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Web exclusive 

Multimorbidity, disability, and mortality in 
community-dwelling older adults 
Philip D. St John MD MPH FRCPC Suzanne L. Tyas PhD Verena Menec PhD Robert Tate PhD 

Abstract 
Objective To describe factors associated with multimorbidity in community-dwelling older adults; to determine 
if a simple measure of multimorbidity predicts death over 5 years; and to assess if any effect of multimorbidity on 
mortality is independent of key covariates. 

Design Analysis of an existing population-based cohort study. Cox proportional hazards models were constructed 
for time to death. 

Setting Manitoba. 

Participants A total of 1751 community-dwelling adults aged 65 and older 
were interviewed and followed for 5 years. 

Main outcome measures Age, sex, marital status, living arrangement, 
education, Mini-Mental State Examination (MMSE) score, Center for 
Epidemiologic Studies Depression Scale score, and the Older Americans 
Resource and Services Multidimensional Functional Assessment 
Questionnaire score were recorded for each participant. Multimorbidity was 
defned based on a simple list of common health complaints and diseases, 
followed by an open-ended question about other problems. These were 
summed and the scores ranged from 0 to 16. Death and time of death were 
determined during the 5-year interval by death certifcate, administrative 
data, or proxy report. 

Results Multimorbidity was more prevalent in women; older age groups; 
and those with lower educational levels, lower MMSE scores, more 
depressive symptoms, and higher levels of disability. Multimorbidity was a 
predictor of mortality in unadjusted models (hazard ratio 1.09, 95% CI 1.05 
to 1.12). In models adjusting for age, sex, education, marital status, living 
arrangement, and Center for Epidemiologic Studies Depression Scale and 
MMSE scores, this effect persisted (hazard ratio 1.04, 95% CI 1.00 to 1.08). 
However, after adjusting for functional status, the effect of multimorbidity 
was no longer signifcant. 

Conclusion Multimorbidity predicts 5-year mortality but the effect might be 
mediated by disability. 

EDITOR’S KEY POINTS 
• This study found that number of 
self-reported health problems was 
associated with education, sex, de-
pressive symptoms, and functional 
status. Multimorbidity was also 
more common in those with fewer 
years of formal education, and 
the effect of multimorbidity was 
attenuated by disability. 

• For clinicians, it is important to 
consider the cumulative effect of 
numerous diseases, rather than 
simply considering diseases in 
isolation. Incorporating consid-
eration of functional status into 
clinical decisions, such as whether 
to perform screening and deciding 
on the aggressiveness of care, is 
also critical. 

• Many commonly used case-mix 
adjustments do not consider dis-
ability. This could reduce the accu-
racy of adjustments for outcomes 
such as quality of care, hospital 
mortality, and length of stay. 
Further inquiry is needed into how 
risk factors and diseases interact 
over time, and how multimorbidity 
and disability can be prevented. 

This article has been peer reviewed. 
Can Fam Physician 2014;60:e272-80 
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Exclusivement sur le web 

Multi-morbidité, incapacité et mortalité chez les 
personnes âgées vivant dans la communauté 
Philip D. St John MD MPH FRCPC Suzanne L. Tyas PhD Verena Menec PhD Robert Tate PhD 

Résumé 
Objectif Déterminer les facteurs associés à la multi-morbidité chez les personnes âgées qui vivent dans la 
communauté; vérifer si une simple mesure de multi-morbidité permet de prédire la mort sur une période de 5 ans; et 
établir si un éventuel effet de la multi-morbidité sur la mortalité est indépendant de certaines covariables clés. 

POINTS DE REPÈRE DU RÉDACTEUR 
• Cette étude a montré que le 
nombre de problèmes de santé dont 
se plaint un patient est en rapport 
avec la scolarité, son sexe, son état 
fonctionnel et la présence de symp-
tômes dépressifs. On a aussi observé 
que la multi-morbidité est plus 
fréquente chez ceux qui ont moins 
d’années de scolarité et que l’effet 
de la multi-morbidité est atténué 
par la présence d’incapacités. 

