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Introduction: Patients with heart failure (HF) require continuous management,

creating a need for alternative treatments to reduce mortality. In Korea,

acupuncture treatment is covered by national health insurance, offering

accessible care without financial burden. Hence, this study utilized claims data

from the Korean National Health Insurance Service to examine the association

between acupuncture exposure and mortality in patients with HF.

Methods: Adults aged 20 years or older with newly diagnosed HF were included.

Patients who received two or more acupuncture sessions within one year of

diagnosis comprised the acupuncture treatment-exposed group (AT group), while

those who received none were classified as the non-exposed group (non-AT

group). Propensity score matching was used to generate a balanced 1:1 matched

cohort. From one year after diagnosis, the study tracked circulatory and all-cause

mortality over a five-year period, performing survival and dose-response analyses.

Results: Each group included 4,315 patients, and the AT group showed

significantly lower adjusted hazard ratios (aHRs) for circulatory disease-related

mortality (0.79; 95% CI: 0.67–0.94) and all-cause mortality (0.73; 95% CI:

0.66–0.81). A clear dose-response relationship was observed, with greater

exposure to acupuncture associated with lower aHRs.

Discussion: Acupuncture within one year of HF diagnosis correlated with lower

mortality from circulatory diseases and all causes. Future studies should adopt

prospective and methodologically rigorous designs to validate the findings of

this study.

KEYWORDS

acupuncture, traditional Korean medicine, cohort study, heart failure, national health
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1 Introduction

Heart failure (HF) was defined by a committee in 2021 as “a clinical syndrome with

symptoms and/or signs caused by a structural and/or functional cardiac abnormality

and corroborated by elevated natriuretic peptide levels and/or objective evidence of

pulmonary or systemic congestion” (1). Although the incidence of HF has exhibited
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stable or declining trends over time, advancements in treatment

and increased life expectancy have led to an increase in its

prevalence (2). In 2017, the age-standardized prevalence of HF

was reported to be the highest in Central Europe, North Africa,

and the Middle East, ranging from 1,133 to 1,196 cases per

100,000 population. Conversely, Eastern Europe and Southeast

Asia have reported the lowest rates, ranging from 498 to 595

cases per 100,000 population (3). Examining the age-

standardized prevalence in Korea between 2002 and 2018, a

116% increase in males (from 1,106 to 2,386 cases per 100,000)

and a 70% increase in females (from 1,270 to 2,164 cases per

100,000) were noted (4). Regarding the mortality rate of HF,

studies on the elderly and adults reported a 1-year mortality rate

of 33% and 24%, respectively (5). An analysis of 39,982 patients

hospitalized for HF in the United States between 2005 and 2009

reported a median survival of 2.1 years and a 5-year mortality

rate of 75.4% (6). A systematic review investigating the causes of

death in HF found that over 50% of deaths were attributed to

cardiovascular diseases in 14 of 19 studies (7). As indicated by

prior research, individuals with HF typically have a mortality rate

exceeding 70% within 5 years of diagnosis, primarily due to

cardiovascular diseases.

HF is categorized into three types based on the left ventricular

ejection fraction: reduced, mildly reduced, and preserved (2). The

treatment guidelines for HF vary depending on the patient’s

ejection fraction; however, guideline-directed medical therapy

recommends pharmacological treatments such as renin-

angiotensin system inhibitors, beta-blockers, mineralocorticoid

receptor antagonists, and sodium-glucose cotransporter 2

inhibitors (8–10). While these medications generally provide

more benefits than side effects, there are instances where patients

cannot undergo treatment because of medication-related side

effects such as low heart rate, hypotension, renal impairment,

and hyperkalemia (11–15). In cases where pharmacological

treatment is ineffective or the goal is to prevent acute cardiac

arrest, surgical interventions such as implantable cardioverter-

defibrillator or cardiac resynchronization therapy may be

considered (4). Despite medical and surgical interventions, heart

transplantation is ultimately considered when improvement is no

longer expected. However, the scarcity of donors and strict

contraindications to heart transplantation pose challenges in

obtaining a transplant. Even for those who undergo heart

transplantation, risk of complications such as malignant tumors,

infections, and cardiac allograft vasculopathy exists (4, 16).

Therefore, alternative therapies are needed to prevent death

through the continuous management of patients with HF.

In East Asia, traditional medicine, including acupuncture and

herbal medicine, is widely used to treat various cardiovascular

conditions (17–19), and ongoing research has explored its application

to HF (20–22). The American Heart Association, in analyzing the

clinical efficacy of acupuncture in HF, reported that it is believed to

affect neural impulses, release endorphins, opioids, or both, and

result in sympathetic stimulation of neurotransmitters with no

serious adverse effects observed (23). Two randomized controlled

trials (RCTs) involving acupuncture in patients with HF revealed

positive effects on 6-minute walk distance, improvements in quality

of life, and increased heart rate variability. Additionally, acupuncture

was reported to have a beneficial effect on alleviating the rapid

increase in sympathetic nervous system activity during mental stress

(24, 25). A literature review of HF and acupuncture has highlighted

broad neurohumoral mechanisms, suggesting improvements in

cardiovascular function and clinical indicators, along with

sympatholytic, vasodilatory, and cardioprotective effects (26).

Systematic reviews have indicated that acupuncture is associated with

reduced readmission rates and shortened intensive care unit stay.

