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OBJECTIVES: To determine the effect of chronic disor-
ders and their co-occurrence on survival and functioning
in community-dwelling older adults.

DESIGN: Population-based cohort study.

SETTING: Kungsholmen, Stockholm, Sweden.

PARTICIPANTS: Individuals aged 78 and older examined
by physicians four times over 11 years (N = 1,099).

MEASUREMENTS: Chronic diseases (grouped according
to 10 organ systems according to the International Classifi-
cation of Diseases, Tenth Revision, code) and multimor-
bidity (≥2 coexisting chronic diseases) were evaluated in
terms of mortality, population attributable risk of death,
median years of life lost, and median survival time with
and without disability (need of assistance in ≥1 activities
of daily living).

RESULTS: Approximately one in four deaths were attri-
butable to cardiovascular and one in six to neuropsychi-
atric diseases. Malignancy was the condition with the
shortest survival time (2.5 years). Malignancies and car-
diovascular disorders each accounted for approximately
5 years of life lost. In contrast, neurosensorial and neu-
ropsychiatric conditions had the longest median survival
time (>6 years), and affected people were disabled for
more than half of this time. The most-prevalent and -bur-
densome condition was multimorbidity, affecting 70.4%
of the population, accounting for 69.3% of total deaths,
and causing 7.5 years of life lost. Finally, people with mul-
timorbidity lived 81% of their remaining years of life with
disability (median 5.2 years).

CONCLUSION: Survival in older adults differs in length
and quality depending on specific conditions. The greatest
negative effect at the individual (shorter life, greater

dependence) and societal (number of attributable deaths,
years spent with disability) level was from multimorbidity,
which has made multimorbidity a clinical and public
health priority. J Am Geriatr Soc 2017.

Key words: chronic conditions; multimorbidity; disabil-
ity; median survival time; population attributable risk

In recent decades, the number of people with chronic dis-
orders has dramatically increased in several countries,

mostly due to the aging of the population.1 Cardiovascular
disease, cancer, diabetes mellitus, and dementia are the
most common chronic diseases in elderly persons,2 leading
to impaired physical function, dependence, high care costs,
and shorter survival.1

Different studies have estimated the proportion of
deaths attributable to specific diseases. Dementia, for exam-
ple, has been estimated to account for 11% to 17% of all
deaths of elderly adults, and it has been predicted to increase
with increasing age.3–5 Similar figures were found for cardiac
diseases, which account for 17% to 37% of all deaths.4,5

The percentage of deaths attributable to other diseases is
lower: cancer (6–20%),4,5 endocrine diseases (3.6–8%),6,7

respiratory diseases (2.1–3.2%).6 Less attention has been
paid to the effect of chronic conditions on years of remaining
life. Recently, researchers reported that the average decline
in life expectancy after age 67 was 1.8 years for each addi-
tional chronic condition.8 One study9 estimated that there
was a minimum reduction of 33% (4 years) in survival for
people with a diagnosis of cardiovascular disease, mental
health problems, or diabetes mellitus. Another study10 found
that stroke and diabetes mellitus were the leading causes of
premature death, with people with those conditions losing
more than 4 years of life expectancy. When disability-free
life expectancy was examined, hypertension, arthritis, and
diabetes mellitus were found to be the most-disabling condi-
tions, because people lived many years after receiving the
diagnosis, yet most of this time was lived with disability.11

Ongoing demographic changes are expected to lead to
more people with multiple health problems. The most-
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frequent condition in advanced age is multimorbidity, the
co-occurrence of two or more chronic diseases in the same
individual (prevalence 55–98%).12 Despite the increasing
attention paid to multimorbidity in the scientific commu-
nity, only selected aspects of this phenomenon have been
investigated.12 Multimorbidity leads to disability, poor
quality of life, and high healthcare use. The co-occurrence
of mental illness, especially depression, with somatic
chronic diseases and socioeconomic deprivation exacer-
bates the negative outcomes of multimorbidity.13–17 Multi-
morbidity has also been found to be associated with
mortality,9,18,19 yet little is known about its effect on
survival in terms of population attributable risk of death
and years of life lost. Disability increases as the number of
diseases increases,20 but data are scarce regarding number
of years spent living with disability for people with
multimorbidity.

Using data from the Kungsholmen project, the aim of
the current study was to investigate the effect of various
chronic conditions and of multimorbidity on survival and
functional independence in older adults (aged ≥78). Speci-
fic aims were to estimate mortality, proportion of deaths
averted if a specific condition was removed, difference in
median survival time between participants with and with-
out a specific condition, and number of years lived with
and without disabilities.

