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Abstract

> 9 group was 1.84 (P = 0.020) compared to < 9.

Background: Frailty is a clinical condition characterized by increased vulnerability to adverse health outcomes.
Elderly people are screened for frailty as part of preventative care. However, the risk factors for frailty among older
adults who undergo Ningen Dock, a comprehensive medical checkup, remain unclear. Thus, this cross-sectional
study aims to identify the risk factors for frailty in older adults who received Ningen Dock. The study included 372
participants over 65 years of age who underwent Ningen Dock at the Health Care Center of Gunma Chuo Hospital
between April 2019 and March 2020. Frailty was defined using the Kihon Checklist, a basic checklist. Clinical variables
were obtained from Ningen Dock records, a vascular function test, and a questionnaire on medication, among others.
Multivariate ordinal logistic regression models were used to assess risk factors.

Results: Prevalence for frailty and pre-frailty was 12.6% and 26.6%, respectively. The mean age of participants was
720+ 5.1 years old, and 43.5% were female. Compared with systolic blood pressure (SBP) > 130 mmHg, the odds
ratios for the 100-129 mmHg and < 100 mmHg groups were 2.43 (P = 0.020) and 8.95 (P <0.001). The odds ratio for
the > 7 medications group medications was 3.64 (P = 0.003) compared to 0-2 medications. Compared with serum
iron > 126 ug/dL, the odds ratio for < 85 ug/dL was 2.91 (P = 0.002). The odds ratio for total bilirubin < 0.6 mg/dL
was 249 (P =0.011) compared with > 0.6 mg/dL. Compared with an exercise habit of > 4 metabolic equivalents
(METs), the odds ratio for < 2 METs/week was 2.45 (P < 0.001). The odds ratio for the cardio-ankle vascular index (CAVI)

Conclusions: In older adults who received Ningen Dock, SBP < 100 mmHg, medications > 7, serum iron < 85 ug/dL,
total bilirubin < 0.6 mg/dL, exercise habits < 2 METs, and CAVI > 9 were associated with frailty.

Keywords: Risk factors for frailty, Ningen Dock, Serum iron, Systolic blood pressure (SBP), Number of medications

Background

According to demographic statistics compiled by the
Ministry of Internal Affairs and Communications in
2020, 28.9% of Japan’s population is over the age of 65,
and the country is facing a super-aging trend. As an
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increase in the number of people requiring nursing care
is a problem in an aging society, frailty is attracting atten-
tion as a factor that can be addressed to prevent many
older adults from requiring nursing care. Frailty is a clini-
cal condition among older adults that combines psycho-
physiological aspects, such as cognitive dysfunction and
depression, physical vulnerability associated with muscle
weakness, and social aspects, such as living alone and
economic deprivation [1]. The Kihon Checklist (KCL)
is a basic and helpful questionnaire for frailty screening
[2]. In Japan, the KCL has been used since 2006 for older
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adults aged 65 years or older when it is difficult to deter-
mine whether they are eligible to receive preventative
care and life support services under the Comprehensive
Care Prevention and Daily Life Support Project [2]. In
April 2020, a frailty health checkup using a 15-item ques-
tionnaire called the “the Questionnaire for Latter-stage
Elderly People,” which partially overlaps with the KCL
questionnaire, was launched as a medical care system for
people aged 75 years and older [3].

Several studies have reported risk factors for frailty in
community-dwelling older adults. For example, Borda
et al. examined the effects of health behaviors such as
vaccination, visiting a physician, physical activity, and
smoking cessation and reported that physically active
older adults had a lower risk of frailty [4]. Arakawa et al.
reported an association between age, more than five
combined medications, physical activity, grip strength,
and walking speed in a comparison of robustness and
frailty [5]. Watanabe et al. found that low and high BMIs
were risk factors for frailty after adjusting for factors
other than BMI [6]. Pérez-Ros et al. reported that frailty
was associated with women aged 75 years and older, ane-
mia, a history of falls within the last 12 months, fear of
falling, and physical activity of at least 3 hours per week,
while five or more medications and comorbidities were
not significant factors [7]. Associations between cog-
nitive impairment and vascular lesions have also been
reported as risk factors for frailty [8—11]. As mentioned
above, even though all studies involved community-
dwelling elderly individuals, there were differences in the
variables examined and the independent risk factors.

