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Introduction: The internet has become a primary source of information on
medicines, yet the quality of this information is inconsistent. Despite the
proliferation of web-based resources, limited research has specifically examined
the reliability of online information on medicines. The variability in quality can
be attributed to the recent shift toward digital information-seeking and the
absence of specialized tools designed to assess the quality of medication-
related information online.

Aim: To evaluate the quality of information about Amitriptyline available on
websites using three well-established, generic evaluation tools—HONcode,
DISCERN, and JAMA—compared against the domain-specific Keystone action
plan criteria.

Methods: Adopting an evaluative research design, this study utilized the
aforementioned four assessment tools to collect and analyze data. Four
independent assessors were recruited to evaluate the quality of the information
on selected websites.

Results: A Google search using "Amitriptyline” identified 30 websites for the study
sample. Reliability analysis using Cronbach'’s alpha, the Inter-Class Correlation
coefficient, and Kendall's rank-order correlation coefficient revealed that the
Keystone criteria demonstrated the highest internal consistency and reliability
compared to DISCERN, HONcode, and JAMA.

Conclusion: This study indicates that the Keystone action plan criteria may
serve as a reliable, domain-specific tool for evaluating medicines information
on websites. The results underscore the importance of specialized assessment
criteria for online medication information, as they provide more consistent and
accurate evaluations compared to generic tools.

KEYWORDS

amitriptyline, online health information, reliability testing, medication information,
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Introduction

In last decade, the internet has become a primary source of health
information, providing a vast array of materials on several treatments.
However, the quality and accuracy of this information frequently
exhibit inconsistency, prompting questions regarding the credibility
of online sources (1-3). The internet has revolutionized access to
medical knowledge; nonetheless, the surge of unregulated content
presents concerns, particularly for intricate subjects such as
medication usage. Assessing the quality of internet health information
has become essential to guarantee that customers receive trustworthy
and safe advice (1-6).

Notwithstanding the plethora of internet resources, scant research
has concentrated specifically on the quality of web-based drug
information. A potential reason for this neglect could be the increasing
prominence of internet-based health information-seeking activities,
which has become more widespread in recent years. Although tools
for evaluating online health information have existed for some time,
including those available as early as 2002, the lack of specialized
techniques specifically for assessing online medication-related
information has hindered more rigorous and consistent evaluations
(7). The gap is particularly alarming as erroneous or inadequate drug
information can lead to significant health consequences, particularly
when people depend on online sources without seeking guidance
from healthcare professionals (7, 8). Initiatives to evaluate and
enhance the quality of online consumer health information have
resulted in the creation of numerous assessment tools. DISCERN,
created in 1996-1997, was among the first tools intended to assist
consumers in differentiating between high-and low-quality health
information online. This technique, among others, established a basis
for evaluating the dependability and the credibility of online health
information. Nonetheless, the majority of these instruments are
comprehensive, designed to assess general health information without
a particular emphasis on medicine (9-13).

After the introduction of DISCERN Jadad and Gagliardi (14),
Gagliardi and Jadad (15) discovered 47 distinct methods for assessing
the quality of online health information, a figure that increased to 98
by 2002. After the introduction of DISCERN (16). Zhang et al. (17)
highlighted that, despite the plethora of evaluation tools accessible, a
mere minority have passed stringent reliability testing, and the
majority are not intended to analyze medication-specific information.
The absence of targeted assessment tools is a considerable constraint,
as broad health evaluation criteria may fail to encompass the specific
elements of drug information, including dosage recommendations,
side effects, and interactions (17). The majority of the developed
assessment tools were generic, intended to evaluate diverse categories
of health information, including diseases, fitness, and nutrition, rather
than being specifically customized for the evaluation of medicinal
information on websites. Although these tools are extensively utilized,
their efficacy in assessing medicines-related material remains
ambiguous, and there is scant data regarding their success rates in this
specific area.