METHODS

Study Population

The study was embedded in the Kungsholmen Project, a
community-based longitudinal study of aging and demen-
tia.21 The population eligible for this project included all
registered inhabitants living in the Kungsholmen district of
central Stockholm aged 75 and older in October 1987. Of
the 1,700 elderly adults who agreed to participate in the
baseline examination (1987–89), 429 died, and 172 moved
or refused to participate in the first follow-up (1991–93).
The current study consisted of 1,099 people who partici-
pated at the first follow-up, at which time all participants
underwent an extensive clinical examination performed by
physicians.

The ethics committee of the Karolinska Institutet
approved all parts of the project, and participants provided
informed consent to take part in the study.

Data Collection

At baseline, all participants were examined for approxi-
mately 3 hours following a standardized protocol that
included an interview, a neuropsychological battery, and a
medical examination. If the participant was not able to
answer the questions (e.g., cognitive impairment or demen-
tia), an informant was interviewed. Education level was
measured by considering maximum years of formal school-
ing, which was categorized as low (<8) or high (≥8).

Assessment of Chronic Diseases and Multimorbidity

A disease was classified as chronic if one or more of the
following characteristics was present: being permanent,

caused by irreversible pathological alteration, requiring
rehabilitation, or requiring a long period of care.12 The
examining physician diagnosed chronic diseases in all par-
ticipants according to clinical examination, medical his-
tory, laboratory data, and current use of medications at
baseline and during 7 years of follow-up (1991–98). Diag-
noses were also derived from the computerized Stockholm
inpatient register system from 1969 to 1998. The Interna-
tional Classification of Diseases (ICD), Eighth to Tenth
(10) Revisions, were used for all diagnoses, except for the
following disorders: deafness was defined as being unable
to hear the interviewer’s voice and visual impairment as
being blind or almost blind; a psychiatrist diagnosed
dementia, different dementia types, and major depression
according to Diagnostic and Statistical Manual of Mental
Disorders, Third Edition, criteria; and anemia was defined
as hemoglobin level less than 13 g/dL in men and less than
12 g/dL in women.22 Physicians asked participants to
show prescription forms or containers of medications used,
and medications were registered according to the Anatomi-
cal Therapeutic Chemical classification system. Thirty-
eight chronic conditions with a prevalence greater than
0.4% were selected. Multimorbidity was defined as the
co-occurrence of any two or more of the 38 chronic condi-
tions in the same individual, whether coincidental or
not.12 Chronic conditions were grouped using the ICD-10
classification system. Specifically, 10 groups of conditions
were examined: anemia, cardiovascular, digestive, endo-
crine, malignancy, neuropsychiatric, musculoskeletal, neu-
rosensorial, respiratory, and urological diseases. Each
group was operationalized as having zero or one or more
diseases (Table S1).

Functional Status Assessment

Functional status was measured using the Katz Index of
activities of daily living (ADLs), which assesses dependence
in bathing, dressing, toileting, transferring, continence, and
feeding. Trained nurses assessed functional status by inter-
viewing and observing participants at each examination.
Disability was defined as need of assistance in one or more
activities.

Vital Status

Information about vital status was derived from death
certificates provided by Statistics Sweden. Survival status
was assessed through 2002, 3 years after the last clinical
examination.

Statistical Analysis

First, the population attributable risk (PAR) of death was
calculated using the formula developed for survival stud-
ies23 to estimate the proportion of deaths that would be
averted in the hypothetical scenario that one could elimi-
nate the specific condition. Baseline age-, sex-, and educa-
tion-adjusted hazard ratios of mortality used for the
calculation of PAR were estimated using parametric sur-
vival models, using age as the timescale. All the diseases
were entered as time-varying covariates to model the effect
of new events that participants experienced transitioning
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from the status of being not affected to being affected by
one of the disease groups.

Second, median survival time after diagnosis of disease
was estimated within each group and after incidence of
multimorbidity using survival functions adjusted for age,
sex, and education. In addition, for the estimation of med-
ian survival time according to specific group of diseases,
all the other conditions were also adjusted for. Median
survival times for people with and without a specific con-
dition were compared, and difference in median survival
time was estimated. Finally, median survival time was bro-
ken down into years lived with and without disability.
Interactions between sex and chronic conditions were
tested for.

A complete case analysis was performed because the
proportion of missing data was 0.6% for education and
1.4% for ADLs. Stata version 14.1 (Stata Corp., College
Station, TX) was used for all analyses.

RESULTS

Prevalence of chronic diseases and multimorbidity, mortal-
ity, PAR% for death, and difference in median survival
time for each specific condition are reported in Table 1. At
baseline, 10.0% (n = 104) had none of the 38 diseases,
21.1% (n = 221) had one disease, and 70.4% (n = 774)
had two or more chronic conditions. Considering the
specific group of diseases, cardiovascular diseases were the
most prevalent and digestive disorders the least. Women
had a higher prevalence of endocrine (16% vs 7%) and
musculoskeletal diseases (28% vs 16%), whereas urologi-
cal disorders were more prevalent in men (34% vs 2%).
No sex differences were detected in the prevalence of any
of the other conditions.

