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Abstract

Background Health activation is an individual's knowledge, skills, and confidence in managing personal health and
healthcare. The Consumer Health Activation Index (CHAI) is a freely available, 10-item measure originally developed in
the United States. This study aimed to validate CHAl among community-dwelling adults in Singapore, examining its
content validity, construct validity and test-retest reliability.

Methods The study was conducted in two phases. In Phase 1, cognitive interviews with nine population health
experts and eleven lay participants assessed face and content validity. In Phase 2, a cross-sectional survey of

572 adults, recruited via quota sampling aligned with national census distributions, was conducted. Participants
completed the CHAI, EQ-5D-5L, EQ-VAS, and the Internal subscale of the Multidimensional Health Locus of Control
(MHLC). Exploratory factor analysis (EFA) with principal axis factoring and varimax rotation, along with Cronbach’s
alpha, assessed structural validity and internal consistency respectively. Test-retest reliability was evaluated in a
subsample of 32 participants, of whom 21 reported stable health status at follow-up.

Results Content validity was acceptable, with a Scale-Level Content Validity Index (5-CVI) of 0.86, although minor
wording issues were noted for CHAl items 5, 6, and 10. EFA supported a unidimensional structure, and the CHAI
demonstrated strong internal consistency (a=0.85). CHAI scores showed moderate positive correlations with the
MHLC internal subscale (Pearson’s r=0.449) and weak to moderate positive correlations with EQ-5D-5 L and EQ-VAS,
(r=0.171-0.344). Known-group validity was supported by significantly higher CHAI scores among individuals with
chronic diseases (p=0.017). Test-retest reliability was good (ICC=0.802, 95% CI=0.544-0.911).

Conclusion In summary, the CHAI is a reliable and valid measure of health activation for community-dwelling adults
in Singapore. While overall psychometric performance was robust, minor refinements in phrasing may improve
language clarity and cultural applicability. Longitudinal research is recommended to further establish CHAI's utility in
both clinical and community local settings.
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Introduction

Health activation, also referred to as patient activa-
tion, can be broadly defined as “an individual’s knowl-
edge, skills and confidence in managing their health and
health care’; and it has been shown to have a stronger
association with health outcomes than traditional socio-
demographic variables [1, 2]. It is closely related to—but
distinct from—health literacy or health engagement [1,
2], as it focuses specifically on the internal capacity and
behavioral inclination to manage one’s own health and
healthcare. Unlike passive health behaviors, health acti-
vation implies a proactive stance, where individuals not
only understand health information but also apply it
meaningfully in everyday decisions. In general, higher
activation is thought to be associated with increased
participation in preventive health strategies, including
screenings, immunizations and health-promoting behav-
iors such as physical activity and dietary improvements
[3—6]. Understanding differences in activation levels
and optimizing them through interventions could thus
improve long-term health outcomes.

Patient activation has gained traction as a cornerstone
of chronic illness management, reflecting a shift towards
patient-centered care models that emphasize self-man-
agement. The Chronic Care Model (CCM) underscores
the importance of patient activation in enhancing self-
care and improving health outcomes [7]. The most widely
used measure of patient activation is the Patient Activa-
tion Measure (PAM), developed by Hibbard et al. in 2004
[8]. It conceptualizes activation as a progressive develop-
ment of knowledge, confidence, and self-management
skills. PAM is a unidimensional scale that categorizes
individuals into four levels (based on scoring cut-offs),
from disengagement to proactive health management [8].
Although extensively validated across different popula-
tions, its proprietary nature, cost and complexity limit
its applicability, particularly in populations with varying
health literacy levels [9]. Moreover, a previous valida-
tion study of the PAM among a sample of 270 Singapor-
ean adults with cardiac conditions found mixed evidence
supporting its use [10].

An alternative to the PAM is the Consumer Health
Activation Index (CHAI), developed by Wolf et al. [11].
Originating from the United States (US) and first pub-
lished in 2018, the CHAI was developed by Wolf et al.
[11] using an iterative, theory-informed process involv-
ing literature review, expert consultation, cognitive inter-
views and psychometric testing among a diverse sample
of adults. Five conceptual domains guided item genera-
tion: knowledge, beliefs, self-efficacy, locus of control and

actions. Exploratory factor analysis (EFA) supported a
unidimensional 10-item structure, with a sixth-grade
reading level to enhance usability across populations
[11]. The CHAI demonstrated good internal consistency
(a=0.81) and moderate test-retest reliability (ICC =0.53).
Its scores were moderately correlated with related con-
structs such as internal locus of control and conscien-
tiousness, and were predictive of physical functioning
and mental health outcomes.

Importantly, the CHAI is freely available, in contrast
to the proprietary PAM, making it a pragmatic option
for both clinical and research applications. Moreover,
the CHAI was designed for adults with varying levels of
health literacy across different healthcare settings and
has been applied in various health contexts, including
treatment adherence, pandemic preparedness, vaccine
trust and telehealth satisfaction [12—16]. A previous vali-
dation study was done in South Australia [17], and given
its emphasis on key health activation domains (beliefs,
knowledge, locus of control, self-efficacy and actions),
CHALI presents an opportunity for use as a comprehen-
sive, yet free-to-use and accessible health activation mea-
sure in Singapore.

