
C O M M E N TA RY

Tipping Points – Do the Prognostic Values of 
Multimorbidity and Functional Status Vary with Age?

Lau Caspar Thygesen 1 

Kaare Christensen 2 

Mikael Rørth3,4 

Henrik Toft Sørensen 3,4 

Jan P Vandenbroucke3,5,6 

Rudi GJ Westendorp 7

1National Institute of Public Health, 
University of Southern Denmark, 
Copenhagen, Denmark; 2The Danish 
Aging Research Center, Department of 
Public Health, University of Southern 
Denmark, Odense, Denmark; 
3Department of Clinical Epidemiology, 
Aarhus University, Aarhus, Denmark; 
4Aarhus University Hospital, Aarhus, 
Denmark; 5Department of Medical 
Statistics and Non-communicable Disease 
Epidemiology, London School of Hygiene 
and Tropical Medicine, London, UK; 
6Department of Clinical Epidemiology, 
Leiden University Medical Center, Leiden, 
the Netherlands; 7Department of Public 
Health and Center for Healthy Aging, 
University of Copenhagen, Copenhagen, 
Denmark 

Abstract: Aging of the population is a pressing challenge for healthcare systems and 
knowledge of a patient’s prognosis is a key to shaping effective interventions. As the 
prevalence of multimorbidity strongly increases with age, the prognostic value of multiple 
disease diagnoses for survival among older people may diminish, whereas other measures of 
health, such as functional status (defined as a measure of an individual’s ability to perform 
activities of daily living), may become more important. In this commentary, the impact of 
age on the prognostic value of multimorbidity is discussed, with the aim of identifying 
relevant alternative risk indicators for different age groups. The key question is to determine 
at what age the prognostic value of multimorbidity for meaningful clinical outcomes 
decreases and is overridden by the prognostic value of functional status. This tipping point 
likely depends on age, calendar time, and birth cohort. The public health and clinical 
implications of these tipping points are important. Among younger and middle-aged persons, 
interventions could be directed towards prevention and treatment of specific diseases, while 
among older persons efforts should focus more on improving functional levels that include 
physical, emotional, and social dimensions. 
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Introduction
During the past 200 years, life expectancy has doubled in many European countries, 
and internationally also in countries like Japan and Australia.1 This leads to an 
increasing demand for available resources since old people have higher healthcare 
utilizations, and is therefore a pressing challenge for current healthcare systems.2–4 

Diagnostics, treatment, and management of age-related non-communicable diseases 
have greatly improved and the threshold for initiating preventive treatment of 
asymptomatic conditions has been lowered.5 Consequently, the number of patients 
with several coexisting diseases or conditions, that is multimorbidity,6,7 has 
increased dramatically. Patients with these conditions are living longer and seeing 
multiple healthcare providers. Multimorbidity is associated with poorer quality of 
life,8,9 more complex and fragmented clinical care,10,11 and adverse health out
comes. The result is increased numbers of healthcare contacts, longer hospital 
admissions, and increased mortality risk.12,13 Clinical care will remain suboptimal 
if the focus remains on handling individual, specific diseases.

The prevalence of multimorbidity increases markedly with age. The estimated 
prevalence ranges from 55% to 98% among persons older than 60, and is highly 
dependent on the definition of “old” as well as on the applied diagnostic criteria and 
data collection methods.8,14,15 Studies have shown that the prevalence of 
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multimorbidity has increased over calendar time, probably 
because of increased diagnostic scrutiny and improved 
survival after initial diagnosis.16,17 Due to this high pre
valence, and the ambiguity of disease diagnoses, multi
morbidity may no longer have the same prognostic value 
in relation to detrimental outcomes.

