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Abstract 

Background:  Frailty is a condition characterized by a state of reduced physiological reserve and increased vulner‑
ability to stressors. Frail individuals have a higher likelihood of developing cardiovascular disease (CVD). However, the 
mechanisms underlying the association between frailty and CVD remain unclear.

Objectives:  This study investigated whether frailty is associated with vascular function in community-dwelling older 
individuals.

Material and Methods:  We conducted a cross-sectional analysis of 92 community-dwelling individuals 
aged ≥ 65 years, including 30 non-frail, 43 pre-frail, 19 frail individuals. Vascular function was assessed by brachial-
ankle pulse wave velocity (PWV, measuring arterial stiffness) and flow-mediated dilation of the brachial artery (FMD, 
measuring endothelial function).

Results:  The PWV was significantly higher in both pre-frail and frail groups than in the non-frail group (non-frail: 
1615.7 ± 209.9 cm/s vs. pre-frail: 1815.2 ± 265.0 cm/s vs. frail: 1829.9 ± 256.0 cm/s, respectively, p = 0.003). The FMD 
was significantly lower in both pre-frail and frail groups than in the non-frail group (non-frail: 5.1 ± 2.1% vs. pre-frail: 
3.4 ± 1.3% vs. frail: 3.1 ± 1.2% cm/s, respectively, p = 0.001). Multiple logistic regression analyses indicated that pre-frail 
and frail group were associated with arterial stiffness (OR, 2.92; 95% CI, 1.01–8.42; OR, 3.56; 95% CI, 0.85–14.91) and 
endothelial dysfunction (OR, 2.17; 95% CI, 0.41–3.09; OR, 2.27; 95% CI, 0.31–6.97).

Conclusions:  Thus, pre-frailty and frailty are associated with impaired vascular function in community-dwelling older 
adults, even when adjusting for confounding factors. These findings may help to prevent the potential consequences 
between CVD and frailty in community-dwelling older individuals.
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1  Introduction
Recently, frailty is increasing globally, but it is not well 
recognized in older adults [1]. In addition, a systemic 
review and meta-analysis reported that the prevalence of 
frailty is higher in the older age group and higher in the 
elderly women than in elderly men [2]. Frailty is a geri-
atric syndrome that reduced physiological reserve and 

increased vulnerability to possible stressors. Frailty is 
characterized by reduced physical activities, sarcopenia, 
decreased energy, decreased walking speed, and chronic 
nutrient deficiency [1]. These factors are linked to a 
vicious cycle of frailty, aggravating frailty further. There-
fore, preventing and managing frailty may become an 
important target to reduce the impact of aging.

Cardiovascular disease (CVD), one of the lead-
ing causes of death globally, is very common in older 
adults [2]. The mechanisms underlying CVD vary, 
depending on the disease, such as coronary artery 
disease, stroke, and atherosclerosis [3]. Due to the 

Open Access

Artery Research

*Correspondence:  jonghoonp@korea.ac.kr
1 Exercise Nutrition and Biochemistry Laboratory, Department of Physical 
Education, Korea University, 145 Anam‑ro, Seongbuk‑gu, Seoul 02841, 
South Korea
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-5994-399X
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s44200-022-00012-2&domain=pdf


32Park et al. Artery Research (2022) 28:31–39 

complex nature of aging, frailty has become an increas-
ing issue in CVD medicine [4]. Frailty is an independ-
ent factor that is associated with CVD [1, 5]. Although 
frailty was a factor in the evaluation of older adults 
with CVD, there was a lack of information on the rela-
tionship between frailty and CVD in older adults. In 
previous studies on the association between CVD and 
frailty, Afilalo et al. [4] reported that the risk of CVD 
was two- or three-fold higher in frailty [4]. Sergi et al. 
[6] showed that, among symptoms of frailty, the onset 
of CVD was significantly related to low energy expend-
iture, exhaustion, and slow gait speed [6]. Frailty is 
associated with increased CVD by causing low-grade 
inflammation, cellular senescence, and endocrine dys-
regulation [7]. Taken together, these data suggest that 
CVD and frailty may be implicated in the bidirectional 
relationship [8].

