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Abstract

Background Chronic diseases and multimorbidity are a major cause of disease burden—for patients, caregivers, and soci-
ety. Little is known however about potential interaction effects between specific disease combinations. Besides an additive
effect, the presence of multiple conditions could also act synergistically or antagonistically regarding the impact on patients’
health-related quality of life (HRQoL). The aim was to estimate the impact of coexisting chronic diseases on HRQoL of the
adult general Belgian population.

Methods The Belgian Health Interview Survey 2018 provided data on self-reported chronic conditions and HRQoL (EQ-
5D-5L) for a nationally representative sample. Linear mixed models were used to analyze two-way and three-way interactions
of disease combinations on HRQoL.

Results Multimorbidity had a prevalence of 46.7% (>2 conditions) and 29.7% (>3 conditions). HRQoL decreased consid-
erably with the presence of multiple chronic diseases. 14 out of 41 dyad combinations and 5 out of 13 triad combinations
showed significant interactions, with a dominant presence of negative/synergistic effects. Positive/antagonistic effects were
found in more subjective chronic diseases such as depression and chronic fatigue. Conditions appearing the most frequently
in significant disease pair interactions were dorsopathies, respiratory diseases, and arthropathies.

Conclusions Diverse multimorbidity patterns, both dyads and triads, were synergistically or antagonistically associated with
lower HRQoL. Tackling the burden of multimorbidity is needed, especially because most disease combinations affect each
other synergistically, resulting in a greater reduction in HRQoL. Further knowledge about those multimorbidity patterns with
a greater impact on HRQoL is needed to better understand disease burden beyond mortality and morbidity data.
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burden—for patients, caregivers, and society at large [4,
5]. Mortality measures alone are inadequate to capture the
full impact of chronic diseases [6]. Hence, the interest into
patients’ health-related quality of life (HRQoL) measures
is emerging. HRQoL captures individuals’ self-perceived
impact of a medical condition, its symptoms, and treat-
ment referring to physical, mental, and social well-being,
compared to what they believe to be ideal [5, 7]. Evidence
shows a disease-associated loss in HRQoL, with HRQoL
being an important predictor of morbidity and mortality
[8, 9].

HRQoL loss in single chronic diseases has already been
explored in several studies, however, the impact of com-
binations of diseases is understudied [1, 10-13]. Little is
known about the interaction effect between different diseases
on HRQoL. Besides an additive effect, multiple conditions
could also act synergistically or antagonistically to impact
HRQoL [14]. Previous research suggests synergetic effects
between combinations of physical and mental conditions,
however, in depth knowledge about the effect of specific
pairs is lacking [15-17]. Given that multimorbidity affects
an increasing number of people, knowledge on how this
impacts self-perceived health is of major importance [18,
19].

The Belgian Health Interview Survey (BHIS) collected
data on chronic diseases and HRQoL in a large representa-
tive sample of the general Belgian population [20, 21]. These
data allow for gaining a better understanding of potential
interaction effects between specific chronic diseases, which
could be of major interest to researchers, clinicians, and
policy makers worldwide. This study aims to estimate how
the co-occurrence of different chronic diseases can impact
a person’s HRQoL.

Methods
Belgian Health Interview Survey

Data from the BHIS 2018 were used [22]. BHIS is a cross-
sectional household survey that includes a representa-
tive sample of the Belgian population through multistage
stratified sampling, involving a geographical stratification,
a selection of clusters within each stratum, a selection of
households within each cluster, and a selection of individu-
als within each household. In 2018, 11,611 individuals were
interviewed with a response rate of 57% at the household
level. Data collection were undertaken using face-to-face
interviews (to obtain socio-demographic information) and
supplemented with a self-administered questionnaire (to
obtain HRQoL data). Details on methodology of the BHIS
can be found elsewhere [23].
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Measures

Prevalence of chronic diseases was self-reported, based on
the following question: ‘Have you had one of the following
disease or condition in the past 12 months?’. Participants
indicated on a list of 38 diseases whether they had suf-
fered from a certain disease with the responses ‘yes’ or
‘no’. The list also included chronic conditions (e.g. hyper-
tension), consequences of chronic disease (e.g. hip frac-
ture), and acute diseases with chronic consequences (e.g.
stroke). The 38 chronic conditions were mapped into 23
chronic diseases or disease groups because many condi-
tions are affecting the same body system. The mapping
was based on the ICD-10 and a multimorbidity question-
naire (Table 1) [24, 25].

