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Abstract

In a context of increasing ageing of the population, it is crucial to better understand multimorbidity and its consequences.
This study measured the prevalence of multimorbidity in a Southern Europe population and projected its evolution based
on expected demographic changes. It also analysed its associated consequences on self-reported health status, functional
capacity, and healthcare use. Our sample included all people aged 25-79 years (6679 men and 8517 women) who partici-
pated in the fifth Portuguese National Health Interview Survey, conducted in 2014. Multimorbidity was measured by the
presence of at least two self-reported chronic conditions. Multivariable regressions were used to assess the association of
multimorbidity with health status, functional capacity, and healthcare use. The projected evolution of multimorbidity was
based on official demographic projections. 43.9% of the Portuguese population self-reported the multimorbidity, which was
more frequent among older people, women, and low-educated people. We found an association of multimorbidity with poorer
health status (OR 3.32, 95%CI 2.60-4.24) and with limited functional capacity (OR 4.44, 95%CI 3.85-5.11). Multimorbid-
ity was also associated with higher healthcare resource use, namely a 26% increased likelihood of hospitalization in the
previous 12 months per additional comorbidity. We projected a 13.1% growth in the prevalence of multimorbidity until the
year 2050. Multimorbidity affects a substantial share of the population and is expected to grow in the near future related to
population ageing. The co-occurrence of chronic health conditions increases sharply with age and is associated with worse
health status, reduced functional capacity, and increased healthcare use.

Keywords Multimorbidity - Ageing - Chronic health conditions - National Health Survey

Introduction

The world has continued to observe an increase in the life
expectancy (Mortality Data 2013). Ageing populations
are characterized by the co-occurrence of multiple chronic
conditions (i.e. multimorbidity) (van den Akker et al. 1998;
Walker 2007; Salisbury et al. 2011; Barnett et al. 2012).
There is still a major gap in the understanding of how best
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to address the complex care needs of patients with multi-
morbidity (Navickas et al. 2016). The traditional single-dis-
ease model is insufficient, and multimorbidity should not
be considered as the simple juxtaposition of independent
conditions; that is, its effects on well-being and healthcare
needs may exceed those one would observe by summing
up single diseases’ consequences (Treadwell 2015). Thus,
interest in multimorbidity is growing worldwide and has
become a healthcare and research priority (Valderas et al.
2007; Ramond-Roquin and Fortin 2016).

The overall estimated prevalence of multimorbidity varies
immensely across the literature (Violan et al. 2014) and can
rise to as high as 95% in the elderly population (Formiga
et al. 2013). It is associated with high mortality (Gijsen et al.
2001), reduced quality of life, and functional status (Walker
2007; Kadam 2007; Fortin et al. 2004), as well as with
increased healthcare use (Salisbury et al. 2011; Wolff et al.
2002). In fact, most healthcare costs are spent on patients
with more than one chronic condition (Anderson 2010;
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Ornstein et al. 2013). Therefore, not surprisingly, managing
the rising prevalence of multimorbidity has been considered
one of the greatest challenges faced by governments and
healthcare systems worldwide (Barnett et al. 2012; WHO
2010).

Population ageing is expected to worsen this scenario,
and projections regarding the forthcoming multimorbidity
are essential to plan public health policies and strategies. A
better understanding of the current and future epidemiol-
ogy of multimorbidity and its consequences, such as self-
reported health status, functional capacity, and healthcare
use, is thus necessary to develop interventions to prevent
them and to reduce their burden.

Portugal is at the very forefront of a general demographic
concern. The rapid growth of life expectancy at birth and
decline of fertility rates (11.4% and — 32.2%, respectively,
over the last 30 years) (https://www.ine.pt) makes the age-
ing challenge in Portugal greater than in most European
countries (European Commission 2015). This provides a
valuable context to understand the global rise in age-related
health issues. This study measured the current prevalence of
multimorbidity in a Southern Europe population (Portugal)
and projected its evolution based on expected demographic
changes. It also analysed its consequences on self-reported
health status, functional capacity, and healthcare use.

Methods
Sample

We used cross-sectional data from the fifth Portuguese
National Health Interview Survey (Inquérito Nacional
de Saiide, INS), conducted in 2014 (Instituto Nacional de
Estatistica. Inquerito Nacional de Satide 2014). The INS is
a population-based survey on a probabilistic representative
sample of non-institutionalized individuals aged 15 years
and over. Data collected included self-reported information
on a broad range of variables related to health condition,
lifestyle, and socio-economic status. The methodology of
the INS has been detailed elsewhere (Instituto Nacional de
Estatistica. Inquerito Nacional de Satude 2014).

