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Abstract

Background: The prevalence of chronic diseases has increased with population ageing, and research has 
attempted to elucidate the correlation between chronic diseases and disability. However, most studies in older 
populations have focused on the effect of single disabling conditions, even though most older adults have 
more than one chronic disease (multimorbidity). Objective: The aims of this study were to evaluate the 
association of disability with disease, in terms of multimorbidity and specifi ed pairs of diseases, in a population-
based study of older adults. Materials and Methods: Using the Kungsholmen Project, we estimated the 
prevalence of disability by the number of chronic diseases, disease status by organ systems, and in specifi c 
pairs of chronic conditions, in a Swedish population (n=1,099; ≥77 years). Disability was defi ned as need of 
assistance in at least one activity of daily living (Katz index). Results: Functional disability was seen in 17.9% 
of participants. It increased as the number of chronic diseases increased. The prevalence of disability varied 
greatly amongst specifi c pairs of diseases: from 6.7% in persons affected by hypertension and atrial fi brilla-
tion to 82.4% in persons affected by dementia and hip fracture. In multivariate logistic regression models, the 
disease pairs that were signifi cantly associated with the highest increased relative odds of disability contained 
dementia (dementia–hip fracture, dementia–CVD, and dementia–depression). Conclusions: Our fi ndings 
suggest specifi c pairs of diseases are much more highly associated with disability than others, particularly 
diseases coupled with dementia. This knowledge may improve prevention of disablement and planning of 
resource distribution.
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Introduction

The demographic phenomenon known as population 
ageing that is occurring now in developed, as well as 

in some less-developed countries, has resulted in the 
increasing prevalence of chronic diseases. This is one 
of the major challenges of the aging society, and in 
order to face this challenge, it is important to under-
stand how multimorbidity and specifi c combinations of 
chronic diseases affect major outcomes, such as func-
tional disability.

Whilst the presence of disease is viewed as the ini-
tial change underlying disability onset in the elderly 
[1], several researchers have attempted to elucidate the 
correlation between chronic conditions and disability. 
However, the majority of studies conducted in older 
populations have focused on the effect of single dis-
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abling conditions, for instance musculoskeletal diseases 
[2], depression [3], and circulatory diseases [4]. 

Verbrugge and colleagues were the fi rst to explore 
the impact of the coexistence of multiple conditions on 
disability, and demonstrated that with increasing num-
bers of chronic diseases, disability increased almost 
exponentially [5]. Another study investigated the effect 
of comorbidity in arthritis on disability and showed 
that arthritis and other conditions may act synergisti-
cally on functional status [6]. Data from the Women’s 
Health and Aging Study showed that specifi c disease 
pairs, such as arthritis and visual impairments, arthritis 
and hypertension, heart diseases and cancer, and oth-
ers were synergistically associated with different types 
of disability [7]. A previous longitudinal study from 
the cohort of the Kungsholmen Project showed that an 
increasing number of chronic conditions was associ-
ated with an increasing risk of functional decline over 
time [8].

Objectives

The aims of this study were to evaluate the strength of 
the association of disability with disease, in terms of 
both multimorbidity, as well as different specifi c pairs 
of diseases, in a population-based study of older adults.

Materials and Methods

Study population

The Kungsholmen Project is a population-based pro-
spective study on aging and dementia [9], including all 
inhabitants in the Kungsholmen district of Stockholm, 
Sweden, who were aged 75 years and older in October 
1987. The baseline assessment was carried out between 
1987 and 1989 and was followed by four examinations 
spaced approximately 3 years apart (FU1–4). Each sub-
ject was sent a personal letter explaining the study and 
the importance of participation but stating that it was 
voluntary and that they could discontinue participation 
at any time. The Kungsholmen Project was approved by 
the ethics committee of the Karolinska Institute.

