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Aims and Objectives: This study aimed to investigate treatment adherence among elderly patients with multimorbid type 2 diabetes 
mellitus (T2DM), and analyze the influencing factors.
Design: A single-centre, cross-sectional study design.
Methods: In this study, convenience sampling was used to examine elderly patients with multimorbid T2DM seeking treatment at six 
community health service centers within the Jinqiao Medical Alliance in the Pudong New Area of Shanghai between May and 
July 2024. Demographic and disease-related data were collected including treatment adherence, self-care activities, social support, 
cognitive function, and depression. Factors influencing treatment adherence were investigated through three machine learning 
approaches: random forest algorithm for detecting non-linear patterns, multiple linear regression for linear relationship analysis, and 
Lasso-Logistic regression with L1 regularization to optimize feature selection while controlling multicollinearity. This tripartite 
methodology synergistically combines ensemble learning, parametric modeling, and sparse logistic regression to ensure robust 
predictor identification.
Results: This study found that the average treatment adherence score for elderly patients with multimorbid T2DM was 45.30 (SD = 
5.99). Integrated machine learning (random forest, Lasso-Logistic regression, and linear regression) identified four key determinants: 
elevated HbA1c (β = −4.417, P < 0.01) and depression (β = −1.207, P < 0.01) significantly reduced adherence, whereas improved self- 
care (β = 0.081, P < 0.01) and higher income (β = 0.589, P < 0.01) enhanced compliance. This multi-method approach validated 
predictors through both linear and non-linear modeling frameworks.
Conclusion: This study quantifies adherence in elderly T2DM patients (Mean=45.30) and identifies four modifiable predictors 
through advanced modeling. Prioritized interventions should focus on enhancing glycemic control through intensified HbA1c 
monitoring for upward trends and integrating depression management into diabetes care plans, while leveraging self-care capacity 
and economic support as foundational enhancers through tailored guidance and support programs to improve treatment adherence, 
optimize health outcomes, and minimize morbidity in this population.
Keywords: type 2 diabetes mellitus, multimorbidity, treatment adherence, cross-sectional study, random forest algorithm

Introduction
The term “multimorbidity” denotes the simultaneous presence of two or more chronic health conditions within a patient,1 

characterized by elevated prevalence, recurrent incidence, and significant disability rates, particularly among the elderly 
population.2,3 With the acceleration of population aging, the incidence of multimorbidities among elderly individuals is 
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steadily increasing.4–6 According to the findings of the 2020 Seventh National Population Census in China, the elderly 
populace reached 260.4 million, with a staggering 61.0% of individuals aged over 70 exhibiting multimorbid conditions. 
Prevalence rates varied significantly, spanning from 21.0% to 69.5%, depending on the evaluation criteria and regional 
differences; however, the overall scenario remains of grave concern.7

Diabetes mellitus (DM) is central conditions within the realm of multimorbidities,7,8 which has undergone a marked 
and persistent rise in prevalence over the past four decades.9–11 Projections estimate an increase in prevalence to 11.3% 
by 2030, posing significant challenges to socio-economic progress.11 In 2017, the economic ramifications of DM 
management in China reached $110 billion, accounting for 15.1% of the global economic impact of the disease. 
T2DM stands as the most prevalent form of diabetes in China, drawing substantial scholarly attention, particularly in 
research focusing on elderly diabetic multimorbidities.12

Elderly patients with multimorbid T2DM face compounded clinical challenges due to prolonged disease progres
sion and complex pathophysiological interactions.13 These dynamics not only heighten risks of psychological comor
bidities and socioeconomic burden but also strain healthcare systems’ capacity for effective chronic disease 
management. Within this context, treatment adherence – defined as patients’ sustained engagement with pharma
cotherapy, dietary modifications, physical activity regimens, and scheduled clinical evaluations14 – emerges as 
a critical mediator of health outcomes and disease burden mitigation. However, treatment adherence behaviors are 
profoundly influenced by demographic, cultural, and systemic factors.15–17 Existing studies demonstrate that demo
graphic variables—including age, educational attainment, employment status, and polypharmacy—significantly affect 
treatment adherence among older adults with comorbidities: advancing age correlates negatively with adherence, 
higher education levels exhibit positive associations, retirees or unemployed individuals demonstrate better compliance 
compared to their employed counterparts, while polypharmacy exacerbates nonadherence due to intensified comorbid
ity burdens.15 Within Shanghai’s unique cultural context, dietary traditions and familial structural shifts jointly create 
systemic barriers to adherence. The culinary culture of “thick oil and red sauce” perpetuates elderly preferences for 
high-glycemic-index dishes like braised pork, fostering rigid dietary habits that directly conflict with medical 
guidance.16 Concurrently, the empty-nest phenomenon, amplified by advanced aging, undermines household monitor
ing mechanisms, allowing entrenched unhealthy eating patterns to persist and intensify due to inadequate external 
intervention. These dual cultural determinants interact synergistically, culminating in chronic disease management 
challenges emblematic of the region’s sociocultural landscape.17