Studies have also reported significant improvements in key indicators

of cardiac function, such as left ventricular ejection fraction and

cardiac output, following acupuncture and moxibustion therapy (27,

28). While diverse short-term clinical studies on acupuncture in HF

exist, they face limitations in terms of generalizability, small sample

sizes, and the need for long-term observations owing to the nature of

cardiovascular diseases. Therefore, retrospective cohort studies

utilizing accumulated large-scale data over an extended period are

needed to overcome these limitations.

The National Health Insurance Service (NHIS) in South Korea

provides researchers with access to comprehensive claims data,

facilitating the advancement of healthcare research. Real-world

data (RWD) derived from routine clinical practice enables large-

scale, long-term follow-up of target populations. A study using

Taiwan’s NHIS data reported improved survival in patients with

HF who concurrently received traditional Chinese medicine

(TCM) (29). However, in Taiwan, a major limitation is that

inpatient TCM treatments are not covered by insurance (30).

A scoping review of observational studies using RWD found that

East Asian traditional medicine was associated with reduced

mortality and readmission in HF patients, although 11 of the 12

studies focused on herbal interventions, with none specifically

addressing acupuncture (31). In addition, a systematic review of

RCTs on acupuncture in HF showed symptomatic improvement

but no significant impact on mortality (27, 28). To address these

gaps, we conducted a nationwide retrospective cohort study to

evaluate the impact of acupuncture treatment exposure on

mortality outcomes in patients with HF. Survival analysis was

performed using national claims data from the Korean NHIS.

2 Methods

For the retrospective cohort analysis of adherent users, the

study visualized exposure, covariates, exclusion criteria, and

follow-up periods for each timeframe (Figure 1) (32).

2.1 Date sources

As of March 2023, the NHIS in South Korea has a membership

of 51,404,000 people, covering over 99% of the population. The

NHIS provides services in the form of goods or cash for the

prevention, diagnosis, treatment, rehabilitation, childbirth, death,

and health promotion of diseases and injuries of its subscribers

and their dependents in accordance with regulations (33). The

sample cohort database provided by the NHIS was used for this
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study, comprising a sample of 1 million individuals, approximately

2% of the entire population, who have maintained health insurance

or medical aid eligibility annually since 2006. Stratified sampling

was conducted based on sex, age, income level, and region to

ensure representativeness through systematic stratified random

sampling with proportional allocation within each stratum. Data

from 2002 to 2019 were made available for the analysis (34). The

data included sociodemographic characteristics, medical history,

health behaviors, physical measurements, test results, medical

utilization, death, healthcare facilities, and long-term care service

information. This study was approved by the Institutional Review

Board at Wonkwang University (WKIRB-202310-SB-075).

2.2 Study participants

The study participants were selected based on the following

criteria. First, individuals aged ≥20 years who received a new

diagnosis of HF between January 1, 2009, and December 31,

2013, within the enrollment period were included. Second,

following previous research, the diagnosis of HF was defined

using disease codes from the 10th revision of the International

Classification of Diseases (ICD-10), specifically I11.0

[hypertensive heart disease with (congestive) heart failure], I50

(heart failure), and I97.1 (other functional disturbances following

cardiac surgery). The primary or secondary diagnosis had to

include these disease codes, and for diagnostic accuracy, patients

were considered to have HF if they had visited outpatient clinics

two or more times or were hospitalized at least once within one

year of the cohort entry date. The exclusion criteria were as

follows. To eliminate patients already diagnosed with HF at the

time of registration, a washout period was established from

January 1, 2007, to December 31, 2008. Patients who had only

one outpatient visit for HF treatment within one year of the

cohort entry date were also excluded. Additionally, individuals

who died within one year of the diagnosis date or had missing

demographic information were not included in the study.

2.3 Exposure intervention

Using the 1-year landmark methodology, patients newly

diagnosed with HF during the enrollment period were assigned

to the acupuncture treatment-exposed group (AT group) if they

underwent acupuncture two or more times within 1 year from

diagnosis. Those who did not receive acupuncture within 1 year

of diagnosis were categorized into the non-exposed acupuncture

treatment group (non-AT group). Patients who received

acupuncture treatment only once did not meet the criteria for

either the AT group or the non-AT group and were therefore

excluded. As there are no clear criteria for the number of

acupuncture sessions and an appropriate landmark period for

exposure assessment, the research team decided based on

internal consensus and referred to existing studies (35–37).

FIGURE 1

Exposure-based cohort entry restricted to adherent users. ATx, acupuncture treatment; CCI, Charlson comorbidity index. *Comorbidities included

hypertension, diabetes mellitus, dyslipidemia, myocardial infarction, peripheral artery disease, chronic obstructive pulmonary disease, and cancer.
†Censoring occurred at the first event—either death or the conclusion of the study period. Adapted with permission from “Exposure-based Cohort

Entry Restricted to Adherent Users” by Schneeweiss S et al., licensed under CC BY 4.0.
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Acupuncture treatment was verified using the codes 40011 (single

body part), 40012 (multiple body parts), 40030 (intra-orbital

cavity), 40040 (intranasal sinus), 40050 (intra-peritoneal cavity),

40060 (intra-articular), 40070 (interspace of spinous process),

40080 (penetration), and 40091 (electro-acupuncture). Patients

who received acupuncture, regardless of the acupoint or

diagnostic relevance, were assigned to the AT group.

2.4 Outcomes

The index date was defined as one year after the initial

diagnosis of HF, marking the beginning of the follow-up period.