In accordance with Public Law 104-180, which mandated the
U.S. Department of Health and Human Services to improve public
access to high-quality health information, the Keystone Center
established standards for evaluating consumer pharmaceutical
information. This action plan delineated fundamental principles,
indicating that drug information must be scientifically correct,
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objective, specific, thorough, comprehensible, current, and practical
(18). These guidelines were established to provide a dependable
framework for assessing medication-related material. A scoring
system was implemented to enable assessors to evaluate the degree to
which each condition is satisfied. Nonetheless, despite its specific
design, the Keystone criteria have been utilized in only a restricted
number of studies and have not experienced thorough reliability
assessment (18).

The Keystone action plan was developed with criteria for
evaluating useful consumer medicines information, composed of 12
items. Kim et al. (18) assigned a gradation scale to these criteria. The
scale determines whether each criterion is fully met (2 points),
partially met (1 point), or not met (0 points), with 2 points deducted
if the information is inaccurate. The authors applied this scale to
evaluate three different websites—Medline Plus, Yahoo Health, and
WebMD—resulting in varying assessment scores.

In this context, reliability denotes the consistency and
dependability of an information source (19). Credibility is a
fundamental element of information quality, as consumers frequently
associate it with quality (20-24). Internet users who often seek health
information online are more attuned to the perceived credibility of
sites. Research has continuously demonstrated a robust correlation
between source credibility and user assessments of quality (21). The
significance of this interaction is heightened in the realm of
pharmaceutical knowledge, since individuals may depend on internet
resources to make treatment and drug decisions without seeking
guidance from a healthcare professional.

Current research indicates that internet health information
frequently suffers from deficiencies in both quality and credibility (7,
25, 26). Akbari and Som (27) indicated that sampled webpages
concerning diverse health subjects had typically inadequate quality
and believability. Bates et al. (21) discovered that although consumers
generally accept health information from websites linked to
trustworthy organizations, the quality of this information might vary
significantly. The pervasive presence of substandard drug information
online highlights the necessity for dependable, specialized evaluation
instruments that assist consumers in discerning credible sites. Kwon
et al. (28) surveyed online health information seeking and showed that
most participants placed a large amount of trust in websites established
by health organizations.

There is no indication of the quality of medical information
online, which presumably varies from website to website. Patients are
not likely to describe the Internet materials to their doctors or bring
these materials into clinic visits typically (29, 30). Doctors rarely
advise their patients to search health-related material on the Internet
(30). The Royal Pharmaceutical Society of Great Britain (RPSGB) has
reported that over 2 million people in the United Kingdom purchase
medicines via the Internet on a regular basis (31). The first case of
poisoning by a product purchased through the Internet was reported
in the New England Journal of Medicine (32). Still, there might
be some unreported cases of harm or increase in the cases of hazards
in future (30, 33, 34). Raine et al. (35) discovered 96 online pharmacy
websites that sold medication to the United Kingdom population,
including prescription only drugs, with a shortage of online
information such as directions of use or side effects.

This study seeks to rectify these deficiencies by assessing the
quality of information regarding Amitriptyline, a commonly
prescribed antidepressant. Amitriptyline is frequently used to treat
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conditions such as neuropathic pain in multiple sclerosis (MS) and
depression. It is one of the many medications for which patients
actively seek information online (36). Amitriptyline is a critical subject
of research in the context of online health information, where patients
and caregivers often seek reliable guidance regarding its use, side
effects, and interactions with other medications. From where you get
this statement (37). The selection of Amitriptyline for this study is
justified by its widespread use and the substantial amount of online
content available about it (36). Its therapeutic applications for various
conditions, including gastrointestinal disorders, fibromyalgia, and
headaches, highlight the need for accurate and reliable information to
support both patients and healthcare providers (37). Furthermore, the
extensive availability of online content underscores the importance of
assessing the quality of the information provided (36).

Several factors make Amitriptyline an ideal subject for this study.
First, Amitriptyline is one of the most commonly prescribed
antidepressants for patients with multiple sclerosis (MS), as well as for
individuals with depression. It is often used initially for managing
neuropathic pain in MS patients and then as an antidepressant to
address the high prevalence of depression in this population (38, 39).
Research shows that Amitriptyline was cited in 17.5% of suicidality-
related coroners’ inquests in England and Wales between 2003 and
2020, highlighting its significant role in both mental health and
medication safety discussions (40). Second, Amitriptyline is
increasingly being used in the treatment of other conditions such as
gastrointestinal ailments, fibromyalgia, and headaches (38). In fact,
Amitriptyline accounted for 157,516,372 daily doses prescribed in
England and Wales during 2017-2018, demonstrating its widespread
use in clinical practice (41).

