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Abstract

Background Age-related loss in skeletal muscle mass, quality, and strength, known as sarcopenia, is a well-known phe-
nomenon of aging and is determined clinically using methods such as dual-energy X-ray absorptiometry (DXA). How-
ever, these clinical methods to measure sarcopenia are not practical for population-based studies, and a five-question
screening tool known as SARC-F has been validated to screen for sarcopenia.
Methods We investigated the relationship between appendicular skeletal lean mass/height2 (ALM/HT2) (kg/m2)
assessed by DXA and SARC-F in a subset of 1538 (778 men and 760 women) participants in the Multiethnic Cohort
(MEC) Study after adjustment for race/ethnicity, age, and body mass index (BMI) at the time of DXA measurement.
We then investigated the association between SARC-F and mortality among 71 283 (41 757 women and 29 526
men) participants in the MEC, who responded to the five SARC-F questions on a mailed questionnaire as part of the
MEC follow-up in 2012–2016.
Results In women, SARC-F score was significantly inversely associated with ALM/HT2 after adjusting for
race/ethnicity, and age and BMI at DXA (r=�0.167, P< 0.001); the result was similar in men although it did not reach
statistical significance (r= �0.056, P= 0.12). Among the 71 000+ MEC participants, SARC-F score ≥ 4, as an indicator
of sarcopenia, was higher in women (20.9%) than in men (11.2%) (P < 0.0001) and increased steadily with increasing
age (6.3% in <70 vs. 41.3% in 90+ years old) (P < 0.0001). SARC-F score ≥ 4 was highest among Latinos (30.8% in
women and 16.1% in men) and lowest in Native Hawaiian women (15.6%) and Japanese American men (8.9%). Dur-
ing an average of 6.8 years of follow-up, compared with men with SARC-F score of 0–1 (indicator of no sarcopenia),
men with SARC-F 2–3 (indicator of pre-sarcopenia) and SARC-F ≥ 4 had significantly increased risk of all-cause mortal-
ity [hazard ratio (HR) = 1.00, 1.77, 3.73, P < 0.001], cardiovascular disease (CVD) mortality (HR = 1.00, 1.85, 3.98,
P < 0.001), and cancer mortality (HR = 1.00, 1.46, 1.96, P < 0.001) after covariate adjustment. Comparable risk asso-
ciation patterns with SARC-F scores were observed in women (all-cause mortality: HR = 1.00, 1.47, 3.10, P < 0.001;
CVD mortality: HR = 1.00, 1.59, 3.54, P < 0.001; cancer mortality: HR = 1.00, 1.30, 1.77, P < 0.001). These significant
risk patterns between SARC-F and all-cause mortality were found across all sex–race/ethnic groups considered (12 in
total).
Conclusions An indicator of sarcopenia, determined using SARC-F, showed internal validity against DXA and displayed
racial/ethnic and sex differences in distribution. SARC-F was associated with all-cause mortality as well as
cause-specific mortality.
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Introduction

Age-related loss in skeletal muscle mass, quality, and
strength, known as sarcopenia, is a well-known phenomenon
of aging, chronic diseases, and physical inactivity.1–3 There is
tremendous recent interest in sarcopenia for a range of
aging-related conditions (e.g. cancer, metabolic syndrome,
and Alzheimer’s disease) as it has been found to contribute
to subsequent disability and mortality.4 Sarcopenia is
assessed clinically by determining muscle mass using
methods such as computed tomography, bioimpedance anal-
ysis, or dual-energy X-ray absorptiometry (DXA) and to mea-
sure muscle strength using various physical performance
tests (e.g. grip strength, gait speed, chair rises, timed-up-
and-go test, and short physical performance battery). Since
2010, several entities in the USA, Europe, and Asia have de-
veloped different definitions and thresholds to assess muscle
strength using grip strength and gait speed and to determine
clinically low muscle mass based on sex-specific cut-off points
of appendicular lean mass and height (ALM/height2). The
specific cut-off points varied depending on the measurement
technique and on the availability of reference studies and
populations.3,5–8 For example, the respective ALM/height2

cut-off points in men and women are <7.0 and <5.4 kg/m2

(based on DXA) according to the Asian Working Group on
Sarcopenia (AWGS),8 ≤7.23 and ≤5.67 kg/m2 according to
the International Working Group on Sarcopenia (IWGS),7

and <7.0 and <5.0 kg/m2 according to the revised European
Working Group on Sarcopenia in Older People (EWGSOP2).6

