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Abstract 

Background The extent of rehabilitation of stroke patients outside the hospital is contingent upon their dedication 
to rehabilitative exercises, adherence to a suitable diet, and medication protocols. Therefore, multiple aspects of com-
pliance must be assessed. Questionnaires are indirect measurements that are economical and easy to use. However, 
questionnaires should meet specific criteria to minimize errors and ensure reprehensibility of the results.

Objective To develop a new questionnaire-based assessment tool for out-of-hospital treatment adherence in stroke 
patients and to evaluate the psychometric properties and feasibility of the questionnaire by conducting preliminary 
measurements in the stroke population. The questionnaire should have at least one validity measure and one reli-
ability measure.

Methods A preliminary "OHAQ-SP" was developed based on a literature review and two rounds of Delphi expert 
consultation. Between April 1 and July 2022, 308 stroke patients revisited the neurology departments of four Grade 
A tertiary hospitals in Shanghai using the convenience sampling approach. Various statistical methods, such as item 
analysis, correlation analysis, exploratory factor analysis, confirmatory factor analysis, and the internal consistency 
measure Cronbach’s α coefficient, were employed to assess the reliability and validity of the questionnaire.

Results A total of 290 questionnaires were collected; the Cronbach’s α coefficients were 0.936, 0.862, 0.916, and 0.928 
for the different sections, and the overall Cronbach’s α coefficient for the entire scale was 0.902. The results of the con-
firmatory factor analysis were CMIN/DF = 2.490, RMR = 0.05, GFI = 0.901, NFI = 0.927, IFI = 0.955, and RMSEA = 0.054. The 
standardized loading values varied between 0.717 and 0.916. The combined reliabilities of the four dimensions were 
0.936, 0.864, 0.917, and 0.929, respectively. The average variance extraction values for the four dimensions are 0.676, 
0.614, 0.611, and 0.652, respectively.

Conclusion The OHAQ-SP is a reliable and accurate instrument for evaluating medication use, nutritional status, 
and behavior throughout the out-of-hospital rehabilitation phase.
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Introduction
Stroke is a prevalent and severe neurological disorder. 
According to a report published by the World Health 
Organization in 2021, approximately 130 million indi-
viduals experience a stroke annually, leading to over 
116,000 fatalities each year [1]. It ranks as the third 
leading cause of disability-adjusted life years globally, 
thereby imposing a substantial burden on healthcare 
systems [2]. Approximately 35% of stroke survivors do 
not achieve complete recovery, and 20% to 25% of these 
persons necessitate substantial support for mobility 
[3,  4,  5,  6]. Consequently, stroke patients require pro-
longed rehabilitation and care during the stable phase 
of their disease.

The Chinese Guidelines for Stroke Prevention and Con-
trol (2021 edition) outline a comprehensive framework 
for implementing standardized measures for primary 
and secondary prevention [5]. The guidelines underscore 
the significance of enhancing patient adherence through 
health promotion programs involving the patient’s family. 
Adherence, as defined by the World Health Organization 
(WHO), refers to the extent to which an individual fol-
lows medical recommendations provided by healthcare 
professionals regarding diet, medication, and lifestyle 
changes [7]. Poor adherence is often linked to various 
factors including socioeconomic, treatment-related, indi-
vidual patient-related, environmental, and healthcare 
system-related issues [8, 9]. Furthermore, multiple stud-
ies have demonstrated a clear and significant correlation 
between adherence and prognosis in stroke survivors 
[10, 11]. Therefore, it is essential to promptly and accu-
rately assess the adherence of patients with stroke during 
the rehabilitation phase.

Numerous methodologies exist for assessing patient 
compliance, such as the universal compliance question-
naire, pharmaceutical compliance questionnaire, and 
functional exercise compliance questionnaire, among 
others [12,  13]. The more renowned questionnaires 
include the General Adherence Scale (GAS) and the 
Morisky Self-Report Adherence Questionnaire (MAQ), 
which are frequently utilized to evaluate the adherence of 
stroke patients. The GAS comprises five items intended 
to evaluate overall adherence in individuals with chronic 
conditions over a four-week duration [14], demonstrating 
strong stability, internal consistency (α coefficient = 0.81), 
and reliability (0.4) [15]. The scale is extensively utilized 
globally [16,  17,  18,  19]. The MAQ, comprising four 
measures, evaluates individuals’ likelihood of discontinu-
ing medication under specific conditions and their abil-
ity to adhere to specified treatment regimens [19]. This 
scale is user friendly, making it accessible to patients with 
varying levels of literacy. Its applicability is also versatile, 
and it has demonstrated strong reliability and validity 

(Cronbach’s α = 0.76) when used among individuals with 
hypertension in China [20, 21, 22, 23].

