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ABSTRACT

Objectives To examine the long-term outcomes for
patients hospitalised with chronic diseases at age 30, 40
or 50 years.

Design Nationwide, population-based cohort study.
Setting All Danish hospitals, 1979-1989, with follow-up
through 2014.

Participants Patients hospitalised during the study
period with one, two or three or more chronic diseases
and age-matched and sex-matched persons from the
general population without chronic disease leading to
hospitalisation: age-30 group: 13 857 patients and 69 285
comparators; age-40 group: 24 129 patients and 120 645
comparators; and age-50 group, 37 807 patients and 189
035 comparators.

Main outcome measures Twenty-five-year mortality
risks based on Kaplan-Meier estimates, years-of-life-lost
(YLLs) and mortality rate ratios based on Cox regression
analysis. YLLs were computed for each morbidity level, as
well as in strata of income, employment, education and
psychiatric conditions.

Results Twenty-five-year mortality risks and YLLs
increased steadily with increasing number of morbidities
leading to hospitalisation and age, but the risk difference
with general population comparators remained
approximately constant across age cohorts. In the age-30
cohort, the risk differences for patients compared with
comparators were 35.0% (95% Cl 32.5 to 37.5) with two
diseases and 62.5% (54.3% to 70.3%) with three or more
diseases. In the age-50 cohort, these differences were,
respectively, 48.4% (47.4 to 49.3) and 61.7% (60.1% to
63.0%). Increasing morbidity burden augmented YLLs
resulting from low income, unemployment, low education
level and psychiatric conditions. In the age-30 cohort, YYLS
attributable to low income were 2.4 for patients with one
disease, 6.2 for patients with two diseases and 11.5 for
patients with three or more diseases.

Conclusions Among patients with multiple chronic
diseases, the risk of death increases steadily with the
number of chronic diseases and with age. Multimorbidity
augments the already increased mortality among patients
with low socioeconomic status.

INTRODUCTION

Multimorbidity, or the coexistence of two
or more chronic conditions within the same
individual,' is common among young and

, Anne Gulbech Ording, Bianka Darvalics, Erzsebet Horvath-Puho,

Strengths and limitations of this study

» This nationwide, population-based cohort study
examined the long-term mortality risks among pa-
tients of age 30, 40 or 50 years with and without
hospital-diagnosed chronic disease.

» The study furthermore examined how number of
chronic diseases impacts mortality and how so-
cioeconomic factors and other psychiatric disease
impacts these risks.

» The setting with long-term follow-up and accurate
linkage within a uniform healthcare system elimi-
nated selection and referral biases.

» Data on chronic and psychiatric diseases arose from
inpatient hospitalisations and thus did not include
conditions diagnosed and treated in the outpatient
setting.

» Patients were identified based on 19 selected chron-
ic diseases included in the Charlson Comorbidity
Index, but other chronic conditions not listed here
could potentially affect long-term outcomes.

middle-aged adults.” A Scottish cross-sectional
study established that despite a strong associ-
ation of multimorbidity with increasing age,
adults aged 65 years or younger account for
most of these patients in absolute numbers.”
Multimorbidity is associated with fractionated
healthcare and adverse health outcomes such
as poor survival and reduced quality of life.*”

Strong evidence exists that multimorbidity
is associated with premature death; however,
most previous studies examining this asso-
ciation have focused on older adults.” *'
For example, in a recent meta-analysis of
evidence pooled from 26 studies, risk of
death was increased approximately twofold
among multimorbid patients over age 60
years compared with those without multimor-
bidity.” In contrast, the long-term prognosis
of young and middle-aged adults age 50 years
or younger who have multimorbidity remains
poorly understood. The lack of focus on this
population is worrisome, considering their
potentially long life expectancy and the huge
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personal and societal consequences of multimorbidity in
this age group.” "' Furthermore, data indicate a strong
socioeconomic gradient in the onset of multimorbidity,
particularly among young and middle-aged adults,® '
with little information about how this gradient affects
long-term prognosis.

To address these evidence gaps, we used nationwide
health and administrative registries with virtually complete
individual-level linkage and follow-up to examine 25-year
mortality risks and expected years of life lost (YLLs) in
three cohorts of patients aged 30, 40 and 50 years hospi-
talised with one or more chronic diseases.

METHODS

Design and setting

We conducted a nationwide, population-based cohort
study in Denmark covering 1979-1989, allowing for
a 2b5-year follow-up period through 2014. The Danish
National Health Service provides universal, tax-supported
healthcare for all Danish residents to both general prac-
titioners and hospital care.'® Patient data are linkable at
the individual-level across health and administrative regis-
tries through a unique 10-digit identifier, assigned by the
Civil Registration System (CRS) to all residents at birth or
on immigration.14 The CRS is updated daily concerning
changes in vital status and migration for the entire Danish
population.

