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Abstract

Background The World Health Organization proposed the concept of intrinsic capacity (IC; the composite of all the
physical and mental capacities of the individual) as central for healthy ageing. However, little research has investigated
the interaction and joint associations of IC with cardiovascular disease (CVD) incidence and CVD mortality in middle-
and older-aged adults.
Methods Using data from 443 130 UK Biobank participants, we analysed seven biomarkers capturing the level of func-
tioning of five domains of IC to calculate a total IC score (ranging from 0 [better IC] to +4 points [poor IC]). Associa-
tions between IC score and incidence of six long-term CVD conditions (hypertension, stroke/transient ischaemic attack
stroke, peripheral vascular disease, atrial fibrillation/flutter, coronary artery disease and heart failure), and grouped
mortality from these conditions were estimated using Cox proportional models, with a 1-year landmark analysis to tri-
angulate the findings.
Results Over 10.6 years of follow-up, CVD morbidity grouped (n = 384 380 participants for the final analytic sample)
was associated with IC scores (0 to +4): mean hazard ratio (HR) [95% confidence interval, CI] 1.11 [1.08–1.14], 1.20
[1.16–1.24], 1.29 [1.23–1.36] and 1.56 [1.45–1.59] in men (C-index = 0.68), and 1.17 [1.13–1.20], 1.30 [1.26–1.36],
1.52 [1.45–1.59] and 1.78 [1.67–1.89] in women (C-index = 0.70). In regard to mortality, our results indicated that
the higher IC score (+4 points) was associated with a significant increase in subsequent CVD mortality (mean HR
[95% CI]: 2.10 [1.81–2.43] in men [C-index = 0.75] and 2.29 [1.85–2.84] in women [C-index = 0.78]). Results of
all sensitivity analyses by full sample, sex and age categories were largely consistent independent of major
confounding factors (P < 0.001).
Conclusions IC deficit score is a powerful predictor of functional trajectories and vulnerabilities of the individual in re-
lation to CVD incidence and premature death. Monitoring an individual’s IC score may provide an early-warning system
to initiate preventive efforts.
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Introduction

With the continuing demographic shift to older populations
in almost every country in the world, the global prevalence
of multimorbidity and other geriatric syndromes, such as
frailty, sarcopenia, depression and dementia, continues to
rise, contributing to an ever-increasing demand for health-
care and long-term care.1 This has led to a growing interest
in the biological underpinnings of ageing and how they oper-
ate to increase the risk of the chronic diseases prevalent in
older age and is guided by an understanding that these risks
are driven by ‘biological’ age, which can vary greatly between
individuals of the same chronological age.

To inform countries on how they might respond to these
shifts, in 2015, the World Health Organization (WHO) con-
ceptualized a framework for healthy ageing based on func-
tioning rather than the absence of disease2 and defined
healthy ageing as ‘the process of building and maintaining
the functional ability that enables well-being’. According to
this model, functional ability is determined by an individual’s
intrinsic capacity (IC), the environment they inhabit and the
interaction between the individual and their environment.
However, beyond proposing that IC comprises all an individ-
ual’s physical and mental capacities, the WHO did not
elaborate on how this concept might be constructed or
measured.3

Several studies have previously explored associations be-
tween ageing and mortality or morbidity by examining the
contributions of individual characteristics that might be possi-
ble components of IC, such as grip strength or usual walking
pace.4 For example, in a previous analysis of UK Biobank data,
Ganna and Ingelsson5 found that self-reported walking pace
is strongly associated with both all-cause and cardiovascular
disease (CVD)-related mortality. This is consistent with re-
search suggesting that usual walking pace is associated with
health outcomes that extend beyond CVD and all-cause
mortality to all-respiratory diseases and chronic obstructive
pulmonary disease (COPD) in both men and women.5

Similarly, an inverse association between grip strength or
walking pace and all-cause mortality has been reported for
men in a relatively representative sample of the general UK
population,6,7 and this agrees with observations from the
PURE study,8 which reported that lower grip strength was, af-
ter adjustment, associated with a hazard ratio (HR) of 1.16 for
all-cause mortality.

