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Abstract: Objective: To test the utility of the FRAIL questionnaire as a screening tool for heart failure.
Design: Cross sectional study. Setting: Chinese older people in Hong Kong. Participants: Participants aged 60
years and over were recruited from a territory-wide primary care needs assessment for older people based in
community centers as well as two nonacute hospitals. Measurements: Questionnaire administered included the
five-item FRAIL scale, and information regarding sociodemographic data, smoking and alcohol use, history
of cardiovascular disease and diabetes, and heart failure symptoms. Handgrip strength, walking speed and 6
minute walk distance were recorded. Cardiac assessment included electrocardiogram, echocardiography, and
blood assay for N-terminal prohormone of B-type natriuretic peptide (NT-proBNP). Results: The prevalence of
diastolic dysfunction was high, being 52% in the robust group, increasing to 65% in the pre-frail and 85% in the
frail group. This finding is accompanied by a corresponding increase in NT-proBNP from 64.18 pg/ml in the
robust group, to 118.57 pg/ml in the pre-frail and 167.98 pg/ml in the frail group. Three of the five components
of the FRAIL scale, fatigue, resistance and ambulation, were associated with increased odds ratios of diastolic
dysfunction among those aged 75 years and older, while resistance alone was associated with increased odds ratio
among those less than 75 years old. Conclusion: Frailty is associated with heart failure with preserved ejection
fraction (HFpEF), and frailty screening may be used to detect undiagnosed HFpEF. The findings support the
proposal that HFpEF be considered a geriatric syndrome.
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Introduction

Frailty is well established as a cornerstone of care of older
people, characterized by a state of physiological vulnerability
to external stimuli, leading to adverse outcomes such as
dependency, hospitalization and mortality (1, 2). Many scales
are in use, with similar predictive characteristics in the clinical
setting. Since the prevalence of pre-frailty and frailty among
community-living older people in many countries range from
approximately 50% and 10% respectively (3), and reversibility
is possible (4, 5) community screening using a quick tool
such as the FRAIL scale that does not require professionals to
administer has been shown to be useful in detecting conditions
that require further management (6, 7).

Inflammageing has been proposed as an underlying etiology
of the frailty syndrome as well as cardiovascular diseases
(8). For example the prevalence of both heart failure and
frailty increase exponentially with age (1, 9). Studies have
documented substantial undetected cardiac dysfunction among
older community-living adults. A UK study of people aged
85-89 years using domiciliary echocardiography showed
that two-thirds had symptomatic dyspnea, with 26% having
undiagnosed and significant left ventricular dysfunction, among
whom 20% had diastolic dysfunction with preserved ejection
fraction (HFpEF) (10). The ARIC study showed an independent
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relationship between frailty, left ventricular hypertrophy and
increased left atrial dimensions among 3991 older adults with
a mean age of 75 years (11). In very few studies examining the
longitudinal transition from diastolic dysfunction to HF, the
3-year cumulative probability was 11.6% (12), with adjusted
hazard ratios ranging from 1.32 (95% CI, 1.01-1.71) (13) to
1.81 (95% CI, 1.01-3.48) (14). Another study documented a
close relationship between frailty and sarcopenia in HFpEF,
concluding that the management program should include
muscular training and nutritional intervention (15). Recent
studies have also proposed that HFpEF could be considered
as part of the geriatric syndrome, with common underlying
etiologies, clinical presentation, and management (16, 17).

The use of a brief questionnaire such as the FRAIL scale in
community screening could be implemented on a wide scale,
and since three of the constituent questions may be interpreted
as symptoms of heart failure, it is possible that this scale
may also be used as a screening for undetected heart failure,
enabling early detection and management. This question is
addressed in a study of community-living older people aged
60 years and over, where cardiological investigations were
carried out among three groups according to the FRAIL scale
classification: robust, pre-frail, and frail.
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Method

Participants

Participants were recruited from a territory-wide primary
care needs assessment for older people based in community
centres covering items such as sensory impairment, oral health,
frailty, sarcopenia, cognitive and functional impairments,
psychological well-being, and polypharmacy using automated
data capture followed by computer generated report to guide
further action. The project has been described elsewhere
(18). Some participants were also recruited from non-acute
hospitals in the same region as the study centre. The five item
FRAIL scale (Table 1 (6)) was use to classify participants into
three groups: robust (score 0), pre-frail (score 1-2), and frail
(score =3). All participants who did not have any history of
heart failure were invited to attend a regional acute hospital
(the study centre) as well as a non-acute hospital in the same
region for further cardiac assessment, with a final sample
size of approximately 100 per frailty group. Medical follow
up was offered to all participants if abnormalities in cardiac
function were detected, either at the same hospital or referred
to hospitals nearer their residential address. Written informed
consent was obtained from all participants, and the study was
approved by the Chinese University of Hong Kong Clinical
Research Ethics Committee.

