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Purpose: This study aimed to identify the risk predictors of non-adherence to inhaler therapy and construct a nomogram prediction
model for use in Chinese elderly patients with chronic obstructive pulmonary disease (COPD).

Patients and Methods: A cross-sectional study was conducted with 305 participants recruited from a tertiary care hospital in Anhui,
China. Adherence was analyzed using the Test of Adherence to Inhalers. Potential predictive factors were incorporated based on the
social ecological model, and data were collected through a questionnaire method. R version 4.3.3 was utilized to perform the least
absolute shrinkage and selection operator regression model and multivariable logistic regression analysis to identify risk factors and
establish a nomogram prediction model.

Results: The results of the multivariable analysis revealed that medication beliefs, illness perception, the COPD Assessment Test
score, smoking status, and education level were significant risk factors for non-adherence to inhaler therapy in elderly COPD patients
(all P < 0.05). The nomogram prediction model for non-adherence to inhaler therapy in elderly COPD patients demonstrated a good
discriminative ability, with an area under the receiver operating characteristic curve of 0.912. The C-index was 0.922 (95% CI: 0.879
to 0.965), and the Brier value was 0.070, indicating good consistency and calibration. Decision curve analysis indicated that the use of
the nomogram would be more beneficial in clinical practice when the threshold probability of non-adherence exceeds 17%.
Conclusion: This study identified predictive factors regarding non-adherence among elderly patients with COPD and constructed
a predictive nomogram. By utilizing the nomogram model healthcare professionals could swiftly calculate and comprehend the non-
compliance level of COPD patients, thus guiding the development of personalized interventions in clinical practice.
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Introduction
Chronic obstructive pulmonary disease (COPD) stands as the most prevalent chronic respiratory disorder." In China, the
prevalence of COPD ranges from 1.20% to 8.87%, making it the third leading cause of death among residents.” This
condition imposes a significant economic burden, with direct healthcare costs ranging from $72 to $3565 per capita
annually, accounting for 33.33% to 118.09% of the average annual income.’

Inhalation therapy, offering a quicker onset of action and fewer side effects compared to oral therapy, plays a key role in
preventing acute exacerbations and serves as the foundation of maintenance treatment for COPD.? Through the use of inhalers

such as long-acting B2-agonists, long-acting anticholinergics, and inhaled corticosteroids alone or in combination, inhalation
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therapy aims to improve forced expiratory volume in 1 second (FEV1) and alleviate overinflation that contributes to
respiratory distress.*

Adherence to inhaler therapy significantly correlates with clinical health outcomes in COPD patients. Previous studies
have shown that patients with good adherence to inhaler therapy experience lower susceptibility to acute exacerbations
and reduced overall mortality rate.® Effective inhaler adherence can prevent exacerbations, control disease progression,
reduce hospitalizations, and decrease healthcare expenditures associated with hospitalizations or emergency care.®’
However, the Global Initiative for Chronic Obstructive Lung Disease in 2023 emphasized that inhaler adherence among
COPD patients tends to be generally low, with rates falling below 50%,* posing significant challenges in COPD disease
management. To enhance inhaler adherence in COPD patients, the primary task at present is to comprehensively
understand the factors contributing to non-adherence, identify non-adherent individuals at an early stage, and develop
targeted intervention strategies.

The Social Ecological Model(SEM) proposes that the dynamic interaction between individuals and their environ-
ment is a determinant of health-related behaviors.” The SEM addresses limitations of previous research, which solely
focused on analyzing influencing factors at a single level, by providing a more systematic and comprehensive
perspective. It emphasizes that individual behavior is shaped by multi-level factors, including personal trait, behavioral
characteristics, interpersonal relationship, life and work conditions, policy environment.'” Recommended by the
American Heart Association and the American Society of Hypertension for understanding medication adherence
factors, SEM has been successfully utilized by Mehdi et al to construct a conceptual model of compliance among
hypertensive patients.'' Therefore, this study aims to explore the factors influencing adherence in COPD patients based
on the SEM.

Nomogram model is a feasible tool for describing individual prognosis or clinical event risk, aiming to provide the
likelihood of a specific event occurrence.'? In recent years, multiple studies have reported the benefits of survival curve
models in predicting medication adherence among patients with chronic diseases, such as chronic kidney disease and
diabetes.'>'* In contrast to the complex formulas of risk prediction models, nomograms offer the advantage of
delivering more personalized risk assessment in an intuitive graphical format, thereby providing clear value in clinical
practice.

Currently, there is no established inhaler adherence nomograms prediction tool for COPD patients based on the SEM.
This study aims to identify independent risk factors for medication non-adherence among Chinese COPD patients based
on the SEM and establish a risk model using the nomogram. This model can assist clinicians in screening high-risk non-
adherent patients and devising personalized treatment strategies to improve inhaler adherence behavior.

Methods
Design

This was a cross-sectional study.

