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Abstract

Background The complex management of health needs in multimorbid patients, alongside limited cost data, pre-
sents challenges in developing cost-effective patient-care pathways. We estimated the costs of managing 171 dyads
and 969 triads in Belgium, taking into account the influence of morbidity interactions on costs.

Methods We followed a retrospective longitudinal study design, using the linked Belgian Health Interview Survey
2018 and the administrative claim database 2017-2020 hosted by the Intermutualistic Agency. We included people
aged 15 and older, who had complete profiles (N=9753). Applying a system costing perspective, the average annual
direct cost per person per dyad/triad was presented in 2022 Euro and comprised mainly direct medical costs. We
developed mixed models to analyse the impact of single chronic conditions, dyads and triads on healthcare costs,
considering two-/three-way interactions within dyads/triads, key cost determinants and clustering at the household
level.

Results People with multimorbidity constituted nearly half of the study population and their total healthcare cost
constituted around three quarters of the healthcare cost of the study population. The most common dyad, arthropa-
thies+dorsopathies, with a 14% prevalence rate, accounted for 11% of the total national health expenditure. The most
frequent triad, arthropathies + dorsopathies + hypertension, with a 5% prevalence rate, contributed 5%. The average
annual direct costs per person with dyad and triad were €3515 (95% Cl 3093-3937) and €4592 (95% Cl 3920-5264),
respectively. Dyads and triads associated with cancer, diabetes, chronic fatigue, and genitourinary problems incurred
the highest costs. In most cases, the cost associated with multimorbidity was lower or not substantially different

from the combined cost of the same conditions observed in separate patients.

Conclusion Prevalent morbidity combinations, rather than high-cost ones, made a greater contribution to total
national health expenditure. Our study contributes to the sparse evidence on this topic globally and in Europe,
with the aim of improving cost-effective care for patients with diverse needs.
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Background

A new challenge has arisen in global health. Traditionally,
approaches to morbidity management have used clas-
sifications such as ‘communicable/noncommunicable’
and ‘chronic/acute’ Today, we are facing a more complex
phenomenon as an increasing number of people across
the globe live with multimorbidity [1]. Multimorbid-
ity is often defined as the co-occurrence of two or more
chronic conditions in the same person [3]. Comparing
multimorbidity rates between studies is challenging as
there are significant differences in the populations and
the methodological choices made. However, the stand-
ardised prevalence rate of multimorbidity has been
shown to rise significantly for all sexes and age groups
between 2000 and 2015 in Belgium [4]. The increase in
multimorbidity is frequently attributed to extended life
expectancy and improvements in the management of
chronic illnesses [5]. In Belgium, however, multimorbid-
ity is also rising fast among younger age groups. For those
under 50 years of age, the standardised prevalence rate of
multimorbidity doubled between 2000 and 2015 [4].

While clinico-pathological research is ongoing, it is
becoming more apparent how multimorbidity affects
healthcare systems and societies as a whole [6, 7]. The
management of health needs in these patients is creating
challenges in the development of cost-effective patient-
care pathways, posing heavy economic burdens on
households, health systems and societies [2]. Moreover,
the complexity of managing multiple conditions often
requires a more intricate and coordinated approach from
healthcare providers, increasing the demand for special-
ised and integrated care services [8]. This, in turn, places
strains on healthcare systems, potentially leading to
resource allocation dilemmas and access disparities [9].
The increased healthcare visits, medications and treat-
ment burden — i.e., the actions and resources patients
devote to their healthcare, including difficulty, time
and resources dedicated to the healthcare tasks such as
adhering to medications, dietary recommendations and
self-monitoring — can result in escalated healthcare costs
[10, 11]. Workforce productivity may decline, while care-
giving demands intensify, impacting both the economy
and social support networks [12].

Multimorbidity presents significant challenges for
healthcare systems across the board, including high-
income countries. In Belgium, a fragmented care sys-
tem can exacerbate the issues of increased healthcare
utilisation and costs, as well as difficulties in coordinat-
ing and managing care [4, 13]. Belgium’s healthcare sys-
tem allows patients and providers considerable freedom
of choice, with fee-for-service payments as the primary
mode of remuneration [14]. Unlike gatekeeping systems,
patients can consult any general practitioner or specialist
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[14]. While acute care is commendable, there is room to
bolster primary care and improve care coordination to
address the increasing challenges posed by a rising num-
ber of individuals with chronic illnesses [14].

A recent systematic review on the costs of multimor-
bidity highlighted how research on this topic is limited in
both scope and number [2]. Previous studies have typi-
cally been limited to either ‘cost-per-disease-count’ or
‘cost-per-additional-disease; and relying on data obtained
from a single source. The research originated from a small
pool of countries (predominantly the United States), with
a striking lack of published studies on multimorbidity
costs from Europe and low- and middle-income coun-
tries. Cost of multimorbidity studies focusing on specific
morbidity combinations are often limited to a single or
a few combinations centred around an index disease of
concern. Only a limited number of studies have taken a
comprehensive approach, analysing a broad array of mor-
bidity combinations at the population level. These stud-
ies are from the United States, the United Kingdom and
New Zealand [15-17].

Further research is needed to understand the costs of
specific combinations of chronic conditions, as a basis
for identifying and further exploring where and how
costs can be averted/reduced while ensuring high-quality
care. Dyads and triads — characterised by the coexist-
ence of two and three conditions respectively — stand out
as prominent subjects of multimorbidity research due
to their prevalence within multimorbidity populations,
making them crucial targets for investigation. Concur-
rently, direct costs — which entail expenses tied to health-
care resources, interventions or services — have garnered
significant attention in cost analyses due to their tangible
and immediate impact on healthcare budgets. The lack
of understanding of the direct costs of morbidity combi-
nations — or the interaction of individual conditions and
its impact on cost — poses a challenge for policy-makers
in developing new models of integrated patient-centred
care and evaluating their cost-effectiveness. Through
this study, we hope to deliver a holistic health system
perspective of healthcare costs for people with multi-
morbidity and provide formative evidence to inform the
re-organisation of healthcare delivery to support patients
with multiple needs and promote the efficient use of
healthcare resources.

This study aims to estimate the economic burden of
multimorbidity in Belgium and to explore the interac-
tions of coexisting chronic conditions in a person and
how they influence healthcare costs.

Particularly, the research questions are:

1. How do the direct healthcare costs of multimorbidity
vary across population subgroups in Belgium?
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2. What is the average annual direct healthcare cost per
person per single chronic condition, dyad and triad?

