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Abstract

Background: Few studies on the risk of incident major adverse cardiac and

cerebrovascular events (MACCEs) in sarcopenia have been reported. The

objective was to assess the association between presarcopenia and sarcopenia

and a higher risk of MACCEs.

Methods: This study on the UK Biobank prospective cohort, used data col-

lected between 2006 and 2021. Community-dwelling Caucasian participants

aged 37 to 73 years were included if values for Handgrip Strength (HGS) and

Skeletal Muscle Index (SMI) were available and if no history of MACCEs was

reported. Exposure was assessed using the European Working Group on Sarco-

penia in Older People 2 (EWGSOP2) criteria. Muscle strength was measured using

HGS, and muscle mass using the SMI. Presarcopenia was defined through the

two definitions available in the literature, as low HGS with normal SMI and as

normal HGS with low SMI, whereas sarcopenia was defined as low HGS with low

SMI. The main outcome was to determine whether presarcopenia and/or sarcope-

nia were predictors of MACCEs (composite events).

Results: A total of 406,411 included participants (women: 55.7%) were

included. At baseline, there were 18,257 (4.7%) presarcopenics—subgroup n�1
(low HGS only), 7940 (2.1%) presarcopenics—subgroup n�2 (low SMI only),

and 1124 (0.3%) sarcopenics. Over a median follow-up of 12.1 years (IQR:

[11.4; 12.8]), 28,300 participants (7.0%) were diagnosed with at least one event.

Compared to NonSarc, presarcopenic (subgroups n�1 and n�2) and sarcopenic

status were significantly associated with a higher risk of MACCEs (respectively

fully adjusted HRs: HR = 1.25 [95% CI: 1.19; 1.31], HR = 1.33 [95% CI: 1.23;

1.45] and HR = 1.62 [95% CI: 1.34; 1.95]).

Conclusions: In a community-dwelling population, the risk of MACCEs was

higher in both presarcopenic and sarcopenic participants.
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INTRODUCTION

Context

Sarcopenia has recently been redefined by the European
Working Group on Sarcopenia in Older People 2 (EWG-
SOP2) guidelines.1 It constitutes a heavy burden for pub-
lic health systems.2 Its late recognition as a disease in
2016 by the World Health Organization (WHO)
(International Classification of Diseases, ICD-10-CM:
M62.84),3 and a lack of international consensus, partly
explain the current state of knowledge.

The EWGSOP2 guidelines1 are currently the most widely
used worldwide, and define 3 sarcopenic thresholds,1

namely: (i) probable sarcopenia (low muscle strength regard-
less of SMI value), (ii) sarcopenia (low muscle strength and
muscle mass), and (iii) severe sarcopenia (low muscle
strength, muscle mass, and physical performance). A presar-
copenia stage is also used, with various definitions in the lit-
erature, including “low muscle mass without impact on
muscle strength or physical performance”,2,4 and “low mus-
cle strength with normal muscle mass”.5

Sarcopenia is directly associated with negative out-
comes, some of which are still debated6 (e.g., cardiac
and cerebrovascular prognosis). Sarcopenia and cardiac
and cerebrovascular disorders share common triggers,
such as malnutrition, physical inactivity, insulin resis-
tance, inflammation, and oxidative stress.7–9 There is
also increasing evidence suggesting an association
between biomarkers of oxidative stress and several
human conditions, such as obesity, sarcopenia, and car-
diovascular diseases.10 The few studies investigating the
association between sarcopenia (EWGSOP2 definition1)
and cardiac and/or cerebrovascular disorders report
contradictory results.11–13 In one study conducted on
129 dialysis patients, the authors failed to find an associ-
ation between sarcopenia and cardiovascular events or
all-cause mortality.11 In another study on 396,707 par-
ticipants from the UK Biobank database,12 the authors
reported a higher risk of cardiovascular outcomes in
participants with severe sarcopenia (HR = 2.92, 95%
CI = [1.50; 5.67]), but not in participants with sarcope-
nia.12 In a third study on 316,980 participants from the
UK Biobank database, the combination of sarcopenia/
frailty was found to be associated with cardiac and neu-
rovascular diseases (HR = 1.68, 95% CI = [1.22; 2.30]).13

In all three studies, the methodologies used are debat-
able, and none of them investigated the risk of major

adverse cardiac and cerebrovascular events (MACCEs)
in presarcopenic participants, hence the need for further
studies.

