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Abstract

Background: The therapeutic efficacy of acupuncture in treating Alzheimer disease (AD) largely depends on consistent
treatment adherence. Therefore, identifying key factors influencing adherence and developing targeted interventions are crucial
for enhancing clinical outcomes.

Objective: This study aims to develop and validate a predictive model for identifying patients with AD who are likely to
maintain good adherence to acupuncture treatment.

Methods: This secondary analysis included 108 patients with probable AD, aged 50 to 85 years, from 2 independent
randomized controlled trials conducted at Guang’anmen Hospital, China Academy of Chinese Medical Sciences. Of all,
66 patients were assigned to the development cohort and 42 to the external validation cohort. Acupuncture adherence
was defined as the proportion of completed sessions relative to scheduled sessions, with good adherence defined as =80%
completion. Baseline data included demographic, clinical, cognitive, functional, psychological, and caregiving variables.
Multivariable logistic regression with backward stepwise selection was used to identify significant predictors, and a nomogram
was constructed based on the final model. Model performance was assessed using receiver operating characteristic curves,
calibration plots, and decision curve analysis, with external validation performed by receiver operating characteristic analysis.
Sensitivity analysis was performed using alternative adherence thresholds of 70% and 90%.

Results: A higher number of treatments during the first month was associated with a significant increase in the odds of good
adherence (odds ratio [OR] 3.06, 95% CI 1.68-7.01; P=.002), while longer disease duration (OR 0.97, 95% CI 0.94-1.00;
P=.049) and receiving care from a part-time caregiver (OR 0.19, 95% CI 0.04-0.72; P=.022) were associated with lower odds
of adherence. Sensitivity analyses further supported the stability and reliability of the model.

Conclusions: This study is the first to develop and validate a predictive model for acupuncture adherence in patients with AD.
In clinical research, it can facilitate participant stratification and help identify individuals who may need additional adherence
support, thereby reducing bias and enhancing trial quality. In clinical practice, the nomogram enables proactive adherence
management by prospectively identifying high-risk patients and guiding targeted strategies to improve adherence and optimize
therapeutic outcomes.
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Introduction

Alzheimer disease (AD) is a progressive neurodegenera-
tive disorder primarily characterized by cognitive decline,
functional impairment in activities of daily living, and
neuropsychiatric symptoms [1]. Acupuncture, given its
favorable safety profile and potential for symptomatic
improvement [2-4], has been recommended as a promising
nonpharmacological long-term therapy in clinical practice
guidelines for the management of AD [5]. However, the
therapeutic efficacy of acupuncture for AD remains a subject
of ongoing debate [6,7]. This inconsistency in findings may
be partially explained by a critical, yet often underinvestiga-
ted factor: treatment adherence.

Consistent adherence is crucial to therapeutic efficacy,
particularly in chronic disease management and nonphar-
macological interventions. At present, adherence has been
studied primarily in the context of pharmacotherapy, with
reported rates of long-term pharmacological adherence in
patients with AD ranging from 16.5% to 51% [8,9]. Some
studies have developed models to predict patients’ medication
adherence [10,11]. In contrast, adherence to nonpharmaco-
logical therapies such as acupuncture remains insufficiently
explored. This knowledge gap is compounded by the lack of
a standardized definition for what constitutes good or poor
adherence. This variability in definitions across studies makes
it difficult to compare findings and may be a key confound-
ing factor obscuring the true dose-response relationship of
acupuncture [12].

Clinical studies have shown that factors influencing
acupuncture adherence are multifaceted, encompassing
patient subjective norms, perceived behavioral control,
and treatment commitment [13]. Specific factors include
perceived effectiveness, family support, emotional status,
patient recognition and acceptance of acupuncture, and the
availability of medical subsidies [14]. Nonetheless, most
of these studies have provided only descriptive insights or
general recommendations based on literature reviews [15,
16], while few have offered quantitative evidence derived
from clinical data. Notably, research specifically focusing on
acupuncture adherence in individuals with AD is exceedingly
scarce. Given the substantial cognitive decline, behavioral

Textbox 1. Inclusion and exclusion criteria.
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symptoms, and caregiver dependence associated with AD,
patients in this population may face unique barriers to
maintaining adherence. Thus, findings from studies in other
populations may not be directly generalizable to patients with
AD. Understanding the specific determinants of adherence
in this unique population is crucial for optimizing treatment
delivery and improving outcomes.