At present, no approach exists specifically for evaluat-
ing adherence in stroke patients. In addition, the degree 
of recovery for stroke patients out of hospital is contin-
gent upon their dedication to rehabilitation exercises, 
adherence to an appropriate diet, and compliance with 
medication protocols. Consequently, it is inadequate to 
evaluate out-of-hospital adherence in stroke patients 
using a singular assessment criterion. This study aimed 
to assess the accuracy of a non-hospital adherence ques-
tionnaire designed for Chinese stroke patients. The capa-
bility to measure identical constructs as other recognized 
assessments was evaluated, and confirmatory factor anal-
ysis was employed to validate the questionnaire’s struc-
ture and accuracy.

Materials and methods
Study design and process
The questionnaire development process consisted of the 
following stages.

Establishment of a questionnaire development working 
group
The working group for this study included decision-mak-
ers, researchers, and nursing management staff from var-
ious institutions, including Fudan University, Shanghai 
Traditional Chinese Medicine University, and Shanghai 
University of Medicine and Health Science. In addition, 
experts from multiple disciplines, such as epidemiol-
ogy, evidence-based medicine, evidence-based social 
sciences, public health management, health policy, and 
health education, were recruited to ensure that a wide 
range of perspectives was represented during the devel-
opment of the questionnaire.

Conceptual framework and main concepts
The prevailing concept of patient adherence refers to 
a patient’s adherence to prescribed behaviors, includ-
ing medication intake, food regulation, lifestyle adjust-
ments, and regular attendance at medical visits, thereby 
establishing a compliant rapport between the patient and 
healthcare provider.

The theory of planned behavior (TPB) is a theoreti-
cal framework that elucidates and forecasts individual 
behavior. The theoretical model exerts an impact on 
real behavior through behavioral attitudes, norms, and 
perceptions [23]. The idea of planned behavior has been 
widely used across various disciplines and has strong 
explanatory power. This study could offer a theoretical 
framework for administering an OHAQ-SP (Fig. 1).
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Determination of the content of the questionnaire items
This study relied on the definition of adherence, theory 
of planned behavior, Medication Adherence Self-effi-
cacy Scale [24], Chinese guidelines for stroke rehabili-
tation treatment, and Recommendations for Exercise 
for Stroke Patients issued by the American Heart and 
Stroke Association ( AHA) in 2014. Following the group 
discussion, a 28-item questionnaire was created to 
assess adherence in stroke patients. The questionnaire 
consisted of 8 items related to medication adherence, 
5 items related to self-monitoring adherence, 8 items 
related to rehabilitation adherence, and 7 items related 
to adherence to lifestyle and behavioral modifications.

Experts’ consultation
Experts from pertinent disciplines were invited to 
assess the initial version of the questionnaire in two 
rounds of consultation with the aim of enhancing its 
precision. In the initial phase, specialists were asked to 
evaluate the essentiality, significance, achievability, and 
comprehensibility of each element in the survey using 
a five-point Likert scale (1 = strongly disagree, 2 = disa-
gree, 3 = undecided, 4 = agree, and 5 = strongly agree). 
Additionally, they had the opportunity to offer recom-
mendations for altering particular elements or for the 
questionnaire as a whole. Items with mean scores of 
3.5 or higher and full score ratios of 0.2 or higher were 
retained, while items with lower scores were either 
adjusted or removed based on the findings of this 
round.

In the second round, experts were tasked with assess-
ing the pertinence of dimensions to subjects and things 
using a four-level Likert scale ( scores ranging from 1 
to 4 indicate varying degrees of irrelevance to high rel-
evance).The scale was adjusted for expert probabilistic 
consistency (Pc), and the validity of the questionnaire 
was evaluated using modified kappa statistics (K ∗). 
K ∗ value ranging from 0.60 to 0.74 were considered to 
indicate strong content validity. A K ∗ value over 0.74 
indicated exceptional validity [25, 26].