Participants were followed for up to five years or until the

occurrence of clinical endpoints, whichever came first. Clinical

endpoints were defined as death from any cause or death due to

circulatory system diseases, identified using ICD-10 codes I00–

I99. Mortality data were confirmed by cross-referencing

population death registration records from Statistics Korea with

individual identification numbers.

2.5 Potential confounders

Utilizing propensity score (PS) matching enables the creation of

well-matched groups while minimizing the impact of confounding

factors. In this study, the statistical method of PS matching was

employed to match individuals between the two groups at a 1:1

ratio. Multivariable logistic regression was used to estimate the PS

model, where each participant’s estimated probability of being in

the group, based on the given covariates, corresponded to the PS.

Basic characteristics, including age (<65, 65–74, ≥75 years), sex

(male, female), residential area (metropolitan, urban, rural),

income (bottom 0–3, middle 4–7, top 8–10), and disability grade

(non-disabled, mild, severe), were considered as covariates based

on the cohort entry date. One year before the cohort entry date,

the CHA2DS2-VASC score (0, 1, 2, ≥3) was employed as a

predictor for vascular dysfunction and cardiovascular events (38,

39), and the Charlson comorbidity index (CCI, 0, 1, 2, ≥3) was

utilized to gauge underlying conditions (40, 41). Additionally,

various comorbidities, including hypertension, diabetes mellitus,

dyslipidemia, myocardial infarction, peripheral artery disease,

chronic obstructive pulmonary disease, and cancer, were taken

into consideration (Supplementary Table S1). The criterion for

acceptability was set with a standardized mean difference (SMD)

value of ≤0.05. A caliper of 0.01 was used, and matching was

performed using the greedy nearest-neighbor method.

2.6 Statistical analysis

Descriptive statistics were used to characterize the baseline

characteristics. Continuous variables are presented as

mean ± standard deviation (SD) and categorical variables as

absolute numbers and percentages (%). The t-test was used to

compare continuous variables between the two groups based on

normality, whereas the chi-square and Fisher’s exact tests were

used to assess categorical variables. Kaplan–Meier curves were

used to visualize the clinical outcomes, and the proportional

hazards assumption was tested based on Schoenfeld residuals.

Given that the proportional hazards assumption was met, the

Cox proportional hazards model was employed for analysis. The

incidence rates (IR) for all-cause mortality and mortality due to

circulatory system diseases are presented by providing the total

number of events and total person-years. The number of events

per 100 person-years is reported as IR/100 person-years. Hazard

ratios (HRs) and 95% confidence intervals (CIs) were estimated

using the Cox proportional hazards model. The results are

presented both before and after adjusting for age, sex, residential

area, income, disability grade, CHA2DS2-VASC score, CCI, and

comorbidities (hypertension, diabetes mellitus, dyslipidemia,

myocardial infarction, peripheral artery disease, chronic

obstructive pulmonary disease, and cancer).

For the dose-response analysis, the number of acupuncture

sessions was categorized into quartiles for survival analysis. To

mitigate the arbitrariness of categorization, the same variable was

additionally analyzed as a continuous variable. The restricted

cubic spline (RCS) method was applied using the R packages rms

and changepoint to explore trends in HRs for mortality

associated with increasing acupuncture frequency (42, 43).

Subgroup analyses were conducted based on covariates including

age, sex, residential area, income level, CHA2DS2-VASc score,

and CCI, with results presented in a forest plot. For the

sensitivity analysis, only patients in the non-AT group who had

not received any acupuncture treatment even after one year from

the HF diagnosis were included, and survival analysis was

conducted to assess the robustness of the findings. A two-sided

p-value of <0.05 was considered statistically significant. Statistical

analyses and visualizations were conducted using R version 4.2.1

(The R Foundation, https://www.R-project.org) and SAS 9.4

version (SAS Institute Inc., Cary, NC, USA).

3 Results

3.1 Patient characteristics

Of 25,835 patients newly diagnosed with HF, 16,323 were

selected based on the exclusion criteria. After evaluating the

exposure, 5,789 were classified to the AT group, and 9,459 into

the non-AT group. Through 1:1 PS matching, each group

comprised 4,315 patients (Figure 2). Before PS matching, the

mean age was higher in the AT group than in the non-AT group

(65.19 vs. 67.54 years), and the sex ratio was 49.7:50.3 in the non-

AT group and 34.6:65.4 in the AT group, indicating a higher

proportion of females in the AT group. In terms of residential

area, rural residents accounted for the largest percentage in the AT

group (44.4%). CCI (mean 2.46 vs. 2.80) and CHA2DS2-VASC

score (mean 2.89 vs. 3.32) indicated higher scores in the AT

group, suggesting a greater burden of underlying conditions. The

prevalence of comorbidities, such as hypertension, dyslipidemia,

and peripheral artery disease, was higher in the AT group than in
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the non-AT group. After PS matching, the covariates in both groups

were evenly distributed with SMDs below 0.05 (Table 1).

3.2 Rates of circulatory system disease and
all-cause mortality

After PS matching, the mortality rates due to circulatory system

diseases were 1.19/100 person-years in the AT group and 1.48/100

person-years in the non-AT group. The all-cause mortality rate was

3.53/100 person-years in the AT group and 4.7/100 person-years in

the non-AT group. Therefore, the incidence of mortality due to

circulatory system diseases and all-causes was lower in the AT

group than that in the non-AT group. The AT group showed

significantly lower adjusted HR (aHR) for mortality due to

circulatory system diseases (aHR, 0.79, 95% CI, 0.67–0.94) and

all-cause mortality (aHR, 0.73, 95% CI, 0.66–0.81) compared to

the non-AT group (Table 2). Kaplan–Meier curves were used to

depict survival probabilities for circulatory system disease-related

and all-cause mortality after PS matching (Figure 3).