To date, consensus on the definition of multimorbidity
is still lacking. The definition of >?2 chronic diseases is
under discussion, especially when highly prevalent con-
ditions (e.g. hypertension) are included because these
may result in high prevalence rates even if there is a
lesser impact on patients’ symptoms, functional status,
and HRQoL [26]. This study therefore used both cut-
off values of >2 and >3 concurrent diseases to define
multimorbidity.

HRQoL was measured using the EQ-5D-5L, the most
widely used preference-based instrument for measuring
HRQoL [21] and recommended by Belgian guidelines for
economic evaluations in health care [27]. The EQ-5D-5L
includes a descriptive system consisting of five dimen-
sions: mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. Each dimension has five response
categories (no problems, slight problems, moderate prob-
lems, severe problems, and extreme problems/unable to),
from which a single index value or utility score can be cal-
culated ranging between O (death) and 1 (perfect health).
Negative values can also be generated for health states per-
ceived worse than death. Converting the dimension scores
into a single index value requires a country-specific algo-
rithm based on population-level preferences for different
health states. In Belgium, however, such an algorithm is
so far only available for the EQ-5D-3L encompassing only
three answering possibilities [28]. A cross-walk function
was therefore used to map the EQ-5D-5L health states to
EQ-5D-3L health states, resulting in index values rang-
ing from — 0.158 to 1 [29, 30]. The EQ-VAS, measuring
respondents’ self-rated health on a 0-100 scale, was not
included in the BHIS 2018.

The following socio-demographic data were used:
age (15 to 101 years), sex (male, female), educational
attainment (no diploma, lower education, lower second-
ary education, higher secondary education, post-second-
ary education, higher education, doctoral degree), civil
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Table 1 Mapping of the chronic diseases according to the MM-21 and ICD-10

BHIS 2018 (38 chronic diseases)

MM-21/ICD-10 (23 chronic diseases)

Allergy

Hip fracture

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
Diabetic retinopathy

Epilepsy
Parkinson’s disease
Severe headache (e.g. migraine)

Macular degeneration
Glaucoma
Cataract

Myocardial infarction

Narrowing of blood vessels in belly or legs
Serious heart disease

Coronary heart disease

Urinary incontinence
Stones in the kidney
Chronic cystitis
Prostate problems

Allergy (T78.4,J30.1)

Hip fracture (S70-S79)

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)

Kidney disease (N18, N19)
Depression (F33, F40, F41)
Stomach disorder (K21, K25.7, K29.5)
Stroke (G45, 160-169)

Thyroid problems (E00-EQ7)
Hypertension/high cholesterol (110-115, E78)

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

Arthropathies (M05.9, M13.0, M13.9, M15-M19)
Respiratory disease (J40-J47)

Diabetes (E10-E14)

Neurological disorder (G40, G20,G43)

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

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

Genitourinary problems (NO3, N11, N18, N20-
N23, N25-N29, N30-N39, N40-N51)
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status (single, married or legally cohabiting, widow(er),
divorced), and region (Brussels, Flanders, Wallonia).
Socio-economic status was based on the highest level of
education of the household and classified into low (lower
secondary education or less), intermediate (higher second-
ary education), and high (higher education). Only partici-
pants who completed the EQ-5D-5L were included.

Statistical analyses

Statistics were undertaken using IBM SPSS statistical soft-
ware (version 26.0). The design effects of the survey were
taken into account to deal with the complex design of the
BHIS [23], resulting in representativeness for the total popu-
lation, at national, regional, and provincial level.

A contingency table in matrix form was constructed to
determine patterns of combinations of diseases. To increase
robustness, only combinations occurring >2.5% (arbitrary
cut-off) in the population were considered here.

We fitted linear mixed models to analyze two-way and
three-way interaction effects (i.e. effect modifications) of
disease combinations on HRQoL. The EQ-5D-5L index
score was the dependent variable in all models. The individ-
ual diseases were included as fixed effects. Each model also
contained a two-way or three-way interaction term plus all
underlying interactions for the dyad and triad combinations,
respectively. The following design effects of the survey were
taken into account: clustering at household level as random
effect (random intercept for household), regional stratifica-
tion as fixed factor, and survey weights as weighting. Nor-
mality of the residuals was assessed by Q-Q plot. We relied
on the central limit theorem, given our large sample size.
Significance of the interaction between two comorbidities
indicates that the effect of one comorbidity is different in
the presence or absence of the other comorbidity. A negative
interaction (i.e. synergistic effect) shows that the combined
effect of two comorbidities was associated with an estimated
mean decrease in HRQoL that is higher (stronger/more pro-
nounced) than expected based on the additive effect of the
comorbidities separately. Conversely, a positive interaction
(i.e. antagonistic effect) indicates that the combined effect
of two comorbidities was associated with an estimated mean
decrease in HRQoL that is less than expected based on the
additive effect of each of them individually. It is important
to highlight that effect modification is bidirectional mean-
ing that each disease simultaneously influences, and is
influenced by, the other disease. Estimated marginal mean
HRQoL scores for each disease combination were calcu-
lated from the final model. The regression models were not
adjusted for several covariates (e.g. age, sex, educational
attainment), because the aim was not to find the model with
the most ideal goodness-of-fit, but rather to depict the actual
situation. P-values have not been adjusted for multiplicity.
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Statistical significance was set at P <(0.05, trends towards
significance (P <0.1) were also presented.

