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Objective: People with disabilities have high rates of cardiovascular diseases and
mortality, and heart failure can worsen their condition. Therefore, preventing and
managing cardiovascular diseases is particularly important for this population.
Although acupuncture has been used for heart failure, research on its impact
on mortality is limited. Given the unique pathophysiological characteristics of
people with disabilities, this study aimed to evaluate the effect of acupuncture
on mortality in those newly diagnosed with heart failure.

Methods: This retrospective cohort study used data from the Korean National
Health Insurance Service, focusing on people with disabilities diagnosed with
heart failure between 2014 and 2016. Acupuncture exposure within 1 year of
diagnosis was assessed by dividing the participants into acupuncture-exposed
and non-exposed groups. Propensity score matching (PSM) was used to adjust
for group differences, and all-cause mortality was tracked for 3 years. Cox
proportional hazard models were employed to calculate hazard ratios (HRs) and
confidence intervals (Cls). Dose-response relationships were also analyzed by
dividing acupuncture frequency into quartiles.

Results: After PSM, 21,001 individuals were included in both groups. The
acupuncture-exposed group had a 20% lower risk of all-cause mortality (adjusted
HR 0.80, 95% CIl 0.76-0.84) than those in the non-exposed group. Higher
acupuncture doses were associated with a greater reduction in mortality, with
the highest dose group showing a 36% lower risk (adjusted HR 0.64, 95% ClI
0.58-0.69) than those in the non-exposed group. The subgroup analysis showed
a consistent reduction in mortality across most groups, particularly in women,
older adults, higher-income individuals, and those with severe disabilities.

Conclusion: This study suggests that acupuncture exposure is associated with
reduced mortality in people with disabilities who are newly diagnosed with
heart failure. While several limitations exist, we highlight the potential role
of acupuncture in managing cardiovascular diseases in this population and
encourage further research to support healthcare policies.
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1 Introduction

Globally, ~15 out of every 100 people have a disability, with
two to four having severe disabilities. As people live longer, the
likelihood of developing a disability increases with age, leading
to a growing number of individuals with disabilities (1). People
with disabilities have a higher incidence and mortality rates of
cardiovascular diseases than those without disabilities (2), and
the occurrence of heart failure is reported to increase disability
rates (3, 4). This suggests a bidirectional relationship between
cardiovascular diseases and disability. Particularly, individuals with
disabilities tend to have more comorbidities than those without
disabilities (5, 6), which increases the risk of polypharmacy (4).
Polypharmacy, in turn, is associated with higher mortality rates
(7) and an increased likelihood of readmission (8), indicating
that heart failure, which often requires polypharmacy, can worsen
clinical outcomes in people with disabilities. Prevention plays
a crucial role in the healthcare of people with disabilities and
is generally divided into three stages. Primary prevention aims
to eliminate causes before disease onset, secondary prevention
focuses on early detection to prevent progression and long-term
impacts, and tertiary prevention seeks to preserve function and
reduce complications after disease development (5). Therefore,
when a disease occurs in people with disabilities, there is a need
to reduce the risks of polypharmacy and complications through
an integrative medical approach. This includes physical therapies,
such as acupuncture, as part of tertiary prevention, in addition to
standard treatments.

Heart failure is closely related to various factors such as age
and comorbidities (9). Generally, it refers to a condition in which
structural or functional abnormalities of the heart, often caused
by coronary artery disease, hypertension, or valvular heart disease,
lead to impaired ventricular filling or ejection. The prevalence of
heart failure varies widely, ranging from 0.2% to 17.7%, depending
on the country and study; however, the average prevalence reported
in studies involving all adults is ~3.4% (10). According to the 2021
American Heart Association Statistical Update, the prevalence of
heart failure in the United States is ~6 million, or 1.8% of the total
population (11). In Korea, the age-standardized incidence of heart
failure decreased from 2002 to 2020, but its prevalence increased
from 0.77% to 2.58%, and the mortality rate from heart failure rose
from 3.0 to 15.6 per 100,000 population (12). Mortality rates due to
heart failure remain high, with a 5-year mortality rate of ~50% (11—
14). Despite advancements in standard treatments, survival rates
following a diagnosis of heart failure remain as low as those for
cancer (15).