Of the 1,700 elderly persons who agreed to partici-
pate in the baseline examination (1987–1989), 429 died 
and 172 moved or refused to participate at the fi rst 
follow-up (1991–1993). In the present study, the popu-
lation (n=1,099) consisted of participants at the fi rst 
follow-up, at which time they were all examined by 
physicians. We did not use the Kungsholmen Project 
baseline assessment as only a subsample of the population 
underwent clinical examination, and information on the 
presence of diseases was derived for the whole population 

from the Stockholm Inpatient Registry, which was 
judged to be too limited for a study aiming to identify 
disease clustering. Detailed information about the study 
design of the Kungsholmen Project has been previously 
published [9].

Data collection

All participants were examined following a standardized 
protocol, including a social interview, a neuropsycho-
logical battery, and a medical examination, lasting about 
3 hours. The clinical examination included general, neu-
rological, and psychiatric status, as well as medication 
use. The elderly and their next-of-kin were interviewed 
by trained nurses using a structured questionnaire on 
living conditions and social status. Information on the 
highest educational level achieved was obtained at base-
line directly from the subject or from an informant. 

Chronic diseases assessment

A disease was classifi ed as chronic if one or more of the 
following characteristics were present [10, 11]: 

(i) state of permanence 
(ii) caused by non-reversible pathological alteration
(iii) requiring rehabilitation 
(iv) requiring a long period of care. 

Chronic diseases were diagnosed by the examining 
physician according to clinical examination, medical his-
tory, laboratory data, and current use of medications, or 
ascertained using the computerized Stockholm inpatient 
register system, except for the following disorders: (i) 
sensory function (deafness was defi ned as being unable 
to hear the interviewer’s voice, and visual impairment 
was defi ned as being blind or almost blind); (ii) demen-
tia, different dementia types, and major depression were 
diagnosed by a psychiatrist according to the Diagnos-
tic and Statistical Manual of Mental Disorders, Revised 
Third Edition (DSM-III-R) criteria [12]; (iii) anaemia 
was defi ned as haemoglobin <13 g/dL in males and <12 
g/dL in females [13]. A total of 30 chronic diseases were 
selected in the population. In order to study the associa-
tion of diseases with disability, we analysed participants’ 
health status using three different methods. First, we 
calculated the number of diseases affecting each person. 
All the chronic diseases detected in the population were 
included in the calculation. The variable was constructed 
in fi ve categories: no disease, one disease, two diseases, 
three diseases, and four or more diseases. Second, we 
used the International Classifi cation of Diseases – Ninth 
Revision (ICD-9) [14] to group our selected diseases 
into main organ systems: cardiovascular system diseases 
(heart diseases and hypertension); cerebrovascular system 
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diseases (stroke and transient ischaemic attack); men-
tal diseases (dementia, depression, and schizophrenia); 
neurosensory diseases (parkinsonism, epilepsy, deafness, 
and visual impairments); endocrinological system dis-
eases (diabetes and thyroid problems); musculoskeletal 
system diseases (hip fracture, arthritis, polymyalgia, 
and osteoporosis); respiratory system diseases (chronic 
obstructive pulmonary diseases); malignancy (blood and 
solid); and blood diseases (anaemia). Furthermore, spe-
cifi c pairs of chronic diseases were identifi ed in order to 
analyse their different strengths of association with dis-
ability. For the purpose of this study, we focused on the 
most common chronic conditions in which the observed 
co-prevalence exceeded the expected one, as previously 
described [15].

Functional status

Disability was determined from functional status as 
measured by the Katz index of activities of daily liv-
ing (ADL) [16], which is a hierarchical scale formed 
by dependency in the following six activities: bathing, 
dressing, going to the toilet, transferring, continence, 
and feeding. Level of dependence was expressed in 
grades: ‘A’ represented the most independent (requir-
ing no personal assistance in all six activities) and ‘G’ 
represented the most dependent grade (requiring assis-
tance in all six activities). In this article, functional 
independence was defi ned as the need for assistance in 
none of the activities (A), and disability was defi ned as 
need of assistance in one to six specifi ed activities (from 
B to G). Data on functional status were collected by 
nurse interviews and observations of the subjects. Data 
on functional status were missing for 15 subjects, and 
data on educational level were missing for seven sub-
jects, leaving 1,077 participants available for the present 
analysis.

