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Abstract

Background: Frailty is increasingly reported among older adults with cardiovascular diseases and it has been
demonstrated to increase negative health outcomes and mortality. To date, no systematic review of the evidence is
available regarding the association between frailty and ischemic heart disease (IHD). We performed a systematic
review of literature and a meta-analysis to assess the association between frailty and IHD.

Methods: We selected all the studies that provided information on the association between frailty and IHD,
regardless of the study setting, study design, or definition of IHD and frailty. PubMed, Web of Science and Embase
were searched for relevant papers. Studies that adopted the Fried definition for frailty were included in the meta-
analyses. For each measure of interest (proportions and estimates of associations), a meta-analysis was performed if
at least three studies used the same definition of frailty. Pooled estimates were obtained through random effect
models and Mantel-Haenszel weighting.

Results: Thirty-seven studies were included. Of these, 22 adopted the Fried criteria to define frailty and provided
estimates of prevalence and therefore they were included in meta-analyses. The pooled prevalence of IHD in frail
individuals was 17% (95% Confidence Interval [95%CI] 11–23%) and the pooled prevalence of frailty in individuals
with IHD was 19% (95% CI 15–24%). The prevalence of frailty among IHD patients ranged from 4 to 61%. Insufficient
data were found to assess longitudinal association between frailty and IHD.

Conclusions: Frailty is quite common in older persons with IHD. The identification of frailty among older adults with
IHD should be considered relevant to provide individualized strategies of cardiovascular prevention and care. Further
research should specifically explore the association between frailty and IHD and investigate the potential common
biological ground.
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Background
Frailty is a clinical syndrome that occurs in some older
adults, which makes the individual vulnerable to
stressors. The condition is the result of an impaired
homeostatic reserve of the organism coupled with bio-
logical damages that occur during aging [1, 2]. Several
operational definitions are available to measure frailty
[3]. One of the most frequently used definitions in clin-
ical research is the “frailty phenotype” provided by Fried
and colleagues [4] According to the Fried criteria, the
frailty phenotype is defined as the presence of at least
three of the following conditions: unintentional weight
loss, self-reported exhaustion, slow gait speed, low en-
ergy expenditure and weak grip strength. The frailty
phenotype has often been modified by researchers, and
these modifications have an important impact on its
classification and predictive ability [5].
Frailty is frequent in the geriatric population. Inde-

pendently of the operational definition adopted to iden-
tify frailty, it has been estimated that over 10% of
community dwelling older adults and nearly half of the
nursing home residents are frail [6, 7]. Compared with
non-frail, or “robust”, individuals of the same age, those
who are frail show a higher risk of negative clinical out-
comes, hospitalization, institutionalization, disability and
death [8].
Frailty is common in older adults with cardiovascular

diseases [9]. In these patients, frailty status appears to in-
fluence the prognosis of the cardiovascular disease and
increase mortality [4]. The identification of frailty is in-
creasingly considered relevant for physicians to stratify
the cardiovascular risk, to make diagnostic and thera-
peutic choices and to personalize the pharmacological
and non-pharmacological disease management [10–12].
Even if there are no guidelines available on which frailty
definition is more suitable when dealing with cardiovas-
cular disease, the Fried phenotype can estimate a larger
effect size than a combined Fried/non-Fried frailty as-
sessment for the end point of mortality [13].
A common biological ground for frailty and several

cardiovascular diseases has been hypothesized [10]. For
example, the release of inflammatory circulating cyto-
kines in response to cellular processes such as increased
oxidative stress, DNA damage and mitochondrial dys-
function have been demonstrated to occur in both frailty
and heart failure and may represent the pathophysio-
logical link between these two conditions [11]. Similarly,
chronic systemic inflammation and insulin resistance,
which are involved in the in atherosclerosis and its com-
plications, may contribute to the accumulation of dam-
ages in the musculoskeletal and metabolic systems,
leading to the development of frailty [12].
There is increasing evidence – though sometimes con-

trasting – of a possible association between frailty and

cardiovascular diseases such as hypertension, atrial fibril-
lation and heart failure [14, 15]. To date, the available
evidence on the association between frailty and ischemic
heart disease (IHD) has only partly been summarized,
regarding acute coronary syndrome (ACS), that is an
acute manifestation of IHD [16] Since frailty is inde-
pendently related to strong outcomes such as all-cause
mortality [17] and readmissions [18] in elderly patients
with ACS, its assessment should be integrated into the
current existing management to help physicians to appli-
cate appropriate management strategies. Still, there is no
available evidence on the magnitude of the association
between frailty and IHD.

