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Multiple chronic conditions reduce the quality of life and increase healthcare needs for people with
diabetes mellitus (DM). This study aims to describe the prevalence of comorbidities associated with DM
in the European Union (EU) at national and sub-national levels and to assess the utility of a comorbidity
burden index. The study was carried out using microdata from European Health Interview Survey 2019
including adults aged 25 and older with DM from 26 EU member states (n=20,042). The comorbidity
index was calculated for 9 chronic conditions using the self-rated general health of individuals and
disability weights obtained from the Global Burden of Disease 2019. Beta regression analysis was
performed to evaluate the association between the comorbidity index and several determinants. A
higher comorbidity index was found in sub-populations exhibiting lower education, unemployment

or other labour status, lower income, rural residence, and poor health behaviours including obesity,
physical inactivity, and poor diet. A higher comorbidity burden was observed in Eastern and Southern
European countries and specific subregions within each country. The comorbidity index has the
potential to identify regions and subpopulations with the highest disability burden and to help develop
interventions to improve the quality of life of people with DM.

The concept of comorbidity refers to the presence of one or more additional conditions that co-occur with
a primary condition, either physiological or psychological. Comorbidity may describe conditions that occur
simultaneously but independently or interrelated conditions!. Comorbidity can lead to poorer health outcomes,
increased complexity of clinical management, and higher healthcare expenditures.

The terms comorbidity and multimorbidity are used interchangeably in the literature, but their difference
should be underlined?. Comorbidity refers to the presence of one or more illnesses in addition to a primary
illness, with one illness taking priority over the others, while multimorbidity refers to the presence of two or
more long-term illnesses without an illness taking priority over the others. Such distinction is crucial as it can
significantly impact the treatment and care provided to patients.

This article focuses on the comorbidities of diabetes mellitus (DM). In the European Union (EU), the
comorbidity of DM is a significant problem, with over 33 million people living with DM in the EU®. Individuals
with DM often face challenges in self-managing their condition with limited support from healthcare
professionals, leading to financial burden, psychosocial issues, and reduced quality of life®. The development of
certain comorbid conditions can dramatically increase the probability of developing other diseases?, leading to a
significant reduction in the quality of life in individuals living with DM over time. Furthermore, type 2 diabetes
mellitus (T2DM) patients with multiple comorbidities are likely to experience high levels of polypharmacy®,
and comorbidity increases the demand for health care substantially in patients with DM®. Consequently, the
increasing longevity and DM prevalence require an understanding of the complexity of comorbidity patterns
and capturing the relationship with common risk factors to develop strategies to reduce the disability burden
associated with DM.

The comorbidities associated with DM include several conditions involving cardiovascular diseases such
as hypertension and ischaemic heart disease, obesity, dyslipidaemia, and microvascular complications such as
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retinopathy, nephropathy and neuropathy’®. These comorbidities frequently overlap with DM due to common
underlying risk factors and contribute to the complex challenge of effectively controlling the disease®®. Among
the risk factors, the analysis of the relationship between socioeconomic status (SES) and DM is vital, given
the significant influence of SES on the prevalence, management, and outcomes of DM. Even though the
relationship between SES and DM is a topic of considerable research interest, there remain significant gaps in
our understanding of how SES affects DM comorbidities, particularly with regard to the geographical variability
of these relationships!®.

Another important aspect is the identification of appropriate tools to evaluate DM comorbidities. Comorbidity
measures can be classified according to discrete conditions, simple counts, organ system dysfunction/function,
conditions weighted and combined into indices, or other approaches!!. Commonly used measures to assess
comorbidity include the Charlson Comorbidity Index, Elixhauser Comorbidity Index, Chronic Disease Score,
Adjusted Clinical Group (ACG) Indices, and the Number of Diagnoses comorbidity measure'%

Andreella and coauthors recommended a new comorbidity burden index for the Italian framework!3. The
index was developed by analyzing data from a surveillance system and using disability weights from the Global
Burden of Diseases (GBD) project'®. Disability weights are used to measure the health loss associated with
specific health conditions!® and are an essential factor in estimating the amount of lifetime lost due to living
with a particular disease. In 1996, the GBD established the initial disability weights, and since then, various
alternatives with different design choices have been proposed!.

