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Abstract

Objective: To investigate the effects of discontinuing antihypertensive drugs on the character-

istics of patients with frailty syndrome.

Methods: This prospective pilot study was conducted between March 2016 and July 2019.

Among patients who visited the frailty clinic within this period, outpatients who received anti-

hypertensive drugs at their first visit and were followed-up for about 1 year were enrolled.

Participants who discontinued or continued antihypertensive drugs during 1 year of follow-up

were classified into a discontinuation group or continuation group, respectively. Each domain in

the Kihon checklist (KCL), fall risk score, short physical performance battery (SPPB) score, and

skeletal muscle index (SMI) were assessed at the first visit and 1-year follow-up assessment, and

were compared between the two groups.

Results: Among 498 patients who attended the frailty clinic, 78 were enrolled (discontinuation

group, n¼ 19; continuation group, n¼ 59). At the first visit, SMI scores were significantly higher in

the discontinuation versus continuation group. At the 1-year assessment, physical strength in the
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KCL for the discontinuation group and various SPPB scores for both groups were significantly

improved, and the fall risk score was improved in the continuation group.

Conclusion: Discontinuation of antihypertensive drugs may positively affect physical

performance.
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Introduction

Frailty, one of the greatest challenges faced
by our aging population,1 is defined as a state
of high vulnerability associated with adverse
health outcomes, such as falls, hospitaliza-
tion, physical disability, and mortality.2

Hypertension may be a risk factor for
frailty because detrimental outcomes
induced by chronically high blood pressure
target the organs associated with cerebro-
vascular, cardiac, and kidney diseases, and
bring about mental health repercussions,
including anxiety, stress, depression, and
impaired cognitive function.3,4

Evidence from observational studies sug-
gests that low blood pressure and multiple
antihypertensive prescriptions may harm
older patients through polypharmacy and
multimorbidity.5 Low blood pressure is
also shown to be associated with high mor-
bidity and mortality rates in frail older
patients receiving blood pressure-lowering
drugs, but not in those with spontaneously
low blood pressure unrelated to drugs.4

Deprescribing is a term used with vary-
ing degrees of precision, and for which there
is no accepted definition. Page et al.6 ana-
lyzed the concept of deprescribing and
defined it as a patient-centered process
for withdrawing medication, aimed at
improving health outcomes through the dis-
continuation of one or more medications
that are either potentially harmful or no
longer required.

In a previous study, no significant differ-

ences in frailty indices, assessed at 12 weeks,
were observed between older patients who

were deprescribed antihypertensive drugs
and those receiving multiple antihyperten-

sive drugs to control systolic blood pressure
and treat frailty.5 However, the character-

istics of patients in whom frailty syndrome

may be effectively improved after discontin-
uing antihypertensive drugs remain unclear.

The Kihon checklist (KCL), a reliable
tool for predicting frailty in older adults,7

is a self-administered questionnaire devel-

oped by the Japanese Ministry of Health,
Labor, and Welfare to identify frail older

individuals requiring new certification
for long-term care insurance.8 The KCL

includes 25 yes/no questions covering sever-

al domains, comprising instrumental activ-
ities of daily living (IADL), physical

strength, nutrition, oral function, isolation,
memory, and mood.

At the National Center for Geriatrics

and Gerontology in Obu, Japan, a multi-
disciplinary therapeutic approach that

involves physicians, nutritionist, physical
therapists, pharmacists, and medical social

workers, and includes nutritional manage-

ment, physical therapy, and clinical medica-
tion review using some evaluation items,

such as the KCL, is employed when treating
outpatients who visit the frailty clinic.

Using data obtained from this therapeutic
approach, including each KCL domain plus
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other detailed evaluation items, the aim of

the current pilot study was to investigate

the effects of discontinuing antihypertensive

drugs on frailty syndrome in outpatients.