3. Across dyads, is the direct cost more, less or equal to
the expected combined direct cost of single condi-
tions? Across triads, is the direct cost more, less or
equal to the expected combined direct cost of the
three associated dyads?

4. Which dyads/triads have the most economic impact
on the individual and population level?

Methodology

Design

This is a retrospective longitudinal study using data from
two databases. The study was reported in line with the
Reporting of studies Conducted using Observational
Routinely-collected Data (RECORD) guidelines [18] and
the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) 2022 [19].

Data sources

The first database is the 2018 Belgian Health Interview
Survey (BHIS). The BHIS contains data on socio-demo-
graphic characteristics, health status, health behaviours,
healthcare utilisation and quality of life as well as other
health determinants from a sample of over 10,000 peo-
ple from approximately 6000 households in Belgium [20].
The BHIS is a cross-sectional design survey, which uses
the national register as its sample frame. It is conducted
every 4-5 years to allow for comparison of population
changes over time, and serves as a basis to inform health
service organisation and policy. The BHIS aligns and fol-
lows the format of the European Health Interview Survey
(EHIS). The sampling technique and implementation of
the BHIS have been published elsewhere [21].

The second database is the Intermutualistic Agency
(IMA) database, an administrative database that collects
data on the individual-level usage and costs of health-
care from all public health insurance funds [22]. Every
legal resident in Belgium is obliged to join one of the
seven Belgian health insurance funds and is therefore
included in the IMA database. Healthcare reimburse-
ment data makes up the core of the database and data
has been updated twice every year from 2002 onwards.
There are three sub-databases: (1) A population database
containing limited socio-demographic data of all insured
persons; (2) A healthcare database containing healthcare
service utilisation and cost data of ambulatory and hos-
pital care; and (3) A pharmaceutical database containing
prescriptions and the costs of prescribed and reimbursed
drugs purchased through public pharmacies. The IMA
data utilised in this study spanned across four years, from
2017 to 2020. Data from the BHIS and IMA databases
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were linked using the national register number, forming
the integrated HISLINK database.

Study participants

We included all community-living people in Belgium,
aged 15 and older, who had complete profiles and suc-
cessful data linkage, from the HISLINK database
(N=9753) (Fig. 1). We analysed participants’ sex (male/
female), age group (10-year intervals), highest education
level in the household (no diploma or primary education,
lower secondary, higher secondary, higher education),
annual household income in 2018 Euro (five quintiles),
region (Flemish, Wallonia, Brussels) and number of
chronic conditions (0, 1, 2, 3, 4+).

Chronic conditions

The presence of chronic conditions was self-reported and
was determined through the interviewee’s response to
the question: “During the past 12 months, have you had
any of the following diseases or conditions?”. Informa-
tion on 38 chronic conditions was collected in the BHIS,
which was subsequently regrouped to 25 chronic condi-
tions or morbidity groups as many conditions had shared
or similar pathophysiology (Table 1). The mapping was
adapted from Van Wilder et al. [23], the International
Statistical Classification of Diseases and Related Health
Problems tenth Revision [24], and discussion among the
team of authors.

Multimorbidity measures
We defined multimorbidity as “the coexistence of two
or more (groups of) chronic conditions” based on our
refined list of conditions [3]. To determine multimorbid-
ity, we summed the total number of (groups of) condi-
tions of each respondent.

To report the specific types of multimorbidity combi-
nations, we formed all possible dyads and triads from the
list of 25 chronic conditions. However, after assessing the
prevalence of single chronic conditions, we excluded con-
ditions that had a prevalence rate of 1% or lower; which
were gallstones, cirrhosis of the liver, kidney disease,
stroke, hip fracture and Parkinson’s disease. We focused
on the more prevalent single chronic conditions, which
subsequently formed the more prevalent dyads and tri-
ads to enhance the robustness of the results. With fewer
observations, statistical fluctuations and random varia-
tions can have a more significant impact on the results.
This can lead to increased uncertainty and a higher likeli-
hood of producing results that are not representative of
the true population estimates. Moreover, the prevalent
morbidity combinations contribute more to the burden
of disease. In all, we included 171 dyads and 969 triads
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BHIS
N=12,742

Actual BHIS
participants
N=11,611

Linked with IMA
N=10,933

Participants = 15
years old
N=9,753

Fig. 1 Sample selection

formed by the list of 19 chronic conditions. The included
single chronic conditions, dyads and triads are listed in
Additional file 1.

Timeframe

Each participant’s self-reported health status applies to
the 12-month timeframe prior to the date of the inter-
view. In this study, we included the costs of all partici-
pants from 2017 to 2020.

Cost measures

A health system costing perspective was applied in this
study. Total cost of healthcare as recorded in the IMA
database included the amount reimbursed by insurance
and co-payments/supplements paid by the patient. The
extracted costs represent all-cause direct healthcare costs
on a per-patient basis, but the precise health reason for
which medical acts were performed was not directly
retrievable from the data.

The included costs were mainly direct medical costs.
To a smaller extent, direct non-medical costs were also
included, more specifically those which were partially
reimbursed and for which information was available

Page 4 of 21

Individuals belonging to participating
households, but not selected to
partake in the survey
N=1,311

BHIS data not linked, because
IMA could not find the NRN
N=678

in the IMA database. The estimation and reporting of
the indirect cost of multimorbidity were conducted in
a distinct study, as the data source for addressing this
research question differed from the ones utilised in the
current study.

Direct costs included direct medical cost (PROCE-
DURE_GROUP code 1-31, 35-41, 43-83, 85) and direct
non-medical cost (code 32-34, 42, 84). The list of value
labels is presented in Additional file 2.

Direct medical costs may include:

o Outpatient (medical acts by GPs, specialists and out-
patient clinics, physiotherapy, occupational therapy,
speech therapy, rehabilitation clinics, etc.)

o Inpatient (stays in general hospitals, specialised psy-
chiatric and neurological hospitals (including day-
patient treatment), procedures taking place in the
hospital such as dialysis, surgery, etc.)

o Emergency care (intensive care unit (ICU), ambu-
lance, oxygen, etc.)

o Pharmacy (drugs)

Others (equipment, etc.)

o
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Table 1 Classification of chronic conditions

BHIS 2018 (38 chronic conditions)

Allergy

Cancer

Chronic fatigue

Chronic skin disease

Cirrhosis of the liver/liver dysfunction

Disorder of the larger or the small bowel

Gallstones of inflammation of the gallbladder

Osteoporosis

Serious disease of the kidney

Serious gloom or depression

Stomach ulcer

Stroke (or consequences)