In this study, all individuals aged 25-79 years were
included; younger people were excluded in order to avoid
as much as possible individuals who had not completed their
education. In addition, older people were excluded to reduce
the selective mortality bias (Kaplan et al. 1992). The final
sample included 6679 men and 8517 women.

Measures

All chronic conditions collected in the INS were considered
from a pre-defined list in the questionnaire: hypertension,
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diabetes, coronary heart disease, stroke or myocardial
infarction in the previous year, arthrosis, chronic upper and
low pain, chronic obstructive pulmonary disease, asthma,
allergy, kidney disease, urinary incontinence, liver cirrhosis,
and depression. Multimorbidity was defined by the pres-
ence of two or more of these self-reported chronic conditions
(Van den Akker et al. 1996; Diederichs et al. 2011). We also
considered the number of these chronic diseases.

Self-reported health was used as proxy of health status,
measured as a 5-item scale from “very bad” to “very good”,
as possible responses to the question “how is your health in
general?”. We created a dichotomous “poor health” vari-
able with a value one for the “bad” or “very bad” categories
and zero otherwise. Self-reported health has been demon-
strated to be a good predictor of morbidity and mortality
(Idler and Benyamini 1997; Kawada 2003; Mossey and Sha-
piro 1982; Sundquist and Johansson 1997; Miilunpalo et al.
1997; DeSalvo et al. 2005). Reduction in functional capacity,
categorized as limited/not limited, was measured through
the global activity limitation indicator (GALI). We used the
answers to the question “For at least the last 6 months have
you been limited in activities people usually do, because
of a health problem?” (“strongly limited”; “limited”; “not
limited”) (Oyen et al. 2006; Robine and Jagger 2003; Jagger
et al. 2010).

We also considered healthcare use in both primary and
secondary care, including number of medical doctor visits,
defined as the sum of general practitioner (GP) or special-
ist consultations, and whether or not the person had been
hospitalized in the previous year.

The following covariates were included: age group, sex,
region of residence (North, Centre, Lisbon region, Alentejo,
Algarve, Azores, and Madeira), household income (catego-
rized into five quintiles), and individual educational level,
grouped into three major levels according to the highest
qualification completed: None (no education), Low (primary
school and basic school between primary and secondary lev-
els), and high (secondary education/university degree).

Statistical analysis

The analysis included four steps. First, a descriptive analysis
was performed to compare participants with and without
multimorbidity. Second, a logistic regression model was
used to assess the association of self-reported health sta-
tus and functional impairment with multimorbidity, adjust-
ing for age, sex, region, household income, and education.
Third, we modelled poor self-reported health, functional
impairment, and healthcare consumption, as function of
age, sex, region, education, and household income, stratified
by the number of chronic conditions, in order to calculate
the adjusted prevalence of poor health and reduced func-
tional capacity, and the predicted healthcare consumption
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in the last 12 months (i.e. hospitalizations and GP/specialist
appointments). Fourth, to estimate the potential evolution of
the multimorbidity in Portugal, we used the official demo-
graphic projections from the National Institute of Statistics
(INE - Resident Population Projections, 2012-2060) (https
://[www.ine.pt). We calculated the adjusted prevalence of
multimorbidity by age category. These adjusted values were
obtained from a logistic regression on the risk of multimor-
bidity as function of sex, region, education, and household
income. We also calculated the adjusted number of chronic
conditions by age category. These adjusted values were
obtained from a generalized linear model with a gamma
distribution on the number of chronic conditions as func-
tion of sex, region, education, and household income. The
gamma distribution was selected on the basis of the Akaike
information criterion. (The other tested distributions were
negative binomial, Gaussian, and Poisson.) We then meas-
ured how this adjusted prevalence of multimorbidity and
number of conditions changed as the age distribution of the
population evolved in accordance with the aforementioned
official demographic projections.

All estimates used sampling weights, as previously devel-
oped by the Statistics Portugal (https://www.ine.pt/xportal/
xmain?xpid=INE&xpgid=ine_publicacoes& PUBLICACOE
Spub_boui=263714091&PUBLICACOESmodo=2&xlang
=en), which were computed according to design weight (i.e.
the inverse of the probability of selection of each primary
sampling unit and of each household in each primary sam-
pling unit, further corrected for the effective number of par-
ticipants evaluated, and taking into account the age and sex
structures) in order to match the population distribution in
terms of geographic region, age, and gender. Missing values
were not replaced, and all statistics were calculated based
on non-missing data. Missing data were very low in the INS
survey (e.g. missing data on all self-reported chronic condi-
tions were below 1%).

