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Abstract

Background: Cardiovascular disease (CVD) is a leading global health issue with rising morbidity and mortality rates. Despite
medical progress, effective self-management remains a challenge due to limited health knowledge among patients. The
emergence of information technology offers new solutions for online self-management, but its success hinges on eHealth
literacy. The m-eHEALS aim to assess this literacy, yet they have limitations, particularly in comprehensiveness and application
to diverse populations.

Objective: To assess the m-eHEALS psychometric properties for CVD patients with Rasch analysis.

Methods: atients from neurology and cardiology departments in two Beijing hospitals were selected through continuous
inclusion from February 20 to May 4, 2023. The study involved m-eHEALS and demographic information to examine CVD
patients, focusing on unidimensionality, item fit, reliability, difficulty, item characteristic curve, and differential item functioning
(DIF) using Rasch analysis.

Results: The scale divided into three dimensions showed items in the self-perception dimension aligning well, but items N4, N5,
N6, N10, and N11 had poor fit. The person separation index was 4.02 (reliability = 0.94), and the item separation index was 8.96
(reliability = 0.99), with no ceiling or floor effect. DIF analysis revealed a 0.71 logit difference between genders for item N12.

Conclusions: The m-eHEALS has good psychometric properties in CVD patients, despite some items poorly matching subjects,
suggesting future refinements and focus on subgroup characteristics to enhance scale accuracy and applicability.
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Abstract

Background: Cardiovascular disease (CVD) is a leading global health issue with rising 

morbidity and mortality rates. Despite medical progress, effective self-management remains a 

challenge due to limited health knowledge among patients. The emergence of information 

technology offers new solutions for online self-management, but its success hinges on eHealth 

literacy. The m-eHEALS aim to assess this literacy, yet they have limitations, particularly in 

comprehensiveness and application to diverse populations. Objective: To assess the m-eHEALS

psychometric properties for CVD patients with Rasch analysis. Methods: Patients from 
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neurology and cardiology departments in two Beijing hospitals were selected through continuous

inclusion from February 20 to May 4, 2023. The study involved m-eHEALS and demographic 

information to examine CVD patients, focusing on unidimensionality, item fit, reliability, 

difficulty, item characteristic curve, and differential item functioning (DIF) using Rasch 

analysis. Results: The scale divided into three dimensions showed items in the self-perception 

dimension aligning well, but items N4, N5, N6, N10, and N11 had poor fit. The person 

separation index was 4.02 (reliability = 0.94), and the item separation index was 8.96 (reliability 

= 0.99), with no ceiling or floor effect. DIF analysis revealed a 0.71 logit difference between 

genders for item N12. Conclusion: The m-eHEALS has good psychometric properties in CVD 

patients, despite some items poorly matching subjects, suggesting future refinements and focus 

on subgroup characteristics to enhance scale accuracy and applicability.

Keywords: cardiovascular disease, eHealth literacy, m-eHEALS, Rasch analysis  

Background

Cardiovascular disease (CVD), encompassing a spectrum of heart and vascular conditions, is a 

leading cause of morbidity and mortality worldwide1,2. The global burden of CVD is significant, 

with prevalent cases increasing from 601 million in 2020 to 621 million in 2021, and deaths 

rising from 12.4 million in 1990 to 20.5 million in 20213. This trend underscores the critical 

challenge CVD presents, not only in specific countries but across diverse global populations, 

overshadowing other diseases in terms of both morbidity and mortality rates2. Despite advances 

in medical technology, CVD mortality rates continue to climb, placing a profound impact on 

individuals, families, and societies at large. The World Health Organization (WHO) has noted 

that effective reduction in CVD mortality rates is possible through proper self-management 

behaviors, such as lifestyle modifications, regulated medication use, and proactive risk factor 

management. However, a common barrier to effective self-management is a widespread lack of 
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disease-related health knowledge among patients, impeding their ability to adopt essential self-

management skills4.