Previous interventions aimed at improving treatment adherence in similar populations have been explored. Some 
studies focused on educational programs to enhance patients’ knowledge about diabetes and its management, while 
others emphasized the role of social support systems. However, these interventions often had limitations, the evidence 
remains fragmented, with predominant focus on medication adherence in single-disease contexts, significant knowl
edge gaps persist regarding: (a) Multidimensional adherence behaviors encompassing nutrition, self-care, and pre
ventive monitoring; (b) Context-specific determinants within aging populations with multimorbidity; (c) Advanced 
analytical approaches to disentangle complex predictor interactions.14 To address these gaps, this investigation adopted 
the Health Ecological Model (HEM), which provided a comprehensive framework to systematically identify and 
analyze multilevel determinants of treatment adherence across five hierarchical dimensions—intrapersonal, interper
sonal, organizational/community, public policy, and physical environment.18 Building on this multilevel framework, 
the study employed three sequentially integrated machine learning approaches: the random forest algorithm first 
identified non-linear interactions and prioritized critical predictors by evaluating feature importance among factors 
through Gini impurity analysis; subsequently, multiple linear regression quantified directional relationships between 
refined predictors and adherence behaviors, estimating risk magnitudes via β-coefficients; concurrently, LASSO- 
logistic regression applied L1 regularization to eliminate redundant features arising from complex interactions factors, 
resolving multicollinearity while preserving clinically interpretable determinants.19 The aim was to investigate the 
current status of treatment compliance in elderly patients with multimorbid T2DM and analyze the main influencing 
factors, to provide insights and references for developing personalized medical and nursing strategies for this 
demographic.
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Methods
Study Design
The study was designed as a single-centre, cross-sectional research. It was conducted and reported in compliance with the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines throughout the process.

Sample
According to the sample size estimation formula for cross-sectional surveys20

Where n is the sample size, µ is a statistical measure, and π is the incidence. After conducting a literature review, it was 
found that the prevalence of multimorbidities in elderly individuals with type 2 diabetes in China was identified as 
40.32%,7 which can be expressed as π = 0.40. Setting α = 0.05 and μ2

α=2 ¼ 1:96. By selecting 10% of the estimated 
population proportion, which δ was set to 4% (10% of 40.32%), the necessary sample size (n) was estimated to be 576. 
Considering a 20% inefficiency rate, the targeted sample size was estimated to 691 participants, and we ultimately 
received 856 valid responses.

Participants and Procedure
Utilizing a convenience sampling method, this research focused on elderly patients diagnosed with multimorbid T2DM 
who sought treatment at six community health service centers affiliated with the Jinqiao Medical Alliance in the Pudong 
New Area of Shanghai, spanning from May to July 2024. Other inclusion criteria include: (1) Compliance with the 
diagnostic standards for elderly type 2 diabetes outlined in the Guideline for the Prevention and Treatment of Type 2 
Diabetes Mellitus in China (2020 edition); (2) One or more chronic diseases in addition to diabetes mellitus; (3) Age ≥ 60 
years; (4) patients were conscious; (5) voluntary criteria. The exclusion criteria: (1) Patients with other serious chronic 
diseases; (2) Participation in other intervention studies within the last three months that could influence the results; (3) 
Patients with severe disabilities preventing cooperation in the investigation.

Instruments
General Information Questionnaire
This study, based on previous literature review and the Health Ecology Theory, designed a general information 
questionnaire that includes the following aspects: (1) Personal traits: gender, age, complications, number of multi
morbidities, family history of diabetes, disease duration, body mass index (BMI), HbA1c, fasting plasma glucose 
(FPG), postprandial blood glucose (PBG); (2) Psychological and behavioral characteristics: smoking, alcohol 
consumption, nighttime sleep time, physical activity status (≥3 times a week, each time > 30 min); (3) 
Interpersonal networks: marital status, living alone status; (4) Work and living conditions: education level, personal 
monthly income; (5) Policy environment: type of medical insurance. Among them, data for age, type of medical 
insurance, complications, number of multimorbidities, BMI, HbA1c, FPG, and PBG were retrieved from medical 
records.

Diabetes Treatment Adherence Questionnaire
The questionnaire was adapted by Chinese scholars Chen et al21 from the Diabetes Adherence Questionnaire originally 
developed by another group of Chinese scholars, Li et al.22 It comprises five dimensions: medication, diet, exercise, 
self-monitoring, and regular review, with four items for each dimension, totaling 20 items. Each item employs 
a 3-point scoring system: often (1 point), occasionally (2 points), and never (3 points). The maximum score is 60, 
with higher scores indicating better adherence; scores between 40–60 suggest good adherence, while scores below 40 
indicate poor adherence. The Cronbach’s α of the Diabetes Treatment Adherence Questionnaire was 0.86 in diabetic 
population.21
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Summary of Diabetes Self-Care Activities
The Summary of Diabetes Self-Care Activities (SDSCA), originally developed by Toobert et al23 was subsequently 
translated into Chinese and culturally adapted through a standardized forward-backward translation protocol by Wan 
et al.24 It consists of six dimensions: general diet (2 items), special diet (2 items), exercise (2 items), blood glucose 
monitoring (2 items), foot care (2 items), and medication (1 item), summing up to 11 items with a total score of 77. Item 
4 is reverse scored, while the others are positively scored; higher scores reflect better self-care activities. Given the 
varying number of items across different dimensions, a scoring index was used for dimension comparison, calculated as 
follows: scoring index = (actual score of the dimension / possible maximum score of the dimension) × 100%. 
A dimension scoring index of > 80% was considered a high level. 60%–80% asmedium level, and < 60% as low 
level.22 In the cultural adaptation work carried out by Wan et al, the Cronbach’s α of the SDSCA for patients with type 2 
diabetes was 0.89.24

Social Support Rate Scale
The Social Support Rate Scale (SSRS) was designed by Chinese scholar Xiao et al to understand the characteristics of 
participants’ social support.25 It comprises a total of 10 items, which include subjective support (items 1, 3, 4, and 5, 
totaling 4 items, with scores ranging from 8 to 32), objective support (items 2, 6, and 7, with scores ranging from 1 to 
22), and the degree of utilization of social support (items 8, 9, and 10, with scores ranging from 3 to 12). The maximum 
possible score is 66; a higher score indicates greater support received. This scale can objectively reflect an individual’s 
level of social support. It has demonstrated good reliability and validity within the Chinese population, with social 
support levels categorized as low to moderate (≤ 44 points) and high (> 45 points). The test-retest reliability of the SSRS 
was 0.92.25 The Cronbach’s alpha ranged from 0.800 to 0.844.14,26