All statistical analyses were carried out using Stata 13
for Windows.

Results
Prevalence and characterization

Nearly half (43.9%) of the study population self-reported at
least 2 chronic health conditions (Table 1). Multimorbidity
was more prevalent in women and older people. On average,
women had 2.2 chronic health conditions, against 1.4 among
men (p <0.01).

Multimorbidity was greater among those with lower edu-
cational level and lower household income and was more
prevalent among those reporting poorer health status and

limited functional capacity (89.1% and 76.6%, respectively,
Table 1).

We observed a steep rise in chronic health conditions with
increasing age, especially after 45 years, and in the multi-
morbidity prevalence (age >45 years: 58.9%; age > 65 years:
75.6% Fig. 1). Almost a third of the elderly population
(age > 65) suffered at least five chronic health conditions.

Low back pain was the most prevalent self-reported con-
dition (34.8%), followed by hypertension (26.5%), upper
back pain (25.6%), arthrosis (24.5%), allergy (19.1%),
depression (13.0%), and diabetes (9.8%; “Appendix 17).
The highest re-occurrence (i.e. above 10%) was observed
among chronic upper and low back pain, hypertension, and
arthrosis, followed by allergy, depression, and diabetes, with
co-occurring frequencies between 5% and 10% of the popu-
lation (“Appendix 17).

Health and healthcare consequences

We observed a strong association of multimorbidity with
poorer health status (OR 3.32, 95% CI 2.60-4.24) and
limited functional capacity (OR 4.44, 95% CI 3.85-5.11),
(“Appendix 27).

We observed a steep progression of adjusted prevalence
of poor self-reported health and limited functional sta-
tus according to the number of chronic health conditions
(Fig. 2). The healthcare use was also higher with increasing
morbidity.

Those more affected by multimorbidity reported higher
healthcare use, in particular general practice appointments
(86.5% vs. 67.0%; p<0.01), specialist appointments (58.7%
vs. 41.0%; p <0.01), and hospital admissions (13.9% vs.
5.4%; p<0.01) in the previous 12 months, compared with
those without self-reported multimorbidity. We estimated a
26% increased risk of hospitalization per additional comor-
bidity (age, sex, education, income, and region-adjusted OR
1.26,95% CI 1.22-1.31).

Projections

We projected from 2014 until 2050 a 5.6 percentage point
and a 13.1% increase on the adjusted prevalence of multi-
morbidity (expected growth for 2020: 3.1%; 2030: 8.3%;
2040: 11.7%; 2050: 13.1%; compound annual growth rate,
CAGR: 0.3% Figure 3). We also estimated an increase in
the mean number of chronic health conditions (2014: 1.5
and 2050: 1.7), which potentially translates into at least
an additional 5% increase in the hospitalizations due to
multimorbidity.

@ Springer


https://www.ine.pt
https://www.ine.pt
https://www.ine.pt/xportal/xmain%3fxpid%3dINE%26xpgid%3dine_publicacoes%26PUBLICACOESpub_boui%3d263714091%26PUBLICACOESmodo%3d2%26xlang%3den
https://www.ine.pt/xportal/xmain%3fxpid%3dINE%26xpgid%3dine_publicacoes%26PUBLICACOESpub_boui%3d263714091%26PUBLICACOESmodo%3d2%26xlang%3den
https://www.ine.pt/xportal/xmain%3fxpid%3dINE%26xpgid%3dine_publicacoes%26PUBLICACOESpub_boui%3d263714091%26PUBLICACOESmodo%3d2%26xlang%3den
https://www.ine.pt/xportal/xmain%3fxpid%3dINE%26xpgid%3dine_publicacoes%26PUBLICACOESpub_boui%3d263714091%26PUBLICACOESmodo%3d2%26xlang%3den

184 European Journal of Ageing (2019) 16:181-192

Table 1 Study population and prevalence of multimorbidity according to sociodemographic characteristics of the population, self-reported
health status, functional capacity, and healthcare consumption (N=15,196)