Validation
The validation study was conducted in Shanghai, China 
between April 1 and July 1, 2022. To achieve a heteroge-
neous sample, individuals were selected from multiple 
medical establishments, including the Shanghai Hos-
pital of Traditional Chinese Medicine, Yueyang Hos-
pital of Integrated Traditional Chinese and Western 
Medicine, Shanghai University of Traditional Chinese 
Medicine, Shuguang Hospital, Longhua Hospital, and 
Huashan Hospital Fudan University. Participants were 
recruited via convenience sampling, considering fac-
tors such as age, sex, and other relevant characteristics. 
First, the target sample size of 280 participants was deter-
mined, approximately ten times the number of question-
naire items. To compensate for potential omissions in 
interviews and unreliable surveys, the sample size was 
increased by 20%, yielding the desired sample size of 308 
participants. The inclusion criteria for patients were as 
follows: (1) history of transient ischemic attack (TIA) or 
stroke, (2)1 to 6 months post-illness and stable, (3) profi-
ciency in language and effective communication, and (4) 
willingness to participate in this research. The exclusion 
criteria for patients were as follows: (1) severe compli-
cations, cognitive impairment, or mental disorders; (2) 
visual or mental impairments that hindered their ability 
to complete the assessment; (3) employment in medical, 
nursing, or other healthcare-related fields; and (4) volun-
tary withdrawal from the study for any reason.

Survey methods and quality control
The six subject investigators were divided into three 
pairs and underwent relevant training in their respec-
tive areas of expertise. Before administering the 
survey, the goals and substances of the study were 
comprehensively elucidated to the participants. All 
participants provided written informed consent. After 
providing consent from the participants, the research-
ers proceeded to ask the questions individually, giving 
the participants the option to answer independently 
or provide verbal guidance to the researchers while 
recording their responses. Upon completion, all 

Fig. 1 Theoretical framework
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questionnaires were promptly collected and the data 
were input into the study database using MS Office 
Excel on the same day. The research group subse-
quently conducted a questionnaire validation on the 
day of data collection to identify and eliminate any 
replies that were deemed invalid or incomplete to 
ensure the general validity of the data.

Statistical analysis
The level of agreement across expert viewpoints was 
measured using the coefficient of variation (CV) and 
the Kendall harmonic coefficient (KW). The signifi-
cance of the Kendall harmonic coefficient was assessed 
using the χ2 test. The total Kendall coordination coef-
ficient had a significance level of P < 0.01, suggesting 
a strong level of coordination. The expert authority 
coefficient (Cr) was calculated as the average of the 
judgement basis coefficient (Ca) and the familiarity 
coefficient (Cs). The data obtained from the validation 
research were analyzed using the statistical software 
SPSS 26.0. Counts were represented by their frequency 
and percentage, whereas quantitative data were repre-
sented by the mean value plus or minus the standard 
deviation. Person correlation analysis, critical ratio, 
exploratory factor analysis, confirmatory factor analy-
sis, and Cronbach’s alpha coefficient were employed to 
evaluate content validity, internal consistency, and test 
reliability, respectively.

Ethics approval
The study was carried out in strict adherence to the 
principles of voluntariness, secrecy, and respect for 
human subjects, ensuring the protection of respond-
ents’ legitimate rights and interests. This trial was 
approved by the Institutional Ethics Committee of the 
Shanghai Municipal Hospital of TCM (IRB; reference 
number 2020SHL-KY-16; IRB at the Shanghai Munici-
pal Hospital of TCM Ethics Committee).

Results
Questionnaire development
A total of 2152 documents were obtained, and 763 docu-
ments were selected, including 345 in Chinese and 418 in 
English. The entry pool consists of 46 entries. Following 
group discussions and expert consultations, a thorough 
review resulted in manual removal of 18 duplicate and 
similar items. Consequently, an initial OHAQ-SP con-
sisting of 28 items was developed. This questionnaire 
included 8 items related to medication adherence(A), 5 
items related to self-monitoring adherence(B), 8 items 
related to rehabilitation adherence(C), and 7 items related 
to adherence to lifestyle behavior changes(D). Each ques-
tion was formatted as a single-choice one (Fig. 2).