Singapore is experiencing rapid population ageing,
with one in four citizens projected to be aged 65 years
and older by 2030 [18]. This demographic shift has led to
a higher prevalence of chronic disease, accompanied by
increased healthcare utilization. In response, a nation-
wide population health initiative (termed Healthier SG)
was launched in July 2023 to promote upstream care by
prioritizing preventive health strategies that integrate
social and healthcare services, while emphasizing the role
of family physicians in chronic disease management [19].
A key component of this strategy is to encourage indi-
viduals to take greater ownership of their health through
lifestyle modifications and preventive health measures. In
this context, measuring health activation could serve as a
valuable tool for quantifying effects, population segmen-
tation and, if measured longitudinally, could provide an
indicator for self-management capacity over time.

This study therefore aimed to validate the CHAI among
community-dwelling individuals in Singapore to ensure
that the tool accurately captures the unique cultural,
social, and linguistic nuances of the population. Con-
ducted in two phases, we first assessed its content valid-
ity through cognitive interviews, followed by evaluating
its structural validity, construct validity (with the Multi-
dimensional Health Locus of Control (MHLC) internal
locus subscale [20]), and test-retest.
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Methods

Design and setting

This mixed-methods study was conducted at two large
public primary care clinics, also known as polyclin-
ics, under National University Polyclinics (NUP) in the
western region of Singapore between October 2024 and
December 2024. NUP oversees seven polyclinics which
serve approximately one-third of the public primary care
population in the country. Ethical approval for the study
and all related activities was obtained from the Depart-
ment Ethics Review Committee, National University of
Singapore (approval number SSHSPH-269).

This study adhered to the Consensus-Based Standards
for the Selection of Health Measurement Instruments
(COSMIN) guidelines [21] and was conducted in two
phases.

Phase one: content validation of CHAI

Phase one involved 20 in-depth interviews to explore
the concepts and content of CHAI specifically with nine
population health experts and 11 lay participants. The
population health experts had at least five years of expe-
rience in health systems, community health, or health
policy or health services research, and were currently
employed in an academic, health care, or government
position with responsibilities related to health systems or
population health at the point of interview. All individu-
als who were older than 21 years, English-speaking and
able to provide informed consent, were eligible to partici-
pate in the patient interviews. Participants were recruited
using convenience and snowball sampling within the
polyclinics. Semi-structured, in-depth interviews last-
ing between 20 and 60 min were conducted one-to-one,
either in person or privately via Zoom, by trained person-
nel using a topic guide and handwritten field notes.

The interviews commenced with cognitive interview-
ing, following a four-step cognitive processing model:
understanding the question, retrieving relevant informa-
tion, preparing a response, and refining the answer. Par-
ticipants first completed the CHAI before sharing their
overall impressions of the questionnaire, including its
wording, order, format, clarity, applicability and com-
prehensiveness in assessing health activation. They also
identified any missing dimensions and proposed modi-
fications in their own words. Following this, only the
experts were asked to rate the relevance of each CHAI
item, and the content validity index (CVI) was calculated
[22].

Data analysis

All interviews were audio-recorded, transcribed ver-
batim and analyzed using thematic analysis to identify
key themes related to the clarity, applicability and com-
prehensiveness of CHAI Two independent researchers
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coded the transcripts, and discrepancies were resolved
through discussion. Thematic saturation was achieved
when no new insights emerged from additional inter-
views. For cognitive interviewing, participants’ feedback
on item wording, ordering, and response format was cat-
egorized based on common concerns and suggestions.
For content validity, ratings provided by the expert panel
were used to calculate the CVI at both the item level
(I-CVI) and scale level (S-CVI). An I-CVI of >0.78 and
an S-CVI of >0.90 were considered acceptable indicators
of content validity [22].

Phase two: psychometric validation of CHAI

Phase two involved a cross-sectional survey in which
consenting patients were interviewed face-to-face
using the paper-and-pencil method before or after
their routine consultation. A trained research assistant
administered the survey in English. To ensure the gen-
eralizability of findings, a non-probability quota-based
sampling approach was employed, aligning participant
demographics with the Singapore 2024 population esti-
mate, particularly in terms of age, sex, and ethnicity
[23]. This approach enhances the applicability of CHAI
across diverse population subgroups. Participants were
recruited from public primary care clinics and were
eligible if they were aged 21 and above, able to provide
informed consent, and had no cognitive impairments
that could affect questionnaire completion.

All interviews were conducted in two parts. The first
part was a baseline survey in which patients completed
a paper-based, self-administered questionnaire cov-
ering (1) socio-demographic and clinical characteris-
tics, including age, gender, ethnicity, housing, income,
education, height, weight, perceived health status and
chronic conditions; (2) CHAIL (3) EQ-5D-5L; and (4)
the MHLC. The second part was a retest survey via tele-
phone interview, conducted 1-2 weeks after the baseline
survey. During the retest, respondents were asked for
their consent to participate in a follow-up assessment
to evaluate the test-retest reliability of CHAIL To mini-
mize participant burden, the follow-up survey included
only CHAI and 36-Item Short Form Survey (SF-36) Item
1. The SF-36 Item 1 was used to assess current health
status, with respondents rating their health as “Excel-
lent, Very good, Good, Fair, or Poor” To identify the
stable health status group, we calculated the difference
in scores by subtracting the follow-up response from the
baseline response. Participants whose ratings remained
unchanged between the two time-points were classi-
fied as having stable health status. This method ensured
that test-retest reliability was evaluated within a subset
of individuals whose self-reported health perceptions
remained consistent over time.



Lee et al. Population Health Metrics (2025) 23:49

The target sample size was set at 400 participants,
based on recommendations for factor analysis and psy-
chometric validation studies. According to Comrey and
Lee (1992), a sample size of 300-500 is considered “good
to very good” for EFA [24]. Furthermore, this sample size
accounts for potential issues such as weak factor struc-
tures, low communalities and the need for additional
psychometric evaluations, including confirmatory factor
analysis (CFA) and reliability testing, ensuring adequate
statistical power for construct validation and factor sta-
bility across subgroups.