• Le clinicien doit tenir compte de 
l’effet cumulatif résultant de mala-
dies multiples plutôt que de con-
sidérer chacune individuellement. 
Il est également crucial de prendre 
en compte l’état fonctionnel lors 
de décisions cliniques, comme 
lorsqu’on envisage un dépistage ou 
qu’on décide du degré d’agressivité 
d’un traitement. 

• Plusieurs ajustements couram-
ment utilisés pour des cas sem-
blables ne tiennent pas compte des 
incapacités. Cela risque de réduire la 
précision des ajustements pour des 
issues comme la qualité des soins, la 
mortalité hospitalière et la durée du 
séjour. D’autres études seront néces-
saires pour comprendre comment 
les facteurs de risque et les maladies 
interagissent dans le temps, et 
comment la multi-morbidité et 
l’incapacité peuvent être prévenues. 

Type d’étude Analyse d’une étude déjà en cours sur une cohorte de nature 
démographique. Des modèles à risque proportionnel de Cox ont été utilisés 
pour établir le moment de la mort. 

Contexte Le Manitoba. 

Participants Un total de 1751 personnes de 65 ans et plus vivant dans la 
communauté ont été interviewés et suivis pendant 5 ans. 

Principaux paramètres à l’étude Pour chaque participant, on a noté l’âge, 
le sexe, l’état matrimonial, les conditions de logement, la scolarité et les 
scores au mini-examen de l’état mental (MMSE), à l’échelle de dépression 
du centre d’études épidémiologiques et à l’Older Americans Resource and 
Services Multidimensional Functional Assessment Questionnaire. Pour 
défnir la multi-morbidité, on s’est basé sur une simple liste des plaintes et 
des maladies des participants, suivie d’une question ouverte portant sur 
d’autres problèmes. On a fait la somme des problèmes de santé et attribué 
des scores allant de 0 à 16. La mort et le moment du décès au cours des 5 
années du suivi ont été établis grâce aux certifcats de décès, aux données 
administratives et à des rapports substitutifs. 

Résultats La prévalence de la multi-morbidité était plus élevée chez 
les femmes, dans les groupes plus âgés et chez les moins scolarisés, et 
chez ceux qui avaient un score plus bas au MMSE, plus de symptômes de 
dépression et un plus haut niveau d’incapacité. La multi-morbidité était 
un prédicteur de mortalité dans les modèles non ajustés (rapport de risque 
1,09, IC à 95 % 1,05 à 1,12). On observait le même effet dans les modèles 
ajustés pour l’âge, le sexe, la scolarité, l’état matrimonial, et les conditions 
de vie, et pour les scores à l’échelle de dépression du centre d’études 
épidémiologiques et au MMSE (rapport de risque 1,04, IC à 95  % 1,00 à 
1,08). Toutefois, après ajustement pour l’état fonctionnel, l’effet de la multi- 
morbidité n’était plus signifcatif. 

Conclusion La multi-morbidité est prédictive de la mortalité de 5 ans, mais 
cet effet pourrait être dû à une incapacité. 

Cet article a fait l’objet d’une révision par des pairs. 
Can Fam Physician 2014;60:e272-80 
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Diseases often cluster together,1-3 sharing common 
risk factors and antecedents. Multimorbidity is 
important, as the cumulative effect of diseases 

might be more substantial than the effect of any one dis-
ease. Moreover, it might complicate the care of people 
with multiple comorbid conditions. Treating all existing 
diseases could result in a substantial burden of care and 
polypharmacy if guidelines for treating each individual 
condition are followed.4 As well, the prognosis of people 
with multimorbidities might be poor, particularly in older 
populations. 