The rapid development of information technology, including the Internet, big data, and artificial 

intelligence, has dramatically transformed healthcare delivery, enabling the widespread 

dissemination of health information online 5. Internet-based self-management has shown 

promise in managing disease symptoms, reducing healthcare costs, and enhancing quality of life

6,7. However, the effectiveness of disease self-management via the Internet is ultimately limited 

by the concept of eHealth literacy, which is defined as the ability to seek, find, understand, 

appraise, and apply health information from electronic sources to deal with health-related 

problems8. It plays a significant role in patient empowerment and health management. Nurses, 

who are often at the forefront of patient care, play a crucial role in improving eHealth literacy. 

Their support is essential for enabling patients to make informed decisions and actively engage 

in their healthcare routines.  Improving eHealth literacy in CVD patients is crucial for 

recognizing credible health information and making informed decisions. Studies have shown 

that enhancing eHealth literacy not only aids in self-management but also positively impacts 

treatment outcomes9. 

Some assessment tools have demonstrated effectiveness in assessing the eHealth literacy levels 

among diverse populations10. The eHealth Literacy Scale (eHEALS) is currently the most 

commonly used general assessment tool11, with multiple language versions including Chinese12, 

Korean13, etc. However, the eHEALS has some limitations in its application, exhibiting 

variability in its structural dimensions, ranging from unidimensional to three-dimensional forms,

in different studies14. Criticism has also emerged regarding its comprehensiveness, particularly 

in addressing the dynamic and social dimensions of eHealth15, and its lack of attention to social 

media competencies16. To address these limitations, a mobile version of eHEALS (m-eHEALS) 

was developed, leveraging the ubiquity of mobile internet to assess eHealth literacy more 
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effectively 17; 10. While m-eHEALS has been primarily evaluated among younger demographics, 

its broader applicability, particularly among CVD patients, warrants further empirical research.

The evaluation of scales is typically based on classic test theory (CTT) and item response theory 

(IRT). While CTT has been a traditional approach, it often assumes a linear relationship between

variables and factors. However, this assumption is not always valid for every scale, including the

m-eHEALS18. Moreover, the application of CTT to non-interval data, such as that derived from 

Likert scales, presents challenges without appropriate data transformation19. Therefore, there is a

growing emphasis on employing more nuanced psychometric methods that transcend the 

limitations of CTT. This includes the implementation of Rasch analysis, a modern IRT approach

known for enhancing the precision and effectiveness of scale evaluations18-20. Rasch analysis is 

particularly advantageous as it provides insights into the difficulty, discrimination, and overall 

fit of each item within the scale, thereby ensuring its relevance and applicability to specific 

populations21.

Therefore, the study aims to validate the applicability of m-eHEALS among patients with CVD 

using Rasch analysis. We focus on a rigorous exploration of the scale's item fit, thereby 

enhancing our understanding of its effectiveness in assessing eHealth literacy among these 

patients.

Methods

Study Design and Participants

This study employed a consecutive inclusion approach to select patients from the neurology and 

cardiology departments of two general hospitals, from February 20 to May 4, 2023. Participants 

were diagnosed with at least one of the following diseases: ischemic heart disease (ICD-10 code:

I 20-I 25), cerebrovascular disease (I 60-I 69), or hypertensive disease (I 10 -I 15). Diagnostic 

criteria were aligned with the latest clinical guidelines, including the ESC's recommendations for
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stable coronary artery disease, the WHO's guidelines for cerebrovascular diseases, the ISH's 

hypertension management guidelines, and the AHA/ASA's stroke prevention and treatment 

guidelines, thus ensuring a standardized and evidence-based approach in our study. The 

inclusion criteria for the study were as follows: (1) patients possessing some level of 

comprehension, writing, or verbal ability; and (2) their informed consent and voluntary 

agreement to participate in the study. The exclusion criteria included: (1) individuals with 

mental illness, cognitive impairment, or intellectual disability confirmed by clinical records; (2) 

individuals in a coma or acute/critical illness stage indicated by clinical symptoms and vital 

signs; and (3) individuals with life-threatening diseases like cancer or severe organ failure 

documented in medical records. This research was approved by XXX university’s Institutional 

Review Board (Approval No. 2015SY45).