Expert consultation and content validity
A total of 15 experts in related fields were consulted in 
the first round, including experts in health communica-
tion, behavioral science, public health policy, health pro-
motion, stroke disease prevention and control, health 
career management, basic medical education research, 
and nutrition and health. The average number of years of 
work experience 24.2 ± 6.89 (Table 1).

The Ca values in the two rounds of correspondence in 
this study were 0.85 and 0.87, respectively. The experts’ 
familiarity with the Cs values were 0.88 and 0.89, respec-
tively. The experts’ Cr values were 0.87 and 0.88, respec-
tively. All 15 experts were found to have high Cr values 
based on their self-identification. The Ca value ranged 
from 0.7 to 1.0, while the Cs value ranged from 0.8 1.0. 
The level of expert authority was deemed high.

KW values were calculated for each factor, yielding 
KW(A) = 0.344, KW(B) = 0.525, KW(C) = 0.299, and 
KW(D) = 0.282. The results were statistically significant 
(P < 0.01), indicating a high level of agreement among 
experts. The level of consensus among the expert view-
points was deemed satisfactory, as all the scores were 
less than 0.25. Furthermore, the questionnaire under-
went a second round of modifications in which expert 

Fig. 2 Procedure for developing the questionnaire items
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viewpoints were incorporated to make the necessary 
deletions.

The second round of the expert consultation form 
involved 27 items across four dimensions. The KW val-
ues for each dimension were as follows: KW(A) = 0.533, 
KW(B) = 0.573, KW(C) = 0.575, and KW(D) = 0.672 
(P < 0.05). One entry from the life behavior change adher-
ence dimension that did not match the criteria was ulti-
mately removed, resulting in 26 entries in the preliminary 
questionnaire (Table 2).

Validation of the questionnaire
Questionnaire population validation analysis
To refine the questionnaire, 20 stroke patients who 
underwent a follow-up assessment in the neurol-
ogy department of the previously mentioned hospital 
were randomly chosen for the preliminary survey. The 

questionnaire has a validity rating of 100%. A total of 12 
males and 8 females were included, and the mean age was 
61.38 ± 5.83  years. The questions were answered within 
approximately 7 min. The surveys have been revised and 
modified accordingly. The questionnaire consisted of 
26 items distributed across four dimensions, with eight, 
four, seven, and seven items.

A standardized questionnaire was used to assess 
patients with stroke who underwent a follow-up assess-
ment in the neurology department of the previously men-
tioned hospital. A total of 308 participants were included, 
290 of whom were considered legitimate. This resulted 
in a valid recovery rate of 94.16%. A total of 170 males 
and 120 females participated in this study. The mean age 
was 59.03 ± 6.11  years. The majority of the patients had 
literacy levels equivalent to elementary school or junior 
high school. Married patients constituted 89.66% of the 
total patient population. Patients’ medical expenses were 
predominantly reimbursed by China’s healthcare insur-
ance (Table 3).

Questionnaire discrimination and homogeneity analysis
The critical ratio t-test method was used, with the total 
score before and after 27% as the grouping standard. 
There were 51 people in the high-risk group and 49 
people in the low-risk group. Two independent sam-
ple t-tests were performed to determine whether there 
were significant differences between the high-risk group 
and the low-risk group. Typically, the disparity in scores 
between the two groups is not statistically significant, or 
the t-value falls below 3, which is the threshold for exclu-
sion. The results indicated that there were no statistically 
significant differences between the A3, A8, B1, and C5 
scores. Consequently, the research team opted to exclude 
A8 from the dataset while retaining the remaining three 
entries. All remaining entries had a t value greater than 
3, indicating that the questionnaire exhibited a high level 
of differentiation. All the Pearson correlation coefficients 

Table 1 Characteristics of the experts (n = 15)

Characteristic No. of experts Proportion(%)

Gender
 Male 2 13.3

 Female 13 86.7

Age

 26 ~ 30 1 6.7

 31 ~ 40 2 13.3

 41 ~ 50 9 60.0

 51 ~ 60 3 20.0

Education
 Bachelor’s degree and blow 10 66.7

 Master’s degree 1 6.7

 Doctorate degree 4 26.7

Professional title
 Senior 3 20.0

 Vice-senior 5 33.3

 Middle 7 46.7

 Primary 0

Table 2 The degree of coordination between the two rounds of expert opinions

Abbreviations: CV Coefficient of Variation, KW Kendall’s coefficient of concordance W

