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INTRODUCTION

Urolithiasis is a multifactorial condition with a com-
plex aetiology influenced by genetic, metabolic, en-
vironmental, and dietary factors, as well as comor-
bidities and their corresponding treatments [1-4].
Consequently, the same diagnosis encompasses pa-
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Introduction Urolithiasis is a prevalent condition with several etiological factors, affecting up to 20%

of the population and exhibiting high recurrence rates. Its strain on healthcare systems, exacerbated

by high incidence and recurrence, often results in insufficient time for thorough diagnostics and coun-
selling. Consequently, many patients seek easily accessible online sources of information. This study
aimed to assess the readability and availability of online urolithiasis materials across 24 official European
languages to compare readability across different source types.

Material and methods The phrase “kidney stones” was translated into all official European languages,
and the first 50 search results for each language were retrieved. Non-functional websites, those requir-
ing accounts or payments, and duplicates were excluded. Relevance was assessed using Google Trans-
late to filter out results lacking medical information. Only patient-oriented materials were included

for analysis. Obtained results were then classified by source category, and their readability was assessed
using LIX formula.

Results A total of 723 articles were analysed. The English term yielded the highest number of results,
followed by Spanish and Portuguese. Overall, the English articles performed best, being the only language
with a mean LIX score below 40, which marks the threshold between “somewhat hard” and “hard” to read.
Finnish, Lithuanian, and Hungarian materials had LIX scores significantly exceeding the threshold of 50,
classifying them as “very hard to read” and among the most difficult to comprehend.

A subgroup analysis revealed no statistically significant differences across the source classification.
Conclusions Online materials on kidney stones are generally too complex for patients, limiting their
understanding and treatment adherence. Simplification of patient-oriented materials along with artificial
intelligence utilisation could enhance comprehension. Improved awareness may promote adherence

to preventive measures and help reduce the incidence and economic burden of urolithiasis.

tients with widely varying prognoses, ranging from
individuals with incidental, asymptomatic stones
to those progressing to end-stage kidney disease
(ESKD). Moreover, this condition is relatively fre-
quent. Depending on the demographic, urolithiasis
affects up to 20% of the population, with its incidence
steadily increasing over the past 30 years [5, 6].
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Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
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Furthermore, the risk of kidney stone recurrence
reaches as high as 50% within five years of the ini-
tial episode/finished treatment [7].

In the aforementioned context, overloaded and often
inefficient healthcare systems, already facing long
waiting lists for endoscopic procedures, frequently
lack the time needed for comprehensive diagnos-
tics and counselling on the causes of urolithiasis
[8]. This results in an increase of patients turning
to easily accessible online sources when seeking in-
formation about their condition. Considering that
nowadays the internet has become a critical tool
in patient decision-making [9], the need for credible
and reliable information is of utmost significance.
In this regard, it is essential not only to provide ma-
terials with high-quality content but also to ensure
they are easily comprehensible.

The term “health literacy” refers to an individual's
ability to understand and effectively use health in-
formation [10, 11]. While online patient education
resources play a significant role in shaping patient
decisions, their readability often exceeds the general
public’s health literacy levels [12-15]. This gap is
concerning, as these resources influence patients'
expectations prior to treatment, their satisfaction
afterward, and, in cases of long-term care, the qual-
ity of patient-doctor collaboration.

The main objective of this study was a multilingual
analysis of the comprehensibility of online patient
education materials (PEMs) on urolithiasis and an
assessment of their availability in different languag-
es. An additional objective was to compare the level
of readability of these materials depending on the
source.

MATERIAL AND METHODS
Search algorithm and data acquisition

This manuscript follows an already established
study protocol [16-18]. First, in order to obtain
search inputs, the phrase “kidney stones” was trans-
lated using Google Translate services into all official
European languages. Subsequently, initial searches
were conducted. Each phrase was looked up using
Google Search Engine. The queries were conducted
using Google Chrome browser in Incognito mode
to exclude potential confounding effects of the au-
thors' search history. For each search, the first
50 records have been retrieved and further verified.
At first, sites that were not functioning and ones
that required the creation of an account, payment,
or download of its content were excluded. Duplicate
entries were ruled out. Next, each record has been
assessed for its relevance. Using Google Translate

add-on for entire website translation authors reject-
ed results that did not contain medical information.
Personal blogs, internet forums and websites dedi-
cated to alternative treatment methods were not an-
alysed. Due to the inability to assess the readability
metrics we excluded videos and infographics. More-
over, we did not include medication or supplement
advertisements, together with resources addressing
animal owners and veterinary medicine profession-
als. Lastly, since this study aimed to determine the
readability of materials dedicated to patients, scien-
tific articles and literature addressed to healthcare
professionals were excluded. The remaining articles
were subject for detailed analysis.