Participants

From June 2022 to December 2023, recruitment was conducted in the Department of Respiratory Medicine of a tertiary
care hospital in Anhui, Mainland China. A total of 305 participants were enrolled, meeting the following criteria:(1)
aged>60years; (2) had FEV1/ force vital capacity (FVC) <0.7 on spirometry and diagnosed with COPD according to the
Guidelines for the Diagnosis and Treatment of Chronic Obstructive Pulmonary Disease (Revised 2021);'° (3) treated
with an inhaler; (4) conscious, with good comprehension and communication skills (Mini-Mental State Examination
score >27, which was represented they are able to provide valid response to the questionnaires'®); and (5) voluntarily
participating in the study and willing to provide informed consent. Patients with severe hepatic or renal insufficiency,
malignant tumors or psychiatric diseases were not allowed to participate in the study. The study was conducted in
accordance with the Declaration of Helsinki and received approval and consent from the Ethics Committee of Bengbu
Medical College. All participants provided written informed consent.
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Sample Size
According to the EPV (Events Per Variable) principle for estimating the sample size of logistic regression, it is
recommended to have an EPV of 10-20 to ensure robustness of the regression analysis results.'” Previous studies
have shown that the adherence rate to inhaler therapy among COPD patients is 50% or lower.® In this study, we assume
a 70% probability of non-adherence among COPD patients.'®

In this study, we incorporated various factors based on the SEM. Under the domain of biological characteristics, we
included gender and age of the patients. Lifestyle and behavioral habits encompassed factors such as medication beliefs,
illness perception, smoking status, and the impact of diseases on life. Healthcare utilization factors included the number
of hospitalizations, length of hospital stay, and hospitalization expenses in the past year. Interpersonal relationships were
considered by including factors such as the current residence (urban, rural, or town), living condition (living with spouse,
children, alone, or other), and family support scores. Social and cultural factors included patients’ monthly income and
education level. Lastly, in the policy environments domain, we primarily focused on studying factors related to medical
payment method.

Considering an EPV of 10, and including 15 factors based on the SEM, we would need a sample size of 150 patients
with non-adherence to inhaler therapy for detection. Therefore, the total required sample size would be 150/70%=215
cases. With the inclusion of 305 patients in this study, we can ensure the stability of the regression results.

Measurements

Demographics

Data were collected from the participants, encompassing information on age, gender, smoking status, number of
hospitalizations, length of hospital stay, hospitalization expenses in the past year, current residence (urban, rural, or
town), living condition (living with spouse, children, alone, or other), monthly income, education level, and medical
payment method.

Medication Adherence to Inhaler Therapy

The Chinese version of the Test of Adherence to Inhalers (TAI) was employed in this study to assess patient adherence to
inhaled medication.'® The TAI evaluates various aspects, including how frequently patients forget to use their inhaled
medication, the impact of patient mood, improvement, interference of medication with life, adverse drug reactions,
efficacy, dose, and cost on adherence to inhaled medication. The TAI comprises 10 items, each rated on a 5-point Likert
scale. Total scores ranged from 10 to 50. Adherence levels were categorized as good (TAI = 50), moderate (TAI = 46—49)
or poor (TAI < 46).%°

Beliefs About Medicines

The Belief about Medicines Questionnaire (BMQ), developed by Horne in 1999,>' was utilized to assess patients’
medication beliefs. The questionnaire comprises two dimensions: necessity beliefs and concerns beliefs, totaling 10
items. Each item is rated on a 5-point Likert scale, where higher scores indicate stronger beliefs in medication necessity
or greater concerns about medication. Computed by subtracting the concerns score from the necessity score. This study
employed the Chinese version of the BMQ.*?

lliness Perception

In this study, the Chinese version of the Brief Illness Perception Questionnaire (BIPQ) was used to evaluate COPD
patients’ perception of their illness. The scale consists of assessing patients’ perceptions of disease consequences,
timeline of illness, personal control, treatment control, symptoms, illness worries, understanding of illness, emotions,
and etiology. The questionnaire consists of 9 subscales, the first 8 subscales are rated on a scale of 0—10. The ninth
subscale was an open-ended question and was not scored. Higher scale scores indicate a more pronounced negative
perception of the disease by the patient.*®

Patient Preference and Adherence 2024:18 hetps: 1743

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

Family Support

The assessment of patients’ family support was performed using the Family Support Scale, which was translated by
Zhang J et al**
a score of 1 and “no” is assigned a score of 0. The total score ranges from 0 to 15, with higher scores indicating stronger

. The scale comprises 15 items, a with each item scored using a binary method, where “yes” is assigned

levels of family support.

Impact of Diseases on Life

The COPD Assessment Test (CAT) was used to comprehensively evaluate the disease symptoms and their impact on the
lives of COPD patients.> It consists of eight items, including cough, sputum production, chest tightness, sleep, energy
levels, exercise tolerance, confidence in going out, and the impact on daily activities at home. Each item is scored on
a scale of 0 to 5, with a total score ranging from 0 to 40. Higher scores on the CAT indicate a greater severity of impact of
COPD symptoms on the patient’s life.

Data Collection

The questionnaire was collected through face-to-face surveys conducted by trained researchers in an offline setting. Upon
obtaining informed consent from the patients, social demographic data and scores from various scales including TAI,
CAT, BMQ, BIPQ, and the family support scale were collected. Relevant demographic data, such as age, gender, and
medical payment methods, were supplemented through the electronic medical record system.

Before completing the questionnaire, researchers provided standardized instructions to explain the questionnaire
guidelines, ensuring that patients could independently complete the survey. For illiterate patients, researchers conducted
one-on-one interviews and selected appropriate answers based on the patients’ responses. The completion of the survey
took approximately 15 to 30 minutes, and all questionnaires were collected and verified on-site.

Statistical Analysis

Data description was performed using SPSS 27.0. Categorical variables were presented as frequency and percentage,
while normally distributed continuous variables were described using mean + standard deviation. Non-normally
distributed continuous variables were described using median (interquartile ranges).