Nevertheless, the combined effect of these and other
characteristics is poorly understood. To address this gap,
two recent analyses of large and representative English and
Chinese cohorts have proposed a structure for the IC con-
struct. Both analyses suggested that the construct comprised
five core domains—locomotor, cognitive, sensory and psy-
chological capacities, and an underlying domain the authors
termed vitality that might encompass the biological drivers
of the ageing process.9–11 These longitudinal analyses con-

firmed that IC is a powerful predictor of subsequent loss of
both activities of daily living and instrumental activities of
daily living, even after accounting for multimorbidities, age
and sex.

Evidence of the association between IC and morbi-
mortality is also accumulating. In this context, little research
has investigated the interaction and joint associations of IC
with a range of specific CVD outcomes. Moreover, most of
the studies assessed mortality within a relative short period
of time (1–5 years),4,12–14 and only two previous studies con-
ducted in older US15 and Singaporean16 populations
demonstrated that lower IC values were associated with an
increased risk of mortality over a 10- to 20-year follow-up.
It also remains unclear whether the findings are consistent
among subpopulations of different age, sex, and racial or
ethnic groups. Moreover, in clinical settings, there is pragmat-
ically a limited number of domains or domain-specific
measures that can be used, depending on relevance and
practicality.12

The WHO has suggested that the concept of IC should
be considered a dynamic construct, evolving over time.3

In the present prospective cohort study, we examined
the association between IC and mortality, as well as a
range of CVD morbidities in nearly half a million adults in
the UK Biobank. This knowledge is required if global IC is
to act as an early-warning system informing preventive
efforts.

Material and methods

Study design and participants

UK Biobank (www.ukbiobank.co.uk) is a prospective
population-based cohort study that included 502 640 partici-
pants (age range 37–76 years) from 22 assessment centres
across England, Scotland and Wales, between 2007 and
2010.17 Participants completed a touchscreen questionnaire
and a nurse-led interview and had physical measurements
taken, as described in detail elsewhere.18 UK Biobank re-
ceived ethical approval from the North West Multi-centre Re-
search Ethics Committee (REC reference: 11/NW/03820). All
participants gave written informed consent for data collec-
tion, analysis and linkage, which was conducted in accor-
dance with the principles of the Declaration of Helsinki.
Among the 502 640 participants, we excluded 179 partici-
pants for loss to follow-up or withdrawal of consent from
the study. Other exclusion criteria included missing data for
exhaustion (n = 14 142), sleep duration (n = 888), hearing dif-
ficulty (n = 20 480), slow walking pace (n = 3797), weight loss
(n = 8905) and low grip strength (n = 10 732), resulting in
443 130 participants included in the baseline analyses
(Table S1).
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Procedures

An IC score was derived drawing on measures reflecting four
of the five domains proposed by Beard et al.2,10,11 (one for
psychological capacity, two for sensory capacity, two for vital-
ity and one for locomotor capacity). We were unable to
include a measure for cognitive capacity as this was not in-
cluded in the Biobank assessment. Table 1 shows our defini-
tions alongside those of WHO and published studies.3,13,19,20

When possible, these adaptations were based on previously
validated versions of the IC construct (Table S2).8,9,21,22