Study population Multimorbidity Mean number of 95% C1
chronic disorders
No Yes
Prevalence - 56.1% (n=38525) 43.9% (n=6671) 1.83 1.78 1.87
Gender
Males 44.0% (n=6679) 64.4% (n=4301) 35.6% (n=2378) 1.39 1.32 1.45
Females 56.0% (n=28517) 48.8% (n=4156) 51.2% (n=4361) 2.22 2.14 2.29
Age
25-29 4.7% (n=1715) 87.0% (n=622) 13.0% (n=93) 0.51 0.42 0.60
30-34 7.4% (n=1128) 81.5% (n=919) 18.5% (n=209) 0.71 0.61 0.80
35-39 10.0% (n=1517) 78.1% (n=1185) 21.9% (n=332) 0.80 0.71 0.89
40-44 11.0% (n=1671) 73.4% (n=1227) 26.6% (n=446) 1.01 0.91 1.13
45-49 9.7% (n=1481) 65.2% (n=966) 34.8% (n=515) 1.31 1.19 1.43
50-54 10.1% (n=1542) 51.5% (n=794) 48.5% (n=1748) 1.87 1.73 2.02
55-59 9.7% (n=1473) 45.8% (n=675) 54.2% (n=1798) 2.30 2.13 2.46
60-64 10.3% (n=1558) 35.0% (n=>545) 65.0% (n=1013) 2.75 2.59 2.90
65-69 10.1% (n=1533) 28.8% (n=442) 71.2% (n=1091) 3.07 2.90 3.24
70-74 8.7% (n=1319) 22.8% (n=301) 77.2% (n=1018) 3.55 3.35 3.74
70-79 8.3% (n=1259) 20.2% (n=254) 79.8% (n=1005) 3.69 3.51 3.88
Education
None 7.3% (n=1516) 20.4% (n=350) 79.6% (n=1166) 3.72 3.55 3.90
Basic 55.0% (n=28805) 49.3% (n=4151) 50.7% (n=4654) 2.13 2.06 2.20
High 37.7% (n=4875) 73.1% (n=3508) 26.9% (n=1367) 1.01 0.95 1.07
Regions
North 35 % (n=2292) 55.9% (n=1142) 44.1% (n=1150) 1.84 1.75 1.93
Centre 16.5% (n=2634) 52.1% (n=1226) 47.9% (n=1408) 2.01 1.92 2.10
Lisbon region 34.8% (n=2572) 57.0% (n=1332) 43.0% (n=1240) 1.78 1.69 1.88
Alentejo 4.7% (n=1718) 55.8% (n=905) 44.2% (n=873) 1.85 1.74 1.95
Algarve 4.2% (n=2159) 62.0% (n=1232) 38.0% (n=927) 1.57 1.48 1.66
Azores 2.3% (n=1765) 61.7% (n=1005) 38.3% (n="760) 1.65 1.54 1.76
Madeira 2.5% (n=1996) 61.4% (n=1167) 38.6% (n=3829) 1.61 1.52 1.71
Household income
Ist quintile - 48.8% (n=1364) 51.2% (n=1431) 2.20 2.08 2.33
(lower income)
2nd quintile - 47.7% (n=1363) 52.3% (n=1494) 2.29 2.17 241
3rd quintile - 54.0% (n=1648) 46.0% (n=1402) 1.88 1.77 1.99
4th quintile - 60.5% (n=1915) 39.5% (n=1250) 1.63 1.52 1.72
Sth quintile - 67.3% (n=2242) 32.7% (n=1089) 1.25 1.17 1.33
(upper income)
Self-reported health status
“Bad to Very Bad” Health status 13.0% (n=1976) 10.9% (n=215) 89.1% (n=1761) 4.44 4.30 4.58
Functional capacity
Limited and strongly limited 31.7% (n=4817) 23.4% (n=1127) 76.6% (n=3690) 3.41 3.31 3.50
Healthcare users (previous 12 months)
GP appointments 75.6% (n=11,488) 49.8% (n=5721) 50.2% (n=5767) 2.11 2.05 2.17
Specialist appointments 48.8% (n="7416) 47.2% (n=3500) 52.8% (n=3916) 2.24 2.17 2.32
Hospitalizations 9.1% (n=1382) 33.4% (n=462) 66.6% (n=920) 3.02 2.83 3.21

Absolute numbers (n values) reflect the distribution of the sample (i.e. not adjusted to the study design), while the percentages are projected to
the population after using the survey weights