Mini-Mental State Examination
The Mini-Mental State Examination (MMSE), originally developed by Folstein et al27 was subsequently translated and 
culturally adapted for Chinese populations through a standardized linguistic validation process by Zhou et al.28 It 
assesses five dimensions: orientation (10 items), memory (3 items), attention and calculation (5 items), recall (3 
items), and language (9 items), comprising a total of 30 items. Each item is scored as 1 or 0, resulting in an overall 
score ranging from 0 to 30, where a higher score indicates better cognitive ability. For illiterate individuals, a score of 17 
or less is indicative of cognitive decline. Similarly, for those with less than nine years of education, a score of 20 or less 
suggests cognitive decline. For individuals with more than nine years of education, a score of 24 or less indicates 
cognitive decline. The Cronbach’s α of the MMSE was reported to be 0.833.28

5-Item Geriatric Depression Scale
The 5-item Geriatric Depression Scale (GDS-5) was adapted and simplified by scholars including Hoyl et al from the 15- 
item Geriatric Depression Scale (GDS-15).29,30 It consists of 5 items, with a score of 2 or more indicating the presence of 
depressive symptoms. In this study, a binary classification method was employed to assign scores based on the scale: 
a score of 2 or higher indicated the presence of depressive symptoms, recorded as 1 point (yes); otherwise, recorded as 0 
points (no). The Cronbach’s α of the GDS-5 was reported to be 0.810.31

Data Collection Procedures
Five nursing graduate students were trained prior to the survey to ensure the accuracy and consistency of data collection. 
After communicating with the administrators of six community health service centers, the research team conducted 
questionnaires at the sites of health education activities organized for diabetic patients in the communities. The survey 
was conducted face-to-face, with participants fully informed about the completion process. For those unable to complete 
the survey independently, researchers assisted while avoiding any suggestive or leading language. Upon completion of 
the survey, the data were promptly verified for completeness and validity. All questionable items were double-checked 
and corrected, and any obvious errors were removed.
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Data Analysis
Data analysis was conducted using SPSS 27.0 and R Studio software. Normally distributed continuous data were 
presented as the Mean (SD), while non-normally distributed continuous data were expressed as the Median (P10, P90). 
Categorical data are described using frequencies and proportions. The comparison of normally distributed continuous 
data between two groups was conducted using the independent-samples t-test. In contrast, the comparison of two groups 
with skewed distribution was performed using the Mann–Whitney U-test. When comparing multiple groups, Analysis of 
Variance (ANOVA) was used for normally distributed continuous data, whereas the Kruskal–Wallis test was employed 
for skewed continuous data. The random forest algorithm in R software was employed to construct a Random forest plot 
and rank the importance of the initially included variables. Lasso analysis was used for variable selection, and the 
identified variables were subsequently analyzed using multiple stepwise regression. All significance levels were set at 
P < 0.05 (two-tailed).

To address potential confounding factors, we implemented a rigorous multi-stage analytical approach. Initial variable 
screening was conducted through univariate analysis with a significance threshold of p < 0.05, eliminating variables 
showing no preliminary association with adherence outcomes. Subsequently, LASSO regression was performed using the 
glmnet package in R, with the lambda parameter optimized via 10-fold cross-validation to balance model complexity and 
predictive accuracy. This process retained 10 variables with non-zero coefficients from an initial pool of 14 candidates. 
The selected variables were then incorporated into a multivariable linear regression model.

Ethical Considerations
This study received approval from Gongli Hospital of Shanghai Pudong New Area ethics committee (Approval No. 
GLYY1s2024-025, approval date: May 15, 2024). Participation was entirely voluntary for all subjects. This study 
complies with the Declaration of Helsinki.

To ensure the confidentiality and data security of the participants, several measures were implemented: (1) 
Anonymization: Personal identifiers were removed from the data to ensure anonymity. Participants were assigned 
unique study IDs to facilitate data management without compromising their privacy. (2) Data Handling and Analysis: 
Data handling and analysis were performed in compliance with data protection regulations. Only aggregated data were 
used for reporting and publication purposes, ensuring that individual participants could not be identified. (3) 
Confidentiality Agreement: All researchers involved in the study signed a confidentiality agreement, committing to 
the protection of participants’ personal information and study data. (4) Secure Communication: Communication 
regarding study-related information was conducted through secure channels to prevent unauthorized access or 
disclosure.

Results
Participant Characteristics
A total of 856 elderly patients with multimorbid T2DM participated in the survey. The ages of the participants ranged 
from 60 to 85 years, with a mean age of 69.39 years (SD = 6.22). The sample includes 445 males (52%) and 411 females 
(48%). Among the participants, 478 (55.8%) were diagnosed with one additional disease alongside T2DM, whereas 378 
(44.2%) presented with two or more additional diseases. These findings are summarized in Table 1.

Univariate Analysis of the Level of Treatment Adherence and Its Associated Factors
We defined those who had lost their partner and did not live with their children as “living alone” status, “smokers”/ 
“drinkers” as smoking/drinking more than or equal to 3 times per week, and those who were “physically active” as 
exercising more than or equal to 3 times per week for more than 30 minutes per session. Univariate analysis showed that 
living alone status, the number of multimorbidities, alcohol consumption, physical activity status, education level, 
personal monthly income, BMI, and depression are statistically significant differences in score of the treatment adherence 
among elderly patients with multimorbid T2DM. (P < 0.05) (Table 1).
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Table 1 General Data and Univariate Analysis of Treatment Adherence in Elderly Patients with Multimorbid 
T2DM (n = 856)

Item Number Treatment Adherence [SD /(P10, P90)] T P

Gender
Male 445 (51.99) 45.63 (5.93) 1.684a 0.093

Female 411 (48.01) 44.94 (6.01)
Age 0.37a 0.712

60–74 668 (78.03) 45.34 (5.98)