In the current situation, in which multimorbidity is 
increasing with age and over calendar time, the importance 
of multimorbidity, in the sense of ‘having many diag
noses’, as a risk indicator of clinical meaningful outcomes 
(for example mortality) may diminish. Instead, other mea
sures of health, in particular functional status, may be 
more important among older persons and may also change 
over calendar time.18–21 Functional status includes mobi
lity, strength, and cognition that may influence a person’s 
ability to perform everyday tasks.

In this paper, we discuss the impact of age on the 
prognostic value of multimorbidity, with the aim of iden
tifying relevant alternative risk indicators for different age 
groups.

Influence of Age on the Prognostic 
Value of Multimorbidity and 
Functional Status
Like multimorbidity, the prevalence of poor functional 
status including disability or frailty is also strongly age- 
dependent.19–21 This raises the question whether multi
morbidity and poor functional status are different clinical 
phenomena. One could separate these clinical descriptions 
from the aging processes or, alternatively, argue that they 
are tightly related with aging.21 A key process in aging is 
the accumulation of permanent damage to somatic cells, 
leading to cellular dysfunction, and culminating in organ 
dysfunction and increased risk of dying.22 The classic 
epidemiologic description of multiple age-related patholo
gies, leading to impairments, functional limitations, and 
disability, is consistent with this biological definition of 
aging.23 Moreover, the clinical definition of frailty as 
a decrease in an individual’s homeostatic reserve leading 
to enhanced vulnerability to stressors, adverse disease out
comes, and death, is also related to the biological and 
epidemiological definition of aging.18 As the aging pro
cesses affect multiple interrelated physiological systems, 
the gradual accumulation of defects can explain the age- 
related increase in multimorbidity and poor functional 
status.24 Therefore, the aging processes should not be 
separated from disease processes causing multimorbidity 

and poor functional status later in life, regardless of 
whether aging is considered normal or pathological.25

Earlier systematic reviews have addressed the overlap 
between multimorbidity and frailty, reporting a prevalence 
of multimorbidity in frail individuals of approximately 
72%, while the prevalence of frailty among persons with 
multimorbidity was 16%, confirming that frailty and multi
morbidity are associated conditions.26 Since only a small 
proportion of persons with multimorbidity appears to be 
severely frail, this poses the question whether multimor
bidity and frailty should be considered as one entity or as 
two independent risk indicators. Among community- 
dwelling older persons of different ages, both risk indica
tors improved mortality prediction based solely on age and 
sex – the added value, however, being limited.20 Also, the 
added value of multimorbidity, poor functional level, and 
subjective health to mortality predictions decreases with 
increasing age.21

Although chronological age strongly predicts mortality, it 
is a “brute number” that does not use the added insight of 
differences in functional status in people of the same age. Just 
as fitness is a marker of good outcomes among young people, 
mortality risk at age 53 has been found to be lower among 
those with better grip strength, higher chair rise speed, and 
longer standing balance time.19 In the same vein, physical 
and cognitive performance, disabilities, and self-rated health 
have prognostic value for mortality among adults aged 92 
years.27 These age-based comparisons show that besides the 
increase in mortality risk during the life course, functional 
status also predicts outcome.

Among people aged 40–65 years, multimorbidity is 
often simply defined based on a list and numbers of dis
ease diagnoses,28–30 alternatively on drug redemptions.29 

The rationale is that persons do usually not suffer from 
major diseases at an earlier age; so, the occurrence of more 
than one disease has high prognostic value in relation to 
adverse health outcomes. Hence, summary morbidity 
scores have high prognostic value and discriminatory 
power within this age group.30