The Psychological domain included self-reported exhaus-
tion (‘Over the past two weeks, how often have you felt tired
or had little energy?’, response: more than half of the days,
nearly every day = 1 point; not at all/several days = 0 points)
and sleep duration (‘About how many hours sleep do you get
in every 24 hours?, please include naps’, response: short
<7 h/day or long >9 h/day = 1; healthy 7–9 h/day = 0
points). The Sensory domain included vision problems, which
were measured with self-reported data considering eye/eye-
lid problems (non-cancer illness) and hearing impairment,
which was measured with self-reported (‘Do you have any
difficulty with your hearing?’, response: yes, I am completely
deaf = 1 point; no = 0 points). The Vitality domain was oper-
ationalized via grip strength, which was assessed by mean
handgrip strength (kilograms) through the use of a hydraulic
hand dynamometer (Jamar J00105), and the mean of the
right and left values was expressed in absolute units
(kilograms), and by sex and body mass index (BMI) adjusted
cut-offs (below cut-off = 1 point; above cut-off = 0 points) ac-
cording to Fried et al.,23 and weight loss self-reported (‘Com-
pared with one year ago, has your weight changed?’, re-
sponse: yes—lost weight = 1 point; no—weight the same,
yes—gain weight = 0 points). Locomotor capacity was
assessed from walking pace, which was self-reported with
participants being asked, ‘How would you describe your usual
walking pace?’ (response: slow pace = 1 point; steady average
pace or brisk pace = 0 points). In this study, we used a similar
approach to the screening tool of the Integrated Care for
Older People (ICOPE) Handbook3 derived by summing a di-
chotomized score for each of the four domains with 1 point
being assigned if any measure in that domain experienced
impairments and 0 points if the measure(s) has retained ca-
pacity. Similar approaches to IC scoring have been reported
elsewhere.16 A total IC deficit score was obtained by adding
up the scores from the four domains, giving a possible maxi-
mum score of 7 indicating the worst IC, whereas 0 indicating
the best. Responses ‘more than four factors’ were combined
because of the low number of responses in category ‘six fac-
tors’ (n = 471) or ‘seven factors’ (n = 29), creating an IC deficit
score; categorical variable was then derived to form 0, 1, 2, 3
or +4 factors. The objective of this categorization is to show
the number of affected domains as an ordinal variable, rather
than summarized in a continuous variable, with the idea that Ta
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this would facilitate identification and/or monitoring of peo-
ple in the community with priority conditions associated with
declines in IC. This terminology will ensure that higher scores
reflect a greater number of deficits.

We calculated age from dates of birth and baseline assess-
ment, categorized as 37–56, 56–65 and +65 years. Partici-
pants defined their own ethnicity within the following major
categories: ‘White’, ‘mixed’, ‘Asian or Asian British’, ‘Black or
Black British’, ‘Chinese’ or ‘other ethnic group’.
Socio-economic status was classified by the Townsend score
in quartiles, based on preceding national census data
(a higher quartile implied higher levels of socio-economic
deprivation).24 Alcohol intake was based on self-reported fre-
quency of alcohol intake (never; special occasions only; one
to three times per month; one to four times per week; or
daily or almost daily). Dietary information was collected
through the Oxford WebQ, a web-based 24-h recall question-
naire that considers mean consumption of fresh fruit (piece
per day), dried fruit (piece per day) and cooked/salad vegeta-
bles (heaped tablespoons per day).25 Smoking status was
self-reported as never, former or current smoker. Physical ac-
tivity was self-reported and classified as none or light activity
with a frequency of once per week or less = no, and medium
or heavy activity, or light activity more than once per
week = yes.26 Self-reported TV viewing time was assessed
by asking the following question: ‘In a typical day, how many
hours do you spend watching TV? (Put 0 if you do not spend
any time doing it.)’ Self-reported daily recreational computer
(CPU) use time was assessed for all participants by asking the
following question: ‘In a typical day, how many hours do you
spend using the computer? (Do not include using a computer
at work; put 0 if you do not spend any time doing it.)’ Dura-
tions of 1 ≤ 3 h (reference category, no) and >3 h = yes were
categorized based on previously published categories.27

Height (metres) and weight (kilograms) were measured by
staff at the UK Biobank study centre. BMI was then calculated
from the weight and height measurements (kilograms per
square metre).

Outcomes

The outcomes in the present study were CVD mortality and
incident disease grouped as CVD, with the exposure variable
being the number of factors reported, which was summed
and IC scoring categorized as 0, 1, 2, 3 or +4 factors. We used
the link to national mortality records by the UK Biobank data
analysts. Participant follow-up started at inclusion in the UK
Biobank study (2006–2010 or 31 December 2010) and
follow-up ended on 31 December 2021, or we censored
death for all participants. The mean follow-up period was
10.6 years. We extracted the underlying (primary) cause of
death, coded according to the International Classification of
Diseases, Tenth Revision (ICD-10) from death certification