In East Asian Traditional Medicine, various treatments
such as acupuncture, herbal medicine, and pharmacopuncture
are commonly used for patients with heart failure (16), with
acupuncture being a long-standing intervention. South Koreas
healthcare system is dualized, allowing traditional Korean
medicine to be covered by national health insurance, which
improves patients’ accessibility to treatment. As a result,
approximately seven out of 10 adults have used traditional Korean
medicine, and among them, 94.3% have received acupuncture
treatments (17). Acupuncture is known to work in heart failure
by regulating sympathetic nervous activity and maintaining
parasympathetic activity, leading to vasodilation and improved
peripheral blood flow (18). Additionally, excessive sympathetic
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activation contributes to heart failure through mechanisms
such as oxidative stress, inflammatory responses, and cardiac
remodeling (19). Acupuncture protects cardiomyocytes and
reduces myocardial ischemia by suppressing sympathetic activity
(20). Standard pharmacological treatments for heart failure include
renin-angiotensin-aldosterone system (RAAS) inhibitors, beta-
blockers, diuretics, sodium-glucose co-transporter 2 inhibitors,
and digoxin. These drugs affect heart failure through various
mechanisms, with RAAS inhibitors, beta-blockers, and digoxin
specifically reducing sympathetic activity in cardiomyocytes (19).
Acupuncture shares some of these mechanisms with standard
medications, suggesting its potential effectiveness in treating
heart failure. It has been reported that acupuncture alone or
in combination with conventional medicine reduced intensive
care unit stays and readmission rates in patients with acute
heart failure (21). In patients with chronic heart failure, it has
shown improvements in exercise capacity, quality of life, and
hemodynamic parameters (21). Additionally, among individuals
diagnosed with hypertension, those who were exposed to
acupuncture had significantly lower rates of all-cause mortality,
myocardial infarction, and cardiovascular-related deaths (22).
These studies suggest that acupuncture has potential benefits
as a non-pharmacological adjunct to standard treatment for
heart failure and other cardiovascular disease that may lead to
heart failure.

People with disabilities often have multiple comorbidities in
addition to their primary disability-related conditions (5, 6). The
more severe the disability, the more negatively it impacts life
expectancy (23), resulting in a shorter life expectancy compared
with individuals without disabilities (24). Therefore, when a
high-mortality disease such as heart failure occurs in people
with disabilities, the standard treatment guidelines designed
for individuals without disabilities may be insufficient, and an
integrative medical approach that considers disabilities is necessary.
However, conducting clinical trials on people with disabilities
is challenging, leading to a knowledge gap regarding effective
treatments. Similarly, research on the use of acupuncture in
people with disabilities is lacking, making it difficult to strongly
recommend its use owing to insufficient evidence. This study
aims to address this gap by conducting a retrospective cohort
study using data from the Korean National Health Insurance
Service (NHIS). The goal is to analyze the real-world impact of
acupuncture exposure on mortality in people with disabilities and
newly diagnosed heart failure across the Korean population.

2 Methods

2.1 Data sources

The Korean NHIS has established a national health information
database to support policy and academic research. As of March
2024, the NHIS covers 51,417,000 subscribers, representing over
99% of the total population, making it one of the largest healthcare
systems in the world. The data can be accessed through the National
Health Insurance Data Sharing Service website (http://nhiss.nhis.
or.kr). The research team obtained customized data containing
health insurance claims for registered individuals with disabilities
in Korea from 2013 to 2019 (NHIS-2021-1-301). The data included
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demographic characteristics, medical histories, health behaviors,
physical measurements, test results, medical utilization, mortality,
and long-term care services for older individuals. This study was
approved by the Institutional Review Board of the Dongshin
University Korean Medicine Hospital (DSGOH_E_2021_003) and
was conducted in accordance with the principles of the Declaration
of Helsinki.

2.2 Study participants

The study design and plan are presented in Figure 1. The
individuals classified as disabled in the NHIS dataset were those
registered as having disabilities according to the Korean Act on
Welfare of Persons with Disabilities, which defines disability as
“a physical or mental impairment that significantly restricts daily
or social activities over an extended period.” The NHIS dataset
includes information on disability registration, types, and severity,
and as of 2014, disabilities were categorized into non-disabled,
physical disability, brain lesion disability, visual impairment,
hearing impairment, speech impairment, intellectual disability,
mental disability, and other disabilities (including renal, autism,
cardiac, respiratory, hepatic, facial, stoma, and epilepsy-related
disabilities) (25). Only patients with disabilities who were newly
diagnosed with heart failure between 1 January 2014, and 31
December 2016 were included. Heart failure was defined based on
the International Classification of Diseases, 10th Revision (ICD-10)
codes I11.0 (hypertensive heart disease with [congestive] heart

10.3389/fmed.2025.1519588

failure), I50 (heart failure), and 197.1 (other functional disturbances
following cardiac surgery) as per the guidelines of the Korean
Health Insurance Review and Assessment Service (26). To qualify
as a patient with heart failure, the relevant ICD-10 codes had to be
present in either the primary or secondary diagnosis. Additionally,
the patient must have had at least two outpatient visits or one
inpatient admission within 1 year of the initial diagnosis. A washout
period was set for 2013 to ensure that only newly diagnosed patients
were included, and the study was restricted to individuals aged 19
and older. The index date was set 1 year after the cohort entry
date, which is the date of the first heart failure diagnosis, and only
individuals who did not die within the 1st year after diagnosis were
included in the follow-up.