Statistical analysis

Prevalence of disability per 100 persons was calcu-
lated by the number of chronic conditions and by 
main organ systems. Prevalence of disability was cal-
culated, stratifi ed by the pairs of diseases, as identifi ed 
above. Logistic regression models were run in order 
to analyse the association of specifi c pairs of diseases 
(independent variable, categorized in four levels: hav-
ing neither of the specifi ed diseases, having the fi rst 
but not the second disease, having the second but not 
the fi rst disease, and having both specifi ed diseases) 
with disability (dependent variable, categorized in two 
levels: requiring no assistance in any of the activities 
and requiring assistance in at least one of the activities) 
after adjustment for age, sex, and education (measured 

as highest level of education attained and categorized as 
8+ versus ≤7 years of schooling). For each specifi c pair 
of diseases, the model computed the relative odds of 
disability amongst participants who had both diseases 
in the pair relative to participants who did not have 
either disease in the pair.

Finally, in order to test if specifi c pairs of diseases had 
a synergistic effect on disability or if the association was 
mainly due to a single disease included in the cluster, 
further logistic regression models were run, each assess-
ing the effect of only one clinical condition.

Results

Prevalence of disability

Of the 1,084 participants at baseline, 194 (17.9%) had 
disability in ADL. Persons with disability were signifi -
cantly more likely to be older, female, widowed, and 
living in institutions (Table 1). 

Multimorbidity and disability

Only 15% of the population at baseline was free from 
chronic diseases. Thirty percent had only one disease, 
and 55% had multimorbidity (at least two diseases). 
Table 2 describes the prevalence of disability by increas-
ing number of diseases. Almost all of the participants 
without any chronic disease were functionally indepen-
dent. Increasing number of diseases was associated with 
increasing prevalence of disability (p for trend <0.001). 
Compared with those with no diseases, prevalence was 
roughly fourfold higher for those with one disease, fi ve-
fold higher for those with two or three diseases, and over 
sixfold higher for those with at least four diseases. Par-
ticipants with four or more chronic diseases (range 4–7, 
mean 4.5±0.7) had a prevalence of disability of 28%, 
a signifi cantly higher prevalence compared with those 
with only one disease (16.8%, p=0.005) or no disease 
(4.3%, p<0.0001).

Table 1 Sociodemographic characteristics of the study population by 
functional status at baseline (activities of daily living): number (n) and 
percent distribution.

Characteristics All
(n=1,084)

No disability
(n=890)

Disability
(n=194)

Age (years, mean ± SD) 84.5±4.5 83.9±4.1 87.2±5.0a

Female (%) 837 (77.2) 676 (76.0) 161 (83.0)b

Educationc (% ≤7years) 550 (51.1) 443 (49.9) 107 (56.3)
Widowed (%) 582 (53.7) 464 (52.1) 118 (60.8)b

Living at home (%) 892 (82.3) 821 (92.2) 71 (36.6)a

ap<0.001; bp<0.05; cData on educational background were missing for 
seven subjects (n=887 no disability; n=190 disability).
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Organ systems and disability

The main organ systems detected in our study are 
described in Table 2. There was wide variation in the 
prevalence level of types of diseases by organ system. 
Cardiovascular diseases were by far the most prevalent, 
affecting over half of the study population (Table 2). 
The next most prevalent disease groups were the mental 
disease and neurosensory disease groups; however, 
these had only half the prevalence of the cardiovascular 

disease group. Despite these great differences in disease 
prevalence, the differences in disability prevalence were 
minor among the majority of organ systems involved, 
with the exceptions of the mental disease and cerebro-
vascular disease (CVD) groups. Prevalence of disability 
ranged from 11.9% in the cardiovascular disease group 
to 19.4% in the neurosensory disease group, yet it was 
42.0% in the CVD group and 50.9% for the mental dis-
ease group (Table 2). 