Thyroid problems

Hypertension

High cholesterol level in blood

Low back disorder
Neck disorder

Rheumatoid arthritis
Osteoarthritis/arthrosis

Asthma
Chronic bronchitis/COPD/emphysema

Diabetes

Epilepsy
Severe headache (e.g. migraine)

Macular degeneration
Glaucoma

Cataract

Diabetic retinopathy

Myocardial infarction

Coronary heart disease

Serious heart disease

Narrowing of blood vessels in belly or legs

Urinary incontinence
Stones in the kidney
Chronic cystitis
Prostate problems

Parkinson's disease

Hip fracture

ICD-10 (25 chronic conditions)

Allergy (T78.4, J30.1)

Cancer (C00-D49)

Chronic fatigue (R53)

Chronic skin disease (L80-L9)

Cirrhosis of the liver (K70-K77)

Bowel disorder (K50-K52, K57, K58)

Gallstones (K80-K87)

Osteoporosis (M81, S70-S79)

Kidney disease (N18, N19)

Depression (F33, F40, F41)

Stomach ulcer (K25)

Stroke (G45, 160-169)

Thyroid problems (E00-E07)

Hypertension (110-115)

High cholesterol (E78)

Dorsopathies (M40-M54, M60-M63, M65-
M68, M70-M79)

Arthropathies (M05.9, M13.0, M13.9, M15-
M19)

Respiratory disease (140-147)

Diabetes (E10-E14)

Paroxysmal disorders (G40, G43, G44)

Eye disease (H35, H40-H42, H25, H26, H28)

Cardiovascular disease (120-125, 148, 170-179)

Genitourinary problems (N0O3, N11, N18, N20-
N23, N25-N29, N30-N39, N40-N51)

Parkinson's disease (G20)

Hip fracture (S70-S79)
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Direct non-medical cost may include:

o Food supplement
o Parking fees

Data preparation

We summed all-cause healthcare costs by individual per
year. The IMA database exclusively contained data con-
cerning variable costs associated with hospital care, i.e.
costs related to the specific interventions conducted dur-
ing the hospitalisation. The IMA dataset did not incor-
porate hospital fixed cost, which is the fixed amount that
covers the cost of the stay (e.g., infrastructure) and care
in the hospital. The amount of fixed cost depends on the
type of hospital, the services received and the number of
nights/days hospitalised. This amount is usually paid out
directly to hospitals by health insurance funds, there-
fore hospital fixed costs were additionally added on for
individuals that were hospitalised during each year. To
estimate the fixed portion, the number of hospitalisa-
tions per patient per year was multiplied by the publicly
available average annual 100% per diem cost according
to the type of hospitalisation [25, 26]. The resulting fixed
costs were then added to the variable hospital costs to
obtain the total hospitalisation costs used in this analy-
sis. To enable comparison, all costs from 2017 to 2020
were inflated to 2022 Euro using the Consumer Price
Index [27].

Statistical analyses

Unadjusted subgroup differences were assessed using
t-tests. Generalised linear models with quasi-poisson
distribution and log link function were constructed to
estimate the effects of dyads/triads on healthcare costs.
Statistical analyses were performed in R through RStudio
(2023.03.0) [28]. The complex survey design schemes of
the BHIS and sampling weights were accounted for in our
survey design object to ensure representativeness of data
on the population level. Confidence intervals were calcu-
lated using the profile likelihood method [29].

To contain the number of independent parameters,
only chronic conditions with a prevalence rate greater
than 2.5% were included. Interaction terms are addi-
tional variables created by multiplying two or more pre-
dictor variables together — in this case they are variables
that signify the chronic conditions. Interaction terms
were introduced for the most prevalent dyads and triads.
Prevalence cut-offs of 2.0% and 1.5% were used, respec-
tively, to ensure parameter identifiability and sufficient
observations. The prevalence cut-offs followed a pro-
gressive pattern for triads, dyads and single conditions,
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reflecting the progressively changing prevalence of par-
ticipants with three, two and one chronic conditions.

Variable selection was facilitated by the filter method
which mitigates the risk of overfitting, while striking a
balance between including major predictors of interest,
maintaining accuracy and ensuring computational effi-
ciency [30]. Filter methods first assess the significance
of predictors independently of the predictive models
and then proceed to build models using only the predic-
tors that met a certain criterion [31]. The relationship
between each predictor and the outcome was determined
through the receiver operating characteristics (ROC)
curves. If a linear model was fitted, then the absolute
value of the t-value for the predictor’s slope was exam-
ined [32, 33]. Otherwise, a loess smoother was fitted to
the predictor and the resulting R? statistic was calculated
to determine variable importance relative to the inter-
cept-only null model [33].

We constructed three mixed models to separately
assess the effects of single chronic conditions, dyads and
triads on healthcare costs. The model for single condi-
tions consisted of 19 chronic conditions and six impor-
tant determinants of healthcare costs; including age, sex,
highest education level in the household, financial bur-
den of medical treatment (i.e., a heavy burden/somewhat
a burden/not a burden at all/no one in the household
needed medical examinations or treatments), number
of comorbidities and year. The dyad model replicated
the single condition model structure while incorporat-
ing 58 additional dyad interaction terms. Similarly, the
triad model mirrored the dyad model and included 41
triad interaction terms. A list of the included chronic
conditions, dyad and triad interaction terms is supplied
in Additional file 1. Model outputs are presented in Addi-
tional file 3.

The mixed models for single chronic conditions, dyads
and triads were constructed based on these equations,
respectively:

M
log(cost) j= ﬂoxmg,e + Zm:l Bijmchronic diseasesijy,

Q ,
+ Zqzlﬁijqcomrmtes,jq + (uij + &)

and:
M . .
log(cost) i =PBo iyads + Z . Bijmchronic diseasesjm
m=
N
+ anl Bijndyad interactions,
Q ,
+ Zqzlﬁijqcovarlatesijq + (uiy + &)
and:
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log(cost);; =Bo0a + Zjﬂdzl Bijmchronic diseases;jy,
+ ijlﬂtjndyad interactionsy,,
+ 211,;1 Bijptriad interactions;j,
+ ij:l Bijgcovariates;jy + (uij + &;)

Where: log(cost)i/ denotes the estimated log-transformed
value of the cost variable for individual i in household j;

Boginge 204 B0y, and o, , represent the overall fixed
effect mean of log(cost)ij across all households j for indi-
viduals i of the reference category, for single conditions,
dyads and triads, respectively; chronic diseases;j, is a
vector representing individual-level chronic conditions
and B, are their respective estimated fixed slope coef-
ficients; dyad interactions,,, is a vector representing all
interaction terms of the 58 most prevalent dyads and g,
are their respective estimated fixed slope coefficients;
triad interactions;j, is a vector representing all interaction
terms of the 41 most prevalent triads and f§;j, are their
respective estimated fixed slope coefficients; covariates;j,
is a vector representing the six individual-level confound-
ing factors of interest and B, are their respective esti-
mated fixed slope coefficients; The random part between
brackets contains: #;; and ¢;. The first allows the intercept
to vary between households, accounting for the house-
hold specific deviations from the overall intercepts Bo,,,,
O B0gy04s OF BOpigas The second is the idiosyncratic error
term, which accounts for the individual deviations in
log (cost);; from the household specific intercept.