There are two primary types of health checkups in
Japan: Ningen Dock, a comprehensive medical checkup,
and periodic medical examinations. The Ningen Dock
includes a physician consultation, more laboratory tests
than a regular exam, and a health education program
[12] but involves a higher cost to the recipient than peri-
odic medical examinations. Many of the costs of peri-
odic medical examinations are subsidized by employers
and local governments, but employer subsidies for those
receiving the Ningen Dock are limited. Compared with
periodic medical examination recipients, Ningen Dock
recipients have been reported to have lower rates of
abnormal blood pressure, anemia, lipids, and blood glu-
cose, after adjusting for age and sex [13]. Therefore, it is
likely that the risk factors for frailty are different in Nin-
gen Dock recipients compared with those in the popu-
lation of periodic medical examination recipients and
community-dwelling older adults due to their high health
consciousness.

Although the population of older adults undergoing
Ningen Dock appears to be healthy [13], active screening
for frailty in this population may be necessary to prevent
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frailty. However, the risk factors for frailty in older adults
who receive Ningen Dock are unknown. In this study, we
searched for risk factors for frailty in elderly patients who
underwent 2-day Ningen Dock, mainly based on clinical
laboratory values, medication use, smoking habits, drink-
ing habits, exercise habits, and vascular function tests.

Methods

Study design and participants

This was a single-center cross-sectional study. The inclu-
sion criteria were as follows: elderly patients aged 65
years or older who underwent 2-day Ningen Dock at
the Japan Community Healthcare Organization (JCHO)
Gunma Chuo Hospital Health Care Center and those
who obtained informed consent for the research use of
laboratory data, additional testing of vascular function,
and measurement of salt intake. Participants without
test or input omissions were analyzed. Of the 1517 peo-
ple who underwent the 2-day Ningen Dock, 609 were
over the age of 65 years. Of the 376 people who provided
informed consent, 372 without data omissions were ana-

lyzed (Fig. 1).

The Kihon Checklist (KCL)

Frailty was identified using the KCL as the primary end-
point [2]. The KCL is a simple self-reporting “yes” or
“no” survey comprising 25 questions regarding instru-
mental (three questions) and social (four questions)
activities of daily living, physical functions (five ques-
tions), nutritional status (two questions), oral function
(three questions), cognitive function (three questions),
and depressive mood (five questions). This comprehen-
sive questionnaire assessed the physical, psychological,
functional, and social status of nondisabled older adults
in multiple domains. Satake et al. verified the useful-
ness of the KCL as an index of frailty [2]. A KCL score
of 0-3, 4-7, and > 8 indicated robust, pre-frail, and frail,
respectively.

Clinical variables

Laboratory values and background information of the
participants were extracted from the Ningen Dock
records: age, sex, comorbidities, body mass index (BMI),
abdominal circumference, skeletal muscle percentage,
body fat percentage, SBP, diastolic blood pressure, aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-guanosine triphosphate (y-GTP), alka-
line phosphatase (ALP), total protein (TP), total bili-
rubin (T-Bil), albumin (ALB), hemoglobin (Hb), serum
iron, uric acid (UA), estimated glomerular filtration rate
(eGFR), fasting blood glucose, HbAlc, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglycerides, C-reactive protein
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Insufficient data n=4
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Fig. 1 Flow chart of the study population

(CRP), and medical history. The eGFR was calculated
using the Modification of Diet in Renal Disease study
equation modified for the Japanese population: 194 x
serum creatinine” (—1.094) x age” (—0.287) x 0.739 (if
women) [14].

The following methods were used to obtain the data,
except for the tests performed during Ningen Dock; as
a vascular function test, the cardio-ankle vascular index
(CAVI) was measured using VaSera 1500 (Fukuda Denshi
Co., Ltd.). The CAVI is an index that reflects the stiffness
of the arteries from the heart to the ankles, including
the aorta, and increases as atherosclerosis progresses.
The CAVI is calculated based on the stiffness parameter
[ method measured by carotid artery echocardiography
or other methods and represents blood pressure-inde-
pendent vascular stiffness [15]. A CAVI > 9 was defined
as abnormal. Dietary salt intake was calculated from the
urinary sodium concentration (mEq/L) and creatinine
concentration (mg/dL) using the Tanaka method [16].
Body composition was measured using an In Body 430
instrument (In Body Japan Inc.). Skeletal muscle per-
centage was expressed as the percentage of skeletal mus-
cle mass (kg)/body weight (kg), and body fat percentage
was expressed as the percentage of body fat mass (kg)/
body weight (kg). In addition, a questionnaire survey was
conducted on medication use, voluntary exercise, alco-
hol consumption, and smoking habits. The names and
dosages of the medications regularly used by the par-
ticipants were obtained from the questionnaire and per-
sonal medication records at the time of the Ningen Dock.
The presence or absence of voluntary health-promoting
exercise habits, type of exercise, and duration of exercise

per week, excluding work or daily activities, was exam-
ined. The intensity of exercise per week (METs/week) was
calculated based on the 2011 Compendium of Physical
Activities [17].