Patient cohorts

We used the Danish National Patient Registry (DNPR) to
construct three cohorts of different ages at baseline: we
identified those ages 30, 40 or 50 years with a primary
or secondary inpatient hospital diagnosis of at least one
condition included in the Charlson Comorbidity Index
(CCI)."” We categorised the overall morbidity burden
according to the number of diagnosed conditions (1, 2 or
>3). Patients with at least two conditions were defined as
having multimorbidities. The baseline was set as the date
a patient reached age 30, 40 or 50 years. The cumulative
source population during the inclusion period was 898
266 for people aged 30 years; 871 658 for people aged 40
years; and 627 826 for people aged 50 years.

The DNPR has recorded non-psychiatric inpatient
hospitalisations since 1977.' Records of hospitalisations
in the DNPR include one primary and one or more
secondary diagnosis, coded according to the Interna-
tional Classification of Diseases, Eighth Revision, between
1977 and 1994 and 10th Revision thereafter. The CCI
is a commonly used index to identify comorbidities and
comprises a wide range of diseases, including cardiovas-
cular, metabolic, hepatic and renal diseases, malignancies,
dementia, peptic ulcer and AIDS (online supplemental
table S1)."” Hospital diagnosis codes of CCI conditions
have high validity in the DNPR, with positive predictive
values for all CCI conditions exceeding 90% compared
with medical records."”

General population comparison cohorts

We used the CRS to construct three general population
comparison cohorts." For this purpose, we matched, with
replacement, up to five persons from the general popu-
lation to each member of the patient cohorts on date of
birth and sex.'® Persons were ineligible if they had one or
more primary or secondary inpatient hospital diagnoses
of any CCI conditions recorded in the DNPR any time
before or at baseline. Diagnoses made after baseline were
ignored.

Mortality
The primary outcome was time to death during 25 years

of follow-up. Data on all-cause mortality were extracted
from the CRS.

Covariables

To examine the impact of socioeconomic factors, we gath-
ered information on socioeconomic factors 2 years before
baseline: income level (low, intermediate, high and very
high), employment status (early retirement, unem-
ployed and employed) and education level (primary
school, youth education/high school and higher educa-
tion) from the Integrated Database for Labor Market
Research.'” We also gathered information on prevalent
psychiatric conditions at baseline (schizophrenia, bipolar
disorder/depression, schizotypal disorder, personality
disorder and other mental illness) from the Psychiatric
Central Research Registry (PCRR).* The PCRR contains
data on all inpatient psychiatric admissions since 1969.

Statistical analysis
We characterised patients and their matched general
population comparators according to age, sex, calendar
year, morbidity burden, individual chronic diseases
included in the CCI, income level, employment status,
educational achievement and psychiatric conditions.
We followed cohort members from baseline until death,
emigration or 31 December 2014, whichever occurred
first. Separately for each age cohort, we used the comple-
ment of the Kaplan-Meier estimator to compute and illus-
trate 25-year mortality risks for patients, stratified by their
morbidity burden and general population comparators.
As an additional method to assess survival in the patient
and the general population cohorts, we computed
expected YLLs as the mean survival difference between
the two, that is, the difference in the area between the
mean Kaplan-Meier survival curves.”' YLLs were computed
for each morbidity level, as well as in strata of income,
employment and education, and for each psychiatric
condition, without and with stratifying by morbidity level.
Ninety-five per cent Cls were computed using bootstrap-
ping on each of the matched pairs using 100 replicates.
As a measure of the mortality rate ratio, we computed
HRs of death and 95% CIs by means of stratified Cox
proportional hazards regression within the sex-matched
and age-matched strata, comparing the patient cohorts
with the general population comparison cohorts.
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Age 30 years Age 40 years Age 50 years

General General General
Patients N (%) population N (%) Patients N (%) population N (%) Patients N (%) population N (%)

Sex

Male 6996 (50.5) 34 980 (50.5) 12 563 (52.1) 62 815 (52.1) 19 749 (52.2) 98 745 (52.2)

1979-1980 1434 (10.3) 7170 (10.3) 2102 (8.7) 10510 (8.7) 4147 (11.0) 20 735 (11.0)

1983-1984 2532 (18.3) 12 660 (18.3) 4630 (19.2) 23150 (19.2) 6886 (18.2) 34 430 (18.2)

1987-1989 4889 (35.3) 24 445 (35.3) 8705 (36.1) 43 525 (36.1) 13 257 (35.1) 66 285 (35.1)

