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A B S T R A C T   

Multimorbidity is associated with lower quality of life, greater disability and higher use of health services and is 
one of the main challenges facing governments in Europe. There is a need to identify and characterize patterns of 
chronic conditions and analyse their association with social determinants not only from an individual point of 
view but also from a collective point of view. This paper aims to respond to this knowledge gap by detecting 
patterns of chronic conditions and their social determinants in 19 European countries from a multilevel 
perspective. We used data from the ESS round 7. The final sample consisted of 18,933 individuals over 18 years 
of age, and patterns of multimorbidity from 14 chronic conditions were detected through Multilevel Latent Class 
Analysis, which also allows detecting similarities between countries. Gender, Age, Housing Location, Income 
Level and Educational Level were used as individual covariates to determine possible associations with social 
inequalities. The goodness-of-fit indices derived in a model with six multimorbidity patterns and five countries 
clusters. The six patterns were “Back, Digestive and Headaches”, “Allergies and Respiratory”, “Complex Multi-
morbidity”, “Cancer and Cardiovascular”, “Musculoskeletal” and “Cardiovascular”; the five clusters could be 
associated with some geographical areas or welfare states. Patterns showed significant differences in the cova-
riates of interest, with differences in education and income being of particular interest. Some significant dif-
ferences were found among patterns and the country groupings. Our findings show that chronic diseases tend to 
appear in a combined and interactive way, and socioeconomic differences in the occurrence of patterns are not 
only of the individual but also of group importance, emphasising how the welfare states in each country can 
influence in the health of their inhabitants.   

1. Introduction 

The number of people suffering (or at risk of) long-term conditions, 
such as diabetes, heart disease, musculoskeletal disorders, mental health 
conditions, or cancer is rising rapidly in Europe (Barnett et al., 2012). 
One of the main reasons for this is the rapid increase in life expectancy in 
all regions of the world over the last few years. The average life ex-
pectancy in European Union was 78.4 years for males and 83.8 years for 
females in 2020 (Eurostat, 2022a). This accelerated growth of the 
elderly is causing the accumulation of chronic diseases, with the 

consequent increase in aspects such as health and social costs and 
poly-medication. In addition, the problem of multimorbidity is not only 
a problem of older people, but also occurs, albeit less frequently, among 
young people and adults, considering that the multimorbidity at this age 
could have different etiology from those that appear among older people 
(Barnett et al., 2012), which may be due to changing lifestyles and the 
increasing prevalence of mental disorders (Koné Pefoyo et al., 2015). 

Multimorbidity can be defined generically as the accumulation of 
two or more chronic health conditions (van den Akker et al., 1996; 
WHO, 2008), and due to the situation caused by the ageing of the 
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European population is one of the main challenges facing governments 
and healthcare systems (Fortin et al., 2005; Kuzuya, 2019; Onder et al., 
2015). This health condition is associated with a lower quality of life, 
increased disability, functional decline, higher healthcare utilisation 
and fragmentation of care, complex treatment, and higher mortality 
(Gallacher et al., 2014; Gijsen et al., 2001). In this field of research, one 
of the problems to be addressed is that adverse health outcomes asso-
ciated with multimorbidity are partly determined by the fact that 
healthcare delivery and measurements are defined and organised based 
on patients with single diseases (Moffat & Mercer, 2015). 

Some studies have highlighted the incapacity of current clinical 
guidelines to tackle the complex needs of patients with multimorbidity 
because of the inadequate or modest attention to co-occurring diseases 
(Moffat & Mercer, 2015; Sevick et al., 2007). Common problems among 
these patients with multimorbidity are, for instance: treatment in-
compatibility, negative interactions among medications for multiple 
diseases, or undertreatment for second-order diseases (Wallace et al., 
2015). Given this fact, new ways of addressing the complex problem of 
multimorbidity are needed. The usual way of measuring this problem 
has been using disease accumulation indices, such as Charlson-Deyo 
comorbidity index (Charlson et al., 1987), Elixhauser comorbidity 
score (Elixhauser et al., 1998) or the count of each individual’s chronic 
conditions. However, this approach does not allow the detection of 
possible recurrent patterns of chronic conditions in the population, and 
in recent years numerous studies have emerged with the aim of detecting 
specific patterns of multimorbidity within European countries (Hanlon 
et al., 2018; Hernández et al., 2021; Olaya et al., 2017; Violan et al., 
2014). Identifying these patterns allows for a more targeted approach to 
the problem of multimorbidity and for targeted interventions that 
consider the common recurrence of certain diseases. 

In addition, another major challenge to be addressed in this research 
problem is how to provide new evidence-based knowledge on the 
complex relationship between co-joint chronic diseases and how their 
patterns of association with social inequalities in health might vary 
depending on disparities in contextual circumstances linked to struc-
tural or intermediary factors (Alvarez-Galvez, 2018, 2019). It is known 
that non-communicable diseases are influenced by social and economic 
differences between populations (socioeconomic status, educational 
level, or economic hardship) (Bono & Matranga, 2019; GBD 2016 DALYs 
and HALE Collaborators, 2017), and the influence of these factors can be 
expected to extrapolate even more clearly in the presence of 
multimorbidity. 

Although the impact of social determinant of health, understood as 
the conditions in which people are born, grow, work, live, and age, and 
the wider set of forces and systems shaping the conditions of daily life 
(World Health Organization, 2021) have been identified in the special-
ized literature, the pattern of association of the different chronic con-
ditions together (physical and mental) that makeup multimorbidity and 
their respective drivers is not so well defined (Arokiasamy et al., 2015; 
Barnett et al., 2012). Recent work shows that multimorbidity is strongly 
associated with social and economic factors that condition the early 
onset of chronicity and subsequent multimorbidity in disadvantaged 
social groups (Arokiasamy et al., 2015; Nielsen et al., 2017). 