Results
Sample characteristics

The EQ-5D-5L was completed by 85% of participants
(n=7,509). Descriptive statistics are outlined in Table 2.
The mean age was 48.6 years, and slightly more than half
were women (51.6%). About half of the participants had a
high socioeconomic status (50.8%), whilst 16.8% had a low
socioeconomic status. Approximately 30% had no chronic
disease and 23.4% had one chronic disease. Multimorbid-
ity occurred in 46.7% (=2 conditions) and 29.7% (>3
conditions) of the participants. Multimorbidity was more
prevalent in women and increased with age and lower socio-
economic status. Females, older persons, and persons with
lower socioeconomic status had lower HRQoL. Moreover,
HRQoL decreased considerably with the presence of multi-
ple chronic diseases. Participants with > 3 chronic diseases
(0.65) reported a considerably lower HRQoL score com-
pared to participants with two chronic diseases (0.79) or
with one chronic disease (0.85). Participants without chronic
disease reported the highest HRQoL score (0.90).

Single chronic diseases

The three most common chronic diseases were dorsopa-
thies (31.4%), hypertension/high cholesterol (28.6%), and
arthropathies (22%) (Table 3). On the other hand, stroke
and hip fracture had a prevalence lower than 1%. HRQoL
scores varied between diseases. The highest HRQoL score
was reported in persons with allergy (0.75), followed by
hypertension/high cholesterol (0.73), and thyroid problems
(0.71). The lowest HRQoL score was reported in persons
with depression (0.53), followed by stroke (0.54), and
chronic fatigue (0.58).

Dyads of chronic diseases

The prevalence matrix generated 41 dyad combinations with
a prevalence >2.5% (Online Appendix 1). The most preva-
lent dyads were arthropathies + dorsopathies (14.6%), hyper-
tension/high cholesterol + dorsopathies (12.8%), and hyper-
tension/high cholesterol + arthropathies (11.8%). Figure 1
and Fig. 2 summarize the interaction effects and estimated
mean HRQoL scores for the 41 dyads respectively.

The highest HRQoL score was reported in persons with
allergy +respiratory disease (0.69) and hypertension/high
cholesterol +allergy (0.69). The lowest HRQoL score was
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Table 3 Prevalence and

: Total (%) Women (%) Mean age Est. mean HRQoL score

estimated mean health-related

quality of life (HRQoL) score Hip fracture 0.5 583 70.7 0.61 (0.54-0.68)

for single chronic diseases Stroke 0.6 274 69.6 0.54 (0.48-0.60)
Cirrhosis of the liver 1.0 62.8 60.1 0.64 (0.60-0.69)
Gallstones 1.0 84.6 54.2 0.69 (0.64-0.73)
Kidney disease 1.0 68.0 55.6 0.70 (0.66-0.74)
Cancer 22 60.1 61.5 0.65 (0.62-0.68)
Osteoporosis 3.3 89.2 69.0 0.61 (0.59-0.64)
Stomach ulcer 34 64.7 514 0.66 (0.63-0.68)
Chronic skin disease 4.0 58.5 49.4 0.68 (0.65-0.70)
Eye disease 4.4 57.2 70.9 0.67 (0.65-0.69)
Bowel disorder 4.7 68.8 55.2 0.63 (0.61-0.66)
Cardiovascular disease 5.8 46.8 66.8 0.64 (0.62-0.66)
Diabetes 6.0 48.2 64.7 0.67 (0.65-0.69)
Thyroid problems 7.0 84.2 56.7 0.71 (0.69-0.73)
Depression 7.4 63.3 50.2 0.53 (0.52-0.55)
Chronic fatigue 8.3 63.5 49.7 0.58 (0.57-0.60)
Respiratory disease 8.4 58.1 523 0.68 (0.66-0.69)
Neurological disorder 11.5 65.4 44.6 0.69 (0.68-0.71)
Genitourinary problems 15.7 52.2 63.4 0.64 (0.62-0.65)
Allergy 20.0 56.4 45.6 0.75 (0.74-0.76)
Arthropathies 22.0 60.7 62.2 0.65 (0.64-0.66)
Hypertension/high cholesterol 28.6 51.6 61.2 0.73 (0.72-0.73)
Dorsopathies 314 56.0 53.5 0.67 (0.67-0.68)