Finally, sarcopenic participants can be divided into
subgroups based on comorbidities they exhibit, such as
obesity. Sarcopenic obesity (SO) is commonly defined as
the co-existence of obesity and sarcopenia.1 It is already
known that obesity exacerbates sarcopenia.1 However, it
is not known whether the risk of MACCEs in obese sar-
copenics differs from that in non-obese sarcopenics,
even if some studies, not based on EWGSOP2 criteria,
have suggested that the risk is different in the two
populations.14

Objectives

To date, few and hardly comparable studies are available
on the risk of MACCEs in participants with presarcope-
nia or sarcopenia. The main purpose of this study was to
investigate whether presarcopenia and sarcopenia are
independently associated with a higher risk of incident
MACCEs (fatal or non-fatal) in a middle-aged and older,
community-dwelling population of women and men
from the UK Biobank prospective cohort.

Key points

• Presarcopenic status (whatever the definition
used, that is, low muscle strength only or low
muscle mass only) and sarcopenic status are
independent risk factors for incident MACCEs in
a middle-aged and older Caucasian population.

Why does this paper matter?

Due to the recognition of sarcopenia as a disease
only since 2016, and due to the lack of consensus,
the data currently available on this disease are poor
and hardly comparable. This study uses the most
widely used guidelines in the world, and a high-
quality, large cohort, to study its clinical outcomes.
Data from this study are intended to refine the car-
diovascular and cerebrovascular prognosis of pre-
sarcopenic and sarcopenic patients, for preventive
and personalized medicine.
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METHODS

Participants and ethical approval

We conducted a retrospective analysis on participants
from the UK Biobank database, using outcome data
obtained from National Health Service (NHS) records.
Approximately 500,000 British, community-dwelling
volunteers provided their electronic consent.15,16

Data collection

Data were collected at baseline (initial assessment visit,
between 2006 and 2010), and later (2012 and later, still
ongoing). Participants completed a series of touchscreen
computer-based questionnaires, followed by a face-to-face
interview.16 All assessments were performed by trained data
collectors, who followed standardized protocols using a Seca
stadiometer for height measurements, the Tanita BC
418 MA Body Fat Analyzer for weight and BIA measure-
ments, and the Jamar hydraulic hand dynamometer (model
J00105) for handgrip strength (HGS) measurements.

Inclusion and exclusion criteria

Due to the ethnicity-specific Janssen equation, we used to
calculate Skeletal Muscle Mass (SMM) (see below), our study
included only Caucasian participants. Participants were
excluded if (i) they withdrew their consent between data
acquisition and the end of the study, (ii) HGS values were
unavailable or null, (ii) body composition values (measured
using Bioelectrical Impedance Analysis, BIA) were unavail-
able or null, and (iv) they had a self-reported or hospital-
admission history of acute myocardial infarction (AMI),
angina pectoris (stable or unstable), stroke (ischemic or hem-
orrhagic), or transient ischemic attack (TIA).

Principal exposure variable

The main exposure variable was the participants' sarcope-
nic status. Sarcopenic status was defined in terms of HGS
and Skeletal Muscle Index (SMI) values, which were
obtained by feature extraction.

The HGS value was defined as the highest of the
right- and left-hand scores,17 and considered pathological
if less than 16 kg in women and 27 kg in men.1

The SMI value was obtained in two steps. Using BIA
data, we first calculated the whole body SMM using the
Janssen equation.18 We then calculated the SMI using the

following formula1,5,19,20: SMI = SMM/height2, where
SMM is expressed in kg, and height in meters.