For the least absolute shrinkage and selection operator (LASSO) regression analysis to select predictive factors, the
glmnet function in R version 4.3.3 software was utilized. Cross-validation was employed to calculate the lambda ()
value, and the A value with the smallest error was used as the criterion for selecting the predictive factors.”® Logistic
regression analysis was then applied to the potential predictive factors selected by LASSO regression and included in the
prediction model. A risk prediction model for non-adherence to inhaler use in COPD patients was constructed based on
the regression coefficients, and the model was visually presented using a nomogram. The predictive ability of the
nomogram was quantified using Harrell’s C-index. The C-index indicates the probability of agreement between the
predicted and observed outcomes, with a range of 0.5 to 1.0.%

The calibration curve of the nomogram was used to assess the agreement between the observed and predicted non-
adherence.”® A calibration curve close to the 45  diagonal reference line indicates good predictive consistency. Internal
validation of the model was performed using the area under the receiver operating characteristic (ROC) curve (AUC) to
evaluate the predictive performance.”” Net benefit at each threshold probability was calculated, and a decision curve was
constructed to assess the clinical utility of the risk scoring model.***!

Results

General Information About the Participants

A total of 305 elderly COPD patients were included in this study, with 48 patients (15.7%) being adherent to inhaler
device use and 257 patients (84.2%) being non-adherent. The distribution of adherence and non-adherence among elderly
COPD patients, stratified by different variables, is illustrated in Table 1.
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Table | Distribution of Adherence and Non-Adherence Among COPD Patients Based on Different Variables
Variables n(%)/ Xt s/median(IQR)
Good/Moderate Poor adherence Total
adherence (n=48) (n=257) (n=305)
Biological characteristics Age 69.38(11) 71.25(12) 71(12)
Gender
Male 35(72.9) 178(69.3) 213
Female 13(27.1) 79(30.7) 92
Lifestyle and behavioral habits Medication beliefs 2.65(6) 0.61(4) 1(5)
lliness perception 50.4(7) 43.54(7) 45(8)
CAT 19.23£10.79 19.62+8.08 19.56+8.55
Smoking
Yes 38(79.2) 223(86.8) 261
No 10(20.8) 34(13.2) 44
Healthcare utilization Number of hospitalizations in the 1.87(3) 1.47(2) 1(2)
past year
Hospitalization expenses 10518.75(13,750) 7341.25(7000) 1500(7000)
Length of hospital stay 10 (24) 5 (20) 7(20)
Interpersonal relationships Residence
Rural 35(72.9) 194(75.5) 229
Urban 6(12.5) 22(8.6) 28
City 7(14.6) 41(16.0) 48
Living condition
Living alone 8(16.7) 29(11.3) 37
Living with children 9(18.8) 70(27.2) 79
Living with spouse 31(64.6) 155(60.3) 186
Other 0 3(1.2) 3
Family support score 10.35(4) 9.93(2) 10(3)
Social and cultural Monthly income
Below 1000 yuan 13(27.1) 102(39.7) 115
1000~3000 yuan 20(41.7) 102(39.7) 122
3001~5000 yuan 13(27.1) 42(16.3) 55
Above 5000 yuan 2(4.2) 11(4.3) 13
Education level
Primary school or below 14(29.2) 91(35.4) 105
Junior high school 14(29.2) 89(34.6) 103
Senior high school 14(29.2) 61(23.7) 75
College or above 6(12.5) 16(6.2) 22
Policy environments Medical payment method
Urban resident medical insurance 32(66.7) 194(75.5) 226
Urban employee medical insurance | 14(29.2) 58(22.6) 72
Free medical care 12.1) 3(1.2) 4
Self-payment 1(2.1) 0 |
Other 0 2(0.8) 2

Note: Urban resident medical insurance: Targeted at minors and unemployed urban residents. Urban employee medical insurance: Targeted at employees of work units.
Free medical care: Limited only to civil servants. Self-payment: Medical costs borne entirely by the patient. Other: Commercial medical insurance and low-income medical
aid. Commercial medical insurance: Insurance companies provide a certain amount of medical expenses. Low-income medical aid: Mainly targeted at low-income households,
five-guarantee elderly, and priority groups with difficulties in China.

Factor Selection

The LASSO regression analysis and cross-validation produced a range of A values depicted between the two dashed lines

in Figure 1A. Within this range, the model’s predictive bias variation is relatively small. The number of influential factors

corresponding to the A value with the smallest error (left dashed line) was 7. Figure 1B illustrates that, with the exception
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Figure | Factor selection using the LASSO regression. (A) Selection of tuning parameter (1) using LASSO regression analysis and cross-validation. (B) LASSO coefficient
profiles for candidate factors.

of one factor with a coefficient of 0, the absolute values of the coefficients for each influential factor decrease as the A
value increases. The results indicate that 8 variables were excluded, resulting in the reduction of the initial set of 15
variables to 7 potential predictive factors. These factors, namely CAT, BMQ, BIPQ, living condition, education level,
monthly income, and smoking status, exhibit non-zero coefficients in the LASSO regression model.
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Table 2 Results of Logistic Regression Analysis for Predicting Non-
Adherence to Inhaler Therapy in COPD Patients