3.3 Dose-response analysis

To conduct a dose-response analysis, the number of

acupuncture treatment sessions within 1 year after onset was

categorized into quartiles: Q1 (4 sessions), Q2 (8 sessions), and

Q3 (17 sessions). The AT group was then divided into four

subgroups (AT-1, fewer than four sessions; AT-2, four or more

but fewer than eight sessions; AT-3, eight or more but fewer

than 17 sessions; and AT-4, 17 or more sessions). These

subgroups were compared with the non-AT group to examine

the differences in mortality rates. Mortality due to circulatory

system diseases was significantly lower only in the AT-4 group,

with an aHR of 0.47 (95% CI, 0.34–0.66). However, a decreasing

trend in aHR was observed with an increase in the number of

acupuncture sessions. For all-cause mortality, aHRs were

significantly lower in all four AT groups (AT-1: aHR, 0.78, 95%

CI, 0.67–0.91; AT-2: aHR, 0.80, 95% CI, 0.68–0.95; AT-3: aHR,

0.79, 95% CI, 0.67–0.93; AT-4: aHR, 0.57, 95% CI, 0.48–0.67)

(Table 3, Figure 4). Analyzing the number of acupuncture

sessions in the AT group as a continuous variable revealed a

continuous decreasing trend in mortality with an increasing

number of acupuncture sessions. The aHR for circulatory system

diseases in patients with 30 or more sessions was 0.47 (95% CI,

0.31–0.73), and similarly, the aHR for all-cause mortality in

those with 30 or more sessions was 0.58 (95% CI, 0.47–0.72)

(Supplementary Tables S2, S3). Applying the RCS curve method,

the mortality due to circulatory system diseases exhibited a

decreasing aHR for up to 30 sessions, followed by a slight

increase. After approximately 70 sessions, the 95% CI included 1,

indicating no significant difference. The all-cause mortality rate

displayed a J-shaped curve, with a decreasing aHR up to 30

sessions and a gradual increase afterward. No statistically

FIGURE 2

Flowchart of sample selection. AT, acupuncture treatment-exposed group; non-AT, non-exposed acupuncture treatment group.
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significant differences were observed after 117 sessions

(Supplementary Figure S1).

3.4 Subgroup analysis

Subgroup analysis revealed that the association between

acupuncture and reduced mortality varied across patient groups.

For circulatory system disease-related mortality, lower aHRs were

observed among patients aged ≥75 years, females, individuals

with a CCI ≥3 or CHA2DS2-VASc score ≥3, those in higher

income tiers, urban or metropolitan residents, and non-disabled

individuals. For all-cause mortality, relatively lower aHRs were

also observed among individuals aged ≥65 years, females,

individuals with higher income, and those with no or mild

disability. However, formal tests for interaction were not

performed, and some subgroups included a limited number of

events. Therefore, these findings should be interpreted as

TABLE 1 Patient demographics and clinical characteristics.

Characteristics Before PS matching After PS matching

Non-AT group
(n = 9,459)

AT group
(n= 5,789)

SMD Non-AT group
(n = 4,315)

AT group
(n= 4,315)

SMD

Age, mean (SD) 65.19 (13.85) 67.54 (11.86) 0.182 66.31 (13.64) 66.74 (12.08) 0.033

Age, n (%) 0.198 0.051

<65 4,208 (44.5) 2,035 (35.2) 1,707 (39.6) 1,663 (38.5)

65–74 2,589 (27.4) 1,974 (34.1) 1,305 (30.2) 1,406 (32.6)

≥75 2,662 (28.1) 1,780 (30.7) 1,303 (30.2) 1,246 (28.9)

Sex, n (%) 0.308 0.002

Male 4,700 (49.7) 2,005 (34.6) 1,656 (38.4) 1,652 (38.3)

Female 4,759 (50.3) 3,784 (65.4) 2,659 (61.6) 2,663 (61.7)

Residential area, n (%) 0.114 0.052

Metropolitan 3,844 (40.7) 2,032 (35.1) 1,704 (39.5) 1,630 (37.8)

Urban 1,771 (18.7) 1,185 (20.5) 786 (18.2) 870 (20.2)

Rural 3,838 (40.6) 2,567 (44.4) 1,825 (42.3) 1,815 (42.1)

Income, n (%) 0.066 0.018

Medical aid & Low 1,877 (22.3) 1,110 (21.7) 915 (21.2) 935 (21.7)

Middle 2,041 (24.3) 1,121 (21.9) 977 (22.6) 948 (22.0)

High 4,490 (53.4) 2,891 (56.4) 2,423 (56.2) 2,432 (56.4)

Disability grade, n (%) 0.012

Non-disabled 7,786 (82.3) 4,814 (83.2) 3,728 (86.4) 3,719 (86.2)

Mild 1,004 (10.6) 648 (11.2) 394 (9.1) 408 (9.5)

Severe 669 (7.1) 327 (5.6) 193 (4.5) 188 (4.4)

CHA2DS2-VASC score, mean

(SD)