Studies in Europe have shown that multimorbidity patterns are 
related to social and demographic determinants such as gender, age, 
education, income level and living area (Diaz et al., 2015; Foguet-Boreu 
et al., 2015; Hernández et al., 2021), factors that may predispose to the 
appearance of different co-joint chronic conditions and health outcomes 
in individuals with similar physical characteristics. Depending on 
gender and age, different studies in particular regions of Europe have 
identified some interesting relations. For example, a higher prevalence 
of mental multimorbidity patterns in younger women (Larsen et al., 
2017), while cardiovascular patterns are more prevalent in older men 
(Nguyen et al., 2020). Musculoskeletal and cardiometabolic patterns are 
more prevalent among men of low socio-economic status (Larsen et al., 
2017; Møller et al., 2020). Complex patterns, those with a high 

combination of chronic diseases, are more frequent in older age groups 
(Olaya et al., 2017), while younger groups of medium-high socio-eco-
nomic status have a higher prevalence of mental health problems 
(Chmiel et al., 2014). This fact indicates that the way to deal with 
multimorbidity should be related to the analysis from the point of view 
of patterns or groups of conditions and their association to possible so-
cial inequalities and not so much from the point of view of multi-
morbidity as a mere accumulation of conditions (Busija et al., 2019; 
Pearson-Stuttard et al., 2019). 

Other studies have shown how the place of birth and the area where 
one lives can influence the appearance of different patterns (Kringos 
et al., 2016; Lai et al., 2021; Larsen et al., 2017) associated with specific 
characteristics and politics of the regions or countries. However, few 
studies have focused on the differences between patterns across Euro-
pean countries and their associations with individual social de-
terminants from a multilevel paradigm, focusing not only on the 
perspective of individual characteristics but also the collective 
perspective of the country of belonging. 

This study is aimed to identify the patterns of multimorbidity in 
European countries and their association with social inequalities. Spe-
cifically, our research objectives are the following: (1) to identify classes 
of multimorbidity among the European population, (2) to study the 
prevalence of the resulting multimorbidity classes and their differences 
among European countries from a multilevel perspective, and (3) to 
know how these patterns are associated with socioeconomic status and 
possible inequalities at individual level in these countries. 

2. Methods 

2.1. Study design and participants 

To carry out this study, we use the data obtained by The European 
Social Survey (ESS) in Round 7, for which data collection was carried 
out between 2014 and 2015. The ESS is an academically driven multi- 
country survey which has been administered in over 30 countries to 
date. The survey covers 22 countries in the seventh round and employs 
the most rigorous methodologies (European Social Survey Data Archive, 
2016). The survey involves strict random probability sampling, a min-
imum target response rate of 70% and rigorous translation protocols. 
The hour-long face-to-face interview includes questions on various core 
topics repeated from previous rounds of the survey and a specific 
module developed for Round 7 covering Social Inequalities in Health. 

From the specific health module of round 7, the 14 chronic condi-
tions of interest for our study were selected: heart problems, high blood 
pressure, breathing problems, allergies, back or neck pain, muscular or 
joint pain in hand or arm, muscular pain in foot or leg, stomach or 
digestion related, skin conditions, severe headaches, diabetes, cancer, 
obesity, and severe depression. The selection of these chronic conditions 
was based on their serious nature (i.e. those potentially fatal or limiting 
for daily activities) and their elevated economic cost (e.g. cancer). 

About the social inequalities in health, we selected available cova-
riates in ESS Round 7 at the individual level that could be related to the 
multimorbidity patterns and established in the literature as possible 
social determinants. In addition, we selected those whose categories 
were similarly distributed within the selected European countries and 
did not present anomalous data. 

Specifically, the covariates chosen were Gender (Male and Female), 
Age (18–39, 40–54, 54–69 and over 69), Income Level (divided into 
quartiles of the individual’s income within each specific country, with 
Q1 being the lowest income group and Q4 the highest income group), 
Educational Level (normalised to the equivalent in each European 
country, with Primary or No Education being the lowest level of edu-
cation and University being the highest level) and Housing Location 
(grouped into three categories, Big City, Small City or Town and Country 
Village or Rural Place). 

As inclusion conditions, we chose those countries within the 22 in 
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which the survey was conducted that had sufficient information on the 
chronic conditions of interest. In turn, only individuals with multi-
morbidity were selected so that the patterns of conditions obtained 
would consist only of individuals with two or more conditions, as has 
been done in other similar studies (Bendayan et al., 2021). Finally, only 
individuals over 18 years of age were chosen. 

The final sample size was composed of 18,933 individuals of legal 
age with two or more chronic conditions (truly multimorbidity) that 
were selected from 19 European countries: Austria, Belgium, Denmark, 
Finland, France, Germany, Hungary, Ireland, Israel, Lithuania, the 
Netherlands, Norway, Poland, Portugal, Slovenia, Spain, Sweden, 
Switzerland, and the United Kingdom. 

2.2. Statistical analysis 

Firstly, a descriptive analysis of the sample was carried out (Means, 
SDs with continuous variables, Frequencies and Percentages with cate-
gorical). Missing values were analysed and imputed in those variables 
where they were small (less than 1%). Only in the income variable, the 
high number of missing values (due to unwillingness to answer) lead to 
the category do not know/no answer being considered within this 
variable. 

After descriptive analysis, the data were prepared to obtain the 
patterns by means of Latent Class Analysis (LCA). LCA is a multivariate 
technique used to classify observations based on patterns of categorical 
or continuous observed variables (Bartholomew et al., 2011). Classifi-
cation is associated with unobserved groups of individuals called latent 
classes. This technique has often been used to identify multimorbidity 
patterns and their association with social determinants (Jacob et al., 
2020; Tazzeo et al., 2021; Zhu et al., 2020). 