All participants were administered the original English-
language version of the CHAL

Measures

CHAI

The CHAI was developed to assess the participants’
health activation. It is a freely available, English-lan-
guage, 10-item unidimensional scale. Each item is rated
on a 6-point Likert scale, ranging from “strongly disagree
(1)” to “strongly agree (6)” The total CHAI score ranges
from 10 to 60, which is then transformed into a 0 to 100
scale, with higher scores indicating greater health activa-
tion [25]. Scores can be categorized into three levels: low
activation (0-79), moderate activation (80-94), and high
activation (95-100). CHAI has demonstrated good valid-
ity and reliability in various settings [11, 17, 26].

EQ-5D-5L
The EQ-5D-5L was used to assess participants’ health-
related quality of life (HRQoL). It consists of five
dimensions: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression, each rated on a five-
level scale ranging from “no problems” to “extreme prob-
lems” [27, 28]. These responses can be converted into a
summary utility score ranging from 0 (a state as bad as
being dead) to 1 (“full health”), with negative scores rep-
resenting health states considered worse than death.
Additionally, the EQ-5D questionnaire includes a verti-
cal, hash-marked visual analogue scale (EQ VAS) with
1-point intervals, enabling respondents to assess their
overall health on the day of the survey. The two anchors
of the EQ VAS are 0 (“The worst health you can imag-
ine”) at the bottom and 100 (“The best health you can
imagine”) at the top. The EQ-5D-5L questionnaire used
in this study was the official EuroQol-approved English
version for Singapore. The most recent Singapore EQ-
5D-5L value set was applied, with values ranging from
-0.817 to 1.000 [29]. Both the EQ-5D-5L and EQ VAS
have demonstrated satisfactory measurement properties
for use in primary care settings [30, 31].

EQ-5D-5L and EQ-VAS were included to assess the
degree to which health activation correlates with gen-
eral health status and perceived well-being, respectively.
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These constructs were selected as comparators based
on theoretical and empirical considerations. While not
directly measuring activation, HRQoL is expected to be
moderately associated with health activation, as individu-
als who are more activated may report better subjective
health due to greater engagement in self-care.

MHLC (IHLC)

The internal sub-scale of the MHLC, also known as Inter-
nal Health Locus of Control (IHLC), was used to assess
participants’ beliefs regarding the extent to which their
health is influenced by internal factors. The IHLC con-
tains six items. Respondents rate each item on a six-point
Likert scale ranging from 1 (“strongly disagree”) to 6
(“strongly agree”), with higher scores indicating stronger
endorsement of the locus of control dimension [20]. The
internal subscale of the MHLC has demonstrated accept-
able internal consistency in prior studies (o =0.68—0.84)
[32].

The MHLC internal subscale was selected based on
both theoretical alignment and precedent in the original
validation study by Wolf et al. [11], where it was also used
to establish construct validity of the CHAI Specifically,
the internal locus of control construct (representing an
individual’s belief that their health is determined by their
own actions) is thought to be conceptually consistent
with health activation, which involves motivation, con-
fidence, and a sense of responsibility in managing one’s
health.

Statistical analyses

Statistical analyses were conducted using R and Jamovi
(Version 2.5; The Jamovi Project, 2024), with statistical
significance set at p <0.05. As there were no missing data,
all analyses included the full sample. Demographic and
clinical characteristics of participants at baseline were
summarized using descriptive statistics.

Structural validity

EFA was performed to examine the factorial structure of
the CHAL Bartlett’s test of sphericity (p<0.05) and the
Kaiser—-Meyer—Olkin (KMO) measure of sampling ade-
quacy (KMO > 0.6) were used to assess the suitability of
the data for factor analysis. The optimal number of fac-
tors was determined through factor diagnostics, includ-
ing the eigenvalue criterion (eigenvalue>1) and parallel
analysis. EFA was conducted on the polychoric correla-
tion matrix using varimax rotation to enhance interpret-
ability and simplify factor loadings.

For this study, we adopted an exploratory approach
rather than a confirmatory one as the purpose of this
analysis was to identify the latent structure and assess
dimensionality in the local context, rather than to test a
hypothesized model. As such, CFA was not performed.
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Construct validity

Construct validity was assessed through convergent and
known-groups validity. Convergent validity was exam-
ined using Pearson correlation analyses between CHAI
and the EQ-5D-5 L and MHLC. Correlation strength was
categorized as weak (0.2—0.34), moderate (0.35-0.50), or
strong (above 0.5) [33]. We hypothesized a weak to mod-
erate positive correlation between CHAI scores and the
EQ-5D-5 L index, EQ-VAS, general health score, and
MHLC scores, given that these measures capture related
but distinct constructs of health status and self-perceived
health control. Known-groups validity was assessed
by comparing CHAI scores across participants’ socio-
demographic and clinical characteristics. Effect sizes
were calculated to determine the discriminative capacity
of CHALI, defined as the difference in mean CHAI scores
between two subgroups, divided by the pooled standard
deviation. Effect sizes were interpreted as small (>0.20),
medium (>0.50), and large (>0.80) [33]. When compar-
ing more than two groups (e.g., different educational lev-
els), a one-way ANOVA was used. Partial eta-squared
(n?) was calculated to estimate effect size for these analy-
ses, with thresholds of 0.01, 0.06, and 0.14 representing
small, medium, and large effects, respectively [33]. We
hypothesized that individuals with chronic conditions
(e.g., diabetes, hypertension) would have significantly
lower CHAI scores compared to those without, as they
are expected to exhibit lower engagement in health-
related decision-making [34]. A detailed hypotheses
table, summarising the expected and observed relation-
ships, is provided in the Appendix (Table S1).