The acupuncture exposure group was identified using the codes
40011 (acupuncture, single body part) and 40012 (acupuncture,
multiple body parts). Patients who received acupuncture treatment
at least twice within 1 year after their heart failure diagnosis
were classified as the acupuncture treatment group, whereas those
who did not receive acupuncture at all were defined as the
conventional treatment group. Patients were assigned to their
respective exposure groups regardless of the specific acupuncture
points or diagnosis codes associated with their treatment.

2.3 Outcomes and covariates

The primary outcome of the study was all-cause mortality,
and all patients were followed until death or up to 3 years from

Cohort Entry Date
(Diagnosis of heart failure (111.0, 150, 197.1)
Day 0

Exclusion Window 1
(Heart failure)
Days [2013.01.01, 1]

Index Date
(Cohort entry date +365)

Covariate Window 1
(CCl, comorbidities*)
Days [-365, -1]

Covariate Window 2
(Age, sex, residential area, income, disability I
severity)
Days [0, 0]

Exposure Window
(ATxt)
Days [+1, +365]

Exclusion Window 2
(Death)
Days [0, +365]

Days [+366, Censoring# or +1460] &

Follow-up Window

L 4

January 1, 2013 January 1, 2014

Enroliment period

FIGURE 1

occurrence of death or 3 years from the start of follow-up.

December 31, 2016

Study design. ATx, acupuncture treatment; CCl, Charlson Comorbidity Index. *Prespecified comorbidities include hypertension, diabetes mellitus,
hyperlipidemia, ischemic stroke, chronic obstructive pulmonary disease, atrial fibrillation, peripheral artery disease, chronic kidney disease, and
chronic liver disease. 'Assessment of whether the patient received acupuncture treatment two or more times or not at all. *Censored at the earliest

December 31, 2019
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the index date. Mortality data were confirmed by linking unique
identification numbers with the national death registration data
provided by Statistics Korea.

The sociodemographic profiles in the Korean NHIS sample
cohort data and the validity of operational definitions for
cardiovascular-related comorbidities have been evaluated and
utilized in numerous studies (27-29). These covariates and
classification criteria were also employed in this study. The
sociodemographic and health-related covariates were defined as
follows. Age was categorized into the following groups: 20-29,
30-39, 40-49, 50-59, 60-69, 70-79, and 80 years or older. Sex
was classified as male or female, and residence was divided into
metropolitan, urban, or rural areas (30). Income was classified
into medical aid, low, middle, and high categories (31). As of
2014, the severity of disabilities registered in Korea was assessed
by nationally designated disability rating agencies. Disabilities
were categorized into six grades (1-6) based on evaluations of
medical conditions, functional status, and limitations in daily
activities, with grades 1 and 2 classified as severe and grades 3-
6 as mild according to administrative criteria. This classification
was applied to evaluate disability severity on the cohort entry
date (2, 25). The Charlson Comorbidity Index (CCI) was used
to assess overall health status (32). The presence of comorbidities
such as hypertension, diabetes, hyperlipidemia, ischemic stroke,
chronic obstructive pulmonary disease (COPD), atrial fibrillation,
peripheral artery disease, chronic kidney disease, and chronic liver
disease was also evaluated based on data from 1 year before
the cohort entry date (28). Detailed variable classifications and
diagnostic definitions are provided in Supplementary Table S1.

2.4 Statistical analysis

To minimize baseline characteristic imbalances and the
influence of confounding factors between the acupuncture and
conventional treatment groups, propensity score matching (PSM)
was employed. A multiple logistic regression model was used to
calculate the propensity scores, representing the probability of
each participant being assigned to a particular group based on
the covariates. After calculating the propensity scores, matching
was performed using a caliper width of 0.01 and the nearest-
neighbor algorithm. A standardized mean difference of less than
0.1 was set as the acceptable threshold to evaluate the balance
between the groups. Furthermore, Schoenfeld residuals were used
to check for proportional hazard assumptions and to prevent bias
due to imbalances between the acupuncture and conventional
treatment groups.