Instrument

m-eHEALS was the primary instrument used in this study. This scale comprises three 

dimensions, including 12 items. Each item is scored on a 5-point Likert scale, ranging from 

"strongly disagree" (1 point) to "strongly agree" (5 points). The total score range is from 12 to 60

points, with higher scores indicating greater eHealth literacy. Specifically, the scale's dimensions

are as follows: the self-perception dimension (items 1-3), the information access dimension 

(items 4-8), and the interaction judgement dimension (items 9-12). The overall Cronbach's alpha

coefficient for the scale in our study was 0.91.

Participants, after providing informed consent, were requested to complete the m-eHEALS 

questionnaire. In addition to the scale, basic demographic information such as age, gender, 

educational background, individual monthly income, and course of CVD was also collected. 

Statistical Analysis

Data entry, dataset management, and descriptive statistical analyses were conducted using the 

Statistical Package for Social Sciences (SPSS Inc Chicago, Illinois, Version 26). Categorical 
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variables were described with frequency or percentage, while continuous variables were 

described with mean or median. To ensure accuracy, two authors(XXX and XX)  independently 

aggregated and cross-checked the data. 

Rasch analysis was conducted using Winsteps software (Version 3.72.3). The dimensionality 

was evaluated using Principal Component Analysis (PCA), which focuses on how well the 

observed variance matches the expected model variance. Analysing the first component's 

residual eigenvalue was part of this. The eigenvalue ranging from 1.40 to 2.10 is commonly seen

as a sign of unidimensionality, implying that a single factor can provide sufficient explanation 

for the data. Infit and Outfit Mean Square (MNSQ) statistics were used to assess the item and 

individual's fit; acceptable limits for both were 0.5 to 1.5. Reliability was assessed through 

indices like the person separation index and person reliability, with acceptable levels set at 1.5 

and 0.7, respectively. A person-item map was used to illustrate the hierarchy of item complexity 

and its alignment with individual abilities. Additionally, the Item Characteristic Curve (ICC) 

was utilized to analyze the relationship between item difficulty and subject ability. Differential 

Item Functioning (DIF) was investigated in gender-based subgroups, with significant DIF 

identified by a contrast exceeding 0.5 logits.

Results

Participants

The study included 302 CVD participants (Table 1). The average age of the participants was 

59.3 years (SD = 11.4), with a predominance of male participants (65.9%) and a high proportion 

of married individuals (85.8%). A significant majority (66.9%) had attained senior high school 

education or less. Notably, 30.1% of the participants had been diagnosed with CVD for less than

one year.

Table 1 Participants’socio-demographic characteristics (n = 

302)
Category Mean±SD / Percentage
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Age (years) 59.3±11.4

Gender
Male 65.9%
Female 34.1%

Marital status
Single 2.0%
Married 85.8%
Divorced 2.3%
Widower 9.9%

Education background
Primary school or below 15.2%
Junior high school 24.2%
Senior high school 27.5%
Junior college 15.6%
Bachelor's degree or above 17.5%

Individual monthly income (yuan)
< 2000 20.9%
2000 - 4999 28.8%
5000 - 7999 23.8%
≥8000 26.5%

Course of CVD
< 1 year 30.1%
1 - 5 years 21.9%
6 - 10 years 15.2%
11 - 20 years 18.9%
> 20 years 13.9%

Rasch analysis

Dimensionality

 According to the results of PCA, the total explained variance of m-eHEALS is >50.0%, but the 

first component residual eigenvalue is >2.10, suggesting that the dimensions can be subdivided. 

In Table 2, each dimension was analyzed as a subscale and compared with the overall effect. It 

was found that the unidimensionality of each dimension was slightly better than the total scale. 