This analysis aimed to comprehensively describe the prevalence of comorbidities associated with DM in
the EU population at the national and sub-national levels. In addition, we aimed to evaluate the utility of a
comorbidity burden index incorporating disability weights from the Global Burden of Disease (GBD) project to
characterise populations of varying socioeconomic status and to assess the burden of DM-related comorbidities.

Methods

Study design and study population

This study analysed secondary data from the European Health Interview Survey (EHIS) 2019, which is a cross-
sectional population-based survey collecting data in EU members states. Microdata were obtained from the
Statistical Office of the European Union (Eurostat)’.

The study population included adults aged 25 years or older from 26 EU Member States: Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Germany, Greece, Hungary, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherland, Poland, Portugal, Romania, Slovakia, Slovenia, Spain
and Sweden. The dataset comprised 20,042 observations of individuals who reported having diabetes mellitus
(DM). DM was assessed by the self-reported question “Have you had diabetes in the last 12 months?”, those who
answered yes, were considered as having DM and were included in the study sample.

Study variables

Demographic variables included in the study covered sex and age groups (25-34, 35-44, 45-54, 55-64, 65-
74, 75 and above). Socioeconomic variables included educational attainment level (less than primary/primary
education, secondary education, and tertiary education), labor status (employed, unemployed, and other
category including student, retired, fulfilling domestic tasks, permanently disabled, compulsory military or
civilian service, and other), place of residence (rural and urban), net monthly equalized income of the household
the respondent belongs to in quintiles (I1st income quintile, 2nd income quintile, 3rd income quintile, 4th
income quintile, and 5th income quintile), where the first quintile group represents 20% of the population with
the lowest income, and the fifth quintile group represents the 20% of the population with the highest income.
Lifestyle-related variables included BMI (underweight/normal weight, overweight and obese), smoking (non-
smoker and smoker), frequency of eating fruits and vegetables (once or more a day, 1-6 times a week, and less
than once a week or never) and physical activity. Physical activity was measured as the frequency of walking at
least 10 min per day and was categorized as none or one day per week and two days or more per week.

Comorbidity index calculation

The comorbidity index was calculated using individual-level data, following the approach by Andreella and
coauthors®, for specific comorbid conditions among individuals who reported having DM in the EHIS 2019
dataset. Individuals were considered to have the selected diseases if they responded positively to the question:
“Have you had the following diseases in the last 12 months?”. The selected comorbidities included asthma, chronic
bronchitis, chronic obstructive pulmonary disease, emphysema, myocardial infarction or chronic consequences
of myocardial infarction, coronary heart disease or angina pectoris, stroke or chronic consequences of stroke,
kidney problems, and depression. The disability weights obtained from the Global Burden of Disease 2019
study’® and data from the self-perceived general health question in the EHIS 2019 were used to calculate the
comorbidity index for these conditions in the DM population. First, to select the disability weights which refer
to these conditions in GBD 2019, text mining was applied using the names of diseases in the “Health state name”
category of the disability weights. Two investigators (NK and NM) independently selected the disability weights,
and disagreements were resolved through discussion (see Supplementary Table S1). The GBD disability weights
are measured on a scale ranging from 0 to 1, where 0 represents full health and 1 equals death!®1°,

Second, since GBD provides different disability weights based disease severity, we determined the disability
weights using data from the self-perceived health variable in EHIS 2019. We focused on the following question:
“How is your health in general?”. Depending on the responses, if the value was 1 (very good), 2 (good) or 3
(fair), we applied the minimum disability weight for each disease. The mean value of the weights was used
if the value of self-perceived health was 4 (bad), and the maximum value of the weights was employed if the
self-perceived health was 5 (very bad), representing the highest severity. For individuals reporting only DM
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and very good/good/fair health status, the minimum disability weight used was 0.049 (as specified in GBD
2019). For individuals with multiple conditions, the disability weights were combined using the multiplicative
approach to account for multimorbidity. This approach was chosen because it produces more accurate results
when constructing a comorbidity index compared to other methods!?. Furthermore, the multiplicative approach
is also a method used by GBD for combining disability weights?*!. The comorbidity index was calculated at the
individual level and then aggregated to compute mean values for each country, and where applicable, for each
Nomenclature of Territorial Units for Statistics (NUTS 2).