Methods
The aim of the present study was to conduct a system-
atic review of the literature to provide pooled estima-
tions of the evidence regarding the association between
frailty and IHD.
We reviewed studies providing information on the as-

sociation between frailty and IHD in adult subjects (i.e.
age > 60 or average age > 60), regardless of the study set-
ting, study design, or definition of IHD and frailty. The
protocol of the present study was registered in the inter-
national prospective register of systematic reviews
PROSPERO (registration number 58303). This system-
atic review was carried out in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) recommendations [19].

Data sources and searching
We searched three databases for relevant articles pub-
lished from Jan 1st, 2002 to January 31st, 2020: 1)
PubMed electronic database of the National Library of
Medicine, 2) Web of Science and; 3) Embase. MeSH
terms and free words referring to frailty and IHD were
used as keywords. The detailed search queries are re-
ported in the Appendix. References from the selected
papers and from other relevant articles were screened
for potential additional studies.

Study selection and data extraction
Two assessors screened independently the title and ab-
stract of the selected studies. The inclusion criteria were:
1. papers reporting information on the association of
frailty with IHD; 2. papers in English or another European
language; 3. study design: cross-sectional, case-control, or
cohort studies. Papers were excluded if they 1. did not re-
port the association between frailty and IHD; 2. included
persons younger than 18 years; 3. did not report original
data (e.g., editorial, review, or congress abstract); 4. did
not provide an explicit definition of frailty and; 5. assessed
frailty only with a single symptom/measure (e.g. only gait
speed or grip strength); 6. were not in English or another
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European language. The full text of the papers selected by
one or more of the assessors were retrieved for full evalu-
ation. Two assessors read the full texts and independently
extracted the information from the selected studies. A
third assessor reviewed the data extraction, and any dis-
agreement was resolved through consensus.

Assessment of risk of bias
Quality of the studies was evaluated independently by
the two assessors through the tool for the qualitative
evaluation of observational studies Newcastle Ottawa
Scale (NOS) [20]. Any disagreement in quality assess-
ment was resolved through consensus. Studies scoring >
7 were considered at low risk of bias, scores of 5–7 indi-
cated moderate risk of bias, and scores of < 5 indicated
high risk of bias.

Statistical analysis
For each measure of interest (i.e. proportions and esti-
mates of associations), a meta-analysis was performed if
at least three studies used the same definition of frailty.
Only studies that adopted the Fried operational defin-
ition for frailty were included in the meta-analyses to in-
crease homogeneity of pooled studies [4]. Considering

the observational design of the retrieved studies, and the
methodological differences potentially responsible for a
significant share of the variance within the measures of
interest, the pooled estimates were obtained through
random effect models and Mantel-Haenszel weighting.
Lack of homogeneity within the pooled studies was
assessed through the I2 statistics (significant if ≥50%).
Publication bias was assessed by mean of the Egger’s and
the Begg’s tests. All statistical analyses were performed
with STATA version 14 (StataCorp, TX, USA). A P
value < 0.05 was considered statistically significant.

Results
The PRISMA flow chart, including the key words used
in the search strategies, the number of papers identified,
and the number and reasons for excluding papers at
each stage is reported in Fig. 1.
Through the literature search, we retrieved 1061 pa-

pers. Out of these, 737 were screened after duplicates
were removed. Additional 6 studies were identified after
reading references from the selected papers. Of the
resulting 743 papers, 682 were excluded after screening
and 24 after full-text reading. Thirty-seven papers were
part of the final qualitative assessment. Only 22 studies

Fig. 1 PRISMA flow-chart
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that provided measures of interest (proportions or esti-
mates of prevalence) and that adopted the Fried criteria
to define frailty were included in the meta-analyses.

Studies description
The studies sample sizes range from 62 to 6078 partici-
pants, with a mean age ranging from 52 to 88 years.
Among 37 selected studies, 18 reported prevalence of
frailty in clinical IHD patients with no comparison with
persons without the disease (see Additional file 1:
Appendix, Table 1c for description of selected studies)
[21–38]. Most studies included community-dwelling
participants, although all the studies that assessed frailty
among populations of IHD patients included in-hospital
participants.
Among the excluded studies, only two studies assessed

frailty with the same scale (Canadian Study of Health
and Aging Clinical Frailty Scale 7-items). Frailty preva-
lence in IHD patients ranged from 23.9 to 48.5%.