Test-retest reliability

To assess test-retest reliability, a 1-2-week interval was
decided based on practicality and established method-
ological recommendations for test-retest reliability stud-
ies, balancing potential recall bias and the need to avoid
real changes in health status [35]. Health stability was
determined using SF-36 Item 1 (self-rated health) [36];
only participants whose rating remained the same were
included in the reliability analysis. While the item is cat-
egorical, consistent ratings reflect perceived health stabil-
ity. This approach ensured that variations in CHAI scores
reflected instrument reliability rather than actual health
fluctuations. The intraclass correlation coefficient (ICC)
and its 95% confidence interval (CI) were calculated
using a two-way mixed-effects model for a single mea-
surement and absolute agreement assessment. An ICC
value of 20.75 was considered indicative of good reliabil-
ity [37].
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Results

Phase one

Findings from cognitive interviewing and face validation

A total of 20 participants (nine population health experts
and 11 laypersons) took part in the cognitive interview-
ing and face validation process. Cognitive interviewing
was conducted following the four-step cognitive pro-
cessing model in which participants first completed the
CHAL then provided feedback on its clarity, item word-
ing, ordering, format, applicability and comprehensive-
ness in assessing health activation.

As summarized in Table 1, most participants found
the CHAI items straightforward to read and relevant
to individual health behaviors. However, certain items
prompted concerns about clarity and scope. Q3 (“I always
know how to make myself feel better”) was seen as poten-
tially mixing physical and mental well-being, leading sev-
eral experts to suggest more precise terminology, such
as “improve my well-being” In Q4, the phrase “before
making decisions about my health” prompted questions
about whether the focus was specifically on informa-
tion-seeking or on decision-making skills. A recurring
theme for both experts and laypersons was that items
should avoid combining multiple ideas in one statement.
Q10, in particular, elicited ambiguity from both experts
and lay persons around “health changes” (e.g., whether it
referred to lifestyle, medication, or other behaviors) and
the intended meaning of the question. Other minor revi-
sions—such as specifying “healthcare provider” and clar-
ifying whether items refer to physical, mental, or broader
well-being—were identified to reflect modern, multidis-
ciplinary care teams.

While minor linguistic refinements to Items 5, 6 and 10
were initially considered during cognitive interviews to
improve clarity, we ultimately retained the original item
wording. This decision was made to preserve fidelity to
the validated version of the CHAI and to maintain con-
ceptual and semantic equivalence with the original scale.
We attempted to contact the original authors for consul-
tation but did not receive a response.

Content validation

As shown in Table 2, the Scale-Level Content Validity
Index/Average (S-CVI/Ave) was 0.86, slightly below the
recommended threshold of 0.90. The S-CVI/Univer-
sal Agreement (S-CVI/UA) was 0.20, indicating limited
universal agreement. Two items (Items 5 and 6) received
lower ratings, which may reflect contextual or interpre-
tive ambiguities and potential issues with clarity or cul-
tural applicability.

The lay participants found CHAI generally easy to
understand and complete. However, several respondents
identified issues with Question 10, particularly the phrase
“health changes,” which was perceived as ambiguous.
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Table 1 Summary of qualitative feedback and proposed changes to CHAI items
Item Issue / Comments from Cognitive Interviews lllustrative Quotes Proposed Changes

Q1 Itis very important
that | treat my health as
my top priority.

Q2 | always know what
steps to take when |
have a health problem.
Q3 I always know how
to make myself feel
better.

Q4 | always know where
to look for information
before making decisions
about my health.

if it was deliberately so.

it as knowing where to get health information.

Q5 I can always take
care of myself.

health, or managing chronic issues.
Q6 Itis very easy for me
to understand my doc-
tor's instructions.

No major concerns; seen as straightforward. Experts
deemed it relevant for emphasizing health prioritization.

Generally easy to understand; participants felt it covered
basic self-management steps. One expert noted that
“steps to take” could be broad but still acceptable.
Unclear whether “feel better” refers to physical or mental
well-being. Some experts found it vague and wondered

Generally easy to understand. One expert noted it
potentially combines two concepts (finding information
versus making decisions). Most participants understood

Vague and overly broad (item-level agreement was low).
Some experts questioned the relevance of the question
and were unsure if it referred to daily self-care, mental

Item-level agreement relatively low; some experts felt
this question related more to “literacy” or knowing
rather than doing. Some also preferred the broader term
"healthcare provider”rather than “doctor”. Clarity con-

“That’s [a] clear [question], | should put
health first” (Lay participant)

No change. Item
was clear and
well-received.

‘I know to see a doctor or take medicine,
but sometimes not exactly which steps.”
(Expert)

“‘Iwasn't sure if it's physical or emotional.
Maybe they should say ‘improve my well-
being’?” (Expert)

“I'm clear on where to find details, but not
sure about the ‘'making decisions’ part”
(Expert)

No change. Par-
ticipants generally felt
the wording was clear.
Revise to“l always
know how to improve
my well-being!
Possible split or
clarify scope, I always
know where to look
for reliable health
information”

Remove or refine to
specify context, e.g.”l
can always handle my
own health needs”

“Its too general, | don't know if it means
daily chores or serious health issues. .. And
no one can always take care of them-
selves.” (Expert)

“The doctor’ instruction is okay, but we
have a multidisciplinary healthcare team
today, with nurses, pharmacists, etc”
(Expert)

Revise to“Itis very
easy to understand
instructions from my
healthcare provider!

cerns if instructions come from nurses, pharmacists, etc.