The respective AWGS, IWGS, and EWGSOP2 guidelines on
gait speed are <0.8, <1, and ≤0.8 m/s, while the handgrip
strength recommendations are <26 kg in men and <18 kg
in women from AWGS, and <20 kg in men and <15 kg in
women from EWGSOP2. Not surprisingly, population/study
estimates of sarcopenia varied substantially depending on
the approaches and definitions that were used. These clinical
methods to assess muscle mass and strength are also costly
and typically not practical for large-scale population-based
studies.6 Importantly, a recent position statement from the
Sarcopenia Definition and Outcomes Consortium (SDOC)
and several accompanying papers found that lean mass mea-
sured by DXA was not associated with adverse outcomes.9–11

To facilitate screening of sarcopenia in population-based
studies, Malmstrom et al. developed and validated a five-
item questionnaire to screen for sarcopenia (SARC-F) among
Whites and African Americans in three US study
populations.12 Responses to these five questions are based
on the subject’s assessment of his or her limitation in
strength (lifting), walking ability, rising from a chair, climbing
stairs, and recent history of falls.13,14 The total SARC-F score
ranges from 0 to 10, with a score of 4 or greater as predictive
of sarcopenia. Organizations such as the International Clinical
Practice Guidelines for Sarcopenia have recommended
screening for sarcopenia using the SARC-F or gait speed.15

The SARC-F has been translated into multiple languages and
has been investigated in at least 28 studies in relation to var-
ious health outcomes that were conducted in Asia (n = 15),
Europe (n = 7), South America (n = 4), and the USA (n = 2)
(see, review16). In a meta-analysis of five studies (one USA,
one Spain, and three Asia) that tested SARC-F in relation to
mortality, a significant two-fold increased risk was found.17

However, two of the five studies had little information on
covariates,12,18 and the two studies showing the strongest as-
sociation had only 1 year of follow-up.18,19

We posited that the SARC-F may be a useful tool to study
sarcopenia across sex–racial/ethnic groups in the USA. As
such, we investigated indicators of sarcopenia based on the
SARC-F13 in the Multiethnic Cohort (MEC) Study, an ongoing,
long-term prospective study of older adults in Hawaii and Cal-
ifornia (CA). We first investigated among 1538 MEC partici-
pants the correlation of SARC-F with DXA measurements on
appendicular skeletal lean mass/height2 (ALM/HT2, kg/m2)
that was conducted as part of the MEC Adiposity Phenotype
Study (APS).20 We then determined among 41 757 women
and 29 526men the SARC-F scores by sex across 6 racial/ethnic
groups and age categories. During an average of 6.8 years of
follow-up, we investigated the association of SARC-F with all-
cause mortality, and cardiovascular disease (CVD)-specific
and cancer-specific mortality by sex–race/ethnicity with ad-
justment for relevant lifestyle factors.

Methods

Study population

The MEC was established between 1993 and 1996, enrolling
96 810 men and 118 441 women, aged 45–75 years from pri-
marily six racial/ethnic groups (African Americans and Latinos
from California, mainly from Los Angeles County, and Japa-
nese, Native Hawaiians,Whites, and other Asian Americans in-
cluding Filipinos, Chinese, and Koreans, mainly from Hawaii).21

At cohort entry, participants completed a 26-page mailed
questionnaire that assessed demographics, anthropometry,
smoking, alcohol use, medical history, diet, physical activity,
and reproductive history (among women).

