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INTRODUCTION

Background: While sarcopenia and frailty independently contribute to functional impairment
and disability, the combined impact resulting from their interplay is unclear. We investigated if
functional, physical, cognitive, and nutritional measures were more adversely affected in com-
munity-dwelling older adults who were screened positive for both frailty and sarcopenia. Meth-
ods: Using the FRAIL (>1) and SARC-F (Strength, Assistance with walking, Rising from a chair,
Climbing stairs, and Falls) (>1) scales for screening, we categorized 200 participants (age,
67.9+7.9 years) as combined (both positive, 12.5%), intermediate (either positive, 25.5%), or ro-
bust (both negative, 62%). Results: Comparisons of the three groups showed that the combined
group had significantly worse functional ability (Frenchay Activities Index and Modified Barthel
Index), physical performance (knee extension, gait speed, and Short Physical Performance Battery
score), cognition/mood (Chinese Mini-Mental State Examination [CMMSE] score and Geriatric
Depression Scale), and nutrition (Mini Nutritional Assessment [MNA] score) (p<0.05, one-way
analysis of variance). Post-hoc comparisons revealed similar findings between the combined and
robust groups, except for knee extension and CMMSE scores. Only MNA scores were significantly
lower between the intermediate and robust groups. Conclusion: Functional ability, physical per-
formance, and nutrition were more adversely affected in our study population of communi-
ty-dwelling older adults who screened positive for both frailty and sarcopenia than in those who
screened positive for either or neither, supporting the use of community screening for early de-
tection and intervention for both frailty and sarcopenia as opposed to either alone.
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in tandem, resulting in an increasing burden on healthcare systems

and the escalation of healthcare costs.””

Frailty is a modern geriatric giant,]’z) defined as a state of increased
vulnerability with a poor restoration of homeostasis after a stressor
event that increases an individual’s susceptibility to increased de-
pendency, adverse outcomes, and death.™ The reported preva-
lence of frailty in community-dwelling older adults in the Asia-Pa-
cific region is 3.5%-27%.” With the worldwide demographic
trend of population aging, the impact of frailty is expected to rise

Sarcopenia is a related but a distinct condition” that refers to the
progressive loss of skeletal muscle mass and strength that occurs
with aging.g) Similar to frailty, sarcopenia predisposes older indi-
viduals to adverse consequences such as falls, disability, and mor-

919 The reported prevalence of sarcopenia is 6%-22% in

tality.
adults aged > 65 years, depending on the care setting.”) The plau-

sible biological mechanisms linking sarcopenia and frailty include
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inflammatory responses, oxidative stress, and hormonal dysregula-
tion."”'” The complex intertwining relationship between sarcope-
nia and frailty has been likened to a “chicken and egg” situation.
Sarcopenia is believed to be a fundamental component and possi-
ble antecedent of frailty, resulting in reduced muscle strength and
gait speed, which characterize the physical manifestation of frail-
ty.lz'“) Conversely, weight loss, sedentary behavior, cognitive im-
pairment, and social isolation, which are commonly associated
with frailty, can lead to reduced muscle mass and impaired muscle
function. """

While sarcopenia and frailty independently contribute to func-
tional impairment and disability, the combined impact resulting
from the interplay between these two conditions is unclear. Sarco-
penia and frailty have generally been studied separately in isolation
rather than in parallel. *'* Using the Edmonton Frail Scale and the
SARC-F (Strength, Assistance with walking, Rising from a chair,
Climbing stairs, and Falls) questionnaire, a study observed both
frailty and sarcopenia in approximately one-quarter of older adults
attending medical specialist outpatient clinics.” The presence of
both syndromes was associated with poorer self-rated health, re-
current hospital admissions, polypharmacy, multiple medical clinic
appointments, higher fall rate, and increased falls with serious con-
sequences. However, the study did not compare the combined ef-
fects of frailty and sarcopenia relative to the presence of either con-
dition alone. It is also unclear whether these findings can be gener-
alized to a population of more robust community-dwelling older
adults.

Thus, we investigated whether functional, physical, cognitive,
and nutritional measures were more adversely affected in com-
munity-dwelling older adults who were screened positive for
both frailty and sarcopenia than in those who were screened pos-
itive for either condition alone. If true, this finding would sup-
port the use of community screening for the early identification
of both conditions to facilitate early intervention and reduce

poor health outcomes.

