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Introduction: Over-diagnosis and over-treatment of hypothyroidism is a

growing concern. The role of patient knowledge has not been previously

investigated. The aim was to explore patient knowledge in relation to diagnosis

and treatment of hypothyroidism.

Methods: Cross-sectional, international online survey. Participants were people

with treated hypothyroidism amounting to 3421 valid respondents from 68

countries. A questionnaire was used, which included knowledge statements

about hypothyroidism relating to recommendations by international guidelines.

The principal knowledge statement was “A patient with a normal thyroid blood

test does not need to be treated with thyroid hormones (even if they have

positive thyroid antibodies and symptoms)”, and participants were asked to

classify it as “false”, “true”, or “don’t know”. Responses were divided into

corresponding groups: “Incorrect”, “Correct”, and “Unsure”. Associations of

groups with respondent characteristics and patient reported outcomes were

investigated. Responses to a further seven knowledge statements explored

ampliative knowledge about hypothyroidism.

Results: With regards to the principal knowledge statement, “Correct”,

“Incorrect” and “Unsure” comprised 15.3%, 50.7% and 34.0% of responses to

the respectively. “Incorrect” respondents were more likely than expected to live

in the United Kingdom, have Hashimoto’s thyroiditis, have a recent low self-

reported serum thyrotropin, be treated with liothyronine-containing medication,

and use social media and the internet for hypothyroidism-related information

daily. “Incorrect” responses were associated with dissatisfaction, poor perceived

control of symptoms and negative impact of hypothyroidism on everyday

activities. The proportion of “Incorrect” responses for seven other knowledge

statements ranged between 1.8-34.9%.
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Discussion: Incorrect responses to the principal knowledge statement were

common in this sample of people with hypothyroidism, and associated with

several demographic variables and adverse patient outcomes. Our findings

suggest that knowledge gaps about the significance of symptoms in relation to

the diagnosis and treatment of hypothyroidismmay be important in driving over-

diagnosis and over-treatment. The high number of “Unsure” respondents

suggests that patient education may be an effective intervention.
KEYWORDS
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1 Introduction

Knowledge and understanding are related to information received

about a topic through experience or dissemination. Unintended and

deliberate propagation of false or misleading information

(“misinformation” and “disinformation”, respectively) may result in

false beliefs. In healthcare, misinformation that results in people

holding views at odds with current evidence, can have adverse

effects on patient outcomes (1).

Since 2001, thyroid hormone (TH) prescribing has been

increasing (2). Most of this can be explained by over-investigation

and a falling serum thyroid stimulating hormone (TSH) threshold

(associated with normal TH levels) at which TH therapy is initiated

(3, 4). TH treatment in patients with minor elevations of serum

TSH (subclinical hypothyroidism) generally confers no benefit to

quality of life (5), with a modest or no effect in cardiovascular risk

(6), however this practice is widespread (2). The view that over-

diagnosis and over-treatment are common is supported by a meta-

analysis, showing that a third of patients on levothyroxine (L-T4)

therapy, can be deprescribed (7). Medical costs of hypothyroidism

in the US range between $460-$2,555 per patient per year (8). Given

that approximately 10% of the US population receives treatment for

hypothyroidism (9) and assuming that a third are treated

inappropriately (2), the cost of over-diagnosis and over-treatment

may total $0.5-2.8 billion annually. Once initiated, treatment carries

a 27-41% risk of driving the serum TSH below the normal range

(10–12), which is associated with increased cardiovascular

morbidity (10, 13). Osteoporosis (10, 14), dementia (15, 16), and

premature death (10, 13, 15, 17–20).

A likely major contributor for initiating TH replacement in the

absence of biochemical evidence of hypothyroidism, or mildly

elevated serum TSH, is pressure from patients on doctors in the

understandable hope that unexplained symptoms will improve (21).