Impaired vascular functions, such as arterial stiffness 
and endothelial dysfunction, play an important role in 
the progression and development of atherosclerosis [9]. 
Arterial stiffness is an independent risk factor for CVD. 
Carotid-femoral PWV cfPWV has been considered as 
a gold standard for the non-invasive measurement of 
arterial stiffness [10]. However, this measure is rarely 
used in Asian countries, due to methodological dif-
ficulties. brachial-ankle pulse wave velocity (baPWV) 
is widely used in Asian countries, including Korea 
and Japan [11, 12]. baPWV is strongly correlated with 
cfPWV [13] and easy, and its reproducibility is relevant 
[14]. Endothelial dysfunction, an early marker of CVD, 
can also be reliably assessed by brachial artery flow-
mediated dilation (FMD) [15–17]. In the Framingham 
Heart Study, among community-dwelling older individ-
uals aged 60 years and older, pre-frailty, and frailty were 
associated with increased arterial stiffness, assessed 
using cfPWV [18] and frailty is significantly associ-
ated endothelial dysfunction, evaluated by asymmetric 
dimethylarginine (ADMA) levels from Toledo Study for 
Healthy Aging [19]. Another study group demonstrated 
that frailty was positively related to endothelial dys-
function measured by FMD in older adults with chronic 
kidney disease [20]. However, to our knowledge, there 
is little information on the association between frailty 
and vascular function assessed by arterial stiffness and 
endothelial dysfunction in community-dwelling older 
individuals. This study was conducted to investigate 
whether frailty is associated with vascular function as 
measured by the baPWV and FMD among community-
dwelling older adults.

2 � Materials and Methods
2.1 � Subjects
The study participants were visitors to recreational 
classes at Senior Complex in Korea. Data were collected 
from July 2018 to December 2019. Participants met the 
following inclusion criteria: (1) aged 65  years or older 
and (2) consent to participate in this study. Patients 
with severe cognitive impairment or dementia, second-
ary hypertension, cancer, overt CV disease, obstructive 
pulmonary disease, or other severe diseases, and those 
requiring a wheelchair, were excluded from the study [1]. 
Finally, we recruited 92 participants in this study. The 
study protocol was approved by the Institutional Review 
Board on Korea University (KUIRB-2019-0161-01), con-
ducted by the Declaration of Helsinki. All participants 
signed informed consent to participate in the assessment. 
The recruitment of the participants is shown (Fig. 1).

2.2 � Study Protocol
All experimental procedures were explained to the par-
ticipants. In the screening visit (visit 1), we divided par-
ticipants into three groups (e.g., non-frail, pre-frail, and 
frail). In the measurement visit (visit 2, subjects were 
instructed to visit the laboratory in the morning, after 
refraining from alcoholic beverages, caffeine, and food 
for at least 12  h and from strenuous exercise for 24  h 
before the experiments. All testing was conducted at the 
same time of day among the groups. Experiments were 
conducted under a quiet, comfortable, and ambient 
environment in a laboratory (ca. 24  °C and 40% relative 
humidity). The same investigator performed all meas-
urements. Subjects were required to rest on a chair in a 
seated position for at least 20 min before the test.

2.3 � Assessment of Frailty
The subjects were divided into three groups based on 
Fried’s frailty phenotype, using the following criteria for 
frailty: (1) unintentional weight loss, (2) weakness (grip 
strength), (3) exhaustion, (4) slowness (gait speed), and 
(5) low physical activity [1]. The above criteria of frailty, 
weakness, and slowness were based on the best records, 
stratified by sex and body mass index (BMI) cutoffs, 
described by Fried et al. [1]. Subjects were considered to 
be “non-frail” if they met none of the frailty criteria, “pre-
frail” if they met one or two of the criteria, and “frail” if 
they met three or more frailty criteria (Table 1).

2.4 � Body Composition
Height and weight were measured using a physicians’ 
balance scale (Seca, Hamburg, Germany) while the par-
ticipants were lightly clothed and wearing no shoes. 
BMI was calculated using the equation body mass (kg)/
height squared (m2). Lean mass and body fat percentage 
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were determined using a bioelectrical impedance analysis 
device (Inbody 270, Biospace, South Korea). The waist-
hip ratio (WHR) was calculated from the waist by hip 
measurements.