Ascertainment of sarcopenia by questionnaire

Follow-up questionnaires were mailed to all MEC participants
about every 5 years to update select exposures or assess new
exposures (Supporting Information, Figure S1). In the
follow-up questionnaire (Q×5) that was administered in
2012–2016, a geriatric assessment was conducted, which
asked 21 items related to physical function, including 6 ques-
tions on activity of daily living (ADL) (using the toilet including
getting up and down, eating including cutting your own food/
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feeding yourself, dressing, bathing/showering, getting in or
out of bed, and walking across a room),22 6 questions on in-
strumental activities of daily living (IADL) (using a map, shop-
ping for grocery, preparing a hot meal, managing money,
taking medicine, and using a phone),23 and 9 questions on
other parameters of physical functions including mobility
(walking 1 block and climbing flight of stairs), large muscle
function (sitting for ~2 h, stooping/kneeling/crouching, and
getting up from chair after sitting for long periods), arm func-
tion (reaching/extending arms above shoulder, pulling/push-
ing large objects, and lifting or carrying weights
≥10 pounds), and fine motor functions (picking up a dime
from table). In addition, questions on social network and
isolation,24 depressive symptoms based on the eight-item
Center for Epidemiological Studies Depression scale,25 and
history of chronic conditions were asked. Following the algo-
rithm that was developed and validated by Malmstrom and
Morley to assess sarcopenia,14 we constructed a sarcopenia
score (SARC-F) based on responses to five questions. Four
questions were identical to those asked by Malmstrom: (1)
walking across room, (2) climbing flights of stairs, (3) getting
up from a chair, and (4) lifting or carrying weights more than
10 pounds (referred hereafter as lifting), and we assigned a
score of 0, 1, and 2, respectively, to responses of no difficulty,
some difficulty, and cannot and will not do (i.e. a total score
of 8 if participant did not do all 4 tasks). For the fifth ques-
tion, Malmstrom asked number of falls, 0, 1–3, and ≥4 falls,
and assigned a score of 0, 1, and 2, respectively. In the
MEC, we first asked if subjects had falls (no/yes), and among
those who had falls, if they received medical treatment (no/
yes). We assigned a score of 0, 1, and 2, respectively, to re-
sponses of no falls, had falls that did not require medical
treatment, and had falls that required medical treatment.
Thus, our scoring of falls was based on severity and not the
number of falls. A SARC-F score was created (totalling 10
points) where a score of 0–1 designated no sarcopenia, a
score of 2–3 as pre-sarcopenic, and a score of ≥4 as
sarcopenic. In total, 71 303 MEC participants responded to
Q×5 and were included in the analysis on lifestyle determi-
nants and mortality analysis in relation to SARC-F.

Dual-energy X-ray absorptiometry assessment and
dual-energy X-ray absorptiometry-based
sarcopenia

In 2013–2016, the MEC APS was conducted to determine
image-based body composition among a subset of MEC
participants.20 The MEC APS study excluded participants with
reported body mass index (BMI) outside the range of
18.5–40 kg/m2; smoking in the past 2 years; soft or metal im-
plants other than knee or hip replacement; insulin or thyroid
medications; serious medical conditions; and likely claustro-
phobia to withstand the magnetic resonance imaging (MRI)

bore. During the clinic visit at the University of Hawaii (UH)
or University of Southern California (USC), participants pro-
vided a blood sample after an overnight fast, completed
questionnaires, and underwent anthropometric measure-
ments, an abdominal MRI, and a whole-body DXA scan for to-
tal and regional body composition measurements.20 Of the
1801 MEC APS participants (915 women and 886 men) with
valid DXA measured ALM/HT2 (kg/m2), 1538 (778 men and
760 women) also responded to the SARC-F assessed at Q×5.

Mortality outcome ascertainment

Deaths were identified by using state death records and the
National Death Index. All-cause mortality included deaths
from CVD, cancer, as well as deaths from other causes, includ-
ing accidents and suicides. All death files were current as of
December 2019 for participants in Hawaii and CA. Partici-
pants with no recorded deaths as of this date were censored.
All deaths were identified by using International Classification
of Diseases, Ninth Revision codes 140–208 or International
Classification of Disease, Tenth Revision codes C00–C97.
CVD deaths included acute myocardial infarction (410, 121),
other heart diseases (411, 413–414, 425–429, 120, 122–124,
142–152), and stroke (430–438, 160–169). During an average
of 6.8 ± 2.2 years of follow-up of Q×5 respondents (41 757
women and 29 526 men), there were 10 998 deaths (5605
women and 5393 men).