No disease 69 285 (100.0) 120 645 (100.0) 189 035 (100.0)

Two diseases 1272 (9.2) 2291 (9.5) 4798 (12.7)

Specific conditions included in the CCl

Congestive heart failure 103 (0.7) 225 (0.9) 864 (2.3)

| Peripteralvasculardisease 42280 1T@e 20869
Cerebrovascular disease 545 (3.9) 1277 (5.3) 2908 (7.7)

CDementa  mEe2  een 402
Chronic pulmonary disease 2425 (17.5) 3273 (13.6) 5447 (14.4)

| Comectvetissuedseass  S81(42 2203 %669
Ulcer disease 1462 (10.6) 4157 (17.2) 6055 (16.0)

| Midiverdisease  s8142 470 20964
Diabetes types 1 and 2 3560 (25.7) 4030 (16.7) 4835 (12.8)

| Heemiplega 80y 0209 200D
Moderate to severe renal 990 (7.1) 1214 (5.0) 1475 (3.9)
disease

Any tumour 1690 (12.2) 4472 (18.5) 7733 (20.5)

Lymphoma 318 (2.3) 457 (1.9) 383 (1.0)

Metastatic solid tumour 161 (1.2) 404 (1.7) 788 (2.1)

Income level

Intermediate 3400 (24.5) 16 070 (23.2) 6410 (26.6) 29 711 (24.6) 9615 (25.4) 46 968 (24.8)

Very high 2672 (19.3) 17 938 (25.9) 4407 (18.3) 31332 (26.0) 6869 (18.2) 50 175 (26.5)

Employment status

Unemployed 1681 (12.1) 7077 (10.2) 1716 (7.1) 6465 (5.4) 1815 (4.8) 9177 (4.9)

Continued

w
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Table 1 Continued

Age 30 years

Age 40 years

Age 50 years

Patients N (%)

General

population N (%)

Patients N (%)

General

population N (%)

Patients N (%)

General

population N (%)

Employed 9758 (70.4) 55 523 (80.1) 17 094 (70.8) 101 880 (84.4) 23 814 (63.0) 152 638 (80.7)

Missing 197 (1.4) 2049 (3.0 259 (1.1) 2823 (2.9) 364 (1.0) 3299 (1.7)
Educational achievement

Primary school 5525 (39.9) 22 463 (32.4) 10 320 (42.8) 41 956 (34.8) 20 708 (54.8) 93 209 (49.3)

Youth education/high 5463 (39.4) 29 003 (41.9) 9288 (38.5) 48 889 (40.5) 12 091 (32.0) 62 774 (33.2)

school

Higher education 2153 (15.5) 13369 (19.3) 3690 (15.3) 24 571 (20.4) 3879 (10.3) 26 664 (14.1)

Missing 716 (5.2) 4450 (6.4) 831 (3.4) 5229 (4.3) 1129 (3.0) 6388 (3.4)
Psychiatric conditions

Schizophrenia 102 (0.7) 327 (0.5) 208 (0.9) 626 (0.5) 303 (0.8) 952 (0.5)

Bipolar disorder, 139 (1.0 350 (0.5) 511 (2.1) 1210 (1.0) 1063 (2.8) 2629 (1.4)

depression and recurrent

depression

Schizotypal disorder 56 (0.4) 126 (0.2) 69 (0.3) 212 (0.2) 39 (0.1) 122 (0.1)

Personality disorders 743 (5.4) 1411 (2.0) 2110 (8.7) 3476 (2.9) 3181 (8.4) 6182 (3.3)

Other mental illness 1430 (10.3) 2102 (3.0) 3400 (14.1) 4107 (3.4) 5096 (13.5) 6888 (3.6)

CCl, Charlson Comorbidity Index.

The regression was done separately in each morbidity
subgroup. In multivariable analyses, we adjusted for
income level, employment status and education level.
Because the proportionality assumption was violated,
we applied a piecewise Cox regression, computing HRs
within 0-1year, >1-5 years, >5-10 years, >10-20 years and
>20-25 years.

All statistical analyses were conducted using the SAS
statistical software package, V.9.4. Diagnosis codes are
provided in online supplemental table S1.

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for design or implementation of the
study. No patients were asked to advise on interpretation
or writing up of results. There are no plans to dissemi-
nate the results of the research to study participants or
the relevant patient community.