Values were considered pathological if less than
5.5 kg/m2 in women and 7.0 kg/m2 in men.1

We defined three main groups according to EWG-
SOP2 sarcopenia cut-offs,1 as follows (Figure 1):
(i) Sarcopenic participants (low HGS, low SMI);
(ii) Presarcopenic participants: subgroup n�1 (low HGS,
normal SMI), subgroup n�2 (normal HGS, low SMI),
according to the definitions currently available; and
(iii) Non-sarcopenics participants (normal HGS, normal
SMI; referred to as the NonSarc participants).

To investigate the impact of obesity, sarcopenic and
presarcopenic (subgroup n�1 and n�2) participants were
merged to form a single group (PreSarc participants) due
to the low number of sarcopenic participants living with
obesity. Then, two main groups (NonSarc and PreSarc)
were split into subgroups based on obesity status, as
follows: “obese” (Body Mass Index (BMI) ≥ 30 kg/m221)
and “non-obese” (BMI < 30 kg/m221) (Figure 1). As such,
the following subgroups were available: PreSarcObese,
PreSarcNonObese, NonSarcObese, and NonSarcNonObese.

Covariates

All covariates were collected at baseline. Directly available
covariates were sex, age at recruitment, waist circumfer-
ence (WC), Townsend Deprivation Index (TDI, measure
of material deprivation within a population), smoking
and alcohol status, physical activity level, medication use
(cholesterol-lowering medication, blood pressure medica-
tion, insulin, hormone-replacement therapy (HRT) and
oral contraception), laboratory results (albumin, C-reactive
protein (CRP)), and loss to follow-up.

Covariates obtained by feature extraction were
BMI and medical history. Medical histories were
compiled from ICD-9, ICD-10, and self-reported data
regarding type-2 diabetes, high blood pressure (HBP),
dyslipidemia, chronic kidney disease (CKD), heart
failure (HF), and family history of stroke or ischemic
heart disease.

Outcomes

Major adverse cardiac and cerebrovascular events
(MACCEs), which are composite events, were defined as
fatal or non-fatal cardiovascular events (AMI, angina
pectoris, and cardiac arrest), or fatal or non-fatal cerebro-
vascular events (ischemic and hemorrhagic stroke, and
TIA). The incidence of MACCEs was compiled from

SARCOPENIA AS A CARDIOVASCULAR RISK FACTOR 3
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ICD-10 and self-reported data. No ICD-9 data were avail-
able for post-inclusion MACCEs.

Study design

We first compared the incidence of MACCEs in non-
sarcopenics (reference) versus presarcopenics n�1, presar-
copenics n�2, and sarcopenics). We then compared (i) the
incidence of cardiovascular events and cerebrovascular
events, considered independently, between those groups,
still using the non-sarcopenics as the reference group,
and (ii) the incidence of MACCEs, in NonSarcNonObese
(reference) versus NonSarcObese, PreSarcNonObese and
PreSarcObese.

Finally, we performed the following sensitivity ana-
lyses: (i) a sensitivity analysis of the main outcome in

women only, to add adjusting criteria (HRT and/or
contraceptive pill use), (ii) a sensitivity analysis of
the composite outcome “incident MACCEs or death from
all-cause” in the global population, and (iii) a sensitivity
analysis in the population younger than 58.0 years and in
the population that was 58.0 years or older.

When the proportion of missing values in the global
population was equal to or greater than 1%, we created a
“not available” category. When the proportion of missing
values in the global population was less than 1%, data
were imputed based on expert opinion. Participants were
followed up until the first MACCE occurred. Otherwise,
they were censored at the date of death (non-MACCE-
related death), the lost-to-follow-up date, or the data
extraction date (2021-03-25).