2.5 � Blood Pressure
Blood pressure (BP) was measured with an automatic 
monitor (HEM-7200-AP3; Omron Healthcare, Kyoto, 
Japan) in duplicate on the right arm after 5 min of rest in 
the seated position, with the arm at heart level.

2.6 � Grip Strength
The maximal isometric grip strength of both arms was 
assessed unilaterally using a standard grip strength 
dynamometer (T.K.K 5401, Takei Instruments, Japan).

2.7 � Endurance Test (6‑Min Walk Test)
Participants were instructed to walk as far as possible 
within 6 min on a flat surface following a circular circuit 
of 25 m with no feedback or encouragement during the 
test but were allowed to rest if needed [21].

Frailty Assessed for eligibility  
(n=1,063) 

Completed prescreening (n=157) 

Analyzed (n =92) 

Not eligible based upon 
Inclusion and exclusion 

Criteria following contact 
(n=906) 

Excluded after screening (n=26) 
Did not meet eligibility criteria 
-Heart problem (n=6) 
-History of dementia (2) 
-Not interested (26) 
-Refusal by the family (n=5) 

Non-frail (n=30) Pre-frail (n=43) Frail (n=19) 

Fig. 1  CONSORT (Consolidated of Standards of Reporting Trials) flow diagram

Table 1  Frailty phenotype (by Fried et al.’s criteria, 2001)

BMI body mass index; CES-D center for epidemiologic studies depression scale; 
MLTA minnesota leisure time activity questionnaire

Male Female

Weight loss Loss of ≥ 10 lbs (4.5 kg) or ≥ 5% of body 
weight in the last year

Slowness (4.57 m) Height ≤ 173 cm: ≥ 7 s
Height > 173 cm: ≥ 6 s

Height ≤ 159 cm: ≥ 7 s
Height > 159 cm: ≥ 6 s

Handgrip strength (kg) BMI ≤ 24.0: ≤ 29 BMI ≤ 23.0: ≤ 17

BMI 24.1–26.0: ≤ 30 BMI 23.1–26.0: ≤ 17.3

BMI 26.1–28.0: ≤ 30 BMI 26.1–29.0: ≤ 18

BMI > 28.0: ≤ 32 BM I > 29.0: ≤ 21

Physical activity (MLTA)  < 383 kcal/week
(about 2.5 h walk)

 < 273 kcal/week
(about 2 h walk)

Exhaustion A score of 2 or 3 on either question on the 
CES-D
How often did you feel this way in the last 
week?
(a) I felt everything I did was an effort
(b) I could not get going
0 = less than 1 day, 1 = 1–2 days, 2 = 3–4 days, 
3 = more than 4 days
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2.8 � Short Physical Performance Battery
The short physical performance battery was assessed by 
three lower body function tests as follows: (1) the stand-
ing balance test, including tandem, semi-tandem, and 
side-by-side standing, in which the participants were 
timed until they moved or after 10  s had elapsed; (2) 
walking speed test, in which the participants were asked 
to walk 4 m at their regular pace; and (3) repeated chair 
sit-to-stand test, in which the participants performed 
a pre-test of standing up from the sitting position with 
arms folded anteriorly, and if successful, performed five 
chair stands as quickly as possible, to which they were 
timed.

The performance on each subtest was scored from 0 to 
4, thereby giving total scores ranging from 0 to 12, with 
higher scores reflecting better function. In addition, the 
walking speed was calculated using the faster of the two 
walking speed trials [22].

2.9 � Arterial Stiffness
After a 15-min rest period on the supine position, arte-
rial stiffness was measured as baPWV using an automatic 
oscillometric device (VP-1000plus, Omron Healthcare, 
Kyoto Japan). This was calculated from the traveling dis-
tance and foot-to-foot wave transit time between two 
arterial recording sites in the supine position [23].