MATERIALS AND METHODS

Study Setting

We studied 200 cognitively intact and functionally independent
community-dwelling adults aged > 50 years who participated in
the “Longitudinal Assessment of Biomarkers for characterization
of early Sarcopenia and predicting frailty and functional decline in
community-dwelling Asian older adults Study.” The details of the
study have been described previously.” In brief, the inclusion cri-
teria included community-dwelling older adults aged S0-99 years
who were cognitively intact and independent in both basic activi-
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ties of daily living (bADL) and instrumental ADL (iADL). The
exclusion criteria were (1) presence of dementia or cognitive im-
pairment—defined as a Chinese Mini-Mental State Score
(CMMSE) <21," (2) inability to walk at least 4.5 m inde-
pendently, and (3) residing in nursing or sheltered homes. In-
formed written consent was obtained from the participants in the
presence of a trained research assistant. This study was approved
by the Institutional Review Board of the National Healthcare
Group (NHG DSRB No. 2012/00897).

Study Groups

We used the five-item self-report FRAIL scale to screen for the
presence of frailty.”” The FRAIL contains five components: fa-
tigue, resistance, ambulation, illnesses, and weight loss. The scores
range from 0 to S and correspond to frail (3-5), pre-frail (1-2),
and robust (0) health status. Sarcopenia was screened using the
five-item self-report SARC-F scale, which includes items related to
slow speed while walking, assistance in walking, rising from a chair,
climbing stairs, and falls.”” The total scores range from 0 to 10,
with scores of >4 indicating sarcopenia and adverse outcomes.
Because our sample comprised fairly healthy community-dwelling
older adults who were cognitively and functionally intact,”” we
used a FRAIL scale cut-off score of >1 to identify pre-frail/frail
participants. Similarly, we ascertained sarcopenia using a SARC-F
scale cut-off score of > 1, which showed higher sensitivity and rea-
sonable specificity for the detection of probable sarcopenia among
community-dwelling older adults.””* Using the aforementioned
FRAIL and SARC-F scales cut-offs, we categorized the partici-
pants into three groups: (1) combined (positive for both frailty
and sarcopenia), (2) intermediate (positive for either condition),
and (3) robust (negative for both conditions).

Data Collection

We collected demographic data and information on vascular risk
factors, including hypertension, hyperlipidemia, diabetes mellitus,
atrial fibrillation, ischemic heart disease, stroke, transient ischemic
attack, and smoking. We evaluated functional ability using the
Modified Barthel Index (MBI) for bADL,” Lawton and Brody’s
iADL index,m and the Frenchay Activities Index as a measure of
physical activity.zg) The MBI examines performance in bADL
such as personal hygiene or grooming, dressing, toileting, trans-
ferring, or ambulation. The scores range from 0 to 100, with high-
er scores indicating greater independence. The iADL index exam-
ines activities that allow for independent community living, such
as the ability to use the telephone, shopping, food preparation,
housekeeping, laundry, transportation, handling finances, and
taking medications. The scores range from 0 to 8, with higher
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scores indicating greater independence. The Frenchay Activities
Index is complementary to the MBI by measuring higher-order
activities of daily living, such as social and lifestyle activities.
Broadly, they assess three subscales: domestic chores, leisure/
work, and outdoor activities. Scoring is based on the frequency
with which 18§ activities are performed, each of which is scored on
a four-point scale (0 to 3) to yield a total score ranging from 0 (in-
active) to 45 (active).

Regarding physical performance, we measured the upper and
lower limb muscle strength and gait speed while walking a distance
of 4.5 m; we also used the Short Physical Performance Battery
(SPPB).”” Handgrip strength was measured using a hydraulic
hand dynamometer (North Coast Medical Inc., Morgan Hill, CA,
USA). Each subject had two readings of grip strength for each
hand; we averaged all four readings to obtain a final value. Knee ex-
tension was measured using an electronic push/pull dynamometer
(BASELINE 12-0342; Fabrication Enterprises Inc., White Plains,
NY, USA). The participants sat with their legs over the edge of a
chair with their hands resting on their thighs and their hips and
knees flexed at 90°. The dynamometer was positioned immediate-
ly above the malleoli and perpendicular to the tibial crest with the
monitor facing downward.