Given the ongoing debate over acupuncture’s efficacy
and the critical yet poorly understood role of adherence
in treatment outcomes, identifying predictors for treatment
engagement in a methodologically robust setting is para-
mount. In this study, we conducted a secondary analysis of
data from 2 independent randomized controlled trials (RCTs)
previously conducted by our team, with the aim of identifying
key predictors of acupuncture adherence among patients with
AD and developing a clinically applicable predictive model.
By identifying individuals at high risk of poor adherence and
enabling the development of targeted intervention strategies,
this study seeks to enhance the adherence and efficacy of
acupuncture treatment and provide evidence-based support
for adherence management in nonpharmacological interven-
tions for AD.

Methods

Study Design and Data Source

This study was a secondary analysis based on data collec-
ted from 2 independent RCTs conducted at Guang’anmen
Hospital, China Academy of Chinese Medical Sciences
(CACMS). Participants were primarily recruited between
December 2021 and June 2024. The first RCT, conducted
from December 2021 to June 2024, enrolled 66 patients and
served as the model development cohort. The second RCT,
conducted from June 2022 to November 2022, included 42
patients and served as an external validation cohort for the
predictive model.

Eligibility screening and clinical assessments were
conducted by licensed physicians from the departments
of encephalopathy and neurology. Inclusion criteria and
exclusion criteria are present in Textbox 1.

Inclusion criteria:

criteria [17]
* Age between 50 and 85 years
* A Clinical Dementia Rating score =0.5
¢ A Mini-Mental State Examination score <26
¢ A Hachinski Ischemic Scale score <4
Exclusion criteria:

* A history of trypanophobia or active skin infections
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* A diagnosis of probable Alzheimer disease according to the National Institute on Aging—Alzheimer’s Association

* Other neurological or systemic disorders known to cause progressive cognitive impairment
* Recent use of medications or exposure to substances known to impair cognition

* Acupuncture or electroacupuncture treatment within the past 2 weeks
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| * Participation in other clinical trials
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Ethical Considerations

Both studies were conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki. This
study is a secondary analysis of data derived from 2 RCTs
previously conducted at Guang’anmen Hospital, CACMS.
Both original trials received independent ethical appro-
val from the ethics committee of Guang’anmen Hospital,
CACMS (approval: 2021-056-KY-01 and 2022-087-KY).
Written informed consent was obtained from all partici-
pants or their legally authorized representatives prior to
data collection. Participants did not receive compensation
for participation in the original trials. All treatments and
assessments were provided free of charge. To protect
participant privacy, all data used in this secondary analysis
were anonymized and deidentified prior to analysis.

Treatment and Adherence Assessment

Participants received 20-minute acupuncture sessions 3 times
per week (on nonconsecutive days) for a total of 12 weeks.
Adherence was assessed by calculating the proportion of
completed treatment sessions relative to the total number
of scheduled sessions during the intervention period. The
proportion of days covered (PDC) was used as the adherence
metric. In the absence of an established gold standard for
adherence in nonpharmacological trials like acupuncture, we
adopted the widely accepted threshold of PDC =80% from
pharmacotherapy research [9]. This threshold is a well-vali-
dated proxy for sufficient exposure to treatment in chronic
disease management. Participants with a PDC =80% were
classified as having good adherence, while those with a PDC
<80% were categorized as having poor adherence.