Variables Coef S.E WaldZ | P OR (95% CI)
Intercept 22.2566 | 3.1287 | 7.11 <0.001 | 4.633(16.632,28.974)
BIPQ —0.4304 | 0.0638 | —6.75 <0.001 | 6.502(-0.567,-0.316)
BMQ —0.1974 | 0.0699 | —2.82 0.0047 | 8.208(—0.338,-0.062)
CAT 0.0558 0.0271 | 2.06 0.0392 | 1.057(0.003,0110)
Education level 0.5245 0.2658 | 1.97 0.0485 | 1.689(0.018,1.067)
Smoking —1.4499 | 0.6037 | —2.40 0.0163 | 2.345(—2.652,-0.265)
Living condition | 0.3779 0.3095 | 1.22 0.2221 1.459(-0.239,0.984)
Monthly income | —0.4676 | 0.2641 | —1.77 0.0766 | 6.265(—0.998,0.043)
Note: For the assignment of values to the predictor variables, the following categorizations were
used: Education level: Primary school or below = I, Junior high school = 2, Senior high school = 3,
College or above = 4. Smoking status: Smoker = |, Non-smoker = 2. Living condition: Living alone =

1, Living with children = 2, Living with spouse = 3, Other = 4. Monthly income: Below 1000 yuan =
I, 1000-3000 yuan = 2, 3001-5000 yuan = 3, Above 5000 yuan = 4.

Development of a Nomogram Prediction Model

Table 2 displays the outcomes of the multivariate analysis utilizing logistic regression, integrating the 7 predictor
variables selected through LASSO regression analysis. Furthermore, Figure 2 illustrates the risk prediction nomogram
for non-adherence to inhaler therapy in elderly COPD patients. Within the plot’s axes, points associated with each
variable for elderly COPD patients requiring inhaler devices are identified. The points along the horizontal axis denote
the respective scores. At the intersection of the lines on the score axis, the score for each variable is represented, with the
total score being the summation of all individual scores. Upon inputting the relevant patient data, the corresponding point
on the total score axis can be utilized to determine the associated risk probability for non-adherence.

Model Validation and Evaluation

The predictive model for non-adherence to inhaler therapy in elderly COPD patients exhibits a C-index of 0.922 (95%
CI: 0.879 to 0.965), signifying excellent predictive accuracy. Additionally, the calibration curve of the risk prediction plot
for elderly COPD patients’ non-adherence to inhaler therapy is close to the ideal 45-degree dashed line, and the Brier
value for the nomogram prediction model was 0.070, strong consistency between the predicted values and the actual
observed values (refer to Figure 3). Subsequent internal validation utilizing the AUC (refer to Figure 4) yielded an AUC
of 0.912, further affirming the model’s high predictive performance.

Clinical Application of the Risk Prediction Model
To evaluate the clinical utility of the risk prediction model, decision curve analysis was performed by validating the net
benefit at various threshold probabilities. The decision curve, depicted in Figure 5, comprises three lines: “None”
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Figure 2 Nomogram for non-adherence to inhaler therapy in patients with COPD.
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Figure 4 ROC curve of the non-adherence to inhaler therapy nomogram in patients with COPD.

representing no intervention for all patients (horizontal line segment), “All” representing intervention for all patients
(gray curve), and “Nonadherence prediction nomogram” representing decision-making using the risk scoring model (blue
curve). The common zero point of the x-axis and y-axis is the left vertex of “None”, while the point with y-coordinate 0
and x-coordinate 1 is the right vertex of “None”. The risk scoring model demonstrates higher net benefit when the
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Figure 5 Decision curve of the non-adherence to inhaler therapy nomogram in patients with COPD.

threshold probability exceeds 17% compared to both intervening for all patients or not intervening for any patients.
Therefore, it can be concluded that the utilization of this risk prediction model for intervention in the subset of elderly
patients with COPD at risk for non-adherence to inhaler therapy holds clinical application value.

Discussion

The adherence to medical therapies has emerged as a growing concern, with the World Health Organization labeling it as “a new
pharmacological problem™* The finding of this study unveiled that 84.3% of Chinese elderly patients with COPD exhibited poor
adherence to inhalation, a percentage higher than previous studies.**~** This suggests that Chinese elderly COPD patients face
significant challenges in adhering to medication regimens. Consequently, there is an urgent necessity to identify the factors
contributing to nonadherence to medication in elderly COPD patients and to implement effective interventions.

However, an effective predictive model for forecasting non-adherence to inhaler therapy has not yet been established
and validated among elderly COPD patients. This study collected pertinent clinical and personal data from elderly COPD
patients based on the SEM, analyzed the factors influencing medication non-adherence, and constructed a nomogram
model incorporating medication beliefs, illness perception, CAT, smoking, education level. The nomogram model
combines risk factors related to personal trait, behavioral trait, life and work condition which facilitates individualized
prediction of medication non-adherence in COPD patients.

This study developed a nomogram prediction model for the risk of non-adherence to inhaler therapy in elderly
patients with COPD, utilizing five predictive factors. The nomogram integrates the impact of multiple clinical risk factors
and visually presents the results, enabling quick, convenient, and accurate predictions. The model exhibited a high
discriminative ability and predictive value, with a C-index of 0.922 and an AUC of 0.912. Moreover, the calibration
curve also demonstrated good consistency, making it suitable for clinical practice. Additionally, decision curve analysis
was introduced to guide clinical decision-making by maximizing net benefit.*> The decision curve demonstrated the
practical clinical utility of the model.

The research findings indicated that medication beliefs, illness perception, CAT, smoking status, education level sig-
nificantly influence adherence to inhalers therapy. Notably, beliefs regarding disease treatment among elderly COPD patients
emerged as the strongest predictors of adherence to inhalation therapy.®® These results aligned with previous studies,’’~*
which indicated that lower medication beliefs scores correlate with poorer medication compliance. This association is often
attributed to reduced belief in the necessity of using a specific medication for disease management and increased concerns
about potential adverse effects. The results highlight the importance for healthcare providers to address any concerns and
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obstacles related to inhaler usage, and to assist patients in mastering proper inhalation techniques.*® Furthermore, it is crucial
to educate patients about the significance of inhaler adherence for controlling COPD symptoms. By enhancing patients’ belief
in the necessity of medication, it is possible to improve medication compliance.