data, classified as CVD (I05–I89). The incident disease out-
comes were the CVD conditions reported by participants or-
ganized into a list of six long-term conditions (LTCs) based
on previously published literature on multimorbidity estab-
lished for a large epidemiological study in Scotland through
systematic review, the Quality and Outcomes Framework,
NHS Scotland and an expert panel, and subsequently
amended for UK Biobank.28,29 Additionally, a wide range of
grouped cardiovascular disease (CVD) conditions were
included, namely hypertension, stroke/transient ischemic
attack (TIA), peripheral vascular disease, atrial fibrillation/
flutter, coronary artery disease (CAD), and heart failure. The
six LTCs were classified based on LTC count into no LTCs, 1
LTC, 2 LTCs, 3 LTCs, 4 LTCs, 5 LTCs and 6 LTCs, as previously
described by Hanlon et al.29 Responses ‘5–6 LTCs’ were com-
bined because of low number of responses in category ‘six
LTCs’ (n = 224), creating a six-category LTCs as 1 LTC, 2 LTCs,
3 LTCs, 4 LTCs and 5–6 LTCs. Among the 443 130 participants
included at baseline, the present study excluded participants
with baseline CVD (n = 58 750), leaving 384 380 participants
for the final analytic sample. Baseline CVD was ascertained
by self-reported information and hospital records.

Analysis plan

All analyses were planned before inspection of the data in
keeping with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines.30 De-
scriptive or unadjusted analyses included all available data
for eligible participants. Categorical variables are presented
as participant numbers and percentages. Means and stan-
dard deviations (SDs) are presented for continuous variables.
First, baseline prevalence was summarized for IC factors and
scoring (0 to +4 factors). Second, baseline characteristics (sex,
age, ethnicity, socio-economic status [Townsend score by
quartiles], frequency of alcohol intake, dietary intake [con-
sumption of fresh/dried fruit and cooked/salad vegetables],
smoking status, physical activity, time spent using TV/CPU
and BMI [BMI category], by IC scoring) were compared using
the χ2 test for categorical variables and analysis of variance
test for continuous variables.

To evaluate the validity of the criteria used in our IC defini-
tion, we examined the impact of each individual variable and
IC scoring (0 to +4 points) on morbidity (LTCs and CVD
grouped) as well as mortality outcomes specifically related
to CVD. This assessment was conducted using separate haz-
ard ratios (HRs) and 95% confidence intervals (CIs), with the
data stratified by sex (men and women). Models were devel-
oped a priori to investigate the impact of incremental adjust-
ments, in line with a previous study.31 Model 1 was unad-
justed. Model 2 was adjusted for age, deprivation index,
ethnicity, alcohol intake and dietary intake. Model 3 (fully ad-
justed) was adjusted as in Model 2 but also included lifestyle
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factors (smoking status, physical activity levels, time spent
using TV/CPU and BMI category). The incremental effect of
an increasing number of IC factors was assessed by compar-
ing the HRs for the presence of one, two, three or four indi-
cators, using the zero factors as the reference group. To min-
imize the potential contribution of reverse causality to the
findings, we did a landmark analysis excluding events occur-
ring within 1 year after recruitment.

We also conducted sensitivity analyses. First, we repeated
all analyses stratified by sex and age categories, to assess
whether the morbidity and mortality risk differed across
age ranges and between sexes (Models 1–3). Similarly, we
used the individual IC factors rather than the score in the
models to evaluate whether the estimated contribution was
similar to that of the main analysis. Second, a weighted IC
deficit score was constructed to account for variable magni-
tudes of the associations between different outcomes (strat-
ified by age categories and sex). Third, to assess the predic-
tive ability of individual IC factors and IC scoring, we
calculated Harrell’s C-index (which estimates the probability
of concordance between observed and predicted responses),
and we then compared the ability to predict different
outcomes.32 We checked the proportional hazard assumption
by tests based on Schoenfeld’s residuals. Lastly, subgroup
analyses (also stratified by age categories and sex) were done
along with tests for statistical interactions between predic-
tors (adverse health outcomes) and IC scoring, to assess if
the association of the IC approach was modified by other co-
variates. The proportional hazard assumption was checked
using Schoenfeld’s residuals. R 3.6.1 was used to perform
the analyses (using the packages ‘forestplot’ and ‘survival’).
A P value < 0.05 was considered statistically significant.