Definitions and source classification

To enhance clarity and provide a more compre-
hensive understanding of the conducted analysis,
we provide detailed definitions outlining the crite-
ria used to classify included PEMs. The materials
included in the analysis were grouped by their lan-
guage of origin and the provided definitions, facili-
tating a thorough examination.

Commercial publisher

This category includes materials created by web-
sites that do not offer products or services directly.
However, these sites have clear indicators of other
monetisation methods, such as advertisements
or the option for a paid subscription.

Medical journal

Electronic patient material was classified under
the Medical Journal category if it met the follow-
ing criteria: it was published on a medical or scien-
tific journal website, the content was not intended
for healthcare professionals, and the article was not
scientific in nature.

Medical service provider

This category includes PEMs issued by urology clin-
ics, group practices, individual practitioners, or por-
tals offering specialists' consultation services. It also
contains materials prepared by diagnostic centres
or dietitians.

Foundations
Online materials were considered suitable for this

category, if a domestic or international scientific or-
ganisation prepared them, for example, European
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Association of Urology or National Kidney Founda-
tion. Furthermore, the website could not provide
any service or product nor any method of income
generation, other than donations.

Retailers

Evaluated articles published by websites directly
selling medication or supplements, alongside web-
sites connected with physical pharmacies fell under
the Retailers category.

Pharmaceutical companies

Patient materials with solely educational purposes
issued by companies producing medication or in-
strumentation used for the treatment or preven-
tion of urolithiasis were classified in this section.
If the website offered a purchase option, it was clas-
sified as an “Retailer”.

Sources providing reliable information about uroli-
thiasis that could not be assigned to the aforemen-
tioned were categorised as “Other”.

Readability assessment

Numerous statistical measures are available for as-
sessing the readability of the analysed materials.
However, most of these methods have been validat-
ed solely in English, which restricts their applicabil-
ity for comparing results across different countries
due to linguistic constraints. Consequently, the only
statistical method suitable for evaluating materials
in all official European languages was the calcula-
tion of the LIX score. Results interpretation was
conducted in accordance with the scale proposed
by Anderson [19]. Accordingly, scores below 20 are
classified as very easy to comprehend, scores below
30 as easy, scores below 40 as somewhat hard, scores
below 50 as hard, and scores below 60 as very hard
to comprehend.

The content of the included websites was copied into
Microsoft Word (version 16.89.1) using the paste as
plain text function. Irrelevant parts of PEMs, such
as authors’ information, affiliations, advertise-
ments, figures, hyperlinks, disclaimers, and contact
information, were removed. Prepared materials
were saved as separate files using the “Save as Plain
Text” feature. Each text was subsequently copied
and pasted into the online LIX calculator at https://
haubergs.com/rix. The calculator computes the LIX
score, the number of words, the number of sentenc-
es, and the average number of words per sentence.
All metrics were saved for analysis. Each step of the
described analysis has been conducted by two indi-

vidual researchers. The obtained results were com-
pared, and in the event of discrepancies, the data
were re-evaluated.

The obtained LIX scores were organised according
to the provided definitions. Their distribution was
assessed using IBM SPSS software version 27.0.1.0,
and descriptive statistics were calculated. The in-
dividual groups were compared using appropriate
statistical tests, with statistical significance set at a
p-value of <0.05.

Bioethical standards

Due to the nature of the study, the consent of the
ethics committee was not required.

RESULTS
Prevalence and inclusion rate

A total of 723 articles were analysed for readability.
The English term yielded the highest number of re-
sults, followed by Spanish and Portuguese. Notably,
the number of hits obtained in English was 13 times
greater than that for Spanish, underscoring the sig-
nificant dominance of English-language materials.
In contrast, the Finnish term garnered the fewest
hits (5,840), followed by Irish and Estonian, which
had 16,800 and 18,400 hits, respectively. The high-
est inclusion rate of 90% was observed for Bulgar-
ian, Dutch, and English, with 45 articles included
from the initial 50 results. Conversely, the Estonian
and Irish searches exhibited the lowest inclusion
rates at 22% and 10%, respectively. Table 1 pro-
vides a detailed overview of the number of websites
included in the analysis, the search queries used,
and the total number of hits obtained.

Readability by origin

Out of the 723 materials analysed, only one had
a LIX score below 30, classifying it as “easy”
to read. All other analysed PEMs had LIX scores ex-
ceeding 30. Overall, the English articles performed
the best, being the only language group with a mean
LIX score below 40, which marks the threshold be-
tween “somewhat hard” and “hard” to read. Follow-
ing English, the best results were seen in materials
written in Dutch (42 +£6), Swedish (44 +6), and Dan-
ish (45 £5), though these scores were still notably
higher, placing them in the “hard to read” category.
By contrast, Finnish (68 +6), Lithuanian (65 *6),
and Hungarian (63 £5) PEMs had the worst out-
comes, with LIX scores that far exceeded the thresh-
old of 50, classifying them as “very hard to read” and
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among the most difficult to comprehend. Figure 1
presents the mean LIX score values for the PEMs,
categorised by their language of origin.