We adjusted the final model by adding an increas-
ing number of covariates. Level 1 was the minimally

FIGURE 1 Subpopulation

definitions. Non-Sarc: non-sarcopenic

participants. Pre-Sarc: presarcopenic

(subgroups n�1 and n�2) and sarcopenic

participants. HGS: handgrip strength.

SMI: skeletal muscle index. N: normal.

4 JAUFFRET ET AL.
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adjusted model, on sex, age at recruitment, TDI, and
BMI. Level 2 was the maximally adjusted model, on the
same covariates as level 1, but further adjusted for WC,
smoking and alcohol status, family history of stroke
and/or ischemic heart disease, personal history of
type-2 diabetes and/or HBP and/or dyslipidemia
and/or CKD and/or HF, medication intake (choles-
terol-lowering medication, blood pressure medication,
insulin), physical activity group, albumin, and CRP.
History of HRT and/or contraceptive pill use was
added to level 2 only in the sensitivity analysis
performed in women.

No stepwise procedures were performed as all the
adjusting covariates are scientifically recognized.

Statistical analysis

For univariate analyses, continuous variables were
expressed as mean (and standard deviation, SD), or as
median (and interquartile range, IQR). Categorical vari-
ables were expressed as count (and percentage). Bivariate
analyses were performed using Student's t-tests or Mann–
Whitney–Wilcoxon tests to compare means, and Chi-2

FIGURE 2 Flow-chart. NonSarcNonObese: non-sarcopenic non obese participants. NonSarcObese: non-sarcopenic obese participants.

PreSarcNonObese: presarcopenic (subgroup n�1 and n�2) and sarcopenic non obese participants. PreSarcObese: presarcopenic (subgroup n�1
and n�2) and sarcopenic obese participants. Ref.: reference subgroup for statistical analyses.

SARCOPENIA AS A CARDIOVASCULAR RISK FACTOR 5
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tests or Fisher's exact tests to test for independence
among qualitative variables. Survival analyses were per-
formed using Cox models. Non-adjusted hazard ratios
(HRna) and adjusted hazard ratios (HRa), along with their
95% confidence intervals (95% CI), were reported. HRa1

denotes HRa derived from minimally adjusted models
(level 1), whereas HRa2 denotes HRa derived from maxi-
mally adjusted models (level 2). Quantitative variables
were always discretized. The proportional hazards
assumption was checked using the Schoenfeld residuals
and graphics methods. Statistical analyses were per-
formed using R (version 4.1.2) and RStudio (version
2022.07.2 + 576), and the knitr, dplyr, lubridate, compar-
eGroups, and survival packages. p-values of less than 0.05
were considered statistically significant. All tests were
two-sided. When appropriate, 95% CI was computed.

RESULTS

Study flow chart

After applying the exclusion criteria, our study included
406,411 participants, of which 379,204 (93.3%) were non-
sarcopenic, 17,479 (4.3%) were presarcopenic (subgroup
n�1), 8595 (2.1%) were presarcopenic (subgroup n�2), and
1.133 (0.3%) were sarcopenic (Figure 2). Median follow-
up was 12.1 years (IQR: [11.4; 12.8]).

Baseline characteristics

Of the included participants, 226,483 (55.7%) were women,
with a median age of 58.0 [50.0; 63.0] years. Among the
1789 participants aged 70 or over, 16 (0.9%) were sarcope-
nics. Baseline characteristics are shown in detail in Table 1.

Primary outcome: incident MACCEs, in
non-sarcopenics (reference) versus
presarcopenics (n�1 and 2) and sarcopenics

Around 93.0% of the MACCEs were collected based on
the ICD-10 classification (Table 2). The main analysis
was performed on the global population. There were
28,300 first-time MACCEs (Table 2). The cumulative risk
of incident MACCEs is shown in Figure 3.