Despite the broad availability of Amitriptyline-related content
online, much of this information is not consistently accurate or
reliable. Therefore, it is essential to evaluate the tools that individuals
use to assess the quality of online medication-related information. By
doing so, this study aims to highlight the challenges of ensuring the
accuracy and reliability of online content and provide a more robust
understanding of how such tools can be used to support informed
healthcare decisions.

Aim and objectives
Study aims

The aim of this study is to evaluate the quality of information
about Amitriptyline available on websites using three of the existing
well-known generic evaluation tools HONcode, DISCERN and JAMA
against the web scoring scale for the Keystone action plan criteria used
by (18). The results from these tools will then be compared so that the
reliability of this web scoring scale can be estimated.

Objectives

1. To evaluate the quality of information about Amitriptyline
available on websites.

2. To measure the reliability of the Keystone action plan criteria
web scoring scale against the results obtained using the
HONCcode, DISCERN, and JAMA generic tools.
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Methods
Design

This study follows an evaluative research design, using four
assessment tools mentioned above to make data collection. The
assessment results were obtained by using four recruited independent
human assessors.

Population and sample

A sampling strategy was applied to select websites for evaluation
that contain information about Amitriptyline. A total of 30 web pages
were used. A number of 30 observations collected as a sample size
would be appropriate for analysis and for detecting statistical
significance based on previous studies (42, 43). The websites have been
collected using the Google search engine. This is because it was
reported that Internet users operate Google as their most commonly
used search-engine (44-46). In the Europe, about 85% of people who
use the Internet launch Google to seek information (47). Google
usually produces overlapping search results output with other search
engines (6, 47, 48). Agreeing with the above citations, the survey
outcomes obtained in Alhlayl (39) confirmed that the participants
mainly use search engines such as Google to find information related
to MS and medicines they consume.

On the other hand, the inclusion of the websites was based
primarily on their popularity, according to their ranking in the list of
search results. Then the following inclusion and exclusion criteria
were applied:

Websites were included if they:

1. Were written in English.

2. Were aimed at the general public (i.e., not purposely designed
for health professionals).

3. Provided substantial information about Amitriptyline.

However, websites were excluded if they:

1. Were inaccessible (i.e., could not be accessed due to a link fault
or a password protection).

2. Repeated other websites already included in the sample.

3. Referred to only articles, books, blogs, or slideshows.

From the total hits yielded by entering Amitriptyline’ as a keyword
in the Google search engine, 42 websites were initially identified for
the study sample. Of these, six websites were excluded because they
did not contain substantial information, four were excluded as
duplicates, and two were excluded due to inaccessibility. Therefore, 30
websites were selected as the sample for this study.

Criteria used to determine that the
information on the included websites

Websites were evaluated according to predefined criteria for

“substantial” content concerning Amitriptyline to guarantee the
inclusion of only pertinent and thorough information in the
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analysis. Initially, each website was required to encompass essential
prescription information, including the uses of Amitriptyline, dose
recommendations, adverse effects, interactions, and
contraindications. Sites that failed to furnish all these required
components were omitted. Additionally, the level and complexity of
the content were evaluated; only websites offering thorough
explanations of Amitriptyline’s mechanism, therapeutic effects, and
supporting evidence were deemed substantial. This study
concentrated on consumer health information, necessitating the
content to be articulated in a simple and accessible manner for the
general public, eschewing technical language intended for
healthcare professionals. These criteria guaranteed that the selected
websites offered a dependable and thorough resource for assessing
the quality of Amitriptyline-related material accessible to

consumers online.

Data collection instruments

Zhang et al. (17) classified the types of tools operated to evaluate
medical information on the web into generic and domain-specific
instruments. According to Zhang et al. (17), Fahy et al. (49), and
Al-Jefri et al. (50) HON principles, DISCERN instrument and the
Journal of the American Medical Association (JAMA) benchmarks
are the most used generic instruments. Therefore, the data was
collected using these generic instruments in addition to the Keystone
action plan criteria as the domain specific instrument. In this way a
comparative analysis can be conducted between the results of all
these tools.