Data Collection

The following clinical data were collected: sex, age, disease
duration, disease severity, educational level, occupation,
history of acupuncture treatment, Mini-Mental State
Examination score, Alzheimer’s Disease Assessment Scale—
Cognitive Subscale score, basic activities of daily living,
instrumental activities of daily living, presence of behavio-
ral and psychological symptoms of dementia, Patient Health
Questionnaire-9 score for depressive symptoms, caregiving
role, number of treatments in the first month, travel time to
the hospital, recruitment method, and adherence outcomes.

Screening of Influencing Factors

A linear regression model was used to assess multicolli-
nearity among independent variables. Multicollinearity was
quantified by calculating the variance inflation factor and
tolerance values. Variables with a variance inflation factor
<10 and tolerance >0.1 were considered to have accept-
able levels of multicollinearity [18]. Variables meeting
these criteria were subsequently included in a multivariable
logistic regression model. Variable selection was performed
using a backward stepwise regression approach based on
the likelihood ratio test, with a significance threshold of
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P<.05 for retention in the model. This data-driven approach
was chosen to build a parsimonious model and reduce
the risk of overfitting. We also conducted exploratory
analyses by forcing clinically relevant but nonsignificant
variables into the model, but this did not lead to a sig-
nificant improvement in model performance and increased
model complexity. Therefore, the final model retained only
the statistically significant predictors. Final variables were
required to meet criteria for statistical significance, low
multicollinearity, and satisfactory predictive performance. To
improve model interpretability, Shapley Additive Explana-
tions (SHAP) values were calculated to quantify the relative
contribution of each predictor to the outcome [19]. SHAP
values were visualized using beeswarm plots.

Construction and Evaluation of the
Nomogram

A nomogram was developed based on the final multivariable
logistic regression model to predict adherence. The nomo-
gram serves as a graphical tool to visualize the relationships
between multiple predictors and the outcome, facilitating
individualized risk assessment and clinical decision-making.
In the nomogram, each predictor is aligned with its corre-
sponding axis; by drawing a vertical line from the predic-
tor’s value to the point scale, a score can be assigned.
The total score, obtained by summing the individual scores,
corresponds to a predicted probability of adherence on the
nomogram’s outcome axis.

Model performance was assessed through receiver
operating characteristic (ROC) curve analysis, calibration
plots, the Hosmer-Lemeshow goodness-of-fit test, and
decision curve analysis using the development dataset.
Internal validation was conducted using the bootstrap
method with 1000 resampling iterations. Agreement between
predicted and observed outcomes was evaluated using the »
statistic. An area under the ROC curve (AUC) between 0.5
and 0.7 was interpreted as indicating low discrimination, 0.7
to 0.9 as moderate, and >0.9 as high discrimination [20]. The
nomogram’s robustness was further evaluated by performing
ROC analysis in the external validation cohort.

Statistical Methods

Data completeness for the variables included in the final
model was assessed prior to analysis. There were no missing
values for the variables included in the final model in either
the development or validation cohorts, as complete data
collection was a requirement for the per-protocol analysis
in the 2 RCTs. All statistical analyses were conducted
using R software (version 4.4.2; R Foundation for Statistical
Computing). Continuous variables with a normal distribution
were presented as mean (SD), while nonnormally distributed
variables were expressed as median (IQR), with distribution
assessed using the Shapiro-Wilk test. Categorical varia-
bles were reported as frequencies and percentages. Group
comparisons were performed using independent-samples ¢
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tests for normally distributed continuous variables and the
Mann-Whitney U test for nonnormally distributed continu-
ous variables. Categorical variables were compared using
the chi-square test or the Fisher exact test, as appropriate.
All statistical tests were 2-tailed, and a P value <.05 was
considered statistically significant. To assess the robustness of
our model to the primary adherence definition (PDC =80%), a
sensitivity analysis was performed by repeating the multivari-
able logistic regression using alternative thresholds of 70%
and 90%.