Where the risk of MACCEs was concerned, the pre-
sarcopenic subgroup n�1 was associated with
HRna = 1.61 (1.54; 1.69), HRa1 = 1.37 (1.3; 1.43), and
HRa2 = 1.25 (1.19; 1.31), the presarcopenic subgroup
n�2 was associated with HRna = 1.06 (0.98; 1.15),
HRa1 = 1.38 (1.27; 1.50), and HRa2 = 1.33 (1.23; 1.45),T
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and the sarcopenic group was associated with
HRna = 1.53 (1.27; 1.84), HRa1 = 1.83 (1.52; 2.20), and
HRa2 = 1.62 (1.34; 1.95).

Secondary outcomes

Incident cardiovascular or cerebrovascular
events, considered independently, in non-
sarcopenics (reference) versus presarcopenics
(n�1 and 2) and sarcopenics

This secondary analysis was performed on the global
population and concerned 19,414 first-time cardiovascu-
lar events, and 8169 first-time cerebrovascular events.

Where the risk of cardiovascular events was con-
cerned (See Supplementary Figure S1.A.), the presarcope-
nic subgroup n�1 was associated with HRna = 1.59
(1.50; 1.69), HRa1 = 1.38 (1.30; 1.46), and HRa2 = 1.24
(1.17; 1.32), the presarcopenic subgroup n�2 was associ-
ated with HRna = 0.88 (0.79; 0.98), HRa1 = 1.31 (1.17;
1.46), and HRa2 = 1.26 (1.13; 1.40), and the sarcopenic
group was associated with HRna = 1.35 (1.07; 1.71),
HRa1 = 1.85 (1.46; 2.34), and HRa2 = 1.60 (1.26; 2.03).

Where the risk of cerebrovascular events was con-
cerned (See Supplementary Figure S1.B.), the presarcope-
nic subgroup n�1 was associated with HRna = 1.69 (1.55;
1.84), HRa1 = 1.37 (1.26; 1.50), and HRa2 = 1.26 (1.16;
1.38), the presarcopenic subgroup n�2 was associated
with HRna = 1.36 (1.19; 1.55), HRa1 = 1.41 (1.23; 1.62),

TABLE 2 Approximate fatal and non-fatal MACCE counts, with possible duplication of MACCEs based on ICD-10 classifications and

self-reported events.

Globala
Non-fatal events
from self-reports

Non-fatal events
from ICD-10

Fatal events
from ICD-10

MACCE and all-cause deaths

n (%) 47,610 1827 26,904 24,040

Delay (years), median (IQR) 7.0 [4.0; 9.7] - - -

MACCE and MACCE-related death

n (%) 28,300 1827 26,904 1703

Delay (years), median (IQR) 6.6 [3.5; 9.4] - - -

Cardiovascular events

n (%) 19,414 1220 18,519 860

Delay (years), median (IQR) 6.3 [3.3; 9.3] - - -

Acute myocardial infarction

n (%) 11,883 519 11,210 854

Delay (years), median (IQR) 6.9 [3.8; 9.5] - - -

Angina pectoris

n (%) 12,196 778 11,888 0

Delay (years), median (IQR) 6.1 [3.1; 9.0] - - -

Cerebrovascular events

n (%) 8169 631 7520 842

Delay (years), median (IQR) 7.3 [4.2; 9.8] - - -

Ischemic stroke

n (%) 6426 407 6066 335

Delay (years), median (IQR) 7.0 [4.3; 9.9] - - -

Hemorrhagic stroke

n (%) 1870 8 1730 507

Delay (years), median (IQR) 7.3 [4.3; 7.0] - - -

Transient ischemic attack

n (%) 2887 248 2677 1

Delay (years), median (IQR) 6.9 [3.7; 9.6] - - -

aWithout duplication, that is, count including only the first recorded ICD-10 and self-reported event.
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and HRa2 = 1.37 (1.19; 1.57), and the sarcopenic group
was associated with HRna = 1.53 (1.09; 2.15),
HRa1 = 1.44 (1.02; 2.03), and HRa2 = 1.29 (0.91; 1.82).