Statistical analysis

Normality was assessed using the Shapiro-Wilk test for
continuous variables. The participants were divided into
three groups: robust, pre-frail, and frail groups based on
the KCL, and the proportions of variables and differences
in means were compared. For continuous variables, a
one-way analysis of variance or Kruskal-Wallis test was
conducted according to normality. For categorical vari-
ables, the chi-square test was used.

To adopt variables for ordinal logistic multivariate
analysis, we considered clinical importance, linearity of
the mean values between groups, and a P-value of less
than 0.1. For continuous variables, those that showed
linear or L-shaped group means in the order of robust,
pre-frail, and frail were adopted, whereas variables that
were U-shaped were not adopted. The adopted continu-
ous variables were transformed into categorical variables
for two or three groups by referring to clinical reference
values or distributions.

Ordinal logistic regression analysis was performed
to assess the association between clinical variables and
frailty. Robust, pre-frail, and frail were set as 0, 1, and 2,
respectively. Multivariate model 1 was created, includ-
ing SBP, number of drugs, serum iron, T-Bil, exercise
strength, CAVI, and ALB as categorical variables. Based
on model 1, model 2 was created by adjusting for age,
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sex, and BMI. In addition to model 2, model 3 was cre-
ated by adjusting for disease and medication.

All analyses were performed using the SPSS ver. 27
(IBM, New York, USA), and statistical significance was
setat P < 0.05.

Results

Of the 372 recipients, 12.6% and 26.6% were frail and pre-
frail as shown in Table 1, respectively. The proportions
of women in the robust, pre-frail, and frail groups were
41.6%, 48.5%, and 42.6%, respectively. The mean ages
of the robust, pre-frail, and frail groups were 71.8, 72.2,
and 72.7 years, respectively, and the proportions of par-
ticipants aged 75 years or older were 25.2%, 28.3%, and
34.0%, respectively. There were no significant differences
in age or sex among the three groups, nor were there dif-
ferences in BMI.

The mean SBP showed an L-shape among the three
groups and was 3.0 mmHg higher in the robust group
compared to the frail group. The mean number of med-
ications taken was linear, with 0.3 more medications in
the pre-frail group and 1.7 in the frail group compared
to the robust group. The mean serum iron concentrations
were linear and within the regular range but were 16.7%
lower in the frail group compared to the robust group.
Hb denoted the same tendency of serum iron but was
only 3.7% lower in the frail group compared to the robust
group. The mean T-Bil was also in the regular range, but
12.6% lower in the frail group compared to the robust
group, with an L-shape. The mean of the total intensity
per week of the habitual exercise was linear, showing
a 25.4% lower value for the frail group compared to the
robust group. The CAVI mean demonstrated an L-shape
and was 4.1% higher in the frail group compared to the
robust group and 6.7% higher in the frail group compared
to the pre-frail group. The mean values of ALBs were lin-
ear and all in the regular range but were 1.9% lower in
the frail group compared to the robust group. There were
significant differences or trends in the mean values of
the CAVI, SBP, ALB, T-Bil, Hb, serum iron, number of
medications, and habitual exercise intensity among the
three groups. ALT, y-GTP, and FEV1/FVC also showed P
< 0.1, but the mean values of the three groups showed a
U-shaped trend. The following variables showed a trend
toward higher rates in the frail group, but no signifi-
cant differences were found: hypoglycemic medication,
hypolipidemic medication, stroke, cardiac disease, and
anemia.

The following variables were transformed into categori-
cal variables, and chi-square tests were conducted: SBP,
number of medications, serum iron, T-Bil, exercise hab-
its, CAVI, and ALB (Table 2). All categorical variables
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showed significant differences or trends among the three
groups.

Multivariate ordinal logistic analysis was performed
using the adopted variables (Table 3). In model 1, the fol-
lowing variables were used: SBP, the number of medica-
tions, serum iron, T-Bil, exercise habits, CAVI, and ALB.
Significant differences were observed in SBP, the number
of medications, serum iron, T-Bil levels, exercise habits,
and CAVI. Based on model 1, model 2 was adjusted for
age, sex, and BMI, but the results were similar to those
of model 1. In contrast, model 3, which was adjusted for
disease, medication, and the variables in model 2, showed
significant differences in SBP, the number of medications,
serum iron and T-Bil levels, exercise habits, and CAVI as
independent risk factors for frailty.