CI confidence intervals, GP general practitioner

All differences between groups are statistically significant (p <0.01)
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PREVALENCE OF MULTIMORBIDITY BY AGE-GROUP
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Fig. 1 Prevalence of multimorbidity and the number of chronic health conditions by age group
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Fig.2 Age, sex, education, income, and region-adjusted prevalence of health status, functional capacity, and healthcare use by number of
chronic health conditions. HCRU healthcare resource use, GP general practitioner

Discussion and low-educated people. The multimorbidity prevalence

almost doubles for those above 65 years old, a third of which
In this nationwide population-based survey, multimorbidity ~ have over five concomitant chronic illnesses. Also, a person
was found to affect more than 40% of the Portuguese popula- with multimorbidity is approximately three and nine times
tion, this figure being even greater among the oldest, women, ~ more likely to report very limited physical capacity and
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MULTIMORBIDITY PROJECTIONS 2014-2050
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Fig.3 Number of chronic health conditions and multimorbidity
projections 2014-2050. *Baseline: based on the “central scenario”
from the INE - Resident Population Projections, which in turn com-
bines the central assumption for the fertility component, the central
assumption for the mortality component, and a positive net migra-
tion. Negative outlook: based on the “low scenario”, which in turn

poor health status, respectively. In addition, multimorbidity
is associated with greater healthcare use, namely clinical
medical appointments and hospitalizations. Ageing of the
population will make this scenario worse if no public health
strategy is implemented, with an expected multimorbidity
increase of 13.1% until 2050.

As expected, the number of disorders increases drasti-
cally with age, confirming results from the literature (van
den Akker et al. 1998; Walker 2007; Salisbury et al. 2011;
Barnett et al. 2012), particularly after 45 years, which might
cause absenteeism and early retirement among those still
below 65 years. Women seem to be particularly vulnerable,
having higher average number of chronic health conditions
overall. For instance, among those aged between 65 and 69,
on average, women have approximately one more illness
than men. Therefore, despite the fact that women generally
live longer than men (http://ec.europa.eu/eurostat/), they
suffer more illnesses, which can explain their self-reported
health. (Boerma et al. 2016) Although a systematic review
of most previous studies indicated that women had greater
prevalence of multimorbidity compared with men (Violan

@ Springer

NEGATIVE OUTLOOK

YEAR

----- POSITIVE OUTLOOK

uses the pessimistic assumption for the fertility component, the cen-
tral assumption for the mortality component, and a negative net inter-
national migration. Positive outlook: based on the “high scenario”,
which in turn combines the optimistic assumptions for both the fertil-
ity component and the mortality component and a positive net migra-
tion (European Commission 2015)

et al. 2014), a cross-sectional analysis in a Portuguese pri-
mary care setting did not observe any gender difference
regarding the adjusted risk of multimorbidity. Differences
in the setting (e.g. primary care, which will necessarily
underrepresent those without multimorbidity) and study
design (e.g. selection bias might occur if men tend to seek
medical help less frequently and in poorer health stages than
women) may explain this inconsistency. There might be sev-
eral reasons underlying the gender difference regarding the
multimorbidity prevalence, including the socio-economic
status (e.g. women having disadvantaged access to economic
resources and high social status, which are strong determi-
nants of good health) (Charles 2011; Perelman et al. 2012)
and awareness of health status itself (women’s higher use
of medical appointments increases awareness and therefore
higher self-reporting of morbidity compared to men) (Ver-
brugge 1982; Cleary et al. 1982; Bertakis et al. 2000).

The literature consistently shows that lower education is
associated with greater risk of multimorbidity (Nagel et al.
2008a, b). The results of our study confirm this relation-
ship for Portugal. Low education might increase the risk of
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developing the co-occurrence of multiple diseases through
different routes, namely lifestyle factors, such as smoking,
sedentarism, obesity, and a lower capacity to prevent and
manage disease and to avoid its deterioration (Feinstein et al.
2006). It would be interesting to further explore the interme-
diate role of lifestyle factors and others (e.g. psychosocial
and environmental factors) on the association between edu-
cation and multimorbidity within the same population-based
sample of INS.

Finally, our study also showed that multimorbidity is
highly associated with poor health status, lower physical
capacity, and healthcare use, namely hospitalizations, which
is consistent with the earlier literature (Salisbury et al. 2011;
Barnett et al. 2012; Treadwell 2015; Valderas et al. 2007;
Richardson et al. 2017).