≥75 188 (21.96) 45.15 (5.97)
Education level 20.789b <0.001

Illiteracy 8 (0.9) 40.50 (39.25, 45.50)
Primary school 125 (14.6) 45.00 (40.00, 49.00)

Junior-senior high school education 541 (63.2) 45.00 (41.00, 50.00)

College or above 182 (21.3) 47.00 (43.00, 52.00)
Personal monthly income 63.352b <0.001

≤2999 135 (15.8) 41.00 (39.00, 50.00)

3000–5999 370 (43.2) 45.00 (41.00, 50.00)
6000–8999 305 (35.6) 47.00 (43.00, 50.00)

≥9000 46 (5.4) 44.00 (41.00, 50.50)

Marital status
Married 772 (90.2) 45.00 (41.00,50.00) 1.779b 0.602

Unmarried 14 (1.6) 43.00 (40.74, 46.75)

Divorced 19 (2.2) 44.00 (41.00, 51.00)
Widowed 51 (6.0) 44.00 (40.00, 51.00)

Living alone status −2.548a 0.011

Yes 94 (10.98) 43.82 (6.04)
No 762 (89.02) 45.48 (5.95)

Type of medical insurance
Employee health insurance 472 (55.1) 46.00 (41.00, 50.00) 4.154b 0.125
Resident health insurance 376 (43.9) 45.00 (41.00, 50.00)

Out-of-pocket expenses 8 (0.9) 40.00 (35.25, 51.50)

Family history of diabetes 0.356a 0.722
Yes 414 (48.36) 45.37 (5.92)

No 442 (51.64) 45.23 (6.04)

Complications −0.728a 0.467
Yes 273 (27.67) 45.07 (6.28)

No 583 (68.10) 45.40 (5.83)

The number of multimorbidities 2.311a 0.021
1 478 (55.8) 45.72 (5.84)

≥2 378 (44.2) 44.77 (6.12)

Duration of disease 1.936a 0.053
≤10 (year) 500 (58.4) 45.63 (5.93)

>10 (year) 356 (41.6) 44.83 (6.03)

Smoking
Yes 193 (22.5) 45.30 (6.07) 0.010a 0.992

No 663 (77.5) 45.30 (5.96)

Alcohol consumption −2.717a 0.007
Yes 114 (13.3) 43.89 (6.24)

No 742 (86.7) 45.52 (5.91)

Nighttime sleep time 0.273c 0.761
<6h/night 282 (33.0) 45.24 (5.70)

6–8h/night 437 (51.0) 45.22 (6.25)

>8h/night 137 (16.0) 45.64 (5.67)

(Continued)
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Scores on the Diabetes Treatment Adherence Questionnaire and Other Scales
The mean score for the Diabetes Treatment Adherence Questionnaire among elderly patients with multimorbid T2DM is 
45.30 (SD = 5.99). The highest mean score in the medication dimension is 2.58 (SD = 0.45), while the exercise dimension has 
the lowest mean score of 1.87 (SD = 0.49). The total score for SDSCA does not conform to a normal distribution, represented 
as a Median (P10, P90) of 37.00 (24.00, 50.00), with the highest mean score of 7.00 (5.00, 7.00) for the medication dimension 
and the lowest mean score of 1.00 (0.00, 3.50) for the foot care dimension. The mean score for the level of social support is 
34.03 (SD = 5.56), with the highest mean score of 4.81 (SD = 0.84) for subjective support items. The mean score for MMSE 
is 27.83 (SD = 2.82). Scores on the Diabetes Treatment Adherence Questionnaire and other scales are presented in Table 2.

Table 1 (Continued). 

Item Number Treatment Adherence [SD /(P10, P90)] T P

Physical activity status 3.091a 0.002

Yes 543 (63.4) 45.79 (5.62)
No 313 (36.6) 44.44 (6.47)

BMI 8.668b 0.034

≤18.5 19 (2.20) 45.00 (37.00, 52.00)
18.6–23.9 341 (39.8) 45.00 (41.00, 50.00)

24.0–27.9 378 (44.2) 46.00 (42.00, 50.00)

≥28 118 (13.8) 44.00 (40.00,49.00)
Depression −5.086a <0.001

Yes 100 (11.7) 42.48 (6.24)

No 756 (88.3) 45.67 (5.85)

Notes: BMI ¼ weight kgð Þ
height2 mð Þ , BMI = body mass index; aIndependent Samples t-test; bKruskal–Wallis H-test; cANOVA; Complications: According 

to the Chinese Guidelines for the Diagnosis and Treatment of Diabetes Mellitus in the Elderly (2024 Edition) (National Geriatric Medical Center., 
2024), chronic complications of diabetes mellitus refer to a series of pathological processes in which the blood vessels, corresponding 
organs, tissues, and cells are damaged under the influence of prolonged hyperglycemia, which in turn leads to functional failure and even life- 
threatening, and include five types of complications: diabetic nephropathy, diabetic ophthalmopathy, diabetic neuropathy, lower-extremity 
arteriopathy, and diabetic foot.