The DISCERN instrument is a commonly applied scale for quality
evaluation of health information online (9). The scale is comprised of
16 questions, each of them worth 1 to 5 Likert scale points. Section 1
evaluates reliability of the investigated webpage by 8 questions while
section 2 assesses the quality of treatment information by 7 questions.
The last section is composed of only one question that provides an
overall judgment of the webpage being examined based on the
mistakes found in previous questions (9). The DISCERN instrument
was tested for reliability and validity to evaluate the quality of written
information about health (9). The inter-rater agreement was calculated
using Cohen’s kappa (k) with participators taking part in each
development phase with a k result of 0.56 (9, 51). DISCERN was
created by interacting processes including the NHS Center for
Reviews and Disseminations, medical press members, nurses, plain
English advocates, doctors, lay health information publishing groups,
the community health council, specialists on health information
consumer, and delegates on self-help groups (52).

DISCERN was developed to assess printed documents but it is
appropriate for web-based information assessment given that
information available on the internet is in written format and read
sometimes in print layouts (51, 53). DISCERN was operated to
create and gage health information in web based and paper-based
treatment leaflets as it revolves around treatment choices (51, 54,
55). The NHS Executive Anglia and Oxford Research and
Development Program was funding a new plan to make DISCERN
available and workable to all online information seekers about
treatment choices (54, 55). The DISCERN instrument can estimate
the credibility and reliability features of a webpage like benefits or
risks of treatment and non-treatment options, publishing dates, and
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apparent sources of information (55). The DISCERN total score
varies from 0 to 80 points, with higher scores representing a higher
quality site.

The HON foundation in Geneva developed a code of conduct
(HONcode) of eight principles to enhance the reliability of health
information published online (56-58). These principles were reformed
with numerical scales by many researchers such as Boyer (58), Ahmed
(59), and Rothrock et al. (60). Ahmed’s adaptation of these principles
into a questionnaire with a 1 to 5 Likert scale was chosen. The
questionnaire comprised 15 queries that guarantee the covering of the
HONCcode 8 principles.

The JAMA benchmark was reported by Zhang et al. (17) has 4
criteria that allow readers to estimate the credibility, reasonability, and
usefulness of health information found on the web. The criteria score
ranges from 0 to 4 by awarding a point for clear presentation of the
following core standards authorship, attribution, disclosure,
and currency.

Procedure

The sampled websites were saved as HTML files and stored in a
OneNote portfolio. The portfolio was composed of four parts and
each part has its own password to make sure that participants are
blinded to each other’s score. Four human independent assessors as
“evaluators” with different levels of educational attainment were
recruited to participate in this study to evaluate the sampled
websites one by one. The participants were two female medical
school students (undergraduate and postgraduate), one employed
man who has completed an A level education and one unemployed
man who completed secondary education between 14 and 16 years
of age. The participants were initially trained and calibrated
regularly for 2 weeks prior starting the assessment mission. It is
important to note that no familial, professional, or communal
affiliations exist between the authors and the raters in this study. The
evaluators were chosen for their pertinent expertise, and their
evaluations were performed independently to ensure objectivity and
reduce potential biases.

Raters were selected based on their availability during the research
process and the ethical approval obtained from Swansea University.
The participants, consisting of laypersons or caregivers, did not
possess specialized knowledge in Amitriptyline or health information
evaluation. Participants were available at Swansea University and
consented to engage in training courses that lasted approximately
2 weeks. The training sought to acquaint participants with evaluation
tools and criteria for assessing the quality of online medication-related
content. This approach was chosen to enable objective evaluations by
raters concerning the tools and their effectiveness in assessing health
information, while minimizing potential biases arising from prior
relationships or specialized knowledge in the field.