One of the main goals was to assess the interaction
effects (i.e., interaction term coefficients) of coexist-
ing conditions in a dyad/triad and how they influenced
healthcare cost. A 95% confidence level was used to
assess whether the costs of dyads/triads significantly dif-
fered from the combined costs of single conditions/asso-
ciated dyads, respectively. P-values<0.05 were reported.
A significant P-value shows that the predicted summed
cost is different when conditions coexist compared with
when they exist independently. The interaction effect is
multidirectional in that each condition simultaneously
influences and is influenced by the other condition(s).

In the case of dyads, a negative coeflicient signals a
sub-additive (antagonistic) interaction, implying that
the combined effect of the two conditions was associ-
ated with an estimated mean healthcare cost that is lower
than the summed cost of the same conditions existing
in different individuals. A positive coefficient shows a
super-additive (synergistic) interaction, revealing that
the combined effect of the two conditions was associated
with an estimated mean healthcare cost that is higher
than the summed cost of the same conditions existing
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in different individuals. The expected mean increase
is based on the additive effect of each of the conditions
individually.

In the case of triads, we interpreted the results slightly
differently. Given that a triad comprises three concurrent
conditions, it gives rise to three potential combinations
of dyads originating from those three conditions. Con-
sequently, a negative coefficient indicates a sub-additive
interaction. This suggests that the combined influence of
the three conditions is linked to an average healthcare cost
estimate that is lesser than the combined costs of the three
associated dyads present in separate individuals. Con-
versely, a positive coefficient signifies the opposite scenario.

Risk assessment and ethical consideration
The BHIS 2018 was approved by the Ethics Commit-
tee of the University Hospital of Ghent on 21 December
2017 (opinion EC UZG 2017/1454). Participation in the
BHIS was voluntary, and no formal requirement for writ-
ten and signed consent was established. Participation
itself was considered tantamount to providing consent.
This approach aligns with the principles of Good Epide-
miological Practice as outlined by the International Epi-
demiological Association (IEA) guidelines, which stated
that formal written consent may be unnecessary when
the research takes place in non-threatening settings and
where voluntary participation carries no risk of losing
potential benefits [34]. Data linkage was authorised by
the Information Security Committee (local reference:
deliberation no. 17/119 of 19 December 2017, amended
on 3 September 2019).

This study was granted ethical approval on 26 July 2021
by the Ethics Committee at the University of Antwerp
Hospital (Ethisch Comité UZA/UA), ID 2021-0405.

Results

Overview of multimorbidity in Belgium

In Fig. 2, the prevalence of individual conditions, dyads
and triads is depicted, along with the patterns of dyad
and triad combinations. The outer ring of the figure dis-
plays dot sizes reflecting the prevalence of individual
chronic conditions, while the orange strokes denote
dyads and triads, with colour intensity indicating their
respective prevalence. The diverse morbidity labels are
colour coded based on their respective disease catego-
ries. A comprehensive list of all morbidity combinations
and their corresponding prevalence rates is presented in
Additional file 4.

In 2018, multimorbidity affected approximately 48%
(95% CI 46-49) of the population aged 15 and over in
Belgium. Circulatory system-related diseases and mus-
culoskeletal-related diseases were the largest morbidity
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groups. The most frequent single chronic conditions
included arthropathies, dorsopathies, hypertension, high
cholesterol, and allergy. The most common dyad was
arthropathies + dorsopathies, accounting for 14.1% (95%
CI 13.1-15.1) of cases. The most prevalent triad was
arthropathies + dorsopathies + hypertension, accounting
for 5.2% (95% CI 4.6—5.8) of cases.

Characteristics of the study population

Table 2 presents the characteristics of the study popula-
tion and the average annual healthcare expenditures in
2022 Euro, per morbidity count. The overall mean age
of the study population was 49. The mean age increased
in subgroups with a higher morbidity count. Among the
study population (N=9753), 16% had two chronic con-
ditions, 11% had three chronic conditions and 21% had
four or more chronic conditions — with these categories
being mutually exclusive. Healthcare expenditure also
increased with age (P<0.01) and with morbidity count
(P<0.01).

The population under study was composed of various
age groups, among which individuals aged 70+ made up
approximately 17%, and their healthcare cost accounted
for around 43% of the total healthcare cost of the stud-
ied population. People with multimorbidity constituted
nearly half of the studied population and their total
healthcare cost constituted 74% of the healthcare cost
of the studied population. People aged 70+with mul-
timorbidity accounted for 27% of the multimorbidity

Stomach ulcer
Allergy

High cholesterol
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population and around 13% of the general studied popu-
lation. The healthcare expenses associated with multi-
morbid individuals aged 70+ contributed to 50% of the
total healthcare cost of the multimorbidity population
and 37% of the total healthcare cost of the general stud-
ied population.

The study population consisted of more females
than males (53% vs 48%) and more females had multi-
morbidity than males. On average, female participants
incurred higher healthcare expenditure than their male
counterparts (P=0.003). However, in the subgroups
of people with three or more chronic conditions, the
average healthcare expenditure per person was higher
for male than female participants (not statistically sig-
nificant). We assessed the highest level of education
attained in the household, as a determinant of health
expenditure. Around half of all participants came
from households with at least one family member with
higher education. Participants from households with
a lower level of education incurred higher healthcare
costs than those from households with a higher level
of education (P<0.001). This was consistent across
all morbidity counts. Similar to household education,
lower household income quintiles were associated with
a higher level of health spending and this was observed
across all morbidity counts (P<0.05). Across regions,
the overall average healthcare expenditure per per-
son was highest in Flanders, followed closely by Wal-
lonia and Brussels. However, this difference was not
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Fig. 3 The average annual direct cost per single chronic condition (in 2022 Euro)
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statistically significant and there were also no clear
trends among morbidity counts.

