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Abstract: Background: Hyperbilirubinemia is a common condition in newborns. While mild cases
of jaundice are common and typically resolve spontaneously, severe hyperbilirubinemia can lead
to serious neurologic complications if left untreated. With the constant adaptation of guidelines,
clinical management has significantly improved, and treatment has become routine for pediatricians.
However, for parents of affected children, managing the condition is not routine. In today’s digital
age, parents often seek additional information by accessing a wide range of medical resources on the
internet. While this can be empowering, it also presents challenges, as the quality and accuracy of
online medical information can vary widely. Therefore, we analyzed the current quality of information
on jaundice found on the internet by parents. Methods: A simulated internet search (using the
Google search engine) was conducted from a layperson’s perspective using German (“Neugeborenes
Gelbsucht”, “Baby Gelbsucht”) and English (“jaundice newborn”, “jaundice baby”) search terms.
Subsequently, the quality of the search results was assessed by two independent neonatologists
based on the DISCERN Plus Score, HONcode certification, and the JAMA criteria. Results: Websites
targeting non-medical laypersons exhibited significant variability in quality. Notably, the content
of English websites was superior to that of websites in the German language. The majority of
English sites were predominantly institutional, whereas most German sites were commercially
oriented. Conclusions: Although information on jaundice is readily accessible online for non-medical
individuals, there were notable differences in quality based on language and significant variability in
the quality of information warranting attention from healthcare professionals. Furthermore, German
websites providing information on jaundice were often hosted by commercial organizations. We
propose that pediatric societies engage in developing and maintaining organization-based medical
information to improve online resources for parents.

Keywords: jaundice; online information; neonatal care

1. Introduction

The management of jaundice remains a global challenge [1]. It commonly occurs in
neonates following postnatal discharge and is mostly observed by parents as a yellowing of
the skin, increased sleepiness, and a reduction in feeding behavior [2]. While this typically
represents a benign physiological condition for most newborns, approximately one in ten
develop clinically significant hyperbilirubinemia, necessitating the prompt administration
of an appropriate inpatient treatment for the prevention of bilirubin encephalopathy [3,4].
Groundbreaking advancements in perinatology, such as the research carried out on Rhesus
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prophylaxis in the 1960s by Finn et al. [5] and Freda et al. [6] and the research carried out
on phototherapy in 1958/1960 by Cremer et al. [7] and Ferreira et al. [8], as well as the
recent improvement in jaundice monitoring via transcutaneous bilirubin detection methods
in addition to total serum bilirubin (TSB) levels [9,10], have greatly diminished the fear
of this complication. Interestingly, however, the incidence of bilirubin encephalopathy
remains significant, even in high-income countries (HICs) [11,12]. The failure to achieve the
millennium goal of making kernicterus a never event underscores the ongoing challenge in
healthcare systems [13]. While the number of affected newborns in HICs is relatively low,
the neurological consequences and associated impairments of bilirubin encephalopathy
impose significant burdens on affected children and their families [14]. In addition to
the early detection of severe hyperbilirubinemia in newborns and prompt initiation of
therapy, educating parents comprehensively is crucial to further reducing or preventing
encephalopathy.

In today’s digital age, parents increasingly turn to the internet for health-related
information [15-17], including guidance on managing their child’s health concerns, such as
jaundice. The accessibility and abundance of online resources make it a convenient source
of information for many, shaping their understanding and decisions regarding healthcare.
The British Ofcom Online Nation Report has shown that health-related internet usage
among adults was at 67% (including parents) in 2023, and among children (8-15 years), it
was at 16% [18].

However, the quality and reliability of online health information vary widely, posing
challenges for both parents and healthcare providers in ensuring accurate and informed
decision-making. It is noteworthy that even back in 2002, 22% of parents consulted the
internet before visiting their healthcare provider with their child. However, only 34% of
these parents shared this information with their physician [17].

Such findings underscore the necessity to understand the patterns of online health
information seeking among parents and the quality of content for sufficient healthcare
delivery today. This knowledge helps to inform strategies to improve the dissemination
of accurate information, promote health literacy, and enhance the partnership between
parents and healthcare professionals in managing conditions such as neonatal jaundice ef-
fectively [19,20]. Against this backdrop, our investigation into the online health information
landscape for neonatal jaundice revealed a gap in research on the quality of information
available to parents about this condition. Therefore, our objective was to conduct a standard-
ized evaluation of the current quality of online German- and English-language information
resources for parents.