Q7 Itis very easy for me
to make changes to my
daily life to improve my
health.

Q8 Itis very easy for me
to follow my doctor’s
instructions.

appropriately.

“healthcare provider”
Q9 I always attend
all of my doctor’s
appointments.
Q10 I always make the
health changes | should
even if | do not feel well.

further specifying "health-related appointments!”

Two experts felt “to my daily life” was unnecessary.
Others generally found it implied lifestyle changes

Similar to Q6, clarifying that instructions may come
from multiple professionals. Overall clarity was accept-
able, but "doctor’s instructions” could be replaced with

Generally clear; perceived as measuring adherence to
recommended appointments. Some experts suggested

Ambiguity around “health changes” (lifestyle versus
medication changes or others? ) Some confusion about
persisting with changes despite “not feeling well”

“We already know it’s about daily habits.
The question can be shortened.” (Expert)

Revise to "It is very
easy for me to make
changes to improve
my health”

Revise to“It is very
easy for me to follow
instructions from my
healthcare provider”

“Same as Q6—the instructions don’t
always come from a doctor” (Expert)

“To me, if you're serious about health, you
won't no show [miss] for your appoint-
ments.” (Lay participant)

“What are health changes? Could you give
me some examples?” (Lay participant)
‘Do they mean not seeing benefits right
away or feeling sick from the changes
advised but still continuing to do so?” (Lay
participant)

“Iflam running a fever, should I still run
because it is a healthy activity otherwise?
What is the intention of this question?”
(Expert)

Revise to“l always at-
tend all of my health-
related appointments!
Revise for simplic-

ity and to clarify
scope, e.g."l always
make the necessary
changes | should (e.g,,
lifestyle, behaviors,
medications)”

Abbreviations: CHAI, Consumer Health Activation Index

Some participants were unclear about whether the item
referred to persisting with health-related actions despite
not seeing immediate benefits or adhering to health
advice even if it initially made them feel unwell.

Phase two

A total of 572 completed responses were received. The
demographics of the respondents are summarised in
Table 3. The mean age was 47.0 (SD=16.6). A total of
51.9% of the respondents were female and majority were
Chinese (69.1%), followed by Malay (17.0%), then Indian
(9.8%) and Others (4.2%). This closely models after the

most recent Singapore 2024 population estimate [23].
More than half of the sample had one or more chronic
disease (54.4%) having one or more chronic disease.
While polyclinics in Singapore are often associated with
chronic disease management, they also provide a wide
range of services including acute care, preventive screen-
ings, vaccinations and health counselling. Hence, indi-
viduals without chronic conditions also frequently utilize
these services for episodic or preventive health needs,
explaining the sizable proportion (45.6%) of participants
without chronic disease in our sample.
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The mean overall CHALI score for the participants was
77.9 (SD=10.9).

The responses for the different CHAI items were
unevenly distributed for all 10 items (refer to Table S2
in Appendix). All 572 responses were complete and
there was no missing data. Of the six possible responses,
“strongly disagree” was the least used by participants
while “agree” and “strongly agree” were the most fre-
quently selected option.

UA
0.20

I-CVI
1.00
0.89
0.89
0.89
0.56
0.67
0.89
0.89
0.89
1.00
0.86

Structural validity

Structural validity was examined using EFA with princi-
pal axis factoring and varimax rotation indicated a unidi-
mensional factor structure, with strong factor loading for
all items (refer to Table S3 in Appendix). Communality
values for several items, notably Item 1, were below 0.30,
suggesting lower shared variance with the overall factor.
This has been flagged for further investigation.

Barlett’s test of sphericity was significant (x> = 2140,
df=45, p<0.001) and KMO Measure of Sampling Ade-
quacy (MSA) was 0.857, and all items had individual
MSA values>0.80 (Table S4), indicating suitability for
factor analysis. The correlations among the 10 question-
naire items ranged from r=0.114 to r=0.622 (refer to
Table S5 in Appendix). Cronbach’s alpha for internal con-
sistency was 0.85, indicating strong internal consistency.

EFA identified two factors with eigenvalues> 1. Factor
1 explained 20.7% of the variance, and Factor 2 explained
19.1%, yielding a cumulative variance explained of 39.8%.
While this is below the conventional 50% threshold often
cited in psychometric research, the extracted factors
showed strong internal consistency and were conceptu-
ally coherent.

The scree plot (Fig. 1) further supports unidimension-
ality with a clear elbow at Factor 1, where the eigenvalue
drops sharply and levels off, suggesting that a single fac-
tor best explains the variance in the data. Accordingly,
we retained a one-factor solution to maintain theoretical
parsimony and alignment with the original CHAI devel-
opment [11].