RESULTS

We identified 13 857 patients and 69 285 age-matched and
sex-matched general population comparators who were
age 30 years; 24 129 patients and 120 645 age-matched
and sex-matched comparators who were age 40 years;
and 37 807 patients and 189 035 age-matched and sex-
matched comparators who were age 50 years (table 1).
The sexes were approximately equally distributed in
each cohort. The prevalence of multimorbidity increased
slightly with age. The most frequently hospital-diagnosed
conditions were any tumour, peptic ulcer, chronic pulmo-
nary disease and type 1 and 2 diabetes. Socioeconomic
status was generally lower in the patient cohorts, and

across all age cohorts, low income, unemployment and
early retirement, and less educational achievement was
more frequent among patients than among general popu-
lation comparators. Similarly, psychiatric conditions,
such as personality disorder and other mental illness,
were more common among the patients than among the
comparators.

Absolute mortality risks

We observed 2999 deaths in the age-30 group, 8988 in the
age-40 group and 23 427 deaths in the age-50 group. The
25-year mortality risk increased steadily with increasing
number of morbidities leading to hospitalisation and age
(figure 1). Among patients with one disease, the 25-year
mortality risks were 19.4% (95% CI 18.7% to 20.1%) in
the age-30 group, 34.4% (95% CI 33.7% to 35.0%) in
the age-40 group and 58.6% (95% CI 58.1% to 59.2%)
in the age-50 group. These risks increased respectively
to 68.6% (95% CI 60.3% to 76.6%), 82.3% (95% CI
78.0% to 86.3%) and 92.4% (95% CI 90.6% to 93.9%)
among patients with three or more diseases at baseline.
However, the mortality risk differences with matched
comparators from the general population remained
largely similar across age cohorts. For the age-30 patients
at baseline, the risk differences with comparators were
13.3% (95% CI 12.8% to 13.8%) with one disease, 35.0%
(95% CI 32.56% to 37.5%) with two diseases and 62.5%
(95% CI 54.3% to 70.3%) with three or more diseases.
For the age-40 patients, the risk differences with matched
comparators were 21.3% (95% CI 20.9% to 21.7%)
with one disease, 46.8% (95% CI 44.9% to 48.6%) with
two and 69.2% (95% CI 65.1% to 73.0%) with three or
more. Finally for the age-50 group, the risk differences
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Figure 1 Twenty-five-year mortality risks for patients with
one or more chronic diseases when they reached age 30, 40
or 50 years, stratified by number of chronic conditions and
age-matched and sex-matched individuals from the general
population without chronic disease during 1979-1989 in
Denmark.

from matched comparators were 28.0% (95% CI 27.6%
to 28.3%), 48.4% (95% CI 47.4% to 49.3%) and 61.7%
(95% CI 60.1% to 63.0%) with one two, and three or
more diseases, respectively.

Years of life lost

We calculated expected YLLs by comparing the mean
survival difference between the patient and general popu-
lation cohorts. In line with the absolute mortality risks,
expected YLLs during 25 years of follow-up increased
with baseline age and with number of morbidities. For
patients in the 30-year age group, the expected YLLs were
1.7 (95% CI 1.6 to 1.8), 5.2 (95% CI 4.7 to 5.6) and 10.4
(95% CI 8.7 to 12.1) with one, two and three or more
diseases, respectively. For those in the 50-year group,
the corresponding YLLs were 4.6 (95% CI 4.5 to 4.7),
9.3 (95% CI 9.1 to 9.6) and 13.4 (95% CI 12.9 to 13.9)
(table 2).

YLLs were greater among patients with low versus
high income, for those on early retirement versus being
employed and for those with lower versus higher educa-
tion level (table 2). For example, YLLs for patients who
were aged 30 years and with low income were as high as or
higher than those for patients with very high income who
were 10 years older. For psychiatric conditions, YLLs were
substantial for the patient groups (eg, with schizophrenia,

the YLLs were 3.6 (95% CI 1.8 to 5.5) in the age-30 cohort
and 6.1 (95% CI 5.0 to 7.2) in the age-50 cohort).

YLLs in association with lower socioeconomic status
and psychiatric conditions were more pronounced with
increasing morbidity burden, regardless of age (table 2).
For example, in the age-30 cohort, YYLs because of low
income were 2.4 (95% CI 2.2 to 2.6) for patients with
one disease, 6.2 (95% CI 5.3 to 7.2) for patients with two
diseases and 11.5 (95% CI 8.2 to 14.8) for patients with
three or more diseases. Similar trends were observed
for most other socioeconomic factors and psychiatric
conditions.

Relative mortality risks

Compared with sex-matched and age-matched compar-
ators from the general population, the relative risk of
death during the first year was approximately 20-100 fold
in patients with multimorbidity (table 3). Although the
HRs decreased during follow-up, values ranging from
approximately 2-10, depending on baseline age, persisted
among patients surviving at least 20 years. HRs tended
to decrease with increasing baseline age, irrespective of
number of morbidities and follow-up period. Adjustment
for socioeconomic factors did not change the unadjusted
estimates materially.