Incident MACCEs in NonSarcNonObese versus
others

Participants were divided into 4 subgroups, based on
obesity status: NonSarcNonObese (298,414 individuals,
73.4%, reference group), PreSarcNonObese (13,167 indi-
viduals, 3.2%), NonSarcObese (89,385 individuals,

22.0%), and PreSarcObese (5445 individuals, 1.4%). Sur-
vival analyses were performed on 28,300 events, includ-
ing 8626 events in obese participants. Where the risk of
MACCEs was concerned (See Supplementary Figure S1.
C.), the NonSarcObese group was associated with
HRna = 1.46 (1.42; 1.50), HRa1 = 1.91 (0.96; 3.82), and
HRa2 = 1.71 (0.85; 3.42), the PreSarcNonObese group
was associated with HRna = 1.41 (1.35; 1.48),
HRa1 = 1.38 (1.31; 1.45), and HRa2 = 1.29 (1.22; 1.35),
and the PreSarcObese group was associated with
HRna = 2.27 (2.11; 2.44), HRa1 = 2.66 (1.33; 5.34), and
HRa2 = 2.16 (1.08; 4.34).

FIGURE 3 Non-adjusted MACCE-free survival rates (406,411 participants; 28,300 events). (A) Kaplan Meier curve. Ref.: Reference

subgroup for statistical analyses. HRna: Non-adjusted hazard ratio. HRa2: Hazard ratio derived from maximally-adjusted models (adjustment

on socio-demographical covariates (sex, age at recruitment, Townsend Deprivation Index), BMI, WC, smoking and alcohol status, family

history of stroke and/or ischemic heart disease, personal history of type-2 diabetes and/or high blood pressure and/or dyslipidemia and/or

chronic renal failure and/or heart failure, medication intake (cholesterol-lowering medication, blood pressure medication, insulin), physical

activity group, albumin, and CRP). (B) Forest plot. Hazard ratios with 95% CI: hazard ratio resulting in maximally adjusted models.
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Sensitivity analyses

Regarding the 226,483 women only (11,429 first-time
MACCEs), with non-sarcopenics as the reference group,
where the risk of MACCEs was concerned, the presarco-
penic subgroup n�1 was associated with HRna = 1.91
(1.79; 2.04), HRa1 = 1.43 (1.34; 1.53), and HRa2 = 1.27
(1.19; 1.36), the presarcopenic subgroup n�2 was associ-
ated with HRna = 1.48 (1.36; 1.6), HRa1 = 1.36 (1.24;
1.48), and HRa2 = 1.3 (1.19; 1.42), and the sarcopenic
group was associated with HRna = 2.11 (1.74; 2.57),
HRa1 = 1.78 (1.47; 2.17), and HRa2 = 1.53 (1.26; 1.86).

In the sensitivity analysis of the composite event “inci-
dent MACCEs or death from all-cause” (47,610 first-time
events), with non-sarcopenics as the reference group,
where the risk of MACCEs was concerned, the presarcope-
nic subgroup n�1 was associated with HRna = 1.73 (1.67;
1.79), HRa1 = 1.42 (1.37; 1.48), and HRa2 = 1.29 (1.24;
1.33), the presarcopenic subgroup n�2 was associated with
HRna = 1.22 (1.15; 1.29), HRa1 = 1.38 (1.3; 1.46), and
HRa2 = 1.33 (1.25; 1.41), the sarcopenic group was associ-
ated with HRna = 2.03 (1.79; 2.3), HRa1 = 2.1 (1.84; 2.38),
and HRa2 = 1.83 (1.61; 2.08).