The usual approach to LCA assumes independence between obser-
vations across individuals. This independence can break down in hier-
archical data, such as those from the European survey we are analysing, 
making a multilevel approach necessary. We used multilevel latent class 
analysis (MLCA) (Vermunt, 2003) to identify multimorbidity subgroups 
within the European countries, incorporating two levels of classes, one 
at the level of individuals (level 1) and a second level associated with the 
19 countries (level 2). The statistical model with MLCA was based on 14 
observed chronic conditions of interest. 

In MLCA, two types of categorisation were obtained: on the one 
hand, patterns or classes of multimorbidity, at the level of the individual 
(level 1) and on the other hand, sets of European countries with similar 

patterns of chronic conditions (level 2). The variable grouping was the 
19 countries, with the number of subjects per country ranging from 652 
(Slovenia) to 1,979 (Germany), with a mean value of 996.47 subjects 
and a deviation of 260.98. These values show that the number of groups 
is enough for the average size of each group (Park & Yu, 2017). 

The process of obtaining the appropriate number of level 1 patterns 
and level 2 country groups is done through 3 steps (LukocIene et al., 
2010): (1) Determination of the latent classes without taking into ac-
count the hierarchical structure of the data, (2) determination of the 
country groups by fixing the latent classes obtained in the previous step 
and (3) fixing the number of country groups and checking whether the 
latent classes obtained in the first step are appropriate. 

We chase successive models in each pass by the Bayesian information 
criterion (BIC), the adjusted BIC and the Akaike Information Criterion 
Three (AIC3), three of the indices that best fit the data in the MLCA 
models (LukocIene et al., 2010). The lower the BIC, ABIC, and AIC3, the 
better the fit is. Sometimes it is helpful to use an elbow plot to mark the 
point beyond which the improvement in the goodness-of-fit indices is 
not much since raising the number of classes raises the number of model 
parameters and the parsimony of the model is lost (Weller et al., 2020). 

To check the relationship between social determinants and localised 
multimorbidity patterns, covariates for each individual were incorpo-
rated into the latent class model. Incorporating covariates into the global 
model may change the number of latent classes of both levels, so it is 
recommended to perform the covariate analysis following the 3-Step 
approach (Bolck et al., 2004), according to which it is recommended 
to (1) estimate the latent class model (2) calculate the latent class of 
membership of the individual and (3) relate these membership classes to 
the desired covariates through multinomial logistic regression models. 
In addition, the multinomial models proposed were also performed 
stratifying according to the cluster of European countries obtained by 
MLCA, with the aim of detecting possible differences between groups of 
countries. 

All statistical computations were performed using R and RStudio, 
and MPlus version 7.2. 

3. Results 

The descriptive statistics of the sample characteristics and the 
chronic conditions categorised by country can be found in Table S1 of 
the supplementary material. As characteristics to mention, there were 
18,933 individuals with multimorbidity with a mean of 3.46 conditions 

Fig. 1. Elbowplot of LCA with 2–9 classes.  
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per individual. There are most women, with 56% and the distribution by 
age group is similar, with all four age groups having sizes above 20%. 

3.1. Model selection 

The process of selecting the appropriate latent class model through 
MLCA was as follows: first, the number of latent classes at the individual 
level was selected without considering the multilevel structure. For this 
purpose, the BIC, ABIC, AIC3, and entropy were obtained for the two- 
nine class models, and their values were analysed, which can be seen 
in Table S3. An elbowplot graph in Fig. 1 was then produced to analyse 
the chosen model. 

In the elbowplot we could see that from six classes onwards, the 
curve becomes smoother. Taking this into account, the multimorbidity 
patterns were analysed reviewing their clinical interpretability, an 
adequate sample size and trying to obtain as many coherent patterns as 
possible. In this way, the six-pattern multimorbidity model was selected, 
as extracting additional classes did not improve the overall fit of the 
model. 

This model has somewhat low entropy (0.589), but it should be 
noted that the multilevel structure of the data has not been considered. 
The patterns of chronic conditions and the prevalence of these health 
problems can be seen in Fig. 2. The first class is people with back 
problems, digestive problems and headaches, second class is associated 
with allergies, skin problems and respiratory conditions, third class is a 
kind of complex multimorbidity (with musculoskeletal, allergies, car-
diovascular and mental together), fourth class is mainly cancer with 
metabolic syndrome (diabetes, hypertension and obesity), fifth class is 

people with musculoskeletal (back, neck or muscular pain) and finally 
sixth class is associated only with cardiovascular conditions and meta-
bolic syndrome. 

After setting classes, the number of clusters of European countries 
was analysed, thus including the multilevel information of the model. 
For this purpose, the goodness-of-fit indices were rechecked, and the 
elbowplot (Table 1 and Fig. S1) was performed for models with six 
classes and two to nine clusters. In addition to BIC, two other multilevel 
goodness-of-fit indices were calculated, substituting sample size for the 
number of clusters (BICK and ABICK). The AIC3 was discarded because 
its values were similar to the BICK values. 

In this case, the models with five, eight and nine clusters show the 
best indices, so these clusters were revised to choose the one with the 
fewest groups and the best interpretability. The groupings of eight and 
nine clusters were discarded because they left some groups with only 
one country. The solution chosen was that of five clusters, in which the 
country groupings presented a certain coherence due to their 
geographical proximity, E1 (Ireland, Israel, Poland), E2 (Austria, 
Finland, Germany, Netherlands, United Kingdom, Sweden), E3 
(Belgium, Denmark, France, Norway, Slovenia, Switzerland), E4 
(Hungary, Lithuania) and E5 (Portugal, Spain). This distribution of 
cluster condition patterns across European countries can be seen in 
Fig. 3. The model has an entropy of 0.771, which is higher than the 
previous model when the hierarchical structure of the data is 
incorporated. 

With the model of six classes and five clusters chosen, the appro-
priate number of patterns was tested in a third step by fixing the number 
of clusters (see Table S3 and Fig. S2 in the supplementary material). 
Again, it was more consistent to choose six classes, as both the elbowplot 
and the clinical interpretation indicated that this was the most parsi-
monious model. The proportion of each pattern of chronic conditions 
within the European country clusters can be seen in Fig. 4. The preva-
lence of patterns of chronic conditions in each European country can be 
seen in Fig. 5. 