This study revealed that lower illness perception scores were associated with poorer medication adherence. Similar
findings were reported by Akine et al,*® while contrasting results were observed in the study conducted by Shiah-Lian
Chen.*! The discrepancy in analysis results may be attributed to the interpretation that a higher disease perception score
implies patients perceive the disease as a greater threat to their health. Consequently, patients recognize COPD as
a chronic condition with ongoing progression, necessitating medication for disease control, thereby increasing their belief
in the necessity of medication. Conversely, lower illness perception scores may lead to a decline in patients’ belief in the
necessity of taking medicine, resulting in medication non-compliance.** Furthermore, the results found that patients with
higher CAT scores tended to have poorer medication compliance, indicating that the disease severity and the impact on
quality of life of elderly COPD patients can affect the compliance. This finding is consistent with previous studies,’> and
may be due to patients attributing the severe impact of the disease on their lives to treatment failure or drug side effects,
thus leading to patients’ non-adherence to inhalants. Moreover, the finding is consistent with Antonio et al ‘s result>® that
patients who smoke have worse inhaler adherence compared to non-smoking patients. Smokers with COPD should
understand that smoking is related to their lung disease,” but they have not changed this harmful behavior, indicating
a lack of awareness regarding the measures and importance of COPD treatment or poor self-management abilities. As
a result, non-adherence to medication may occur.

Different from previous studies,’***

the results of this study showed that patients with higher education level
exhibited worse medication compliance. This may be attributed to the fact that patients with higher education level
tend to have stronger autonomy, leading them to seek second opinions on treatment plans and potentially change their
treatment methods independently. On the other hand, patients with lower levels of education are more likely to adhere
faithfully to the treatment plan prescribed by doctors.*> This finding suggest health professional should establish a co-
participative doctor-patient relationship with patients, taking into account patients’ subjectivity based on their education
levels. Collaborative discussions about medical records and decide treatment plans with patients,*® which would improve
inhaler adherence of COPD patients.

Previous studies have shown that health insurance is a significant influencing factor in patient medication adherence.*’**
Patients with chronic diseases who have to bear higher medication costs (through out-of-pocket payment plans) are more
likely to restrict their medication usage. In a study conducted in the United States, approximately one-fourth of elderly patients
had to abandon their prescription drugs due to high costs.*® However, in this study, the healthcare payment method was not
included in the predictive model for inhaler adherence in patients with COPD, possibly due to the fact that only one patient in
this study group had out-of-pocket payment. In the future, it is necessary to adapt the predictive models according to the
specific situations in different countries and regions.

By establishing a predictive model, we can accurately identify the high-risk group of inhalant non-adherence and provide
valuable insights for clinical decision-making. Guided by the SEM, healthcare professionals should comprehensively under-
stand the reasons for non-compliance among elderly patients with COPD and intensify patient follow-up and health education.
Empowering patients to acquire a correct understanding of their condition and medication will enhance inhaler adherence
among elderly patients with COPD, thus improving treatment outcomes and overall quality of life.

Limitations

Firstly, data were collected solely from a hospital in the East China region of mainland China, the sample size was
relatively small and no external verification was conducted. The generality of this study’s findings is unclear and studies
in a wider population are needed for external validation. Secondly, the use of self-reported questionnaires to assess
inhaler adherence may introduce recall bias. However, previous findings indicate that self-reported questionnaires align
with measurements from electronic monitoring devices,* and they are preferred in clinical practice due to their low cost,
and ease of use in various healthcare settings.’® Thirdly, the study did not include objective indicators, such as lung
function, which may significantly impact inhaler adherence in COPD patients. Further attention and discussion on this
should be given in future studies. Additionally, the inclusion of BIPQ and BMQ questionnaire results may increase the
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workload of clinical practitioners to a certain extent. However, there are not many items in the questionnaire in this study,
and previous studies have revealed that disease perception and drug belief play an important role in patients’ treatment
compliance behavior, which is worthy of routine clinical monitoring.

Conclusion

In summary, this study developed a risk prediction model with good discriminative ability for inhaler adherence among
Chinese elderly patients with COPD, including five risk factors: medication beliefs, illness perception, CAT, smoking
status and education level. The model has good consistency, differentiation and clinical applicability. Using the
nomogram model healthcare professionals could quickly calculate and understand the non-compliance level of elderly
COPD patients and guide the clinical development of personalized intervention.
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The ethical approval document specifies that access to the data collected in this project is limited to core members of the
project team to safeguard patient privacy.

Acknowledgments

An unauthorized version of the Chinese MMSE was used by the study team without permission, however this has now
been rectified with PAR. The MMSE is a copyrighted instrument and may not be used or reproduced in whole or in part,
in any form or language, or by any means without written permission of PAR (www.parinc.com).

Ethics Approval
The study was conducted in accordance with the Declaration of Helsinki and received approval and consent from the
Ethics Committee of Bengbu Medical College. All participants provided written informed consent.