The eigenvalue of the Interactive judgment dimension was close to 2.10. It was within the 

acceptable range due to a certain degree of subjectivity in the dimensions.

Table 2 Unidimensionality test of the m-eHEALS scale
model explained (%) first contrast eigenvalues

Summary scale 70.5 3.1
Self-perception dimension 73.1 1.7
Information access dimension 71.8 1.9
Interactive judgment dimension 72.3 2.4

Item fit 
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Infit and Outfit MNSQ values suggested optimal model fit for all items in the self-perception 

dimension (Table 3). 

Table 3  Item fit statistics for the Self-perception dimension from the Rasch Analysis (n=302)

Self-perception dimension
Infit Statistics Outfit Statistics
MNSQ ZSTD MNSQ ZSTD

N1 The Internet has been beneficial for me in accessing health 

resources

1.18 1.9 1.15 1.3

N2 I know how to use the internet to answer my health 

questions

0.87 -1.3 0.90 -0.9

N3 I am confident in applying Internet information to make 

relevant decisions

0.77 -2.8 0.79 -2.2

Mean 0.94 -0.7 0.95 -0.6
SD 0.17 2.0 0.15 1.4

In the Information Access dimension, N4 exhibited an Infit MNSQ above 1.5, indicating a misfit

to the model. N5 showed an outfit MNSQ below 0.5 but an acceptable infit MNSQ. The infit 

and outfit MNSQ values of item N6 were below 0.5, indicating a narrow response range (Table 

4).

Table 4  Item fit statistics for the Information access dimension from the Rasch Analysis (n=302)

Information access dimension
Infit Statistics Outfit Statistics
MNSQ ZSTD MNSQ ZSTD

N4 I know how to go online to find useful information about health 

resources

1.52 4.8 1.19 1.1

N5 I know where to get useful health resource information from the 

internet

0.58 -4.5 0.44 -4.0

N6 In addition to computers, I am skilled at using web-enabled 

mobile devices (e.g., cell phones) to access health information

0.49 -6.2 0.40 -4.2

N7 I can use the internet to learn about health-related issues actively 1.40 4.0 1.27 1.8

N8 I will carefully consider whether even credible, high-quality 

health information applies to my particular situation

0.87 -1.2 0.73 -1.6

Mean 0.97 -0.6 0.81 -1.4
SD 0.42 4.4 0.36 2.5

 In the interactive judging dimension, both item N10, with an infit MNSQ exceeding 1.5, and 

item N11, with an outfit MNSQ below 0.5, deviated from model expectations (Table 5). Overall,

the mean Infit and Outfit MNSQ values (0.98 and 0.97, respectively) suggested a generally well-

fitting scale.
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Table 5  Item fit statistics for the Interactive judgment dimension from the Rasch Analysis (n=302)

Interactive judgment dimension 
Infit Statistics Outfit Statistics
MNSQ ZSTD MNSQ ZSTD

N9 I will provide my doctor with the information needed for diagnosis 

(e.g., description of my condition, past medical history, physiologic 

data, etc.) clearly and completely on the Internet

1.25 2.5 1.10 0.8

N10 I will follow or participate in a health-related forum, QQ group, or 

WeChat group

1.55 5.3 1.35 2.8

N11 I can distinguish between high-quality and low-quality health 

resource information on the internet

0.50 -6.7 0.45 -5.4

N12 I have the skills to evaluate good and bad information on health 

resources on the internet

0.57 -5.5 0.54 -4.4

Mean 0.97 -1.1 0.86 -1.5

SD 0.45 5.1 0.38 3.4

Reliability 

The scale demonstrated excellent reliability, with a person separation index of 4.02 and a person 

reliability of 0.94, indicating effective differentiation between individuals' eHealth literacy 

levels. The item reliability index was high at 8.96 with a reliability of 0.99, suggesting consistent

item difficulty across the scale. Dimension-specific analyses further supported the scale's 

construct validity by demonstrating good reliability across all dimensions. Specifically, the self-

perception dimension showed a person separation index of 2.18 and a reliability of 0.83, while 

the information access dimension scored 2.56 and 0.88, respectively. Similarly, the interaction 

judgement dimension achieved a person separation index of 2.66 and a reliability of 0.88. 