Statistical analysis

The distribution of the variables was described and compared for female and male respondents. Percentages
were used as descriptive statistics. To perform bivariate comparisons, the Pearson chi-square test was used to
assess the independence of study variables across sex, and Bonferroni correction for multiple comparisons was
applied to assess the significant differences between groups. The effect size was estimated using Cramer’s V.
Mixed-effects beta regression model was used to evaluate the association between the comorbidity index and
several demographic, socioeconomic, and lifestyle variables using pooled data with the country as the random
effect. Mixed-effects beta regression was chosen as the outcome variable ranged from 0.049 to 0.993. This
method is flexible enough to account for different distribution shapes without transformation of the outcome
variable. Additionally, it allows for the modeling of data with clustering by country?. The estimated regression
coefficient ( 8 ) and 95% confidence intervals (CI) were reported. Estimated values of the comorbidity index
across different variables and age groups were also presented. Marginal effects were also calculated for variables
across each country. p-values smaller than 0.05 were considered statistically significant. All analyses and
graphs were performed and produced using R software, and the map was created using STATA IC version 13.0
software (StataCorp LP, College Station, Texas, USA). The glmmTMB package®® in R was used for the mixed beta
regression analyses, and the marginaleffects package?* was used to obtain marginal effects.

Ethics statements

This study is based on a secondary analysis of a public and anonymized dataset, which had obtained ethics
approval on a national level from the institutions responsible for the survey implementation and, therefore,
required no additional ethics approval. EHIS 2019 was conducted according to Commission Regulation (EU)
No. 2018/255. Participants gave informed consent to participate in the study before taking part. Our study is
based on the approved Eurostat research proposal project RPP 266/2020-LFS-EHIS.

Results

Table 1 shows the sociodemographic and lifestyle characteristics of the study population by sex. The study
sample consisted of 20,042 participants with DM aged 25 years and older. The majority of respondents belonged
to the 65-74 years (33.9%) and 75 years or older (32.5%) age groups, and 51.4% (n=10,301) of the study sample
was women. Overall, 47.3% of participants had a primary level of education, two-thirds (67.8%) of them were
living in urban areas, and the majority (78.0%) belonged to the “other” category in terms of their labor status,
including retired, disabled, etc. A high proportion of participants with DM were overweight (41.8%) or obese
(36.2%), 15.6% of them were smokers, and 67.8% of participants were engaged in two or more days per week of
walking at least 10 min a day. Almost half of the individuals (49.1%) reported eating vegetables once or more a
day, and 62.8% of them reported daily fruit consumption. (Table 1)

Figure 1 shows the number of individuals and means of the comorbidity index in the presence of certain
chronic diseases among individuals with DM. The values in the diagonal cells refer to the presence of specific
chronic conditions and DM (e.g., the prevalence of asthma was 8.02% in people with DM with a mean comorbidity
index of 0.308). The remaining cells show the prevalence (in blue) and the comorbidity index (in red) in cases
where two chronic conditions co-exist in individuals with DM. The most prevalent comorbid conditions among
patients with diabetes were coronary heart disease (12.85%) and depression (12.57%). The highest comorbidity
burden was observed in the case of the coexistence of depression and cardiovascular conditions, including
myocardial infarction (0.661) and stroke (0.660).