DISCUSSION

In this nationwide, population-based cohort study
comprising patients age 30, 40 and 50 years, the 25-year
mortality risk grew with increasing number of morbidi-
ties leading to hospitalisation and with age. Although the
mortality risk difference with persons from the general
population increased among patients with more chronic
conditions, it remained approximately constant across
age cohorts. Increasing number of morbidities was linked
to higher YLLs from low income, unemployment, low
education level and psychiatric conditions.

Our study should be viewed in light of several factors.
Our setting with long-term follow-up and accurate
linkage within a uniform healthcare system eliminated
selection and referral biases. However, data on chronic
and psychiatric conditions arose from inpatient hospi-
talisations and thus did not include conditions diag-
nosed and treated in the outpatient setting, including
by general practitioners. Presumably, this selection
yielded higher mortality risk estimates than would have
resulted with inclusion of outpatient diagnoses. It is
possible that general population comparators were, in
fact, living with chronic conditions not leading to hospi-
talisation. This potential source of misclassification
could have biased the HRs downwards. Furthermore, we
identified and categorised patients based on 19 selected
chronic diseases included in the CCI, and other chronic
conditions not listed here could potentially affect prog-
nosis. In addition, prognoses associated with several of
the included conditions, including myocardial infarc-
tion, stroke, some cancers, AIDS and leukaemia have
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improved considerably since the start of study period
as a consequence of medical, diagnostic and treatment
advances.”

Several previous studies have linked multimorbidity
with increased mortality among older adults.” *'” A meta-
analysis including 26 studies of patients age 60 years or
older reported an HR of 1.7 for patients with at least two
diseases and 2.7 for those with at least three compared
with people without multimorbidity.” Similarly, the
Emerging Risk Factor Collaboration found a 4-7 fold
increased risk of death among patients (mean age: 53
years) with cardiometabolic multimorbidity compared
with a reference group without multimorbidity.® In line
with our study, a number of previous groups used the CCI
to identify multimorbidity, either with”® or without” '’ an
index disease. For example, Schmidt et al’ found a 2.5-
fold higher 5-year mortality rate among stroke patients
with a weighted CCI score of 3+ compared with stroke
patients with a weighted CCI score of 0.

In contrast to most previous literature on multimor-
bidity, we examined the prognosis in young and middle-
aged adults under aged 50 years. In line with current
understanding,’ we found a steep socioeconomic gradient
in YLLs attributable to multimorbidity, with YLLs because
of low socioeconomic status increasing with the number
of prevalent diseases. Although we compiled data on
socioeconomic factors 2 years before baseline, reverse
causality remains possible.”” Given that YLLs for patients
who were 30 years old and in the low-income category
were as high as or higher than YLLs for very high-income
patients a decade older, reducing disparities in health-
care is obviously crucial. We did not examine associations
of modifiable risk factors linked to socioeconomic status,
such as tobacco smoking, excessive alcohol consump-
tion, poor diet, high body mass index, hypertension and
hyperlipidaemia.** We also could not evaluate whether
socioeconomic status itself was acting directly through
complex mechanisms involving upstream factors®. Both
of these questions require further investigation.

Our study also evaluated YLLs in relation to psychi-
atric conditions, a poorly understood area in relation
to somatic multimorbidity, particularly in young and
middle-aged adults. Psychiatric conditions increase in
prevalence with increasing burden of physical ill health.?
Our findings that YLLs attributable to psychiatric condi-
tions increased with an increasing number of prevalent
diseases indicates an unmet need among those with these
psychiatric conditions.

Healthcare systems lack an optimal infrastructure to
properly care for patients with multimorbidity. Although
these patients may be in contact with health services more
frequently than those who have a single disease, manage-
ment of multimorbidity is usually fragmented, as medical
professionals are becoming increasingly specialised in
single diseases or organs.” *® Thus, improving coordina-
tion of care is a great challenge, particularly in light of
the demographic changes that will lead to increasing
numbers of patients with multiple conditions.”

Skajaa N, et al. BMJ Open 2020;10:6038131.
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In conclusion, young and middle-aged patients hospi-
talised with one or more chronic diseases had increased
mortality risk during 25 years of follow-up, compared
with age-matched and sex-matched persons from the
general population without chronic disease. The risk of
death grew steadily with the number of chronic diseases
and with age. Multimorbidity also added to the increased
mortality among patients with low socioeconomic status.
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