Patients and methods

Study population

This prospectively designed retrospective

chart-review study was conducted between

March 2016 and July 2019. The inclusion

criteria were as follows: consecutive

patients who attended the frailty clinic at

the National Center for Geriatrics and

Gerontology, Obu, Japan, who were receiv-

ing antihypertensive drug treatment at their

first visit and who attended a follow-up

visit. Patients who discontinued antihyper-

tensive drug treatment within 1 year after

the first visit were allocated to the discon-

tinuation group, while those who continued

antihypertensive drug treatment up to

1 year after the first visit were allocated to

the continuation group. Patients who were

not receiving antihypertensive drug

treatment at their first visit, those with

missing data, and patients who were lost

to follow-up after the first visit and up to

1 year thereafter, were excluded from the

study. Discontinuation or continuation

of antihypertensive drugs were identified

using the Essence of Japanese Society

of Hypertension Guidelines for the

Management of Hypertension.9

This study was approved by the ethics

review board of the National Center for

the Geriatrics and Gerontology, Obu,

Japan (approval No: 881–13; 2 February

2022). All participants provided written

and/or verbal informed consent for routine

medical care and for study registration. All

patient details were deidentified for this

study, and study was reported in accor-

dance with the STROBE guidelines.10

Antihypertensive drugs

Antihypertensive drugs were classified as
‘antihypertensive drugs’, ‘vasodilators’, and
‘thiazide derivatives and preparations’ in
accordance with the drugs and related com-
modities class in the Standard Commodity
Classification system of Japan.11

Kihon checklist scores

The KCL scores were assessed as the first visit
and at approximately 1 year following the first
visit.7,8 The KCL comprises 25 questions cor-
responding to different KCL domains as fol-
lows: IADL, questions 1–5; physical activity,
questions 6–10; nutrition, questions 11–12;
oral function, questions 13–15; isolation,
questions 16–17; memory, questions 18–
20; and mood, questions 21–25. The total
score is calculated (range, 0–25), with
higher scores equating to increased frailty.

Data collection and outcome measures

At the first visit, data regarding age, sex,
medical history, prescribed antihypertensive
drugs, and use of vitamin D analogs were
obtained, and systolic blood pressure, dia-
stolic blood pressure, mean arterial pres-
sure, pulse pressure, and serum 25(OH)
vitamin D and albumin levels were mea-
sured. In addition to KCL scores, total
fall risk score;12 short physical performance
battery (SPPB) balance score (range, 0–4),
SPPB gait speed score (range, 0–4), SPPB
chair stand score (range, 0–4), and total
SPPB score (range 0–12);13 body weight,
and skeletal muscle index (SMI) were
obtained at the first and follow-up visit
for each participant. Serum vitamin D
measurements were outsourced to Hoken
Kagaku, Inc, Nagoya Laboratory
(Nagoya, Japan). Blood samples drawn at
the National Center for Geriatrics and
Gerontology were allowed to clot, then
centrifuged at 2000� g for 5min.
An approximately 2ml serum sample was
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collected and stored at –18�C or below until
measurement by electrochemiluminescence

immunoassay using an Access 25 (OH)
Vitamin D Total Kit (Beckman Coulter,
Brea, CA, USA) within 1 day of arrival at

Hoken Kagaku. SMI was calculated by
dividing limb muscle mass (kg) by height

squared (m2). After measuring SMI by
dual-energy X-ray absorptiometry and bio-
electrical impedance analysis, the lower

value was selected.14 Changes in the above
parameters, between the first and follow-up

visit, were evaluated. Higher SPPB and SMI
values equate to better physical performance.

Statistical analyses

Data are presented as mean�SD, n preva-
lence or median (range) for each group.
Between-group differences at the first visit

were analyzed with Student’s t-test (contin-
uous variables) or Fisher’s exact test (cate-

gorical variables). Wilcoxon rank-sum test
(Mann–Whitney U-test) was performed to
determine between-group differences in

KCL scores at the first and follow-up
visit. Within-group differences in KCL
scores between the first and follow-up visit

were assessed using Wilcoxon signed–rank
test. Within-group differences in physical

performance data between the first and
follow-up visit were measured with paired
sample t-test. The collected data were ana-

lyzed using BellCurve for Excel software,
version 2.15 (Social Survey Research

Information Co., Tokyo, Japan), and statis-
tical significance was set at P< 0.05.

Results

Patient enrollment

Of 498 outpatients who visited the frailty
clinic at the National Center for Geriatrics

and Gerontology between March 2016 and
July 2019, a total of 78 patients aged 59–96
years were included in this study. The

discontinuation (n¼ 19) and continuation

groups (n¼ 59) completed follow-up

within 1 year after their first visit, and had
a median (interquartile range) age of 77.0

(72.3–82.0) years (Figure 1).