The results of the regression analysis are shown in Table 2. Those aged 45-54 had a higher comorbidity
index (5 = 0.167, p-value=0.015) than the reference age group (25-34). In addition, having secondary ( 5 =-
0.072, p-value<0.001) or higher education ( 3 =-0.085, p-value <0.001) are both negatively associated with
the comorbidity index. Moreover, being unemployed ( 3 =0.227, p-value <0.001) or in another labor status ( 8
=0.331, p-value<0.001) compared to being employed were significantly associated with a higher comorbidity
index. The comorbidity index significantly decreased for higher levels of income among participants with DM
(2nd quintile: 3 =-0.082, p-value <0.001; 3rd quintile: 3 =-0.107, p-value <0.001; 4th quintile: 8 =-0.121, p
-value <0.001; 5th quintile: 5 =-0.154, p-value<0.001) compared to the lowest income quintile. Regarding
lifestyle factors, participants being obese ( 3 =0.081, p-value<0.001) had a significantly higher comorbidity
index than the reference group of normal weight. Less frequent (less than once a week or never) consumption of
fruits ( 5 = 0.102, p-value<0.001) or vegetables ( 8 =0.251, p-value<0.001) was associated with a significantly
higher comorbidity index compared to daily frequency. Engaging in PA (walking) two or more days per week was
significantly associated with a lower comorbidity index ( 8 =-0.354, p-value<0.001) compared to those doing
physical activity one day per week or none. These comments are valid under the usual conditional assumption,
i.e., keeping the other covariates fixed and considering the same country. Country specific results are available in
the Supplementary file (see Supplementary Table S2).

Figure 2 shows the estimated values of the comorbidity index across age groups and by sex for socioeconomic
and lifestyle factors. Overall, the comorbidity index increases with age, with a sharp increase after age 65 for all
risk factor categories. A higher comorbidity index was found in sub-populations characterized by a lower level of
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Total Men Women
n % n % n % X p -value | Cramér’s V

Total 20,042 9,741 | 48.6% | 10,301 | 51.4%
25-34 233 12% |92 0.9% | 141 1.4%
35-44 545 2.7% | 265 2.7% | 280 2.7%
45-54 1,596 |8.0% | 907 9.3% | 689 6.7%

Age group 55-64 4,353 | 21.7% | 2,374 | 24.4% | 1,979 | 19.2% 26 <0001 ol
65-74 6,798 | 33.9% | 3,399 | 34.9% | 3,399 | 33.0%
75+ 6,517 | 32.5% | 2,704 | 27.8% | 3,813 | 37.0%
Primary 9,475 | 47.3% | 3,966 | 40.7% | 5,509 | 53.5%

Education Secondary 7,136 35.6% | 3,723 | 38.2% | 3,413 33.1% | 381.4 | <0.001 0.14
Higher 3,431 17.1% | 2,052 | 21.1% | 1,379 13.4%
Employed 3,829 | 19.1% | 2,407 | 24.7% | 1,422 | 13.8%

Employment status Unemployed 582 29% |329 |34% |253 2.5% |416.1 | <0.001 |0.14
Other 15,631 | 78.0% | 7,005 | 71.9% | 8,626 | 83.7%
1st quintile 4,453 1 22.2% | 1,639 | 16.8% | 2,814 |27.3%
2nd quintile 5,146 | 25.7% | 2,213 | 22.7% | 2,933 | 28.5%

Income quintiles 3rd quintile 4,264 |21.3% | 2,289 |23.5% | 1,975 |19.2% | 595.3 | <0.001 0.17
4th quintile 3,494 | 17.4% | 1,981 | 20.3% | 1,513 | 14.7%
5th quintile 2,685 | 13.4% | 1,619 | 16.6% | 1,066 | 10.3%

. Urban 13,598 | 67.8% | 6,739 | 69.2% | 6,859 | 66.6%

Residence Rural 6,444 |322% | 3,002 |30.8% | 3,442 |33.4% 153 | <0001 003

Smoking Smoker 3,124 | 15.6% | 1,964 | 20.2% | 1,160 | 11.3% 3015 | <0.001 oL
non-smoker 16,918 | 84.4% | 7,777 | 79.8% | 9,141 88.7%
Daily 12,583 | 62.8% | 5,948 | 61.1% | 6,635 | 64.4%