Among the oldest old, eg above the age of 85 years, 
multimorbidity defined as the number of chronic diseases 
has lower prognostic value of adverse outcomes, because it 
strongly depends on the thoroughness of the diagnostic work- 
up.31 Depending on the diligence by which diseases are 
searched for, pre- or subclinical manifestations of different 
conditions may be present and will determine whether 
a disease will be diagnosed and/or treated. In a Danish fol
low-up study of the 1905 and 1915 birth cohorts, the use of 
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prescription drugs during the final years of life clearly dif
fered, illustrating that clinical workup and therapy among 
older people has a secular trend.32 For all these reasons, the 
number of chronic diseases diagnosed loses its discrimina
tory power whereas measures of physical, cognitive, or social 
functional levels become more relevant. Functional status is 
a strong predictor for survival and may be used to make 
clinical decisions.33 In some medical specialties, functional 
status (eg Karnofsky’s performance status) is used routinely 
to evaluate whether patients are candidates for rigorous clin
ical interventions.34

Another dimension is the relation of multimorbidity 
and functional level with self-reported health measures. 
One study found that among people aged 60–77 years, 
multimorbidity was to a larger degree than functional 
status associated with low self-rated health, while among 
older people (78+ years) functional status (measured as 
walking pace) had higher discriminatory power than 
multimorbidity,35 in line with the reasoning on the predic
tion of outcomes.

The Influence of Calendar Time on 
the Prognostic Value of 
Multimorbidity and Functional Status
The accuracy of multimorbidity and functional status as 
prognostic factors may vary over calendar time and 
between birth cohorts. The reason is that diagnostic cri
teria, treatments offered and the prevalence of multimor
bidity and poor functional status have changed over time. 
Research clearly indicates that the incidence of chronic 
disease and the decline in functional status do change with 
later birth cohorts compared to earlier birth cohorts.36–38 

An example is the incidence of myocardial infarction 
among younger people, which has steadily decreased 
over calendar time.36 The incidence of dementia in old 
age has declined over the last decades in both the USA and 
continental Europe.37,38 These downward trends cannot be 
explained by diagnostic bias or efforts over time or 
improved medical interventions. Most likely, better physi
cal health and cognition among succeeding birth cohorts 
explain the temporal decline in dementia risk.39,40 In line 
with this interpretation, among the oldest old, the percen
tage of persons who can rise up from a chair markedly 
increased in recent birth cohorts.41

Regarding poor self-rated health, one study observed 
that over calendar time multimorbidity became less impor
tant while functional status became more important among 

people aged 60–85 years.42 This indicates that also for 
self-reported measures of health, the importance of multi
morbidity and functional level changes.

Reflections
The important issue is to recognize the tipping point, that 
is when does the prognostic value of the number of mor
bidities decrease and does the prognostic value of func
tional status become more important? Multimorbidity and 
functional status are clearly related in that most persons 
with functional limitations have multimorbidity, while 
only a minority of persons with multimorbidity has func
tional limitations.26 This imperfect correlation is age- 
dependent. We suggest a gradual transition in which the 
focus on multimorbidity shifts to that of functional status.

An additional consideration is to focus on time points 
when persons change their expectations, eg widowhood or 
a move to a nursing home. Such changes may influence 
the prognostic value of multimorbidity or functional 
limitations.

A different approach would be to move the focus from 
chronological age to predicted remaining time until death. 
Research has shown that healthcare utilization, diagnoses, 
and drug use increase markedly in the last years of life.32 

In this context, healthcare utilization is largely determined 
by the number of chronic diseases and less by attained 
age.43 It has been argued that in many clinical settings, it is 
possible to estimate time to death prospectively.

These reflections are important for the choice of mea
sures used to assess prognosis. For younger persons, ques
tionnaires or data from administrative registers, clinical 
databases, eHealth, or medical records could be used to 
identify multimorbidity, which has a high prognostic value 
in this age group. For the oldest old, multimorbidity, in 
terms of drug use and number of diagnoses, is not as 
predictive of health outcomes and such measures should 
be substituted by direct measurements of functional 
level.33 Functional level is often easy to measure by direct 
observation or by objective measures of physical 
capability.19 In summary, the point of this commentary is 
that this shift from number of diagnoses and multimorbid
ity to functional status is dependent on age, but also 
changes over calendar time and between birth cohorts.

Ethics Statement
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