In 2020, the sampled websites were distributed to each assessor in
an independent and confidential manner for evaluation. Each assessor
received an email from the research primary supervisor containing a
link to the portfolio with the password and the rating instrument
instructions for DISCERN, HONcode principals, JAMA and the
Keystone criteria. Each assessor was asked to store the results in the
specific part of the portfolio allotted to her/him and send a notifying
email to one of the authors when the assessment was completed.
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Data and statistical tests

Reliability of the Keystone action plan criteria web scoring scale
was estimated by measuring the inter-rater reliability. The four
assessors performed evaluation of the 30 sampled websites and inter-
rater testing statistics were calculated with significance levels where
appropriate reflecting the degree of agreement and disagreement
between the assessors. For this purpose, Cronbach’s alpha, the Inter-
class Correlation (ICC), and Kendall's rank-order correlation
coefficient tests were performed using SPSS V25.

Results
Demographic and background information

The sampled websites were categorized and grouped by their
developers’ names into commercial websites (1 =17) including
pharmaceutical companies providing information about medicines,
not for profit organizations (n =5) including national societies,
private and personal developed websites, health organizations (1 = 4)
including health bodies and national institutes, charities (n = 2) and
academic websites (1 = 2) including universities and research centers.
Each assessor filled out assessment worksheets containing names,
URLs, and scores of the sampled websites and saved to the OneNote
portfolio. The results then were tabulated for analysis.

Psychometric testing of the reliability of
the evaluation tools

This section aims to assess the internal reliability and inter-rater
reliability of the four main tools: Keystone (22 items), DISCERN (16
items), HON (15 items) and finally JAMA (4 items). It should be noted
here that the scoring systems of these tools vary (see appendices 3 and
12). The researcher aimed to examine the internal reliability of each
as well as the inter-rater reliability using 4-moderators. It should also
be noted at this early stage that the internal reliability is sensitive to
the number of participants (moderators) hence outcomes must
be treated with caution. These tools were used to examine 30-websites
all of which provided information relevant to Amitriptyline. Hence it
was also important to test the consistency of information across the
websites too (internal reliability).

Internal reliability: Cronbach’s alpha

Cronbach’s alpha is a reliability indicator related to the average
correlation of scores for different measurements of the same
underlying scale (61). Cronbach’s alpha is applied as a scale of “internal
consistency” reliability (62). In other words, this section answers
whether or not the items within each tool are correlated or consistent
with each other. To do so, an SPSS file was created for each tool (4
moderators); Columns represented each item within each of the tools
(e.g., keystone had 22 items). Row represented moderators’ (n = 4)
assessment for each of the 30 websites. This created 120 rows (30 per
moderator). Therefore, the internal reliability for each tool was
calculated for each of the moderator separately (30 websites).
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As observed in Table 1, Keystone reliability across items was
relatively good for all moderators ranging between 0.64 and 0.823 for
the 30 websites. However, the table shows the reliability for the other
three tools did not reach an acceptable level.

Furthermore, Cronbach’s alpha was calculated to test the
consistency between the 30 websites assessment results based on that
they were obtained by the four human moderators using each of the
tools separately. Participants were asked to examine 30 websites and
record scores based on the four assessment tools. The internal
reliability was calculated to see consistency between 30-websites in
their information. This was done for four participants (for each tool)
across 30 websites, resulting in four reliability tests (Table 2).

As can be seen in Table 2, Cronbach’s alpha showed that Keystone
had the highest internal consistency and reliability result of (0.936)
followed by DISCERN (0.701), HON (0.321) and finally JAMA
(0.103). It should be acknowledged that these reliability tests were
conducted based on four evaluators’ answers and this makes
Cronbach’s alpha more sensitive to inconsistencies between websites.

It is worth noting that the internal consistency of each tool is
reflected in the results of Table 1, which are based on the evaluations
conducted by the four moderators for each of the 30 websites” In
particular, this table displays the Cronbach’s alpha values that were
determined for each tool by analyzing the individual assessments of
the moderators. This information offers a glimpse into the consistency
with which each moderator evaluated the websites using each tool. In
contrast, Table 2 displays the overall internal consistency of each tool
across all 30 websites, as determined by the collective ratings provided
by the four moderators. The Cronbach’s alpha value evaluates the
consistency of the ratings across the websites, indicating the reliability
with which each tool measures the same construct across
various websites.