Experts in agreement
S-CVI/ Average
S-CVI/UA

Abbreviations: I-CVI, Item-level content validity index; S-CVI, Scale-level content validity index; S-CVI/Average, Scale-level content validity index based on the average method; UA, Universal agreement score; S-CVI/UA,

Scale-level content validity index based on the universal agreement method
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Expert 9
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Expert 7

Expert 6

Expert 5

Expert 4

Expert 3

Construct validity

Convergent validity was supported by moderate corre-
lations between CHALI scores and theoretically related
constructs. There was a moderate, positive correlation
with the MHLC internal subscale (Pearson’s r=0.449,
p<0.001), while CHAI scores only exhibited a small to
moderate positive correlation with the EQ-5D-5 L index
(Pearson’s r=0.171, p<0.001) and EQ-5D VAS (Pearson’s
r=0.344, p<0.001), as seen in Table 4. These findings are
consistent with the expectation that health activation
is conceptually distinct from general health status but
related to internal health beliefs, and they align with our

Expert 2

—_ —_ - - 0 O - O ~— —

Expert 1

Table 2 Item relevance ratings by population health experts

Item
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
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Table 3 Characteristics of the study respondents (n=572)

Variable Baseline analysis (n=572)A Singapore 2024 population estimate
Age (mean (SD)), years 47.0 (16.6) 437
21-44 263 (46.0%) 333
45-64 209 (36.5%) 229
>65 100 (17.5%)

Gender 275 (48.1%) 483
Male 297 (51.9%) 51.7
Female

Ethnicity 395 (69.1%) 755
Chinese 97 (17.0%) 125
Malay 56 (9.8%) 8.7
Indian 24 (4.2%) 33
Others

BMI (mean (SD)), kg/m? 254(5.2)

<23 193 (33.7%)

23-27.5 218 (38.1%)

>27.5 161 (28.1%)

Housing type 19 (3.3%)

HDB 1/2 room 40 (7.0%)

HDB 3 room 184 (32.2%)

HDB 4 room 202 (35.3%)

HDB 5 room/Executive flat 91 (15.9%)

Condominium/private apartment 36 (6.3%)

Landed property

Monthly personal income* 164 (28.7%)

<=1,000 90 (15.7%)

1,000-2,999 138 (24.1%)

3,000-4,999 76 (13.3%)

5,000-6,999 63 (11.0%)

7,000-9,999 41 (7.2%)

>=10,000

Highest education level 4(0.7%)

No formal education 11 (1.9%)

Primary 114 (19.9%)

Secondary 94 (16.4%)

Post-secondary (non-tertiary) 136 (23.8%)

Diploma 161 (28.1%)

Bachelor's degree 52(9.1%)

Masters and above

Presence of chronic disease 261 (45.6%)

No 311 (54.4%)

Yes

Has diabetes 469 (82.0%)

No 103 (18.0%)

Yes

Has hypertension 415 (72.6%)

No 157 (27.4%)

Yes

Has hyperlipidemia 409 (71.5%)

No 163 (28.5%)

Yes

Has other chronic disease 513 (89.7%)

No 59 (10.3%)

Yes

Has multi-morbidity (= 3 chronic conditions) 518 (90.6%)

No 54 (9.4%)

Yes
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Table 3 (continued)
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Variable

Baseline analysis (n=572)A

Singapore 2024 population estimate

Self-rated general health'
Excellent

Very good

Good

Fair

Poor

CHAI (mean (SD))

EQ-5D-5 L index (mean (SD))
EQ-VAS (mean (SD))

MHLC (mean (SD))

19 (3.3%)

123 (21.5%)
292 (51.0%)
134 (23.4%)

4(0.7%)

779(10.9)
0.894 (0.163)
77.0(12.7)

26.1(3.9)

APercentages may not add up to 100 due to rounding
*In Singapore dollars
1SF-36 ltem 1

Abbreviations: BMI, Body Mass Index; CHAI, Community Health Activation Index; MHLC, Multidimensional Health Locus of Control; SD, Standard Deviation

Scree Plot
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Fig. 1 Scree plot from exploratory factor analysis showing a single dominant factor with an eigenvalue above 1, supporting a unidimensional structure

Table 4 Correlation matrix for convergent validity of CHA,

MHLC, EQ-5D-5 L and EQ VAS using pearson’s r

CHAI MHLC EQ-5D-5L EQVAS
CHAI -
MHLC 0.4497* -
EQ-5D-5L 0.177%% 0.040 -
EQVAS 0.3447%%* 0.184%** 0.390*** -

Legend: *<0.05, **<0.01, ***<0.001

hypothesis that higher health activation is modestly asso-
ciated with better perceived HRQoL.

In terms of known-groups validity, as shown in Table 5,
CHALI scores significantly differed across key health-
related variables. Individuals with lower income and
those with lower education had higher CHAI scores
(p=0.013, and p<0.001 respectively) with a small effect
size (0.015 and 0.024 respectively). Similarly, participants
with at least one chronic disease (p=0.017) and diabe-
tes (p=0.013) had significantly higher CHAI scores with
a small effect size (0.200 and 0.271 respectively). Lastly,
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Table 5 CHAI scores and demographic/health-related variables
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Variable n (%) Mean CHAI score (SD)A p-value~ Effect size®
Gender 297 (51.9) 78.6(10.7) 0.113 0.133
Female 275 (48.1) 77.1(11.1)

Male

Age 472 (82.5) 77.5(104) 0.112 0.203
<65 years old 100 (17.5) 79.7 (12.9)

>65 years old

BMI 193 (33.6) 774 (10.6) 0515 0.058
Not overweight 379 (66.3) 781 (11.1)

Overweight

Ethnicity 395 (69.1) 774 (10.8) 0.116 0.008
Chinese 97 (17.0) 78.0 (10.3)

Malay 80 (14.0) 80.1(11.8)

Indian or other ethnicity

Housing type public 445 (77 .8%) 782(11.2) 0211 0.126
Private 127(22.2%) 76.7 (9.8)