Item difficulty (hierarchy) 

The person-item map (Fig. 1) illustrates the alignment between person ability and item 

difficulty. Easier items, such as N5 and N8, corresponded to lower ability levels, whereas more 

challenging items, like item 10, aligned with higher abilities. The items are spread across the 

continuum, despite some gaps in the scale, as seen in the person-item map. However, the 

distribution span of subjects was larger than that of the items, with the latter clustering mostly in 

the middle, leaving neither high- nor low-ability individuals with matching items.
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Fig. 1 Person-Item Map of the 12 m-eHEALS scale items in the Rasch Analysis (n = 302). Note: Each “#” =3 

persons and each “.” =1 to 2 persons; M = Mean persons’ ability or mean items’ difficulty; S = one standard 

deviation; T = two standard deviations. The vertical line is a continuum representing the measures of persons’ 

ability (left side) and items’ difficulty (right side), plotted in logit units. The person’s ability and items’ 

difficulty increase from the bottom to the top.

Item characteristic curve (ICC)

The ICCs (Fig. 2) showed that N2, N3, N6, N7, and N9 closely aligned with expected curves, 
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indicating well-calibrated difficulty and discrimination. While some items deviated from their 

expected ICCs, these variations were within acceptable limits, affirming the scale's overall 

adequate performance in measuring a range of eHealth literacy abilities.

Fig. 2 

Item characteristic curve of the 12 m-eHEALS scale items in the Rasch Analysis (n = 302). The red curve 

(Fig. 2) is the ICC expected by Rasch's model, the blue line is the ICC of the actual measurement, and "X" is 

the average of the measurements and scores of the observations in the interval; when the "X" on the blue line 

is at or very close to the red line, it indicates a good fit between the measurement and the model. The green 

and gray lines are two-sided 95% confidence intervals with a standard deviation of 1.96 from the red line in 

the vertical direction.

Differential item functioning (DIF)

DIF analysis revealed a significant gender-related discrepancy for N12, showing a difference of 

-0.71 logits, which suggests that women found this item more challenging than men.
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 Discussion

This study represents a novel application of Rasch analysis in assessing the m-eHEALS among 

patients with CVD. Through our rigorous evaluation of the scale, we have not only verified its 

overall efficacy in measuring the subtle differences in eHealth literacy but also identified key 

areas requiring refinement. Particularly notable is the identification of distinct dimensions within

the scale that better align with the unique informational and digital interaction needs of the 

patient group. Our findings also reveal specific items that may require adjustment to enhance the

scale's precision and relevance, thereby advancing the utility of m-eHEALS in clinical settings. 

This comprehensive evaluation significantly contributes to the evolving landscape of eHealth 

literacy assessment, emphasising the need for targeted and reliable tools for managing CVD in 

the digital era.

The dimensionality analysis revealed potential multidimensionality in the m-eHEALS, 

particularly highlighted by the first component's residual eigenvalue exceeding 2.10. This 

finding suggests that m-eHEALS may be measuring multiple aspects of eHealth literacy, 

consistent with previous studies highlighting its multidimensionality17. 

Most items showed a good fit to the Rasch model in the item fit analysis. This indicates that m-

eHEALS items are generally appropriate for measuring eHealth literacy in the CVD population. 