Table 2 Scores on Diabetes Treatment Adherence Questionnaire and Other Scales (n = 856)

Scale and Dimensions Number Score Range Mean Score [SD /(P10, P90)] Mean of Items

Total score of treatment adherence 20 24–58 45.30 (5.99) 2.27 (0.30)
Medication dimension 4 4–12 10.31 (1.80) 2.58 (0.45)

Dietary dimension 4 4–12 9.90 (1.94) 2.48 (0.48)

Regular follow-up dimension 4 4–12 9.33 (2.38) 2.33 (0.60)
Self-monitoring dimension 4 4–12 8.27 (1.43) 2.07 (0.36)

Exercise dimension 4 4–12 7.48 (1.94) 1.87 (0.49)

Total score for SDSCA 11 7–71 37.00 (24.00, 50.00) 3.36 (2.18, 4.55)
Medication dimension 1 0–7 7.00 (5.00, 7.00) 7.00 (5.00, 7.00)

Special diet dimension 2 0–14 10.00 (7.00, 13.00) 5.00 (3.50, 6.50)

Regular diet dimension 2 0–14 10.00 (4.00, 14.00) 5.00 (2.00, 7.00)
Blood sugar control dimension 2 0–14 4.00 (0.00, 14.00) 2.00 (0.00, 7.00)

Exercise dimension 2 0–14 3.00 (0.00, 8.00) 1.50 (0.00, 4.00)

Foot care dimension 2 0–14 2.00 (0.00, 7.00) 1.00 (0.00, 3.50)
Total score for SSRS 10 16–59 34.03 (5.56) 3.40 (0.56)

Subjective support 3 2–15 8.76 (2.28) 2.92 (0.76)

Objective support 4 10–32 19.22 (3.35) 4.81 (0.84)
Social support utilization degree 3 3–12 6.04 (1.99) 2.92 (0.76)

(Continued)
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Correlation Analysis of Continuous Variables
The results of the Spearman correlation analysis indicated significant correlations between treatment adherence and 
various factors in elderly patients with multimorbid T2DM. Specifically, treatment adherence is positively correlated 
with cognitive (rs = 0.189, P < 0.001), self-care activities (rs = 0.358, P < 0.001), and social support level (rs = 0.186, 
P < 0.001). Conversely, it is negatively correlated with the key metabolic indicators, including FPG (rs = −0.892, 
P < 0.001), PBG (rs = −0.880, P < 0.001), and HbA1c (rs = −0.865, P < 0.001). These findings are summarized in 
Table 3.

Screening the Influencing Factors
Ranking of Variable Importance
Using the treatment adherence questionnaire scores as the dependent variable, We incorporated 14 statistically significant 
variables from univariate and correlation analyses into a Random Forest model. We utilized R Studio with the Random Forest 
package to generate the results. The %IncMSE (Increase in Mean Squared Error) indicates the average reduction in precision; 
a larger %IncMSE signifies greater importance of the variable in influencing factors. The results showed the importance of the 
variables ranked from highest to lowest as follows: FPG, PBG, HbA1c, personal monthly income, education level, social support 
level, self-care activities level, alcohol consumption, physical activity status, the number of multimorbidities, BMI, cognitive 
level, depression, living alone status among the variables with the greatest impact on adherence to treatment in elderly patients 
with multimorbid T2DM are PBG, FPG, and HbA1c, with a %IncMSE of 20–50%, which is 2–5 times higher than that of the 
other variables, as demonstrated in Figure 1.

Identifying Variable
Based on the variable importance ranking, we conducted a LASSO analysis on 14 statistically significant variables from 
the univariate analysis using the “glmnnet” function in R Studio (See Figure 2). The vertical dashed line on the left 
represents “λ-min”, while the vertical dashed line on the right denotes “λ-1se”. The result showed minimal variation in 

Table 2 (Continued). 

Scale and Dimensions Number Score Range Mean Score [SD /(P10, P90)] Mean of Items

Total score for MMSE 11 16–30 27.83 (2.82) 2.53 (0.26)

Orientation 2 5–10 9.78 (0.72) 4.89 (0.36)
Memory 1 1–3 2.94 (0.25) 2.94 (0.25)

Attention and calculation 1 1–5 4.40 (1.01) 4.40 (1.01)

Recall 1 0–3 2.17 (1.03) 2.17 (1.03)
Language 6 4–9 8.54 (0.83) 1.42 (0.14)

Notes: Mean of items=Mean score/Number of items. 
Abbreviations: SSRS, Social Support Rate Scale; MMSE, Mini-Mental State Examination; SDSCA, Summary of Diabetes Self-Care Activities; HbA1c, 
Glycated Hemoglobin; FPG, Fasting Plasma Glucose; PBG, Postprandial Blood Glucose.

Table 3 Correlation Analysis of Continuous Variables (n = 856)

Treatment Adherence SSRS MMSE SDSCA HbA1c FPG PBG

Treatment Adherence 1
SSRS 0.186 1

MMSE 0.189 0.182 1

SDSCA 0.358 0.094 0.137 1
HbA1c −0.865 −0.162 −0.164 −0.339 1

FPG −0.892 −0.158 −0.165 −0.337 0.967 1

PBG −0.880 −0.182 −0.174 −0.309 0.783 0.811 1

Abbreviations: SSRS, Social Support Rate Scale; MMSE, Mini-Mental State Examination; SDSCA, Summary of Diabetes Self-Care 
Activities; HbA1c, Glycated Hemoglobin; FPG, Fasting Plasma Glucose; PBG, Postprandial Blood Glucose.

https://doi.org/10.2147/PPA.S506859                                                                                                                                                                                                                                                                                                                                                                                                                                                      Patient Preference and Adherence 2026:20 8

Ma et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



bias within the interval [λ-1se, λ-min]. At the optimal λ, the result identified 10 significant predictors. As a result, the 
following top 10 factors—PBG, FPG, HbA1c, self-care activities level, personal monthly income, depression, alcohol 
consumption, living alone status, the number of multimorbidities, and physical activity status—were incorporated into 
the multiple linear regression analysis.

Multivariate Analysis of the Level of Treatment Adherence and Its Associated Factors
The variables HbA1c, PBG, and FPG are commonly used to evaluate glycemic control in patients, but they may present 
collinearity. Moreover, HbA1c served as the gold standard for assessing a patient’s glycemic control. To minimize the 
impact of collinearity on the regression results, this study included only HbA1c in the analysis. Taking treatment 
adherence as the dependent variable, the top eight variables identified by the random forest algorithm were used as 
independent variables in a multiple-stepwise regression analysis. Since personal monthly income is an ordinal categorical 
variable and the other categorical variables are binary, there is no necessity for dummy variable creation. The analysis 
results indicated that HbA1c, depression, self-care activities, and personal monthly income are the main influencing 
factors of treatment adherence in elderly patients with multimorbid T2DM (P < 0.001), with VIF values all less than 10, 
showing the absence of confounding interference among the variables, as presented in Table 4.