Round Dimensions Items Number of 
experts

CV KW χ2 P

Round 1 Medication Adherence 8 15 0.072 0.344 36.165  < 0.001

Self-monitoring Adherence 5 15 0.079 0.525 31.489  < 0.001

Rehabilitation Adherence 8 15 0.051 0.299 31.355  < 0.001

Life behaviors change Adherence 7 15 0.096 0.282 25.346  < 0.001

Round 2 Medication Adherence 8 15 0.078 0.533 48.000  < 0.001

Self-monitoring Adherence 4 15 0.054 0.573 34.370  < 0.001

Rehabilitation Adherence 7 15 0.094 0.575 51.745  < 0.001

Life behaviors change Adherence 8 15 0.077 0.672 70.583  < 0.001



Page 6 of 12Sun et al. BMC Neurology          (2024) 24:460 

for the total correlation question were above 0.4, suggest-
ing that each item had a high level of internal consistency 
and that the questionnaire demonstrated good homoge-
neity [27] (Table 4).

Questionnaire validity analysis
Exploratory factor analysis of the questionnaire yielded a 
KMO value of 0.923 and an approximate chi-square value 
of 8964.138, with a significance level of P < 0.001. These 
results indicate that the OHAQ-SP was successful after 
factor analysis and variable extraction. The questionnaire 
identified four factors that did not have multivariate load-
ing. The dimensions had high loadings on their respec-
tive factors, suggesting that the results of the exploratory 
factor analysis were consistent with the original design of 
the scale. This indicates that the questionnaire had good 
structural validity (Table 5).

Furthermore, the results of the factor analysis model 
validation for the questionnaire indicated that the CMIN/
DF value was 2.490, RMR was 0.05, GFI was 0.901, NFI 
was 0.927, and IFI was 0.955. All of these values met 

Table 3 General characteristics of stroke patients (n = 290)

Descriptions No. of 
respondents

Proportions (%)

Gender
 Male 170 58.6

 Female 120 41.4

Age
 < 50 35 12.1

 51 ~ 60 83 28.6

 61 ~ 69 132 45.5

 ≥ 70 40 13.8

Education
 illiteracy 16 5.5

 Elementary or middle school 117 40.3

 senior secondary 108 37.2

 University or above 49 16.9

Matrimonial
 married 260 89.7

 divorcee 16 5.5

 widowhood 5 1.7

 unmarried 9 3.1

Occupation
 incumbency 37 12.7

 unemployed 62 21.4

 retired 124 42.8

 others 67 23.1

Residency
 countryside 60 20.69

 towns 164 56.55

 municipalities 66 22.76

Combined chronic diseases
 one 147 50.7

 two 108 37.2

 three or above 35 12.1

First-ever stroke
 yes 124 42.8

 no 166 57.2

Type of medical insurance
 urban residents 133 45.9

 New Rural Cooperative Medical 
Care

89 30.7

 others 68 23.5

Residence
 solitary 101 34.8

 cohabitation 189 65.2

(fig.) Repercussions
 yes 95 32.8

 no 140 48.3

 yes, but recovered 55 19.0

Time of first onset
 < one month 94 32.4

 1–6 months 158 54.5

Table 3 (continued)

Descriptions No. of 
respondents

Proportions (%)