2.10 � Endothelial‑Dependent Vasodilation (Flow‑Mediated 
Dilation)

Endothelial-dependent vasodilation (i.e., FMD) was 
measured using a UNEX EF-38G (UNEX Co. Ltd, 
Nagoya, Japan), an ultrasound instrument for FMD 
measurement equipped with an automated edge-detec-
tion system for measurement of the brachial artery 
diameter. The system has an electric linear-array trans-
ducer operating at 10 MHz. While subjects rested in the 
supine position, a BP cuff was placed on the forearm with 
the proximal edge of the cuff above the subject’s ante-
cubital fossa, while a second BP cuff was placed on the 
contralateral arm for standard BP measurements. Cross-
sectional images of the artery were acquired utilizing an 
automated probe, which was self-adjusted to provide a 
clear longitudinal image of the artery and began base-
line measurements. After the acquisition of the baseline 
measurement, the cuff was inflated to 50  mmHg above 
resting systolic blood pressure for 5  min, effectively 
occluding the arm below the antecubital fossa. Upon cuff 
deflation, ultrasound-derived measurements of the bra-
chial artery diameters and blood flow velocity were taken 
for 2 min [24]. FMD was calculated as {(Diameter of the 
brachial artery at the baseline–diameter of the brachial 
artery at maximum dilatation) × 100}/Diameter of the 
brachial artery at baseline.

2.11 � Blood Biochemistry
Venous blood variables were analyzed by the Green 
Cross Medical Foundation (an organization certified by 
The Korea Society for Laboratory Medicine). Concen-
trations of the following blood variables were quanti-
fied: glucose, triglyceride (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C). A 5-mL sample 
of venous blood was collected into the serum-separating 
tube (SST) for serum. Clot formation was ensured in the 
SST by centrifuging the sample at 3,000 rpm for 20 min. 
Fasting blood samples were frozen at − 80 °C and thawed 
before assay. An enzymatic colorimetric assay kit was 
used for Assessing TG (Roche, Basel, Switzerland), TC 
(Roche, Basel, Switzerland), HDL-C plus 3rd generation 
kit (Roche, Basel, Switzerland), and LDL-C plus 2nd gen-
eration kit (Roche, Basel, Switzerland). All blood assays 
were performed by using duplicate analysis.

2.12 � Statistical Analysis
The results are presented as means and standard devia-
tions. Data normality was verified with a Shapiro–Wilk 
test. Among the three groups, comparisons of continu-
ous variables with normal distribution were carried out 
by one-way analysis of variance (ANOVA), and a Scheffe 
post-hoc test was used to investigate significant dif-
ferences. Wallis H test was used for the comparison of 
continuous variables with a non-normal distribution. 
Categorical variables were performed using the chi-
square test among three groups. Multiple logistic regres-
sion analyses were performed to indicate independent 
variables, which were confounding factors including 
BMI, lean mass, %bodyfat, WHR, SBP, HR, glucose, 
hypertension, diabetes mellitus, and dyslipidemia associ-
ated with arterial stiffness and endothelial dysfunction. 
All analyses were performed using Statistical Package for 
Social Science (SPSS) version 26.0 (IBM Corp., Armonk, 
NY, USA). A priori, the level of significance was set at 
0.05.

3 � Results
The demographic characteristics of the groups are 
summarized in Table  2. Ninety-two participants 
aged ≥ 65  years (mean age; 74.9 ± 3.2  years, women; 80) 
were evaluated in this study. There were no significant 
differences in age (p = 0.195), but BMI, %bodyfat, and 
WHR were significantly different among the three groups 
(p = 0.005, p = 0.001, and p = 0.001, respectively).

3.1 � BP and Biomarkers
Systolic BP was significantly higher in the pre-frail and 
frail groups than in the non-frail group (p = 0.001). How-
ever, diastolic BP was not significantly different among 
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groups (p = 0.056). Heart rate at rest was significantly 
lower in frail group than in both non-frail and pre-frail 
groups (p = 0.016) (Table 3). In terms of blood variables, 
glucose was significantly higher in both pre-frail and frail 
groups than in the non-frail group (p = 0.001). However, 
the other variables, including HbA1c, TC, TG, HDL-C, 
and LDL-C were not significantly different among the 
groups (p > 0.05) (Table 3).