Descriptive statistics are used to summarize the baseline
characteristics. Categorical variables are presented as numbers
and percentages (%). Overall mortality rates were calculated by
dividing the number of events by person-years at risk and are
reported as events per 1,000 person-years. Hazard ratios (HRs)
and 95% confidence intervals were estimated using the Cox
proportional hazards model. Kaplan-Meier curves were generated
to visualize the survival probabilities between the acupuncture
and conventional treatment groups. The results are presented
before and after adjusting for age, sex, residence, income, disability
severity, CCI, hypertension, and hyperlipidemia. To assess the
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dose-response relationship, the acupuncture group was divided
into four quartiles, with the first quartile representing the group
with the fewest acupuncture sessions and the fourth quartile
representing the group with the most sessions. Visual and
statistical tests were conducted to evaluate the dose-response effect.
Additionally, subgroup analyses of the dose-response relationship
were performed based on the covariates used in the survival
analysis. Participants were stratified into subgroups by age (<60,
60-74, >75), sex (male, female), residence (urban, rural), income
(low, middle, high), disability severity (mild, severe), CCI (<3, >3),
and the presence of comorbidities. The results are presented using
forest plots. A p-value of <0.05 is considered statistically significant
in two-tailed tests. Statistical analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA) and R version
3.3.2 (The R Foundation, http://www.R-project.org). R packages

» <«

. s« . ma .
including “survival,” “survminer;

» «

moonBook,” “ggplot2” “survey,”
“optmatch,” and “MatchIt” were used for analysis, visualization,

and PSM.

3 Results

3.1 Patient characteristics

Between 2014 and 2016, a total of 95,685 individuals
with disabilities were newly diagnosed with heart failure. After
applying the inclusion and exclusion criteria, 84,272 patients with
heart failure were included. The patients were divided into an
acupuncture-exposed group with 29,779 individuals and a non-
exposed group with 54,493 individuals based on their acupuncture
exposure. After PSM, 21,001 patients were selected for each group
(Figure 2). Before PSM, the acupuncture group had a higher
proportion of older adults, women, rural residents, individuals with
higher incomes, those with mild disabilities, higher CCI scores,
and comorbidities, such as hypertension, diabetes, hyperlipidemia,
stroke, and COPD, than those in the conventional treatment group.
After PSM, the baseline characteristics between the two groups
became comparable (Table 1).

3.2 All-cause mortality

All-cause mortality was lower in the acupuncture group
compared with the conventional treatment group (53.07 per
1,000 person-years vs. 67.90 per 1,000 person-years; crude HR
0.78 [0.75-0.82]). After adjusting for age, sex, residence, income,
disability severity, CCI, hypertension, and hyperlipidemia, the
acupuncture group had a 20% lower risk of death compared
with the conventional treatment group (adjusted HR 0.80 [0.76-
0.84]) (Table 2). The Kaplan-Meier curve also showed that the
acupuncture group had a higher survival probability from all-cause
mortality than the conventional treatment group (Figure 3A).

3.3 Relationship between acupuncture
dose and mortality

To assess the change in mortality based on the number of
acupuncture sessions, the acupuncture group was divided into
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Korean National Health Insurance Claims Database

!

- Wash out period (2013)

People with disabilities newly diagnosed with heart failure between 2014 and 2016 (n=95.685)

Did not meet the criteria for exposure or non-exposure

groups or did not align with the heart failure diagnosis
definition (n=11.413)

Patients classified as exposed or non-exposed to acupuncture (n=84.272)

Not exposed to acupuncture
(n=54.493)

Exposed to acupuncture
(n=29.779)

After propensity score matching

Not exposed to acupuncture
(n=54.493 t0 21.001)

Exposed to acupuncture
(n=29.779 to 21.001)

FIGURE 2
Study flowchart.

four subgroups: acupuncture 1 (2-4 sessions), acupuncture 2
(5-8 sessions), acupuncture 3 (9-18 sessions), and acupuncture
4 (>19 sessions). Compared with the conventional treatment
group, the acupuncture 1 group had a 13% lower risk of death
(adjusted HR 0.87 [0.81-0.93]), whereas the acupuncture 4 group
showed the largest reduction in mortality risk, with a 36%
decrease (adjusted HR 0.64 [0.58-0.69]) (Table 2). The Kaplan-
Meier curve also showed the highest survival probability in the
acupuncture 4 group, which received the highest number of
sessions (Figure 3B). Subgroup analyses consistently demonstrated
lower mortality rates in most groups than in the conventional
treatment group, with the lowest HRs observed in the acupuncture
4 group. However, significant mortality reduction was not observed
in subgroups such as those under 60 years of age or those with
atrial fibrillation, peripheral artery disease, chronic kidney disease,
or chronic liver disease when compared with the conventional
treatment group. Furthermore, the mortality risk was lower in
older individuals, high-income groups compared with those in
low-income groups, those with severe disabilities compared with
those with mild disabilities, and in women compared with men.
The absence of comorbidities, except hypertension, diabetes, and
ischemic stroke, was also associated with a lower risk of death
(Supplementary Figure S1).