We assessed cognition using the CMMSE,
validated. We also assessed depressive symptoms using the 15-item

19)

which was locally

Geriatric Depression Scale.”” Nutritional status was assessed in
three ways: (1) body mass index (BMI), derived from measure-
ments of standing height and weight of the participant; (2) Mini
Nutritional Assessment (MNA) scale, which was locally validat-
ed;”” and (3) vitamin D level, with deficiency defined as a serum
concentration of <20 ng/mL based on modified Holick’s classifi-

. 32
cations. )

Statistical Analysis

Descriptive data are presented as mean * standard deviatin or me-
dian (interquartile range, IQR) for quantitative variables and as ab-
solute and relative frequencies for categorical variables. Inferential
statistics were applied to compare differences in functional, cogni-
tive, physical performance, and nutritional states between the three
groups. We used one-way analysis of variance with Bonferroni cor-
rection for post-hoc comparisons; the Kruskal-Wallis test for para-
metric and non-parametric continuous variables; and the chi-
square test for categorical variables. SPSS Statistics for Windows,
version 23.0 (IBM, Armonk, NY, USA) was used for data analysis.
All statistical tests were two-tailed, with the level of statistical sig-
nificance set at 5%.

RESULTS

Baseline Characteristics

Our study population comprised 200 older adults with a mean age
of 67.9 £7.9 years, with female predominance (68.5%), and most-
ly Chinese ethnicity (92%). Using the FRAIL and SARC-F scales
for screening, we identified 10 pre-frail/frail and 41 sarcopenic
subjects. The robust, intermediate, and combined groups com-
prised 124 (62%), 51 (25.5%), and 25 (12.5%) subjects, respec-
tively. Age increased and educational level decreased moving from
the robust to intermediate and combined groups. We observed no
significant differences in sex, ethnicity, or cardiovascular risk fac-
tors. Not surprisingly, the combined group scored the highest on
the FRAIL and SARC-F scales, followed by the intermediate and
robust groups (both p < 0.001) (Table 1).

Outcome Characteristics

The combined group performed significantly worse in functional
measures of bADL (100 [IQR 100-100] vs. 100 [IQR 100- 100]
vs. 100 [IQR 95-100]; p=0.002) and on the Frenchay Activities
Index (32.77+4.50 vs. 31.55£6.09 vs. 29.80 £ 5.24; p=0.025),
but not on iADL, than other groups. For physical performance
measures, the combined group had significantly worse SPPB
scores (12 [IQR 11-12] vs. 12 [IQR 11-12] vs. 11 [IQR 8-12];
p=0.013), knee extension (36.22+7.5S vs. 33.63£7.88 vs.
32.63+7.84 kg; p=0.031), and gait speed (1.49%0.26 vs.
1.49+0.26 vs. 1.27+0.37 m/s; p=0.01). We also observed a sig-
nificant decrease in CMMSE scores from the robust to the inter-
mediate/combined groups. Regarding nutritional measures, the
MNA score was significantly lower in the intermediate and com-
bined groups (27.40+1.77 vs. 26.52£1.99 vs. 25.98 +2.33;
p=0.001), but we observed no significant differences in vitamin D
levels and BMI. Post-hoc comparisons between the combined and
robust groups revealed similar findings, except for knee extension
and CMMSE scores. In contrast, only MNA scores were signifi-
cantly lower in the post-hoc comparisons between the intermedi-

ate and robust groups (Table 2).

DISCUSSION

Conventionally, sarcopenia, being organ-specific, has been re-
searched in the basic science domain, whereas frailty has been pre-
dominantly applied in clinical settmgs.14’33) In the recent few years,
their relationship has converged largely as a result of concerted ef-
forts in recent consensus recommendations of sarcopenia to pro-
mote the translation of current knowledge into improved diagnosis
and treatment in clinical practice.” Sarcopenia is now formally rec-
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Table 1. Baseline characteristics