Results

Among the 443 130 baseline participants (mean age
58.4 years), 149 322 (33.7%) had zero factors (within the six
individual ICs studied), 160 719 (36.2%) had one factor,
86 458 (19.5%) had two factors, 32 983 (7.4%) had three fac-
tors and 13 648 (3%) had four or more IC factors. The major-
ity of participants were female (54%) and under 65 years of
age (76.9%). Eye problems, hearing difficulty, weight loss
and low grip strength were found to increase with age, while
exhaustion, sleep duration and slow walking pace were
more prevalent among younger participants. Descriptive
cross-sectional sample analysis of baseline variables for IC
factors and IC scoring is shown in Table 1.

The unadjusted baseline characteristics for participants ac-
cording to IC scoring are shown in Table S1. Participants
meeting the criteria for +4 IC factors were more likely to be
male and to a have low income (Quartile 4) compared with
those in the zero factors group. Also, participants with

unhealthy levels of salad vegetable intake or fresh/dried fruit
intake were current smokers, those with high physical activity
levels had higher levels of time spent TV/CPU and those
higher BMI were more prevalent among adults meeting the
criteria for +4 IC factors.

The baseline prevalence of IC deficit scores across the dif-
ferent levels of the six LTCs in the cross-sectional analysis is
shown in Figure S1. The prevalence of each factor increased
with increasing numbers of LTCs. LTCs were also more com-
mon in the IC scores: 11.8% of participants meeting the
criteria for +4 IC factor deficit score were multimorbid com-
pared with 37% of participants meeting the criteria for zero
IC factor deficit score. For those with 5–6 LTCs, zero IC factors
were prevalent in 17.4% of participants, whereas the propor-
tion with at least zero LTCs was 2.1% in the zero factors group
versus 15.6% in the 3 LTCs group. Results of all sensitivity
analyses were largely consistent by full sample, sex and age
categories (Figure S2).

Each CVD included in this study, such as hypertension,
stroke/TIA stroke, peripheral vascular disease, atrial fibrilla-
tion/flutter, CAD and heart failure, was associated with a sig-
nificantly greater hazard of three or four IC factors compared
with no or one IC factor in both men and women (Tables S3
and S4). Overall, the incidence CVD disease (grouped as 6
LTCs) analyses taking detailed account of the aforementioned
confounders (Model 3) showed an estimated HR (mean [95%
CI]) for each one point higher in the IC deficit score of 1.11
[1.08–1.14], 1.20 [1.16–1.24], 1.29 [1.23–1.36] and 1.56
[1.45–1.59], respectively, in men (C-index = 0.68), and 1.17
[1.13–1.20], 1.30 [1.26–1.36], 1.52 [1.45–1.59] and 1.78
[1.67–1.89] in women (C-index = 0.70) (Figure 1D). Results
of all sensitivity analyses were largely consistent by full sam-
ple, sex and age categories (Figure 1A–C and Table S5) among
(n = 384 380) participants for the final analytic subsample, in-
dependent of major confounding factors (P < 0.001).