4 Discussions

4.1 Summary of findings

In this study, we analyzed the difference in mortality within 3
years between people with disabilities newly diagnosed with heart
failure from 2014 to 2016, comparing those who received at least
two acupuncture treatments within 1 year of diagnosis with those
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who did not. The results showed that the acupuncture-exposed
group had a significantly lower all-cause mortality rate than the
non-exposed group. The Kaplan-Meier analysis also demonstrated
higher survival rates in the acupuncture group than in the non-
exposed group. Moreover, the dose-response analysis revealed that
the group receiving the highest number of acupuncture sessions
had the lowest mortality rate. Most subgroups also exhibited lower
mortality risks in the acupuncture group. These findings suggest
that acupuncture may contribute to reducing mortality in people
with disabilities who are diagnosed with heart failure.

4.2 Review of the efficacy of acupuncture
treatment in individuals with disabilities and
heart failure

Acupuncture can benefit patients with acute and chronic heart
failure, including improvements in hemodynamic parameters (21,
33). Moreover, a previous cohort study conducted by our research
team using sample data from the Korean NHIS found that patients
with heart failure, regardless of disability status, had a 27% lower
risk of all-cause mortality when exposed to acupuncture than
when not exposed (Unpublished data). A 2024 systematic review
by Ganglani et al. (34) concluded that acupuncture may help
manage dyspnea and heart failure. People with disabilities tend
to have a higher prevalence of chronic diseases and risk factors
such as hypertension, diabetes, hyperlipidemia, and obesity, which
can negatively affect the incidence of cardiovascular diseases and
related mortality (35). In this context, acupuncture treatment
for individuals with cardiovascular diseases, including those with
disabilities, is likely to yield positive effects similar to those observed
in individuals without disabilities. The findings of this study further
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TABLE 1 Baseline characteristics.

Before propensity score matching

10.3389/fmed.2025.1519588

After propensity score matching

Acupuncture Conventional p SMD Acupuncture Conventional p
(n=29,779) (n = 54,493) (n=21,001) (n =21,001)

Age, years <0.001 0.297 1 <0.001

20-29 42(0.1) 335 (0.6) 13 (0.1) 13 (0.1)

30-39 164 (0.6) 891 (1.6) 77 (0.4) 77 (0.4)

40-49 666 (2.2) 2,768 (5.1) 383 (1.8) 383 (1.8)

50-59 2,733(9.2) 7,613 (14.0) 1,796 (8.6) 1,796 (8.6)

60-69 6,482 (21.8) 12,269 (22.5) 4,446 (21.2) 4,446 (21.2)

70-79 13,025 (43.7) 18,229 (33.5) 9,214 (43.9) 9,214 (43.9)

>80 6,667 (22.4) 12,388 (22.7) 5,072 (24.2) 5,072 (24.2)
Sex <0.001 0.315 0.968 | <0.001

Male 11,192 (37.6) 28,930 (53.1) 7,898 (37.6) 7,903 (37.6)

Female 18,587 (62.4) 25,563 (46.9) 13,103 (62.4) 13,098 (62.4)
Residential area <0.001 0.078 1 <0.001

Metropolitan 9,948 (33.5) 20,224 (37.2) 7,137 (34.0) 7,137 (34.0)

Urban 5,738 (19.3) 9,822 (18.1) 3,467 (16.5) 3,467 (16.5)

Rural 13,985 (47.1) 24,251 (44.7) 10,397 (49.5) 10,397 (49.5)
Income <0.001 0.1 1 <0.001

Medical aid 4,812 (16.2) 10,469 (19.2) 3,015 (14.4) 3,015 (14.4)

Low 5,734 (19.3) 10,686 (19.6) 3,877 (18.5) 3,877 (18.5)

Middle 7,131 (23.9) 13,448 (24.7) 5,058 (24.1) 5,058 (24.1)

High 12,102 (40.6) 19,890 (36.5) 9,051 (43.1) 9,051 (43.1)
Severity of disability <0.001 0.295 0.831 0.002

Severe 4,179 (14.0) 14,000 (25.7) 2,425 (11.5) 2,440 (11.6)

Mild 25,600 (86.0) 40,493 (74.3) 18,576 (88.5) 18,561 (88.4)
CCI score <0.001 0.128 1 <0.001

0 4,234 (14.2) 9,950 (18.3) 3,858 (18.4) 3,858 (18.4)

1 8,231 (27.7) 15,570 (28.7) 6,749 (32.1) 6,749 (32.1)