2.89 (1.67) 3.32 (1.66) 0.257 3.15 (1.64) 3.14 (1.64) 0.004

CHA2DS2-VASC score, n (%) 0.246 0.026

0 565 (6.0) 177 (3.1) 159 (3.7) 154 (3.6)

1 1,559 (16.5) 671 (11.6) 574 (13.3) 589 (13.7)

2 2,007 (21.2) 1,051 (18.2) 822 (19.0) 859 (19.9)

≥3 5,328 (56.3) 3,890 (67.2) 2,760 (64.0) 2,713 (62.9)

CCI, mean (SD) 2.46 (2.25) 2.80 (2.19) 0.154 2.57 (2.17) 2.62 (2.17) 0.020

CCI, n (%) 0.209 0.016

0 1,772 (18.7) 696 (12.0) 640 (14.8) 620 (14.4)

1 2,101 (22.2) 1,196 (20.7) 948 (22.0) 970 (22.5)

2 1,741 (18.4) 1,116 (19.3) 854 (19.8) 850 (19.7)

≥3 3,845 (40.6) 2,781 (48.0) 1,873 (43.4) 1,875 (43.5)

Comorbidities, n (%)

Hypertension 6,695 (70.8) 4,292 (74.1) 0.075 3,160 (73.2) 3,180 (73.7) 0.010

Diabetes mellitus 3,023 (32.0) 1,901 (32.8) 0.019 1,398 (32.4) 1,368 (31.7) 0.015

Dyslipidemia 3,818 (40.4) 2,600 (44.9) 0.092 1,854 (43.0) 1,794 (41.6) 0.028

MI 583 (6.2) 308 (5.3) 0.036 215 (5.0) 222 (5.1) 0.007

PAD 1,406 (14.9) 1,170 (20.2) 0.141 726 (16.8) 719 (16.7) 0.004

COPD 561 (5.9) 364 (6.3) 0.015 217 (5.0) 223 (5.2) 0.006

Cancer 612 (6.5) 357 (6.2) 0.012 243 (5.6) 263 (6.1) 0.020

AT group, patients with acupuncture exposure ≥2 times within the first year post-diagnosis; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; MI, myocardial

infarction; Non-AT group, subjects not exposed to acupuncture within the first year after diagnosis; PAD, peripheral artery disease; PS, propensity score; SD, standard deviation; SMD,

standardized mean difference.
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exploratory trends rather than definitive evidence of effect

modification across subgroups (Supplementary Figure S2).

3.5 Sensitivity analysis

For sensitivity analysis, following PS matching, each group

comprised 1,857 individuals (Supplementary Figure S3,

Table S4). The AT group exhibited a significantly lower aHR for

mortality due to circulatory system diseases than the non-AT

group, with an aHR of 0.47 (95% CI, 0.37–0.60). Similarly, the

aHR for all-cause mortality was notably lower at 0.43 (95% CI,

0.37–0.49) (Supplementary Figure S4, Table S5). The dose-

response analysis revealed a consistent trend, where increasing

exposure frequency corresponded to decreasing aHR

(Supplementary Figure S5, S6, Tables S6–S8). Subgroup analysis

indicated that patients with a severe disability grade or a

CHA2DS2-VASc score of 2 showed HRs >1, although these

results were not statistically significant. All other subgroups

demonstrated HRs < 1, though statistical significance was not

achieved in some cases (Supplementary Figure S7).

4 Discussion

4.1 Summary of findings

We conducted a retrospective cohort analysis using the NHIS

sample cohort database to explore the association between

acupuncture exposure and mortality in patients with HF. Patients

newly diagnosed with HF between 2009 and 2013 were divided

into those who were exposed and those who were not exposed to

acupuncture treatment within one year of diagnosis. Through PS

matching, resulting in 4,315 individuals in each group, the AT

group exhibited significantly lower mortality hazards for

circulatory system diseases and all-cause mortality over a 5-year

follow-up period. Dose-response analysis, considering the

acupuncture exposure frequency as both categorical and

TABLE 2 Hazard ratios for mortality in heart failure patients.

Mortality Event, n (%) IR (per 100PY) PS-matched HR (95% CI) P Adjusted HR (95% CI)a P

Circulatory system disease

Non-AT group 283 (6.56) 1.48 1 1

AT group 235 (5.45) 1.19 0.81 (0.68–0.96) 0.02 0.79 (0.67–0.94) 0.01

All-cause

Non-AT group 900 (20.86) 4.7 1 1

AT group 695 (16.11) 3.53 0.75 (0.68–0.83) <0.001 0.73 (0.66–0.81) <0.001

aCox proportional hazards models were used to estimate hazard ratios, adjusted for age, sex, residential area, income level, disability grade, CHA2DS2-VASc score, Charlson Comorbidity Index,

and comorbidities (hypertension, diabetes mellitus, dyslipidemia, myocardial infarction, peripheral artery disease, chronic obstructive pulmonary disease, and cancer).

AT group, patients with acupuncture exposure ≥2 times within the first year post-diagnosis; CI, confidence interval; HR, hazard ratios; IR, incidence rate; Non-AT group, subjects not exposed

to acupuncture within the first year post-diagnosis; PS, propensity score; PY, person-year.

FIGURE 3

Kaplan–meier curves. Kaplan–Meier curves showing the survival probability in the acupuncture and non-acupuncture treatment groups after PS

matching. Both A and B show p-values <0.05, indicating a significant difference. (A) Circulatory system disease-related mortality and (B) all-

cause mortality.
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continuous, showed that only the highest exposure group (AT-4,

with 17 or more sessions) had a significantly lower mortality

hazards for circulatory system diseases than the non-AT group.