Figure 1 Importance ranking of factors affecting treatment adherence in elderly patients with Comorbidities of T2DM.

Figure 2 Feature variable selection based on LASSO analysis.
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Discussion
The Treatment Adherence Levels Among Elderly Patients with Multimorbid T2DM
In this research, the treatment adherence levels among elderly patients with multimorbid T2DM were observed to be 
moderately high, with a mean score of 45.30 (SD = 5.99). This score surpassed the established threshold of 40 according 
to the adherence scale and was slightly higher than the results from Fei Ji’s 2019 research,32 which indicated a score of 
42.25 (SD = 7.09) among elderly patients with type 2 diabetes residing in a rural community in Jinan. The variations 
might stem from differences in geographical locations, demographic characteristics, and timeframes.32 However, both 
investigations reported elevated scores in the areas of medication adherence and dietary compliance. This concordance 
reflects the impact of traditional Chinese cultural beliefs that intertwine medicinal and dietary practices, leading most 
elderly patients with multimorbid T2DM to prioritize both pharmacological and nutritional interventions, thereby 
enhancing their capacity for diet self-regulation and consistent medication intake.

In the study, only 15.5% of elderly patients with multimorbid T2DM had attained an educational level of primary school 
or below, while those holding university degrees or higher comprised 21.3% of the participants, indicating generally high 
educational attainment. This elevated educational background facilitates a comprehensive understanding of treatment 
guidelines and fosters an eagerness to pursue diabetes-related knowledge and comply with treatment protocols. 
Additionally, 55.8% of participants had a singular multimorbidity, resulting in the utilization of fewer medications with 
minimal adverse effects such as insomnia, daytime drowsiness, nausea, or vomiting, and a sustained commitment to 
following medical advice regarding timely medication intake. Importantly, 89% of patients lived with family members, 
and robust familial support—a vital component of social support—showed a significant correlation with treatment adherence, 
positively affecting patients’ adherence behaviors. The majority of elderly patients with multimorbid T2DM in this study 
embraced a healthy lifestyle.33 Specifically, 86.7% refrained from alcohol consumption or had ceased drinking, 63.4% 
participated in regular physical activity, and 39% maintained an optimal weight. This commitment to a healthy lifestyle 
contributes to achieving closer alignment with ideal management standards, as the prior behaviors of patients align well with 
treatment recommendations, reflecting a generally strong adherence to prescribed protocols.

Moreover, a robust alliance among healthcare professionals, patients, and caregivers serves as a vital cornerstone for 
improving patient adherence to treatment protocols.34,35 This highlights the imperative for medical and nursing personnel 
to acknowledge patient preferences and subjective experiences in the provision of healthcare services. Embracing 
a patient-centered methodology for shared decision-making is crucial, as it facilitates timely communication that fosters 
patient trust and enhances their sense of accountability and intrinsic motivation. The pivotal roles of primary healthcare 
settings and family support should be fully leveraged, with synergistic strengths cultivated through a collaborative 
“Hospital-Community-Home” model to collectively oversee and enhance treatment adherence among elderly patients 
with multimorbid T2DM, thereby supporting more effective disease management.

Factors Influencing Treatment Adherence in Elderly Patients with Multimorbid T2DM
HbA1c
HbA1c is widely regarded as the benchmark for evaluating an individual’s glycemic control. This study highlighted an 
HbA1c threshold of less than 7.0% as the desired standard. The results indicated that the HbA1c achievement rate for 

Table 4 Multivariate Analysis of the Level of Treatment Adherence and Its Associated 
Factors (n = 856)

Independent Variable β SE Beta t P 95% CI

Constant term 70.802 1.109 63.865 <0.001 68.626, 72.978

HbA1c −4.417 0.116 −0.761 −38.189 <0.001 −4.644, 4.19

Depression −1.207 0.345 −0.065 −3.497 <0.001 −1.885, 0.53
Selcare activities 0.081 0.011 0.138 7.052 <0.001 0.058, 0.103

Personal monthly income 0.589 0.14 0.079 4.196 <0.001 0.313, 0.864

Notes:HbA1c: Glycated Hemoglobin; F=525.416; P<0.001; R2=0.712; adjusted R2=0.710.
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elderly patients with multimorbid T2DM stood at 49.18%, which displayed a negative correlation with treatment 
adherence. This finding corroborates the research by DaSantos et al emphasizing that HbA1c is a critical determinant 
of patient compliance with treatment regimens.36

Elderly patients with multimorbid T2DM face substantial challenges in long-term pharmacotherapy due to the 
progressive nature of the disease. Chronic macrovascular and microvascular complications inevitably increase medica
tion complexity, healthcare costs, and risks of glycemic fluctuations. These factors collectively hinder treatment 
adherence and amplify psychological burdens for patients and caregivers. However, growing recognition of the benefits 
of healthy lifestyle modifications—such as reducing alcohol intake to mitigate its adverse effects on insulin secretion and 
glucose utilization—and strict adherence to medical regimens can foster proactive glucose management. Regular follow- 
up, continuous glucose monitoring, and structured interventions (eg, balanced nutrition, physical activity, and medication 
compliance) are critical for stabilizing metabolic parameters and delaying disease progression. Healthcare providers must 
prioritize patient education to address barriers to adherence, reinforce the importance of sustained behavioral changes, 
and empower patients to align their daily practices with clinical guidelines, thereby optimizing long-term outcomes.37–40