IHD and frailty definition
Most of the studies (n = 24) defined frailty according
to the Cardiovascular Health Study (CHS) criteria,
proposed by Fried and colleagues [4]. An adaptation
of the Fried criteria was used in one study. Other op-
erational definitions for frailty were based on the use
of the Edmonton Frail Scale, the Canadian Study of
Health and Ageing’s clinical frailty scale, the SHARE-
FI index, the Tilburg Frailty Indicator or by a com-
posite frailty index [39–41]. One study assessed frailty

adopting both Fried criteria and the Rockwood Frailty
score and one study used both Fried and Green cri-
teria [42, 43].
Detailed information regarding the operational defin-

ition and identification of IHD among studies partici-
pants is reported in Additional file 1:Table 1a, b and c in
the Appendix. Among inpatient participants, the pres-
ence of IHD was ascertained quite rigorously as it was
based on medical charts, physician’ judgment and clin-
ical evaluation and following recognized international
guidelines for IHD diagnosis. Among community dwell-
ing participants, the identification of IHD was based on
self-report in most cases.

Association between frailty and IHD
The overall prevalence of IHD among frail partici-
pants was 17% (95% CI 11–23%) from the pooled
analysis with estimates ranging from 3 to 42% (Fig. 2).
The overall prevalence of frailty among participants
with IHD was 19% (95%CI 15–24%) from the pooled
analysis (Fig. 3) with estimates ranging from 4 to
61%. In studies including only participants with IHD,
the prevalence of frailty ranged from 12 to 61%. After
repeating the analyses excluding studies with < 500
participants we found comparable results, i.e., for the
analysis reported in Fig. 2 a proportion of frail partic-
ipants with IHD of 17% (95%CI 10–23); for the ana-
lysis reported in Fig. 3 a proportion of IHD
participants with frailty of 11% (95%CI 8–15).

Fig. 2 Proportion of frail participants with IHD
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Cross- sectional data
Twelve studies providing cross-sectional data of frailty
and IHD were included in the systematic review (Add-
itional file 1: Table 1a in the Appendix) [7, 21–41, 44].
Most of these studies defined frailty according to Fried
criteria [4]. All these studies except one provided ad-
equate estimates for the analyses of prevalence. Frailty
resulted not associated with IHD in three studies but
data from the reported multivariate models were not
shown. Only two studies reported cross-sectional associ-
ations between frailty and IHD. Guessous and colleagues
found that neither the presence of 1 frailty indicator nor
the presence of 2 or more frailty indicators compared
with the robust condition were associated with myocar-
dial infarction (MI) (OR 0.96; 95%CI 0.54–1.71, and OR
0.78; 95% CI 0.37–1.64, respectively) [44]. Kleipool and
colleagues reported an adjusted OR of MI for frailty
2.43; 95% CI 0.57–10.39 from the baseline data of their
longitudinal study [21].

Longitudinal data
Seven longitudinal studies of frailty and IHD were in-
cluded in the systematic review (Additional file 1:
Table 1b in the Appendix).(58-63) Of these, only two
studies provided measures of the association between
IHD and incident frailty defined according to Fried cri-
teria. Bouillon and colleagues found that being at risk of

IHD, defined according to the Framingham score for
coronary artery disease (CHD), was associated with 38%
increased risk of developing frailty in a sample of 3895
adult individuals free from cardiovascular disease at
baseline and followed over 10 years [22]. In contrast,
with such findings, Kleipool and colleagues found no as-
sociation between IHD and frailty in a sample of 1432
older adults followed over 17 years,) (adj. HR of MI for
frailty 0.58; 95% CI 0.14–2.32) [21]. Crow and colleagues
analyzed data from the National Health and Nutrition
Examination Survey (NHANES) and found a statistically
significant increased risk of cardiovascular death associ-
ated with frailty (defined according to Fried criteria),
after adjusting for socio-demographic variables and co-
morbidities (adj. HR 3.39; 95% CI 2.45–4.70) [21]. Simi-
larly, another longitudinal study by Wallace and
colleagues estimated a statistically significant increased
risk of IHD events (HR 1.61; 95% CI 1.40–1.85) associ-
ated with frailty over 10 year follow-up. However, in this
study a composite Frailty index was adopted to identify
frailty [24]. The remaining three longitudinal studies
adopted broad definitions of cardiovascular disease
(CVD) that included IHD and several other heart condi-
tions. Among these studies, Lee and colleagues found no
significant association between heart disease and change
in frailty status over 2 years, either in terms of worsening
frailty or improvement [25]. In contrast with such