Monthly personal income* 164 (28.7) 79.8 (12.1) 0.013 0.015
<$1,000 304 (53.1) 774 (10.3)

$1,000-7,000 104 (18.2) 76.0 (10.2)

>$7,000

Highest education level 129 (22.6) 79.8(12.9) <0.001 0.024
Secondary and below' 230 (40.2) 78.7 (9.7)

Post-secondary/Diploma 213(37.2) 75.7 (10.4)

University graduate and above

Presence of chronic disease 261 (45.6) 76.7 (10.2) 0.017 0.200
No 311 (54.4) 788 (11.4)

Yes

Has diabetes 469 (82.0) 773 (10.8) 0.013 0.271
No 103 (18.0) 80.3(11.3)

Yes

Has hypertension 415 (72.6) 773 (10.5) 0.056 0.180
No 157 (27.4) 79.3(11.8)

Yes

Has hyperlipidemia 409 (71.5) 77.8(10.8) 0.856 0.017
No 163 (28.5) 78.0(11.3)

Yes

Has multi-morbidity (= 3 chronic conditions) 518 (90.6) 77.9(10.7) 0.673 0.060
No 54 (9.4) 77.3(12.7)

Yes

Self-rated general health' 142 (24.8) 81.2(9.7) <0.001 0.423
Excellent/Very good 430 (75.2) 76.7 (11.1)

Good/Fair/Poor

ATransformed scores 0-100

~T-test and ANOVA as appropriate

#Effect sizes were calculated using Cohen’s D and n? for T-test and ANOVA respectively

*In Singapore dollars

1Secondary education level refers to completion of secondary school in Singapore, roughly equivalent to Grades 7-10 elsewhere

1SF-36 Item 1

Abbreviations: CHAI, Community Health Activation Index; SD, Standard Deviation; BMI, Body Mass Index

Bold values indicate a significant p <0.05

participants who reported either “excellent” or “very
good” for the perceived general health status had a higher
mean CHALI score (81.2 vs. 76.7, p <0.001) with moderate
effect size (0.423).

No significant differences were observed for gender,
age, BMI, ethnicity, housing type, hypertension, hyperlip-
idemia or multi-morbidity.

Test-retest reliability

A total of 32 participants were recruited for test-retest
reliability, of which 21 participants had a stable health
status after completing a second CHAI assessment
within 1-2 weeks. The ICC (3,1) was 0.802 (95% CI:
0.544-0.911), reflecting good stability over time. This
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suggests that CHAI scores remain consistent and reliable
when reassessed within a short period.

Discussion

The findings of the study suggest that the CHAI has rea-
sonable overall measurement properties among com-
munity-dwelling adults in Singapore. Specifically, the
content validity assessment indicates adequate item rel-
evance, while exploratory factor analysis and internal
consistency (Cronbach’s alpha=0.85) support a coherent
unidimensional structure. Moderate correlations with
the internal locus of control (MHLC) and weaker correla-
tions with HRQoL measures provide evidence of conver-
gent validity. Finally, test-retest reliability indicates good
score stability over a short-term interval.

Our findings regarding content validity are broadly in
line with the original CHAI validation [11] and subse-
quent research in Western populations [17]. Although
most CHAI items received high item-level ratings, some
showed lower agreement. Such item-level variations
highlight the importance of localized refinements when
validating patient-reported measures. Prior research also
emphasizes the importance of linguistic and cultural tai-
loring for patient-reported outcome measures [38]. Our
cognitive interviews identified certain items with cul-
tural and linguistic ambiguities, suggesting that more
contextually adapted phrasing may improve instrument
clarity and sensitivity. Future investigations could incor-
porate additional qualitative procedures such as cognitive
debriefing or item relevance reviews across diverse ethnic
or language groups to ensure cultural equivalence.

The unidimensional factor structure observed is con-
sistent with the original development of CHAI [11].
While this supports the conceptualization of health acti-
vation as a single latent construct, it also raises ques-
tions about the breadth of construct coverage relative to
the more established PAM, which categorizes activation
into progressive levels (albeit this reflects scoring cut-offs
rather than broader theoretical coverage). If CHAI items
primarily captures a subset of the domains driving true
health activation (e.g., knowledge, skills, confidence),
its unidimensionality may indicate narrower construct
coverage rather than comprehensive measurement of all
potential activation facets. Nonetheless, our factor ana-
lytic results demonstrate strong factor loadings, suggest-
ing that a single-factor structure is an appropriate model
for use in Singapore.

The moderate correlation between CHAI and the inter-
nal locus of control subscale of the MHLC (r=0.449)
aligns with the original validation study [11], indicating
that CHAI is meaningfully associated with self-perceived
control over health. In contrast, weak to moderate corre-
lations with HRQoL (r=0.171-0.344) support the notion
that activation, while related to perceived health status,
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represents a distinct construct. The small correlation
between CHAI and the EQ-5D-5L, compared to the mod-
erate correlation with EQ-VAS, may be due to the nature
of the instruments. The EQ-5D-5L is a multidimensional
measure assessing five specific health domains, not all of
which directly reflect health motivation or engagement.
In contrast, the EQ-VAS is a unidimensional self-rating
of overall health, which may align more closely with a
person’s general sense of control, confidence, and activa-
tion. These associations largely reflect the absence of a
universally accepted “gold standard” for health activation;
while measures such as MHLC and HRQoL contribute
valuable insights, they do not fully encapsulate this multi-
dimensional concept [9]. Therefore, future research could
compare it against other validated activation measures to
further refine convergent validity findings; notably, PAM
licensing explicitly prohibits formal validation against
similar measures.