Robust (n=124) Intermediate (n=51) Combined (n=25) p-value
Demographics
Age (y) 67.35+7.77 68.10+£8.11 70.52+7.57 0.18
Sex, female 83 (67) 34(67) 20 (80) 042
Chinese ethnicity 112 (90) 49 (96) 23(92) 0.48
Education (y) 9.81£4.51 8.39+5.53 648+4.17" 0.004
Cardiovascular risk factors
Diabetes 22(18) 13 (26) 8(32) 021
Hypertension 58 (47) 25(49) 13(52) 0.88
Hyperlipidemia 85(69) 30(59) 17 (68) 0.46
Atrial fibrillation 6(5) 2(4) 1(4) 0.96
Ischemic heart disease 3(2) 0(0) 1(4) 0.44
Stroke/transient ischemic attack 2(2) 3(6) 0(0) 0.18
Smoking 5(4) 2(4) 1(4) 0.49
Frailty/sarcopenia
FRAIL score 0(0-0) 0(0-0)* 1(1-1)* <0.001
FRAIL > 1 0(0) 10 (20)* 25(100)* <0.001
SARC-F score 0(0-0) 1(1-1)* 2 (1-2)* <0.001
SARC-F >1 0(0) 41 (80)* 25 (100)* <0.001

Values are presented as meantstandard deviation or number (%) or median (interquartile range).
*p<0.01, compared with the robust group (post-hoc test).

Table 2. Outcome characteristics

Robust (n=124) Intermediate (n=51) Combined (n=25) p-value

Functional ability

bADL (0-100) 100 (100-100) 100 (100-100) 100 (95-100)* 0.002

iADL (0-23) 23(23-23) 23(23-23) 23(23-23) 0.089

FAI (0-45) 32.77+£4.50 31.55+6.09 29.80+ 524 0.025
Physical performance

SPPB (0-12) 12(11-12) 12 (11-12) 11(8-12)* 0.013

Gait speed (m/s) 1.49+0.26 1.49+0.26 1.27+0.37* 0.001

Knee extension (kg) 36.22+7.55 33.63+7.88 32.63+7.84 0.031

Grip strength (kg) 2244+6.70 21.02£5.75 19.57+6.70 0.089
Cognition

CMMSE (0-28) 26.44%1.66 25.68+1.79 25.84+1.84 0.042
Mood

GDS (0-15) 0(0-1) 0(0-1) 1(0-5) 0.083
Nutritional measures

MNA (0-30) 2740+1.77 26.52+ 1.99* 25.98+2.33* 0.001

Vitamin D (ng/mL) 29.64+9.52 29.20+8.77 2825+ 11.90 0.809

BMI (kg/m’) 23.94+3.54 23.96+4.11 24.16+4.34 0.963

Values are presented as median (interquartile range) or meanzstandard deviation.

bADL, basic activities of daily living; iADL, instrumental activities of daily living; FAI, Frenchay Activities Index; SPPB, Short Physical Performance Battery;
CMMSE, Chinese Mini-Mental State Examination; GDS, Geriatric Depression Scale; MNA, Mini-Nutrition Assessment; BMI, body mass index.

*p<0.01, *p<0.0S, compared with the robust group (post-hoc test).

ognized as a muscle disease, with an International Classification of ~ Thus, instead of attempting to determine the precise clinical rela-

Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) di- tionship between frailty and sarcopenia or to focus on each condi-

) )

. . . .34 . .. . 35 . . . .
agnosis code that can be used to bill for care in some countries. tion in isolation,” screening for the combination of both condi-
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tions may be a more pragmatic approach.

The results of our study support this approach in two ways. First,
they demonstrate that the community proportion of older adults
with both frailty and sarcopenia is not low. While the prevalence of
12.5% observed in our study is half of that reported in an earlier
study of medical outpatients,m this could reflect differences in
characteristics between study populations as well as the tools used
to screen for or ascertain frailty. Second, our results affirmed that
physical performance, ADL, cognition, and nutrition were more
adversely affected in our study population of community-dwelling
older adults who screened positive for both frailty and sarcopenia.
Notably, the combined effect of both syndromes on adverse out-
comes was greater than that of either condition alone.