3.2 � Physical Capacity
As shown in Table  4, there were significant differences 
in maximal grip strength among groups (left: p = 0.002, 
right: 0.002, respectively). Participants in both pre-frail 
and frail groups demonstrated significant reductions in 
distance covered during the 6-min walk test (p < 0.001). 
Also, SPPB scores in both pre-frail and frail groups were 
significantly lower than in the non-frail group (p < 0.001).

Table 2  Demographic characteristics of subjects

Data are given as mean (± SD)

SD standard deviation, valid percentages (n %), BMI body mass index, WHR waist hip ratio

*P < 0.05, †P < 0.05 vs. Non-frail

Variables Non-frail (n = 30) Pre-frail (n = 43) Frail (n = 19) F/H/x2 p value

Age (years) 74.1 (2.5) 75.3 (3.7) 75.3 (2.6) 1.663 0.195

Women 23 (76.6%) 40 (93.0%) 17 (89.4%) 4.302 0.116

BMI (kg/m2) 22.6 (2.4) 24.7 (3.0) † 24.9 (3.7)† 5.549 0.005*
Lean mass (kg) 21.3 (3.9) 18.6 (2.2) † 18.8 (3.3)† 9.411 0.009*
Body fat (%) 29.7 (7.2) 36.3 (6.2) † 36.8 (6.5)† 17.630 0.001*
WHR 0.84 (0.05) 0.91 (0.06)† 0.91 (0.06)† 17.242 0.001*

Table 3  Blood pressure and biomarkers among groups

Data are given as mean (± SD)

SD standard deviation, valid percentages (n %), BP blood pressure, HDL high-density lipoprotein, LDL low-density lipoprotein

*P < 0.05, †P < 0.05 vs. Non-frail

Variables Non-frail (n = 30) Pre-frail (n = 43) Frail (n = 19) F/H/x2 p value

Blood pressure

 Systolic BP (mmHg) 120.4 (12.6) 140.3 (12.3)† 142.1 (14.1)† 26.171 0.001*
 Diastolic BP (mmHg) 68.9 (8.1) 74.1 (8.6) 73.2 (11.6) 2.986 0.056

 Heart rate (bpm) 76.8 (12.7) 70.5 (10.3) 68.7 (7.1)† 4.327 0.016*
Biomarkers

 Glucose (mg/dL) 85.7 (17.2) 121.0 (35.3)† 106.4 (21.4)† 14.192 0.001*
 HbA1c (%) 5.9 (0.7) 6.4 (1.1) 6.2 (1.4) 2.541 0.084

 Total cholesterol (mg/dL) 167.8 (36.6) 174.5 (29.1) 167.1 (33.5) 0.524 0.594

 Triglycerides (mg/dL) 115.4 (45.9) 146.7 68.5) 129.1 (53.8) 2.521 0.086

 HDL cholesterol (mg/dL) 60.0 (15.3) 60.0 (16.2) 63.6 (18.2) 0.370 0.692

 LDL cholesterol (mg/dL) 83.8 (35.2) 88.2 (28.3) 78.0 (30.9) 0.722 0.489

Table 4  Physical fitness level among groups

Data are given as mean (± SD)