Complexity and length

Materials in Bulgarian (87 +77), German (79 +47),
and English (79 £61) recorded the highest average
sentence counts, while French (1,443 +£1,042), Bul-
garian (1,389 =1,179), and Romanian (1,371 £1,197)
had the highest average word counts per article.
The highest words-per-sentence ratios were ob-
served in Italian (22 £4), Irish (21 £4), and Greek
(20 £4), whereas Finnish (11%3), Lithuanian
(13+2), and Dutch (13 +3) had the lowest ratios.
Interestingly, despite the low words-per-sentence
ratios, which would suggest conciseness and high
readability, Finnish and Lithuanian are among
the languages with the highest LIX scores. Further
details on word counts, sentence counts, and words-
per-sentence ratios are provided in Table 2.

Readability by category

A subgroup analysis based on the classification
of PEM sources revealed that medical journals have
the highest average LIX score (62 *7). In contrast,
materials from foundations and “other” category
displayed lower LIX scores of 51 *11 and 51 %8,
respectively, suggesting that these articles may be
more accessible to a broader audience. Additionally,
pharmaceutical companies produce patient-directed
materials with the highest average counts, aver-
aging 77 =79 sentences and 1,307 *1,322 words.
Conversely, articles published by foundations tend
to be shorter, with averages of 58 *+66 sentences

Figure 1. Mean LIX score values for educational materials clas-
sified by language of origin.

and 891 +1,019 words, indicating a more concise and
focused communication style. However, no statisti-
cally significant differences were observed among
these groups. Figure 2 depicts mean LIX score
in regard to the allocated category. This is followed
by Table 3, which provides detailed metrics for each
subgroup analysed.

DISCUSSION

The internet has become one of the most common
sources for information, especially when it comes to
medical knowledge [20]. This is also true for patients
suffering from kidney stones. However, stone form-

Table 1. Overview of search terms, total number of hits
and ratio of included materials

Language Search term  Total no. of hits Included PEMs, n (%)

) KaMbHM

Bulgarian 6 Gu6peLyTe 630,000 45 (90)

Croatian i“brem.‘ 69,600 36(72)
amenci

Czech ledvinove 79,600 25 (50)
kameny

Danish nyresten 58,700 17 (34)

Dutch nierstenen 155,000 45 (90)

English kidney stones 99,900,000 45 (90)

Estonian neerukivid 18,400 11 (22)

Finnish munuaiskivia 5,840 19 (38)

French calculs rénaux 1,520,000 36 (72)

German Nierensteine 1,180,000 35 (70)

Greek TETPEG oTa 125,000 43 (86)
vebpa

Hungarian vesekovek 40,800 26 (52)

Irish clocha duain 16,800 5(10)

Italian calcoli renali 1,140,000 39 (78)

Latvian nierakmeni 90,900 23 (46)

Lithuanian inksty 76,200 39 (78)
akmenys

Maltese gebel fil-kliewi 34,900 22 (44)

Polish kamienie 90,000 38 (76)
nerkowe

Portuguese pedras nos rins 1,840,000 35 (70)

Romanian pietre la rinichi 360,000 39 (78)

Slovak Okb"Cko"e 56,700 25 (50)
amene

Slovenian ledvi¢ni kamni 26,400 22 (44)

Spanish calculos 7,690,000 34 (68)
renales

Swedish njursten 106,000 19 (38)

No. — number
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ers often encounter various informational pitfalls.  Table 2. Lix scores, word counts, sentence counts, and words
Although kidney stone disease may seem straight-  per sentence ratios by language of origin

forward, it can stem from a range of issues, both

metabolic and anatomical [1-5]. As a result, not all Language Lix No. No.words ~ \Vords/sentence