Results

Baseline Characteristics of the Training
Set

The predictive model was developed using data from the
development cohort (cohort 1), which comprised 66 patients
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with AD (Table 1). Participants were stratified by treatment
adherence into a good adherence group (n=43) and a poor
adherence group (n=23). Of the total participants, 34 (51.5%)
were female participants and 32 (48.5%) were male partic-
ipants. The mean age was 71.8 (SD 7.9) years, and the
mean disease duration was 50.0 (SD 26.0) months. Univariate
analysis revealed significant differences between the good
and poor adherence groups in caregiving status (P=.025)
and the number of treatment sessions during the first month
(P=.001).

The P values for testing differences between patients with
good and poor adherence to acupuncture treatment were
derived from independent samples ¢ tests, Mann-Whitney U
tests and chi-square tests or the Fisher exact tests.

Table 1. Comparison of baseline characteristics between patients with good and poor adherence (n=66).

Good adherence Poor adherence Wilcoxon rank-  Chi-square
Variable Total (n=43) (n=23) ttest (df)*  sum test? df) P value
Sex, n (%) — b 1.88 (1) 171
Female 34 (52) 19 (44) 15 (65)
Male 32 (48) 24 (56) 8(35)
Age (y), mean (SD) 718 (7.9) 709 (7.7) 73.5(8.3) -1.28 (64) — — 204
Disease duration (mon), mean 50.0 (26.0) 48.1 (26.0) 53.5(26.2) -0.80 (64) — — 427
(SD)
Disease severity,© n (%) — — — 490
Mild 29 (44) 21 (49) 8(35)
Moderate 28 (42) 16 (37) 12 (52)
Severe 9 (14) 6 (14) 3(13)
Education level, n (%) — — 0.05 (1) 816
No higher education 40 (61) 27 (63) 13 (57)
Higher education 26 (39) 16 (37) 10 (43)
Occupation, n (%) — — 0.00 (1) 99
Manual work 21 (32) 14 (33) 7 (30)
Nonmanual work 45 (68) 29 (67) 16 (70)
MMSEY, median (IQR) 16.5(11.0- 18.0 (12.0-21.5) 16.0(9.5-200) — 582 — 241
21.0)
ADAS-Cog®, median (IQR) 220 (15.0- 22.0(14.5-39.0) 24.0(16.0-38.5) — 454 — 590
38.8)
BADL', median (IQR) 10.0 (9.0- 100 (9.0-12.5) 11.0(9.5-135) — 4445 — 500
13.0)
TIADLE, median (IQR) 26.0 (18.2- 27.0 (16.0-32.5) 25.0(19.5-33.5) — 472.5 — 72
33.0)
BPSD" ¢ n (%) — — — 99
Present 53 (80) 34 (79) 19 (83)
Absent 13 (20) 9 (21) 4(17)
PHQ-9' ¢ n (%) — — — 99
Depressive symptoms 3(5) 2(5) 14)
Normal 63 (95) 41 (95) 22 (96)
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Good adherence Poor adherence Wilcoxon rank-  Chi-square
Variable Total (n=43) (n=23) ttest (df)*  sum test? df) P value
Travel time to the hospital (min), 60.0 (40.0- 50.0 (35.0-95.0) 60.0 (50.0- — 413 — 272
median (IQR) 100.0) 135.0)
First-month treatment sessions, 11.0 (11.0- 120 (11.0-12.0) 10.0(8.0-120) — 736 — 001
median (IQR) 12.0)
Caregiving role, n (%) — — 505 (1) 025
Full-time caregiver 34 (52) 27 (63) 7 (30)
Part-time caregiver 32 (48) 16 (37) 16 (70)
History of acupuncture, n (%) — — 0.00 (1) 99
No 30 (45) 20 (47) 10 (43)
Yes 36 (55) 23 (53) 13 (57)
Recruitment method®, n (%) — — — 844
Nursing home 4(6) 3(7) 14
Multimedia 30 (45) 19 (44) 11 (48)
Study team referral 15 (23) 11 (26) 4 (18)
Outpatient clinic 17 (26) 10 (23) 7 (30)

4Continuous variables were compared using independent-samples ¢ tests when normally distributed and Wilcoxon rank-sum tests otherwise.
Categorical variables were compared using the chi-square test or Fisher exact test, as appropriate.

b_: not applicable.

