.59-1.14
	1.02-1.7
	0.95-1.67
	0.62-1.07
	0.68-1.44
	0.56-1.43
	0.92-2.29
	0.83-1.45
	0.97-1.38
	0.81-1.08

	3Q
	1.12
	0.86
	0.74
	1.13
	0.70
	0.72
	0.76
	0.62
	0.86
	0.72
	0.94
	0.88
	0.82
	1.43
	1.13
	1.09
	0.84

	
	0.89-1.41
	0.55-1.33
	0.5-1.1
	0.8-1.61
	0.5-0.98
	0.47-1.1
	0.57-1.01
	0.42-0.9
	0.65-1.15
	0.54-0.97
	0.72-1.25
	0.59-1.31
	0.49-1.39
	0.82-2.52
	0.84-1.51
	0.9-1.31
	0.72-0.97

	4Q
	1.06
	0.59
	0.60
	1.04
	0.89
	0.77
	0.62
	0.51
	0.86
	0.83
	1.11
	0.82
	0.81
	1.18
	1.01
	0.99
	0.75

	
	0.83-1.34
	0.38-0.92
	0.39-0.92
	0.71-1.51
	0.64-1.22
	0.49-1.2
	0.47-0.83
	0.34-0.77
	0.64-1.15
	0.61-1.14
	0.85-1.47
	0.55-1.22
	0.48-1.35
	0.64-2.19
	0.75-1.36
	0.82-1.2
	0.64-0.88

	5Q
	0.93
	0.42
	0.62
	0.69
	0.88
	0.57
	0.60
	0.69
	1.03
	0.79
	0.69
	0.95
	0.87
	1.34
	0.36
	0.91
	0.64

	
	0.72-1.19
	0.26-0.68
	0.39-0.99
	0.45-1.05
	0.62-1.23
	0.36-0.89
	0.43-0.85
	0.43-1.1
	0.76-1.4
	0.59-1.07
	0.5-0.93
	0.63-1.42
	0.54-1.39
	0.69-2.61
	0.26-0.5
	0.74-1.1
	0.54-0.75




Notes Multimorbidity defined as the presence of two or more chronic diseases; figures are ORs adjusted for all the variables in the table.
AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic,  PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EUROPE POOLED: pooled data. The order of the countries is based on the order used in the SHARE database.




































Appendix 6 - Figure: Association between number of CDs and primary and secondary care utilisation 
[image: H:\exchange\SHARE\file lavorati\2015\Graphs\Slide1.TIF]
Notes Primary care utilisation defined as number of medical doctor visits and general practitioner visits in the previous year. Secondary care utilisation defined as whether or not been hospitalized, number of times been hospitalized and length of hospitalization in the previous year.
Regression coefficients and AOR are adjusted for age, gender, number of people living in the same household, residence, educational level and employment status. 
All the regression coefficients and AOR values were found statistically significant.
AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EU POOLED: Pooled data



Appendix 7 -Fig.A: Prevalence of self-perceived health as fair-poor by presence of multimorbidity over European countries



AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EUROPE POOLED: pooled data





Fig.B: Prevalence of depression (EURO-D scale) by presence of multimorbidity over European countries



Note Depression defined using the EURO-D classification. Cut point for definition of depression ≥ 4
AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EUROPE POOLED: Pooled data





Fig.C: Prevalence of reduced functional capacity (GALI scale) by presence of multimorbidity over European countries




Note Reduction of functional capacity defined using the GALI-scale. The “reduced functional capacity” category was obtained by merging two categories: “severely limited with movements” and “moderately limited with movements”.
AT: Austria, DE: Germany, SE: Sweden, NL: Netherlands, SP: Spain, IT: Italy, FR: France, DK: Denmark, CH: Switzerland, BE: Belgium, CZ: Czech Republic, PL: Poland, HU: Hungary, PT: Portugal, SL: Slovenia, EE: Estonia, EUROPE POOLED: pooled data
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