The average annual direct costs of single chronic
conditions

The estimated average direct cost per person per year for
all single chronic conditions, dyads and triads are pre-
sented in Additional file 5. Figure 3 represents the costs
associated with the 19 chronic conditions. The colour
choices were employed solely for a visually appealing
representation and do not serve any classification pur-
pose. The average annual direct cost per person with
one chronic condition was €2438 (95% CI 2141-2734).
Among the single conditions with the lowest costs, stom-
ach ulcer and allergy stood out, averaging €2035 (95% CI
1524-2546) and €2096 (95% CI 1713-2478) per person
per year, respectively. The highest-cost single conditions
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included cancer, chronic fatigue, diabetes, and genitou-
rinary problems, with average costs of €4979 (95% CI
3629-6329), €3599 (95% CI 2680-4517), €3416 (95% CI
2768-4063), and €3260 (95% CI 2551-3968) per person
per year, respectively. As the most prevalent conditions,
dorsopathies and arthropathies exhibited average costs
of €2301 (95% CI 1818-2783) and €2849 (95% CI 2342—
3355) per person per year, respectively.

The average annual direct costs of dyads
The average yearly cost per person with dyad was €3515
(95% CI 3093-3937).

The dyads with the highest costs frequently included
cancer, diabetes, chronic fatigue, and genitourinary
problems (Fig. 4). The top ten most expensive dyads had
costs ranging from €5753 (95% CI 3509-7997) for bowel

Average annual direct cost of dyads
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Fig. 4 The average annual direct costs of 171 dyads (in 2022 Euro)
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disorder + diabetes to €8345 (95% CI 4998-11,691) for
cancer + chronic fatigue.

The low-cost group comprised the ten least expensive
dyads — frequently including allergy, stomach ulcer, and
osteoporosis — with costs ranging from €1518 (95% CI
912-2124) for eye disease+high cholesterol to €1816
(95% CI 1247-2384) for skin disease + stomach ulcer.

The top ten most prevalent dyads — frequently includ-
ing arthropathies, dorsopathies, hypertension, and high
cholesterol levels — had costs ranging from €1928 (95%
CI 1408-2448) for allergy + dorsopathies to €5666 (95%
CI 3044-8288) for dorsopathies+ chronic fatigue. The
most prevalent dyad, arthropathies+ dorsopathies,
had a cost of €3044 (95% CI 2296-3792). Dorsopa-
thies + paroxysmal disorders was one of the most prev-
alent and also among the least expensive dyads in terms
of direct cost.

The average annual direct costs of triads

The average annual cost per person with triad was €4592
(95% CI 3920-5264). Figure 5 shows the expenses associ-
ated with the top ten high-cost triads, the top ten low-
cost triads and the top ten prevalent triads, along with
their respective prevalence rates. Notably, all triads
within the top ten high-cost and low-cost categories dis-
played low prevalence rates, each falling under 1%.
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The high-cost group had triads ranging from €12,966
(95% CI 6947-18,985) for cancer + cardiovascular dis-
ease + chronic fatigue to €20,244 (95% CI 11,397-29,090)
for cancer + diabetes + chronic fatigue.

In contrast, the low-cost group had triads ranging from
€1083 (95% CI 503-1663) for dorsopathies + paroxysmal
disorders + stomach ulcer to €1435 (95% CI 817-2054)
for eye disease + high cholesterol 4+ stomach ulcer.

Triads in the prevalent group had cost ranging from
€1824 (95% CI 1010-2638) for dorsopathies+high cho-
lesterol + hypertension to €7437 (95% CI 2966—11,908) for
arthropathies + dorsopathies + chronic fatigue, position-
ing it between the low- and high-cost groups. The most
prevalent triad, arthropathies+ dorsopathies+ hyperten-
sion, had a cost of €3894 (95% CI 2725-5063).

Total cost of multimorbidity on the population level

The dyad with the highest prevalence, arthropathies +
dorsopathies, incurred an annual treatment cost exceed-
ing €4 billion, representing 11% of total national health
expenditure (Table 3). In contrast, the cost of treating the
most expensive dyad, cancer + chronic fatigue, was merely
2%. For triads, the treatment cost of the most prevalent
combination, hypertension + arthropathies + dorsopa-
thies, accounted for 5% of national health expenditure.
The most expensive triad, cancer+ diabetes+ chronic
fatigue, carried a cost of just 1%.

Triad Average annual direct cost per triad (2022 €) Prevalence rate
Cancer + Diabetes + Chronic fatigue € 20,244 = 0.1 =
Cancer + Diabetes + Genitourinary problems € 15,665 011 =
Cancer + Chronic fatigue + Genitourinary problems € 15,561 033 —=—
Bowel disorder + Cancer + Diabetes € 15,066 0.1 =
Bowel disorder + Cancer + Chronic fatigue €15,014 0.31 -
Diabetes + Chronic fatigue + Genitourinary problems € 14,505 0.45
Bowel disorder + Diabetes + Chronic fatigue € 13,995 026 =
Cancer + Depression + Diabetes €13,257 0.09 =
Cancer + Cardiovascular disease + Diabetes € 13,010 0.09 =
Cancer + Cardiovascular disease + Chronic fatigue € 12,966 0.21
Arthropathies + Dorsopathies + Chronic fatigue €7,437 2.95
Arthropathies + Dorsopathies + Hypertension €3,894 — 5.21 - —
Arthropathies + Respiratory disease + Dorsopathies €3,782 - 2.43 ——
Arthropathies + Dorsopathies + Genitourinary problems €3,693 2.77 -
Arthropathies + High cholesterol + Hypertension € 3,399 - 3.57
Allergy + Arthropathies + Dorsopathies €3,353 —— 3.59 ——
Arthropathies + Depression + Dorsopathies €2,953 . 2.31 —
Arthropathies + Dorsopathies + High cholesterol €2,614 - 5.15
Arthropathies + Dorsopathies + Paroxysmal disorders € 2,552 - 2.31 .
Dor hies + High choll ol + Hypertension €1,824 = 3.57 -
Eye disease + High cholesterol + Stomach ulcer €1,435 = 0.11 =
Dorsopathies + Eye disease + Paroxysmal disorders €1,434 0.42
Allergy + Respiratory disease + Osteoporosis €1,423 0.23
Dorsopathies + Paroxysmal disorders + Skin disease € 1,421 0.55
Allergy + Depression + Osteoporosis €1,413 0.27
Allergy + Dorsopathies + Stomach ulcer €1,402 0.74
Allergy + Respiratory disease + Stomach ulcer €1,387 0.38
Allergy + Depression + Stomach ulcer €1,377 0.35
Allergy + Osteoporosis + Stomach ulcer €1,275 0.09
Dorsopathies + Paroxysmal disorders + Stomach ulcer €1,083 0.7
O 250 500 730 1000 1250 15000 17500 20000 2500 5000 27500 o o5 1 25 5 as .
Cost (2022 €) Prevalence (%)
Top 10 high-cost triads - Top 10 prevalent triads Top 10 low-cost triads