Depression
The study revealed depressive symptoms in 11.7% of older adults with multimorbid T2DM. Their treatment adherence 
scores 42.48 (SD = 6.24) were significantly lower than those without depressive symptoms 45.67 (SD = 5.85), a pattern 
consistent with prior findings by Du et al.41 Additionally, research conducted by Shamim et al42 suggests that specific 
antidiabetic medications elevate the likelihood of developing depressive disorders. The physical manifestations asso
ciated with depressive states, such as fatigue, weakness, and headaches, directly impact patients’ self-care activities and 
adherence to treatment guidelines, which in turn exacerbates blood glucose regulation issues and creates a harmful cycle 
of declining health. Elderly patients with multimorbid T2DM frequently endure protracted health challenges accom
panied by intricate pathophysiological factors. The persistent hurdles posed by the illness, along with the associated 
medical complications, may lead to a decrease in the quality of life for both patients and their families, giving rise to 
psychological distress, feelings of guilt, intensified depressive symptoms, and further diminished compliance with 
treatment regimens.43 Moreover, the presence of social support emerges as a critical element in mitigating stress and 
adverse health outcomes.44 Family support, a fundamental aspect of social support, plays an indispensable role in daily 
patient monitoring, emotional recognition, and management, as well as in providing positive reinforcement and 
encouragement. Such support has the potential to substantially improve patients’ perceptions of familial warmth and 
create a secure and comfortable treatment atmosphere.

In this investigation, it was observed that 10.98% of elderly patients with multimorbid T2DM were living in isolation, 
highlighting an alarming lack of social support and inadequate assistance in emotional, material, and various other 
domains. This scenario predisposes them to emotional challenges such as anxiety and depression, manifesting as 
diminished life enthusiasm, reluctance to participate in social engagements, denial regarding the gravity of their 
condition, passive coping mechanisms in response to pain, self-neglect, and non-compliance with prescribed medical 
guidance. Consequently, this situation hampers timely treatment and care opportunities, complicates treatment efforts, 
and escalates the rates of disability and mortality among these patients. These findings corroborate the research 
conducted by Song et al,45 which performed a meta-analysis examining the incidence of depression and its contributing 
factors among solitary elderly individuals in China. Therefore, healthcare practitioners must evaluate the psychological 
well-being of elderly patients with multimorbid T2DM and extend psychological support to mitigate anxiety and 
depressive symptoms. It is crucial to promote familial support and enhance social interactions, provide training and 
health consultations, and engage in routine reassessments to address evolving needs, which will ultimately improve 
adverse emotional states and optimize patient adherence to treatment regimens.

Self-Care Activities
Self-care activities among elderly patients with multimorbid T2DM are vital for effective disease management and the 
mitigation of complications. Our study showed a strong positive relationship with treatment adherence, marking them as 
indispensable for productive diabetes care. The outcome of this investigation revealed that across the five dimensions of 
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self-care activities measured by the SDSCA, the medication, and dietary aspects received notably high scores (> 4.45), 
whereas glycemic control and physical activity dimensions presented moderate scores (2.36–4.45), and foot care was 
rated low (< 2.36). These findings align with the research conducted by He et al regarding self-care activities and their 
influencing factors among Chinese youth with T2DM.46 The data suggest that older adults in China living with 
multimorbid T2DM and additional health conditions exhibit commendable adherence to medication protocols and the 
maintenance of a balanced diet, possibly attributable to the direct impact of pharmacological treatments and dietary 
practices on glucose metabolism, coupled with the insights gained from personal experiences and the health education 
provided by healthcare practitioners. This comprehension fosters a stronger focus on dietary and medication compliance, 
yielding improved scores in these specific areas.

Effective regulation of blood glucose levels and a comprehensive exercise regimen are acknowledged as fundamental 
components of diabetes health management. This study observed elderly patients with multimorbid T2DM experiencing 
a gradual deterioration in physical function, exercise capacity, and metabolic efficiency as they age and encounter 
increased multimorbidities. Notably, 36.6% of participants were physically inactive, while the remaining 63.4% engaged 
in self-care practices using conventional exercise regimens and blood glucose monitoring technologies. However, these 
patients demonstrated limited understanding of the critical role that healthcare-recommended moderate-intensity aerobic 
exercise plays in optimizing metabolic outcomes and stabilizing blood glucose concentrations. They exhibited an 
insufficient understanding of the specifics regarding exercise modalities, duration, assessment methods, and safety 
considerations linked to aerobic resistance training, leading to an incomplete implementation of thorough blood glucose 
management, and slightly relaxed the rigor of blood sugar control, culminating in only moderate evaluation scores. 
Additionally, diabetic foot ulcers are a significant complication associated with diabetes; however, the findings revealed 
suboptimal self-care activities among patients concerning foot care, the mean score [SD /(P10, P90)] was 2.00 (0.00, 
7.00). This may be ascribed to the advanced age of certain elderly patients with multimorbid T2DM, which can impair 
the timely acquisition of relevant knowledge and adaptation processes. Consequently, these patients may struggle to 
comprehend the etiological factors, progression, and severity of diabetic foot complications, often failing to detect early 
indicators in the absence of overt complications or when only mild symptoms are present, thereby overlooking critical 
foot care practices. A segment of patients has acknowledged the importance of foot care through educational initiatives 
delivered by healthcare providers; however, they have not fully comprehended the appropriate techniques for care. 
Erroneous practices, such as washing feet with excessively hot water and overlooking the cleaning of the spaces between 
the toes, may hasten the development of complications, resulting in skin damage, increased bacterial growth, and 
elevated infection risks.