However, all-cause mortality was significantly lower in all

exposure groups. Analysis of continuous variables also indicated

a decreasing trend in mortality hazards with increasing exposure

frequency. Using the RCS curve method to identify cutoff values

for the number of acupuncture sessions, both circulatory system

and all-cause mortality consistently decreased for up to 30

sessions, followed by a slight increase. Subgroup analysis revealed

that in some groups, the HR was >1; however, these differences

were not statistically significant.

Korea benefits from a dual healthcare system in which

traditional Korean medicine is covered by insurance, offering

patients accessibility without substantial financial strain (44). An

analysis of annual traditional Korean medicine utilization

revealed higher usage among females, older individuals, rural

residents, and those with lower incomes (45). Before PS

matching, significant differences were observed in age, sex,

residence, income, disability severity, CHA2DS2-VASC scores,

and CCI between the AT and non-AT groups. Specifically, by

confirming that the AT group had a higher proportion of

individuals aged 65 years or older, females, rural residents, and

higher-income patients, it was observed that except for income

level, the previously reported frequency of use groups remained

consistent. Elevated CHA2DS2-VASC and CCI scores suggest an

increased risk of vascular dysfunction and cardiovascular

disease, reflecting a higher overall burden of comorbid

conditions. Higher scores were proportionally more prevalent in

the AT group than in the non-AT group, suggesting a higher

likelihood of acupuncture treatment for individuals with more

severe conditions. To address intergroup differences, PS

matching comprised 4,315 individuals in each group. However,

during sensitivity analysis, the matched sample size decreased to

1,857 individuals, suggesting potential distinctions between

those receiving continuous acupuncture treatment and those

who are not.

The aHRs for mortality due to circulatory system diseases and

all-cause mortality were significantly lower in the AT group, with

values of 0.79 and 0.73, respectively. Additionally, a decreasing

trend in aHR was observed with an increasing number of

acupuncture treatment sessions, reaching 0.47 and 0.58 for

mortality due to circulatory system diseases and all-cause

mortality, respectively, with 30 or more sessions. In the

sensitivity analysis in which patients who never received

acupuncture treatment after HF diagnosis were set as the control

group, lower aHRs were observed for mortality due to circulatory

system diseases (0.47) and all-cause mortality (0.43).

Furthermore, when adjusting for acupuncture exposure of 30 or

more sessions in the AT group, the aHRs for mortality decreased

to 0.27 for circulatory system diseases and 0.36 for all-cause

mortality. In the sensitivity analysis, the mortality rate in the

non-AT group was approximately 1.5 times higher than that

observed in the original analysis. This could be interpreted as, in

the original analysis, the non-AT group was defined only based

on not being exposed to acupuncture within one year after

diagnosis. Consequently, it is presumed that patients exposed

later were also included, leading to a lower mortality rate

compared to the sensitivity analysis. However, another plausible

explanation is that including patients with extremely poor health

who could not receive acupuncture treatment in the sensitivity

analysis could result in worse outcomes. Further research is

required to validate this hypothesis. Nevertheless, sensitivity

analysis provided additional evidence supporting the association

between acupuncture treatment in patients with HF and

decreased mortality hazards. However, as this is an observational

study, it cannot be concluded whether the mortality reduction in

the AT group was directly due to acupuncture exposure or

influenced by other factors. Efforts were made to minimize the

impact of comorbidities on mortality through matching and

TABLE 3 Hazard ratios for mortality stratified by quartiles of acupuncture treatment exposure.

Mortality Total, N Event, n (%) IR (per 100PY) PS-matched HR (95% CI) P Adjusted HR (95% CI)a P

Circulatory system disease

Non-AT group 4,315 283 (6.56) 1.48 1 1

AT group

AT-1 1,367 82 (6.00) 1.31 0.89 (0.69–1.13) 0.34 1.00 (0.78–1.28) 0.99

AT-2 958 54 (5.64) 1.24 0.84 (0.63–1.13) 0.24 0.87 (0.65–1.18) 0.38

AT-3 966 60 (6.21) 1.38 0.94 (0.71–1.24) 0.64 0.86 (0.65–1.14) 0.29

AT-4 1,024 39 (3.81) 0.82 0.56 (0.40–0.78) <0.001 0.47 (0.34–0.66) <0.001

All-cause

Non-AT group 4,315 900 (20.86) 4.7 1 1

AT group

AT-1 1,367 210 (15.36) 3.35 0.71 (0.61–0.83) <0.001 0.78 (0.67–0.91) <0.001

AT-2 958 160 (16.70) 3.68 0.78 (0.66–0.93) 0.01 0.80 (0.68–0.95) 0.01

AT-3 966 176 (18.22) 4.06 0.86 (0.73–1.02) 0.07 0.79 (0.67–0.93) 0.01

AT-4 1,024 149 (14.55) 3.13 0.67 (0.56–0.79) <0.001 0.57 (0.48–0.67) <0.001

aCox proportional hazards models were used to estimate hazard ratios, adjusted for age, sex, residential area, income level, disability grade, CHA2DS2-VASc score, Charlson Comorbidity Index,

and comorbidities (hypertension, diabetes mellitus, dyslipidemia, myocardial infarction, peripheral artery disease, chronic obstructive pulmonary disease, and cancer).