Fruit consumption 1-6 times a week 6,151 | 30.7% | 3,124 | 32.1% | 3,027 |29.4% |24.1 |<0.001 0.03
Less than once a week or never | 1,308 | 6.5% | 669 6.9% | 639 6.2%
Daily 9,833 | 49.1% | 4,589 | 47.1% | 5,244 | 50.9%

ng:iﬁ;ion 1-6 times a week 9,256 | 46.2% | 4,660 | 47.8% | 4,596 |44.6% |29.5 |<0.001 0.04
Less than once a week or never | 953 4.8% |492 |51% |46l 4.5%
Normal/underweight 4,405 |22.0% | 1,877 | 19.3% | 2,528 |24.5%

BMI Overweight 8,373 | 41.8% | 4,474 | 45.9% | 3,899 |37.9% | 152.4 | <0.001 0.09
Obese 7,264 | 36.2% | 3,390 | 34.8% | 3,874 | 37.6%
None or one day 6,444 32.2% | 2,901 | 29.8% | 3,543 34.4%

Physical activity (walking) 488 |<0.001 |-0.05
Two days or more 13,598 | 67.8% | 6,840 | 70.2% | 6,758 | 65.6%

Continued
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Means of comorbidity index by chronic conditions among patients

with diabetes mellitus

Austria 954 4.8% | 500 51% | 454 4.4%
Belgium 397 20% [212 |22% |185 1.8%
Bulgaria 560 2.8% |243 2.5% | 317 3.1%
Cyprus 533 2.7% | 280 2.9% | 253 2.5%
Czechia 922 4.6% |417 |43% |505 4.9%
Germany 1,907 ]9.5% | 1,053 | 10.8% | 854 8.3%
Denmark 269 1.3% | 151 1.6% |118 1.1%
Estonia 318 1.6% | 106 1.1% |212 2.1%
Greece 769 3.8% |365 |3.7% |404 3.9%
Spain 1,751 | 8.7% | 929 9.5% | 822 8.0%
Croatia 302 1.5% | 167 1.7% | 135 1.3%
Hungary 421 2.1% | 201 2.1% |220 2.1%
Ireland 509 2.5% | 241 2.5% | 268 2.6%
Country 361.2 | <0.001 0.13
Italy 95 0.5% |55 0.6% | 40 0.4%
Lithuania 3,034 |15.1% | 1,575 | 16.2% | 1,459 | 14.2%
Luxembourg 276 1.4% |88 0.9% | 188 1.8%
Latvia 121 0.6% |79 0.8% |42 0.4%
Malta 321 1.6% | 107 1.1% |214 2.1%
Netherlands 335 1.7% |184 [1.9% |151 1.5%
Poland 456 2.3% | 261 2.7% | 195 1.9%
Portugal 1,363 | 6.8% |508 |52% |855 8.3%
Romania 1,831 |9.1% |810 |[83% |1,021 |9.9%
Sweden 917 4.6% | 370 3.8% | 547 5.3%
Slovenia 498 2.5% |289 3.0% | 209 2.0%
Slovakia 655 33% |332 |34% |323 3.1%
Slovakia 528 2.6% |218 |22% |310 3.0%

Table 1. Distribution of the study population in total and by sex for individuals having DM according to
demographic, socioeconomic, and lifestyle variables. *p-values in bold indicate significance after Bonferroni
correction. x% chi-square. BMI: body mass index (kg/m?).

Proportion of individuals with chronic conditions among patients with diabetes mellitus

Chronic bronchitis, " Coronary heart
Myocardial ) 3 y y
Asthma COPD, infarctiba disease or angina Stroke Kidney problems Depression
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w: T - N ... | = B
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Fig. 1. Proportion of individuals and means of comorbidity index by chronic conditions among individuals
with diabetes mellitus.
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Fig. 2. Estimated values (with 95% confidence interval) of the comorbidity index across age groups and by
different socioeconomic (a-d) and lifestyle (e-h) factors.