Funding
This work was supported by grants from the Bengbu Medical College (2021byzd242sk).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Zou J, Sun T, Song X, et al. Distributions and trends of the global burden of COPD attributable to risk factors by SDI, age, and sex from 1990 to
2019: A systematic analysis of GBD 2019 data. Respir Res. 2022;23(1):90. doi:10.1186/s12931-022-02011-y
2.Zhu B, Wang Y, Ming J, Chen W, Zhang L. Disease burden of COPD in China: a systematic review. Int J Chron Obstruct Pulmon Dis.
2018;13:1353-1364. doi:10.2147/copd.S161555
3. Terry PD, Dhand R. Inhalation Therapy for Stable COPD: 20 Years of GOLD Reports. Adv Ther. 2020;37(5):1812-1828. doi:10.1007/s12325-020-
01289-y
4. MacLeod M, Papi A, Contoli M, et al. Chronic obstructive pulmonary disease exacerbation fundamentals: diagnosis, treatment, prevention and
disease impact. Respirology. 2021;26(6):532-551. doi:10.1111/resp.14041
5. Vogelmeier CF, Roman-Rodriguez M, Singh D, Han MK, Rodriguez-Roisin R, Ferguson GT. Goals of COPD treatment: focus on symptoms and
exacerbations. Respir Med. 2020;166:105938. doi:10.1016/j.rmed.2020.105938
6. Jardim JR, Nascimento OA. The Importance of Inhaler Adherence to Prevent COPD Exacerbations. Med Sci. 2019;7(4). doi:10.3390/
medsci7040054
7. Turegano-Yedro M, Trillo-Calvo E, Navarro IRF, et al. Inhaler Adherence in COPD: A Crucial Step Towards the Correct Treatment. /nt J Chron
Obstruct Pulmon Dis. 2023;18:2887-2893. doi:10.2147/COPD.S431829
8. Terry PD, Dhand R. The 2023 GOLD Report: Updated Guidelines for Inhaled Pharmacological Therapy in Patients with Stable COPD. Pulm Ther.
2023;9(3):345-357. doi:10.1007/541030-023-00233-z
9. Han G, Son H. A systematic review of socio-ecological factors influencing current e-cigarette use among adolescents and young adults. Addict
Behav. 2022;135:107425. doi:10.1016/j.addbeh.2022.107425
10. Li LJ, Xiao LQ, Zhang D. Study on the factors affecting the number of chronic diseases among elderly comorbidity patients in Guangdong
Province based on the model of ecological health. Chin Gene Pract. 2024;27(2):208-216.
11. Oori MJ, Mohammadi F, Norouzi K, Fallahi-Khoshknab M, Ebadi A. Conceptual model of medication adherence in older adults with high blood
pressure-an integrative review of the literature. Curr Hypertens Rev. 2019;15(2):85-92. do0i:10.2174/1573402114666181022152313

Patient Preference and Adherence 2024:18 hetps: 1751

Dove:


http://www.parinc.com
https://doi.org/10.1186/s12931-022-02011-y
https://doi.org/10.2147/copd.S161555
https://doi.org/10.1007/s12325-020-01289-y
https://doi.org/10.1007/s12325-020-01289-y
https://doi.org/10.1111/resp.14041
https://doi.org/10.1016/j.rmed.2020.105938
https://doi.org/10.3390/medsci7040054
https://doi.org/10.3390/medsci7040054
https://doi.org/10.2147/COPD.S431829
https://doi.org/10.1007/s41030-023-00233-z
https://doi.org/10.1016/j.addbeh.2022.107425
https://doi.org/10.2174/1573402114666181022152313
https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

12. Kawai K, Sunami E, Yamaguchi H, et al. Nomograms for colorectal cancer: a systematic review. World J Gastroenterol. 2015;21(41):11877-11886.
doi:10.3748/wjg.v21.i41.11877

13. Wu X, Tang F, Li H, et al. Development and validation of a nomogram model for medication non-adherence in patients with chronic kidney
disease. J Psychosom Res. 2023;171:111385. doi:10.1016/j.jpsychores.2023.111385

14. QiMuge N, Fang X, Chang B, Li DM, Li Y. Predicting population: Development and validation of a new predictive nomogram for evaluating
medication nonadherence risk in a type 2 diabetes. PeerJ. 2022;10:¢13102. doi:10.7717/peerj.13102

15. The Chronic Obstructive Pulmonary Disease Group of the Respiratory Branch of the Chinese Medical Association. The chronic obstructive
pulmonary disease working committee of the respiratory doctors branch of the Chinese medical doctor association. guidelines for the diagnosis and
treatment of chronic obstructive pulmonary disease (2021 revision). Chin J Tuber Resp. 2021;44(3):170-205. doi:10.3760/cma.j.cn112147-
20210109-00031

16. Wang W, Luan W, Zhang Z, Mei Y. Association between medication literacy and medication adherence and the mediating effect of self-efficacy in
older people with multimorbidity. BMC Geriatr. 2023;23(1). doi:10.1186/512877-023-04072-0

17. Courvoisier DS, Combescure C, Agoritsas T, Gayet-Ageron A, Perneger TV. Performance of logistic regression modeling: beyond the number of
events per variable, the role of data structure. J Clin Epidem. 2011;64(9):993—-1000. doi:10.1016/j.jclinepi.2010.11.012

18. Case MA, Eakin MN. Up-to-date guidance towards improving medication adherence in patients with chronic obstructive pulmonary disease. Expert
Rev Respir Med. 2023;17(7):539-546. doi:10.1080/17476348.2023.2239708

19. Meng WW, Cui YN, Luo LJ, et al. Reliability and validity of the Chinese version of the test of the adherence to inhalers (TAI). Zhonghua Jie He He
Hu Xi Za Zhi. 2022;45(5):423-430. doi:10.3760/cma.j.cn112147-20211108-00783