Fig. 3 Proportion of IHD participants with frailty
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results, Trevisan and colleagues found an almost twofold
significant risk of progressing from prefrail to frail in
persons with coronary disease over 4.4 years [26]. Pre-
frailty (defined as the presence of 1 or 2 Fried criteria)
was also found to be associated with an increased risk of
developing CVD events (adj. HR 1.25; 95% CI 1.05–1.64,
for people who met 1 Fried criterion; adj. HR 1.79; 95%
CI 1.27–2.52, for people who met 2 Fried criteria) [27].
In this study, it was not possible to disentangle the spe-
cific effect of pre-frailty on IHD because a broad defin-
ition of CVD was adopted to identify the outcome.

Assessment of risk of bias
The majority of the studies presented a moderate risk of
bias according to the NOS. In most of the cases, the
self-reported nature of information was responsible for
low scores. Finally, a marginal evidence of publication
bias was detected in our meta-analyses (Begg’s test P =
0.116 and Egger’s test P = 0.016).

Discussion
This systematic review and meta-analysis shows that
nearly one fifth of frail adults present with IHD and the
same proportion of IHD adults present with frailty.
Insufficient data were found to assess the longitudinal
association between frailty and IHD.
As the population ages worldwide, an increasing num-

ber of older adults are expected to suffer from frailty
and chronic cardiovascular disease [28, 29]. A link be-
tween cardiovascular risk and frailty has been frequently
suggested. For example, a recent systematic review esti-
mated that over 70% of frail adults present with hyper-
tension and 14% of persons with hypertension also
suffer from frailty [13]. Consistent with these data, the
likelihood of the association between hypertension and
frailty was 33% from the pooled analysis conducted in
the same review, although such estimate was not statisti-
cally significant. Similarly, frailty is highly prevalent
among adults with heart failure affecting up to half of
such population [30]. The prevalence of frailty in pa-
tients with heart failure seems to increase with age
reaching the estimate of 70% among persons over 80
years of age [32] Finally, there is some evidence that
CVD risk may predict the risk of incident frailty, inde-
pendently of the algorithm that is used to measure CVD
risk score [22].
To date, evidence to systematically assess the associ-

ation between frailty and IHD is lacking, and the avail-
able data are inconsistent. Also, the direction of the
postulated association between these two conditions is
unclear. Indeed, we found that very few longitudinal
studies have assessed the impact of frailty on IHD and
vice versa, and they have led to conflicting findings. It is
likely that IHD may contribute to the development of

frailty, as well as frailty may influence the course and
prognosis of IHD in older adults. For example, older
IHD patients may experience reduced tolerance to exer-
cise because of chest pain or shortness of breath and this
may in turn lead to physical inactivity, reduced muscle
mass and strength (i.e. sarcopenia) and increased risk of
frailty. On the other side, it is well known that frailty is
associated with sarcopenia, cognitive and functional de-
cline and multimorbidity [2]. Such conditions may actu-
ally determine low mobility and imbalance in body
composition (overweight and obesity) thus negatively
impacting on the CVD status and worsening the progno-
sis for IHD patients.
According to the current understanding of pathophysi-