2. Methods

Quality assessment of websites using HONcode, JAMA score, and modified DISCERN
Plus Score (DPS) has been previously described by us in detail [21-23]. In short, identifi-
cation and selection of websites were performed on 11 May 2023 (9-10 p.m. CET) using
Google as a search engine. The search engine Google was selected due to its popularity and
frequent use by patients [24]. The decision to limit the search to the top 20 results was based
on studies indicating that individuals typically restrict their web access to the top search
results [25]. In fact, the majority of users access only the top 5 websites [24]. German and
English language websites were evaluated separately due to documented discrepancies
in quality [22,26]. This approach also highlights potential differences in the quality of
medical information across different healthcare systems and regulatory environments of
HICs. Understanding the quality of information in these two languages might highlight
areas with potential for improvement in public health communication. Moreover, English
is considered the lingua franca of medical research and is the predominant language in
scientific publications.

Additionally, English is the predominant language of the internet, transcending gen-
erational demographics [27]. Therefore, we analyzed both German and English online
resources on hyperbilirubinemia to assess the scope and quality of information available
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on both national and international scales. The following English and German keywords
were entered into the search engines Google.de and Google.com: “Neugeborenes/Baby
Gelbsucht” and “Newborn/Baby Jaundice”. This helped to emulate real user experience.
Before conducting the search, the PC location was set to Germany (Berlin) and the USA
(Washington D.C.) using a virtual private network (VPN). The browser cache was cleared,
and cookies and search histories were deleted. For the respective searches, the language
filter and result region were set to German/Germany and English/United States. Exclusion
criteria included the following: limited information on the search topic (less than one
paragraph), restricted access requiring a password, repeated server unavailability, and
direct forwarding to other domains. Based on their hosting, websites were categorized
into the following groups: medical news sites, international governmental (IG) and non-
governmental organizations (NGOs), educational sites, governmental sites, and medical
center/university-owned sites.

The top 20 search results were downloaded for offline evaluation by two indepen-
dent board-certified neonatologists (MKB and GH) using a standardized evaluation chart,
provided in Supplementary File S1. There was some overlap in the results for the two
keywords, resulting in 25 German sites and 24 English sites for the final analysis. Interrater
discrepancies were discussed with a third party (FBF) to reach a consensus. The proportion
of agreement beyond chance was substantial, with a Cohen’s kappa greater than 0.61
(see below [28]).

2.1. Modified DISCERN Plus Score [23,29,30]

The DISCERN instrument is a validated tool for assessing the quality of written
medical information based on 15 questions, with scores ranging from 1 (definitely no) to
5 (definitely yes). The tool evaluates reliability and treatment details across two sections.
We adapted the second section to better fit our study context (see Supplementary File S1),

including a 16th question on overall quality, and rated websites as “excellent”, “good”,

“fair”, “poor”, or “very poor” based on their final scores (maximum 80), as described by
Nghiem et al. [31].

2.2. HONcode

The Health On the Net Foundation’s Code of Conduct (HONcode, www.healthonnet.org)
is a certification system ensuring quality, objective, and transparent medical information.
We recorded whether each website was HONcode-accredited by using the respective
browser plug-ins. Certification indicates compliance with standards such as author cre-
dentials, document modification dates, data confidentiality, data sources, funding, and
advertising policies [32].

2.3. JAMA Benchmarks

The Journal of the American Medical Association (JAMA) benchmarks provide website
guidelines for authorship, attribution, disclosure, and accuracy in relation to medical
information [33]. We assessed each website’s adherence to these benchmarks to indirectly
evaluate webpage quality.