SD standard deviation, SPPB short physical performance battery

*P < 0.05, †P < 0.05 vs. non-frail

Variables Non-frail (n = 30) Pre-frail (n = 43) Frail (n = 19) F/H/x2 p value

Grip strength left (kg) 20.8 (6.6) 16.6 (4.1)† 15.3 (6.6)† 12.988 0.002*
Grip strength right (kg) 21.5 (6.9) 17.9 (4.5)† 15.4 (6.9)† 6.793 0.002*
Six-min walk test (m) 491.8 (57.0) 357.7 (97.6)† 349.9 (68.3)† 19.24 0.001*
SPPB (scores) 10.6 (0.9) 8.8 (1.3)† 8.1 (1.9)† 15.51 0.001*
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3.3 � Vascular Function
Figure  2 shows the results of arterial stiffness (Fig.  2A) 
and endothelial dysfunction (Fig.  2B). Subjects in both 
pre-frail and frail groups had a significantly higher PWV 
than those in the non-frail group (1815.2 ± 265.0  cm/s, 
1829.9 ± 256.0  cm/s, and 1615.7 ± 209.9  cm/s in pre-
frail, frail and non-frail groups, respectively, p = 0.003). 
However, there was no significant difference between 
pre-frail and frail groups in this respect (Fig.  2A). As 
same as PWV, FMD was significantly lower in both pre-
frail and frail groups than in their non-frail counterparts 
(p = 0.001) whereas there was no significant difference 
between pre-frail and frail groups (Fig.  2B). The mul-
tivariate-unadjusted and adjusted odds ratios of arte-
rial stiffness and endothelial dysfunction using non-frail 
participants as the reference. Multiple logistic regres-
sion analyses indicated that pre-frail and frail group were 
associated with arterial stiffness (OR, 2.92; 95% CI, 1.01–
8.42; OR, 3.56; 95% CI, 0.85–14.91) and endothelial dys-
function (OR, 2.17; 95% CI, 0.41–3.09; OR, 2.27; 95% CI, 
0.31–6.97).

4 � Discussion
The present cross-sectional study was conducted to 
investigate the relationship between frailty and vascu-
lar function in community-dwelling older individuals. 
We demonstrated that pre-frail and frail groups showed 
worse vascular function than the non-frail group of com-
munity-dwelling older individuals. These results are con-
sistent with the concept that more severe frailty may have 
an adverse effect on vascular function in older adults 
(Table 5).

Previous studies have shown that frailty is a biologi-
cal syndrome resulting from dysfunction across mul-
tiple physiological systems [6, 25, 26]. Inflammation is 
related to many age-related chronic diseases includ-
ing atherosclerosis, cancer, and dementia and chronic 
inflammation is associated with frailty [27]. In addition, 
atherosclerosis is risk factor concomitant mechanism 
for increasing frailty [28]. In the present study, arte-
rial stiffness as assessed by baPWV was significantly 
higher in pre-frail and frail groups than in the non-
frail group (1815.2 ± 265.0  cm/s, 1829.9 ± 256.0  cm/s, 
and 1615.7 ± 209.9  cm/s in pre-frail, frail and non-frail 
groups, respectively). This present finding was consistent 
with a previous study showing that pre-frailty and frailty 
were associated with higher arterial stiffness in a cohort 
of older adults [18]. A plausible mechanism underly-
ing the association between frailty and arterial stiffness 
may involve greater arterial pulsatility or damage to the 
arterial circulation, which causes various phenomena 
associated with frailty [29]. Another mechanism that 
may underlie increased arterial stiffness in frailty may 
be related to aging and increased SBP, which are con-
sidered to be determinant factors for arterial stiffening. 
In frail older individuals, large arteries stiffen, and sys-
tolic BP and pulse pressure increase, due to wave reflec-
tions, more than in non-frail individuals [30]. However, 
our results showed that pre-frail and frail groups had 0
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Fig. 2  baPWV (A) and brachial FMD (B) among groups. Data are 
given as mean (± SD). SD = standard deviation, FMD flow-mediated 
dilation, PWV pulse wave velocity. *p < 0.05 vs. Non-frail

Table 5  Association between frailty and vascular functions

a Model 1: adjusted for body mass index, lean mass, %bodyfat, waist-hip ratio, 
systolic blood pressure, heart rate, glucose, hypertension, diabetes mellitus, and 
dyslipidemia

Variable Odds ratio (95% confidence 
interval)

Arterial stiffness (cm/s) Unadjusted Model 1a

 Non-frail 1 (reference) 1 (reference)

 Pre-frail 2.92 (1.01–8.42) 3.11 (1.04–9.29)

 Frail 3.56 (0.85–14.91) 3.79 (0.85–16.82)

Endothelial dysfunction (%) Unadjusted Model 1a

 Non-frail 1 (reference) 1 (reference)

 Pre-frail 2.17 (0.41–3.09) 2.13 (0.76–8.95)

 Frail 2.27 (0.31–6.97) 2.27 (0.31–6.97)
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significantly higher PWV. In addition, pre-frail and frail 
were associated with increased arterial stiffness by mul-
tiple logistic regression analyses. Taken together, both 
frailty and pre-frailty may be one of the risk factors for 
CVD in older adults.