®Evaluated using the Fisher exact test.
dMMSE: Mini-Mental State Examination.

®ADAS-Cog: Alzheimer’s Disease Assessment Scale-Cognitive Subscale.

fBADL: basic activities of daily living.

8JADL: instrumental activities of daily living.

"BPSD: behavioral and psychological symptoms of dementia.
iPHQ-9: Patient Health Questionnaire-9.

Independent Predictors of Adherence to
Acupuncture Treatment Among Patients
with AD

Initially, 17 potential predictors of adherence to acupunc-
ture treatment in patients with AD were considered. Fol-
lowing multicollinearity analysis and assessment of clinical
relevance, 16 variables were ultimately selected for model
construction (Table S1 in Multimedia Appendix 1). Multivari-
able logistic regression analysis was performed to develop
a predictive model of adherence to acupuncture treatment
in this population. The final model is represented by the
following equation (Figure 1; Table S2 in Multimedia
Appendix 1):

log( I B p) = —9.244 — 0.028 x DiseaseDuration + 1.120 X

Number of Treatments in First Month — 1.683 X Caregiving Role

Disease duration, the number of treatments in the first month,
and caregiving role were independent predictors of adher-
ence to acupuncture treatment among patients with AD. A
higher number of treatments during the first month was
associated with a significant increase in the odds of good
adherence (odds ratio [OR] 3.06, 95% CI 1.68-7.01; P=.002),
while longer disease duration (OR 0.97, 95% CI 0.94-1.00;
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P=.049) and receiving care from a part-time caregiver (OR
0.19, 95% CI 0.04-0.72; P=.022) were associated with lower
odds of adherence. SHAP analysis quantified the contribu-
tions of these predictors, confirming their importance in the
model (Figure 2). The SHAP results were consistent with the
logistic regression findings, enhancing the interpretability of
the model.

The results indicated that the number of treatment sessions
during the first month, caregiving role, and disease duration
were the 3 most important factors influencing adherence. This
ranking was highly consistent with the findings of the logistic
regression model, demonstrating the substantial contribution
of these variables to the model’s predictive performance.

The SHAP summary plot visualizes the impact of each
variable on the predicted probability of adherence. Each dot
represents the SHAP value of an individual observation,
indicating the degree and direction of that variable’s influence
on the model output. Higher SHAP values correspond to a
stronger positive contribution to adherence probability. The
color gradient from blue to red indicates the relative value
of each variable for that observation (blue =lower value; red
=higher value). For example, a higher number of treatments
in the first month (red) is associated with higher SHAP
values, reflecting its positive impact on adherence.
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Figure 1. Forest plot of factors influencing adherence to acupuncture treatment among patients with Alzheimer disease based on multivariable
logistic regression analysis. Dots represent odds ratios, and horizontal lines indicate 95% Cls. Longer disease duration and care provided by part-time
caregivers were associated with lower adherence (odds ratio<l), while a higher number of treatment sessions during the first month significantly
increased adherence (odds ratio >1). All variables included in the model were statistically significant (P<.05).

Variable N | Odds ratio P
Disease duration 66 (] 0.97 (0.94, 1.00) 0.049
Number of treatments in the first month 66 HEH | 3.06 (1.68, 7.01) 0.002

Caregiving role Full-time Caregiver 34 | Reference

Part-time Caregiver 32 |l 0.19 (0.04,0.72) 0.022
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Figure 2. Shapely Additive Explanations (SHAP) summary plot of variable importance for predicting adherence to acupuncture treatment in patients
with Alzheimer disease based on multivariable logistic regression analysis. BADL: basic activities of daily living; IADL: instrumental activities of
daily living.
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Development and Evaluation of the
Nomogram