3.2. Social determinants and chronic conditions 

Table 2 summarises the social determinants of the sample individuals 
in each class and the distribution of the clusters in each class. This table 
is complemented by Table 3, which shows the multinomial logistic 

Fig. 2. Final model of chronic conditions among six classes and overall prevalence.  

Table 1 
Goodness-of-fit index in MLCA with 6 classes and 2–9 clusters.  

Classes Clusters BIC BICK ABICK entropy 

6 2 264,540.9 263,885.0 263,583.1 0.705 
3 264,389.1 263,691.8 263,370.8 0.716 
4 264,327.7 263,588.9 263,248.9 0.744 
5 264,218.2 263,438.0 263,078.9 0.771 
6 264,299.7 263,478.1 263,099.9 0.797 
7 264,312.1 263,449.1 263,051.8 0.805 
8 264,217.8 263,313.3 262,897.0 0.789 
9 264,276.9 263,331.0 262,895.6 0.794  
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regression results associating the four variables of interest with the class 
of membership in each condition following the 3-step approach. 

Analysing the regression results, the following distribution of the 
determinants within each class can be posited, taking into account we 
have significant results considering the reference class. Pattern “Back, 
Digestive and Headaches”, that is taken as a reference because it is the 
class with the lowest average number of chronic conditions, consists of 
young and middle-aged people, women, and with higher-than-average 
income. “Allergies and Respiratory” pattern comprise middle-aged 
men with a medium/high level of education and higher than average 
income. “Complex Multimorbidity” class consists of older people with 
lower income and primary education. “Cancer and Cardiovascular” is 
made up of older men with a low income and primary or secondary 
education. Class “Musculoskeletal” is made up of older people (although 
somewhat younger than those in classes C3 and C4) with low level of 
education (primary) and more inclined to live in the countryside. 
Finally, “Cardiovascular” pattern is mainly made up of older men with a 
low level of education. This pattern is the one with the highest mean age 
together with the “Complex Multimorbidity” class. 

Looking at the distribution of the country clusters combined with the 
condition patterns in Fig. 4, the “Allergies and Respiratory” pattern is 
significantly more prevalent in cluster E5, the “Cancer and Cardiovas-
cular” pattern is more prevalent in clusters E1 and E5, the “Musculo-
skeletal” pattern is less prevalent significantly in cluster E2, and the 
“Cardiovascular” pattern is the most prevalent in E2 and E4 clusters. 
“Complex Multimorbidity” is the only pattern without significant dif-
ferences among clusters (see Fig. 5). 

Finally, the influence of the covariates was analysed according to 
each MLCA-derived country cluster. Table S5 shows the results of the 
multinomial regression stratified by cluster. In general, the determinants 
act in a similar way in each cluster as they do globally. By gender, 
similar trends are observed, although cluster E5 (Spain and Portugal) 
does not show significant differences by pattern with respect to men 
except in the “Complex Multimorbidity” pattern, while in the other 
clusters women seem to have more protection in certain patterns. It is 
also interesting to note in cluster E5 that people with lower incomes do 
not have significant differences in the appearance of the six patterns, 
unlike in the rest of the European countries. 

Fig. 3. Map with clusters of European countries associated with chronic conditions, ISO2 coding.  
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The most notable difference in this analysis comes in the Housing 
Location variable. In the “Cancer and Cardiovascular” pattern, while in 
clusters E2 and E5 living in places with fewer inhabitants is a risk factor, 
in clusters E3 and E4 it is a protective factor. It should also be noted that 
in cluster E5 the “Musculoskeletal” pattern is significantly more preva-
lent in rural areas. 

4. Discussion 

This study has aimed to explore multimorbidity patterns among 
European countries through the MLCA technique, which allows multi-
level information to be introduced into a latent class model. In our re-
sults, 14 Chronic conditions have been grouped into six different 
patterns within those with two or more chronic conditions. 

While classical clustering and factor analysis techniques have been 
used for pattern detection, it is interesting to highlight the use of LCA as 

one of the most widespread techniques in recent years in the search for 
multimorbidity classes (Craig et al., 2021; Marengoni et al., 2020; Olaya 
et al., 2017). In our case, other studies that have made use of LCA in 
European countries, but our study is one of the first to make use of the 
multilevel version of LCA in a large set of European countries for the 
detection of multimorbidity patterns and possible similarities between 
countries and social determinants. 

Overall, the six multimorbidity patterns obtained in the European 
population were in line with those obtained in previous studies, 
although comparison with other studies is limited given the differences 
in regions, chronic conditions measured, and technique used for the 
patterns (Busija et al., 2019). In a systematic review of 14 studies of 
multimorbidity patterns, the three most common patterns were found to 
be musculoskeletal, mental health and cardiovascular (Prados-Torres 
et al., 2014), while in another review in developed countries (Ng et al., 
2018) the three most common were cardiovascular, mental health and 

Fig. 4. Maps with the prevalence of multimorbidity patterns by European countries.  
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allergic disease. In our study, three of the six localised patterns (“Car-
diovascular”, “Musculoskeletal”, and “Allergies”) are in line with these 
reviews. However, the mental pattern has not emerged, which may be 
caused by the fact that only one of the 14 conditions analysed is mental 
and its highest prevalence is in the “Complex Multimorbidity” group. 

On the other hand, this complex pattern has the most chronic con-
ditions on average (7.51) and groups parts of several other patterns such 
as musculoskeletal, cardiovascular or allergies, as well as depression. It 
is a typical pattern associated with the progressive ageing of society and 
also appears in other studies (Garin et al., 2016; Olaya et al., 2017), 
including physical conditions and mental health problems, which are 
mostly caused by the physical deterioration and activity limitation that 
comes with accumulating so many chronic conditions. In fact, the 
relationship between the conditions that make it up this pattern is 
referenced and is a large part of the current problem stemming from the 
health expenditure associated with high old age in Europe. 