Inter-rater reliability

Inter-Class Correlation Coeflicient (ICC) is commonly used to
calculate the degree of conformity among different observers
measuring the same quantity (63). Inter-rater reliability for each of the
three tools in this study was tested using ICC. ICC is an index that
reflects the reliability of the ratings provided by assessors, with higher
scores indicating greater inter-rater reliability. However, the
interpretation of the ICC score is not solely based on the value itself;
the reliability is also assessed based on established thresholds for the
score. Typically, an ICC value below 0.50 indicates poor reliability,
values between 0.50 and 0.75 suggest moderate reliability, values
between 0.75 and 0.90 indicate good reliability, and values above 0.90
are considered excellent. In this study, ICC measures the consistency
of ratings across more than two assessors.

TABLE 1 Internal consistency of each of the tools per each of assessor.

Moderator Keystone @ DISCERN HON @ JAMA
(22) (16) (15) (4)

1 0.823 0.459 —0.408 0.566

2 0.698 —0.144 —0.073 0.162

3 0.659 —-0.290 0.052 -0.097

4 0.640 0.157 0.206 —0.571
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Total scores for each tool were calculated across all websites per
assessor, resulting in four columns per tool for 30 websites. Inter-class
correlations (ICC) were then conducted for each tool to assess
consistency among assessors. The single measures ICC represents the
reliability of one assessor, while the average ICC indicates agreement
across all four assessors. As shown in Table 3, the tools demonstrated
high inter-rater reliability, with DISCERN (ICC = 0.996, p < 0.001)
showing the highest consistency, followed by JAMA (ICC = 0.935,
p <0.001) and Keystone (ICC = 0.929, p < 0.001). This suggests that
each tool provides clear instructions for reliable use. However, HON
had low reliability (ICC = 0.149, p > 0.05), consistent with previous
critiques of its principles (7, 53).

Kendall's rank-order correlation coefficient

Kendall’s rank-order correlation coefficient is typically used to
assess the association between two ordinal variables or between an
ordinal and a continuous variable, especially when the data
contains tied ranks or when the sample size is small (64). In this
study, Kendall’s rank-order correlation coefficient was employed to
evaluate the relationship among the scores of the four
instruments—XKeystone, DISCERN, JAMA, and HON—because
the data consisted of ordinal scores assigned by the evaluators.
Kendall’s Tau is particularly advantageous in this case because it is
less sensitive to tied ranks than Spearman’s rank-order correlation,
making it more suitable for assessing the consistency between
evaluators’ ratings of ordinal data. A cumulative score for each
instrument, derived from all four evaluators, was computed for
each website, producing four columns of aggregate scores
corresponding to each tool across 30 observations.

Substantial positive correlations were identified between Keystone
and DISCERN (tb=0.559, p <0.001), Keystone and JAMA
(tb =0.565, p<0.001), and DISCERN and JAMA (tb=0.782,
p <0.001), thereby affirming the validity of Keystone in alignment
with other standards. No substantial relationships were detected
between Keystone and HON (tb = 0.208, p > 0.05) or between HON
and the other instruments.

TABLE 2 Internal consistency within each of the three tools.

Tools Cronbach'’s alpha No of items
Keystone 0.936 30
DISCERN 0.701 30
Hon 0.321 30
JAMA 0.103 30

TABLE 3 Inter-class correlation coefficient for keystone, DISCERN and JAMA.

10.3389/fpubh.2025.1460202

Total scores were computed for each website by each assessor for
the tools (Keystone, DISCERN, and JAMA), and subsequently
aggregated across assessors. This yielded a singular score per tool for
each of the 30 websites, facilitating a ranking from lowest to maximum
quality. HON was omitted due to its minimal association with the
other instruments. The rankings for DISCERN and Keystone spanned
from 1 to 25, whereas JAMA varied from 1 to 4, with 1 representing
the lowest score and 25 or 4 denoting the highest score.

To facilitate score comparison among instruments, Keystone and
DISCERN scores were categorized into five groups (1 = 1-5, 2 = 6-10,
etc.), corresponding to JAMA’s 1-4 ranking system. This alteration
enhanced uniformity among the instruments. Significantly, Keystone
and DISCERN exhibited identical rankings for W2, W13, and W24,
with analogous patterns observed at both the high and low extremes
of the scales across all instruments, in accordance with the correlation
data presented in Table 4.