A nomogram was developed based on the final predic-
tive model, incorporating the number of treatments in the
first month, disease duration, and caregiving role (Figure
3). The model demonstrated excellent discrimination, with
an area under the ROC curve (AUC) of 0914 (Figure
4A). Validation was performed using cohort 2 (test set),
which included 42 patients with AD (Table S3 in Multi-
media Appendix 1). The calibration curve from internal
validation indicated good agreement between predicted and
observed probabilities (mean absolute error =0.04; mean
squared error =0.003; 90th quantile absolute error =0.078)
(Figure 4B). The Hosmer-Lemeshow goodness-of-fit test
showed that the model predictions were well calibrated
(?s=10.9; P=0.21). The decision curve analysis showed
that the nomogram provided a net clinical benefit across a

Chen et al

wide range of threshold probabilities (Figure 4D). Internal
validation yielded an overall predictive accuracy of 89.4%,
with a % statistic of 0.759, indicating good consistency and
potential clinical utility. Furthermore, the model performed
well in the external validation cohort, achieving an AUC of
0.833 (Figure 4C).

For example, a patient with AD with a disease duration of
60 months, part-time caregiving, and 11 acupuncture sessions
during the first month would obtain corresponding point
values on each variable axis, indicated by red dots on the
upper horizontal scales. The points for the 3 variables are
summed to yield a total score of approximately 234. On the
bottom axis, a total score of 234 corresponds to a predic-
ted adherence probability of approximately 0.30, as marked
by the red arrow. This relatively low predicted probability
highlights the need for proactive adherence management and
targeted interventions in clinical practice.

Figure 3. Nomogram for predicting adherence to acupuncture treatment among patients with Alzheimer disease.
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Figure 4. Evaluation and validation of the nomogram model for predicting adherence to acupuncture treatment in patients with Alzheimer disease.
(A) Receiver operating characteristic (ROC) curve assessing the discriminative ability of the model, with an area under the ROC curve of 0914,
indicating excellent predictive performance. (B) Calibration curve illustrating agreement between predicted and observed adherence probabilities.
The x-axis represents predicted probability, while the y-axis shows the observed probability of adherence. The Ideal line indicates perfect concord-
ance between predicted and actual outcomes. The apparent line reflects model performance in the original sample, and the bias-corrected line shows
model performance adjusted for overfitting using the bootstrap method (1000 resamples). The close alignment of the calibration curves with the ideal
line demonstrates the high accuracy and reliability of the model. (C) ROC curve of the nomogram model in the validation cohort, with an area under
the ROC curve of 0.838. (D) Decision curve analysis of the nomogram model in the training cohort. The x-axis represents the threshold probability,
and the y-axis indicates the net clinical benefit across different thresholds.
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Sensitivity Analysis Adverse Events

To evaluate the robustness of our model, a sensitivity analysis
was performed using alternative adherence thresholds of
70% and 90%. The model’s predictive performance remained
strong across all definitions, with an area under the ROC
curve (AUC) of 0.892 for the 70% threshold and 0.860 for
the 90% threshold. The statistical significance of the number
of treatments in the first month (P=.01 at 70%; P=.05 at
90%), caregiving role (P=.03 at 90%), and disease duration
(P=.08 at 70%; P=.09 at 90%) fluctuated near the P=.05
cutoff; this could be caused by the dataset size. Overall, these
findings support the stability of our model. Detailed results
of the sensitivity analysis are provided in the supplementary
materials (Figure S1 in Multimedia Appendix 1).

https://aging.jmir.org/2026/1/e82787

Safety monitoring was conducted throughout both RCTs. No
serious adverse events related to acupuncture treatment were
reported in either the development cohort or the validation
cohort. Adverse events unrelated to the intervention are
summarized in Table S4 in Multimedia Appendix 1.

Discussion

Predictors of Treatment Adherence in
Patients with AD

This study identified the number of treatments in the first
month, caregiving role, and disease duration as significant
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predictors of adherence to acupuncture treatment among
patients with AD. The predictive nomogram constructed with
these 3 variables demonstrated excellent discrimination in the
development cohort (AUC=0.914) and acceptable perform-
ance in the external validation cohort (AUC=0.838). With
its simplicity, interpretability, and ease of application, the
nomogram may serve as a practical tool to assist clinicians
in identifying patients at risk of poor adherence and tailor
intervention strategies accordingly.