Approximately 70% of deaths in the population were
estimated to be attributable to multimorbidity, and this
was related to the high prevalence of multimorbidity in the

population. The second leading cause of death was cardio-
vascular disease, followed by neuropsychiatric diseases.
Multimorbidity, cardiovascular disease, and malignancies
were each associated with the greatest (>52%) reduction
in median survival time.

Finally, median survival after the diagnosis of a specific
condition was evaluated (Figure 1). After the diagnosis of
malignancy and urological disorders, 50% of participants
lived for less than 3 years. Median survival for those with a
diagnosis of respiratory, cardiovascular, musculoskeletal, or
digestive diseases was approximately 4 years. Fifty percent
of the people with any other condition lived at least 5 years
(range 5.1–7.3 years). Estimated median survival for those
with multimorbidity was approximately 6.5 years. No sex
differences were found in median survival.

Irrespective of the particular condition, people lived
more than 60% of their remaining years of life with disability.

DISCUSSION

This study demonstrated that the most-prevalent condition
in this study population was multimorbidity, which
affected 70% of the population and accounted for 69% of
total deaths and 7.5 years of life lost. People with multi-
morbidity lived 81% of their remaining years of life with
disability (median 5.2 years). When the effect of different
chronic diseases was analyzed, it was found that one-third
of deaths were attributable to cardiovascular disease and
one-sixth to neuropsychiatric disease. People with a diag-
nosis of one of the studied conditions died at a younger
age than people without those specific conditions. A diag-
nosis of cardiovascular disease or malignancy shortened
the lifespan by more than 4 years (differences in median
survival of 5.0 and 4.3 years, respectively). In addition to
the effect of specific diseases on survival, there was also an
effect on disability, with people living many years with dis-
ability after diagnosis.

Table 1. Number and Prevalence of Cases at Baseline of group of Chronic Diseases and Multimorbidity, Number
of Related Deaths, Hazard of Mortality, Population Attributable Risk (PAR) of Death, and Median Years of Life
Lost (YLL) at Follow-Up

Organ System

Baseline 11 Year of Follow-Up

Cases, n

Prevalence per 100

(95% CI) Deaths, n

Mortality,

HR (95% CI)a
PAR, % of

Death (95% CI)

Median

YLLb

Anemia 199 18.1 (15.9–20.5) 165 1.5 (1.3–1.7) 5.4 (3.6–7.2) �1.6
Cardiovascular 655 59.6 (56.7–62.5) 492 2.7 (2.2–3.2) 28.0 (24.7–31.2) �5.0
Digestive 80 7.3 (5.9–9.0) 57 1.2 (0.9–1.4) —c —c

Endocrine 156 14.2 (12.3–16.4) 110 1.0 (0.8–1.2) —c —c

Malignancy 153 13.9 (12.0–16.1) 117 1.8 (1.6–2.1) 6.7 (5.4–8.0) �4.3
Neuropsychiatric 297 27.0 (24.5–29.7) 264 2.3 (2.0–2.7) 17.0 (15.0–19.0) �2.0
Musculoskeletal 279 25.4 (22.9–28.0) 238 1.5 (1.3–1.7) 8.8 (6.1–11.4) �2.5
Neurosensorial 285 25.9 (22.9–28.1) 229 1.1 (0.9–1.3) —c —c

Respiratory 86 7.8 (6.4–9.6) 71 1.4 (1.2–1.8) 2.5 (1.3–3.7) �1.5
Urological 99 9.0 (7.5–10.9) 73 1.3 (1.0–1.7) —c —c

Multimorbidity 774 70.4 (67.7–73.1) 608 5.1 (2.6–9.6) 69.3 (50.7–80.8) �7.5

aHazard ratios (HRs) were derived from two flexible parametric models using age as time scale; the first model included all specific group of diseases, sex,

education, and age at baseline. The second model included multimorbidity, sex, education, and age at baseline.
bMedian YLL was estimated comparing median survival with and without the specific chronic condition, that were derived from survival functions.
cEstimates only for conditions with a clear effect on mortality.

CI = confidence interval.
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Previous studies that have estimated the percentage of
death attributable to a single disease have found similar
results.3–7 Dementia has been found to be associated with
11% to 17% of deaths of people aged 65 and older,3,5,6

increasing to 42% of those aged 95 and older.4 Propor-
tions of death attributable to cardiovascular disease were
38% in people aged 75 and older and 17% in those aged
95 and older.4,5 Previous studies have shown that diabetes
mellitus accounts for at least 3.6%7 of deaths and cancer
for 6% to 20%.4,5 Comparisons with previous studies of
multimorbidity are difficult because of scarce information.