Statistical analyses

Among 1538 participants with both DXA measured ALM/HT2

and SARC-F information, we computed the Pearson’s correla-
tion coefficients (r) and partial correlation coefficients be-
tween SARC-F and DXA by sex–race/ethnicity with
adjustment for age (continuous), and BMI at the time of
DXA measurement, and calculated sensitivity and specificity
using the IWGS’s muscle mass definition for sarcopenia
(≤7.23 kg/m2 for men and ≤5.67 kg/m2 for women)7 and
for the SARC-F cut-off point of ≥4 for men and women. Sec-
ond, we classified 71 283 MEC participants by SARC-F score
(0–1, 2–3, and ≥4 as indicator of no sarcopenia, pre-
sarcopenic, and sarcopenic) and then assessed the SARC-F
score by sex–race/ethnicity (African American, Native Hawai-
ian, Japanese American, Latino,White, and other Asian Amer-
icans) and age categories (<70, 70–74, 75–79, 80–84, 85–89,
90+). We then used Cox proportional hazard regression to es-
timate the multivariable hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for all-cause mortality, and CVD-specific
and cancer-specific mortality in relation to SARC-F. We also
investigated each the five SARC-F components and risk of
overall, CVD-specific, and cancer-specific mortality. We in-
cluded potential risk factors for covariate adjustment based
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on Q×5 data on BMI and history of chronic conditions [high
blood pressure, congestive heart failure, angina, heart attack,
stroke, diabetes, skin cancer (not melanoma), Alzheimer’s
disease, other dementia, polyps of intestines, Crohn’s dis-
ease, ulcerative colitis, osteoporosis, gallbladder removal, ul-
cer, chronic heartburn, cataract surgery, glaucoma, asthma,
chronic lung disease, Parkinson’s disease, and enlarged pros-
tate (men only)] as well as baseline variables including BMI
(<25, 25–29.9, ≥30 kg/m2, missing), smoking (non-smoker,
former smoker by pack years <20, 20+, don’t know; current
smokers by pack years <20, 20+, don’t know), alcohol con-
sumption (0 ethanol, 1 < 12, 12–<24, ≥24 g/day), physical
activity (hours spent in moderate/vigorous activity), history
of chronic conditions (0–1, 2–3, 4+), and Mediterranean diet
energy adjusted total score (0–9).26 For women, the models
were additionally adjusted for baseline menopausal status
and menopausal hormonal therapy (MHT) use (pre-meno-
pause, post-menopause: never, past, current MHT use), age
at menarche (≤12, 13–14, >14), and parity (nulliparous, 1,
2–3, 4+). In addition, we conducted subgroup analyses by
BMI and number of chronic conditions assessed at Q×5 and
Mediterranean diet score and smoking status assessed at
baseline. All P values are two-sided with a significance level
of 0.05. Analyses were performed using SAS 9.4 statistical
software (SAS Institute, Cary, NC).

Results

Comparison between SARC-F defined sarcopenia
and ALM/HT2

Table 1 shows results in 1538 MEC participants with DXA
measured ALM/HT2 (kg/m2) and SARC-F. In men, the respec-
tive average age ± SD at DXA measurement and Q×5 re-
sponse was 69.2 ± 2.7 and 69.5 ± 2.7, and in women, the
corresponding ages were 69.0 ± 2.7 and 69.2 ± 2.7. Men com-
pared with women had a lower SARC-F ≥ 4 (2.2% vs. 5.9%),
lower SARC-F 2–3 (9.3% vs. 19.1%), and higher ALM/HT2

(8.68 ± 1.11 vs. 6.83 ± 1.08 kg/m2). After adjusting for race/
ethnicity, age, and BMI at DXA assessment, in women,
SARC-F score was significantly inversely associated with
ALM/HT2 (r = �0.167, P < 0.0001). This inverse association
was observed in each racial/ethnic group, was borderline sta-
tistically significant in Latino women (r = �0.146, P = 0.07),
and reached statistical significance in African American
women (r = �0.17, P = 0.04). In all men, SARC-F score was in-
versely associated with ALM/HT2 (r = �0.056, P = 0.12); this
was borderline statistically significant in Latino men
(r = �0.133, P = 0.08). Using IWGS definition of sarcopenia,
that is, ALM/HT2 (≤7.23 kg/m2 for men and ≤5.67 kg/m2 for
women),7 7.8% (61 of 778) of men and 13.4% (102 of 760)
of women in this sub-study would be classified as sarcopenic.

Using SARC-F ≥ 4 as the cut-off point, the respective sensitiv-
ity and specificity were 3.3% (95% CI 0.4, 11.4), and 97.9%
(95% CI 96.6, 98.8) in men, and 6.9% (95% CI 2.8, 13.6), and
94.2% (95% CI 92.2, 95.9) in women. Using SARC-F ≥ 2 as
the cut-off point, the sensitivity increased to 9.8% (95% CI
3.7, 20.2) in men and 23.5% (95% CI 15.7, 33.0) in women
while the specificity dropped to 88.4% (95% CI 85.9, 90.7)
in men and 74.8% (95% CI 71.3%, 78.1) in women.