 > 6 months 38 13.1

Incomes
 < 1000 CNY 44 15.2

 1001–3000 CNY 78 26.9

 3001–6000 CNY 69 23.8

 6001–10000 CNY 53 18.3

 10,001–20000 CNY 32 11.0

 > 20,000 CNY 12 4.1

 don’t know 2 0.7

Table 4 Analysis of the total correlation of the questions

Item r P Item r P

A-1 0.622  < 0.001 C-3 0.488  < 0.001

A-2 0.585  < 0.001 C-4 0.451  < 0.001

A-3 0.568  < 0.001 C-5 0.583  < 0.001

A-4 0.611  < 0.001 C-6 0.457  < 0.001

A-5 0.580  < 0.001 C-7 0.438  < 0.001

A-6 0.682  < 0.001 D-1 0.282 0.003

A-7 0.626  < 0.001 D-2 0.275 0.004

B-1 0.512  < 0.001 D-3 0.455  < 0.001

B-2 0.580  < 0.001 D-4 0.402  < 0.001

B-3 0.639  < 0.001 D-5 0.34  < 0.001

B-4 0.569  < 0.001 D-6 0.486  < 0.001

C-1 0.504  < 0.001 D-7 0.572  < 0.001

C-2 0.433  < 0.001
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the criteria for an excellent model fit. Additionally, the 
RMSEA value was less than 0.08, which is considered a 
good standard for a model fit. These findings suggest that 
the factor analysis model used in this study is well suited. 
The questionnaire demonstrated strong aggregate valid-
ity, as indicated by standardized loading values ranging 
from 0.717 to 0.916 across the four dimensions (Table 6 
and Fig. 3).

Convergent validity measures the degree of agreement 
between the different aspects of the underlying variable. 
When examining the four dimensions, the standardized 
loadings for the measurement items varied from 0.717 

to 0.916, all of which were greater than 0.7. The com-
bined reliabilities of the four dimensions were 0.936, 
0.864, 0.917, and 0.929, all greater than 0.7. Addition-
ally, the average variance extracted (AVE) values for the 
four dimensions were 0.676, 0.614, 0.611, and 0.652, all 
of which exceeded 0.5. Hence, the overall reliability of the 
questionnaire was satisfactory (Table 7).

Discriminant validity analysis revealed that the bold 
numbers represent the square root of the mean variance 
recovered for each dimension, while the other numbers 
indicate the correlation coefficients between the differ-
ent dimensions. The square root of the mean variance 
extracted for all four dimensions exceeded the correla-
tion coefficient between dimensions. This suggested that 
there was a distinction between the four dimensions and 
that the scale demonstrated high discriminant validity 
(Table 8).

Questionnaire reliability analysis
The study revealed that the Cronbach’s alpha coeffi-
cients for dimensions A, B, C, and D were 0.936, 0.862, 
0.916, and 0.928, respectively. Cronbach’s alpha coeffi-
cient for the total scale was 0.902. Importantly, all Cron-
bach’s alpha coefficients exceeded the threshold of 0.7, 
indicating a high level of reliability for measuring stroke 
adherence. The formal questionnaire demonstrated a 
high internal consistency, reliability, and stability [28] 
(Table 9).

Instructions for utilizing the questionnaire
The stroke patient compliance questionnaire encom-
passes four dimensions: medication adherence, self-
monitoring adherence, rehabilitation adherence, and 
life behaviors change adherence, comprising a total of 
25 items. The Likert 5-point scale is employed, with 
"strongly disagree," "disagree," "neutral," "agree," and 
"strongly agree" receiving 1 to 5 points respectively, 
resulting in a cumulative score ranging from 25 to 125 
points.

Discussion
This study aims to create a dependable measurement 
instrument to assess the out-of-hospital compliance 
of stroke patients, grounded in the Theory of Harmed 

Table 5 Analysis of exploratory factor

Dimension Item Element

1 2 3 4

Medication Adherence A-1 0.883 0.041 0.020 0.225

A-2 0.827 0.049 0.044 0.208

A-3 0.796 −0.037 0.027 0.110

A-4 0.825 0.045 0.061 0.141

A-5 0.812 −0.008 0.044 0.141

A-6 0.830 −0.015 0.027 0.158

A-7 0.852 −0.025 0.070 0.160

Self-monitoring Adherence B-1 0.395 0.005 0.115 0.683
B-2 0.279 0.017 0.146 0.797
B-3 0.236 0.032 0.137 0.822
B-4 0.210 0.065 0.169 0.810

Rehabilitation Adherence C-1 0.025 0.122 0.748 0.196

C-2 0.017 0.114 0.751 0.141

C-3 0.028 0.161 0.798 0.088

C-4 0.056 0.150 0.804 0.109

C-5 0.043 0.198 0.818 0.053

C-6 0.054 0.211 0.814 0.053

C-7 0.086 0.158 0.816 0.010

Life behaviors change Adher-
ence

D-1 0.023 0.722 0.315 0.083

D-2 0.007 0.774 0.244 0.064

D-3 −0.007 0.828 0.162 0.006

D-4 0.012 0.837 0.155 0.018

D-5 −0.052 0.844 0.093 0.015

D-6 0.009 0.859 0.109 −0.033

D-7 0.050 0.865 0.110 0.021

Table 6 Analysis model of adaptation of validating factor

Abbreviations: CMIN/DF Chi-square of Minimum Discrepancy/Degree of Freedom, RMR Root of the Mean square Residual, GFI Goodness-of-Fit Index, CFI Comparative 
Fit Index, NFI Normed Fit Index, IFI Incremental Fit Index, RMSEA Root-Mean-Square Error of Approximation