Discussion

This study sought to evaluate the reliability and validity of the
Keystone action plan criteria for assessing online medicines
information. A key issue in the field of health information quality is
the subjective nature of evaluations, which often rely on human
judgment and various assessment tools. While many tools exist, few
have been validated for online medicines information, and there is
limited consensus on which criteria are most suitable for evaluating
such information. The findings of this study provide valuable insights
into the application of the Keystone criteria, its comparison to other
widely used tools, and it's potential to address gaps in current
assessment practices (Table 5).

The results of the study demonstrate that the Keystone action plan
criteria  exhibit strong reliability and internal consistency,
outperforming other generic tools such as DISCERN, HONcode, and
JAMA in assessing online medicines information (64). The Keystone
criteria’s ability to consistently produce reliable results across multiple
assessors, coupled with its high internal consistency, suggests that it is
a robust tool for evaluating medicines-related websites. These findings
reinforce the importance of considering internal consistency when
choosing evaluation tools for online health information, as tools with
low reliability, such as HONcode and JAMA, may not adequately
capture the quality of medicines information on the web (41, 65).

Moreover, the study’s examination of inter-rater reliability using
the Inter-Class Correlation (ICC) and Kendall’s rank-order correlation
further supports the credibility of the Keystone criteria. The positive
correlations between Keystone and other tools like DISCERN and
JAMA indicate that while there are differences in how these tools

measure information quality, they share common elements that ensure

Intraclass Correlation 95% Confidence F Value Significance (Sig)
(Average Measures) Interval
Keystone 0.929 0.876-0.963 14.06 0.000
DISCERN 0.996 0.993-0.998 256.463 0.000
HON 0.149 —1.008-0.400 0.87 0.656
JAMA 0.935 0.887-0.966 15.489 0.000
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a level of agreement among assessors. This highlights the potential for
Keystone to be used in conjunction with other instruments, expanding
its applicability across various types of health information
evaluation (41).

A key contribution of this study is its demonstration of the validity
of the Keystone action plan criteria in assessing medicines information

TABLE 4 Kendall's Tau correlation coefficient between the three tools.

Tool Keystone DISCERN JAMA HON
Keystone 1.000 0.559%* 0.565%* 0.208
DISCERN 0.559%% 1.000 0.7827 0.103
JAMA 0.565%* 0.7827 1.000 0.196
HON 0.208 0.103 0.196 1.000

#*Correlation is significant at the 0.01 level (2-tailed). Websites ranking.

TABLE 5 The ranking of website according to each of the three tools.

10.3389/fpubh.2025.1460202

online. While previous research has focused on individual tools or
compared generic criteria, this study is one of the first to specifically
measure the validity of Keystone in the context of evaluating online
medicines information. The comparison between the Keystone action
plan criteria and established tools like DISCERN and JAMA has
shown that the former not only aligns well with these tools but also
addresses the unique challenges posed by medicines-related content,
including its currency and specificity (18). This finding suggests that
the Keystone criteria are not only valid for assessing general health
information but are particularly effective for domain-
specific evaluations.

The dynamic nature of online information presents another
challenge for evaluation tools. Unlike traditional print-based health
resources, web content is frequently updated, which can affect the
relevance and trustworthiness of health information over time. While