During a median follow-up period of 10.6 years, per partic-
ipant, there were 27 251 deaths censored (31 December
2022). Of these, 5265 deaths (19.3%) were primarily attrib-
uted to CVD. Analyses of the CVD mortality associated with
IC scoring, adjusted for age, deprivation index, ethnicity, alco-
hol use, dietary intake, smoking status, physical activity
levels, time spent using TV/CPU and BMI status, are shown
in Figure 2A–D. Results indicated that the higher IC deficit
score (+4 points) was associated with a significant increase
in CVD mortality (mean HR [95% CI]: 2.10 [1.81–2.43] and
2.29 [1.85–2.84] in men [C-index = 0.75] and women [C-in-
dex = 0.78], respectively; Figure 2D) after adjustment for
age, deprivation index, ethnicity and several other health,
lifestyle and dietary factors. Much stronger effects were
estimated for CVD mortality, which were 2.85 [1.87–4.33]
and 2.30 [1.22–4.35] in men (37–56 years) [C-index = 0.65]
and women (37–56 years) [C-index = 0.65], respectively
(Figure 2A). The associations were similar in all analyses
stratified by sex and age categories, without adjustment
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Figure 1 Association between incident cardiovascular disease (CVD) and intrinsic capacity (IC) deficit scores by sex, age categories (37–55, 55–65 and
+65 years) and full sample. Data are presented as hazard ratios (HRs) and corresponding 95% confidence intervals (CIs). (A) 37–55 years, (B) 55–
65 years, (C) +65 years and (D) full sample. All analyses were adjusted for age, deprivation index, ethnicity, alcohol use, dietary intake, smoking status,
physical activity, time spent using TV/CPU and body mass index category. The incremental effect of an increasing number of IC factors was assessed by
comparing the HRs for the presence of 1, 2, 3 or +4 factors, using the zero factors group as the reference group. The global incidence CVD was derived
from cause-specific disease as hypertension, stroke/transient ischaemic attack stroke, peripheral vascular disease, atrial fibrillation/flutter, coronary
artery disease and heart failure.
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Figure 2 Hazard ratios (HRs) for cardiovascular disease (CVD) mortality and intrinsic capacity (IC) deficit scores by sex, age categories (37–55, 55–65
and +65 years) and full sample. Data are presented as HRs and corresponding 95% confidence intervals (CIs). (A) 37–55 years, (B) 55–65 years, (C)
+65 years and (D) full sample. All analyses were adjusted for age, deprivation index, ethnicity, alcohol use, dietary intake, smoking status, physical ac-
tivity, time spent using TV/CPU and body mass index category. The incremental effect of an increasing number of IC factors was assessed by comparing
the HRs for the presence of 1, 2, 3 or +4 factors, using the zero factors group as the reference group. The global incidence CVD was derived from
cause-specific disease as hypertension, stroke/transient ischaemic attack stroke, peripheral vascular disease, atrial fibrillation/flutter, coronary artery
disease and heart failure.

With mortality and incidence of cardiovascular disease 7

Journal of Cachexia, Sarcopenia and Muscle 2023
DOI: 10.1002/jcsm.13283

 1353921906009, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcsm

.13283 by U
niversidad Publica D

e N
avarra, W

iley O
nline L

ibrary on [30/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



in Model 1, and after further adjustment, the magnitude of
associations was slightly attenuated in Models 2 and 3
(Table S6). The C-indices for the most adjusted models contain-
ing IC scoring demonstrated moderate-to-strong discrimination
(Model 3, ranging from 0.66 to 0.78), with good calibration
(Table S6).

Discussion

In this prospective cohort analysis in middle- and older-aged
adults, we observed that worse IC was strongly associated
with increased risk of subsequent incidence and mortality
from CVD. The observed associations were consistent be-
tween sexes and remained robust after adjustment for age,
deprivation index, ethnicity and several other health, lifestyle
and dietary factors.

The finding of a direct association between poorer IC and
adverse health outcomes is consistent with previous
studies.4,12–14,33 The IC deficit score showed a graded rela-
tionship with CVD mortality risk and survival outcomes,
which suggests that accumulation of impairments of different
domains in IC is linked with increasingly higher risk of mortal-
ity. Our findings are in line with those reported in a study by
Prince et al.34 who found that having experienced one or
more declines in IC domain at baseline was associated with
a 66% increased risk of mortality after 3–5 years of follow-
up in a population cohort. IC declines have also been associ-
ated with mortality by Stolz et al.15 who showed that a
1-point lower IC value was associated with a 5% increase in
mortality among community-dwelling older people without
activities of daily living disability at baseline. Similarly, a lon-
gitudinal cohort study of older people by Yu et al.16 showed
that compared with those in the lowest (best) quartile of
IC, those in the highest (worst) quartile had a 1.48-fold
(95% CI [1.21–1.82]) higher risk of mortality, after adjustment
for sociodemographic variables.

Our analysis included much younger age groups than most
previous research.1,11,35 Not only were the associations we
observed in younger adults consistent with our findings in
older age groups but also the discrimination ability of IC scor-
ing to predict CVD mortality and multimorbidity was highest
in the youngest category of participants. While these findings
need to be treated with caution, they suggest that assess-
ment of IC may have value at earlier phases of the life course
than previously proposed. Additionally, when comparing the
C-indices, the predictive ability of IC scoring differed negligi-
bly in the different adjusted models. This would suggest that
when an IC approach is implemented in clinical practice, any
of the terms to express IC scoring would be valid; however,
the use of summed and IC scoring categorized as zero, one,
two, three or at least four factors may be the simplest way
forward.