Endothelial dysfunction causes the development 
and progression of atherosclerosis [9]. In this study, we 
found that FMD, a widely used measurement of endothe-
lial function in humans, was significantly lower in the 
pre-frail and frail groups than in the non-frail group 
(3.4 ± 1.3%, 3.1 ± 1.2%, and 5.2 ± 2.1% in pre-frail, frail, 
and non-frail groups, respectively) indicating that FMD 
was approximately two times lower in the frail group 
than in the non-frail group. This is in line with the 
results of Santillo et  al. [31], who reported that FMD 
was approximately two times lower in the frail hospital-
ized older individuals than in non-frail older individu-
als of an equivalent age (5.45% and 10.42% in frail older 
individuals and non-frail older individuals, respectively; 
p < 0.021) [31]. The mechanisms underlying the increased 
risk of endothelial dysfunction due to frailty are multi-
factorial. Aging may be a common mechanism for the 
progression of endothelial dysfunction and frailty. FMD 
decreases with advancing age [32]. However, our result 
of a lower FMD in pre-frail and frail older individuals 
may not be fully due to aging, because the three groups 
were not significantly different in age and the relation-
ship between frailty and FMD was remained after adjust-
ing for confounding factors in multiple logistic regression 
analyses. This result was supported by another study that 
reported that the relationship between FMD and frailty 
was not strongly age-related in hospitalized older indi-
viduals [33]. As another mechanism, a recent report sug-
gested that decreases in nitric oxide bioavailability and/
or increases in inflammation and oxidative stress, which 
induce endothelial dysfunction, also play a crucial role in 
frailty [32, 34].

There were several limitations in this study. First, this 
study cannot prove cause and effect as it had a cross-sec-
tional study design. Second, this study may not fully rep-
resent the characteristics of frailty from this study, due 
to the relatively small number of participants. This study 
was not population-based and there may be unknown 
bias in the selection. Despite this small sample size, the 
group ratio for frailty in this study (approximately 33.3, 
46.7, and 20.6% in non-frail, pre-frail, and frail older indi-
viduals, respectively) was similar to that of another pre-
vious studies study (approximately 40.9, 38.0, and 21.0% 
in non-frail, pre-frail and frail elderly, respectively) [28]. 
Third, the fact that most of the subgroup consists of older 
women, not older men, may not be strongly represented 
the relationship between frailty and vascular function 
in older adults. Fourth, due to the characteristics of the 

frailty phenotype, participants’ subjective judgment 
may have been involved (e.g., unintentional weight loss, 
exhaustion), and thus, the possibility of bias cannot be 
excluded. Fifth, baPWV might not be accurate due to the 
muscular arteries of lower limbs, compared with cfPWV. 
This limitation may be consistent in older adults. How-
ever,   substantial of evidence have been published using 
the baPWV in the past years. Last, some covariates such 
as biomarkers, medication use, and smoking are not well 
addressed in this study which plays a significant impact 
on the relationship between frailty and vascular function. 
This study had strength in that it investigated the asso-
ciation of two major measurements of vascular function 
(baPWV and FMD) with the level of frailty in commu-
nity-dwelling older individuals, whereas other previous 
studies measured either baPWV and FMD alone when 
analyzing a possible association between frailty and vas-
cular function.

5 � Conclusion
Despite these limitations, the present study demon-
strated that older individuals who are pre-frail and frail 
have higher arterial stiffness and greater endothelial 
dysfunction than their non-frail counterparts. However, 
there was no significant difference in vascular function 
between pre-frail and frail older individuals. Accordingly, 
the development from a pre-frail state to frailty can be 
delayed or prevented, reducing the risk of CVD and clini-
cal disorders. Further studies (on various interventions 
and nutritional factors) are needed to elucidate the rela-
tionship between frailty and vascular function to confirm 
our findings.
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