A somewhat different pattern to that found in other studies is 
“Cancer and Cardiovascular”. This is a pattern that combines diseases 
that are part of the metabolic syndrome (heart problems, hypertension, 
and obesity) with cancer in its various forms. These types of cardio-
vascular problems can lead to the development of cancer (Esposito et al., 
2014), and in our study their occurrence shows signs of this relationship. 

Our results highlight the association of multimorbidity patterns with 
socioeconomic determinants (Palladino et al., 2016). Two interesting 
patterns to highlight this difference are “Back, Digestive, and Head-
aches” and “Musculoskeletal”. Significant differences are found between 
the two patterns, as while people with headaches or back pain have 
above-average income and medium/high educational levels, most of the 
population with musculoskeletal problems is older, poorly educated, 
and rural. 

It can be hypothesised that educational level and place of origin may 
have been critical factors in these differences. Like we have said, the 
“Back, Digestive and Headaches” pattern is a typical pattern of young/ 
medium age people and it could be related with medium/high skilled 
technical work, with these pathologies being some of the most frequent 
in office/technique jobs (Madeleine et al., 2013; Nunes et al., 2021), 
while the “Musculoskeletal” patterns are associated with manual and 
low skilled jobs and rural areas (Docking et al., 2015; Stewart et al., 
2014), as well as being associated with lower incomes. 

These social differences also occur in patterns associated with 

metabolic syndrome (in our study, “Cardiovascular” and “Cancer and 
Cardiovascular”). These patterns are significant in men in our sample, 
who have the highest prevalence of metabolic syndrome in Europe 
(Regitz-Zagrosek et al., 2006), although this difference becomes less 
pronounced from the age of 50 onwards (Abbate et al., 2021). They have 
a somewhat lower educational level than other patterns and have lower 
overall incomes, more pronouncedly in the case of the “Cancer and 
Cardiovascular” pattern. These patterns are associated with poor diet 
and poor lifestyles, which tend to be associated with low levels of edu-
cation and income (Blanquet et al., 2016; Khambaty et al., 2020). 

On the other hand, the “Allergies and Respiratory” pattern is made 
up of people younger than the other patterns, with a higher level of 
income and education than the other patterns. It is a frequent pattern in 
other studies in developed countries (Jones et al., 2022; Larsen et al., 
2017) and young people (Violán et al., 2016). Together with pattern 
“Back, digestive and headache”, it is the pattern with the youngest 
people. Studies on multimorbidity patterns in young people are not very 
extensive, so finding these patterns is essential in the approach to pre-
vention campaigns, given the possibility of the origin of these chronic 
conditions in habits such as smoking and poor diet (Andrianasolo et al., 
2018; Hisinger-Mölkänen et al., 2022) or environmental factors related 
with climate change issues (Luschkova et al., 2022). 

Finally, the “Complex Multimorbidity” pattern is difficult to cate-
gorise at the level of chronic conditions due to their great variety, but it 
is easy to see at the level of social determinants. It is made up of older 
people, with low/middle income and a lower educational level than the 
other patterns. It is clearly related to the ageing process and appears in 
other studies, where it is also related to low income (Olaya et al., 2017). 
It is also related to low educational level, thus higher education was 
significantly associated with a decreased risk of general multimorbidity 
(Afshar et al., 2015). Given the advanced ageing process in Europe, 
determining the characteristics that can lead to this type of pattern is 
fundamental when establishing health protection policies. 

The differential contribution of our study is thanks to MLCA being 
able to group countries into clusters according to the prevalence of the 
patterns of multimorbidity. Analysing the similarities and differences 
between clusters seeing Figs. 3 and 5, E2 and E3 are two of the most 
similar country clusters, consisting mainly of central and northern Eu-
ropean countries. The main difference was “Cardiovascular” pattern 
were more prevalent in E2. Statistics show that in Germany, Austria, and 

Fig. 5. Prevalence of multimorbidity patterns by clusters of European countries.  
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Hungary, the percentage of the population with this type of problem is 
higher than in other European countries (Eurostat, 2019a). Other studies 
also found that hypertension and the multimorbidity associated with it 
were more prevalent in central and eastern European countries (Nielsen 
et al., 2017). 

In this respect, cluster E4, formed by Eastern European countries 
(Hungary and Lithuania), has similarities with cluster E2, the clusters 
with the highest “Cardiovascular” pattern. It differs from cluster E2 
mainly in having a higher prevalence of the “Cancer and Cardiovascu-
lar” pattern. Eastern European countries tend to have higher cancer rates 
(Eurostat, 2019b), with Hungary and Lithuania being the countries with 
the highest cancer prevalence in our sample. In turn, we can relate 
cluster E4 to cluster E1, to which Poland (also an Eastern European 
country) belongs, as well as Israel and Ireland. The pattern “Cancer and 
Cardiovascular” is also relevant in cluster E5 (Spain and Portugal), but 
this fact is due more to the cardiovascular part, as the prevalence of 
cancer as a single condition is low in these Mediterranean countries in 
our study (see Tables S1 and S4). However, it is interesting to note that 
this pattern, frequent in E5, is made up of people with low-income 
levels, with these two countries being among those with the lowest 
average salaries in Europe (Eurostat, 2022b). 