AT group, patients with acupuncture exposure ≥2 times within the first year post-diagnosis; AT-1, acupuncture exposure <4 times; AT-2, acupuncture exposure ≥4 times and <8 times; AT-3,

acupuncture exposure ≥8 times and <17 times; AT-4, acupuncture exposure ≥17 times; CI, confidence interval; HR, hazard ratios; IR, incidence rate; Non-AT group, subjects not exposed to

acupuncture within the first year post-diagnosis; PS, propensity score; PY, person-year.
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FIGURE 4

Kaplan–meier curves of dose-response analysis. ACUPUNCTURE1, acupuncture exposure <4 times; ACUPUNCTURE2, acupuncture exposure ≥4

times and <8 times; ACUPUNCTURE3, acupuncture exposure ≥8 times and <17 times; ACUPUNCTURE4, acupuncture exposure ≥17 times.

Kaplan–Meier curves showing the survival probability in the four groups, stratified by the number of acupuncture treatments, along with the non-

acupuncture treatment group after PS matching. Both A and B show p-values <0.05, indicating a significant difference. (A) Circulatory system

disease-related mortality and (B) all-cause mortality.
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hazard adjustment, but other risk factors, such as lifestyle habits,

were not accounted for, underscoring the need for further

research to address these limitations.

4.2 Recommendations for subsequent
studies and implications for clinical practice

In the subgroup analysis, consistent reductions in mortality

were not observed across all patient groups. However, relatively

lower aHRs were noted among patients aged ≥75 years, females,

individuals with higher comorbidity burden, higher income

levels, those residing in urban or metropolitan areas, and those

without or with only mild disability. While these patterns may

suggest a potential differential response to acupuncture in certain

HF subpopulations, formal statistical tests for interaction were

not conducted, and the findings should therefore be considered

descriptive and hypothesis-generating. Previous studies have also

explored variation in acupuncture effectiveness by patient

characteristics. For instance, clinical trials involving patients with

chronic pain have reported greater effects among females,

although meta-analyses have shown inconsistent modification of

treatment effects by sex (46, 47). In contrast, a retrospective

cohort study investigating acupuncture for secondary prevention

of myocardial infarction in stroke patients found no significant

differences by age or sex (48). These mixed findings suggest that

treatment response may vary depending on the clinical context

and population. To date, limited research has examined

heterogeneous treatment effects of acupuncture in patients with

HF. Although our findings suggest the possibility of identifying

responder profiles, this study merely raises a hypothesis. Future

studies incorporating formal interaction testing and stratified

designs are needed to validate whether certain subgroups derive

greater benefit from acupuncture. Such research may inform

more personalized use of acupuncture and contribute to reducing

the socioeconomic burden of HF.

RCS curve analysis of the number of acupuncture sessions

indicated a decreasing trend in the aHRs for mortality due to

circulatory system diseases and all-cause mortality for up to 30

sessions. However, after 30 sessions, a turning point was

observed, and the trend showed an increase. In Korea, both

inpatient and outpatient acupuncture treatments are covered by

health insurance, allowing one outpatient and two inpatient

sessions per day. Examination of the annual utilization of

traditional Korean medicine outpatient services revealed an

average of 9.4 visits per person annually (45). Acupuncture

treatment is primarily administered through outpatient visits,

with most patients seeking acupuncture during these visits,

excluding those who receive counseling only (44, 49, 50).

Therefore, patients who receive up to 100 acupuncture

treatments per year are likely long-term inpatients. The change

in the slope of the RCS curve with an increase in HR beyond 30

sessions may be attributed to the likelihood that inpatients have

higher severity or suffer from chronic conditions than

outpatients. Additionally, as the number of acupuncture sessions

increased, the corresponding number of patients decreased,

resulting in a nonsignificant CI of approximately 1 after around

100 sessions. A retrospective cohort study in Taiwan reported a

decreasing HR for the occurrence of acute myocardial infarction

in stroke patients receiving 15 or more acupuncture treatments,

reaching 0.61. They observed a decreasing trend in the risk of

occurrence with an increasing number of acupuncture treatment

sessions (48). Furthermore, a systematic review comparing high-

and low-dose acupuncture treatment groups reported that 37.5%

of studies showed better responses in the high-dose group (51).

These findings suggest that increasing the dosage of acupuncture

treatment may enhance its therapeutic effects. Accordingly, this

study also observed a significant trend in which higher exposure

to acupuncture treatment was associated with a lower mortality

rate in patients with HF. However, beyond 30 sessions, the

trend showed a turning point with an increasing slope,

indicating the need for additional research to explore whether

the characteristics or severity of the disease in patients meeting

the turning-point criteria changed. Additionally, further clinical

studies are required to establish the clinically significant dosage

of acupuncture treatment for patients with HF.

4.3 Outcome-influencing mechanisms

A retrospective cohort study of patients with HF who received

a combination of TCM, including herbal medicine and

acupuncture, reported a significant improvement in 5-year

survival rates. In the compensated group, the aHR for mortality

among TCM users was 0.14, indicating an 86% reduction. In the

decompensated group—characterized by sudden or progressive

worsening of HF symptoms—the aHR for mortality was 0.32,

corresponding to a 68% reduction. These findings suggest a

substantial survival benefit associated with TCM use in both

clinical subgroups (29). Additionally, acupuncture treatment in

ischemic stroke and hypertension patients showed a significantly

reduced HR for all-cause mortality, with values of 0.32 and 0.73,

respectively (52, 53). Excessive activation of the sympathetic

nervous system is one of the major contributors to HF.