Specifi c pairs of diseases and disability

Prevalence of disability varied greatly according to spe-
cifi c pairs of diseases; the lowest prevalence was found 
in persons affected by atrial fi brillation (AF) and hyper-
tension, and by heart failure (HF) and coronary heart 
disease (CHD) (6.7%), and the highest was in persons 
affected by dementia and hip fracture (82.4%) (Figure 1). 
In general, the combination of cardiovascular diseases 
with each other, or with metabolic diseases was associ-
ated with the lowest prevalence of disability, whereas the 
various combinations of four specifi c diseases, dementia, 
depression, CVD, or hip fracture were associated with 
the highest prevalence of disability.

Findings from multivariate logistic regression models 
testing the association of specifi c pairs of diseases with 
disability, showed that only fi ve out of 14 disease pairs 
were signifi cantly associated with an increased relative 
odds of disability after adjustment for age, sex, and edu-
cation (Table 3). The majority of these pairs consisted 
of the same combinations of the four specifi c diseases 

Table 2 Disability in activities of daily living according to number (n) 
and prevalence (P) of diseases and organ systems per 100 persons.

All (n=1,084) Disability (n=194)

n P P

Number of chronic diseases
 0 161 14.9 4.3
 1 328 30.3 16.8
 2 262 24.2 20.6
 3 190 17.5 20.0
 4+ 143 13.2 28.0
 p for trend <0.001
Organ systems
 Cardiovascular 556 51.3 11.9
 Malignancy 56 5.2 12.5
 Respiratory 59 5.4 13.6
 Blood 145 13.4 14.5
 Musculoskeletal 75 6.9 17.3
 Endocrine 126 11.6 18.3
 Neurosensory 232 21.4 19.4
 Cerebrovascular 81 7.5 42.0
 Mental 277 25.6 50.9

0 10 20 30 40 50 60 70 80 90

Dementia and hip fracture

Dementia and CVD

Dementia and depression

Depression and CVD

Depression and hip fracture

CVD and hypertension

HF and diabetes

Deafness and visual impairments

HF and hypertension

Diabetes and hypertension

HF and AF

CHD and hypertension

AF and hypertension

HF and CHD

%

Pairs of diseases

Figure 1 Prevalence of disability in activities of daily living per 100 persons according to specifi c pairs of chronic diseases. AF, atrial fi brillation; 
CHD, coronary heart disease; CVD, cerebrovascular disease; HF, heart failure.
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(dementia, depression, CVD, and hip fracture) associ-
ated with the highest prevalence of disability in Table 2, 
as well as the pair of CVD and hypertension. The odds of 
the association varied from 2.3 [95% confi dence interval 
(CI) 1.1–4.9] in persons affected by CVD and hyper-
tension to 56.3 (95% CI 15.3–207.8) in those affected 
by dementia and hip fracture (Table 3). The very high 
point estimates must be interpreted with caution, as it 
can be seen from Table 3 that the number was quite 
small for having both diseases in some of the specifi c 
pairs, explaining the very wide CIs. Also, three specifi c 
pairs of diseases were found to be signifi cantly associated 
with a decreased relative odds of disability: HF and CHD, 
AF and hypertension, and CHD and hypertension. 

Finally, for those specifi c pairs of diseases that had a 
signifi cantly increased relative odds of disability, hav-
ing both diseases appears to be associated with a much 
higher risk of disability, compared with having just one 
of either of the diseases in the pair (Table 4). 