reported in persons with depression + arthropathies (0.44)
and depression + genitourinary problems (0.44).

Based on our data, effect modification was observed for
a minority of combinations (14 out of 41 pairs) and showed
a mixed pattern: some interactions were negative/synergis-
tic, some interactions were positive/antagonistic. The con-
dition appearing the most frequently in significant disease
pair interactions was dorsopathies, followed by respiratory
disease and arthropathies.

The majority of disease pairs (9 out of 14 pairs) showed
negative/synergistic interactions. The strongest negative/syn-
ergistic associations were found for dorsopathies + respira-
tory disease (P <0.01), hypertension/high cholesterol + neu-
rological disorder (P <0.01), arthropathies + thyroid
problems (P <0.01), and genitourinary problems + respira-
tory disease (P <0.01). The estimated mean decrease in
HRQoL is also stronger in the presence of the following
coexisting conditions: arthropathies + respiratory disease
(P <0.05), dorsopathies + cardiovascular disorder (P <0.05),
dorsopathies + thyroid problems (P < 0.05), hyperten-
sion/high cholesterol + depression (P <0.1), and dorsopa-
thies + genitourinary problems (P <0.1).

The strongest positive/antagonistic association was
observed for respiratory disease + allergy (P <0.01).
The estimated mean decrease in HRQoL is also smaller
in the presence of the following coexisting conditions:

@ Springer

depression + dorsopathies (P <0.05), arthropathies + dor-
sopathies (P <0.1), chronic fatigue + neurological disorder
(P <0.1), depression + chronic fatigue (P <0.1).

Triads of chronic diseases

Thirteen triad combinations with a prevalence >2.5%
were observed. The most frequent triad combinations were
hypertension/high cholesterol + arthropathies + dorsopathies
(8.1%), hypertension/high cholesterol + genitourinary prob-
lems + dorsopathies (5.1%), and dorsopathies + arthropa-
thies + genitourinary problems (4.9%). Figure 3 and Fig. 4
summarize the interaction effects and estimated mean
HRQoL scores for the thirteen triads respectively.

The highest HRQoL score was reported in persons with
allergy + hypertension/high cholesterol + dorsopathies
(0.62). The lowest HRQoL score was reported in persons
with depression + genitourinary problems + dorsopathies
(0.37).

Five triad combinations showed significant interactions
(P<0.01). Negative/synergistic interactions were found for
genitourinary problems + chronic fatigue + dorsopathies,
genitourinary problems + depression 4 dorsopathies, genito-
urinary problems + allergy + dorsopathies, and hypertension/
high cholesterol + arthropathies + dorsopathies. A positive/
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Fig.3 Prevalence and interaction effects of the 13 chronic disease triad combinations on health-related quality of life

antagonistic interaction was found for hypertension/high
cholesterol + genitourinary problems + arthropathies.

Discussion

This study estimated the impact of multimorbidity pat-
terns on HRQoL in a representative sample of the Belgian
population. Interaction effects of coexisting conditions were
estimated based on self-reported data across 23 chronic dis-
eases or disease groups. With these results, we aimed at
meeting the rising demand from epidemiologists, clinicians,
and policy makers for a better understanding of the burden
of chronic diseases, in particular the clinical and societal
impact of multimorbidity. In addition, health economists can
use the results in their cost-effectiveness analysis support-
ing reimbursement decisions. The joint effects of disease
combinations on HRQoL have been explored in several stud-
ies, however, interaction estimates for specific conditions
with low prevalence rates measured by the EQ-5D-5L have

not been previously investigated in such detail [14, 31-33].
Moreover, to the best of our knowledge, this study is the first
to investigate interaction effects of triad disease combina-
tions on HRQoL measured by the EQ-5D-5L.