Participant characteristics at the first visit

At the first visit, when all participants were

taking antihypertensive medication, there

were no statistically significant between-
group differences in age, sex, body weight,

antihypertensive drugs, medical histories,

use of vitamin D analogs, blood pressure,

pulse pressure, serum 25 (OH) vitamin D

levels or albumin levels (Table 1). However,

the discontinuation group showed significant-
ly higher SMI (P< 0.01) than the continu-

ation group (Table 1). The prescribed

antihypertensive drugs at the first visit,

and medical histories of the participants,

are summarized in Table 1. Conditions

recorded and included in the total morbid-
ity count are listed in supplemental eTable 1

and eTable 2.

Influence of antihypertensive drug

discontinuation on KCL domains

Total KCL scores (Discontinuation; P <
0.05, Continuation; P < 0.01) and KCL iso-

lation domain scores (Both group; P <
0.05) were significantly decreased in
both groups at the 1-year follow-up visit

(Table 2). KCL physical strength domain

scores were significantly lower in the dis-

continuation group, but not the continua-

tion group, at the 1-year follow-up visit

(P< 0.05; Table 2). A statistically signifi-
cant decrease in KCL mood domain

scores in KCL were also observed for the

continuation group, but not the discontin-

uation group (P< 0.05; Table 2). No

changes in the KCL IADL, nutrition, or

oral function domains were observed in
either group (Table 2). Furthermore, there

were no statistically significant differences
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Figure 1. Flow diagram of study participant enrollment. SMI, skeletal muscle index; SPPB, short physical
performance battery.

Table 1. Characteristics of participants at the first visit in 78 patients who attended the frailty clinic at the
National Center for Geriatrics and Gerontology, Obu, Japan.

Characteristic

Discontinuation

(n¼ 19)

Continuation

(n¼ 59)

Statistical

significance

Age, years 76.1� 6.6 76.7� 7.1 P¼ 0.72*

Sex

Male 8 16 P¼ 0.26$

Female 11 43

Body weight, kg 62.2� 14.1 56.7� 12.4 P¼ 0.11*

SMI, kg/m2 7.2� 1.7 6.2� 1.0 P< 0.01*

Antihypertensive drugs

ARB/ACEI 13 36 P¼ 0.60$

Calcium channel blocker 18 49 P¼ 0.28$

ab-blocker 2 5 P> 0.99$

bblocker 1 1 P¼ 0.43$

Thiazide and related diuretics 3 3 P¼ 0.15$

Others 6 7 P¼ 0.07$

Vitamin D analogs

Use 4 7 P¼ 0.45$

Non-use 15 52
aMedical history

Cancer 1 12 P¼ 0.17$

bCardiac disease 8 21 P¼ 0.79$

Cerebral aneurysm or infarction 1 2 P¼ 0.57$

Diabetes 6 11 P¼ 0.34$

Dyslipidemia 11 32 P> 0.99$

Osteoarthritis 9 24 P¼ 0.79$

Osteoporosis 5 16 P> 0.99$

(continued)
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Table 2. Influence of discontinuation or continuation of antihypertensive drugs on KCL score in 78 patients
who attended the frailty clinic at the National Center for Geriatrics and Gerontology, Obu, Japan.

KCL domain

Discontinuation

(n¼ 19)

Continuation

(n¼ 59)

Statistical

significance

IADL

First visit 1 (0–4) 1 (0–4) P¼ 0.40‡

1-year follow-up visit 1 (0–3) 1 (0–5) P¼ 0.69‡

Statistical significance P¼ 0.64† P¼ 0.30†

Physical strength

First visit 3 (1–5) 3 (0–5) P¼ 0.27‡

1-year follow-up visit 2 (0–4) 3 (0–5) P¼ 0.51‡

Statistical significance P< 0.05† P¼ 0.20†

Nutrition

First visit 0 (0–2) 0 (0–1) P¼ 0.53‡

1-year follow-up visit 0 (0–2) 0 (0–1) P¼ 0.61‡

Statistical significance P¼ 0.22† P¼ 0.08†

Oral function

First visit 1 (0–3) 1 (0–3) P¼ 0.64‡

1-year follow-up visit 1 (0–3) 1 (0–3) P¼ 0.98‡

Statistical significance P¼ 0.75† P¼ 0.67†

Isolation

First visit 1 (0–2) 0 (0–2) P¼ 0.49‡

1-year follow-up visit 0 (0–1) 0 (0–2) P¼ 0.89‡

Statistical significance P< 0.05† P< 0.05†

Memory

First visit 0 (0–3) 0 (0–2) P¼ 0.72‡

1-year follow-up visit 0 (0–2) 0 (0–2) P¼ 0.54‡

Statistical significance P¼ 0.18† P¼ 0.20†

(continued)