The largest previous study involving younger adults
included 7106 participants aged 50 years or older from the
cross-sectional Mexican Health and Aging Study in
Mexico.36 Analysing the number of affected domains, the ma-
jority of the population aged 50 years or older had at least
one domain affected (88%), reaching over 90% in the oldest
group. If confirmed by other research, this might help earlier
identification of individuals at risk of poor health trajectories
and create innovative opportunities for clinical and public
health intervention. The association with adverse health
outcomes was also stronger for those with impairments in
multiple IC factors compared with those with a higher
number of diseases or cause-specific disease groups. This sug-
gests that a function-centred approach (driven by positive
health attributes) such as IC might better predict LTCs across
the life-course than disease-based approaches such as
multimortality.

Strengths and limitations of this study

The present study has important strengths, including the
large sample size (and number of deaths), which allowed
stratification by sex and age categories with sufficient
statistical power. The extensively phenotyped population also
allowed a comprehensive investigation into possible
confounding influences on the association between the IC
approach and adverse CVD outcomes. In addition, we con-
structed an overall IC deficit score to comprehensively evalu-
ate the complex relations of IC factors and adverse health
outcomes. We also conducted a series of sensitivity analyses
to test the robustness of the findings and evaluated individual
and IC factors.

Nevertheless, we also acknowledge several limitations.
First, information on IC factors was mainly self-reported and
was only measured once, making measurement errors
inevitable. Also, this is a secondary analysis from a study
not designed to assess IC, selecting those questions that
more closely reflect the nature of IC and its domains. Many
commonly used measures of IC and the entire subdomain
of cognitive capacity were not included in the dataset and
could not be considered in our analysis. Moreover, key mea-
sures such as gait speed relied on self-report. Future studies
with repeated objectively assessed measurements are
needed. Second, an IC deficit score derived from a sum of
the number of healthy IC factors assumes that all IC factors
had equal effects on health outcomes, which might not be
true. However, there is no consensus yet on how to measure
IC. A number of varying mathematical algorithms have been
suggested, such as an integrated approach using bi-factor
modelling to estimate factor scores10,11,16 and a summation
of the individual domain scores that were based on the distri-
bution of the study sample (e.g., Z-scores) or pre-determined
threshold values that reflect the transition from one state to
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another.4,13–15 In this study, we used the summation
approach to operationalize IC. Our approach is nonetheless
relatively easy to adopt and may readily be administered in
community settings, and comparable approach of the IC def-
icit score has been reported elsewhere.16 However, the com-
parison of these approaches has been limited, particularly
when it comes to utilizing IC for predicting morbidity or mor-
tality for CVD. The disparity of different methods used for
computation of a composite IC deficit score also reduces
the ability to make direct comparisons between studies,
and we highlight the need for more epidemiological research
to validate these findings in different populations. Third, the
follow-up duration was relatively short (10.6 years), and
those who died during the study period might have had seri-
ous disease at baseline. Fourth, owing to the nature of post
hoc subgroup analyses, the sample size in each subgroup
was not calculated before data collection, and the results
should be interpreted cautiously. Fifth, the UK Biobank had
a low response rate, and participants are not representative
of the overall UK population (i.e., participants in our study
were majority White race, educated and from less socially
disadvantaged areas). Finally, although we controlled for
key personal characteristics, and several other health, life-
style and dietary factors, residual confounding was still possi-
ble and causal inference cannot be made because of the na-
ture of observational studies.

Conclusions

This analysis suggests that impaired levels of the new WHO
construct of IC are significantly associated with higher risks
of mortality and a wide range of adverse CVD outcomes.
These findings could have important public health implica-
tions, as the multidimensional IC construct is easily mea-
sured, inexpensive and highly reproducible in clinical practice

and appears to include information not considered by mea-
sures such as the extent of multimorbidity. Assessment of
IC holds great promise to transform geriatric care worldwide
including in regions without well-established geriatric medi-
cine. Future research, with appropriately designed random-
ized controlled trials, is warranted to determine whether
the current observations reflect a causal association and, if
so, these findings could have import implications for WHO
recommendations.
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