Discussion

In the last few decades, the assessment of disability has 
become an essential part of the comprehensive evalu-
ation of the health status of the elderly. It has been 
estimated that 18% of community-dwelling elderly 
persons report at least one limitation in ADL which is 
very similar to the prevalence of disability found in the 
Kungsholmen population; moreover, the frequency of 
disability rises with age [17]. This study shows that the 
prevalence of disability in elderly people greatly varies 

according to the number and type of chronic diseases 
present. Disability increases as the number of chronic 
diseases increases. The prevalence of disability is lowest 
in cardiovascular and highest in mental and cerebro-
vascular system diseases. There are great variations in 
the association between specifi c pairs of conditions and 
disability, both in terms of prevalence and odds ratios.

In agreement with previous research [5, 18, 19], the 
results of this study underline the close association 
between the number of diseases and disability in old age. 
In fact, persons without any chronic disease were mostly 
independent of ADL, whereas the prevalence of disabil-
ity increased up to 28% in those affected by four or more 
chronic conditions. These fi ndings have been confi rmed 
in prospective studies which showed that multimorbidity 
has a negative effect on disability onset and worsening 
during time [8, 20]. However, there were a number of 
people affected by chronic diseases without disability. 
Despite the fact that the role of chronic conditions in 
causing functional impairment is intuitively important, 
we still lack consensus on the pathway from disease 
to disability [21]. One hypothesis is that diseases lead 
to impairments (anatomic and structural), which lead to 
functional limitations, which in turn lead to disability 
in ADL [22]. In fact, multimorbidity has been found to 
be associated with physical impairments and functional 
limitation [23]. This could explain why some people are 
affected by multimorbidity, but not yet by disability in 
ADL. 

When we analysed disability prevalence according to 
specifi c pairs of chronic conditions, we found very large 
variations. CVD combinations were associated with the 

Table 3 Odds ratio (OR) and 95% confi dence intervals (CI) testing 
the association of each different pairs of diseases with disability. Models 
adjusted for age, sex, and education. 

n OR 95% CI

HF and CHD 60 0.32 0.11–0.91
AF and hypertension 60 0.24 0.08–0.68
CHD and hypertension 83 0.29 0.12–0.69
HF and AF 42 0.44 0.15–1.29
Diabetes and hypertension 28 0.83 0.28–2.49
HF and hypertension 165 0.70 0.4–1.1
Deafness and visual impairment 24 0.55 0.19–1.58
HF and diabetes 20 2.65 0.97–7.24
CVD and hypertension 38 2.31 1.10–4.87
Depression and hip fracture 6 2.76 0.51–14.9
Depression and CVD 12 14.59 4.00–53.17
Dementia and depression 30 29.39 12.4–69.59
Dementia and CVD 30 39.83 16.53–95.96
Dementia and hip fracture 17 56.36 15.28–207.81

AF, atrial fi brillation; CHD, coronary heart disease; CVD, cerebrovascular 
disease; HF, heart failure; n, number of participants affected with both 
diseases. Total sample size for each model was 1,077. The reference group 
for each model is persons not having either of the two diseases present 
in the specifi c pair.

Table 4 Odds ratio (OR) and 95% confi dence intervals (CI) of the 
pairs of diseases associated most highly with increased relative odds of 
disability. Models adjusted for age, sex, education. 

n OR 95% CI

Dementia and hip fracture 17 56.3 15.3–207.8
Only dementia, no hip fracture 204 17.0 11.2–25.9
No dementia, only hip fracture 23 12.0 4.9–29.3
No dementia, no hip fracture 840 Ref Ref

Dementia and CVD 30 39.8 16.5–96.0
Only dementia, no CVD 191 15.3 10.0–23.4
No dementia, only CVD 51 4.4 2.1–9.0
No dementia, no CVD 812 Ref Ref

Dementia and depression 31 29.4 12.4–69.6
Only dementia, no depression 190 15.6 10.2–23.9
No dementia, only depression 56 3.1 1.5–6.4
No dementia, no depression 807 Ref Ref