2 7,000 (23.5) 12,013 (22.1) 5,128 (24.4) 5,128 (24.4)

>3 10,314 (34.6) 16,960 (30.9) 5,266 (25.1) 5,266 (25.1)
Hypertension 21,164 (71.1) 36,622 (67.4) <0.001 0.08 15,473 (73.7) 15,473 (73.7) 1 <0.001
DM 8,466 (28.5) 15,053 (27.7) 0.024 0.016 4,753 (22.6) 4,733 (22.5) 0.825 0.002
Dyslipidemia 7,545 (25.4) 12,065 (22.2) <0.001 | 0.074 4,135 (19.7) 4,109 (19.6) 0.759 | 0.003
Ischemic stroke 3,464 (11.6) 5,825 (10.7) <0.001 0.029 1,522 (7.2) 1,522 (7.2) 1 <0.001
COPD 3681 (12.4) 5687 (10.5) <0.001 0.06 1776 (8.5) 1804 (8.6) 0.637 0.005
AF 1,916 (6.4) 3,606 (6.6) 0.267 0.008 663 (3.2) 663 (3.2) 1 <0.001
PAD 605 (2.0) 1,023 (1.9) 0.139 0.011 151 (0.7) 136 (0.6) 0.407 0.009
CKD 1,698 (5.7) 6,716 (12.4) <0.001 | 0.234 680 (3.2) 660 (3.1) 0.598 | 0.005
CLD 1,238 (4.2) 2,171 (4.0) 0.26 0.008 279 (1.3) 279 (1.3) 1 <0.001

AF, atrial fibrillation; CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; CLD, chronic liver disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; PAD,
peripheral artery disease; SMD, standardized mean difference.
Baseline characteristics are presented as n (%).
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TABLE 2 Incidence rates and hazard ratios for mortality.

10.3389/fmed.2025.1519588

Acupuncture  Total,n Events, n (%) IR/1000 person-years Crude HR Adjusted HR*
sessions, n (95% Cl) (95% Cl)
All-cause mortality
Conventional 0 21,001 3,863 (18.39) 67.90 1 [Ref] 1 [Ref]
Acupuncture >2 21,001 3,093 (14.73) 53.07 0.78 (0.75-0.82) 0.80 (0.76-0.84)
Acupuncture 1 2-4 6,257 974 (15.57) 56.33 0.83 (0.77-0.89) 0.87 (0.81-0.93)
Acupuncture 2 5-8 4,389 642 (14.63) 52.84 0.78 (0.72-0.85) 0.81 (0.75-0.88)
Acupuncture 3 9-18 5,157 848 (16.44) 59.90 0.88 (0.82-0.95) 0.88 (0.81-0.94)
Acupuncture 4 >19 5,198 629 (12.10) 4284 0.63 (0.58-0.69) 0.64 (0.58-0.69)

CI, confidence interval; HR, hazard ratio; IR, incidence rate.

*Adjusted for age, sex, disability severity, income, residence area, hypertension, dyslipidemia, and Charlson Comorbidity Index.
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Kaplan—Meier curves. (A) Mortality, (B) mortality by acupuncture dose. The conventional group consists of individuals who have never received
acupuncture treatment, whereas the acupuncture group comprises those who have undergone acupuncture at least twice within 1 year after their
heart failure diagnosis. The acupuncture group is further categorized into four subgroups based on the number of treatments received: acupuncture
1 group (2-4 sessions), acupuncture 2 group (5-8 sessions), acupuncture 3 group (9—-18 sessions), and acupuncture 4 group (more than 19 sessions).
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support the potential benefits of acupuncture in patients with heart
failure and disabilities.

In South Korea, individuals are categorized into 15 disability
types based on the Act on Welfare of Persons with Disabilities (36).
These disabilities are broadly divided into physical and mental.
Physical disabilities include external functional impairments, such
as mobility impairments, brain lesions, visual impairments, hearing
impairments, speech impairments, and facial disfigurement, as
well as disabilities related to internal organs. Mental disabilities
include developmental disabilities and mental disorders. According
to the 2015 Korea Disability Statistics Yearbook, as of 2014, ~2.49
million people were registered as having disabilities, with 87.9%
having physical disabilities. Among them, mobility impairments
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accounted for the largest proportion at 51.9%, followed by brain
lesions, visual impairments, and hearing impairments, each at
10.1% (37). People with physical disabilities have been reported
to have a higher prevalence of chronic conditions such as
hypertension and diabetes and are at a greater risk of coronary
artery disease than those with non-physical disabilities. This
suggests that the pathophysiology may differ depending on
the type of disability (38-40). Individuals with limited physical
activity owing to disabilities have higher cardiovascular mortality
rates, whereas those who maintain higher physical activity levels
despite having disabilities tend to have lower cardiovascular-
related mortality (41). When heart failure coexists with physical
disabilities, further limitations in physical activity due to declining
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heart function may lead to worse outcomes. Therefore, enhancing
the physical activity of individuals with physical disabilities may
positively affect their prognosis. Acupuncture may improve the
physical activity of patients with physical disabilities. Wang
et al. (42) demonstrated that acupuncture improved motor
impairments in a dose-dependent manner in patients with physical
disabilities due to stroke, thereby enhancing their quality of
life and independence. Furthermore, Yang et al. (43), through
a review of 31 trials, confirmed that acupuncture improved
independence, reduced overall neurological deficits, and mitigated
specific neurological impairments during the rehabilitation of
patients with a history of stroke.