We finally separated our population into two sub-
groups using a median age value of 58.0 years, consider-
ing the non-sarcopenic group as the reference group.
Among participants that were strictly younger than
58.0 years (N = 199,995, 8143 first-time events), where
the risk of MACCEs was concerned, the presarcopenic
subgroup n�1 was associated with HRna = 1.60 (1.44;
1.79), HRa1 = 1.43 (1.28; 1.59), and HRa2 = 1.23 (1.10;
1.37), the presarcopenic subgroup n�2 was associated
with HRna = 0.93 (0.74; 1.16), HRa1 = 1.53 (1.21; 1.94),
and HRa2 = 1.47 (1.16; 1.85), the sarcopenic group was
associated with HRna = 1.30 (0.70; 2.41), HRa1 = 1.88
(1.01; 3.50), and HRa2 = 1.59 (0.85; 2.96).

Among participants that were 58.0 years or older
(N = 206,416; 20,157 first-time events), where the risk of
MACCEs was concerned, the presarcopenic subgroup n�1
was associated with HRna = 1.33 (1.26; 1.40), HRa1 = 1.33
(1.26; 1.40), and HRa2 = 1.24 (1.18; 1.31), the presarcopenic
subgroup n�2 was associated with HRna = 0.85 (0.78; 0.92),
HRa1 = 0.85 (0.78; 0.92), and HRa2 = 1.25 (1.14; 1.36), the
sarcopenic group was associated with HRna = 1.17 (0.97;
1.42), HRa1 = 1.17 (0.97; 1.42), and HRa2 = 1.54 (1.27; 1.87).

DISCUSSION

Main results

In this large-scale study, we found that presarcopenic
(whatever the definition used) and sarcopenic
participants were at higher risk of MACCEs than non-

sarcopenic participants. Furthermore, presarcopenic par-
ticipants (whatever the definition used) were at higher risk
of cardiovascular events and cerebrovascular events (con-
sidered independently), and that's also true for sarcopenic
participants for cardiovascular events, but not for cerebro-
vascular events. Our study also found that the risk of
MACCEs was subgroup-specific, with a higher risk in Pre-
SarcNonObese and PreSarcObese participants, compared
to the NonSarcNonObese.

Comparison with findings reported in the
literature

To the best of our knowledge, few studies have investigated
the risk of MACCEs in presarcopenic and sarcopenic par-
ticipants compared to non-sarcopenic participants in very
large cohorts, and none of them used EWGSOP2 criteria.
This study is also the first to investigate the risk of
MACCEs in participants with a normal HGS but a low SMI
value (presarcopenic n�2), whose are considered as non-
sarcopenics in EWGSOP2 recommendations.1

The number of MACCEs we found appears to be con-
sistent with the previously reported results.12 The preva-
lence of sarcopenia was lower in our cohort,1 maybe
because it was a “healthier” community-dwelling cohort.

Nevertheless, it is plausible to hypothesize that an
association exists between sarcopenia and MACCEs,
since the latter share common pathogenic pathways.7–9

Although the studies reported in the literature used dif-
ferent guidelines and outcomes,12,13 two report findings
that are somewhat similar to ours.12,13 In one hand, the
authors investigated the risk of MACCEs in sarcopenic
and severe sarcopenic participants, but not in pre-
sarcopenic participants.12 On the other hand, the authors
investigate only the association between sarcopenia/
frailty and MACCEs.13 Globally, both studies showed a
higher risk of MACCEs in participants with severe sarco-
penia and in frail-sarcopenic participants, but we found
no large-scale studies, based on EWGSOP2 criteria, con-
firming a higher risk of MACCEs in PreSarc participants.

Regarding the risk of MACCEs in participants with
SO, a higher risk was suggested in PreSarcNonObese and
PreSarcObese, compared to NonSarcNonObese, but the
authors did not use the EWGSOP2 definition of SO.14

In the studies that used muscle mass only as the expo-
sure variable,22–24 a higher risk of MACCEs was found in
participants with low SMI.