Fig. 5 The average annual direct costs of the top high-cost, low-cost and prevalent triads
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Table 3 Aggregated costs of the most prevalent and expensive dyads and triads (in 2022 Euro)

Type Morbidity combination Prevalence rate Average direct cost per Total cost on the  As % of
person per year population level total health

expenditure

Most prevalent dyad  Arthropathies+dorsopathies

Most expensive dyad  Cancer+ chronic fatigue

Most prevalent triad  Arthropathies+dorsopa-

thies+hypertension

Most expensive triad ~ Cancer +chronic fatigue + dia-

betes

14.1% (95% Cl 13.1-15.1)
0.8% (95% Cl 0.48-1.04)
5.2% (95% Cl 4.6-5.8)

0.1% (95% C1 0.02-0.17)

€3044 (95% Cl 2296-3792) €4,070,766,024 11%
€8345 (95% Cl1 4998-11,691) €633,182,216 2%
€3894 (95% Cl 2725-5063) €1,920,488,324 5%
€20,244 (95% C111,397- €192,003,307 1%

29,090)

*Total health expenditure was €36,178,000,000 in 2018 [35]

Interaction effects of dyads and triads on healthcare
expenditure
Of the 58 most prevalent dyads, six dyads showed signifi-
cant interaction. Figure 6 shows the coefficients of these
six dyads on the log-scale. Among dyads with significant
effects, most produced a sub-additive effect, indicating a
reduced overall average cost compared with single condi-
tions. The four dyads with sub-additive interaction effects
were diabetes+hypertension, allergy+hypertension,
arthropathies+ diabetes, and chronic fatigue+hyper-
tension. The two dyads with super-additive interaction
effects were depression+ paroxysmal disorders and eye
disease + hypertension.

Of the 41 most prevalent triads, eight showed signifi-
cant interactions (Fig. 7). Contrary to the interaction pat-
terns seen in dyads; in triads, most had super-additive

Interaction effects of dyads

Depression + Paroxysmal Disorders

Eye disease + Hypertension

Diabetes + Hypertension

Allergy + Hypertension

Arthropathies + Diabetes

Chronic fatigue + Hypertension

04

effects (five triads). Sub-additive effects were found in
three triads. The top three triads with super-additive
interaction effects were dorsopathies+ genitourinary
problems+high cholesterol, diabetes+high choles-
terol+hypertension, and allergy+depression + dor-
sopathies. The three triads with sub-additive interaction
effects were arthropathies+ dorsopathies + osteoporosis,
arthropathies + genitourinary problems+high choles-
terol, and depression + dorsopathies + high cholesterol.

Overall, with these model specifications and among
prevalent morbidity combinations, many of the mul-
timorbidity interactions were insignificant, indicating
that the predicted cost of a patient with multimorbidity
did not differ significantly from the summed cost of the
same conditions existing in different patients.

Group

Super-additive effects
* Sub-additive effects

04 08

Coefficient (p-value < 0.05)

Fig. 6 Interaction effects of dyads on healthcare expenditure
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Interaction effects of triads

Dorsopathies + Genitourinary problems + High cholesterol

Diabetes + High cholesterol + Hypertension

Allergy + Depression + Dorsopathies

Depression + Dorsopathies + Chronic fatigue

Arthropathies + Diabetes + Dorsopathies

Group

Super-additive effects
* Sub-additive effects

Depression + Dorsopathies + High cholesterol

Arthropathies + Genitourinary problems + High cholesterol

Arthropathies + Dorsopathies + Osteoporosis

Fig. 7 Interaction effects of triads on healthcare expenditure

Discussion

Summary of findings

This study provides insights into numerous multimorbid-
ity profiles in Belgium. In addition to examining the cost
by morbidity counts as well as demographic and socio-
economic subgroups, the study explored the costs of a
large number of dyads (171) and triads (969) associated
with the 19 most prevalent chronic conditions. People
with multimorbidity constituted nearly half of the stud-
ied population and their total healthcare cost constituted
around three quarters of the healthcare cost of the studied
population. The cost of multimorbidity increased with age
and morbidity count, and individuals with lower socioec-
onomic status were more prone to higher healthcare costs
than those of higher socioeconomic status. The most
common dyad, arthropathies + dorsopathies, with a prev-
alence rate of 14%, accounted for 11% of the total national
health expenditure. The most frequent triad, arthropa-
thies + dorsopathies + hypertension, with prevalence rate
5%, contributed 5%. Prevalent morbidity combinations,
rather than high-cost ones, made a greater contribution
to total national health expenditure. The average annual
direct cost per person with dyad was €3515 (95% CI
3093-3937), while the average annual direct cost per per-
son with triad was €4592 (95% CI 3920-5264). Dyads and
triads associated with cancer, diabetes, chronic fatigue,
and genitourinary problems had the highest costs. In
most cases, the cost associated with an individual with
multimorbidity was lower or not substantially different

0 1

Coefficient (p-value < 0.05)

from the combined cost of the same conditions observed
in separate patients.

General trend of multimorbidity and cost

In 2018, multimorbidity affected approximately 48% of
the population aged 15+ in Belgium. This rate surpassed
the reported global multimorbidity prevalence of 37.2%
(95% CI 34.9-39.4) in the community setting, as well as
the regional rate for Europe of 39.2% (95% CI 33.2-45.2)
[36]. However, it is important to approach these com-
parative statements with caution. The presence of het-
erogeneity in study methodologies, sample selections,
data collection approaches, definitions of multimorbid-
ity and the scope of included chronic conditions intro-
duce challenges in directly comparing prevalence rates of
multimorbidity.

The five most common chronic conditions in dyads
and triads were arthropathies, dorsopathies, hyper-
tension, high cholesterol, and allergy. Several results
are consistent with those from the United States, Eng-
land and France [37-39]. In the United States, arthri-
tis, high cholesterol, and hypertension were also the
most common in multimorbidity, alongside diabetes
[37, 38]. Hypertension was reported as the most com-
mon condition in morbidity combinations in England,
alongside diabetes, chronic kidney disease, and asthma
[17]. However, chronic kidney disease had low preva-
lence in Belgium. Diabetes and asthma (as part of the
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respiratory disease group) were also common, but sec-
ondary to those mentioned.