2.4. Statistical Analysis

Statistical analysis was performed using GraphPad Prism 10.2.3 (GraphPad Software
Inc., LaJolla, CA, USA). The following tests were employed: Spearman correlation analysis,
linear regression analysis, and a two-tailed non-parametric Wilcoxon-Mann-Whitney
test for group comparisons. A p-value of <0.05 was deemed statistically significant. For
the Modified DISCERN Plus Score, Cohen’s « [28] was applied to assess interobserver
variability /interrater reliability via a quadratic Cohen’s weighted kappa test after correction
for agreement by chance using an online tool [34]. This test took into account the degree of
matching between the ratings, as well as the extent of their discrepancies. Kappa values of
k = 0.61-0.80 were interpreted to show substantial agreement [28,35,36]. For the overall
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modified DPS, Cohen’s weighted « (quadratic) yielded a k value of 0.709 (German) and a «
value of 0.731 (English) as the proportion of agreement beyond chance (z = 3.61, p = 0.0003
and p = 0.00031, respectively).

3. Results
3.1. Website Hosting

The internet search yielded n = 25 and n = 24 German and English homepages,
respectively. Of the jaundice-related websites in German, the majority (n = 14) were
sponsored medical news sites, 35.7% of which were among the top 10 Google hits. Overall,
5 homepages were hosted by interest groups/non-governmental organizations (IG/NGO)
and educational organizations (EDU, n = 1 in the top 10), respectively. A single homepage
was established by the German government. One search hit was Austrian.

The jaundice-related websites in English were hosted in the United Kingdom (1 = 1),
Canada (n = 2), Australia (n = 3), and USA (n = 18). Nine homepages were established by
medical centers/universities and the government, respectively (four among the top ten,
each). In contrast to German search hits, medical news sites (1 = 1) were barely represented
among the top 20 Google search results with EDU (n = 2) and IG/NGO (n = 3).

3.2. Quality Assessment

JAMA benchmark (Figure 1A) and modified DISCERN Plus Score (Figure 1B) analyses
of the German and English websites revealed a lack of very poor sites using English search
terms. However, 56% of the German websites on jaundice were of very poor to poor quality
(Figure 1A). German search terms did not return homepages with DISCERN Plus Scores
of >63 (Figure 1B). In contrast, using English search terms resulted in 17% of the websites being
excellent websites (Figure 1B). The heatmap analysis (Figure 2) gives a detailed overview of
the mean DISCERN Plus Score per website and item aiding the visualization of quality. In
general, English websites showed more heat unrelated to certain items or categories.

A

English

English

®0to1 ®2to3 04 @ excellent good @ fair @ poor @ verypoor

JAMA Benchmark DISCERN Score

Figure 1. Sunburst diagrams displaying staggered JAMA benchmarks (A) and DISCERN Plus Score
results (B). The assessment tool analyzes the clarity, balance, and content of the information found

on websites and allows for grading from 1 (poor) to 5 (excellent). The first eight questions address
reliability; the next seven questions focus on treatment information. DISCERN Plus minimum
score = 16; maximum score = 75. Question 16 rates the overall quality, and it was not included in the
total DISCERN Plus Score. JAMA benchmark criteria: minimum score = 0; maximum score = 4.
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Figure 2. Heatmap analysis of the mean DISCERN Plus Score in German and English websites on
jaundice. Legend: the heatmap shows the average DISCERN Plus Scores for German (left) and
English (right) websites on jaundice. Y-axis: the numbers (1 to 25 for German and 1 to 24 for English)
represent the top search results on Google. X-axis: the letters (A-P) correspond to different DISCERN
questions: A-H: questions about the reliability of the information. I-O: questions about the quality of
treatment information provided. P: the overall rating of the website. The colors indicate the scores
for each item: brighter colors represent higher DISCERN scores, while dark colors represent lower
DISCERN Plus Scores, with blue representing the lowest score (1) and yellow representing the highest
score (5).

A comparison of DISCERN scoring results regarding reliability and treatment infor-
mation between the English and German websites (Table 1) indicated a higher quality in
both these categories when English search terms were entered into Google.

Table 1. Descriptive statistical analysis of DISCERN Plus Score results. Score description is given in
Figure 1. Statistical analysis was performed using a non-parametric Wilcoxon-Mann-Whitney test.