Table 1
The FRAIL Scale

Item Scale

Fatigue Tired all or most of the time during the past four
weeks (No/Yes)

Resistance Difficulty walking up 10 steps without resting or
aids (No/Yes)

Ambulation Difficulty walking several hundred yards alone
without aid (500-600 meters) (No/Yes)

Illnesses 5 or more illnesses (No/Yes)

Loss of weight Weight loss >5% within the past moth (No/Yes)
Robust = 0; Pre-frail=1-2; Frail=3

Assessments

Questionnaire

Information obtained by questionnaire include
sociodemographic information, smoking and drinking
habit, history of cardiovascular disease and diabetes, and
any symptoms of heart failure according to the New York
Heart Association classification. Any medications used were
recorded.

Physical performance measures
Grip strength was measured using a dynamometer (Jamar
Hand Dynamometer 5030JO; Sammons Preston Inc.,

Bolingbrook, IL, USA) Two readings were taken from each
side, and the maximum value of all the measurements was used
for analysis. Walking speed was measured using the best time
in seconds to complete a walk along a straight line 6 metres
long. A warm up period of less than 5 minutes was followed by
two walks, and the best time was recorded. The 6 minute walk
test was conducted in a 20 metre corridor on a flat hard surface,
with every 5 meters marked on the side of the walkway. A cone
was placed at each end of the walkway to indicate where the
participant had to turn. Participants were encouraged to walk
continuously for six minutes, and the distance covered was
recorded.

Cardiac function assessment: echocardiography

Study participants underwent transthoracic
echocardiographic (TTE) examination using a General Electric
VIVID E9 ultrasound system. Left ventricular ejection fraction
(Simpson’s biplane method) and standard diastolic parameters
were measured as per American Society of Echocardiography
recommendations (19). Briefly, mitral inflow E and A
velocities, tissue Doppler e’, deceleration time, left atrial
volume index, and tricuspid regurgitation, if available, were
considered for grading (0, I-IV) of diastolic dysfunction.

Cardiac function assessment: NT-proBNP level
measurements

Patients with frailty and at least Grade II diastolic
dysfunction were considered to have HFpEF if they also
had concomitant elevated N-terminal prohormone of B-type
natriuretic peptide (NT-proBNP) of at least 300 pg/ml
(20). Blood specimens were collected in Vacuette Z Serum
Separator Clot Activator blood collection tubes (Greiner Bio-
One International GmbH, Austria). NT-proBNP levels were
measured using the Roche Elecsys e411 analyser in a clinical
laboratory at Prince of Wales Hospital, Hong Kong that used
Roche-supplied standard reagents and followed a protocol for in
vitro diagnosis.

Statistical analysis

Continuous variables with normal distributions were reported
by means =+ standard deviations (SD), and one-way ANOVA
with least significant difference post-hoc test performed
for between-group comparisons. Continuous variables with
nonparametric distribution were expressed as median (range)
and compared using Kruskal-Wallis H Test. Categorical
variables were expressed as frequencies, and Chi-square or
Fisher’s exact test was used for comparison between groups
where appropriate. Logistic regression was used to test for
associations between binary variables, and the effect sizes
were estimated as odds ratios (OR) between groups when
comparing individual components of FRAIL scale and diastolic
dysfunction. Diastolic dysfunction was categorized as a binary
variable based on American Society of Echocardiography
recommendations (19). Subanalysis of age used 75 years as
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Baseline characteristics of participants by frailty states
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Variables

Overall (n=306)

Frailty (n=95)

Pre-frailty (n=107)

Robust (n=104)

Socioeconomic demographics

Age,y

Male gender, % (n)

Living alone, % (n)

Smoking status, % (n)
Current smokers
Previous smokers
Nonsmokers

Alcohol status, % (n)
Current drinkers
Previous drinkers
Nondrinkers

Comorbidities

Hypertension, % (n)

Diabetes mellitus, % (n)

Ischemic heart disease, % (n)

Atrial fibrillation, % (n)

NYHA class, % (n)
Class I-1I
Class III-1V

Medication, % (n)

Antiplatelets

Anticoagulants

Statins

Beta blockers

ACE inhibitors/ARBs

CCBs

Diuretics

Nitrates

Physical fitness

Handgrip strength normalized by BMI

Gait speed, m/sec

6-minute walk distance, m

74.73+7.76
31.0 (95/306)
25.2 (77/306)

2.6 (8/306)
19.0 (58/306)
78.4 (240/306)

20.3 (62/306)
14.7 (45/306)
65.0 (199/306)

65.7 (201/306)
28.1 (86/306)
6.5 (20/306)
2.9 (9/306)