. . . . f .. score sentences ratio
information found online applies to every individ-
ual case. This is further complicated by the spread = Bulsarian 2415 87477 138 1179 1642
of outdated information that contradicts current Croatian 61146 50 +32 805 +481 17 44
medical knpwlgdge and is often presented in lan- Crech 54 45 74 450 979 +686 15 +4
guage that is difficult for non-medical professionals ,
Danish 45 45 55437 797 £475 16 £2
to understand [21].
The evaluation of the readability of Google-searched Dutch 4246 6760 849 +757 1343
materials related to kidney stones showed that English 38146 79 461 1,244 £900 17 43
the level of comprehension o'f the texts exceeds what Estonian 62 +4 40413 564 +177 1443
would be expected for materials designed for a broad o
. . Finnish 68 46 33430 360 +307 1143
readership. None of the tested languages achieved
a LIX score at the “easy to read” level. Though French 5645 76 354 1,443 +1,042 1943
English, according to the results, has the highest German 53 +4 79 +47 1,066 +623 14 +2
overall comprehensibility and favourable text struc; Greek SE 16 57450  1,117+1,101 50 44
ture; it is still classified as “a little hard to read | \ - o1 1ar 1 6a0 1o 1s
. . . ungarian us T s T
by the LIX score. Higher LIX ratings were assigned ear!
to articles written in Dutch, Swedish, Danish, Irish 53110 50 £62 1,098 £1,508 2144
and Portuguese, marking them as “hard to read”. Italian 6115 63 +53 1339 +1,,093 22 +4
The art‘tcles in the remaln,l’ng languaggs were cla}ss1- Latvian 6147 5 434 765 +459 1644
fied as “very hard to read” due to their LIX ratings o oo 1t . con 1376 159
being higher than 50. Texts with such a high score huanian - : - :
are only comprehensible to readers with greater ed- Maltese 626 31423 446 £273 154
ucation. This is a challenge given that only approxi- Polish 62 +4 71436 1,014 +503 1543
mately 30% of Eurppeans have a tgrtlary educajclon Portuguese 49 45 48 424 871 +496 19 43
[22]. The complexity of these articles undermines S coae 8o 37141197 1613
. . . . . . + + + +
their primary goal: to provide inclusive access to in- omanian : * SR *
formation. Slovak 54 46 59 +47 775 4538 14 43
Although this study focused exclusively on uroli- Slovenian 5546 53452 8011717 16 43
Fhlas1s, .11: 1s important to recognise th.‘::lt this issue Spanish o145 70 456 1224 +955 18 44
is not limited to urology. Similar findings regard-
Swedish 44 46 78 £49 1,122 £710 14 +4

ing poor readability of online materials have been
observed in dermatology, gynaecology, and ophthal-  No.-number
mology [16, 17, 23, 24]. The lack of easily accessible
and understandable resources negatively impacts

Table 3. Detailed metrics by the category of PEMs

. Words/
Lix No.
Source No. words sentence
score sentences -
ratio
Commercial 57+9 63 +48 1,000 +885 16 +4
publisher
=i Medical journal 62 £7 72 £54 1,179 £1,020 16 5
Medical service 55, 62 453 976 4752 17 +4
provider

Foundations 51+11 58 +66 891 41,019 1543
- : Retailers 5517 72 45 1,079 £651 16 +4
i i i Pharmaceutical ¢ ¢ 77 479 1,307 +1,322 16 +4

3 5 companies
bemece of sty et Other 518 69 +27 1,028 +430 1543

Figure 2. Mean LIX scores by allocated category. No. — number
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the treatment process. Additionally, difficult to read
PEMs further contribute to healthcare disparities,
as individuals with higher education and income are
more likely to access and comprehend such informa-
tion [25-27]. Unfortunately, this issue is exacerbat-
ed by those profiting from misinformation and false
claims. A striking example identified in our analysis
is the commercial sale of seahorse extract, falsely
promoted as a preventive measure for kidney stones,
which ranks among the top search results in Bulgar-
ian. Lastly, social media have powerful impact over
the younger generations. Unfortunately, they often
present a skewed reality, further promoted by vari-
ous media algorithms. Patients’ perspective focuses
mainly on negative and adverse events after the pro-
cedures, whereas the professional approach is often
commercially oriented [28, 29]. As a result, misin-
formation prevails.
Publicationslikethisarevitalastheyclearly highlight
the problem while also identifying potential factors
for improvement. In this case, a primary step would
be to create materials that avoid complex vocabulary
and paraphrase poorly evaluated sentences by sta-
tistical methods. Support from artificial intelligence
could prove invaluable in this endeavour [30, 31].
Naturally, not every patient has the skills needed to
effectively use the available large language models.
In fact, these models often fail to generate accurate
results [32]. However, content creators can leverage
these tools to enhance readability without sacrific-
ing the essence of their knowledge.

This study makes a significant contribution to the
field by providing the first comprehensive analysis
of urological PEMs across all 24 official European
languages. It also presents a standardised approach
to evaluating these materials based on their source.
Nevertheless, our publication has certain limita-
tions. First, we did not conduct a factual analysis
of the content. The linguistic barrier and the absence
of statistical methods suitable for such comparisons
rendered this analysis unfeasible. We believe that
thorough content analyses should be undertaken
for each language individually, ideally by scientists
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