SARC-F scores as an indicator of pre-sarcopenia
and sarcopenia in the Multiethnic Cohort

Indicators of sarcopenia (SARC-F ≥ 4) and pre-sarcopenia
(SARC-F 2–3) among 71 283 MEC participants by sex–race/
ethnicity are presented in Table 2. Crude and
age-standardized percentages of SARC-F scores were similar
and we reported the latter. SARC-F ≥ 4 was higher in women
(20.9%) than in men (11.2%) and varied by ~2-fold across
race/ethnicity. In men, SARC-F ≥ 4 was highest in Latinos
(16.1%) and African Americans (15.4%), intermediate in Na-
tive Hawaiians (10.5%) and other Asian Americans (10.9%),
and lowest in Japanese Americans (8.9%) and Whites
(8.8%). In women, SARC-F ≥ 4 was also highest in Latinos
(30.8%) and African Americans (27.2%), intermediate in
Whites (17.4%) and other Asian Americans (16.9%), and low-
est in Japanese Americans (16.3%) and Native Hawaiians
(15.6%). The distribution of SARC-F in each sex–race/ethnic
group (except for Japanese Americans men) differed signifi-
cantly from that of White men or White women. SARC-F ≥ 4
rose from 3.8% in the youngest (age < 70) to 31.4% in the
oldest (age 90+) men and from 7.6% to 46.8% in women.
The above patterns in men and women were largely observed
in each of the 5 year age groups (<70, 70–74, 75–79, 80–84,
and 85+) by race/ethnicity (Figure 1). Deficits of IADL and
ADL, average number of chronic conditions, and history of di-
abetes tended to be highest among those with SARC-F ≥ 4, in-
termediate among those with SARC-F 2–3, and lowest among
participants with SARC-F 0–1 (Table 2).

We also examined responses to each specific SARC-F ques-
tion to assess which components were more frequently iden-
tified as very difficult and cannot do (score 2) (Table 3).
Among men, 5.8% responded it was very difficult (cannot
do, score 2) to climb stairs and 4.7% could not lift (strength);
these estimates were about doubled in women (10.8% climb
stairs, 13.5% lifting). Women were more likely than men to
have falls, required medical treatment (score 2) (9.1% vs.
5.3%) or no treatment (score 1) (10.3% vs. 8.4%). In contrast,
men and women were similar in terms of having great diffi-
culty rising from a chair (1.2% in men, 1.7% in women) or
walking across a room (1.0% men, 1.5% men). A higher
proportion of women than men reported they had some
difficulty (score 1) with rising from a chair (43.1% vs.
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35.1%), climbing stairs (27.1% vs. 18.2%), and lifting (30.2%
vs. 16.4%).

Association between SARC-F and all-cause and
cause-specific mortality

SARC-F was statistically significantly associated with risk of
all-cause mortality in men and women (Table 4). Compared
with men with SARC-F 0–1, adjusted HR for overall mortality
was 1.77 (95% CI 1.63–1.92) for SARC-F 2–3, and 3.73 (95%
CI 3.40–4.09) for SARC-F ≥ 4. The respective covariate ad-
justed HRs in women were 1.47 (95% CI 1.35–1.59) and 3.10
(95% CI 2.86–3.36). For each 1 unit increase in SARC-F score
from 0 to 10, HR for overall mortality in men was 1.32 (95%
CI 1.30–1.34); HRs ranged from 1.25 (95% CI 1.21–1.29) in La-
tino men to 1.45 (95% CI 1.38–1.48) in White men. The corre-
sponding HR in women was 1.27 (95% CI 1.25–1.29) and the
HRs ranged from 1.20 (95% CI 1.15–1.24) in African American
women to 1.35 (95% CI 1.31–1.39) in Japanese American
women. We also explored the associations by follow-up pe-
riod and found that SARC-F scores ≥ 4 were associated with
risk for both shorter (<6 years) and longer (≥6 years) periods
of follow-up; the respective HRs were 2.33 (95% CI 1.45–3.74)
and 1.82 (95% CI 1.35–2.44) in men and 1.60 (95% CI
1.17–2.18) and 1.71 (95% 1.34–2.18) in women. The associa-
tions between SARC-F and all-cause mortality were observed
across Q×5 BMI (<25, 25–30, >30 kg/m2) and history of
chronic conditions (0–1, 2–3, 4–5, 6+) as well as baseline Med-
iterranean diet score (0–2, 3, 4, 5, 6–9) and smoking status
(never, former, current) in both men and women (Table 5).