Table 1. Continued.

Characteristic

Discontinuation

(n¼ 19)

Continuation

(n¼ 59)

Statistical

significance

Blood pressure, mmHg

Systolic blood pressure 133.3� 22.0 136.6� 20.0 P¼ 0.54*

Diastolic blood pressure 70.7� 11.5 72.1� 12.0 P¼ 0.67*

Mean arterial pressure 91.6� 1.37 93.6� 12.9 P¼ 0.57*

Pulse pressure, mmHg 62.5� 16.7 64.5� 16.8 P¼ 0.66*

25(OH) vitamin D level, ng/mL 18.7� 5.0 18.1� 4.7 P¼ 0.62*

ALB level, g/dL 4.2� 0.29 4.2� 0.27 P¼ 0.50*

Data presented as mean� SD or n prevalence.

ARB, angiotensin II receptor blocker; ACEI, angiotensin converting enzyme inhibitor; SMI, skeletal muscle index.
aThe seven most common morbidities observed in the study population are listed. Comorbidities are listed in

Supplemental eTable 1 and eTable 2.
bCardiac disease is defined as the presence of angina, aortic regurgitation, aortic stenosis, arrhythmia, arteriosclerosis,

aortic regurgitation, atrial fibrillation, premature ventricular contraction, or heart failure.

*Student’s t-test or $Fisher’s exact test (versus continuation group).

6 Journal of International Medical Research



between the two groups for any of the KCL

scores, either at the first visit or the 1-year

follow-up visit (Table 2).

Influence of antihypertensive drug

discontinuation on physical performance

There were no changes in the SMI for either

group (Table 3). However, the continuation

group showed a statistically significant

decrease in total fall risk score (P< 0.05),

with no such change observed in the discon-

tinuation group (Table 3). The discontinua-

tion group showed a statistically significant

increase in SPPB balance score (P< 0.05),

gait speed score (P< 0.05), and total score

(P< 0.05; Table 3). However, there were no

changes in the SPPB chair stand score for the

discontinuation group, or total score for the

continuation group (Table 3). SPPB gait

speed score (P< 0.01) and SPPB chair stand

score (P< 0.05) significantly increased,

whereas SPPB balance score significantly

decreased (P< 0.05), at the 1-year follow-up

visit in the continuation group (Table 3).

Discussion

In the present study, patients who discon-

tinued antihypertensive medication showed

a significant decrease in the KCL physical

strength domain. Therefore, the study
focused on physical performance and fur-
ther investigations were conducted using
detailed evaluation items. Of note, at the
first frailty clinic visit, during which all

patients were receiving antihypertensive
medication, the SMI was significantly
higher in the discontinuation group com-
pared with the continuation group, and no
changes were observed in either group at

the 1-year follow-up visit. Serum 25(OH)
vitamin D levels play an essential role in
normal muscle function,15 and vitamin D
analogs have been reported to maintain
SMI in postmenopausal women.16 The

SMI values and serum 25(OH) vitamin D
levels were not significantly different
between patients who continued or discon-
tinued antihypertensive medication; thus,
the persistently high SMI corresponding to

the discontinuation group appeared to
be independent of 25(OH) vitamin D.
Exercise contributes to the prevention of
hypertension in normotensive participants
and control of blood pressure in hyperten-

sive patients.17 The constant SMI for both
groups in the present study may be associ-
ated with exercise, as these study partici-
pants received multidisciplinary treatment
during the study period that included phys-
ical therapy. The SPPB total score was

Table 2. Continued.