This study supports previous evidence indicating
that the cost of multimorbidity increases with age and
morbidity count [40-45]. However, after adjusting for
morbidity counts, adding age to the analysis did not
significantly improve the ability to explain the variation
in costs [46]. Nevertheless, individuals aged 70+ who
were affected by multimorbidity played a significant
role in terms of healthcare costs. Despite constituting
a smaller portion of the total population, this group
accounted for a substantial share of healthcare expen-
ditures. This underscores the importance of addressing
the unique healthcare needs and challenges faced by
the elderly population, particularly those dealing with
multiple health conditions simultaneously.

Further, our study confirms that multimorbid individu-
als of lower socioeconomic status had higher health-
care cost compared with those of higher status. Similar
research in the United Kingdom also showed that health-
care cost increased with greater levels of deprivation;
conversely, individuals from higher socioeconomic back-
grounds were more likely to experience better health,
leading to lower care needs [47-49].

Cost of multimorbidity in Belgium in comparison

with other countries

In comparison with the few high-income countries
for which data are available, the average cost of multi-
morbidity per person in Belgium appears to be lower,
with dyads and triads costing an average of €3515 and
€4592 per person per year, respectively. In England, the
average annual cost per person with dyad was €5013
(£3717) and with triad was €7116 (£5276), but this only
included secondary care costs and excluded primary
care and pharmaceutical expenses — the actual cost may
be much higher [17]. In the United States, the median
costs of dyads and triads were €6751 ($6208) and €8892
($8177), respectively [37, 50-52]. The most expensive
dyad in our study was cancer + chronic fatigue, with an
estimated cost of €8345; which was lower than the esti-
mated €11,381 for cancer + neurological diseases in New
Zealand [53]. The most prevalent dyad in our study,
arthropathies + dorsopathies, cost €3044 — lower than
the cost of treating osteoarthritis+back pain in Sweden
(€5358) [54]. One of the most prevalent triads in our
study was dorsopathies+high cholesterol+hyperten-
sion (€1824), the cost of which was significantly lower
than the estimated cost of treating low back pain + hyper-
tension + hyperlipidemia (€22,906) in the United States
[55]. Comparing our findings with those of other studies
is challenging because few other studies have a compa-
rable scope. Further, it should be noted that comparing
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costs between countries is difficult due to variations in
the disease burden, methodology, data collection, sample
representativeness and differences in healthcare systems
[2]. Despite this, on average, the cost of multimorbidity in
Belgium was found to be notably lower than that of other
countries with similar economic contexts.

In our study, the dyads associated with the high-
est costs predominantly consisted of cancer, diabetes,
chronic fatigue, and genitourinary problems. These
results are, in part, consistent with previous studies that
have identified cancer and diabetes, as standalone condi-
tions, associated with high costs, and dyads/triads that
included these conditions were also costly to treat [2, 53,
56—58]. However, the reasons why chronic fatigue and
genitourinary problems frequently appeared in the top
most expensive dyads/triads are less obvious. Further
investigation into literature found that chronic fatigue is
a complex chronic illness that causes widespread pain,
cognitive impairment, can incapacitate individuals for a
long period of time, and with a poor prognosis [59]. Diag-
nosis relies on assessing patient-reported symptoms and
extensive testing to exclude other illnesses or factors, as
there is no specific laboratory-based diagnostic test [59].
Extensive testing and the impact on quality of life leading
to possible homecare service use, to some extent, explain
the high cost of chronic fatigue. Genitourinary problems
encompass a broad range of conditions, including urinary
incontinence, kidney stones, chronic cystitis and prostate
problems. Studies have indicated that patients with geni-
tourinary problems not only incurred high healthcare
cost for testing and treatment, but also for behavioural
therapy, devices and routine care items [60, 61].

In the low-cost group, common chronic conditions
within the combinations were allergy, stomach ulcer, and
osteoporosis. Allergy is often excluded from multimor-
bidity studies, making it difficult to compare the cost of
combinations involving allergy across countries. As the
health outcomes used in this study was self-reported by
patients, it was uncertain whether the person received
a clinical diagnosis and whether healthcare was sought.
Furthermore, for many types of allergies, avoidance of
the suspected allergen is the only treatment, and health-
care is typically only sought in the event of a reaction
[62, 63]. This may explain the relatively low healthcare
cost associated with allergy. Regarding stomach ulcers,
complications are uncommon and most cases are treated
with pharmacotherapeutics [64, 65]; thus it is reasonable
that healthcare costs are relatively low. Regarding osteo-
porosis, a study conducted in Belgium in 2004 reported
having osteoporosis cost €535 per person per year and
the author recognised that this figure is low, possibly
because osteoporosis remains under-treated in Belgium
[66]. Hence, factors such as underreporting, limited
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healthcare utilisation and cost-effective management
contribute partially to the lower costs observed in certain
dyads and triads.

The importance of interaction effects in multimorbidity
costing

To ensure precise estimation in multimorbidity costing
studies, it is essential to consider interaction effects to
avoid the potential risks of overestimating or underesti-
mating cost. Few studies have explored the interaction
of conditions and its effect on cost [15, 39, 67]. In our
study, the cost of most dyads and triads did not differ sig-
nificantly from the summed cost of the same conditions
existing in different individuals. For those that differed
significantly, more sub-additive effects were observed in
dyads and super-additive effects in triads. For dyads, one
out of two pairs with super-additive interaction effects
was discordant and one out of four with sub-additive
effects was concordant. For triads, four out of five triads
with super-additive interaction effects were discordant
and one out of three with sub-additive effects was con-
cordant. Concordant conditions share similar patho-
physiologic risks or disease management plans, while
discordant conditions are those with unrelated/indi-
rectly related pathophysiologic risks and disease manage-
ment plans [68, 69]. A third type — dominant conditions
— are severe conditions that may limit life expectancy
or require extensive medical treatment [68, 69]. Based
on this premise, the majority of our results are reason-
able as they align with this classification. For example,
having eye disease+hypertension (discordant) or dor-
sopathies + genitourinary problems+high cholesterol
(discordant) increased spending, while having diabe-
tes+ hypertension (concordant) or arthropathies+ dor-
sopathies + osteoporosis (concordant) reduced spending.
Although this does not enable us to explain all of our
findings, it serves as a foundation for investigating the
healthcare-seeking behaviour of individuals with dyads
or triads that displayed super- or sub-additive healthcare
expenditure. More frequent utilisation, complex disease
trajectories or complications, polypharmacy and inade-
quate coordination between services are potential expla-
nations why some dyads/triads resulted in super-additive
healthcare spending [7, 70, 71].