Cardiovascular disease and cancer accounted for ~60% of
all deaths in men (1897 of 5391, 35.2% heart disease; 1437
of 5391, 26.7% cancer) and women (2018 of 5601, 36.0%
heart disease; 1411 of 5601, 25.2% cancer) (Table 6). CVD
mortality was associated with SARC-F score. Compared with
men with SARC-F 0–1, the respective covariate adjusted HRs
for CVD were 1.85 (95% CI 1.64–2.09) for SARC-F 2–3 and
3.98 (95% CI 3.49–4.55) for SARC-F ≥ 4; the corresponding
HRs in women were 1.59 (95% CI 1.39–1.81) and 3.54 (95%
CI 3.12–4.02). In men, the HRs for CVD per 1 unit increase
in SARC-F score were highest in Whites and Japanese
Americans and lowest in Latinos (all P values < 0.0001) while
in women, the HRs were highest in Japanese Americans and
Native Hawaiians and lowest in African Americans (all P
values < 0.0001). Although the SARC-F score was also associ-
ated with cancer-specific mortality, the covariate adjusted
HRs were considerably lower. Compared with SARC-F 0–1,
the respective HRs for cancer-specific mortality among those
with SARC-F 2–3 and SARC-F ≥ 4 were 1.46 (95% 1.28–1.67)
and 1.96 (95% CI 1.66–2.31) in men and 1.30 (95% CI
1.14–1.49) and 1.77 (95% CI 1.53–2.05) in women.

Finally, we investigated the associations between each of
the five components of SARC-F and risk of all-cause, CVD-spe-Ta
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cific, and cancer-specific mortality (Table 7). Risks of all-cause
mortality were significantly increased in relation to having dif-
ficulty or cannot do these five SARC-F components; the respec-
tive HRs in men and women were strongest for walking
(HR = 3.25 and 2.96), intermediate for strength (HR = 2.53
and 2.07) and climbing stairs (HR = 2.52 and 2.15), and weaker
for falls (HR = 1.92 and 1.66) and rise from chair (HR = 1.58 and
1.42). Interestingly, when we mutually adjusted for the other
SARC-F components, all the HRs remained statistically signifi-
cant but the respective HR estimates for walking, strength,
and climbing weakened considerably while the HR estimates
for falls and rise from chair remained largely unchanged. The
mutually adjusted HRs for the five SARC-F components ranged
from 1.55 (rise from chair) to 1.90 (falls) in men and 1.39 (rise
from chair) to 1.93 (walking) in women. These risk patterns in
association with the individual SARC-F components were also
found separately for CVD-specific and cancer-specific mortal-
ity (Table 7).

Discussion

The ability to rapidly screen for sarcopenia for risk stratifica-
tion and to initiate targeted intervention is critical to slow

its progression and lessen the consequences of sarcopenia.3

This large investigation of SARC-F in the MEC adds new infor-
mation on the prevalence of indicators of sarcopenia (SARC-
F ≥ 4) and pre-sarcopenia (SARC-F 2–3) and its utility in three
minority groups (Native Hawaiians, Japanese Americans, and
other Asian Americans including mainly Filipino and Chinese
from Hawaii) that have not been included in studies of
SARC-F, as well as in groups (African Americans, Latinos,
and Whites) that have been studied, but in relatively small
numbers.12 Using an identical protocol to determine SARC-F
scores and the availability of extensive baseline and
follow-up covariate information, we found that SARC-F score
was significantly associated with all-cause mortality, as well
as CVD-specific and cancer-specific mortality in each of the
12 sex–race/ethnic groups in this cohort. Our results also sug-
gest that SARC-F score was monotonically associated with
overall mortality, capturing health information that goes be-
yond being a surrogate for ALM/HT2. Self-reported difficulties
with performing each of the five SARC-F components
(climbing stairs, lifting, falls, rise from chair and walking
across a room) were also associated with overall, CVD-
specific, and cancer-specific mortality in men and women.