Compared with SBP > 130 mmHg, odds ratios were
2.43 (95% confidence interval (CI) 1.15-5.11, P = 0.020)
for SBP of 100—129 mmHg and 8.95 (95% CI 2.98-26.83,
P < 0.001) for SBP < 100 mmHg. As a result, the odds
ratio was 1.73 (95% CI 0.97-3.08, P = 0.062) for three-six
medications and 3.64 (95% CI 1.54-8.62, P = 0.003) for
seven or more medications compared with the zero-two
medications group. The serum iron level of 85-125 pg/dL
group tended to show a higher odds ratio of 1.88 (95% CI
1.00-3.55, P = 0.050) compared to the group with those
of 126 pg/dL or higher; the group with those of 85 pg/
dL or less showed a significantly higher odds ratio of 2.91
(95% CI 1.46-5.81, P = 0.002). The odds ratio for T-Bil
less than 0.6 mg/dL was 2.49 (95% CI 1.23-5.05, P =
0.011) compared with those greater than 0.6 mg/dL. As
1 h of fast walking per week is approximately four METs/
week, we compared three groups: < 2 METs/week, > 2
but < 4 METs/week, and > 4 METs/week. Compared to
the group with an exercise habit of > 4 METs/week, the
odds ratio was 1.18 (95% CI 0.65-2.15, P = 0.585) in
the group with > 2 but < 4 METs/week and 2.45 (95%
CI 1.50-4.03, P < 0.001) in those with < 2 METs/week.
Since the cutoff value for arterial stiffness is a CAVI of 9
or higher, the odds ratio was 1.84 (95% CI 1.10-3.07, P
= 0.020) for a CAVI of 9 or higher compared to those of
less than 9. The odds ratio was 1.59 (95% CI 0.90-2.80,
P = 0.112) for ALB less than 3.8 g/dL compared to
ALB greater than 3.8 g/dL, and there was no significant
difference.

Discussion
In this study, we examined the risk factors for frailty
based on the KCL in elderly patients aged > 65 years who
underwent Ningen Dock. The following variables were
associated with frailty: SBP, the number of medications,
serum iron, T-Bil, exercise habits, and CAVIL.

BMI, abdominal circumference, skeletal muscle per-
centage, and body fat percentage were risk factors in
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Table 1 Characteristics of participants and bivariate analysis stratified by frailty status

Variables Total Robust Pre-frail Frail p-values

Number 372 (100) 226 (60.8) 99 (26.6) 47 (12.6)

Age, sex, and body size
Age (years) 7251 718 +£50 722+54 727 £5.1 0.460°
Age > 75 years 101 (27.2) 57(25.2) 28 (28.3) 16 (34.0) 0.445°¢
Female 162 (43.5) 94 (41.6) 48 (48.5) 20 (42.6) 0.509°
BMI (kg/m?) 233+32 233+31 231 +£27 234 £ 4.1 0.982°
Waist circumference (cm) 824 +84 82.1+86 822470 84.1+£10.0 0.320°
Skeletal muscle percentage (%) 40.1 +4.2 403+42 397 +£42 3909+46 0437°
Body fat percentage (%) 259470 25.7+69 264 +69 2604+79 0.582°

Laboratory data and physical exam
CAVI 857+ 1.07 858 £ 0.86 837 +£098 893+182 0.091° 1
SBP (mmHg) 1M72£127 1186127 1147 £11.0 1156 £14.7 0.062% 1
DBP (mmHg) 67.7 £9.0 68.7£93 658+79 66.7 £93 0022° 1,*
Fasting blood glucose (mg/dL) 103.1 £ 20.5 1025 £19.3 103.6 £ 20.6 104.7 £25.7 0.955°
HbA1c (NGSP) (%) 6.0+ 06 59+06 60+07 60+£07 0418°
LDL-C (mg/dL) 119.0 £ 269 1192 £255 121.1 £ 286 113.7 £ 296 0.291°
HDL-C (mg/dL) 653+£165 66.5+17.0 628+ 143 64.6 £+ 183 0.299°
Triglyceride (mg/dL) 96.7 £ 53.1 96.9 + 56.1 94.2 +44.1 101.0 £ 56.0 0.883°
Uric acid (mg/dL) 54+£13 54+£13 54+£13 51£11 0.369°
eGFR (mL/min/1.73 m?) 63.7+£123 634+£123 638+£117 649+ 139 0.750P
AST (U/L) 222473 223+69 225+85 21670 0.704°
ALT (U/D) 190£112 187 +£98 202 +£125 17.7 £142 0.069% 1
y-GTP (U/L) 270179 262+ 168 304+ 199 234+177 0016 1,*
ALP (U/L) 2082 £ 599 204.8 £ 552 2123+ 625 2157 £ 748 0.700°
TP (g/dL) 6.97 £ 040 697 £0.38 6.95+0.39 7.03+0.53 0.848°
ALB (g/dL) 4.09 +0.27 411+£0.26 405+ 0.27 403 £034 0.117°
T-Bil (mg/dL) 093 +£0.29 095+0.29 094 +£0.29 083+023 0.069% t
Hb (g/dL) 135+ 14 136£13 13614 131+£14 0.046° 1, *
Serum iron (ug/dL) 103.8 £304 1066 £31.3 104.6 £ 296 888 £ 224 0.0019, 1, *
CRP (mg/dL) 0.113 £0.345 0083 +£0.123 0.099 £ 0.255 0.285 + 0.844 0.142°
Vital capacity percentage (%) 95.6 £ 146 957 £ 148 970+ 132 92.1 £ 165 0.160P
FEV1/FVC (%) 770+ 70 770+70 779+ 68 75+75 0.044° 1,*