Our results show that the estimated mean HRQoL is
lower when a chronic disease is present compared to when it
is absent. Chronically ill patients had lower HRQoL scores,
ranging from 0.53 to 0.75, compared to the reference value
(0.84) from the Belgian general population in 2018 [34].
Indeed, a large body of evidence confirms the substantial
reduction in HRQoL across chronic diseases [35].

Multimorbidity was highly prevalent, which may be
attributed to the large number of chronic diseases included
[36]. A review of prevalence studies identified estimates
ranging between less than 5% to more than 95%, often due to
discrepancies in the operational definition and cut-off value
used to define multimorbidity, which makes comparison
across populations difficult [26, 36]. More importantly, there
is still no universally accepted definition for what constitutes
to ‘chronic’ conditions in multimorbidity research. Hence,
this study included all conditions assessed in the BHIS, even
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Fig.4 Estimated mean health-related quality of life scores for the 13 chronic disease triad combinations
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though some conditions are contentious (e.g. hip fracture,
allergy) [37]. Moreover, the prevalence of multimorbidity is
determined by the population studied (e.g. higher prevalence
in older populations) and depends on the setting (e.g. higher
prevalence in primary care than in the general population)
[26, 36, 38]. Despite methodological variability, our multi-
morbidity pattern is more or less similar to other findings
[17, 39, 40].

Disability-adjusted life year (DALY) is used as key metric
to estimate overall disease burden [41]. At present, three
comorbidity adjustment approaches exist within the burden
of disease context, i.e. additive, multiplicative, and maxi-
mum approach [42]. However, these approaches ignore the
probability that a combined effect can be higher than the
sum of the independent condition effects [42]. Conversely,
our results showed that synergistic effects were more com-
mon within multimorbidity patterns. Besides, we demon-
strated novel synergistic effects. More specifically, we identi-
fied nine pairs with negative interaction effects on HRQoL,
of which four were sufficiently large and precisely estimated.
These results confirm the evidence that the impact of chronic
diseases on HRQoL is not only reflected by the simple sum
of the diseases [31-33, 43]. A possible mechanism for
explaining these synergistic effects is that treatment for one
condition could adversely affect another pre-existing condi-
tion, resulting in a greater reduction in HRQoL [44]. Moreo-
ver, coexisting conditions may affect different body systems
and HRQoL dimensions, for example low back problems
and depression [32]. Results of previous studies on the joint
effect of diseases are heterogeneous. Synergetic interactions
of combinations such as diabetes + cardiovascular disease,
stroke + coronary disease or diabetes + hypertension were
not observed in this study [31, 32, 45].

Our results also identified significant antagonistic inter-
actions. It is remarkable that antagonistic interactions were
found in more subjective diseases such as depression and
chronic fatigue. A possible explanation for subtractive
effects can be related to the concept of ‘response shift’,
which reflects patients’ adaptation to their new life circum-
stances as a result of changing health [46]. These adapta-
tions may help to buffer the impact of a second medical
condition, resulting in a smaller decrement in HRQoL
than would otherwise be expected [47]. Another plausible
explanation could be the healthy-responder effect, indicat-
ing that persons with, for example, more severe depression
may be underrepresented, leading to higher HRQoL scores
[47]. Moreover, several combinations (e.g. respiratory dis-
ease + allergy, chronic fatigue + depression) have similar
symptoms and common aetiology, hence additional diag-
nosis has less impact on HRQoL [32]. However, the latter

can also be attributed to ‘response bias’; people may have
indicated one condition under several other denomina-
tors because of unclear diagnosis, which results in double
reporting. A final explanation is that pain relief medicines
or antidepressants for one condition may have beneficial
effects on other coexisting conditions.

Literature suggest that the effects of multimorbidity on
HRQoL may be more complex than observed by pairwise
interaction terms [31]. Nevertheless, estimations of three-
way interactions are largely understudied due to insuffi-
cient observations and the difficult interpretation [31].
This study considered three-way combinations to fully
capture higher order interactions. As a result, significant
interactions were found for five triad combinations. Analo-
gous to the results of the dyad combinations, we observed
a dominant presence of synergistic effects. These results
suggest that any additional condition is commonly associ-
ated with greater reduction in HRQoL. To date, there are
no studies that have investigated the interaction between
triad combinations on HRQoL, hence our results could not
be compared with previous findings.