The motivation to pursue treatment may stem from the

“misconception” (a perspective contrary to best current evidence),

that thyroid biochemistry is unreliable and that hypothyroidism

should be diagnosed based solely on symptoms (22). This

misconception is widely promoted on the internet and social

media (21).
02
E-MPATHY (E-mode Patient self-Assessment of THYroid

therapy) was a large scale international survey of patients with

hypothyroidism, in which we focused on patient outcomes. We

have thus far shown that patient dissatisfaction with treatment and

care was associated with lack of confidence and trust with health

care professionals (23), and respondent psychological traits, namely

somatization (24) and Type D personality (also known as

“distressed” personality, which is characterized by high levels of

negative emotions and social inhibition) (25). If the above

associations turn out to be causative, they will be difficult or

impossible to reverse. On the other hand, patient knowledge is

amenable to intervention.

Here, we explored knowledge of people treated for

hypothyroidism in relation to the principal knowledge statement:

“A patient with a normal thyroid blood test does not need to be

treated with thyroid hormones (even if they have positive thyroid

antibodies and symptoms)”, using data from E-MPATHY.

The overall aim was to explore the level of knowledge about

hypothyroidism and its treatment among people treated with TH,

with the following specific objectives:
1. Examine the prevalence of incorrect, correct and unsure

responses in relation to eight statements about

hypothyroidism, constructed by the authors.

2. Test associations between responses to the principal knowledge

statement, and demographic and clinical variables.

3. Examine the contribution of demographic and clinical

variables to responses to the principal knowledge statement.
2 Materials and methods

2.1 Study design

We performed a large scale international online survey of people

treated for hypothyroidism in 2020-2021 (23–25). Cognitive testing of

the questionnaire with a sample of patients, followed by a pilot was

used to maximize consistency of responses (23). Respondents selected
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“false” “true”, or “don’t know” to eight knowledge statements. Based

on the “false”, “true”, or “don’t know” responses, we defined three

groups: “Incorrect”, “Correct” or “Unsure” (Figure 1). A representative

of the patient-led organization Thyroid Federation International (PL)

was closely involved in designing the study and construction of

the questionnaire.
2.2 Rationale for selection of knowledge
topics

We selected and focused on the principal knowledge statement

(“A patient with a normal thyroid blood test does not need to be

treated with thyroid hormones (even if they have positive thyroid

antibodies and symptoms))”, in advance of having access to the

results because of a strong evidence-based recommendation by the

American Thyroid Association (ATA) guidelines on hypothyroidism

(which is widely followed in many other countries) against the use of

TH in euthyroid but symptomatic people (26), and because of the

associated risks and cost of over-treatment (8, 13). We included

knowledge statement 2 (all knowledge statements are shown in

Figure 1) because avoidance of over-treatment and normalization

of serum TSH are the recommended targets according to ATA

guidelines (26), over-treatment is common, and associations with

negative health outcomes are strong (13, 17, 19). Other topics were

selected because they were described by the ATA guidelines (26) as

“not credible” (knowledge statement 3) or “not recommended”

(knowledge statements 5 and 8). We included knowledge statement

4 because “adrenal fatigue” is commonly linked with hypothyroidism
Frontiers in Endocrinology 03
in patient internet sites, despite the prevalence of Addison’s disease in

patients with Hashimoto’s thyroiditis being less than 2% (27).

Knowledge statement 6 was included as a false statement because it

is not regarded as a plausible etiology by experts (28), yet in one study

10% of hypothyroid patients believed that hypothyroidism can

transfer to their spouse (29). We included knowledge statement 7

as this is supported by the ATA (https://www.thyroid.org/thyroid-

and-weight/). Two other statements were presented to respondents

on topics frequently mentioned in social media, but we did not

analyse them, as there is no consensus on their veracity

(“Hypothyroidism weakens the immune system” and “Untreated

hypothyroidism can cause daily fluctuations of symptoms”). The

categorization of “Correct” and “Incorrect” was based on the

authors’ understanding and interpretation of the evidence

(https://www.nice.org.uk/guidance/ng145), which we consider

concordant with most thyroid experts. We recognize that the

lived experiences of some patients with hypothyroidism and

opinions of some thyroid experts may not align with our consensus.