To understand the clinical implications of these predic-
tors, it is useful to interpret them through the established
framework of intentional versus unintentional nonadherence.
Unintentional nonadherence typically arises from practical
barriers, which can be internal to the patient’s condition
(eg, forgetfulness and functional limitations) or external and
situational (eg, transportation difficulties, inclement weather,
and systemic disruptions like a pandemic). In contrast,
intentional nonadherence involves a deliberate decision to
cancel the treatment plan, often driven by subjective factors
such as a perceived lack of efficacy, treatment fatigue,
or shifting personal priorities. Our findings suggest that
the identified predictors likely influence adherence through
mechanisms related to both categories.

Increasing the Number of Treatments in
the First Month May Improve Adherence

A key finding of this study is that a higher number of
treatments during the first month was a powerful predictor of
adherence. This suggests that early and intensive engagement
is critical for establishing sustained treatment behaviors. From
the perspective of unintentional nonadherence, a structured,
frequent schedule in the initial phase may help patients and
caregivers with cognitive and organizational deficits to more
quickly accept the therapeutic routine, making it a habitual
part of their lives [21].

This intensive approach can also mitigate intentional
nonadherence through two possible ways. First, given that
the therapeutic effect of acupuncture is often cumulative [22],
increasing treatment frequency may accelerate the perception
of clinical benefits [23,24]. When patients and caregivers
observe an improvement early on, their motivation and belief
in the treatment’s value are naturally reinforced [25]. Second,
frequent sessions offer more opportunities for communication
among patients, caregivers, and clinicians, enabling the early
detection and management of emerging issues. However,
this approach requires careful consideration. It is important
to acknowledge that a higher treatment frequency does not
universally guarantee improved clinical outcomes [26] and
may increase the treatment burden on families. The opti-
mal number and timing of sessions may vary depending on
disease severity, stage, and individual patient needs [27].
In conclusion, tailoring the intensity of acupuncture interven-
tions to individual profiles remains a key consideration for
future research and clinical practice for patients with AD,
balancing clinical benefit and treatment burden.
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Caregiver Capacity Is a Critical
Determinant of Adherence

Our finding that patients supported by part-time caregivers
(defined as providing fewer than 41 h of care per week [28])
were significantly less likely to adhere underscores the critical
role of caregiver capacity in treatment engagement. This
highlights a powerful driver of unintentional nonadherence, as
dementia caregiving is a long-term, high-burden undertaking
[29-31]. In advanced stages, care demands can often exceed
100 hours per week [32]. This presents formidable logisti-
cal barriers for part-time caregivers, who are typically adult
children trying to balance employment, their own household
duties, and the challenge of not living with the person they
care for. These challenges frequently limit their ability to
schedule and accompany patients to appointments, provide
consistent emotional support, or respond to emergent care
needs, thereby compromising adherence despite their best
intentions [29].

This relentless demand also takes a significant physi-
cal and psychological toll, leading to caregiver burden
and fatigue that can further diminish the capacity to sup-
port treatment [33-37]. These inherent difficulties are often
compounded by unpredictable external factors, such as
sudden illness or bad weather, which can disproportionately
disrupt the routines of caregivers with less flexibility. A more
subtle yet powerful factor is a form of intentional nonadher-
ence driven by altruism, where patients may forgo appoint-
ments out of a desire not to burden their children, ultimately
leading to treatment discontinuation.