20. Plaza V, Fernandez-Rodriguez C, Melero C, et al. Validation of the ‘Test of the Adherence to Inhalers’ (TAI) for Asthma and COPD Patients.
J Aerosol Med Pulm Drug Deliv. 2016;29(2):142-152. doi:10.1089/jamp.2015.1212

21. Horne R, Weinman J, Hankins M. The beliefs about medicines questionnaire: the development and evaluation of a new method for assessing the
cognitive representation of medication. Psychol Health. 1999;14(1):1-24. doi:10.1080/08870449908407311

22. Mibin W, Yan H, Yehui Z, Jialing H. Evaluation of the Chinese version of the Beliefs about Medicines Questionnaire in patients with breast cancer
receiving hormonal therapy. J Nurs Sci. 2022;29(1):31-33.

23. An J, Zhou H, Yang T, et al. Relationship of psychological factors with daily activities and quality of life in patients with chronic obstructive
pulmonary disease in a Chinese rural population. Ann Palliat Med. 2021;10(2):1675-1684. doi:10.21037/apm-20-1151

24. Zhang J, Liu H. The effect of family support on the quality of life of haemodialysis patients. J Hunan Med Univ. 2001;(04):359-362.

25. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N. Development and first validation of the COPD Assessment Test. Eur Respir J.
2009;34(3):648-654. doi:10.1183/09031936.00102509

26. Tibshirani R. Regression shrinkage and selection via the lasso. J Royal Statisl Soci Seri. 1996;58(1):267-288. doi:10.1111/j.2517-6161.1996.
tb02080.x

27. Scarpi E, Nanni O, Maltoni M. Development and Validation of the PaP Score Nomogram for Terminally 11l Cancer Patients. Cancers. 2022;14(10).
doi:10.3390/cancers14102510

28. Wu S, Zhou Q, Cai Y, Duan X. Development and validation of a prediction model for the early occurrence of acute kidney injury in patients with
acute pancreatitis. Ren Fail. 2023;45(1):2194436. doi:10.1080/0886022x.2023.2194436

29. Mandrekar JN. Receiver operating characteristic curve in diagnostic test assessment. J Thorac Oncol. 2010;5(9):1315-1316. doi:10.1097/
JTO.0b013e3181ec173d

30. Tian R, Chang L, Zhang Y, Zhang H. Development and validation of a nomogram model for predicting low muscle mass in patients undergoing
hemodialysis. Ren Fail. 2023;45(1):2231097. doi:10.1080/0886022x.2023.2231097

31. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating prediction models. Med Decis Making. 2006;26(6):565-574.
doi:10.1177/0272989x06295361

32. Sanduzzi A, Balbo P, Candoli P, et al. COPD: adherence to therapy. Multidiscip Respir Med. 2014;9(1):60. doi:10.1186/2049-6958-9-60

33. Wu J, Meng W, Ma Y, et al. Errors and adherence to inhaled medications in Chinese adults with COPD. J Gen Intern Med. 2024;39(1):69-76.
doi:10.1007/511606-023-08378-y

34. Tan X, Liu S, Huang L, et al. Correlation analysis of the therapy adherence to long-acting inhalers among patients with stable COPD. Patient Prefer
Adher. 2023;17:1467-1475. doi:10.2147/ppa.S413948

35. Wang FC, Chang W, Nie SL, et al. Predicting medication nonadherence risk in the Chinese type 2 diabetes mellitus population - establishment of
a new risk nomogram model: a retrospective study. J Int Med Res. 2021;49(9):3000605211042502. doi:10.1177/03000605211042502

36. Duarte-de-Aratijo A, Teixeira P, Hespanhol V, Correia-de-Sousa J. COPD: understanding patients’ adherence to inhaled medications. Int J Chron
Obstruct Pulmon Dis. 2018;13:2767-2773. doi:10.2147/copd.S160982

37. Wilhelm M, Rief W, Doering BK. It’s all a matter of necessity and concern: a structural equation model of adherence to antihypertensive
medication. Patient Educ Couns. 2018;101(3):497-503. doi:10.1016/j.pec.2017.09.007

38. Poletti V, Pagnini F, Banfi P, Volpato E. Illness Perceptions, Cognitions, and Beliefs on COPD Patients’ Adherence to Treatment - A Systematic
Review. Patient Prefer Adher. 2023;17:1845-1866. doi:10.2147/PPA.S412136

39. Pasquale CB, Choate R, McCreary G, et al. Self-reported COPD Medication Use and Adherence in the COPD Foundation Patient- Powered
Registry Network. Chronic Obstr Pulm Dis. 2021;8(4):474-487. doi:10.15326/jcopdf.2021.0252

40. Eshete A, Getye B, Aynaddis G, et al. Association between illness perception and medication adherence in patients with diabetes mellitus in North
Shoa, Zone: cross-sectional study. Front Public Health. 2023;11:1214725. doi:10.3389/fpubh.2023.1214725

41. Chen SL, Tsai JC, Chou KR. Illness perceptions and adherence to therapeutic regimens among patients with hypertension: a structural modeling
approach. Int J Nurs Stud. 2011;48(2):235-245. doi:10.1016/j.ijnurstu.2010.07.005

42. Torres-Ortuilo A, Cuesta-Barriuso R, Nieto-Munuera J, Galindo-Pifiana P, Lopez-Pina JA. The behaviour and perception of illness: modulating
variables of adherence in patients with haemophilia. Vox Sang. 2018;113:577-583. doi:10.1111/vox.12669