During cognitive testing, participants expressed the wish to

know the correct answers (as deemed by the authors) to the

knowledge statements, which were made visible after completion

of the questionnaire.
2.3 Questionnaire translations and survey
platform

A text version of the questionnaire is shown in Supplementary

Data Sheet 1. The text was translated from English to other
FIGURE 1

Patient responses to the eight knowledge statements. The percentage of respondents who provided incorrect answers (“Incorrect” group, black
bars), correct answers (“Correct” group, gray bars) and “don’t know” answers (“Unsure” group, white bars) are shown. The knowledge statements and
corresponding correct answers were: 1. A patient with a normal thyroid blood test does not need to be treated with thyroid hormones (even if they
have positive thyroid antibodies and symptoms) (correct); 2. It’s safe to be slightly over-treated with thyroid hormones (e.g. having a TSH below the
normal range) (incorrect); 3. Body temperature is the best method for diagnosing hypothyroidism (incorrect); 4. Most patients with untreated
hypothyroidism also have problems with their adrenal glands (incorrect); 5. You can manage your hypothyroidism without medication, just by
watching what you eat (incorrect); 6. Hypothyroidism is an infectious disease (incorrect); 7. Hypothyroid patients can lose weight if adequately
treated (correct); 8. Hypothyroid patients need to take iodine supplements even if they are already taking thyroid hormone (incorrect).
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languages (Spanish, Italian, German, French) by certified

translators. Qualtrics (an online survey platform, https://

www.qualtrics.com) was used. The survey took 30–45 minutes to

complete and was available between November 4th 2020 andMarch

1st 2021.
2.4 Dissemination of questionnaire

Invitations were sent by e-mail to the 35 member organizations

of Thyroid Federation International (https://www.thyroid-

federation.org/membership/member-organizations/), who then

forwarded the invitation and an attached flyer explaining the

purpose of the survey in 5 languages (English, German, French,

Spanish and Italian) to their individual members. In addition, the

invitation was shared on Facebook and other social media.
2.5 Inclusion criteria

Patients were eligible if older than 18 years, and currently taking

medication for hypothyroidism.
2.6 Institutional review board waiver
statement

We followed guidance of the Danish Research Ethics

Committee (https://researchethics.dk/information-for-researchers/

overview-of-mandatory-reporting), Denmark being the country of

the senior author (LH), which recommends that questionnaire

surveys are exempt from Institutional Board Review approval.

The research was completed in accordance with the Declaration

of Helsinki as revised in 2013. Informed consent was submitted by

respondents at the beginning of the survey.
2.7 Dependent variables

For objective 1 (to “examine the prevalence of incorrect, correct

and unsure responses in relation to eight statements about

hypothyroidism, constructed by the authors”), we recoded survey

data on the eight knowledge statements (Figure 1). The responses

were classified as: “Incorrect”, “Correct, and “Unsure”. For

objectives 2, and 3, we set the dependent variable as the principal

knowledge statement.
2.8 Independent variables

The independent variables are listed in Supplementary Data

Sheet 2. The PHQ-15 instrument (30) for somatic symptom

disorder (SSD) and the DS14 questionnaire for type D personality

(31) were embedded in the questionnaire. The question about use of
Frontiers in Endocrinology 04
social media and the internet related specifically to information

about hypothyroidism (“to what extent do you use social media and

the internet to find out information about your hypothyroidism?”,

Supplementary Data Sheet 1).
2.9 Statistical methods

We used Python 3.11, via Spyder 4.5.3, for our analyses.

2.9.1 Descriptive statistics
For each knowledge statement dependent variable (Figure 1),

we calculated the percentage of respondents in the groups

“Incorrect”, “Correct”, and “Unsure”.

2.9.2 Chi-square tests
We examined associations between the dependent variable

(principal knowledge statement) and the independent variables

via chi-squared tests, with a null hypothesis of no association. We

applied a Bonferroni correction to mitigate multiple testing of the

same outcome (adjusted test threshold a = 0.05/23 = 0.0022). To

assess directionality associations, we used differences between

observed and statistically expected distributions.

2.9.3 Gradient boosting decision tree modelling
We used a Decision Tree approach, and developed a Gradient

Boosting Decision Tree (GBDT) model to examine the impact of

the independent variables on the principal knowledge statement.