Multiple comorbidities are common,5-9 especially in 
older adults.10,11 Reported prevalence varies, depending 
on sampling frame and measurement of multimorbidi-
ties,12 and there are relatively few prospective studies of 
multimorbidities.13,14 The importance of multimorbidity 
has long been recognized in clinical care15,16 and in epi-
demiologic studies.17 However, it has received much less 
attention than the epidemiology of single-system dis-
eases.18 More recently, primary care research has begun 
to investigate the epidemiology of multimorbidities. 
Defnitions and approaches to measurement have been 
reviewed19-21 and scales have been developed and pro-
posed for different settings.22-25 The effect of multimorbidi-
ties on health outcomes has received increased attention: 
multimorbidities predict mortality and hospitalization,26,27 

lower health-related quality of life,28 psychological dis-
tress,29 depression,30 and disability.31-33 Increasingly, stud-
ies are conducted in populations with specifc diseases; 
for example, multimorbidity predicts death in persons 
with colon cancer33 and cardiovascular disease.34 

Disability is also common late in life, and is often 
related to multimorbidity.35,36 Commonly, it is the accu-
mulation of clinical and subclinical diseases that pre-
dicts disability. These diseases might interact and have 
aggregate effects on functional capacity that are greater 
than the effect of any single disease. Disability predicts 
death and institutionalization in community-dwelling 
and hospitalized older adults. Yet, disability might not be 
considered in risk scores, clinical predication rules, or 
case-mix adjustment.37 

In spite of this long-standing recognition, treatment 
guidelines rarely consider the co-occurrence of disease 
or disability. Moreover, the current organ-based special-
ization model in medicine might not be the ideal model 
of care for those with multimorbidities and disabil-
ity. Some have therefore advocated for changes to the 
health care system that would recognize the complexity 
of the medical status of those with multimorbidities, and 
the long duration of the disease trajectories.7,38-43 There 
is also a need for research into the care of those with 
multimorbidities, as there is currently little study into 
interventions in these groups.44,45 

Measurement of multimorbidity is diffcult. Diseases 
might need to be weighted differently, as their effect 

on mortality, disability, and health service use might 
differ. Disease severity is also important, with vary-
ing degrees of organ failure having markedly different 
expected outcomes. The effect of some diseases might 
be modifed by the existence of other diseases and def-
cits. Interactions between diseases and other factors 
such as sex, age, and disability might also be important. 
Finally, the measurement of multimorbidity might be 
limited by the availability of data. Administrative, bio-
medical, and self-reported data all differ in availability 
and accuracy. In spite of problems in defning and mea-
suring multimorbidity, the notion of a complex, cumula-
tive effect of health problems remains critical to the care 
of many people. Most previous studies have been con-
ducted in clinical samples or using administrative data. 
There are few population-based studies and few studies 
using self-reported data or simple, easily gathered data. 
There are also few population-based studies that con-
sider potential confounding or mediating factors such as 
depression, cognition, and disability. We have therefore 
conducted an analysis of an existing population-based 
cohort study of aging and cognition, with the following 
objectives26: 
• to describe factors associated with multimorbidity in 

community-dwelling older adults; 
• to determine if a simple measure of multimorbid-

ity consisting of self-reported health problems pre-
dicts death over 5 years in community-dwelling older 
adults; and 

• to determine if any effect of multimorbidity on mortal-
ity is independent of the effects of age, sex, education, 
cognition, functional status, and depressive symptoms. 

METHODS 

Population 
Analyses were based on secondary data from the 
Manitoba Study of Health and Aging (MSHA), a 
population-based study conducted in Manitoba in con-
junction with the Canadian Study of Health and Aging.26 

The original aims of this study were to determine preva-
lence and risk factors for dementia in Manitoba, and 
to examine social correlates of aging. In 1991 to 1992, 
community-dwelling adults aged 65 and older were 
interviewed (this is referred to as time 1). The original 
sampling frame was from a list provided by Manitoba 
Health, and was comprehensive and representative. 
Older age groups (older than 85 years) were oversam-
pled, and sampling was stratifed by region, with rep-
resentation from the entire province. Persons residing 
in institutions (nursing homes and chronic care hospi-
tals) did not undergo the screening interview and were 
not included in these analyses. Initially, 2890 persons 
were selected, of whom 1751 were enrolled. These 

https://Aging.26
https://adjustment.37
https://disease.34
https://eases.18
https://studies.17
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participants underwent follow-up clinical assessments 
5 years later (referred to as time 2). Informed consent 
was obtained from participants or appropriate prox-
ies. The research was approved by the Research Ethics 
Committee of the Faculty of Medicine at the University 
of Manitoba, and adhered to the Declaration of Helsinki. 