The E1 and E5 clusters are similar in the prevalence of the patterns, 
the difference being in the “Allergies” pattern. Allergies and their as-
sociation with respiratory problems are more common in Mediterranean 
countries. These two clusters are countries that could be called periph-
eral to central/northern Europe (Ireland, Poland and Israel in E1, 
Portugal and Spain in E5) and with a somewhat lower socioeconomic 
status than the countries in clusters E2 and E3 (UNDP (United Nations 
Development Programme), 2020). In addition to geographical prox-
imity, a relationship could be observed between the obtained country 
grouping and welfare state characteristics. Clusters E2 and E3 contain 
countries that could be encompassed within two well-established wel-
fare regimes: Scandinavian or social democratic and Bismarckian or 
conservative (Alvarez-Galvez et al., 2014; Castles & Obinger, 2008). In 
turn, cluster E4 would be formed by post-Soviet countries from the East 

and E5 by Mediterranean countries. 
Within these differences among clusters of European countries and 

patterns, a similarity of interest for our study emerges. The only pattern 
that is similarly distributed across clusters is “Complex Multimorbidity”. 
This pattern, which as we have hypothesised is clearly associated with 
ageing, affects clusters of countries in a similar way whatever their 
welfare status or geographical area. This shows ageing to be a key factor 
in the emergence of this type of multimorbidity and makes clear the 
importance of acting preventively on the problem of multimorbidity, 
since countries will have less opportunity to address this health problem 
as age increases. 

Finally, some differences have been detected in the influence of so-
cial determinants at the individual level according to the cluster to 
which the individual belongs. On the one hand, the appearance of pat-
terns in cluster E5 seems not to be influenced by gender and income 
level. This fact may be due to a smaller sample size than the rest of the 
clusters (which have more countries) since, although they are not sig-
nificant, the ORs of the covariates Gender and Income Level are like the 
others. 

On the other hand, it is observed that while in clusters E2 and E5 
living in places with fewer inhabitants is a risk factor, in clusters E3 and 
E4 it is a protective factor in the appearance of the pattern “Cancer and 
Cardiovascular”. The difference between cluster E5 and E2, with very 
opposite ORs, is remarkable. This fact may be due to the social difference 
between the rural and urban environment, especially important in 
countries such as Spain (in E5), with a clear separation between very 
dense areas and sparsely populated areas, with a scarcity of services, 
especially health services (Latorre-Arteaga et al., 2018), which are so 
important in the early diagnosis of diseases such as cancer. 

All the above highlights the evidence in the importance of the so-
cioeconomic context in explaining the differences in health de-
terminants (Alvarez-Galvez et al., 2014) and more specifically in our 
study in the emergence of multimorbidity patterns. It is observed that 
the relationship of multimorbidity patterns with economic inequalities 
should be analysed not only at the individual level but also at the group 

Table 2 
Summary of the sample characteristics in each class in all countries (n = 18,933).  

Characteristics Overall, 
N = 18,933 

C1, Back, Digestive & 
Headache 
N = 2,022 (11%) 

C2, Allergies and 
Respiratory 
N = 3,490 (18%) 

C3, Complex 
Multimorbidity 
N = 1,323 (7%) 

C4, Cancer and 
Cardiovascular 
N = 2,394 (13%) 

C5, 
Musculoskeletal 
N = 5,108 (27%) 

C6, 
Cardiovascular 
N = 4,596 (24%) 

Conditions 3.46 (1.68) 2.65 (0.91) 3.16 (1.32) 7.51 (1.53) 3.20 (1.29) 3.27 (1.18) 3.23 (1.27) 
Gender 

Male 8,281 (44%) 697 (34%) 1,517 (43%) 407 (31%) 959 (40%) 2,242 (44%) 2,459 (54%) 
Female 10,652 (56%) 1,325 (66%) 1,973 (57%) 916 (69%) 1,435 (60%) 2,866 (56%) 2,137 (46%) 

Age 
18-39 4,484 (24%) 999 (49%) 1,425 (41%) 106 (8.0%) 240 (10%) 1,397 (27%) 317 (6.9%) 
40-54 4,602 (24%) 619 (31%) 920 (26%) 220 (17%) 483 (20%) 1,517 (30%) 843 (18%) 
55-69 5,674 (30%) 312 (15%) 753 (22%) 441 (33%) 901 (38%) 1,414 (28%) 1,853 (40%) 
>69 4,173 (22%) 92 (4.5%) 392 (11%) 556 (42%) 770 (32%) 780 (15%) 1,583 (34%) 

Housing Location 
Big city 6,047 (32%) 673 (33%) 1,282 (37%) 410 (31%) 754 (32%) 1,589 (31%) 1,339 (29%) 
Town 5,924 (31%) 663 (33%) 1,083 (31%) 411 (31%) 853 (36%) 1,511 (30%) 1,403 (31%) 
Rural Area 6,949 (37%) 685 (34%) 1,125 (32%) 497 (38%) 785 (33%) 2,006 (39%) 1,851 (40%) 

Education 
Basic 5,689 (30%) 370 (18%) 669 (19%) 720 (55%) 863 (36%) 1,422 (28%) 1,645 (36%) 
Secondary 9,080 (48%) 1,075 (53%) 1,706 (49%) 479 (37%) 1,163 (49%) 2,516 (49%) 2,141 (47%) 
University 4,074 (22%) 571 (28%) 1,103 (32%) 111 (8.5%) 354 (15%) 1,155 (23%) 780 (17%) 

Income 
Q1 3,873 (20%) 302 (15%) 629 (18%) 485 (37%) 581 (24%) 920 (18%) 956 (21%) 
Q2 3,866 (20%) 332 (16%) 593 (17%) 310 (23%) 529 (22%) 1,062 (21%) 1,040 (23%) 
Q3 5,050 (27%) 609 (30%) 997 (29%) 217 (16%) 513 (21%) 1,436 (28%) 1,278 (28%) 
Q4 4,197 (22%) 592 (29%) 959 (27%) 136 (10%) 367 (15%) 1,231 (24%) 912 (20%) 
N/A 1,947 (10%) 187 (9%) 312 (9%) 175 (13%) 404 (17%) 459 (9%) 410 (9%) 

Cluster 
E1 2,525 (13%) 236 (12%) 398 (11%) 167 (13%) 602 (25%) 662 (13%) 460 (10%) 
E2 7,137 (38%) 828 (41%) 1,315 (38%) 478 (36%) 654 (27%) 1,885 (37%) 1,977 (43%) 
E3 5,737 (30%) 650 (32%) 1,046 (30%) 450 (34%) 501 (21%) 1,709 (33%) 1,381 (30%) 
E4 1,708 (9.0%) 162 (8.0%) 327 (9.4%) 126 (9.5%) 240 (10%) 396 (7.8%) 457 (9.9%) 
E5 1,826 (9.6%) 146 (7.2%) 404 (12%) 102 (7.7%) 397 (17%) 456 (8.9%) 321 (7.0%)  
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level, taking age as a fundamental factor and as a mediator for the 
prevention strategies that can be taken. 