Limitations and strengths

This study is hampered by some limitations that need to be
stated. First, the cross-sectional design of the study does not
allow for an evaluation of the causal mechanism from multi-
morbidity to health perception and healthcare use. The cau-
sality question is, however, beyond the scope of our paper,
which is more focused on showing the present and future
burden of multimorbidity in an ageing society.

Secondly, the analysis is based on self-reported data,
which might be subject to recall bias and misclassification
bias (e.g. multimorbidity not clinically confirmed). However,
evidence suggests that self-reported morbidity is a reliable
predictor of morbidity, in that it does not differ largely from
physician-reported data (Ferraro and Su 2000). On the other
hand, participants were asked to report chronic conditions
from a pre-defined list, which might have caused an under-
estimation of multimorbidity. Note, however, that the most
prevalent diseases were included in the list so that the risk
of underestimation is reduced. Furthermore, it is possible
that underreporting might have taken place among those
who consult less and/or are less aware of their own chronic
condition. This situation is more likely to occur among low-
educated groups (with lack of health literacy and awareness),
thereby leading to further underestimation of self-reported
morbidity.

Thirdly, our projections of multimorbidity prevalence
may be biased. We considered only the population up
to 79 years old. Also, all calculations were based on the
demographic dynamics (i.e. changes in the proportion of
age groups’ dimension) and do not reflect any other vari-
ations that might occur in future and impact multimorbid-
ity prevalence (e.g. antibiotics resistance, economic cycles,
education improvements). Furthermore, as mentioned above,
age group prevalence estimates of multimorbidity were
adjusted to relevant cofactors, but this adjustment was fixed

throughout time (i.e. same strength of association between
selected cofactors and multimorbidity from 2014 until
2050). This assumption might be incorrect, since the rela-
tionship between any current risk factor and multimorbidity
may change in the coming years. Nevertheless, this limita-
tion was impossible to overcome, given the unpredictability
around the evolution of the interplay between risk factors
and multimorbidity.

This study has several strengths too. It is a nationwide
population-based survey that addressed a large representa-
tive sample of the Portuguese population and is very unlikely
to pose any sort of selection bias.

Policy implications

Our projections for the following decades, based on the
official estimates on the demographic dynamics, show that
multimorbidity is high and will steadily rise, reaching by
2050 almost half of the entire population. This growth will
certainly be accompanied by additional challenges at the
clinical level (i.e. physicians having to deal with several
concomitant diseases within a frailty context of an increas-
ingly older patient population) and at the financial level,
given the economic burden associated with multimorbid-
ity. By the year 2050, a third of the population will be over
65 (https://www.ine.pt). If another third of this age group
remains highly multimorbid (> 5 chronic conditions), as we
have shown in this research, then almost a tenth of the entire
population will be highly multimorbid, which will represent
a serious public health concern.

It is true that the expected growth of multimorbidity until
2050 might be seen relatively low (13.1%); however, one has
to bear in mind that these projections are only based on the
expected evolution of age groups and that all estimates are
adjusted to relevant factors, including education. In future,
elderly people will be more educated, which means that the
age effect on multimorbidity will decrease (e.g. educated
people being more prone to health prevention and healthy
habits). However, risk factors, such as sedentarism and
unhealthy lifestyles, may increase because of their greater
prevalence in younger cohorts (Gortmaker et al. 2011; Tack-
ling obesities: future choices—project report 2007), further
contributing to increasing morbidity.

Co-occurrence of ill health conditions is non-random, as
previously reported in the literature (Formiga et al. 2013).
This should trigger a system response, for instance, by pro-
moting cooperation between specialties that deal with the
frequently found concomitance. As an example, cardiolo-
gists, who have to manage hypertensive patients, and rheu-
matologists, who also deal with frequent diseases, such as
arthritis, may cooperate with psychiatrists or psychothera-
pists in order to better approach the coexistence of these
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frequent pathologies with depression. At least for some
chronic conditions, this sort of multidisciplinary integrated
care approach has already shown positive results (Fann et al.
2012; Rijken and Bekkema 2011). The expected growth of
multimorbidity in the coming future makes it even less rea-
sonable to keep the current silo model of insufficient coop-
eration among specialties (Richardson et al. 2017). Collabo-
ration between different healthcare professionals is indeed at
the heart of integrated care for people with multimorbidity.
(Richardson et al. 2017; Nuiio et al. 2012).