Medication, past history, and habits
Number of medications 29429 2627 29+30 43+37 0.015%t,*
Antihypertensive medication 146 (39.2) 88(38.9) 39(394) 19 (40.4) 0.982¢
Hypoglycemic medication 52 (14.0) 29(12.8) 12(12.1) 11(234) 0.135¢
Hypolipidemic medication 123 (33.1) 76 (33.6) 29(29.3) 18 (38.3) 0.535¢
Stroke 21 (5.6) 11 (4.9) 5(5.1) 5(10.6) 0.283¢
Cardiac disease 39(10.5) 21(9.3) 9(9.1) 9(19.1) 0.116¢
Anemia 47 (12.6) 25(11.1) 14 (14.1) 8(17.0) 0.465°¢
Exercise strength (METs/week) 11.1+£183 118+ 19.0 105+ 174 88+£162 0.024° t,*
Sodium intake (g/day) 947 £2.21 955+232 919 £195 963 +221 0.291°
Drinking 150 (40.3) 96 (42.5) 34 (34.3) 20 (42.6) 0.367¢
Smoking 17 (4.6) 9 (4.0) 5(5.1) 3(6.4) 0.746¢

Numerical data are shown as mean =+ SD. Categorical data are shown as number of data points (%)

BMI, body mass index, CAVI cardio-ankle vascular index, SBP systolic blood pressure, DBP diastolic blood pressure, Hb hemoglobin, LDL-C low-density lipoprotein
cholesterol, HDL-C high-density lipoprotein cholesterol, eGFR estimated glomerular filtration rate, AST aspartate aminotransferase, ALT alanine aminotransferase, y-GTP
gamma guanosine triphosphate, ALP alkaline phosphatase, TP total protein, ALB albumin, T-Bil total bilirubin, CRP C-reactive protein, FEV1 forced expiratory volume in

a second, FVC forced vital capacity
2 Kruskal-Wallis, "ANOVA, “chi-square test, 1P < 0.1, *P < 0.05
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Table 2 Chi-square test for categorical variables created from
continuous variables stratified by frailty status

Categorical variables Robust Pre-frail Frail p-values
CAVI > 9 69 (30.5) 31(31.3) 22(468) 0.090% T
SBP
< 100 mmHg 9 (4.0) 1M1 7049 0.005% 1, *
>100,< 130mmHg 177 (783) 81(81.8) 34(723)
> 130 mmHg 40(17.7) 7(7.1) 6(12.8)
ALB < 3.8 g/dL 32(142)  21(21.2) 14(29.8) 0.025%1,*
T-Bil < 0.6 mg/dL 16 (7.1) 11(11.1)  12(255) 0.001°t,*
Serum iron
<85 ug/dL 50 (22.1) 27 (273) 24(51.1) <0.001°%1,*
> 85, < 125 ug/dL 125(553) 52(52.5) 22(46.8)
> 125 pg/dL 51(226) 20(202) 1(2.1)
Number of medications
0-2 medications 132(584) 55(556) 16(340) 0001°1,*
3-6 medications 75(33.2) 31(313) 17(36.2)
> 7 medications 19 (8.4) 13(13.1)  14(29.8)
Exercise strength
< 2 METs/week 53 (23.5) 38(384) 22(468) 0.004°t,*
>2, <4 METs/week 50 (22.1) 16(16.2) 10(21.3)
> 4 METs/week 123 (544) 45455 15319

Data are shown as number of data (%)

CAVI cardio-ankle vascular index, SBP systolic blood pressure, ALB albumin, T-Bil
total bilirubin

2 Chi-square test, P < 0.1, *P < 0.05

previous studies of the general population [5, 18, 19],
but no association was found in the present study. Older
adults who underwent Ningen Dock have been found
to have lower rates of abnormal findings in blood pres-
sure, anemia, lipids, and blood glucose than those who
underwent regular physical examinations [13]. It is rea-
sonable that the abovementioned anthropometric indices
were not found to be risk factors for frailty because older
adults who undergo the Ningen Dock are considered
more health conscious than other older adults.