ology of IHD, atherosclerosis is considered a systemic
inflammatory disease. In particular, a chronic increase of
plasma levels of pro-inflammatory cytokines such as in-
terleukins IL-6, IL-1β, IL-17, and TNF-α is known to
characterize cardiovascular diseases including IHD. Such
chronic inflammation represents a prolonged response
to physical, psychological and environmental stressors
and is believed to cause a progressive damage to cardio-
vascular tissues and to promote endothelial activation
[32]. A low grade chronic inflammation and immune ac-
tivation has been also demonstrated to play a central
role in the pathophysiology of frailty [33, 34]. Advanced
age, multiple chronic diseases, metabolic, psychosocial
and environmental stressors contribute to chronic in-
flammation in frail individuals [4]. Inflammation pro-
duces detrimental effects on skeletal muscle promoting
apoptosis and in turn leading to sarcopenia [35]. The
neuro-endocrine system is also impaired by chronic in-
flammation and this, beyond boosting the risk of devel-
oping CVD, leads to several systemic effects such as loss
of appetite, poor nutrition, weight loss and metabolic
changes, ultimately resulting in reduced muscle mass
and strength and increased body fat. Such changes may
promote physical inactivity and contribute to osteopor-
osis and risk of falls. The above-mentioned changes may
increase the vulnerability to stressors thus creating a vi-
cious circle that sustains frailty and increases the risk of
disability. These considerations suggest that frailty and
IHD may share common pathophysiological pathways
and Inflammation may represent the biological link be-
tween them.
There is growing awareness of frailty in cardiovascular

medicine. According to international recommendations,
frailty should be taken into account especially in the
therapeutic decision making process [36, 37]. Frail patients
are usually excluded from randomized clinical trials
(RCT) populations and thus current recommendations for
the treatment of IHD may not be applied to them [38].
Despite this lack of evidence, frailty is thought to influence
therapeutic choices and outcomes. For example, it has
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been shown that frail older adults with acute coronary
syndrome are less likely to receive intensive care com-
pared with robust patients [39]. Also, frailty has been asso-
ciated with prolonged hospital stay and recurrent
hospitalizations for cardiovascular events in patients with
acute MI.(43, 44) Negative clinical outcomes including
death have been reported in frail older patients who were
treated with percutaneous coronary intervention (PCI)
[45, 46]. Regarding elderly with ACS, frailty was found to
be associated to higher all-cause mortality in three recent
metanalyses [16–18]. Anyway, the pooled analyses were
conducted without stratification for the different defini-
tions of frailty of the single studies and the estimation
could be partly biased. Moreover, our study was not
intended to be focused on ACS but our search strategy
was able to find studies regarding elderly with frailty and
ACS that were not included in those metanalyses.
With respect to pharmacological treatment, frailty may

influence prescribing decisions especially in those pa-
tients who present with multiple chronic diseases and
are at high risk of medications adverse reactions (ADRs)
such as bleeding, hypotension, falls and acute renal fail-
ure [47]. Lower rates of angiotensin converting enzyme
inhibitors (ACEi), angiotensin receptor blockers (ARB)
and statins prescriptions following an acute coronary
event have been reported in frail patients compared to
robust individuals [41]. The lack of scientific evidence
regarding frail patients with cardiovascular disease, the
increased risk of adverse events and the limited life ex-
pectancy of these individuals, make extremely complex
to assess the benefit/risk ratio associated with the avail-
able therapeutic options. Future cardiovascular RCTs
should provide evidence for such high-risk population
and measures of frailty should be used to stratify pa-
tients in these studies.
To our knowledge this is the first systematic review

that specifically assessed the association between frailty
and IHD. A comprehensive literature search and a care-
ful selection and evaluation of studies have been per-
formed to provide the best synthesis of the evidence in
the field. However, some limitations of the present re-
view need to be acknowledged. We found a significant
heterogeneity among studies especially with respect of
frailty and IHD operational definitions and characteris-
tics of study populations. In particular, IHD was poorly
defined in most studies including community-dwelling
individuals, being based on patients’ self-report. More-
over, although some measures of association were avail-
able from the included studies and were reported in the
present review, no study was found that specifically
assessed the association between frailty and IHD. Des-
pite our search strategy was meant to include as many
IHD definitions as possible, some studies might have
been excluded. The paucity of data retrieved, the

heterogeneity of both frailty and IHD definitions and
type of outcome evaluated in such studies (e.g., incident
frailty, transition from pre-frail to frail status, incident
CVD events, death) made it impossible to perform
meta-analyses of the association between IHD and
frailty.

Conclusions
The present review and meta-analysis found that frailty
is quite common in persons with IHD affecting nearly
one fifth of them. The identification of frailty among pa-
tients with IHD should be considered relevant especially
among older adults to identify appropriate outcomes of
treatment and provide individualized strategies of car-
diovascular prevention and care. Future studies should
be designed to specifically investigate the association be-
tween frailty and IHD, both in chronic and in acute
manifestations, and to explore the reciprocal influence
of these two conditions on each other on both a bio-
logical and a clinical ground.
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