68.7 (204/306)
33.3 (102/306)

23.2 (71/306)
1.3 (4/306)
40.5 (124/306)
18.6 (57/306)
26.5 (81/306)
40.9 (125/306)
5.2 (16/306)
4.6 (14/306)

0.76+0.29
0.86+0.24
327.54+97.65

79.14£7.68*% %
15.8 (15/95)§
38.9 (37/95)§

3.2 (3/95)8
12.6 (12/95)
84.2 (80/95)

3.2 (3/95)8
18.9 (18/95)
77.9 (74/95)

80.0 (76/95)§
41.1 (39/95)§
13.7 (13/95)§
4.2 (4/95)

274 (26/95)§
72.6 (69/95)

29.5 (28/95)8
3.2 (3/95)
453 (43/95)
24.2 (23/95)
29.5 (28/95)
485 (46/95)
9.5 (9/95)
8.4 (8/95)§

0.62+0.19%%
0.69+0.19%%

24994482 17*%

74.35+7.67F
18.7 (20/107)
243 (26/107)

0.9 (1/107)
12.1 (13/107)
86.9 (93/107)

22.4 (24/107)
11.2 (12/107)
66.4 (71/107)

69.2 (74/107)
26.2 (28/107)
2.8 (3/107)
2.8 (3/107)

70.1 (75/107)
29.9 (32/107)

26.2 (28/107)
0

40.2 (43/107)
18.7 (20/107)
28.0 (30/107)
43.9 (47/107)
4.7 (5/107)
4.7 (5/107)

0.69+0.247F
0.83+0.21F
318.66+84.19F

71.7625.70
57.7 (60/104)
13.5 (14/104)

3.8 (4/104)
31.7 (33/104)
64.4 (67/104)

33.7 (35/104)
14.4 (15/104)
51.9 (54/104)

49.0 (51/104)
18.3 (19/104)
3.8 (4/104)
1.9 (2/104)

99.0 (103/104)
1.0 (1/104)

14.4 (15/104)
1.0 (1/104)
36.5 (38/104)
13.5 (14/104)
22.1 (23/104)
30.8 (32/104)
1.9 (2/104)
1.0 (1/104)

0.95+0.31
1.05+0.16
405.25+55.84

One-way ANOVA used when comparing normally distributed continuous variables between groups; *P <0.05, frail vs. pre-frail individuals; 1P <0.05, pre-frail vs. robust individuals; ZP

<0.05), frail vs. robust individuals; §P <0.05, Pearson Chi-square test or Fisher’s exact test across frail, pre-frail and robust groups where appropriate

the cut-point. A two-sided P <0.05 was considered statistically
significant. IBM SPSS Version 24.0 (Armonk, New York,

USA) software was used for statistical analyses.

Results

The baseline characteristics of participants by frailty status
are shown in Table 2. Older age, living alone, abstinence from
smoking and alcohol use, were associated with increasing
levels of frailty. Prevalence of hypertension, diabetes mellitus,
ischaemic heart disease, and atrial fibrillation was also higher
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Table 3
Cardiac function by frailty states

Variables Overall (n=306) Frailty (n=95) Pre-frailty (n=107) Robust (n=104)

Systolic dysfunction (LVEF <50%)
LVEF 40-49%
LVEF <40%

Diastolic dysfunction (LVEF =50%)

4.3% (13/304)
2.3% (7/304)
2.0% (6/304)
67.0% (205/306)

6.5% (6/93)
2.2% (2/93)
4.3% (4/93)
85.3% (81/95)*

2.8% (3/107)
1.9% (2/107)
0.9% (1/107)
65.4% (70/107)

3.8% (4/104)
2.9% (3/104)
1.0% (1/104)
51.9% (54/104)

Grade I diastolic dysfunction 47.7% (146/306)  57.9% (55/95) 42.1% (45/107) 44.2% (46/104)

Grade II-IV diastolic dysfunction 19.6% (60/306) 27.4% (26/95)* 23.4% (25/107) 8.7% (9/104)
NT-proBNP, pg/ml 113.87 167.98 118.57 64.18

(range) (9.13-6517.81) (9.13-6517.81)*% (1507 -3639.89)F  (14.97 —4769.75)
Prevalence of HFpEF 9.8% (30/306) 16.8% (16/95)* 10.3% (11/107) 2.9% (3/104)

Kruskal-Wallis H test was performed on nonparametric variables between subgroups; *P <0.05, Pearson Chi-square test or Fisher’s exact test across frail, pre-frail and robust groups where
appropriate; T P <0.05, pre-frail vs. robust individuals; & P <0.05, frail vs. robust individuals

Table 4
Risk of diastolic dysfunction associated with individual components of the FRAIL score stratified by age