KCL domain

Discontinuation

(n¼ 19)

Continuation

(n¼ 59)

Statistical

significance

Mood

First visit 2 (0–4) 2 (0–3) P¼ 0.78‡

1-year follow-up visit 0 (0–5) 1 (0–2) P¼ 0.17‡

Statistical significance P¼ 0.26† P< 0.01†

Total score

First visit 8 (1–20) 7 (1–19) P¼ 0.74‡

1-year follow-up visit 6 (1–14) 5 (0–17) P¼ 0.64‡

Statistical significance P< 0.05† P< 0.01†

Data presented as median (range).

IADL, instrumental activities of daily living.

†Wilcoxon signed–rank test; ‡Wilcoxon rank-sum test.
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significantly improved in the discontinua-

tion group, but not in the continuation

group, suggesting that the persistently

high SMI and/or the discontinuation of

antihypertensive drugs may have exerted a

positive effect on physical performance.

Further studies involving larger sample

sizes are needed to validate this result, as

the sample size in the present pilot study

was relatively small.
The SPPB balance score was significantly

decreased in the present continuation group.

Orthostatic hypotension has been observed

in 50–65% of older patients taking antihy-

pertensive medications;18 thus, the present

observation might have resulted from the

antihypertensive drugs. However, the study

participants were not evaluated for ortho-

static hypotension. Thus, further studies on

blood pressure before and after SPPB meas-

urements are needed to confirm whether

taking antihypertensive drugs will decrease

the SPPB balance score.
Sarcopenia, a degenerative loss of skele-

tal muscle mass and strength is associated

with aging and accelerates frailty syn-

drome.19 One of the limitations of the

present study was the age group of the par-

ticipants (aged �59 years). Thus, the study

did not focus on sarcopenia, which was

evaluated in a previous study in partici-

pants aged �65 years in Japan.19

Another limitation of the present pilot

study was that the sample size was relatively

small. Therefore, further studies with a

larger sample size, including participants

aged �65 years are needed to validate the

results.

Table 3. The influence of discontinuation or continuation of antihypertensive drugs on physical
performance in 78 patients who attended the frailty clinic at the National Center for Geriatrics and
Gerontology, Obu, Japan.

Physical performance measure

Discontinuation

(n¼ 19)

Statistical

significance

Continuation

(n¼ 59)

Statistical

significance

Total fall risk score

First visit 9.8� 3.8 P¼ 0.27# 10.2� 3.2 P< 0.05#

1-year follow-up visit 8.7� 3.9 9.3� 3.6

SPPB balance score

First visit 2.9� 1.4 P< 0.05# 3.6� 0.7 P< 0.05#

1-year follow-up visit 3.6� 0.8 3.3� 1.0

SPPB gait speed score

First visit 2.9� 1.1 P< 0.05# 3.2� 0.9 P< 0.01#

1-year follow-up visit 3.4� 0.6 3.5� 0.8

SPPB chair stand score

First visit 3.0� 1.4 P¼ 0.27# 3.1� 1.2 P< 0.05#

1-year follow-up visit 3.3� 1.2 3.4� 1.0

Total SPPB score

First visit 8.9� 3.1 P< 0.05# 9.9� 2.1 P¼ 0.20#

1-year follow-up visit 10.4� 1.9 10.2� 2.1

SMI (kg/m2)

First visit 7.2� 1.7 P¼ 0.24# 6.2� 1.0 P¼ 0.15#

1-year follow-up visit 6.9� 1.1 6.3� 1.1

Data presented as mean� SD.

SPPB, short physical performance battery; SMI, skeletal muscle index.
#Paired sample t-test.
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It was difficult to propose an index of

blood pressure that may be used to deter-

mine the effect of discontinuing or continu-

ing antihypertensive drugs on frailty

syndrome, as the current blood pressure

values were not obtained via resting blood

pressure measurements. Thus, further

investigations involving the measurement

of resting blood pressure are necessary.
The present study focused on the effect of

discontinuing antihypertensive drugs on frail-

ty syndrome, which to date, remains unclear.

As it was difficult to determine whether the

antihypertensive drugs were deliberately

deprescribed or discontinued for other rea-

sons, such as non-compliance, further studies

are needed to clarify whether deliberately

deprescribing antihypertensive drugs has a

positive effect on physical performance.

Conclusion

Discontinuation of antihypertensive drugs

may have a positive effect on physical

performance.
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