Descriptive Statistics (Mean & SD)

German Websites English Websites
DISCERN Score (1 = 25) (1 = 24) p-Value
Rel‘QaI‘fg‘fy 2024 + 547 26.15 + 5.80 p = 0.0007
Treatment Information 15.64 + 5.08 21.38 £ 5.72 p = 0.0005
Q9-15
Total _
0115 38.1 + 10.61 50.79 4 11.61 p = 0.0004
Overag 1%““‘1“3’ 222+ 0.89 3.27 4+ 0.79 p = 0.0001

JAMA Benchmark 1.84 +£1.18 2.67 £1.13 p=0.021
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Figure 3A,B show differences in the DISCERN Plus Score regarding the hosting source.
A detailed heatmap analysis is given in Supplementary Figure S1. The German sponsored
medical news sites (Figure 3A) had a significantly lower score (34.32 &= 9.22; mean £ SD)
when compared to the EDU sites (45.0 & 7.79; p = 0.04). The quality of the German
IG/NGO sites was comparable to the analyzed EDU sites; however, this result did not
reach significant difference, based on its standard deviation (43.8 &+ 12.74). English home-
pages (Figure 3B) were predominately of governmental origin or hosted by medical cen-
ters/universities. There was no significant difference in DISCERN Plus Scores between
these categories (53.06 £ 9.24 vs. 45.17 4= 13.27, respectively).

German websites sorted by host

* p=0.04
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Figure 3. German (A) and English (B) websites on jaundice sorted by host. Legend: Med News = med-
ical news site (sponsored), IG/NGO = interest groups/non-governmental organizations, EDU = edu-
cational organizations, GOV = governmental organizations, and MedCenter/Univ = medical cen-
ter/university. Bar color: gray—German websites (A); white—English websites (B). ns = p > 0.05,

* indicates statistical significance.

3.3. Difference between Quality Ranking and Google Ranking

Using Spearman correlation analysis (Figure 4), we found a positive correlation be-
tween the DISCERN Plus Score and the JAMA benchmark for both the German-language
(p < 0.0001) and the English-language websites (p < 0.0002). There was no correlation
between DISCERN Plus Score and the JAMA benchmark with the respective Google ranks.
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Figure 4. Spearman correlation analysis of DISCERN Plus Score, JAMA benchmark and Google rank.
DISCERN Plus Score correlates positively with the JAMA benchmark. Results from both assessment
tools did not correlate with the respective Google ranks.

3.4. HONCcode Certification

Overall, 20% of jaundice-related websites in German were HONcode-certified (EDU
n=2,1G/NGO n =1, medical news site (sponsored) n = 2), with only 2 certified sites among
the top 10 Google search results. In contrast 58% of the respective English homepages were
certified, with 2 uncertified sites among the top 10 Google search hits. Among both the
German and English websites, no significant quality difference in DISCERN Plus Score and
JAMA benchmark was observed between the websites certified by the HONcode and those
that were not.

4. Discussion

The use of standardized tools enabled us to determine the quality of online information
on jaundice in neonates. Aiming to uncover areas with potential for improvement, our anal-
ysis revealed significant variability in the quality of websites targeting non-medical layper-
sons. Notably, English-language websites generally offered superior content compared to
their German-language counterparts. Furthermore, the majority of English websites were
predominantly institutional, while most German websites were commercially oriented.
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Our analysis raises the question of whether the current quality of information about
neonatal jaundice on the web reflects the level of awareness among parents. Early recog-
nition of neonatal hyperbilirubinemia is essential for preventing bilirubin neurotoxicity
and its long-term sequelae. A global meta-analysis conducted by Farouk et al. in 2020 [37]
showed a pooled estimate of societal awareness of neonatal hyperbilirubinemia of 67%,
highlighting a significant need to improve awareness. This study focused on low- and
middle-income countries (LMICs) and identified hospital location as a crucial determinant
of awareness of complications. While it might be concluded that awareness is low, the
estimated incidence of bilirubin encephalopathy in HICs is 1 in 67,000 neonates [38,39],
which supports the argument for comprehensive neonatal care in these regions. Therefore,
caregivers should recognize their responsibility to provide preventive medical education,
especially in Germany, which is currently undergoing a transformation to centralized
neonatal medical care [40].