CHAI appeared to differentiate between subgroups
based on self-reported health status. Known-group com-
parisons revealed that CHAI distinguished individuals
reporting different levels of general health and certain
chronic conditions. However, contrary to previous find-
ings in patient activation literature [3, 11, 33], partici-
pants with chronic disease had higher mean CHAI scores
than those without. This may reflect the effects of health
counselling in primary care settings, which enhances
patients’ motivation for self-care and activation as part
of standard chronic disease management. Furthermore,
national public health campaigns have emphasized
the risks associated with conditions such as diabetes,
potentially heightening risk perception and encourag-
ing proactive engagement [39]. In our study, individu-
als with lower education may have been more exposed
to community-based health initiatives or received more
structured guidance through chronic disease programs,
which led to higher CHALI scores, albeit prior literature
associated higher education with greater health activa-
tion [17]. However, we caution against overinterpreta-
tion given that health literacy, a potentially confounding
construct, was not directly assessed in this study. Edu-
cational attainment may not fully capture functional or
critical health literacy, and future studies should incorpo-
rate validated health literacy instruments to clarify these
relationships.

Nonetheless, the effect sizes for many subgroup dif-
ferences were relatively small, implying that while CHAI
can detect statistically significant differences, the practi-
cal significance of these differences in routine care may
be limited. This implies that CHAI may be more use-
ful for broad screening or identifying individuals at the
extremes of activation levels, rather than for precise
stratification of closely related subgroups. Nonethe-
less, even small effect sizes contribute additional validity
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evidence, reinforcing CHAI’s ability to capture meaning-
ful distinctions in health activation.

The test-retest reliability estimate of ICC=0.802 indi-
cates that CHAI produces stable scores among adults
reporting no change in general health over a one- to
two-week period. This finding is comparable to previous
reports of good to excellent reliability in the US [11]. The
sample size, although small, does align with prior reliabil-
ity studies [40]. Nevertheless, the relatively small num-
ber of stable participants (n=21) contributed to a wide
confidence interval, highlighting a need for caution in
interpreting the precision of the estimate. An additional
analysis using responses from a separate SF-36 item (Item
2) was attempted but was limited by the small number of
respondents (n=11) who reported no change in health
status. Item 2 asks respondents to compare their current
health to one year ago, introducing recall bias and subjec-
tive interpretation. As a result, Item 2 may lack sensitiv-
ity to subtle changes, making it inadequate for assessing
stable health states over short intervals [41].

Overall, the CHALI appears to be a promising, succinct,
and freely available measure of health activation in non-
Western contexts. However, several limitations must be
acknowledged. First, although our quota-based sample
aligns with national census distributions, the cross-sec-
tional design restricts inferences about responsiveness—
an important property of measures used in longitudinal
studies. Second, the non-random sampling approach may
limit the generalizability of CHAIs psychometric prop-
erties beyond the study population. Third, participants
recruited from primary care settings may differ in acti-
vation levels from the general population, affecting the
generalizability to the community. Fourth, the test-retest
stability sample was small relative to the baseline cohort,
limiting the precision of reliability estimates and the abil-
ity to explore intra-observer variability. Future studies
with larger follow-up samples will allow for more precise
estimates and enable more robust subgroup analyses.
Fifth, mode-of-administration differences (paper-based
and self-administered for the test survey as opposed
to remotely administered telephone interview for the
retest) may have impacted reliability estimates and
should be accounted for in future studies. Sixth, while
overall content validity is acceptable, our findings sug-
gest that refinement of certain items may improve item
clarity and cultural alignment. Further evaluation of lin-
guistic and cultural adaptability is warranted, particularly
for minority groups and non-English speakers. Seventh,
while the scree plot and loading pattern support a uni-
dimensional solution, lower communalities for certain
items (particularly Item 1) may indicate weaker contribu-
tions to the latent construct and warrant future revision.
Eighth, as explained earlier, CFA was not conducted due
to our study aims, sample size limitations and the lack of

Page 12 of 14

a split-sample design. Nevertheless, future studies should
perform CFA to confirm the factor structure and evalu-
ate model fit. Ninth, our analyses did not assess discrimi-
nant validity, which should be included in future research
using unrelated psychological constructs. Finally, as
CHALI relies on self-reported responses, there is a poten-
tial risk of response bias, such as social desirability
effects, which could influence participants’ responses.

Despite these constraints, our results indicate that
CHALI is both psychometrically sound and practical for
use in Singapore. Future CFA and longitudinal studies
should examine whether CHAI can predict improve-
ments in self-management behaviors or clinical out-
comes over time. For instance, tracking newly diagnosed
patients with diabetes may clarify the temporal rela-
tionship whether increasing activation is associated
with disease control and progression. Integrating CHAI
into routine clinical workflows may also help identify
patients who would benefit most from targeted interven-
tions, such as health coaching or educational programs,
thereby optimizing resource allocation in chronic disease
management.

Conclusion

In summary, the CHAI demonstrates acceptable psy-
chometric properties and considerable potential as a
practical, cost-effective measure of health activation in
Singapore’s primary care settings. Its concise format
facilitates broad implementation and could inform popu-
lation health interventions, particularly for individuals in
the primary care setting and those with chronic diseases.
Nonetheless, our findings highlight the need for further
refinement of certain items to enhance cultural relevance
and clarity. Future work should include CFA and longitu-
dinal validation to establish its predictive utility, enhance
its sensitivity across diverse subgroups and evaluate its
role in guiding patient-centered care and public health
strategies.
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