The prevalence of frailty based on the KCL in this study
was 12.6% for the frail group and 26.6% for the pre-frail
group, respectively. The mean ages of the frail, pre-
frail, and robust groups were 72.7, 72.2, and 71.8 years,
respectively, and there was no difference in age among
the three groups according to frailty status. Although age
was a risk factor for frailty in previous studies [5, 7], it is
also reasonable that age was not found to be a risk fac-
tor for frailty for the same reason as BMI. In a study of
5542 independent elderly community residents aged 65
years and older who were not certified for nursing care,
the prevalence of frailty based on the KCL was reported
to be 955 (17.2%) for frail and 1625 (29.3%) for pre-frail
[20]. According to a systematic review by O’Caoimh
et al,, frailty prevalence based on physical frailty was
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11%, and that based on the frailty index was 25% in Asia
[21]. Although it is difficult to make direct comparisons
because of the differences in the target population and
criteria for determining frailty, we considered that there
is not a large discrepancy in frailty prevalence between
this study and previous reports.

The association between SBP and frailty remained
significant even after adjusting for variables such as
antihypertensive medications and comorbidities. A pre-
vious study reported an association between low blood
pressure and frailty [22], which is similar to the present
study. Although the odds ratio for frailty is lower at an
SBP of 100 mmHg or higher, the burden on the vascu-
lar wall associated with increased SBP should be consid-
ered. Blood pressure fluctuates with various substances
and stressors. Typically, physical activity tends to affect
the sympathetic nervous system, resulting in increased
pressure. On the other hand, dietary habits in Asian
countries, including Japan, are characterized by high salt
intake, and according to an announcement by the Min-
istry of Health, Labor and Welfare in 2020, salt intake
in Japan in 2019 was 10.9 g/day for men and 9.3 g/day
for women, which is much higher than the WHO rec-
ommendation of less than 5.0 g/day. The impact on the
blood vessels and kidneys is undeniable. The mean salt
intake of the study population was also high (9.47 g/
day), but there was no difference in salt intake between
the three frailty groups. Additionally, frailty is a risk fac-
tor for cardiovascular disease [23, 24], and heart failure is
strongly associated with frailty [25]. Hypotension due to
left ventricular failure, a finding of heart failure, may be
a risk factor for frailty. The involvement of heart failure
in the present study is unclear because we were unable to
specifically investigate heart failure, although there were
findings of cardiovascular disorders.

In addition to the CAVI, there are other methods for
measuring arterial stiffness, such as carotid-femoral pulse
wave velocity and brachial-ankle pulse wave velocity.
Among them, the CAVI is a measurement method that
is relatively unaffected by blood pressure [15]. In the pre-
sent study, we clarified for the first time the relationship
between frailty based on the KCL and CAVI. The arte-
rial wall stiffens with age and is accelerated by the coex-
istence of cardiovascular risk factors [26]. Muscle blood
flow decreases with age, which has been suggested to be
partially related to the degree of arterial stiffness [27].
Atherosclerosis involves ongoing temporary or chronic
inflammation due to the remodeling and calcification
associated with plaque accumulation [26]. It has been
suggested that inflammation may cause muscle weakness,
weight loss, decreased activity, and anorexia, which may
lead to loss of lean body mass and induce frailty [19, 28].
Although there are several measures of frailty and arterial
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Table 3 Multivariate ordinal logistic regression analysis of risk factors for frailty
Categorical variables Model 1 Model 2 Model 3
OR (95% Cl) p-values OR (95% Cl) p-values OR (95% Cl) p-values

SBP

> 130 mmHg 1 1 1

> 100, < 130 mmHg 2.61(1.27-535) 0.009* 2.74(132-5.68) 0.007* 243 (115-5.11) 0.020*

<100 mmHg 10.01 (3.56-28.12) <0.001% 11.10 (3.82-32.29) <0.001* 8.95(2.98-26.83) <0.001%
Number of medications