In this sense, it is interesting to analyse how multimorbidity patterns 
such as “Cardiovascular” or “Back, Digestive and Headaches” are more 
prevalent in countries in clusters E2 and E3. These patterns are formed 
by individuals with a medium/high level of education and a high level of 
income and are more frequent in our study in countries with well- 
consolidated and more protectionist welfare states. This shows how 
the problem of multimorbidity occurs in all European countries, given 
the general ageing of the population and the advance of new diseases, 
but it occurs in different ways depending on the socioeconomic differ-
ences not only to individual characteristics, but also to social de-
terminants specific to each country. 

4.1. Strengths and limitations 

The main strength of this study is its novelty, as it is one of the first 
studies to analyse differences in multimorbidity patterns across Euro-
pean countries. To do so, it applies a technique (LCA) that has been 
widely used in recent years and has been the basis for other studies of 
multimorbidity patterns. Another of its strengths has been the incor-
poration of multilevel information, which has allowed us to improve the 
entropy and classification of the model, giving greater strength to our 
results. Finally, the study is based on data from the European Social 
Survey, a survey with a solid methodological basis and which has been 
used in numerous prestigious studies. 

It is important to mention that this study has some limitations. The 
number of chronic conditions used to determine multimorbidity pat-
terns is 14, somewhat lower than in other similar studies, which means 
that some common patterns such as mental health do not appear. On the 
other hand, the sample size per country is sufficient for the groups in the 

MLCA technique but somewhat short of achieving the desired variability 
in chronic conditions. Moreover, the sample of European countries (19) 
is representative mainly of central and northern Europe, but some 
Mediterranean and eastern European countries are missing to be able to 
consolidate the results obtained. 

In future similar studies, a larger sample size per country and a more 
significant number of European countries would strengthen our initial 
results and better refine the main patterns of multimorbidity in each 
European area. 

5. Conclusions 

This initial study shows that some disease combinations are more 
prevalent among different socioeconomic groups. The MLCA technique 
identifies well-defined and common multimorbidity profiles, but at the 
same time classifies mixed complementary profiles that present a com-
bined and more complex characterization (e.g. allergies and respiratory 
conditions and complex multimorbidity). In particular, our analysis 
provides new evidence on how MLCA models could be used to address 
the problematic study of the complex combinations of co-occurring 
diseases among the elderly population in Europe. Furthermore, our 
findings show that socioeconomic differences in the occurrence of pat-
terns are not only of the individual but also of group importance, 
emphasising the importance of the protective measures that European 
countries should apply and how the welfare states in each country can 
influence in the health of their inhabitants. 

These main findings show that chronic diseases tend to appear in a 
combined and interactive way, indicating that a multidimensional and 
integrative public health strategy is needed to address multimorbidity 
and their social inequalities in Europe. These preliminary models sug-
gest that tailored public health strategies are needed to address social 

Table 3 
Multilevel multinomial logistic regression of social determinants. OR compared C1 class (Back, Digestive & Headache) with the others.  

C1 – Back, Digestive & Headache (Ref.) C2 – Allergies and 
Respiratory 

C3 – Complex 
Multimorbidity 

C4 – Cancer and 
Cardiovascular 

C5 - Musculo- 
skeletal 

C6 – Cardiovascular 

Category OR p-value OR p-value OR p-value OR p-value OR p-value 

(Intercept) 2.009 0.000* 0.394 0.000* 0.980 0.893 2.601 0.000* 0.584 0.000* 

Level 1 Covariates 

Gender 
Male (Ref.) 1  1  1  1  1  
Female 0.653 0.000* 0.965 0.660 0.671 0.000* 0.641 0.000* 0.420 0.000* 
Age 
18-39 (Ref.) 1  1  1  1  1  
40-54 1.064 0.359 3.524 0.000* 3.338 0.000* 1.756 0.000* 4.319 0.000* 
55-69 1.733 0.000* 11.174 0.000* 11.505 0.000* 3.121 0.000* 18.052 0.000* 
>69 3.043 0.000* 34.184 0.000* 29.021 0.000* 5.362 0.000* 48.879 0.000* 
Housing Location 
Big City (Ref.) 1  1  1  1  1  
Town 0.887 0.086 0.873 0.148 1.049 0.543 0.941 0.365 4.319 0.000* 
Rural Area 0.899 0.126 0.920 0.364 0.917 0.280 1.157 0.028* 18.052 0.000* 
Education 
Primary (Ref.) 1  1  1  1  1  
Secondary 1.062 0.448 0.487 0.000* 0.843 0.038* 0.801 0.002* 0.793 0.002* 
University 1.349 0.001* 0.276 0.000* 0.568 0.000* 0.773 0.003* 0.656 0.000* 
Income 
Q1 (Ref.) 1  1  1  1  1  
Q2 0.847 0.094 0.709 0.003* 0.943 0.577 1.078 0.423 1.021 0.830 
Q3 0.807 0.017* 0.408 0.000* 0.664 0.000* 0.890 0.175 0.905 0.269 
Q4 0.772 0.006* 0.379 0.000* 0.611 0.000* 0.845 0.061 0.826 0.047* 
N/A 0.864 0.154 0.810 0.123 1.603 0.000* 0.906 0.380 0.848 0.167 