Depression and CVD 12 14.6 4.0–53.2
Only depression, no CVD 75 2.4 1.4–4.3
No depression, only CVD 69 3.9 2.2–6.7
No depression, no CVD 928 Ref Ref

CVD, cerebrovascular disease; n, number of participants affected; Ref, 
reference group.
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lowest prevalence of disability, whereas certain mental 
(dementia, depression), cerebro vascular and muscu-
loskeletal (hip fracture) diseases were associated with the 
highest prevalence of disability. In particular, a high 
prevalence of disability was found in persons affected 
by pairs of diseases in which one of the two diseases 
was dementia. As the occurrence of dementia increases 
with increasing age [24], this fi nding could explain the 
elevated prevalence of disability always found in studies 
on the oldest-old [25]. 

An interesting fi nding of this study is the effect of 
the aggregation amongst some specifi c disease pairs. 
The majority of these pairs consisted of the same com-
binations of four specifi c diseases (dementia, depression, 
CVD, and hip fracture), as well as the pair of CVD and 
hypertension. Moreover, having both diseases amongst 
these specifi c pairs appears to be associated with a much 
higher risk of disability, compared with having just one 
of either of the diseases in the pair. Unfortunately, due 
to the limitations of sample size, when examining each 
specifi c pair of diseases stratifi ed into these four catego-
ries, the CIs are wide, and thus it cannot be concluded 
from these data that having both diseases is signifi cantly 
more risky than having either one alone. However, the 
data are suggestive of this conclusion, particularly for 
the non-dementia disease in the pair. Indeed, for the 
dementia and CVD pair, it can be concluded that in our 
data, having dementia in addition to CVD signifi cantly 
increases the relative odds of disability over having CVD 
but not having dementia. The same conclusion can also 
be reached for depression in the dementia and depres-
sion pair. For the specifi c disease pair of depression and 
CVD, the data are particularly suggestive of a synergistic 
effect in the risk of disability when having both diseases, 
compared with the risk of having either one individu-
ally. Despite the fact that we cannot draw any conclusion 
on a causal relationship due to the cross-sectional design 
of the study, depression is often observed after stroke and 
it can infl uence functional recovery [26].

Prevention of specifi c chronic diseases and disability 
is the major goal of public health professionals. In terms 
of disability prevention, primary prevention should 
avert the onset of diseases and secondary prevention 
should focus on the early detection and treatment of 
those conditions. Finally, tertiary prevention aims to 
reduce the impact of disability, such as institution-
alization. Nowadays, all three steps are fundamental, 
but often cannot be applied. If we think, for exam-
ple, of dementia, the most disabling chronic disease 
amongst the elderly [27], we can easily realize that 
both primary and secondary prevention are still lim-
ited. On the other hand, other chronic diseases that 
often occur with dementia and which increase their 
effect on disability, such as hip fracture and depression, 

could be more easily prevented or treated earlier, even 
at a very advanced age. Finally, three specifi c pairs of 
CVDs were found to be signifi cantly associated with 
a decreased relative odds of disability, which can be 
interpreted as a survival bias in this very old popu-
lation. By this, we mean the most severe CVDs may 
have already caused mortality prior to the start of this 
study (a competing risk to study participation), and the 
CVDs present in our study population thus may rep-
resent the ‘healthy survivors’ or less severe disease (less 
likely to be associated with any disability). Indeed, we 
could hypothesize a survival selection bias for many 
highly lethal diseases, such as HF. Unfortunately, the 
competing risk of early mortality against participation 
in late-life studies is a universal challenge faced in the 
fi eld of geriatric epidemiology.