Measures 
Participants were interviewed in their homes by trained 
interviewers. Data gathered included age, sex, education 
level (years of education), living arrangement (alone vs 
not alone), and marital status, which we categorized as 
never married, married, separated or divorced, and wid-
owed. The Center for Epidemiologic Studies Depression 
Scale (CES-D)27 was used to measure depressive symp-
toms. This is a valid, reliable measure of depressive 
symptoms. We considered the score as a continuous 
factor scored from 0 to 60, as in this data set the CES-D 
predicts death across the entire scale.46 The Modifed 
Mini-Mental State Examination (3MS)47 was used as the 
screening test for cognitive impairment and demen-
tia. The 3MS is an expanded version of the Mini-Mental 
State Examination (MMSE); Teng et al added items on 
date and place of birth, animal naming, similarities, 
and a second recall task and expanded scoring of each 
question from 30 points to 100 points.47 The 3MS was 
conducted in a manner that allowed calculation of the 
MMSE. We considered the MMSE score as a continuous 
factor. In looking for interactions, we dichotomized the 
MMSE score at a cut point of 24, with scores of 24 or 
greater indicating cognitive impairment. 

Functional status was measured by asking partici-
pants about their ability to perform basic activities of 
daily living (ADL) (eating, dressing, grooming, getting 
in and out of bed, taking a bath or shower, and using 
the bathroom), instrumental activities of daily living 
(using the telephone, getting to places farther than walk-
ing distance, going shopping, preparing meals, doing 
housework, taking medications, managing money), and 
ambulation. A disability was defned as a need for help 
with, or an inability to perform, 1 or more of the activi-
ties listed. For ambulation, walking independently with 
a cane was not defned as a disability. These questions 
were derived from the ADL and instrumental activities of 
daily living portions of the Older Americans Resources 
and Services Multidimensional Functional Assessment 
Questionnaire (OMFAQ).48 Methodology from the 
OMFAQ was used to categorize subjects by function into 
the following groups: excellent or good function; mild 
disability; or moderate or severe disability. Briefy, those 
with excellent or good functional status could perform 
all ADLs without assistance, and those with mild dis-
ability could perform all but 1 to 3 ADLs and could get 
through a single day without help. Those with moder-
ate or severe disability needed regular assistance with 

at least 4 ADLs, and might have had diffculty getting 
through a single day unassisted. 

In addition to these standardized measures, the par-
ticipants in the MSHA were asked a series of questions 
about their health. The questions were introduced with 
the following sentence: “Now, I will read a list of health 
problems that people often have. For each problem that 
I read, please tell me if you have had it in the past year. 
You can just answer yes or no.” The health conditions 
elicited were high blood pressure, heart and circula-
tion problems, stroke or the effects of stroke, arthritis or 
rheumatism, Parkinson disease, other neurologic prob-
lems, eye trouble, ear trouble, dental problems, chest 
problems, stomach trouble, kidney trouble, loss of blad-
der control, loss of bowels control, diabetes, foot or 
ankle trouble, skin problems, fractures, cancer, and 
memory loss. Subsequently, participants were asked to 
report other health problems, and these were simply 
listed. We totaled the number of positive answers a par-
ticipant gave, which produced a score from 0 to 36. The 
maximum score for any individual was 16. For baseline 
comparisons and for graphic representations, we cat-
egorized the score into 0 health problems, 1 to 3 health 
problems, 4 to 6 health problems, and 7 or more health 
problems. For all other analyses, we considered the 
score as a continuous risk. After these questions, par-
ticipants were asked the following: “How much do your 
health troubles stand in the way of doing the things you 
want to do?” Possible answers were “not at all,” “a little,” 
and “a great deal.” 