Level 2 Covariates 

Cluster 
E1 (Ref.) 1  1  1  1  1  
E2 0.972 0.767 0.935 0.586 0.337 0.000* 0.825 0.030* 1.294 0.008* 
E3 0.962 0.688 0.955 0.711 0.289 0.000* 0.907 0.283 1.020 0.845 
E4 1.189 0.176 1.110 0.529 0.578 0.000* 0.853 0.195 1.364 0.017* 
E5 1.656 0.000* 1.125 0.492 1.156 0.266 1.118 0.369 1.158 0.280  
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inequalities in multimorbidity. 
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J. Álvarez-Gálvez et al.                                                                                                                                                                                                                        

https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220427-1
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220427-1
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=ilc_di04
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=ilc_di04
https://doi.org/10.1371/JOURNAL.PONE.0141155
http://refhub.elsevier.com/S2352-8273(22)00247-6/sref30
http://refhub.elsevier.com/S2352-8273(22)00247-6/sref30
https://doi.org/10.1186/S12916-014-0151-0
https://doi.org/10.1093/GERONA/GLV128
https://doi.org/10.1093/GERONA/GLV128
https://doi.org/10.1016/S0140-6736(17)32130-X
https://doi.org/10.1016/S0895-4356(00)00363-2
https://doi.org/10.1016/S0895-4356(00)00363-2
https://doi.org/10.1136/bmjopen-2017-018404
https://doi.org/10.1136/bmjopen-2017-018404
https://doi.org/10.1186/S12889-021-11706-8
https://doi.org/10.1186/S12889-021-11706-8
https://doi.org/10.1111/CRJ.13512
https://doi.org/10.1097/PHM.0000000000001388
https://doi.org/10.1097/PHM.0000000000001388
https://doi.org/10.1111/CEA.14131
https://doi.org/10.1111/CEA.14131
https://doi.org/10.1007/S12529-020-09847-Y
https://doi.org/10.1186/S12889-015-1733-2/TABLES/3
https://doi.org/10.1186/s12889-016-3246-z
https://doi.org/10.1111/GGI.13742
https://doi.org/10.1111/GGI.13742
https://doi.org/10.3389/FMED.2021.651925
https://doi.org/10.3389/FMED.2021.651925
https://doi.org/10.1371/JOURNAL.PONE.0169426
https://doi.org/10.1016/J.GACETA.2017.03.009
https://doi.org/10.1111/J.1467-9531.2010.01231.X
https://doi.org/10.1111/J.1467-9531.2010.01231.X
https://doi.org/10.1007/S40629-022-00212-X
https://doi.org/10.1186/1471-2474-14-226
https://doi.org/10.1093/gerona/glz137
https://doi.org/10.1093/gerona/glz137
https://doi.org/10.1186/s12875-015-0344-4
https://doi.org/10.1186/s12875-015-0344-4
https://doi.org/10.1371/JOURNAL.PONE.0237375
https://doi.org/10.1371/JOURNAL.PONE.0237375
https://doi.org/10.1093/IJE/DYY134
https://doi.org/10.1093/IJE/DYY134
https://doi.org/10.1177/0898264319891026
https://doi.org/10.1016/J.EURGER.2016.11.010
https://doi.org/10.1016/J.EURGER.2016.11.010
https://doi.org/10.1111/PAPR.13014
https://doi.org/10.1111/PAPR.13014
https://doi.org/10.1186/S12877-017-0586-1/TABLES/3
https://doi.org/10.1016/J.EJIM.2015.02.020
https://doi.org/10.1093/AGEING/AFW044
https://doi.org/10.1093/AGEING/AFW044
https://doi.org/10.1177/0013164417719111
https://doi.org/10.1177/0013164417719111
https://doi.org/10.1016/S2468-2667(19)30222-1
https://doi.org/10.1016/S2468-2667(19)30222-1
https://doi.org/10.1016/J.JCLINEPI.2013.09.021
https://doi.org/10.1016/J.JCLINEPI.2013.09.021
https://doi.org/10.1007/s00392-006-0351-5
https://doi.org/10.1007/S11606-007-0316-Z
https://doi.org/10.3233/WOR-131622
https://doi.org/10.3233/WOR-131622
https://doi.org/10.1093/AGEING/AFAB138
https://doi.org/10.1093/AGEING/AFAB138
http://refhub.elsevier.com/S2352-8273(22)00247-6/sref67
http://refhub.elsevier.com/S2352-8273(22)00247-6/sref67
https://doi.org/10.1111/J.0081-1750.2003.T01-1-00131.X
https://doi.org/10.1371/journal.pone.0102149
https://doi.org/10.1016/J.APRIM.2015.10.006


SSM - Population Health 20 (2022) 101268

12

Wallace, E., Salisbury, C., Guthrie, B., Lewis, C., Fahey, T., & Smith, S. M. (2015). 
Managing patients with multimorbidity in primary care. BMJ, 350. https://doi.org/ 
10.1136/BMJ.H176 

Weller, B. E., Bowen, N. K., & Faubert, S. J. (2020). Latent class Analysis: A guide to best 
practice. https://doi.org/10.1177/0095798420930932. https://doi-org.bibezproxy. 
uca.es/10.1177/0095798420930932 46, 287–311. 

Who. (2008). The world health report 2008 - primary health care: Now more than ever. 
Geneva. 

World Health Organization. (2021). COVID-19 and the social determinants of health and 
health equity: Evidence brief (pp. 1–32). World Health Organization. 

Zhu, Y., Edwards, D., Mant, J., Payne, R. A., & Kiddle, S. (2020). Characteristics, service 
use and mortality of clusters of multimorbid patients in england: A population-based 
study. BMC Medicine, 18, 1–11. https://doi.org/10.1186/S12916-020-01543-8/ 
TABLES/4 
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