Conclusions

In conclusion, multimorbidity is already commonly found
in the Portuguese population and it is expected to grow.
Society should prioritize further research on this topic and
define health policies specifically targeting patients with

multimorbidity as well as those at higher risk, given the
potential risk factors identified in this research.
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Appendix 1

See Table 2.

Table 2 Relationship between the observed and expected prevalence of co-occurring pairs of chronic health conditions. (Color table online)

LBP 34.8% |LBP
HTA 26.5% | 1555, HTA
UBP 25.6% | 225, @ 120, UBP
Arthrosis 245% | 185 55 = 133 45 15.5 55 Arthrosis
Alergy 19.1% 9.8 46 6.2 54 79 40 6.5 4, Alergy
Depression 13.0% | 88,5 5934 7455 693, 44,
Diabetes 9.8% 55 6.0 55 45,5 BsE,, | 22 4
ul 6.7% 438 53 4.0 4 39, 434 184
CcoPD 5.6% 35 49 26 ¢5 29 4 304 29 4
Asthma 4.9% 27 47 18 43 22 43 204, 3049
CKD 45% 32 16 2.5 12 2.5 12 2.9 11 13 09
CHD 3.6% 24 43 25 4 2099 23, 10,
Stroke 1.7% 0.9 g6 13 g5 0.8 g4 10,4 0343
Mi 1.5% 1.0 o5 12 44 08,4 09, 033
LC 0.7% 05 4 0.4 4, 044, 04,4, 02,

>10%
5-10%
1-5%
Depression 0-1%
2.0 43 Diabetes
24 49 19,4, Ul
16 o7 11,5 12,4 COPD
1.2 o6 08,5 08,3 25,5 Asthma
1.5 06 1.2 04 1.4 03 07 03 0502 CKD
1.0 o5 09,5 09y, 08, 05, 07,, CHD
05 g, 04,, 04, 02,5 01, 03,, 03, Stroke
04 o, 065; 04, 03y, 03, 03y, 06, 02, M
0.2 o4 0297 0299 0l 01y 024 0lgy 01y 01g

All results are given in percentages. The shaded bar depicts the prevalence of each chronic health condition. In the matrix, the first value for
each pair is the observed frequency, while the second (italic) is the expected one after multiplying the respective prevalence of each disorder.
(Chi-square tests were used to determine whether observed frequencies were significantly different from expected frequencies. All p values were

inferior to 5%.)

LBP low back pain, HTA hypertension, UBP upper back pain, UI urinary incontinence, COPD chronic obstructive pulmonary disease, CKD
chronic kidney disease, CHD coronary heart disease, MI previous myocardial infarction, and LC liver cirrhosis
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Appendix 2

See Tables 3 and 4.

Table 3 Logistic regression model used to assess the association of self-reported health status, functional impairment, and healthcare use with