Fit index CMIN/DF RMR GFI CFI NFI IFI RMSEA

Standard  < 3  < 0.05  > 0.9  > 0.9  > 0.9  > 0.9  < 0.05 excellent
 < 0.08 good

Results 2.490 0.05 0.901 0.955 0.927 0.955 0.054
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Behavior. OHAQ-SP encompasses four dimensions: 
medication adherence, self-monitoring, rehabilitation, 
and adjustments in daily life behavior. It may precisely 
and thoroughly evaluate the out-of-hospital adherence 

of stroke patients, hence assisting clinical personnel in 
performing focused evaluations of patients’ situations.

The scale was developed by a meticulous process. A 
thorough literature study of local and foreign studies 

Fig. 3 Verifying factor model



Page 9 of 12Sun et al. BMC Neurology          (2024) 24:460  

on stroke patient compliance was done to establish 
a preliminary item pool, subsequently enhanced by 
qualitative interview findings. The 15 polled experts 
were drawn from three provinces and cities in China, 

encompassing medical professionals, nurse administra-
tors, traditional Chinese medicine practitioners, and 
stroke nursing specialists, all of whom were region-
ally representative and authoritative in their respective 

Table 7 Analysis of aggregation validity

Abbreviations: AVE Average Variance Extracted

Item Non-Standardized Factor 
loading

Standardized Factor 
loading

Std. Error t Combinatorial 
reliability

AVE

Medication Adherence
 A-1 1 0.916 0.936 0.676

 A-2 0.884 0.853 0.031 28.507***

 A-3 0.802 0.746 0.037 21.810***

 A-4 0.850 0.790 0.035 24.252***

 A-5 0.830 0.782 0.035 23.768***

 A-6 0.863 0.811 0.034 25.587***

 A-7 0.926 0.847 0.033 28.066***

Self-monitoring Adherence
 B-1 1 0.737 0.864 0.614

 B-2 1.062 0.815 0.061 17.365***

 B-3 1.071 0.800 0.063 17.072***

 B-4 1.023 0.780 0.061 16.667***

Rehabilitation Adherence
 C-1 1 0.729 0.917 0.611

 C-2 1.024 0.717 0.065 15.852***

 C-3 1.125 0.782 0.065 17.347***

 C-4 1.155 0.795 0.065 17.644***

 C-5 1.105 0.818 0.061 18.191***

 C-6 1.181 0.824 0.065 18.313***

 C-7 1.124 0.801 0.063 17.790***

Life Behavior Change Adherence
 D-1 1 0.729 0.929 0.652

 D-2 1.046 0.767 0.061 17.170***

 D-3 1.051 0.815 0.057 18.311***

 D-4 1.090 0.828 0.059 18.622***

 D-5 1.118 0.811 0.061 18.212***

 D-6 1.139 0.840 0.060 18.915***

 D-7 1.157 0.854 0.060 19.235***

Table 8 Analysis of discriminant validity

* p < 0.05
** p < 0.01
*** p < 0.001

Dimensions Medication Adherence Self-monitoring 
Adherence

Rehabilitation Adherence Life behaviors 
change 
Adherence

Medication Adherence 0.822

Self-monitoring Adherence 0.563*** 0.784

Rehabilitation Adherence 0.133** 0.322*** 0.782

Life behaviors change Adherence 0.040 0.101* 0.410*** 0.807
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domains. Following the development of the scale, 20 
patients were chosen for a preliminary survey to guar-
antee a good level of readability. During the reliability 
testing phase of the scale, this study employed a sample 
size from several hospitals in Shanghai to validate the 
data’s legitimacy. Consequently, the scale can precisely 
evaluate the adherence of stroke patients in non-hospi-
tal settings and demonstrates good validity.