Sensitivity analysis

Recently, an EQ-5D-5L value set for Belgium has been
developed [48]. As such, we performed a sensitivity anal-
ysis to assess the impact of the new value set on results
and conclusions. The analysis showed that results system-
atically differed according to the value set used. The EQ-
5D-5L value set produces higher values overall and across
all conditions included. These results are not unexpected
because similar findings were found in other countries (e.g.
England, The Netherlands, Spain) with higher utility val-
ues for the EQ-5D-5L value set compared to the crosswalk
value set [49-51]. In addition, the new value set generates
12 additional significant interaction effects for dyad disease
combinations (Online Appendix 2). In detail, four significant
positive/antagonistic interactions have disappeared, 16 sig-
nificant negative/synergistic interactions have been added.
Moreover, mainly disease combinations with depression and
chronic fatigue changed from positive/antagonistic interac-
tions to negative/synergistic interactions, with stronger
significance levels. In general, only disease combinations
that fall within the same disease classification system (i.e.
allergy + respiratory disease, hypertension/high choles-
terol 4 cardiovascular disease) have an antagonistic relation-
ship. As such, we can conclude that there will always be an
synergistic/negative HRQoL effect, making multimorbidity
even more important than initially thought. Possible reasons
for the observed differences may be attributed to changes
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in for example population demographics, preferences over
time, descriptive system of the EQ-5D, and valuation method
used [49, 51]. The magnitude of differences between value
sets may however have important implications for decision-
making as they can greatly impact estimates (e.g. QALYs)
of health economic evaluations.

Strengths and limitations

This study has several major strengths. A first strength is that
the BHIS data is based on a large, representative sample of
the general population which strengthens external validity.
A second strength is the availability of a Belgian value set
for the EQ-5D-3L because guidelines recommend country-
specific value sets to estimate HRQoL more precisely within
a country. Another strength is the large sample of morbidity
across 38 long-term conditions, which allowed the assess-
ment of interaction effects of coexisting conditions with
low prevalence often not detectable in smaller studies [31,
52]. Nevertheless, grouping the 38 diseases into 23 disease
groups may have masked potential interactions between dis-
eases within larger disease groups, however, if synergistic or
antagonistic effects were present, it is also expected to detect
them across disease groups [17].

Some limitations should be considered. A first limita-
tion is that the presence of chronic diseases was based
on self-reports. Accurate self-reports require sufficient
knowledge of participants to report on medical conditions.
This is challenging because patients are often confused to
distinguish between symptoms and the actual disease, and
because some diseases are very subjective (e.g. chronic
fatigue) [53]. In addition, it is possible that people indi-
cate that they have several diseases because these condi-
tions share homogeneous symptoms and common aetiol-
ogy. Another important concern when using self-reports,
especially over a 12-month time period, is recall bias
[54]. Self-reports are not as valid and reliable as medical
records because respondents may underestimate/overesti-
mate the prevalence of medical conditions and risk behav-
iours [55-59]. However, several studies found a high con-
cordance between self-reports and medical records when
measuring the prevalence of multimorbidity [60—64]. As
well, self-reported data are the most appropriate alterna-
tive in the absence of objective diagnoses. Another limita-
tion is the non-exhaustive list of chronic diseases included
in the BHIS. This implies missing other important dis-
eases such as Alzheimer's disease, which has previously
been found to greatly impact HRQoL [65, 66]. Besides, a
minority of mental or psychiatric conditions were included
in the list. Furthermore, despite our relatively large sample
size, some diseases were underrepresented, which might
produce bias and decreasing statistical power. Another
limitation is that disease duration has not been taken into

@ Springer

account. Studies found worse HRQoL in specific dis-
eases with longer disease duration, whilst other studies
showed that longer disease duration was associated with
better HRQoL [67]. Another limitation is that the EQ-
5D-5L covers relatively few dimensions of HRQoL that
are disease-specific. The EQ-5D may therefore be insen-
sitive to health problems (e.g. nausea, sleep disturbance)
experienced by specific diseases [68]. Moreover, this study
aimed for representativeness, hence the regression models
were not corrected for several covariates (e.g. age, sex,
educational attainment). A final limitation is the sampling
procedure in the BHIS which can imply selection bias.

Conclusions

This study revealed that diverse multimorbidity patterns
were synergistically or antagonistically associated with
lower HRQoL. Given that multimorbidity will emerge in
the coming decades, tackling its burden is needed, espe-
cially because most disease combinations affect each
other synergistically, resulting in a greater reduction in
HRQoL. Further knowledge about those combinations
with a greater impact on HRQoL as well as knowledge
on the complex relationship between HRQoL and multi-
morbidity is needed to better understand disease burden
beyond mortality and morbidity data and to guide health
care providers in their clinical practice and policy makers
in their priority setting regarding multiple disease manage-

ment decisions.
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