education, unemployed or another labor status, lower income, rural residence, as well as lifestyle factors including
obesity, less than two days of physical activity per week, and less frequent fruit and vegetable consumption. The
wide confidence interval for unemployment in older age likely reflects the limited number of retired persons.
The comorbidity index for NUTS2 regions was calculated as a mean, represented in Fig. 3. According to
the general pattern, the comorbidity burden was higher in Eastern and Southern European countries. The
highest comorbidity index was observed in Calabria (Italy), followed by Lubuskie (Poland), and the lowest
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Fig. 3. Comorbidity index by NUTS 2 regions in the European Union 26 member states. Data on France were
not available.

was observed in Antwerp (Belgium), followed by Ovre Norrland (Sweden). In Eastern and Southern Europe,
regions in Bulgaria, Croatia, Lithuania, Poland, and Slovakia exhibited higher comorbidity indices. Lithuania’s
Vidurio ir vakaru Lietuvos region was also among the highest, with a comorbidity index of 0.247. Similarly,
Kontinentalna Hrvatska in Croatia had a relatively high index of 0.245. In Poland, regions such as Kujawsko-
Pomorskie, Lubuskie, and Warminsko-Mazurskie also showed elevated comorbidity, with indices ranging from
0.224 to 0.269. Bulgaria’s Severozapaden region had a high comorbidity index of 0.233. In Slovakia, the Stredné
Slovensko region shared a similar comorbidity level with an index of 0.245, while Vychodné Slovensko followed
with an index of 0.216. Italy and Portugal also had regions with elevated indices. In Italy, Calabria and Sicilia had
the highest comorbidity indices in the country, at 0.272 and 0.244, respectively. This contrasts with neighboring
regions. In Portugal, regions such as Centro and Regiao Auténoma dos Agores displayed significant comorbidity
indices, with Centro at 0.243 and Agores at 0.215.
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Discussion

It is essential to study real-world comorbidity burden to gain a more comprehensive understanding of how
multiple chronic conditions interact and affect individuals, particularly in relation to social determinants
of health®. This approach permits the identification of patterns of comorbidities that vary across different
populations and regions. This, in turn, enables the implementation of targeted interventions that address the
complex needs of patients and reduce the health inequalities associated with socioeconomic factors.

The comorbidity burden index, developed using the methodology of Andreella and coauthors'? with large
population-based data and GBD disability weights, proved to be an effective tool for measuring comorbidity
patterns and identifying high-risk groups at the sub-national level and across EU member states.

Our findings confirm that lower SES individuals experience higher rates of DM complications due to several
interrelated factors. Several studies have suggested that the prevalence of multimorbidity increases with age?®?’.
In this study, the value of the comorbidity index increased with age, with a particular increase after age 65 for all
categories of risk factors. Still, the difference between sub-groups was slightly greater in older age groups. This
suggests that addressing the risk factors and promoting healthy behaviours early may be beneficial in reducing
the burden of DM comorbidity in older age.

We found that socioeconomic status and health behavior are significant determinants of comorbidity
prevalence. Our study found that SES inequalities exist in the prevalence of DM comorbidities, with those with
lower SES having a greater burden of multiple chronic conditions, which is consistent with prior studies?®-!. A
substantial body of research has consistently demonstrated a robust correlation between lower SES and a higher
prevalence of T2DM?? and its associated comorbidities®® due to several factors, including limited access to
healthcare, a higher prevalence of unhealthy food options, and lower health literacy. Those with lower income and
educational levels are not only more likely to develop T2DM but also to experience more severe complications*
and comorbid conditions than those with higher SES*. The educational level is highly relevant in terms of
diabetes self-management, which plays an important role in the development of associated comorbidities'’.
Furthermore, a study that investigated SES inequalities in the development of T2DM comorbidities across three
SES groups (working individuals, nonworking spouses, and pensioners) found that the risk for comorbidities
varied by employment status and social roles. However, no clear differences were observed in the development
of comorbidities among the different SES groups!?. Socioeconomic factors can influence healthy behaviors such
as diet, physical activity, smoking, and alcohol consumption. It is reasonable to hypothesize that individuals
belonging to a lower socioeconomic stratum may be constrained by a lack of resources, which may affect their
ability to adopt and maintain healthy lifestyles®**°. This may increase their susceptibility to the development of
chronic conditions and comorbidities.