this study provides a snapshot of the reliability and validity of the

Websites’ URL home addresses  Websites' Keystone Keystone DISCERN DISCERN JAMA
classification (1-25) (1-5) (1-25) (1-5) (1-4)
w1 http://www.drugs.com Non for profit 23 5 20 4 4
w2 http://painconcern.org.uk Charity 1 1 1 1 1
w3 https://www.uniprix.com Commercial 20 4 13 3 3
W4 https://www.nlm.nih.gov Health organizations 21 5 19 4 3
W5 http://www.netdoctor.co.uk Commercial 23 5 12 3 2
we6 http://reference.medscape.com Not for profit 22 5 23 5 4
w7 http://www.uofmhealth.org Academic 24 5 21 5 4
w8 http://www.news-medical.net Commercial 18 4 11 3 3
w9 http://www.pdr.net Commercial 2 1 8 2 2
W10 http://www.cigna.com Health organizations 21 5 24 5 4
Wil http://www.theathlete.org Commercial 3 1 9 2 2
W12 http://depression.emedtv.com Commercial 11 3 14 3 2
w13 http://drugs.webmd.boots.com Commercial 25 5 25 5 4
w14 http://www.healthyplace.com Commercial 14 3 16 4 3
W15 http://www.mayoclinic.org Not for profit 13 3 24 5 4
W16 https://dailymed.nlm.nih.gov Health organizations 7 2 10 2 2
w17 http://www.wikidoc.org Academic 10 2 21 5 4
W18 http://www.medicines.org.uk Not for profit 6 2 5 1 1
W19 http://www.rxlist.com Commercial 14 3 22 5 4
W20 http://www.medic-inform.com Commercial 15 3 22 5 2
w21 http://www.home.intekom.com Commercial 4 1 4 1 1
w22 http://www.prescriptiondrugs.com Commercial 3 1 3 1 1
w23 http://www.anti-aging-meds.com Commercial 17 4 21 5 4
W24 http://www.syrianclinic.com Not for profit 6 2 6 2 2
w25 http://www.peacehealth.org Commercial 19 4 18 4 3
W26 http://www.netdoctor.co.uk Commercial 9 2 15 3 2
w27 http://dailymed.nlm.nih.gov Health organizations 8 2 7 2 1
w28 http://www.news-medical.net Commercial 16 4 17 4 3
W29 http://psychcentral.com Charity 12 3 20 4 3
W30 http://www.druginformation.com Commercial 5 1 2 1 1
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Keystone action plan criteria, it also underscores the need for ongoing
evaluations. A follow-up assessment could help to confirm the long-
term effectiveness of these tools in a rapidly changing digital
environment. Moreover, the study highlights the importance of
developing tools that can account for updates in web content,
suggesting that future research could explore automated assessment
systems or artificial intelligence-based tools to mitigate the issue of
time-sensitive evaluations (52).

Another noteworthy limitation of this study is its exclusive
focus on English-language websites. The findings may not
be directly applicable to non-English-speaking populations, as
language and cultural differences can influence the structure and
presentation of health information. For instance, Arabic-language
health information websites may require distinct quality and
reliability criteria due to linguistic and cultural factors. This
limitation suggests a need for future multilingual studies to
evaluate the applicability of the Keystone criteria across different
languages and cultural contexts, ensuring that global health
information is assessed with tools that are both reliable and
relevant to diverse populations (63). Moreover, this study has a
limitation in that the health literacy level of the raters was not
formally evaluated. The selection of raters was based on
availability, and they underwent 2 weeks of training. However,
the absence of a formal health literacy assessment may restrict
our comprehension of how differing levels of health literacy
could affect the evaluation process. The training aimed to equip
raters with the essential skills for evaluating online medical
content. However, future research could enhance understanding
by formally assessing health literacy and its impact on the
evaluation of health information.

Despite these limitations, this study makes a significant
contribution to the literature by addressing gaps in the current
literature on the reliability and validity of online medicines
information assessment tools. By demonstrating that the
Keystone action plan criteria are both reliable and valid for
evaluating online medicines information, it provides evidence
that this tool can be a valuable resource for future assessments.
Additionally, the study reinforces the need for specialized,
domain-specific tools to evaluate medicines information online,
as generic instruments may fail to address the unique
characteristics of such content (52, 64).

Overall, the findings of this study suggest that the Keystone action
plan criteria offer a promising approach to evaluating the quality of
online medicines information. Future research should continue to
explore its applicability in various contexts, considering factors such
as linguistic diversity and the dynamic nature of online content. With
further validation, these criteria could be instrumental in improving
the quality and reliability of health information available to
consumers online.

Conclusion

Keystone action plan criteria have been designed initially to assess
written information on medicines for consumers with a future
expectation by its authors to be applied to online sources of
information. Based on the tests performed with these criteria in this
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study, it can be concluded that the Keystone action plan criteria can
be used to reliably assess websites information on Amitriptyline and
possibly for other medicines. The criteria can be used as a domain
specific tool for assessing medicines information in websites with
satisfied internal consistency and reliability results that indicates the
construct validity.
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