Frailty individual components

Univariate logistic regression

Univariate logistic regression stratified by age

Age 275 years old (n=148)  Age <75 years old (n=158)

OR 95% CI OR 95% CI OR 95% CI

Fatigue 2.87% 1.67-493 3.25% 1.26 - 8.41 1.51 0.73-3.15
Resistance 3.49¢ 2.11-5.76 2.57* 1.03-642 2.06* 1.05-4.05
Ambulation 3.57% 2.09-6.09 3.05% 1.25-747 1.78 0.84-3.79
Illnesses 1.51 047 -4.80 0.35 0.10-1.25 N/A N/A

Loss of weight 1.62 0.76 —3.46 2.06 0.73-5.79 091 028 -294
OR, odds ratio; CI, confidence interval; * P value <0.05; 7 P value <0.01.

with increasing frailty, as with use of various medications. Grip Discussion

strength, walking speed and 6 minute walk distance were all
lower with increasing levels of frailty. Although the prevalence
of systolic dysfunction was low and there was no significant
difference between the three groups, the prevalence of
diastolic dysfunction was high, being 52% in the robust group,
increasing to 65% in the pre-frail and 85% in the frail group
(Table 3). This finding is accompanied by a corresponding
increase in NT-proBNP from 64.18 pg/ml in the robust group,
to 118.57 pg/ml in the pre-frail and 167.98 pg/ml in the frail
group (Table 3). The prevalence of HFpEF was also statistically
different between the frailty groups, being highest in the frail
group (16.8%, 10.3% and 2.9% respectively). When each of
the five components of the FRAIL scale was examined for
significant association with diastolic dysfunction, only fatigue,
resistance, and ambulation were associated with increased odds
ratios of diastolic dysfunction among those aged 75 years and
older, while resistance alone was associated with an increased
odds ratio among those less than 75 years old (Table 4).

The findings of this study shows that frailty is associated
with diastolic dysfunction, the association accounted for by
three of the FRAIL screening questions: fatigue, difficulty in
walking up 10 steps and several hundred yards on the level
alone without resting or aids, the odds ratios being greater
with increasing levels of frailty. The latter is clinically
manifested in reduced walking speed, grip strength, and
cardiorespiratory fitness (indicated by the 6 minute walk test).
Frailty and all these parameters have been shown to increase
mortality and other adverse health outcomes such as use of
health services, mobility limitations, and falls (2). Therefore
diastolic dysfunction may not be regarded as an age-related
change without clinical consequences, but as a result of a
common underlying pathophysiological process that gives rise
to all these phenomena. Indeed diastolic dysfunction may
account for some of the symptoms included as an indicator
of frailty. Conversely, frailty screening may be considered of
relevance in screening for undiagnosed heart failure among
older people living in the community. Undiagnosed pathology
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is not uncommon since there tends to be under reporting of
symptoms (21).

The association between frailty and HFpEF has been
observed in two other studies in Japan and the US, using other
measures of frailty (11, 15). HFpEF has been proposed to be a
geriatric syndrome, in view of its increasing prevalence with
age, and association with a broad range of cardiac abnormalities
with inflammation as a common underlying cause (16, 17).
Higher levels of circulating inflammatory markers such as
interleukin-6, tumor necrosis factor, and C- reactive protein
were observed in frail older people (22) and associated with
poorer physical function (23). Therefore HFpEF may be
considered as a biomarker of frailty.

The findings have clinical significance, in that frailty
screening using this simple questionnaire may be used as a
screening tool for diagnosis of HFpEF among community-
living older people. Since frailty predisposed to self-
care dependency, and people with dependency and chronic
cardiac/respiratory conditions are frequent users of acute
care (24), timely detection of both conditions may enable
early intervention in avoiding acute admissions. Frailty may
be reversible, and intervention studies involving lifestyle
modification have been carried out and guidelines formulated
(25, 26). Currently, there is no pharmacological treatment
for HFpEF, and management also revolves around nutrition
and exercise training (15). Apart from meticulous work-up
and careful exclusion of potential underlying etiologies that
might explain HFpEF as guided by clinical history, physical
examination and an index of suspicion (27), there is a
possibility that the frailty prevention programmes may provide
benefits through improvement in diastolic function.

There are limitations in this study. It is cross-sectional
in nature and there is no data on subsequent progress of
participants in terms of changes in frailty status and symptoms,
and other longer term outcomes such as dependency and use of
hospital services. We did not analyse in detail the influence of
different drugs on frailty and cardiac function. Nevertheless,
the association between three questions of the FRAIL scale and
HFpEF was clearly documented.

Conclusion

Frailty is associated with HFpEF, and frailty screening may
be used to detect undiagnosed HFpEF. The findings support the
proposal that HFpEF be considered a geriatric syndrome.
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