Individuals with intellectual disabilities have been found to have
a higher prevalence of obesity, hypertension, hyperglycemia, and
hyperlipidemia than the general population without intellectual
disabilities (44). In a Danish cohort study by Wang et al.
(45), individuals with intellectual disabilities had higher rates
of cerebrovascular disease, heart failure, hypertension, and deep
vein thrombosis than those without intellectual disabilities. This
indicates that the risk of cardiovascular disease is also elevated in
those with mental disabilities like intellectual disabilities. Zwack
etal. (46) reported that young adults with intellectual disabilities are
more likely to have cardiovascular and metabolic risk factors and
that autonomic nervous system dysfunction is associated with the
severity of their disability. This suggests that autonomic nervous
system function can play a crucial role in reducing cardiovascular
risk in adults with intellectual disabilities. Acupuncture has been
shown to help regulate sympathetic nervous system activity while
maintaining parasympathetic activity (18). This has been reported
to lower blood pressure and heart rate by suppressing sympathetic
excitation in patients with severe heart failure under mental stress
(47,48). Therefore, acupuncture may have beneficial cardiovascular
effects in patients with heart failure and intellectual disabilities by
regulating the autonomic nervous function.

This study confirmed a significant association between
acupuncture exposure and lower mortality rates in individuals
with disabilities diagnosed with heart failure compared with
those in the non-exposed group. The observed effects may
be attributed to the mechanisms of acupuncture, such as the
improvement of motor dysfunction and regulation of autonomic
nervous function. However, given that different types of disabilities
present heterogeneous risk factors and outcomes for cardiovascular
diseases, the acupuncture effects may also vary depending
on the type of disability; therefore, the results of this study
should be interpreted with caution. Currently, research on the
epidemiology and pathophysiology of cardiovascular diseases in
people with disabilities and the effects and mechanisms of various
interventions, including acupuncture, is limited. Further studies
that account for the pathophysiological differences across disability
types are needed to clarify the effectiveness and efficacy of
acupuncture. Moreover, this study found that patients receiving
more than 19 acupuncture sessions had the lowest mortality rates.
Although disability severity was analyzed by dividing it into mild
and severe categories, this classification does not necessarily reflect
the degree of physical activity limitation caused by disability.
Therefore, the high-dose acupuncture group might have been
influenced by their level of physical activity or mobility. To address
this issue, extensive basic and clinical research is required to
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examine the cardiovascular burden associated with different types
of disabilities, along with studies that incorporate the level of
physical activity into their design and execution. The findings of
such future studies can contribute to the development of clinical
guidelines for optimally treating and managing cardiovascular
diseases in people with disabilities, including acupuncture as part of
integrative care. These studies can also serve as important resources
for formulating healthcare policies aimed at addressing the specific
needs of people with disabilities.

In addition to the groups classified by the frequency of
acupuncture treatments, most subgroups showed significantly
lower mortality risks in the acupuncture group compared to
the general treatment group. However, a significant reduction in
mortality associated with acupuncture was not observed in males,
individuals under 60 years of age, or those with mild disabilities.
Similarly, consistent results were not found in groups with CCI
score of 3 or higher, or in patients with stroke of COPD. These
findings may be attributed to the relatively small sample sizes
in these subgroups. For patients with peripheral artery disease,
chronic kidney disease, or chronic liver disease, no significant
reduction in mortality was observed. While limited sample sizes
could partly explain these findings, the severity of these conditions
and their high associated mortality risk likely influenced the
outcomes. Future research should aim to secure sufficient sample
sizes and include analyses that account for the severity of heart
failure and comorbidities to provide a more detailed evaluation of
the effects of acupuncture.