Interestingly, in Germany, this high standard of care was not reflected in the top search
ranks for educational, governmental, and university-based content. Our finding that the
DISCERN Plus Score and JAMA ranking differed significantly from the Google search
rank suggests that the search engine’s ranking algorithm did not necessarily prioritize the
quality or reliability of health information, in contrast to its self-imposed goal. Several
factors could have contributed to this discrepancy, such as Search Engine Optimization
(SEO) practices and so-called engagement metrics [41]. For the former, websites that invest
heavily in SEO can achieve higher rankings regardless of the quality of their content.
Thus, commercially driven websites with effective SEO strategies might rank higher than
more reliable, evidence-based resources, which might have been the case for our German-
language based results. Commercial websites often have more resources to invest in SEO
and online marketing, allowing them to achieve higher search ranks. These websites may
prioritize attracting visitors over providing high-quality, research-based information. In
this regard, Google’s algorithm often considers user engagement metrics such as click-
through rate and time spent on the page, which do not necessarily correlate with the
accuracy or reliability of the information. Popular websites or those that generate more
user interaction may rank higher despite offering lower-quality content. Additionally,
websites that frequently update their content or have a large volume of information might
be favored by search engines. However, frequent updates or extensive content libraries do
not always equate to reliable information of high quality. In summary, search algorithms
are not specifically designed to assess the medical accuracy or reliability of information
and do not always align with the principles of high-quality health communication.

Given these findings, it is evident that there is a critical need for improvement in the
visibility of high-quality medical information in search engine results. Public health orga-
nizations and medical societies should consider strategies to enhance the online presence
of reliable, evidence-based health information to ensure that laypersons have access to
trustworthy resources when searching for medical information online.

Moreover, empowering parents through medical education is crucial for establishing
cost-effective outpatient treatment options in neonatology, such as transcutaneous bilirubin
monitoring or home phototherapy [42,43].

Limitations and Future Aspects

We did not investigate the prevalence of web scraping, content duplication, the prolif-
eration of low-quality or spam websites for commercial purposes, and SEO spamming in
our study. Recently, Bevendorff et al. [44] discussed the impact of such practices on search
engine rankings, user experience, and the reliability of online information in detail. The
findings and discussion raise the concern that such practices might ultimately lead to a
further decrease in the quality of information found on the internet. Website cloning for
commercial purposes could potentially dominate search engine results, negatively affecting
users’ access to reliable information.
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Moreover, as previously discussed, the reading level or educational level of the parents
significantly influences their understanding of web content [23]. While our study did not
account for these confounders, the Health Literacy Surveys Germany 1 and 2, conducted
in 2017 and 2021 [45,46], indicate that the health literacy of the German population is
generally low. In 2021, 58.8% of participants had limited health literacy. Many respondents
reported difficulties in accessing (48.3%), understanding (47.7%), and applying (53.5%)
information, with an even higher percentage (74.7%) experiencing difficulties in apprais-
ing information [46]. These findings undermine the improving English proficiency in
Germany [47].

The layout of our study design led to the retrieval of only websites from HICs. Ger-
many, for instance, has a population with a migration background comprising 20 million
people, with these people predominantly being from LMICs [48]. Within this demographic,
approximately 60% rely on the internet as their primary source of health information, and
over 70% utilize health-related websites. However, as demonstrated by Schaeffer et al., this
group exhibits a low level of health literacy [49]. This highlights a potential gap in accessi-
ble, high-quality online health information for populations with a migration background
in countries like Germany. Given that a significant portion of this demographic relies on
the internet for health information yet exhibits low health literacy, there is a critical need
for tailored public health interventions to enhance the quality and accessibility of online
medical information for these vulnerable groups.

5. Conclusions

Due to the poor quality of sites composed in German, it remains crucial for mid-
wives and pediatricians to carefully and conscientiously inform and educate parents about
neonatal jaundice, the risk of bilirubin encephalopathy, and the importance of monitoring
and appropriate therapy. Given the high quality of English-language websites created by
medical centers, universities, and state institutions, it raises the question of whether there
should be a demand for similar high-quality medical information websites in Germany. We
propose that pediatric societies engage in developing and maintaining organization-based
medical information to improve online resources for parents.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/children11070877/s1, Supplementary File S1: Standardized chart for the
quality assessment of websites, Supplementary Figure S1: Heatmap analysis of the mean DISCERN
Score in German and English websites on jaundice regarding the hosting source.
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