0-2 medications 1 1 1

3-6 medications 1.42 (0.88-2.30) 0.151 141 (0.86-2.31) 0.176 1.73 (0.97-3.08) 0.062

> 7 medications 2.88(1.50-5.53) 0.002* 291 (1.45-5.85) 0.003* 3.64(1.54-8.62) 0.003*
Serum iron

> 125 pg/dL 1 1 1

> 85, < 125 ug/dL 1.81(0.97-3.36) 0.061 1.76 (0.94-3.28) 0.078 1.88 (1.00-3.55) 0.050

<85 ug/dL 2.85(1.45-5.62) 0.002* 2.82(1.42-5.58) 0.003* 291 (146-5.81) 0.002*
T-Bil

> 0.6 mg/dL 1 1 1

< 0.6 mg/dL 2.22(1.14-4.36) 0.020* 2.12(1.07-4.19) 0.030* 249 (1.23-5.05) 0.011*
Exercise strength

> 4 METs/week 1 1 1

> 2, <4 METs/week 1.25(0.69-2.26) 0456 1.25(0.69-2.26) 0467 1.18 (0.65-2.15) 0.585

<2 METs/week 2.57(1.57-4.19) <0.001% 2.52(1.54-4.12) <0.001% 245 (1.50-4.03) <0.001%
CAVI

<9 1 1 1

>9 1.8(1.11-2.90) 0.016* 1.89(1.14-3.12) 0.013* 1.84(1.10-3.07) 0.020*
ALB

>38¢g/dL 1 1 1

<38g/dL 1.55(0.90-2.67) 0.116 1.63 (0.93-2.84) 0.089 1.59 (0.90-2.80) 0.112

Model 1: multivariate ordinal logistic regression model including SBP, number of medications, serum iron, T-Bil, exercise strength, CAVI, and ALB. Model 2: model 1+
adjusted with age, sex, and BMI. Model 3: model 2+ adjusted for antihypertensive medication, hypoglycemic medication, hypolipidemic medication, stroke, cardiac

disease, and anemia

Cl confidence interval, CAVI cardio-ankle vascular index, SBP systolic blood pressure, ALB albumin, T-Bil total bilirubin

*P<0.05

stiffness, the Framingham Heart Study and Qi Xue et al’s
cross-sectional study of elderly community-dwelling
participants used a measure of frailty that was not the
KCL and reported that arterial stiffness was a risk fac-
tor for frailty [10, 29]. Meanwhile, a study that assessed
frailty using Fried’s frailty phenotype reported that the
CAVI could be used to determine frailty risk [29]. Previ-
ous reports and our results suggest that arterial stiffness
is an independent risk factor for frailty, regardless of the
method of measuring frailty or arterial stiffness.

The mean number of medications taken by the
study population did not reach the Japanese stand-
ard of six medications for polypharmacy, even in the
frail group; however, there was a significant association
between taking seven or more medications and frailty.
Polypharmacy has been reported to be significantly
associated with frailty in both cross-sectional and longi-
tudinal studies [30-32], whereas no significant difference

in polypharmacy has been found in some reports [7]. In a
previous report, the cutoff value for the number of medi-
cations taken for frailty was 6.5 [33], suggesting that the
use of more than the five or six medications that are com-
monly defined as polypharmacy is a risk factor for frailty.
In addition, although specific chronic diseases and polyp-
harmacy have been reported to be associated with frailty
[9, 31], in this study, there was no association with stroke,
cardiovascular disease, hyperlipidemia medication, or
antihypertensive medication. Therefore, the association
between the number of medications taken and the frailty
observed in this study may result from the effects of these
diseases and the accumulation of medications for other
diseases.

According to the results of this study, an exercise habit
of < 2 METs per week was associated with frailty. Lack
of exercise habits, which do not include daily activities
such as housework, was associated with frailty, similar
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to previously reported results [4, 34, 35]. In the Physi-
cal Activity Standards for Health Promotion 2013 estab-
lished by the Ministry of Health, Labor and Welfare, the
standard for physical activity, including daily activities
and exercise, for older adults aged 65 years or older is ten
METs per week regardless of intensity. Previous reports
have shown that moderate-intensity aerobic exercise,
such as walking and other moderate-intensity aerobic
exercises over 150 min/week, reduces the risk of mor-
bidity, mortality, and function-dependent frailty, and in
sedentary individuals, even small amounts of physical
activity are reduced [36, 37]. There are also reports that
participation in exercise is associated with the progres-
sion of frailty, regardless of an active lifestyle, physical
activity, or exercise intensity [35]. On the other hand,
although BMI, abdominal circumference, and skeletal
muscle have been previously associated with frailty [6,
18, 19], there was no association in the present study
population. This may be since few participants in the
present study showed abnormalities in these factors, and
the activity level of the present study population was not
high enough to affect body size.