4.3 Proposal for future research

Future research should consider that the causes of mortality
vary significantly depending on the type of disability (49). It is
essential to conduct further studies to determine which types
of disabilities benefit the most from acupuncture in managing
cardiovascular diseases. Additionally, exploring the mechanisms by
which acupuncture influences outcomes is necessary. In particular,
individuals with mobility limitations may benefit from acupuncture
but may face challenges in accessing such treatments. To address
this, policy considerations such as home-based acupuncture care
should be explored. These policies should be supported by
high-quality evidence on the effectiveness of acupuncture, along
with cost-effectiveness evaluations. Moreover, this study did not
consider medication use at the time of heart failure diagnosis.
Future studies should consider performing PSM that includes
medication use to provide a more comprehensive analysis.

4.4 Strengths and limitations

Research on individuals with disabilities is considerably
lacking, leading to a substantial knowledge gap compared with
studies on non-disabled populations. This study is valuable
in that it investigated the effects of acupuncture exposure in
individuals diagnosed with heart failure, confirming the potential
applicability of acupuncture in managing cardiovascular diseases
in people with disabilities. We highlight the need for further
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research and identify key considerations for studies involving
populations with disabilities. Additionally, this study is notable
as it is the first to evaluate the impact of acupuncture on
heart failure in individuals with disabilities using a large-scale
dataset of 2.5 million people, employing methods such as PSM to
improve comparability across heterogeneous disabled populations.
However, this study has several limitations. First, the analysis
included only those who survived for 1 year after their initial
heart failure diagnosis, excluding patients who died within the
Ist year. Therefore, individuals with more severe conditions
might have been omitted from the analysis. This design was
implemented not only to assess long-term outcomes but also
to avoid potential distortions in the analysis caused by the
acute treatment effects if patients who died shortly after the
initial diagnosis were included. Further studies are needed to
clarify the effects of acupuncture on individuals with more
severe conditions. Second, while we stratified participants by
the severity of their disabilities, the disability severity might not
have fully reflected physical activity levels, a key risk factor for
cardiovascular disease, potentially introducing bias. This limitation
stems from the administrative nature of NHIS data, which does
not provide quantitative data on physical activity levels. Future
studies should address this limitation using appropriate study
designs. Third, the frequency of acupuncture treatments might
have varied based on disability type or mobility; however, this
study did not conduct a detailed analysis considering specific
disability types. NHIS data primarily categorize disability types
for administrative purposes, making it difficult to objectively
reflect characteristics related to activity levels and cardiovascular
diseases in specific disability types, such as sensory, physical,
and neuropsychiatric disabilities. Additionally, this study could
not assess the effects of acupuncture exposure on indicators
directly related to cardiac function and prognosis, such as
objective hemodynamic measures, functional capacity assessments,
or hematological markers. Future studies should address this issue
by using data sources that include relevant clinical indicators.
Fourth, although the course and pathophysiology of heart failure
may vary depending on the type of disability present before the
heart failure diagnosis, this study did not make such distinctions.
Fifth, while this study categorized acupuncture exposure into four
groups based on quartiles to analyze differences in outcomes and
explore dose-response relationships, this grouping was arbitrary
and did not account for the duration of treatment. As a result,
clinically meaningful treatment dosage groups were not established.
These findings should therefore be interpreted with caution.
There is currently no prior research on clinically meaningful
acupuncture dosages for individuals with disabilities and heart
failure. Further studies are needed to build upon these results
and determine effective treatment dosages. Sixth, this study
was designed to evaluate the impact of acupuncture exposure
in heart failure patients, without distinguishing whether the
acupuncture treatments were specifically intended for heart failure
management. This design does not allow for a direct assessment
of the efficacy of acupuncture in treating heart failure, and the
findings should therefore be interpreted with caution. To address
this limitation, clinical studies targeting disabled population
diagnosed with heart failure should be conducted to evaluate the
effects of acupuncture interventions specifically designed for heart
failure treatment.
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5 Conclusion

This study confirmed that acupuncture exposure was associated
with reduced all-cause mortality in individuals diagnosed with
heart failure, demonstrating a dose-response relationship in which
higher frequencies of acupuncture treatment were linked to lower
mortality risks. These findings suggest that acupuncture could
potentially serve as a valuable therapeutic tool for managing
cardiovascular diseases in individuals with disabilities and may
have a broader positive impact on this population. However, this
study was some limitations, including the exclusion of patients
who died within the 1st year, which may have resulted in the
omission of those with severe conditions, and the inability of
disability severity to fully reflect physical activity levels. To address
these limitations, future studies should utilize clinical data that
objectively and quantitatively measure variables such as disability
type, physical activity levels, and the severity of heart failure. Such
research would benefit from robust study designs and analyses that
incorporate these factors.
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