Time to death was considered the primary outcome 
for these analyses. Death during the 5-year interval was 
obtained by proxy reports, death certifcates, and admin-
istrative records. Mortality was coded as either alive or 
deceased by the time 2 assessment. The time to death 
was determined using the methodology of the Canadian 
Study of Health and Aging.14 Briefly, if death certifi-
cate data were available (n=247), the date of death on 
the death certifcate was used. If death certifcate data 
were not available, then the date of death was obtained 
from proxy report (n=73) or administrative data (n=97). 
The participants were considered to have been cen-
sored after the end of the time 2 follow-up phase, which 
included deaths up to the clinical assessments at time 2. 

Statistical analyses 
All participants for whom complete data were available 
were included in this analysis (N = 1751). Associations 
between time 1 variables, and between time 1 vari-
ables and the risk of mortality were assessed using χ2 

tests and ANOVA (analysis of variance). To determine 
differences in the risk of death over time, Kaplan-
Meier plots were constructed and log-rank tests were 
used. To adjust for the effect of confounding vari-
ables, Cox proportional hazards regression models 

https://Aging.14
https://OMFAQ).48
https://points.47
https://scale.46
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were constructed with the outcome being the time to 
death. Covariates included age, sex, education, CES-D 
score, MMSE score, OMFAQ score, marital status, liv-
ing arrangement, and multimorbidity scale score. 
Continuous variables were entered directly into the 
model, while categorical variables were entered as 
dummy variables. For graphs and bivariate analyses, 
we categorized the multimorbidity score; for regres-
sion models, we considered it as a continuous mea-
sure. Interactions were sought by stratifying analyses, 
and by the inclusion of interaction terms into Cox pro-
portional hazards models. Analyses were conducted 
in SPSS, version 9, and Stata, version 10. 

RESULTS 

There were 1751 participants who participated in the 
screening questionnaire. Of these, 417 had died by the 
end of the 5-year observation period. There were very 
few people with no chronic health problems (n = 88), 
and the mean (SD) number of health complaints was 
4.4 (2.9). Those with more multimorbidities were older, 
more likely to be women, and had less education. They 
also had lower MMSE scores, and substantially more 
depressive symptoms. There was also a very strong 
relationship between multimorbidity and disability, as 
well as a strong association between multimorbidity and 
health troubles interfering with daily life (Table 1). 

There was also a strong association between mul-
timorbidity and mortality (Figure 1). In Cox regression 
models, this effect remained strong and statistically sig-
nifcant (P < .05) after adjusting for age, sex, and edu-
cation, with more multimorbidities predicting a higher 
mortality risk (Table 2, model 2). Increasing age and 
male sex were associated with a higher mortality rate. 
Inclusion of depressive symptoms and cognitive func-
tion reduced the strength of the association between 
multimorbidity and mortality (Table 2, model 3). After 
further inclusion of functional status in the model, mul-
timorbidity was no longer signifcantly associated with 
mortality (Table 2, model 4). Only age, sex, and cogni-
tion remained signifcant predictors (P < .05) after con-
sidering the effect of disability, which was strongly 
associated with mortality. 

The association between disability and mortality 
noted in the regression models (Table 2) was also 
reflected in survival curves (Figure 2). Answers to 
the simple question, “How much do your health trou-
bles stand in the way of doing the things you want to 
do?” also strongly predicted mortality (Figure 3): 16% 
of those who answered “not at all” were deceased 
by time 2 versus 26% of those who answered “a lit-
tle” and 35% of those who responded “a great deal” 
(P < .01, χ2 test). 