It is interesting to consider the theoretical framework that un-
derpins this observation. Consistent reports of sarcopenia as op-
posed to the converse situation of sarcopenia with concomitant
frailty in frail older adults supports the premise that sarcopenia
may precede physical frailty.”'” Nonetheless, there lies a subset of
older adults who are frail but not sarcopenic, presumably owing to
other non-physical mechanisms of frailty such as cognitive impair-
ment, mood disorders, and social isolation."”* The combined
presence of sarcopenia and frailty may thus identify the subset of
older adults (1) with a more severe degree of sarcopenia with the
onset of concomitant frailty or (2) who are initially frail not owing
to physical reasons but who subsequently go on to develop physi-
cal consequences of frailty with resultant sarcopenia. This line of
reasoning is supported by the latest European Working Group on
Sarcopenia in Older People consensus.”” Physical performance
measures such as gait speed and SPPB, which overlap with the
physical phenotype of frailty, are also used to define the severity of
sarcopenia, corroborating concomitant frailty and the association
with more severe sarcopenia.

Another finding was the lower CMMSE scores in the intermedi-
ate/combined group. A recent meta-analysis showed that sarcope-
nia was independently associated with cognitive impairment.””
Moreover, sarcopenia-related mechanisms such as oxidative stress,
inflammation, and insulin resistance can lead concurrently to vas-
cular aging and neuronal dysfunction that, in turn, precipitate cog-
nitive impairment with a risk of dementia."””” Additionally, there
is increasing appreciation for “cognitive frailty,” in which physical
frailty co-exists with cognitive impairment and results in an in-
creased risk of functional decline and dementia.™ Similarly, the as-
sociation between the combined group and worse nutritional sta-
tus as measured using MNA scores may be attributable either to
nutritional factors linked to sarcopenia/frailty, notably vitamin D
and insufficient protein intake, or conversely, the resultant func-
tional impairment from sarcopenia/frailty, which may impact food

. . " - 40
access and preparation, causing nutritional deficits. )

Taken together, our study results add to the growing body of evi-
dence regarding the intertwined relationship between sarcopenia
and frailty by corroborating the deleterious impact of the combi-
nation of sarcopenia and frailty on functional, physical, cognitive,
and nutritional domains beyond those for either condition
alone.” These findings support the use of a community screening
strategy based on the FRAIL and SARC-F scales for the early iden-
tification of the combination of conditions (as opposed to either
alone) to facilitate early intervention and reduce poor health out-
comes, especially in at-risk groups such as older adults with diabe-
tes and cognitive symptoms. A recent study on persons with diabe-
tes mellitus reported that 42.5% of sarcopenic subjects were frail or
pre-frail”” and that individuals with both conditions had an in-
creased risk of adverse outcomes."” Similarly, two-thirds of indi-
viduals with mild cognitive impairment were physically frail or pre-
frail, which was closely associated with physical and functional im-
pairments.m Thus, the early identification in at-risk groups fol-
lowed by the timely institution of evidence-based interventions to
address sarcopenia and frailty such as improving protein and calo-
rie intake, prescribing exercise programs with resistive compo-
nents, addressing polypharmacy, and treating vitamin D deficiency
may help avert downstream deleterious consequences such as falls,
disability, and institutionalization.” ")

This study had some limitations. For instance, we included com-
munity-dwelling older adults who were functionally independent
and had high baseline scores on the functional assessment scale. As
such, small differences in function may not be detected by these
scales owing to the ceiling effect. This limitation probably account-
ed for the lack of differences in iADL scores among the three
groups.m As an exploratory cross-sectional study, it could deter-
mine associations but could not infer causality as temporality was
not known. Analysis of the 2-year follow-up data of our cohort will
demonstrate whether these findings hold true in longitudinal fol-
low-ups. Our results, based on a cohort of functionally well com-
munity-dwelling older adults, may not be readily generalizable to
other settings with more heterogeneous populations of older
adults. In addition, the small sample size precluded further sub-
group analysis of the independent effects of sarcopenia or frailty in
the intermediate group. Hence, the emphasis of our study was on
the comparison of outcomes among the combined, intermediate,
and robust groups. Future studies are needed to examine the tra-
jectory of changes in blood biomarkers that may be involved in the
underlying pathogenesis before and after its development to delin-
eate the relationship between sarcopenia and frailty in the com-
bined group.

In conclusion, functional ability, physical performance, and nu-
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trition were more adversely affected in our study population of
community-dwelling older adults who screened positive for both
frailty and sarcopenia than in those positive for either or neither
condition. Our findings support screening for both sarcopenia and
frailty among community-dwelling adults to effect interventional

measures to preserve function and avoid disability.
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