The identifi cation of diseases or groups of diseases with 
the highest association with disability is important for pre-
vention and for planning resource distribution. In both 
developed and developing countries, the funding of care 
for disabled elderly people is challenging to healthcare 
systems. It has been shown that medical spending in the 
old population is more related to disability than longevity 
[7, 28]. This is particularly true for people with disabilities 
in ADL as they need constant care and support by formal 
and informal caregivers, and are at high risk of being insti-
tutionalized [25]. New strategies for preventing disability 
may target not only single conditions but also specifi c dis-
ease combinations, such as aiming to prevent progression 
in severity of one or both of the diseases in order to reduce 
their effect on disability. Another strategy could be the pre-
vention of a second disease when a specifi c one is already 
present, or ideally of disease clustering – but further pro-
spective studies are needed in order to determine the causal 
pathways in disease aggregation.

It is diffi cult to compare the fi ndings of this study 
with others as very few data are available in the lit-
erature on disease clustering and disability in the very 
old. Most previous studies have analysed the associa-
tion of single chronic diseases with disability, yet have 
found similar results, such as a study on an oldest-old 
Chinese population showing that fractures and stroke 
were associated with poorer functional abilities, whereas 
hypertension had a better functional status [29]. Ver-
brugge and colleagues showed that when arthritis occurs 
in the presence of other specifi c comorbid conditions, 
there is an increased effect on disability [30]. Fried and 
colleagues demonstrated that a substantial amount of 
the contribution of disease to disability may derive from 
the interaction of specifi c comorbid diseases [7], call-
ing for further studies in order to confi rm their results. 
Recently, data from the Cardiovascular Health Study 
on four chronic diseases, showed a synergistic effect on 
functional disability between HF and depression, HF 
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depression and hip fracture, which may also arise sub-
sequent to disablement. Unfortunately, despite the fact 
that the Kungsholmen Project has a longitudinal design, 
the small number of participants that have specifi c pairs 
of diseases does not allow suffi cient statistical power to 
evaluate the longitudinal association between pairs of 
diseases and disability development during time. On 
the other hand, the present study has the advantage of 
being population-based, including subjects both liv-
ing at home and in institutions. In addition, different 
sources of medical diagnoses were employed, including 
direct clinical examination, which reduced potential 
ascertainment biases that often affect the accuracy of 
the assessment of health status in the elderly, as well as 
the direct examination concerning ADLs.

Conclusion

The results of this population-based study suggest that 
specifi c pairs of diseases are much more highly associated 
with disability than others, particularly those coupled 
together with dementia. This knowledge may improve 
prevention of disablement and planning of resource 
distribution.
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and chronic obstructive pulmonary disease, depression 
and arthritis, and depression and cognitive impairment 
[31]. In our study, the effect of cognitive impairment 
was studied using the diagnosis of dementia, which has 
a well-known and strong association with disability 
[27]. Indeed, the association of dementia together with 
either hip fracture, CVD, or depression did appear to be 
higher than dementia alone, but we have to be cautious 
in our conclusions due to the wide overlapping CIs aris-
ing from the small number of people affected by these 
disease pairs.

Limitations

First, the generalizability of the study is limited to 
other settings similar to that of this cohort: relatively 
highly educated elderly living in urban areas in West-
ern countries. Second, we have analysed only pairs of 
diseases, but higher-order combinations of diseases 
probably interact in more complicated ways and have 
different effects on disability. In terms of the appli-
cation of these fi ndings, it needs to be noted that the 
disability measure used here refl ects severe disability 
and a high need for support with the most basic ADL. 
Indeed, multimorbidity is likely to also be associated 
with earlier steps in the process of disablement (for 
instance, the model put forward by Nagi) in terms of 
physical impairments and functional limitations before 
progressing to the disablement measured in this study 
[32]. Finally, a cross-sectional analysis means that no 
temporal relationship can be assumed from these fi nd-
ings: specifi cally, it cannot be determined that disease 
onset occurred prior to the onset of disability. How-
ever, it is plausible that most of the diseases did have 
an earlier onset to the disability, with the exception of 
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