In contrast, spouses often serve as full-time caregivers
(=41 h/wk) [38,39] and are typically more emotionally
invested and committed to maintaining treatment routines.
Some may even retire early to provide round-the-clock
care [40]. Our study also found that professional caregiving
within institutional settings can offer stable, structured, and
high-quality care, which may facilitate better adherence. To
enhance adherence in clinical practice, health care provid-
ers should actively involve caregivers in treatment planning
and offer tailored education to improve their understanding
of disease progression, treatment goals, and the importance
of adherence [41,42]. Such interventions can mitigate both
unintentional nonadherence (by improving scheduling and
problem-solving skills) and intentional nonadherence (by
reinforcing the perceived value of the treatment). Strengthen-
ing caregivers’ motivation and capacity to support treat-
ment is essential. When informal caregiving resources are
insufficient, incorporating professional home care services or
transitioning to institutional care may help ensure treatment
continuity and effectiveness. Notably, countries such as
Denmark and the Netherlands have developed comprehen-
sive formal care systems for dementia that integrate medi-
cal and social support services [30,43]. These models may
provide valuable reference points for improving dementia
care infrastructure in China.
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Early Detection, Prevention, and
Intervention Still Key to Treating AD

Our study found that longer disease duration was associated
with poorer adherence to acupuncture treatment. Primarily,
this is a form of unintentional nonadherence driven by the
patient’s own progressive cognitive and functional decline,
which impairs their capacity to independently manage
appointments [44]. A higher prevalence of neuropsychiat-
ric symptoms can reduce patient cooperation, while accu-
mulating physical comorbidities and mobility limitations
create new logistical hurdles. As the disease advances, a
cascade of factors converges to further undermine adher-
ence. This decline simultaneously increases the burden on
caregivers, who may experience emotional exhaustion and
a deterioration in their own health, diminishing their ability
to provide consistent support [45]. The combination of
increasing patient dependency, rising caregiver exhaustion,
and mounting logistical obstacles creates a formidable barrier
to sustained treatment in the later stages of the disease.

This underscores the critical importance of a proactive
and early approach to management. Our findings empha-
size that the timing of intervention is paramount. Initiat-
ing treatment when patients retain greater cognitive and
functional capacity offers a crucial window of opportunity.
Early initiation of acupuncture may help establish regular
treatment routines, foster therapeutic rapport, and enhance
patient motivation. Moreover, health care providers should
prioritize early education and ongoing support for both
patients and caregivers. This includes training in caregiving
skills, psychological counseling, and practical strategies to
reduce caregiver burden and enhance quality of life [46].
These factors can contribute not only to improved adherence
but also to more favorable long-term outcomes by potentially
slowing the trajectory of disease progression.

Limitations

This study has limitations. First, although this study suggests
that early, intensive treatment may enhance adherence, the
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optimal frequency and total number of acupuncture sessions
for patients with AD remain undetermined. In real-world
settings, increasing treatment frequency may impose greater
transportation, time, and financial burdens on both patients
and caregivers, potentially reducing their motivation and
adherence. Second, our analysis was based on data from
previous RCTs that were provided free of charge. Con-
sequently, we could not assess the influence of crucial
socioeconomic factors, such as treatment costs, or house-
hold income, which are known to be factors of health care
engagement. Their influence on adherence may have been
underestimated. Third, our sample size (N=108) was adequate
for the primary analysis; it may be underpowered to detect
predictors with more subtle effects. Finally, although we
performed external validation, both cohorts were recruited
from a single hospital. This shared clinical and demographic
context limits the generalizability of our nomogram. Studies
are needed to validate our model in multicenter or commun-
ity-based cohorts to confirm its broader applicability.

Conclusions

In conclusion, this study is the first to develop and validate
a predictive model for acupuncture treatment adherence in
patients with AD, offering a novel, evidence-based tool for
both clinical research and practice. For clinical research,
this model provides a method to stratify enrollment or
identify participants who may require enhanced adherence
support, thereby reducing bias and improving the integrity
of future trials. In clinical practice, the nomogram enables
a shift from reactive problem-solving to proactive adherence
management. By prospectively identifying patients at high
risk, clinicians can address specific barriers and implement
targeted strategies to improve adherence and, ultimately,
enhance therapeutic outcomes.
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