43. Agh T, Inotai A, Mészaros A. Factors associated with medication adherence in patients with chronic obstructive pulmonary disease. Respiration.
2011;82(4):328-334. doi:10.1159/000324453

44. Kokturk N, Polatli M, Oguzulgen IK, et al. Adherence to COPD treatment in Turkey and Saudi Arabia: results of the ADCARE study. Int J Chron
Obstruct Pulmon Dis. 2018;13:1377-1388. doi:10.2147/copd.S150411

1752 https: Patient Preference and Adherence 2024:18

Dove!


https://doi.org/10.3748/wjg.v21.i41.11877
https://doi.org/10.1016/j.jpsychores.2023.111385
https://doi.org/10.7717/peerj.13102
https://doi.org/10.3760/cma.j.cn112147-20210109-00031
https://doi.org/10.3760/cma.j.cn112147-20210109-00031
https://doi.org/10.1186/s12877-023-04072-0
https://doi.org/10.1016/j.jclinepi.2010.11.012
https://doi.org/10.1080/17476348.2023.2239708
https://doi.org/10.3760/cma.j.cn112147-20211108-00783
https://doi.org/10.1089/jamp.2015.1212
https://doi.org/10.1080/08870449908407311
https://doi.org/10.21037/apm-20-1151
https://doi.org/10.1183/09031936.00102509
https://doi.org/10.1111/j.2517-6161.1996.tb02080.x
https://doi.org/10.1111/j.2517-6161.1996.tb02080.x
https://doi.org/10.3390/cancers14102510
https://doi.org/10.1080/0886022x.2023.2194436
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1080/0886022x.2023.2231097
https://doi.org/10.1177/0272989x06295361
https://doi.org/10.1186/2049-6958-9-60
https://doi.org/10.1007/s11606-023-08378-y
https://doi.org/10.2147/ppa.S413948
https://doi.org/10.1177/03000605211042502
https://doi.org/10.2147/copd.S160982
https://doi.org/10.1016/j.pec.2017.09.007
https://doi.org/10.2147/PPA.S412136
https://doi.org/10.15326/jcopdf.2021.0252
https://doi.org/10.3389/fpubh.2023.1214725
https://doi.org/10.1016/j.ijnurstu.2010.07.005
https://doi.org/10.1111/vox.12669
https://doi.org/10.1159/000324453
https://doi.org/10.2147/copd.S150411
https://www.dovepress.com
https://www.dovepress.com

Dove Liu et al

45. Tomar SK, Kedia S, Singh N, et al. Higher education, professional occupation, and upper socioeconomic status are associated with lower adherence
to medications in patients with inflammatory bowel disease. JGH Open. 2019;3(4):302-309. doi:10.1002/jgh3.12160

46. Slyer JT. Shared decision-making to improve medication adherence. Nurse Pract. 2022;47(8):41—47. doi:10.1097/01.Npr.0000841928.60278.75

47. Allaham KK, Feyasa MB, Govender RD, et al. Medication Adherence Among Patients with Multimorbidity in the United Arab Emirates. Patient
Prefer Adher. 2022;16:1187-1200. doi:10.2147/ppa.S355891

48. Aziz H, Hatah E, Makmor Bakry M, Islahudin F. How payment scheme affects patients’ adherence to medications? A systematic review. Patient
Prefer Adher. 2016;10:837-850. doi:10.2147/ppa.S103057

49. Monnette A, Zhang Y, Shao H, Shi L. Concordance of Adherence Measurement Using Self-Reported Adherence Questionnaires and Medication
Monitoring Devices: an Updated Review. Pharmacoecon. 2018;36(1):17-27. doi:10.1007/s40273-017-0570-9

50. Khoiry QA, Alfian SD, van Boven JFM, Abdulah R. Self-reported medication adherence instruments and their applicability in low-middle income
countries: a scoping review. Front Public Health. 2023;11:1104510. doi:10.3389/fpubh.2023.1104510

Patient Preference and Adherence Dove

Publish your work in this journal

Patient Preference and Adherence is an international, peer-reviewed, open access journal that focusing on the growing importance of patient
preference and adherence throughout the therapeutic continuum. Patient satisfaction, acceptability, quality of life, compliance, persistence and
their role in developing new therapeutic modalities and compounds to optimize clinical outcomes for existing disease states are major areas of
interest for the journal. This journal has been accepted for indexing on PubMed Central. The manuscript management system is completely
online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read
real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/patient-preference-and-adherence-journal

Patient Preference and Adherence 2024:18 n 50 in u Dove 1753


https://doi.org/10.1002/jgh3.12160
https://doi.org/10.1097/01.Npr.0000841928.60278.75
https://doi.org/10.2147/ppa.S355891
https://doi.org/10.2147/ppa.S103057
https://doi.org/10.1007/s40273-017-0570-9
https://doi.org/10.3389/fpubh.2023.1104510
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Design
	Participants
	Sample Size

	Measurements
	Demographics
	Medication Adherence to Inhaler Therapy
	Beliefs About Medicines
	Illness Perception
	Family Support
	Impact of Diseases on Life
	Data Collection
	Statistical Analysis

	Results
	General Information About the Participants
	Factor Selection
	Development of aNomogram Prediction Model
	Model Validation and Evaluation
	Clinical Application of the Risk Prediction Model

	Discussion
	Limitations
	Conclusion
	Data and Materials Availability
	Acknowledgments
	Ethics Approval
	Funding
	Disclosure