DISCUSSION 

We have observed that number of self-reported health 
problems is associated with education, sex, depressive 
symptoms, and functional status. Further, this simple 
sum is a predictor of 5-year mortality in older adults 
in models adjusting for some important confound-
ing factors. When the effect of functional status was 
considered, the effect of multimorbidity was no longer 
signifcant. Functional status itself predicted mortality 
in unadjusted and adjusted models, and even a very 
basic self-report of how much health problems inter-
fered with daily lives was very strongly associated 
with 5-year survival. 

We also found that multimorbidity was more com-
mon in those with fewer years of formal education. 
This fnding is similar to that of Barnett et al,11 who 
found a strong and graded association between social 
position and multimorbidity in patients in Scotland. 
Schafer et al also found that social position, but not 
living arrangement or marital status, predicted multi-
morbidity.49 They found that the association was par-
ticularly strong in men, and for cardiovascular clusters 
of disease. Further research is needed into the effects 
of social position, and lifetime risk factors for multi-
morbidity. Even late in life, improvements in the eco-
nomic and social conditions of older populations might 
be important in preventing multimorbidity; conversely, 
deteriorations in economic and social conditions might 
have adverse effects. 

We found that the effect of multimorbidity was 
attenuated by disability. Indeed, the effects of most 
of the predictor factors were attenuated. This find-
ing is very similar to that of Marengoni et al,50 who 
found that chronic disability rather than multimor-
bidity emerged as the strongest negative prognos-
tic factor for functionali ty and survival  in a 
population-based cohort of older adults in Sweden. 
Landi et al also found that disability was a stronger 
predictor of death than multimorbidity in a cohort of 
older adults.51 A possible explanation for the attenu-
ation of the effect of multimorbidity is that disability 
and multimorbidity were highly collinear. This might 
make the interpretation of the regression models 
difficult. Alternatively, disability might mediate the 
effect of multimorbidity on mortality. Multimorbidity 
might cause disability, which in turn predicts death. 
Indeed, our findings support the notion of dis-
ease progression—as we go through life, we might 
acquire risk factors, then disease states, which 
accumulate to produce a period of disability before 
death. Further long-term longitudinal studies are 
needed to explore the complex relationship between 
diseases and disability. 

https://adults.51
https://morbidity.49
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Table 1. Baseline characteristics of sample by number of comorbid conditions: N = 1751. 
No. oF CoMoRBiD CoNDiTioNS 

CHARACTeRiSTiCS NoNe (N =88) 1-3 (N=662) 4-6 (N=605) ≥7 (N=396) ToTAL SAMPLe 

Mean age, y  74.2*  76.2*  78.2*  79.4*  77.5 

Female sex, %  47.7*  52.1*  60.5*  68.7*  58.5 

Mean education, y    10.7*  9.7*  9.4*  8.3*  9.3 

Living alone, %  34.1*  38.4*  42.6*  50.8*  42.4 

Marital status, % 

• Never married  8.0  6.6 5.5 4.5  5.8 

• Married 59.8* 55.7* 50.2* 41.7* 50.9 

• Separated or divorced  4.6  3.3 2.5 2.8  3.0 

• Widowed 27.6* 34.3* 41.8* 51.0* 40.3 

Functional status, % 

• Excellent or good 93.2* 81.4* 57.4* 30.1* 62.1 

• Mild impairment  5.7* 13.1* 29.9* 44.7* 25.7 

• Moderate or severe 1.1*  5.4* 12.7* 25.3* 12.2 
impairment

Troubles interfere with 
activities, % 

• A great deal  0.0*  7.0* 34.7* 52.0* 22.9 

• A little 14.8* 28.5* 42.4* 35.0* 34.1 

• Not at all 85.2* 64.5* 32.9* 12.9* 43.0 

Mean MMSE score (range 0-30)  27.5*  26.7*  26.2* 25.2*  26.2 

Mean CES-D score (range 0-60)  3.2*  4.7*  8.3*  12.4*  7.6 

CES-D—Centre for Epidemiologic Studies Depression Scale, MMSE—Mini-Mental State Examination. 
*Denotes signifcant difference between groups (P < .05). 