GBDT modelling is a machine learning “ensemble technique” (32)

that creates a combined classification of the dataset to explore the

importance of independent variables (“features”) in predicting an

outcome (33). GBDT combines multiple decision trees to classify

data and assess the importance of predictors. These trees split the

dataset into sub-groups to maximize within-group similarity,

improving prediction accuracy by minimizing a log-loss

function (34). The LightGBM package was used due to its

efficiency with multi-category outcomes and multiple categorical

predictors (34, 35) (https://lightgbm.readthedocs.io/en/latest/

Python-Intro.html).

To mitigate overfitting, we split the data into training and

testing sets and optimized hyperparameters (e.g., gradient

method, maximum number of leaves, minimum tree depth) using

the Hyperopt package (https://hyperopt.github.io/hyperopt/) (36).

The model trained with these optimized parameters used an early

stopping rule after 100 iterations without improvement.

Performance was evaluated using training versus testing plots,

feature importance plots, confusion matrices, and derived metrics.
3 Results

In total, 3915 survey responses were received (Table 1). Of

these 89.2% (3493/3915) provided a valid response to the principal
frontiersin.org
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TABLE 1 Demographic and clinical characteristics of the
study population.

% (n)

DEMOGRAPHIC CHRACTERISTICS

Gender

Female 94.4 (3298/3493)

Male 4.7 (164/3493)

Prefer not to say/Prefer to self-identify 0.8 (29/3493)

Missing data 0.1 (2/3493)

Age

18-50 52.1 (1821/3493)

>51 45.7 (1595/3493)

Missing data 2.2 (77/3493)

Marital status

Married/partnership 68.7 (2398/3493)

Single/divorced/widowed/Prefer not to say/Other 29.0 (1012/3493)

Missing data 2.4 (83/3493)

Employment status

Working (full time, part-time, student, carer) 74.9 (2615/3493)

Not working 17.2 (602/3493)

Prefer not to say/Other 5.6 (195/3493)

Missing data 2.3 (81/3493)

Ethnic background

White 90.0 (3145/3493)

Other/Prefer not to 7.6 (267/3493)

Missing data 2.3 (81/3493)

Countries (top five with highest participants)

UK 35.8 (1250/3493)

France 17.1 (596/3493)

Sweden 5.5 (191/3493)

Finland 4.2 (146/3493)

Australia 4.0 (140/3493)

Other1 29.2 (1021/3493)

Missing data 4.3 (149/3493)

Years in education

8 years or less 7.7 (269/3493)

9–16 years 41.7 (1455/3493)

More than 16 years 46.1 (1612/3493)

Prefer not to say 2.2 (77/3493)

Missing data 2.3 (80/3493)

(Continued)
F
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TABLE 1 Continued

% (n)

Household income

Above average 31.0 (1082/3493)

Average 43.8 (1531/3493)

Below average 18.1 (632/3493)

Prefer not to say/Don’t know 4.8 (168/3493)

Missing data 2.3 (80/3493)

Number of comorbidities

No comorbid conditions 16.3 (571/3493)

One 25.3 (885/3493)

Two or more 47.9 (1672/3493)

Missing data 10.4 (365/3493)

Use of social media and internet for information
on hypothyroidism

Never 11.5 (400/3493)

Less than once a month 32.4 (1131/3493)

Once a month 18.3 (638/3493)

Once or twice a week 21.7 (758/3493)

Daily 14.1 (492/3493)

Missing data 2.1 (74/3493)

Probable Somatic Symptom Disorder

Yes 56.4 (1969/3493)

No 40.0 (1398/3493)

Missing data 3.6 (126/3493)

Type D personality

Yes 53.9 (1884/3493)

No 45.8 (1601/3493)

Missing data 0.2 (8/3493)

Anxiety

Yes 65.2 (2279/3493)

No 33.1 (1157/3493)

Missing data 1.6 (57/3493)

Low mood/depression

Yes 67.8 (2367/3493)

No 30.7 (1072/3493)

Missing data 1.5 (54/3493)

DISEASE CHARACTERISTICS

Cause of hypothyroidism

Hashimoto/autoimmune disease 36.5 (1276/3493)

(Continued)
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knowledge statement and 87.4% (3421/3915) to all eight

statements. The response rate cannot be calculated as the

dissemination of the questionnaire was via a variety of patient

networks and social media, and therefore the number of eligible

patients was unknown.
3.1 Prevalence of incorrect responses
about hypothyroidism and its treatment