The self-care activities exhibited by elderly patients with multimorbid T2DM showed a positive correlation with their 
treatment adherence, and the facets defining these behaviors closely resembled one another. This correlation indicates 
that emphasizing patients’ self-care efforts concerning blood glucose regulation, physical activity, and foot care could 
significantly enhance their treatment adherence. Healthcare professionals need to prioritize these elements and convey 
current self-care strategies to patients. Crafting personalized health management plans that correspond with the severity 
of their conditions and individual needs can facilitate the standardization of patients’ self-care activities and ultimately 
improve their treatment adherence.

Personal Monthly Income
In recent years, the swift advancement of the economy and cultural aspects has resulted in a notable surge in the 
prevalence of diabetes, presenting a considerable public health challenge. In 2022, the economic implications of diabetes 
in China were estimated to be $165.3 billion.47 In Shanghai, China the personal average annual expenditure for diabetes 
treatment and management increased from $1,292.72 in 2014 to $2,092.87 in 2019. This escalation not only imposes 
a financial strain on patients but also reflects the overall status of local economic development, healthcare availability, 
and consumption patterns.47 To alleviate the healthcare burden faced by individuals with chronic diseases, the Chinese 
government has initiated a series of chronic disease prevention and management strategies since 2009. Our study 
conducted in Shanghai involved participants covered by the municipal medical insurance system. The results indicated 
that the average monthly income of elderly patients with multimorbid T2DM along with multimorbid conditions was 
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above the national average monthly income exceeded the national average by 4500 RMB,48 specifically, 41% of these 
patients had an average monthly income of at least 6,000 RMB, with various income streams, including pensions, 
governmental support, and familial assistance.49 A positive correlation existed between patients’ economic standing and 
their adherence to treatment regimens. Possible explanations for this correlation encompass the provision of substantial 
economic support, an overall elevated economic environment, and advantageous governmental policies, which reduce the 
economic burden of type 2 diabetes multimorbidity on individuals and families. This enhancement contributes to 
improved patient outcomes and a heightened awareness of chronic disease prevention. Consequently, patients exhibit 
a greater willingness to allocate time and resources towards disease management, proactively pursue medical treatment, 
adhere to long-term therapeutic approaches, and comply with medical recommendations for routine examinations and 
healthcare access. Such adherence fosters early identification, diagnosis, and intervention in disease progression, which 
benefits overall health outcomes.

Strength
Our study holds several distinct strengths. First, we specifically targeted a population—elderly patients with multimorbid 
T2DM—that has received insufficient attention in previous fragmented research, filling an important niche in the field. 
Second, our research extended the scope of treatment adherence research from single - disease medication focus to 
multidimensional adherence behaviors, including nutrition, self - care, and preventive monitoring. This allowed for 
a more comprehensive understanding of the complex factors influencing adherence among this patient group. Third, by 
integrating the Health Ecological Model (HEM), we adopted a holistic approach to understanding treatment adherence, 
comprehensively addressing the identified knowledge gaps. Fourth, the utilization of three sequentially integrated 
machine - learning approaches—the random forest algorithm, multiple linear regression, and LASSO - logistic regres
sion—enabled us to identify non - linear interactions, quantify relationships, and eliminate redundant features, enhancing 
the depth of our analysis.

Limitation
This study has certain limitations. Firstly, the results were specific to a particular geographic region within the medical 
alliance in Shanghai, China, which restricted the generalizability. Secondly, the use of convenience sampling may 
introduce selection bias, as it may not represent the broader population of elderly patients with multimorbid T2DM. 
Future investigations should incorporate large-scale, multi-center studies to examine the levels of treatment adherence 
and associated influencing factors among elderly patients with multimorbid T2DM. By emphasizing the importance of 
these factors, we can identify clinical interventions that ultimately provide more robust research evidence to enhance 
treatment adherence and improve health outcomes for this vulnerable population. In addition, Our cross - sectional 
study neither fully explored the complex interactions between identified factors nor elucidated the long - term 
trajectory of treatment adherence. Thus, future research should employ advanced statistical approaches like structural 
equation modeling and longitudinal designs to comprehensively understand factor interactions, adherence patterns, and 
the long - term effectiveness of interventions.

Conclusion
The treatment adherence levels among elderly patients with multimorbid T2DM were observed to be at a moderately 
high standard. Significant determinants of adherence included HbA1c levels, depression, self-care activities, and personal 
monthly income. HbA1c levels directly reflect disease control, motivating patients to adhere to treatment; depressive 
symptoms act as a barrier, undermining patients’ motivation to engage with treatment plans; self-care activities empower 
patients to better manage their conditions, positively influencing adherence; and higher personal income may provide 
access to better resources, contributing to improved treatment compliance.

Relevance To Clinical Practice
This research delineated the adherence levels to treatment adherence among elderly patients with multimorbid T2DM and 
examined the determinants influencing these adherence rates. Employing a random forest algorithm, the study evaluated 
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and ranked the significance of these determinants, thereby offering essential insights for the formulation of pharmaceu
tical medical and nursing strategies. The results underscored the imperative for healthcare providers to consistently 
evaluate treatment adherence among patients within clinical settings. By focusing on the key influencing factors, critical 
elements such as HbA1c, depression, self-management activities, and personal monthly income are discerned. Moreover, 
it becomes paramount to manage the modifiable components of these critical variables, specifically HbA1c, depression, 
and self-management practices, while also addressing stable factors like personal monthly income. The study advocates 
for the investigation of effective medical and nursing frameworks that provide affordable and high-efficacy personalized 
care plans for elderly patients with multimorbid T2DM, enhancing health outcomes, boosting adherence rates and patient 
satisfaction, curtailing healthcare expenses, and optimizing cost-effectiveness amidst constrained healthcare resources. 
Additionally, our research calls for the International Diabetes Federation to implement relevant strategies to alleviate the 
treatment burden on this substantial group of elderly patients with multimorbid T2DM, thereby improving their treatment 
adherence and fostering socio-economic development.
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