In a sub-study of 1538 MEC subjects with both SARC-F and
DXA measured ALM/HT2, SARC-F correlated significantly with
ALM/HT2 in women, notably in African American and Latino

Figure 1 Distribution of SARC-F in men and women, by race/ethnicity and age groups. (A) Distribution of no sarcopenia (SARC-F score 0–1),
pre-sarcopenia (SARC-F score 2–3), and sarcopenia (SARC-F ≥ 4) separately in men, by race/ethnicity (B = African American, H = Native Hawaiian;
L = Latino; J = Japanese American; W = Whites, O = other Asian Americans), and age categories (<70, 70–74, 75–59, 80–84, 85+). (B) Distribution
of no sarcopenia (SARC-F score 0–1), pre-sarcopenia (SARC-F score 2–3), and sarcopenia (SARC-F ≥ 4) separately in women, by race/ethnicity
(B = African American, H = Native Hawaiian; L = Latino; J = Japanese American; W = Whites, O = other Asian Americans), and age categories (<70,
70–74, 75–59, 80–84, 85+).
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women; the latter had the highest prevalence of SARC-F
score ≥ 4 (15.4%) in this subgroup of MEC women. The lack
of a statistically significant association in men may be due
to the low prevalences of SARC-F ≥ 4 (2.2%) and SARC-F
2–3 (9.3%) in this subgroup of MEC men. The low sensitivity
and high specificity of SARC-F in our sub-study as a predictor
of ALM/HT2 agrees with previous studies.4,16,27 In a 2018
meta-analysis, SARC-F had low sensitivity (ranged from 7%
to 27%) but high specificity (ranged from 80% to 97%).27 As
others have reported,16 when we lowered the SARC-F cut-
off points from ≥4 to ≥2, sensitivity increased while specificity
decreased but the sensitivity still remained low. The recent
SDOC finding of no association between DXA-determined
muscle mass and adverse outcomes9 highlights the impor-
tance of identifying screening tools for sarcopenia that are
not dependent on muscle mass measurements.

Our results based on SARC-F scores showed a ~2-fold
higher occurrence of sarcopenia in women than in men,
and a ~2-fold difference in the occurrence across race/eth-
nicity, highest in Latinos and African Americans, intermedi-
ate in Native Hawaiians and other Asians, and lowest in
Whites and Japanese Americans. It is of interest that the oc-
currence of sarcopenia tended to be higher in men than in
women when sarcopenia was determined based on muscle
mass definitions according to AWGS, IWGS, EWGSOP, and
other entities, but the occurrence of sarcopenia based on
SARC-F (cut-off point ≥ 4) was not higher in men than in
women (see table 3 of review by Voelker et al.16). Because
the occurrence of clinically determined sarcopenia varies de-
pending on the cut-off points and methods used to measure
sarcopenia,28 we compared our results mainly to studies
that used SARC-F scores. Older White women (n = 141, aver-
age age of 83) in Pittsburgh showed SARC-F score ≥ 4 of
21.3%,29 similar to our findings (23.3%) among White
women (ages 80–84) in the MEC. Malmstrom and colleagues
conducted the other US study and presented SARC-F scores
from the African American Health (AAH) study, the National
Health and Nutritional Examination Survey (NHANES), and
the Baltimore Longitudinal Study of Aging (BLSA).12 Our find-
ing of a higher SARC-F score in women than in men was also
observed in the AAH and the NHANES studies. For example,
in NHANES, SARC-F ≥ 4 was 15.4% in men and women com-
bined, which we calculated was 19.7% in women (n = 1702)
and 11.9% in men (n = 1586). SARC-F ≥ 4 scores among MEC
African American men (14.5%) and women (25.7%) were
similar to results reported for African American men
(16.4%) and women (26.5%) in the AAH study.12 However,
the NHANES study found comparable SARC-F ≥ 4 scores
among Mexican Americans (14.4%), other Hispanics
(18.0%), Whites (15.1%), Blacks (16.5%), and other races
(17.1%).12 The NHANES results on Hispanics were similar
to results of 19.5% reported for a community-based study
of older (aged ~73.2) women (80% of 487) residing near
Mexico City.30 Reasons for the higher SARC-F scores among

MEC Latino men and women are not known, but they
tended to have a less healthy lifestyle (low physical activity,
low Mediterranean diet scores) and more chronic conditions
than other racial/ethnic groups (Table 2). We are not aware
of published data on SARC-F scores in Native Hawaiians, Jap-
anese Americans, and other Asian Americans, but some
studies in Japan have reported very low SARC-F ≥ 4
occurrence (~3–4%) among community dwellers,31 but
considerably higher (14.3% for men and 28.4% for women)
among diabetics.32 Differing SARC-F scores among different
racial/ethnic groups may reflect the social gradient during
childhood and over the lifecourse.33 Lifestyle and
biomarker determinants of SARC-F among MEC participants
will be investigated in the future.