The content validity, structural validity, discrimi-
nant validity, and convergent validity of the valid-
ity scale constitute its overall validity. The critical 
ratio t-test t-values for the validity assessment in this 
study exceeded 3, and the Pearson correlation coeffi-
cients were all over 0.4. This indicates that the content 
and distribution of the scale are fairly rational. In the 
enrollment analysis, four methodologies—literature 
review, Delphi expert consultation, small sample pre-
experiment, and reliability and validity analysis—were 
employed for enrollment screening, thereby affirm-
ing the scale’s homogeneity. Exploratory factor analy-
sis was employed to ascertain the optimal structure of 
the scale, and the "question-by-question deletion pro-
cedure" was utilized to reduce the number of items. 
Ultimately, 25 items were preserved, and the shared 
components with eigenvalues over 1 were utilized as 
the four dimensions of the scale, accompanied with a 
KMO value of 0.923. Factor 1 pertains to medication 
adherence, factor 2 relates to self-monitoring adher-
ence, factor 3 concerns rehabilitation adherence, and 
factor 4 involves lifestyle behavior change adherence. 
The outcomes of the exploratory factor analysis align 
with the original structure of the questionnaire and 
affirm its robust structural validity. The standardized 
loading values between the dimensions and measure-
ment items of OHAQ-SP ranged from 0.717 to 0.916, 
all exceeding 0.7, signifying that the four dimensions of 
OHAQ-SP were appropriately grouped. A confirmatory 
factor analysis was performed on OHAQ-SP, yielding 
an RMSEA value below 0.08, which meets the criteria 
for a strong model fit. The Cronbach’s α coefficients 
for the questionnaire were 0.936, 0.862, 0.916, and 
0.928, respectively, while the overall scale’s Cronbach’s 

α coefficient was 0.902, demonstrating strong internal 
consistency reliability of the questionnaire.

Besides aspects like stroke type and the timing of reha-
bilitation initiation post-stroke, adherence levels can 
profoundly influence the overall rehabilitation outcomes 
for stroke patients [29]. The World Health Organiza-
tion defines adherence as the extent to which a patient’s 
actions align with the recommendations of a healthcare 
practitioner about personal conduct, drug usage, dietary 
adherence, or lifestyle modifications [30,  31]. Instead of 
concentrating on a singular facet of compliance in post-
stroke patients. Consequently, a thorough evaluation of 
stroke patients’ adherence is a crucial component of their 
rehabilitation. Currently, numerous approaches exist for 
evaluating patient compliance; however, most are not 
used to stroke patients, and certain questionnaires raise 
concerns regarding their reliability and validity [32,  33]. 
This study established the questionnaire’s dimensions 
by exploratory factor analysis and presented succinct 
and pertinent items that can effectively assess the out-
of-hospital compliance of stroke patients. The OHAQ-
SP developed in this study employs a scientific and 
rigorous methodology, emphasizes patients’ subjective 
experiences, contains the fewest items, offers the most 
comprehensive content, demonstrates excellent sensitiv-
ity and specificity, and possesses substantial practicality 
and therapeutic relevance. It assists medical personnel 
in accurately assessing the overall compliance of stroke 
patients during rehabilitation, facilitates self-evaluation 
for patients, and establishes a platform for future study.

Limitations of questionnaire development
A few limitations should be taken into consideration in 
interpreting the results of this study. The reliability and 
validity of the questionnaire were established using data 
from the Shanghai stroke population. Hence, the gener-
alizability of the results to the overall Chinese popula-
tion cannot be assured. Furthermore, the sample size of 
290 participants may be considered insufficient. How-
ever, employing a questionnaire to assess out-of-hos-
pital adherence in patients with stroke is currently the 
best approach. The research group intended to regularly 
revise the questionnaire at intervals of approximately 3–5 
to years. Additionally, we aimed to broaden the scope of 
the survey by including a larger sample size to enhance 
its rigor.

Conclusion
In conclusion, the OHAQ-SP is a reliable and accurate 
instrument for evaluating stroke patients in routine clini-
cal settings and in population-based research.

Table 9 Analysis of Cronbach’s alpha coefficient for four 
dimensions

Dimension Item Cronbach’s α

Medication Adherence 7 0.936

Self-monitoring Adherence 4 0.862

Rehabilitation Adherence 7 0.916

Life behaviors change Adherence 7 0.928

Population (statistics) 25 0.902
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