All items of the self-perception dimension fit well with the model expectations, indicating that 

most CVD patients found the Internet to be very helpful in accessing health resources (N1). That

may be attributed to the convenience and abundance of the Internet, which facilitates access to 

health information and the shaping of health behaviours22,23. Additionally, N2 and N3 further 

support the subjects' confidence and ability to use the Internet to inquire about health questions 

and search for online information. However, in information access, the Infit MNSQ value of N4 

was greater than 1.5, indicating a possible mismatch between individuals' actual ability to 

retrieve online resources and their own perception of this ability. Additionally, the Outfit MNSQ
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value for N5 was less than 0.5, suggesting the existence of a distinct subgroup among CVD 

patients who perceive or behave uniquely towards online health resources. For N6, both the Infit 

and Outfit MNSQ values were less than 0.5. This could be attributed to the widespread 

popularity of smartphones24, which may result in the item not effectively distinguishing between 

subjects with different levels of proficiency. 

In the dimension of interaction judgement, the Infit MNSQ value of N10 is greater than 1.5. 

Although individuals may believe they would become engaged in a health-related online 

community, their actual behaviour may differ. This difference could be influenced by several 

factors, such as the level of participation in the online community, the level of interactivity, and 

the barriers to participation that individuals face. The Outfit MNSQ value of N11 is less than 

0.5. This could be because some individuals struggle to evaluate the quality of online 

information or because their actual behaviour does not align with their self-assessment. Due to 

the limited number of items included in each dimension, the statistical results could be more 

unpredictable, leading to notable variations in MNSQ values for some items. However, when all 

the items were analysed collectively, the stability of the statistical results improved significantly 

due to the expanded data. As a result, only some items that deviated significantly from the model

expectations (specifically, N1 and N4) showed distinct variations in their MNSQ values. N1 and 

N4 are used to evaluate patients' capacity to collect and utilise online health resources 

effectively. Any observed bias may be closely linked to several factors, such as patients' current 

health status, proficiency in using the Internet, and information filtering ability23. This finding 

emphasises the complexity of applying scales and highlights the need for a deeper understanding

of these fitting issues.

The scale's high-reliability indicators are commendable at both the person and item levels. 

Consequently, eHEALS can effectively differentiate between individuals with varying levels of 

eHealth literacy, and the difficulty levels remain consistent across all items. Reliability analysis 
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confirmed that the scale showed good overall stability and internal consistency. Item analysis 

further indicated that the scale had a moderately difficult distribution. However, the range of 

abilities among subjects is wider than the range of item difficulties, indicating a shortage of 

items designed for both over- and under-rationalizers. 

The ICC curves revealed that only the actual ICC curves of a few items aligned with the 

expected patterns. For individuals with different ability levels, certain items may require 

adjustments or refinements to better align with the expectation. The DIF analyses revealed a 

significant gender disparity. Specifically, there was a notable difficulty gap between men and 

women for N12, with female subjects experiencing a higher difficulty level than males by 0.71 

logit units. According to previous studies, gender was not an influential factor in eHealth 

literacy25,26. This discrepancy may stem from various factors such as sample characteristics, 

differences in the measurement tool, cultural influences, and methodological variations. 

However, this observed gender difference highlights the importance of considering gender in 

such assessments and should be taken into account in their future applications.

There are limitations to this study. The limited generalizability of the findings to other 

populations may be attributed to the unique demographic and clinical characteristics of our 

sample. Furthermore, the existence of multidimensionality and item misfits indicates that the m-

eHEALS has to be further refined. Expanding the scale to properly capture the entire range of 

eHealth literacy skills should be the main focus of future studies, especially for patients at the 

extremes of the health literacy continuum. To improve the scale’s inclusion and equity, it is also 

crucial to look into the causes of the gender-related DIF in N12.

Conclusion

In conclusion, this study highlights areas for improvement while offering important evidence in 

favour of the validity and reliability of the m-eHEALS among people with CVD. By refining m-
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eHEALS to better meet the eHealth literacy needs of CVD patients, healthcare providers can 

enhance their assessment and delivery of patient-centred care in the digital age. These initiatives 

will eventually result in focused and more effective healthcare services for this significant 

population.
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Figure legends:

Figure 1. Person-Item Map of the 12 m-eHEALS scale items in the Rasch Analysis

Figure 2. Item characteristic curve of the 12 m-eHEALS scale items in the Rasch Analysis
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