Study design choices

Using the highest of the right- and left-hand HGS scores
seems advisable.17 To calculate an approximation

SARCOPENIA AS A CARDIOVASCULAR RISK FACTOR 11
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of SMM from BIA data, the EWGSOP2 guidelines recom-
mend prioritizing the Sergi equation.1 However, since
“reactance” data – required in the Sergi equation – were
not available in our dataset, we used the Janssen
equation,18 which has also been validated by EWGSOP.2 As
there is no consensus on the exact list of MACCEs,12,25 we
used the events that are most frequently considered as
MACCEs, and used HF, CKD, and the conditions associ-
ated with metabolic syndrome as adjusting covariates.

Strengths and limitations of the study

Strengths

Our study was conducted on a very large prospective cohort,
with good-quality data collection. There was probably no
reporting bias as most of the MACCEs were collected using
hospitalization data. We tried to improve on the methodolo-
gies used in recent studies12,13 by (i) using the highest (not
the average) HGS value, (ii) excluding participants with a
history of MACCEs in all main analyses, (iii) including
angina pectoris and TIA in the list of MACCEs, and
(iv) using 3 modes of data collection, namely ICD-9, ICD-10
and self-reports, such that our data were more exhaustive.
The increased risk we found in the two age groups (partici-
pants strictly younger than 58.0 years, and those 58.0 years
and older) in the sensitivity analysis, confirms that the occur-
rence of the MACCE outcome in presarcopenic and sarcope-
nic participants is not solely age-related.

Limitations

Although the UK Biobank database provided a large
cohort of participants, it is limited by evidence of a
“healthy responder” bias. As such, due to the low propor-
tion of sarcopenic participants, presarcopenia (subgroup
n�1 and n�2) and sarcopenia were considered as a single
subgroup in our analysis of participants living or not with
obesity. Only Caucasian participants were included, which
limits the generalizability of our results. The fact that most
of the events were recorded through hospitalization data
underlines the lack of precision inherent to declarative
data. In the sensitivity analysis, we found the same conclu-
sions as for the primary outcome of the principal analysis,
but the non-significant risk difference in the sarcopenic
participants <58.0 years was probably linked to a lack of
power in this minority subgroup (N = 197 sarcopenic
participants aged <58.0 years). Finally, the very high
proportion of women in the presarcopenic subgroup n�2
and sarcopenic groups, compared with the balanced
proportion in the others, underlines the importance
of choosing personalized thresholds for the calculation

of SMI, and partly explains the dispersion of confidence
intervals between these four main subgroups of
participants.

Perspectives

As several studies on the same subject reported divergent
results and did not compare the same subgroups, future
studies should (i) probably be conducted on older pro-
spective cohorts to include more sarcopenic participants,
and (ii) use the EWGSOP2 diagnostic criteria to enable
their comparison.

In the same way that metabolic syndrome parameters
are screened for when assessing cardiovascular risk, it
would probably be useful to screen for sarcopenia as well.

The higher risk of MACCEs in participants with a
low SMI only, as in those with a low HGS only, compared
to non-sarcopenics, suggests that it may be useful to
assess muscle mass in all patients at risk of sarcopenia,
even when muscle strength is normal, which is not
mentioned in the EWGSOP2 recommendations.

CONCLUSION

This study supports the hypothesis that presarcopenic
(whatever the definition used) and sarcopenic status are
independent risk factors for incident MACCEs in a
middle-aged and older Caucasian population. To confirm
these findings, further studies are needed. These should
be based on EWGSOP2 criteria and conducted on data-
base populations with more sarcopenic participants, with
particular focus on obese sarcopenic participants and
participants with low SMI but normal HGS.
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Supplementary figure S1. Secondary analysis forest
plots. (A). Incident cardiovascular events, considered

independently, in non-sarcopenics versus presarcopenics
(n�1 and 2) and sarcopenics. (B). Incident cerebrovascu-
lar events, considered independently, in non-sarcopenics
(reference) versus presarcopenics (n�1 and 2) and sarco-
penics. (C). Incident major adverse cardiac and cerebro-
vascular events in NonSarcNonObese (reference) versus
NonSarcObese, PreSarcNonObese, and PreSarcObese.
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