Acupuncture has been reported to regulate sympathetic nervous

activity while maintaining parasympathetic activity, leading to a

reduction in heart rate (54, 55). Additionally, this regulatory

mechanism is known to protect cardiomyocytes and reduce

myocardial ischemia (26). These effects suggest that acupuncture

shares some mechanisms with standard pharmacological

treatments for HF and may have a clinically significant impact

on HF management (56). Furthermore, acupuncture has been

reported to exert cardiovascular benefits through various

mechanisms (57), including reducing pro-inflammatory cytokine

levels for anti-inflammatory effects (58, 59), increasing nitric

oxide levels to improve endothelial function (60, 61), reducing

oxidative stress (62) and modulating neurotransmitter (63).

However, this study did not account for acupoints, as it relied on

secondary data from insurance claims to the NHIS, making it

challenging to ascertain the specific treatment acupoints

administered to patients. Acupuncture is known to influence the

long-loop pathway, including the hypothalamus, midbrain, and
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medulla, activating sensory nerves, spinal cord, and brain to

alleviate organ dysfunction or inflammation through the

autonomic nervous system (64–66). Although the existence of

acupoint specificity has not been conclusively established,

acupuncture is thought to exert therapeutic effects, even under

untargeted conditions (64, 67). This suggests that acupuncture

at specific acupoints goes beyond local regulation and has a

systemic effect on various body systems. Furthermore, the

diverse treatment procedures in traditional medicine, in

which the same prescription may be used for different

conditions or different prescriptions for the same condition,

impose limitations on the application of RWD research by

restricting the acupoints or primary diseases targeted

for acupuncture.

4.4 Strengths and limitations

To the best of our knowledge, this is the first retrospective

cohort study to investigate the association between

acupuncture treatment and reduced mortality in patients with

HF. It overcomes the limitations highlighted in previous

observational studies on HF by conducting long-term tracking,

confirming mortality as a clinical outcome, and performing

dose-response analysis with both continuous and nominal

categories (31). However, this study had several limitations.

First, this study assessed only exposure to acupuncture

treatment without restricting specific acupoints or diseases.

Since claims data are primarily collected for insurance

reimbursement, they lack information on treatment protocols,

session frequency, or duration. Additionally, this study

conducted a survival analysis based on Korean data, and

because treatment procedures may vary by country, universal

application of the results may be restricted. Therefore, studies

based on observational data from other countries are required

to achieve a broader applicability. Second, the severity of HF

and some risk factors were not adjusted for, which is a

limitation of using secondary data. The severity of HF cannot

be confirmed when patients are included based on disease

codes. Additionally, risk factors for heart disease, such as

smoking, body mass index, and physical activity, can only be

confirmed from health checkup data. However, since not all

citizens undergo health checkups, including these factors as

covariates raises concerns about sample size reduction, leading

to their exclusion from a study involving a large sample size.

Therefore, future research should utilize a customized database

to study the entire patient population and incorporate health

checkup data into the analysis. Furthermore, to more

accurately assess and adjust for HF severity and risk factors,

additional studies should be conducted by linking hospital

records with NHIS data. Third, potential confounders may

exist between patients using acupuncture and those not

utilizing it, factors that we may not be aware of. This concern

has been underscored in the patient characteristics of this

study and has been mentioned in previous studies using RWD

in Korea, highlighting the imbalance between the AT and non-

AT groups. However, a commonality was observed in the AT

group, where patients with more comorbidities and severity

were often included (36, 52, 53). Therefore, future

epidemiological studies are necessary to investigate whether

differences in severity or healthcare utilization patterns exist

between groups using and not using traditional Korean

medicine. In the present analysis, we addressed intergroup

heterogeneity using PS matching to control for known

confounders. While HRs were calculated based on the

matched dataset, we additionally reported aHRs controlling for

the same covariates used in the PS matching. Although this

raises the possibility of overadjustment due to redundant

covariate control, the differences between PS-matched and

aHRs were minimal across both overall and dose-response

analyses. This consistency suggests that the observed

associations were robust and not overly sensitive to the

modeling approach. Fourth, we did not implement a washout

period for acupuncture exposure and conducted a study

focusing on prevalent users. Observational studies suggest that

existing users tend to exhibit better outcomes than new users

(68). Although the duration of acupuncture effectiveness is

unknown, rigorous verification of the association between

acupuncture exposure and reduced mortality requires a

washout period. Fifth, it is uncertain whether 1 year after the

diagnosis of HF is an appropriate landmark time point. Time-

dependent models and landmark methodologies are commonly

employed to eliminate the immortal time bias in observational

studies, with time-dependent models considered the gold

standard (69, 70). In this study, the analysis was conducted

based on previously established landmark time points, but

sensitivity analysis was not performed to examine how

mortality hazards vary depending on the landmark time point.

Nevertheless, longer landmark times tend to reduce bias and

decrease the likelihood of overestimation (35, 69, 71),

suggesting that applying a one-year landmark in this study is a

reasonable choice. However, to enhance the rigor of the

results, additional statistical analyses are necessary. In

particular, sensitivity analyses should be conducted on the

definition of acupuncture exposure and the index date, which

were arbitrarily determined by the research team. Therefore,

future studies will incorporate additional statistical models and

conduct sensitivity analyses on these predefined variables.
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