multimorbidity

Number of strata = 1 Number of obs = 18187

Number of PSUs = 18187 Population size = 8875992

Subpop. no. of obs = 15179

Subpop. size = 7174941

Design df = 18186

F( 25, 18162) = 65.08

Prob > F = 0.0000

Multimorbidity Odds Ratio Std. Err. t P>t [95% Conf. Interval]
AGE_COD

30-34 1.452764 .3157663 1.72 0.086 .9487886 2.22444

35-39 1.856981 .3775833 3.04 0.002 1.246578 2.766275

40-44 2.07218 .4189839 3.60 0.000 1.394143 3.079976

45-49 2.974142 .6087759 5.32 0.000 1.991214 4.442274

50-54 4.528465 .9073167 7.54 0.000 3.057695 6.706685

55-59 5.236578 1.068046 8.12 0.000 3.51096 7.810326

60-64 8.204349 1.670035 10.34 0.000 5.505115 12.22706

65-69 10.45012 2.14164 11.45 0.000 6.993028 15.61628

70-74 11.53584 2.479428 11.38 0.000 7.569825 17.57973

75-79 10.76382 2.417268 10.58 0.000 6.931007 16.71615

Female Gender 1.880095 .1179006 10.07 0.000 1.662638 2.125995
Regions

102 1.145529 .0905793 1.72 0.086 .9810597 1.337571

103 1.067901 .0878428 0.80 0.425 .9088843 1.254739

104 .8544985 .0750406 -1.79 0.073 .7193749 1.015003

105 .7888658 .0665147 -2.81 0.005 .6686945 .9306331

201 .8006849 .072224 -2.46 0.014 .6709278 .955537

301 .8502869 .0740936 -1.86 0.063 .7167822 1.008658
Educational_Level

2 1.338921 .1045143 3.74 0.000 1.148966 1.560282

3 1.624676 .2368037 3.33 0.001 1.220934 2.161928
Household Income

2 1.069431 .1069325 0.67 0.502 .8790941 1.300979

3 1.083126 .1112661 0.78 0.437 .8855884 1.324726

4 .9608501 .0979896 -0.39 0.695 .7867603 1.173461

5 .7883732 .0881059 -2.13 0.033 .6332835 .9814441

Low Capacity 4.4353 .3202422 20.63 0.000 3.84999 5.109595

Poor Health Status 3.317151 4147754 9.59 0.000 2.596117 4.238442

_cons .0674926 .0144948 -12.55 0.000 .0443036 .1028189
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Table 4 Generalized linear model with a gamma distribution used to assess the adjusted number of chronic conditions

Generalized linear models No. of obs = 15179
Optimization ML Residual df = 15153
Scale parameter = 640.9388
Deviance = 3009718.347 (1/df) Deviance = 198.6219
Pearson = 9712144.959 (1/df) Pearson = 640.9388
Variance function: V(u) = u”2 [Gamma ]
Link function g(u) = 1/u [Reciprocal]
AIC = 1262.848
Log pseudolikelihood = -9584357.105 BIC = 2863830
CounterMorbidity Coef. Std. Err. z P>|z| [95% Conf. Interval]
AGE_COD
30-34 -.5350053 .1958668 -2.73 0.006 -.9188972 -.1511134
35-39 -.6918193 .185763 -3.72 0.000 -1.055908 -.3277304
40-44 -.9131425 .1806077 -5.06 0.000 -1.267127 -.5591578
45-49 -1.09663 .1769914 -6.20 0.000 -1.443527 -.749733
50-54 -1.243364 .1751127 -7.10 0.000 -1.586579 -.9001496
55-59 -1.29557 .175075 -7.40 0.000 -1.63871 -.9524292
60-64 -1.331573 .1748557 -7.62 0.000 -1.674284 -.9888624
65-69 -1.348999 .174871 -7.71 0.000 -1.69174 -1.006258
70-74 -1.347347 .1748835 =-7.70 0.000 -1.690113 -1.004582
75-79 -1.339318 .1749421 -7.66 0.000 -1.682198 -.9964377
Female_ Gender -.117668 .0102251 -11.51 0.000 -.1377088 -.0976272
Regions
102 -.0168226 .0076693 -2.19 0.028 -.0318541 -.0017911
103 -.013786 .0090568 -1.52 0.128 -.031537 .003965
104 .0216574 .0095507 2.27 0.023 .0029384 .0403765
105 .0284801 .0113029 2.52 0.012 .0063267 .0506334
201 .01941 .011274 1.72 0.085 -.0026866 .0415066
301 .0237646 .0110588 2.15 0.032 .0020899 .0454394
Educational_Level
2 -.1077532 .0228821 -4.71 0.000 -.1526013 -.062905
3 -.0924624 .0238052 -3.88 0.000 -.1391197 -.0458051
Household Income
2 .001912 .0081076 0.24 0.814 -.0139786 .0178027
3 .0109244 .009643 1.13 0.257 -.0079755 .0298244
4 .008704 .0108285 0.80 0.422 -.0125195 .0299275
5 .0742672 .0188811 3.93 0.000 .0372609 .1112734
Low Capacity -.3248168 .0175737 -18.48 0.000 -.3592606 -.290373
Poor Health Status -.0695451 .0070567 -9.86 0.000 -.0833759 -.0557142
_cons 2.099911 .1752032 11.99 0.000 1.756519 2.443303
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Appendix 3: Absolute numbers

and percentage of sample and due projected
population’s distribution according

to number of chronic health conditions

NR disorders Sample Population Percentage (%)
0 5441 2,764,162 35.8
1 2568 1,269,005 16.9
2 1985 947,338 13.1
3 1625 733,925 10.7
4 1326 549,397 8.7
5 931 402,049 6.1
6 652 270,974 4.3
7 350 129,241 2.3
8 188 76,082 1.2
9 80 24235 05
>=10 50 17,118 0.3
Total 15,196  7183,526

Absolute numbers reflect the distribution of the sample (i.e. not
adjusted to the study design), while the percentages are projected to
the population after using the survey weights
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