The number of people affected by multiple chronic conditions has been increasing worldwide?®73, which
may be explained by unhealthy lifestyles such as excess weight, unhealthy diet, and insufficient physical activity,
which remain major risk factors for various non-communicable diseases. For example, a pooled analysis of
individuals from US and European cohort studies showed an increased risk of cardiometabolic multimorbidity
with increasing BMI, ranging from a twofold increase in overweight individuals to a more than tenfold increase
in severely obese people®. In this study, the comorbidity index was substantially higher among those with lower
physical activity levels, unhealthy diets, and obesity. A previous study has also emphasized the prominent role
of physical activity among risk behaviours in multimorbidity, suggesting that targeting physical activity can
majorly impact health?. However, others have also suggested the possibility of a bidirectional relationship
between physical activity and comorbidities, as functional impairment may affect the ability to engage in
recommended physical activity?>*. Importantly, DM alone does not inherently limit one’s capacity to participate
in physical activities, as many individuals with DM can engage in regular exercise without significant functional
impairment?!.

We found that several sub-regions of Eastern and Southern European countries are affected by a higher
prevalence of comorbidities. Similarly, a higher prevalence of multimorbidity was found in Central and
Eastern European countries by a study using SHARE data®. Socioeconomic disparities may contribute to
the higher comorbidity burden observed in these countries. Previous studies found an association between
geographic deprivation and multimorbidity prevalence*?. Such findings have important policy implications. It
is recommended that policymakers prioritize interventions that target geographical deprivation and enhance
access to healthcare and resources for low SES populations to mitigate the effects of coexisting conditions.

To our knowledge, this is the first large population-based study to provide a detailed analysis of the
comorbidity burden associated with DM, utilizing the comorbidity index according to the methodology
proposed by Andreella and coauthors'® and considering the severity of comorbid conditions, which is usually
ignored in studies on comorbidity burden. However, we acknowledge some limitations of the study. First, data
were unavailable for all countries, specifically France. All data (including the presence of DM and comorbid
conditions, as well as behaviors) are based on self-reported answers, which can be subject to recall bias and
social desirability bias and may lead to overestimating the prevalence or severity of certain diseases. Cross-
sectional data cannot be used to make causal inferences. In addition, the list of chronic diseases in the EHIS is
limited. Therefore, we could not consider all relevant health conditions when calculating the comorbidity index.
Several chronic conditions, including high blood pressure and high blood lipids, which are common conditions
in people with DM, were not in our list of comorbidities when constructing the comorbidity index due to the
unavailability of disability weights in the GBD study 2019. Due to these limitations, the calculated comorbidity
index may underestimate the actual disease burden. Detailed physical activity data was unavailable for several
countries; walking was the only available one and was considered a measure of physical activity. Participants
with missing data were excluded, which may limit our findings’ generalisability. The EHIS data did not allow for
stratification by type of DM and separate analysis of TIDM and T2DM, although there are significant differences
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in risk factors, age at onset, and comorbidities. However, it seems reasonable to assume that the predominant
form of DM in the adult population is type 2, and thus, in our study.

Conclusion

In this population-based study of individuals with DM living in 26 EU member states, we show that the
comorbidity index has the potential to identify regions with the highest disability burden and subpopulations
characterized by certain SES and health behaviors. The study also revealed a high prevalence of comorbidity in
the working age population living with DM. The results of this study suggest that socioeconomic inequalities,
lifestyles, and health behaviors should be considered when developing policies to manage comorbidities and
reduce the burden of DM. Our findings may help to identify high-risk populations and target lifestyle factors for
interventions that may have the greatest impact on the health of people living with DM.

Data availability
Microdata of EHIS 2019 are available from Eurostat upon request (https://ec.europa.eu/eurostat), project RPP

266/2020-LFS-EHIS. The contact person of the database used in our study is Orsolya Varga (varga.orsolya@med.
unideb.hu).
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