Although there is substantial literature on the association
of mortality with sarcopenia based on various clinical defi-
nitions of sarcopenia,34–36 studies on SARC-F scores and
mortality are sparse, based on relatively short follow-up pe-
riods and adjusted for limited number of covariates.18,19,37

In the MEC, covariate adjusted HRs between all-cause mor-
tality and SARC-F (as continuous and categorical variables)
were statistically significant, in both men and women, and
by race/ethnicity; the HRs for SARC-F ≥ 4 ranged from
2.87 to 5.12 in men, and from 2.20 to 4.17 in women.
The HR in each racial/ethnic group was somewhat higher
in men than in women except for Native Hawaiians. Our re-
sults add to previous longitudinal results on SARC-F and
mortality.12 With adjustment for sex and age, SARC-F
scores ≥ 4 predicted mortality in both AHH [odds ratio
(OR) = 1.87, 95% CI 1.17–2.98] and BLSA (OR = 3.0, 95%
CI 1.6–5.7). In BLSA, which also evaluated each component
of SARC-F in association with mortality, strength, rising
from a chair, and climbing stairs were each significantly as-
sociated with mortality.12 In the MEC, in both men and
women, SARC-F scores were associated with mortality,
showing a significant association for both shorter (<6 years)
and longer (≥6 years) follow-up, which differs from the
meta-analysis results of an increased risk limited to
<5 years (HR 4.30, 95% CI 1.82–10.17) but not ≥5 years
of follow-up (HR 1.32, 95% CI 0.86–2.02).17 We will con-
tinue to monitor the impact of SARC-F on mortality with
additional years of follow-up.

Our findings on SARC-F with CVD-specific and cancer-spe-
cific mortality add new information on the utility of the
SARC-F scores. We found strong significant associations be-
tween SARC-F ≥ 4 and CVD mortality by sex–race/ethnicity;
the HRs ranged from 3.06 in Latino to 4.73 in White men,
and from 2.33 in African American to 5.13 in Native Hawaiian
women. Our results differ from NHANES results on sarcope-
nia, determined using bioimpedance analysis, which showed
an association with CVD mortality in women (HR 1.61) but
not in men (HR 1.07).38 Also unlike the null results on
SARC-F and cancer-specific mortality in NHANES,38 SARC-F
scores in the MEC were associated with cancer-specific mor-
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tality in men and women across race/ethnicity; results were
statistically significant in 8 of 12 sex–racial/ethnic subgroups.
The stronger findings on cancer in the MEC may be due, in
part, to the three times larger number of cancer deaths. How-
ever, similar to the NHANES results,38 we observed equally
strong associations between SARC-F and all-cause mortality
irrespective of BMI.

Finally, our results suggest that each of the five SARC-F
components is associated with risk of overall, CVD-specific,
and cancer-specific mortality in men and women, providing
further evidence of the utility of these easy to implement
questions, particularly in population-based observational
studies. The editorial comments of Cesari and Kuchel in re-
sponse to the recent SDOC findings on the definition of
sarcopenia39 emphasize the role of complementary methods
to screen for sarcopenia and that this is a continually evolving
field that will require further development, with careful con-
sideration of the age, race/ethnicity, comorbid conditions,
and other characteristics of the population under study.40

Study strengths and limitation

To our knowledge, this is the largest single study to date on
SARC-F in a community setting, covering major racial/ethnic
groups in the USA, and a substantial number of early old age
(<70), as well as later old age (>90), men and women. The five
questions we used on SARC-F were essentially identical to the
questions used in the original SARC-F study.12 Despite having
poor sensitivity but high specificity, SARC-F appeared to be
very useful to screen for individuals at high risk of adverse out-
comes including all-cause mortality as well as CVD-specific and
cancer-specific mortality. A main study limitation is the lack of
measurements of clinical tests, such as gait speed, grip
strength, or chair stands. In addition, our sub-study on
DXA-assessed sarcopenia was based on a modest sample size
in each ethnic group. Our mortality analysis was also based
on a relatively short period of follow-up of Q×5 respondents.

Conclusions

SARC-F is a simple tool consisting of five questions that can
be incorporated easily as a screening tool in the clinic, and

it can be used as a continuous or as a categorical variable.
SARC-F has great potential as a first step to screen for sar-
copenia for risk stratification and targeted intervention.
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