However, our study showed that most dyads and triads
resulted in lower or comparable healthcare costs to the
summed cost of the same conditions in different individ-
uals. Although this could be perceived as positive news
from an economic perspective, it could also indicate that
patients with multimorbidity are “backgrounding” one
condition for another and may not be receiving sufficient
care for all their conditions. This phenomenon aligns
with the Shifting Perspectives Model of Chronic Illness
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that suggests people living with multimorbidity may
place illness in the foreground or the background of their
“world’, depending on the context [72].

Implications for future research, health system and policy
This study assessed morbidity combinations that are
most expensive and/or prevalent, which can help to iden-
tify where cost savings can be achieved through care
reorganisation and prevention. For those with super-
additive health expenditure, further research can be
conducted into the level of care integration and health
seeking behaviour. For concordant diseases, it may be
more efficient to seek efficiency gains; for instance, by
appointing the concordant disease management to the
same medical doctor, resulting in time/cost saving and
more effective communication [73]. For common con-
cordant conditions, the first line could be the appropri-
ate level of daily care, with a transmural component of
annual visits to a medical specialist [8]. Such models are
already in place for single disease care pathways [74]. For
those with sub-additive spending, further research can be
conducted to understand their health service utilisation
patterns. The results can serve as a case study for best
practices or identify whether the patient is having unmet
needs.

To support decision-makers and researchers to predict
and monitor the costs of morbidity combinations, a mul-
timorbidity costing tool can be developed, embedding
the models from this study to provide a user-friendly
platform that can automatically generate the costs of
over a thousand morbidity clusters with fine-tuneable
parameters, based on the user’s interest. The potential
applications of this tool are extensive, ranging from pol-
icy-makers and practitioners to insurance companies,
patients and families. Its potential impact in informing
health policy and decision-making processes cannot be
overstated.

Strengths and limitations

This study represents the first of its kind in Belgium, at a
time when population-level studies on the cost of multi-
morbidity remain scarce in Europe and globally [2]. By
including a large number of morbidity combinations,
accounting for both dyads and triads, our study provides
a comprehensive assessment of the cost of multimor-
bidity. While the list of 19 chronic conditions included
in the study is not exhaustive, it encompasses the con-
ditions most prevalent in the population, satisfying the
criteria of including at least 12 chronic conditions sug-
gested by Fortin et al. for an accurate measurement of
multimorbidity [75].
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Our use of linked longitudinal data from an exhaus-
tive claim database, a reliable source of information for
studying the cost of chronic conditions, increases the
reliability of our findings [15, 46, 76]. Notably, linked data
is still not widely utilised in research on the cost of mul-
timorbidity, highlighting the novelty of our approach [2].
Furthermore, the use of health insurance claim databases
has been endorsed for conducting cost-of-illness studies,
further adding to the robustness of our study [77, 78].

Our sample size is relatively large and representative of
the population, providing a strong basis for generalisa-
tion of findings. We took into account interaction effects,
providing more accurate estimations and avoiding the
risk of over-/underestimating costs.

There are several limitations and challenges that
should be considered when interpreting these findings.
Conducting multimorbidity research is inherently chal-
lenging due to the vast number of possible morbidity
combinations and scenarios. This is further complicated
by computational limitations and the need to strike a bal-
ance between model fit and parsimony.

The health outcomes were derived from a cross-sec-
tional design survey, which may be limited by patients’
subjective reporting of their health status, unclear diag-
noses, overlapping symptoms and other factors that can
affect the accuracy of the reported data. For practical rea-
sons, we also assumed that the patients had had the same
chronic conditions across all four years, and excluded
certain chronic conditions with low prevalence (stroke,
cirrhosis of the liver, kidney diseases, Parkinson’s disease,
hip fracture, and gallstones) to increase the robustness of
our findings. However, this may have led to an overesti-
mation of costs. Regarding covariates, data on proximity
to death was insufficient for inclusion, despite its recog-
nised significance as an explanatory factor for healthcare
costs, even more so than age [79].

Additionally, diverse methodologies exist for the selec-
tion, inclusion and classification of chronic conditions.
The list of conditions incorporated in our study was for-
mulated after numerous deliberations within the team,
acknowledging that alternative approaches may also exist.
For instance, some conditions could be classified as symp-
toms or risk factors, rather than standalone chronic con-
ditions. While cancer represents a condition characterised
by clear and comprehensive clinical manifestations, high
cholesterol and hypertension, on the other hand, are risk
factors predisposing individuals to the development of
future diseases. Chronic fatigue remains a topic of debate
within medical circles due to its association with numer-
ous other conditions, presenting varied levels of reporting
and diagnostic confirmation. The conditions included in
the study exhibit a diverse spectrum in how they manifest
clinically, their impact on health outcomes and the diverse
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physiological pathways underlying each condition. This is
inevitable given the complex nature of chronic conditions
and multimorbidity, and the lack of a consensus on defini-
tions and terminologies [3, 75, 80]. Moreover, some con-
ditions were collapsed to form broader morbidity groups
(Fig. 1) and there may be potential overlaps across groups.
The limited number of included conditions could poten-
tially have resulted in an underestimated prevalence of
multimorbidity. Nonetheless, our study aimed to capture
all “available” conditions from the database, particularly
those that could impact a person’s health-related quality
of life and incur healthcare expenditure over a long period.
Indirect costs, estimated using a different data source,
were not presented here but in a separate study.

Finally, although beyond the scope of our study, we
find it important to acknowledge the potential impact of
COVID-19 on our results. Upon examining our data and
consulting official figures from the Ministry of Social Secu-
rity, we observed only a marginal increase in total health-
care expenditure in 2020 compared with 2019. While
COVID-19 may have influenced healthcare expenditure in
2020, our analysis spanned multiple years, suggesting that
any effect is likely minimal and largely irrelevant for the
purpose of this analysis and the insights it provides. Other
minor limitations were the reporting of cost per average
year and the assumption that different multimorbidity
scenarios were equally affected by any COVID-19 impact
over the relatively short time window.

Conclusions

Prevalent morbidity combinations, rather than high-
cost ones, made a greater contribution to total national
health expenditure. Our research serves as a starting
point for subsequent research on the healthcare-seek-
ing behaviour of individuals with super or sub-additive
healthcare expenditure. The models developed in this
study can be used to create a user-friendly costing tool
for multimorbidity, which can inform health policy and
decision-making processes. We draw upon this evi-
dence as a stepping stone to enhance the healthcare
system, with an aim to develop more accommodating
and cost-effective care for patients with diverse needs.
Our study contributes to the scarce literature on this
topic in Europe and worldwide.
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