In the present study, the mean serum iron levels in the
three groups were within the normal range; however,
an association with frailty was suggested. Serum iron,
which is mobilized from the storage iron pool, is bound
to transferrin and flows through the bloodstream via
reticulocytes in the bone marrow, where it is ingested
by erythroblasts cells and is used for the synthesis of Hb.
Iron levels are generally decreased due to bleeding, preg-
nancy, and inflammatory diseases. Since iron is supple-
mented by diet, it is also related to long-term nutritional
status, and if a diet low in iron is continued, storage iron
and serum iron levels decrease. Hb concentration and
CRP, an inflammatory indicator, have been reported
to be associated with frailty [1, 38], but the relationship
between frailty and serum iron has not been reported. In
the Ningen Dock, the test is performed while fasting, so
it is not affected by the meal of the day but may reflect the
meal of the previous day and mobilization from the iron
storage pool. In other words, serum iron levels in Ningen
Dock may be indicative of future anemia. In combination
with the lack of an association between frailty and CRP
in this population, it is likely that low serum iron levels,
but not anemia, are associated with frailty, although the
mechanism is not known. To the best of our knowledge,
this is the first study to report an association between
frailty and serum iron level.

Although T-Bil level was within the reference range,
low levels were suggested to be associated with frailty. Bil-
irubin is a potent endogenous antioxidant [39, 40]. It has
been suggested that low T-Bil levels reduce antioxidant
activity and may lead to various oxidative stress-related
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diseases and impairment, such as diabetes and activity
of daily living impairment owing to decreased antioxi-
dant activity or increased oxidative stress [39]. Increased
oxidative stress and pro-inflammatory biomarkers have
also been reported in frail and pre-frail individuals [39,
41-44]. Skeletal muscle consumes large amounts of oxy-
gen and produces large amounts of reactive oxygen spe-
cies. Their accumulation is thought to cause a decline in
muscle mass and quality via several mechanisms [39, 45].
Thus, although the mechanism is not beyond expecta-
tions, it has been suggested that a decrease in T-Bil levels
may induce frailty.

Serum ALB accounts for approximately 60% of TP
and is considered an indicator of nutritional status, pri-
marily reflecting long-term nutritional status. It is also
decreased by hepatic dysfunction and by increased pro-
tein loss and consumption. In this analysis, the associa-
tion between ALB levels and frailty was not significant.
Since previous studies have shown a close relationship
between nutritional status and frailty [21, 26, 27, 46], it is
possible that the present study population was well-nour-
ished by protein intake and other factors.

In Japan, a frailty health checkup was launched in April
2020 for the general population aged > 75 years. The
purpose of the program was to comprehensively assess
the health status of the elderly based on their charac-
teristics, such as frailty. In 2020, the average life expec-
tancy in Japan was 81.6 years for men and 87.7 years for
women, making Japan the country with the longest life
expectancy in the world. Awareness and prevention of
frailty are one of the current highest priorities, given the
growing concern about economic pressures due to the
increasing number of people who will be receiving care
when the baby boomers turn 75 or older in 2025 [47].
To our knowledge, this study is the first cross-sectional
study to collect information on vascular function and
frailty in addition to general items in older adults who
underwent the Ningen Dock and is valuable for its com-
prehensive study of risk factors for frailty. The results of
this study provide clues for designing optimal interven-
tions for frailty prevention.

This study has several limitations. First, limitations
and biases inherent in cross-sectional observational
studies are expected. It was related to frailty at the time
of the study, and we were not able to investigate the
onset or prognosis of the disease. Longitudinal stud-
ies are needed to assess these issues. Second, we used
only the KCL as a measure of frailty, which has been
evaluated as a measure of frailty but does not provide
an objective assessment of physical ability, like other
assessment criteria. Third, the medications used by the
recipients were those used at the time of Ningen Dock,
and the duration and dosage of the medications were
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not assessed. Fourth, the number of participants was
limited because the study was conducted at a single
institution and people typically undergo Ningen Dock
only once a year.

Conclusions

In elderly Japanese people aged 65 years and older who
underwent Ningen Dock, independent risk factors for
frailty based on the KCL were SBP < 100 mmHg, medi-
cations > 7, serum iron < 85 pg/dL, T-Bil < 0.6 mg/dL,
exercise habits < 2 METs/week, and CAVI > 9.
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