Figure 1. Multimorbidity predicts death over a 5-year 
interval: Those with fewer self-reported health 
problems had lower mortality rates than those with 
more health problems. 
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Limitations 
There are substantial limitations to our study. First, the 
measure of multimorbidity was rudimentary: we used a 
simple tally of diseases and complaints. The items were 
all self-reported and missed potentially important health 
conditions. There was also no measurement of disease 
severity or stage, which might predict mortality. We did 
not weight any particular problem more highly than 
others (eg, a stroke counted as much as foot troubles) 
although some diseases and health complaints might be 
more important than others.52 We also did not attempt 
to determine if there were interactions between our 
items. Interactions between diseases might be greater 
than the effect of each disease state. Finally, we did not 
include any biomedical measures. Subclinical or unre-
ported clinical conditions might be important predic-
tors of health outcomes.53 However, including disease 
severity measures, biomedical data, accurate weighting 
of conditions and disease interactions would all likely 
strengthen the associations that we observed. The ques-
tions we used were simple and nonintrusive, and yet the 
answers still strongly predicted death. Further, the effect 
was cumulative, with even minor problems contributing 
to the overall effect. 

https://outcomes.53
https://others.52
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Conclusion 
When dealing with unwell people and populations, the 
sum of problems might be more important than any 
individual problem. Considering complexity, multiple 
problems, and the cumulative effect of defcits over time 
is critical to the care of older adults. For clinicians, it is 
important to consider the cumulative effect of numerous 

diseases, rather than simply considering diseases in 
isolation. Incorporating functional status into clinical 
decisions, such as screening and deciding on the aggres-
siveness of care, is also critical. For administrators our 
fndings are important, as health policy decisions need 
to consider the importance of aggregate disease burden 
and disability in management decisions.54 Of note, many 

Table 2. The association between multimorbidity and 5-year mortality in community-dwelling older adults: N = 1751. 

FACToR 

HAzARD RATio FoR 5-yeAR MoRTALiTy (95% Ci) 

MoDeL 1 MoDeL 2 MoDeL 3 MoDeL 4 

Comorbid conditions 1.09 (1.05 to 1.12) 1.06 (1.02 to 1.09)  1.04 (1.00 to 1.08)  1.00 (0.96 to 1.04) 

Older age 1.08 (1.06 to 1.09)   1.07 (1.05 to 1.08)   1.06 (1.04 to 1.07) 

Female sex 0.53 (0.43 to 0.64)  0.54 (0.44 to 0.66)   0.50 (0.41 to 0.62) 

More education 0.98 (0.96 to 1.01)   1.01 (0.98 to 1.04)  1.00 (0.97 to 1.04) 

Marital status 

• Never married Reference Reference 

• Married 0.82 (0.55 to 1.23) 0.89 (0.59 to 1.33) 

• Separated or 1.30 (0.69 to 2.46) 1.36 (0.72 to 2.58) 
divorced 

• Widowed 0.96 (0.64 to 1.45) 1.03 (0.68 to 1.55) 

MMSE score  0.94 (0.92 to 0.97)  0.96 (0.93 to 0.99) 

CES-D score   1.01 (1.00 to 1.02)   1.01 (0.99 to 1.02) 

Functional status 

• Excellent or good Reference 

• Mild impairment 1.80 (1.39 to 2.33) 

• Moderate or severe 
impairment 

2.54 (1.91 to 3.41) 

CES-D—Centre for Epidemiologic Studies Depression Scale; MMSE—Mini-Mental State Examination. 

Figure 2. Disability and 5-year mortality in 
community-dwelling older adults 
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Figure 3. Health troubles interfering with daily 
activities and 5-year mortality in community-
dwelling older adults 
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commonly used case-mix adjustments do not consider 
disability. This could reduce the accuracy of adjustments 
for outcomes such as quality of care, hospital mortality, 
and length of stay. For researchers, it is clear that fur-
ther inquiry is needed into how risk factors and diseases 
interact over time, and how to prevent multimorbidity 
and disability. 
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