The literature offers limited insight into the burden of
chronic disease on life expectancy; previous studies have
focused on a single disease or on a specific index disease and
its comorbidities. The current results are in agreement with
a report from the United Kingdom that found that, in a pop-
ulation aged 65 and older, life expectancy was significantly
lower for all the conditions considered, except for sensorial
diseases.10 Similar effects were found for cardiovascular and
musculoskeletal diseases on survival, in a population aged
85 to 94,24 with approximately 3 years of life lost.

In this study, the effect of multimorbidity on survival
is striking, although previous research into multimorbidity
and mortality has reported inconsistent results, with
increasing number of diseases found to increase the risk of
death in some studies9,18,19 but not in others.13,25 Never-
theless, a proper comparison with previous studies cannot
be made because of differences in length of follow-up, the
set of diseases chosen, and age range. The majority of the
research into multimorbidity has been conducted on popu-
lations aged 65 and older. Looking at subgroups of older
adults separately could be interesting, because people aged
80 and older are the fastest growing segment of the popu-
lation, and in the next few decades, the majority of older
adults will be aged 75 and older. Moreover, older adults

are the most affected by the highest number of co-occur-
ring chronic diseases. Multimorbidity has been measured
using different approaches, yet a standardized measure-
ment has not prevailed. The definition of chronic disease
used in this study is in accordance with most other defini-
tions that have been used, including time, treatment, care,
quality of life, and function-related aspects. The 38 dis-
eases identified to operationalize multimorbidity in this
study are also included in the list of conditions recom-
mended by in a previous study27 as core chronic diseases
and are included in the most-cited definition of multimor-
bidity.17

The current study results regarding duration of time
spent in disabled status confirm previous findings.11 More-
over, other studies have shown that a greater number of
diseases was consistently associated with greater risk of
functional dependency.12 The association between diseases
and disability is complex and still not fully understood.
Development of diseases could represent the initial change
from functional independence to disability.28 Diseases
might also be seen as intermediate factors between patho-
physiological processes (e.g., inflammation, oxidative
stress) and disability.29 According to the most-recent Glo-
bal Burden of Diseases in Sweden (http://www.healthdata.
org/sweden), ischemic heart disease, low back pain, and
cerebrovascular disease were the top three causes of dis-
ability-adjusted life years (DALYs), which quantify prema-
ture death and disability. Alzheimer’s disease, other
dementias, and diabetes mellitus have also been ranked in
the top 10 leading causes of DALYs.

Strengths of the present study are the study design, the
use of a large community-based cohort including people
living at home and in institutions, and the long follow-up
over an 11-year period, with high participation rates
(>90%), which resulted in large sample numbers for the
study outcome, but because of the urban setting and the
high education and social status of the participants, find-
ings from this population may not be generalizable to older
adults living in rural areas or deprived areas. Another
strength is the assessment of diseases from multiple sources
of information, including examination by study physicians.
Severity of the diseases, which could be expected to be a
better predictor of mortality, was not taken into account.
Nevertheless, although disease severity information was
not available, in general, the diagnoses considered had a
potential severity that could affect mortality. The dropout
rate at baseline was 35% (601/1,700), mainly due to death
(25%) and refusal or moving from the area (10%). People
who dropped out of the study differed from participants in
that they died at younger. It is likely that this then led to
overestimation of median survival.

In summary, survival of elderly adults differs in dura-
tion and quality depending on specific conditions, but the
highest negative effect at the individual (shorter life,
greater dependence) and societal (number of attributable
deaths, years spent with disability) levels is due to multi-
morbidity. This study has demonstrated a strong burden
associated with multimorbidity, which clearly supports the
clinical and public health relevance of multimorbidity in
elderly adults. Individuals with multimorbidity have com-
plex health needs, but because of the current disease-
oriented approach to health care, they face a highly

Figure 1. Median survival time without (white bar) and with
(grey bar) disabilities, according to incident chronic condition.
Median survival after diagnosis of incident group of diseases
and multimorbidity were derived from survival functions. For
the specific group of diseases, models were adjusted for age at
baseline, sex, education, and all other conditions. For multi-
morbidity, the model was adjusted for age at baseline, sex,
and education. Disability was defined as need of assistance in
one or more activities of daily living.
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fragmented care system that leads to ineffective and poten-
tially harmful interventions. Currently, evidence of the effi-
cacy of care pathways for multimorbidity is conflicting,
and there are no widely accepted care models for multi-
morbidity.30 Therefore, there is a compelling need to
develop and implement systems that work for multimor-
bidity to deliver high-quality care to the many individuals
with multiple chronic conditions.
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online version of this article:

Table S1. Most Common Chronic Diseases Used in
Study Grouped According to International Classification
of Diseases, Tenth Revision (ICD-10), Code or Other
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