Half of the respondents regarded the principal knowledge

statement (“A patient with a normal thyroid blood test does not

need to be treated with thyroid hormones (even if they have

positive thyroid antibodies and symptoms)”, as false (50.7%, 1771/

3493, “Incorrect” group), consistent with the false belief that

symptomatic individuals merit treatment with thyroid hormones

even if their thyroid blood tests are normal. The same knowledge

statement was described as true by 15.3% (533/3493) of

respondents (“Correct” group), while 34.0% (1189/3493) were in

the “Unsure” group. The levels of incorrect responses among the

eight knowledge statements varied between 1.8% (61/3448) to

50.7% (1771/3493) (Figure 1). Very few respondents classified all

statements correctly (1.1%, 38/3421) (Supplementary Data Sheet

3), or all incorrectly 1.0% (35/3421). The modal correct number

was four (25.9%, 886/3421).
TABLE 1 Continued

% (n)

Cause of hypothyroidism

Treatment for Graves’ disease or hyperthyroidism 8.2 (287/3493)

Treatment for thyroid cancer 12.9 (450/3493)

Treatment for benign goiter 5.0 (173/3493)

Pregnancy related 3.8 (132/3493)

Other 33.5 (1171/3493)

Missing data 0.1 (4/3493)

Duration of hypothyroidism (years)

<2 10.0 (350/3493)

2-10 36.3 (1267/3493)

>10 51.6 (1801/3493)

Missing data 2.1 (75/3493)

Highest ever recorded serum TSH (mU/L)*

<4.0 10.6 (369/3493)

4.0-10.0 24.2 (847/3493)

>10.0 32.8 (1144/3493)

Missing data 32.4 (1133/3493)

Current treatment for hypothyroidism

L-T4 75.0 (2621/3493)

L-T4 + L-T3 10.1 (353/3493)

DTE 7.6 (265/3493)

L-T3 2.1 (72/3493)

Missing data 5.2 (182/3493)

Most recent serum TSH (mU/L)*

<0.1 14.6 (509/3493)

0.1-<0.4 16.1 (562/3493)

0.4-<4.0 35.0 (1222/3493)

4.0-10.0 8.0 (280/3493)

>10.0 3.5 (124/3493)

Missing TSH data 22.8 (796/3493)

PATIENT REPORTED OUTCOMES

Hypothyroidism symptom control with medication2

Controlled 41.3 (1442/3493)

Not controlled 53.3 (1862/3493)

Missing data 5.4 (189/3493)

Confidence and trust in healthcare staff3

Has confidence and trust 53.3 (1863/3493)

No confidence or trust 20.0 (698/3493)

(Continued)
TABLE 1 Continued

% (n)

Confidence and trust in healthcare staff3

Missing data 26.7 (932/3493)

Satisfaction with overall care and treatment
for hypothyroidism4

Satisfied 36.5 (1274/3493)

Not satisfied 62.5 (2183/3493)

Missing data 1.0 (36/3493)

Impact of hypothyroidism on everyday activities5

Impacted 79.1 (2764/3493)

Not impacted 15.8 (553/3493)

Missing data 4.5 (176/3493)
1 “Other” countries: Afghanistan, Albania, Algeria, Argentina, Austria, Belgium, Bolivia,
Brazil, Central African Republic, Canada, Chilli, Colombia, Costa Rica, Croatia, Czech
Republic, Cyprus, Denmark, Ecuador, Estonia, Ethiopia, Georgia, Germany, Greece,
Grenada, Honduras, Hungary, India, Ireland, Israel, Italy, Japan, Jordan, Kenya,
Luxemburg, Madagascar, Malaysia, Malta, Mexico, Morocco, Netherlands, New Zealand,
Nigeria, Norway, Paraguay, Peru, Philippines, Poland, Portugal, Romania, Slovenia, South
Africa, Spain, Switzerland, Thailand, Trinidad and Tobago, Tunisia, Turkey, United Arab
Emirates, United States of America, Uruguay, Venezuela, Vietnam.
2 “Strongly agree” and “tend to agree” were coded as “controlled”. “Strongly disagree” and
“tend to disagree”, and “neither agree nor disagree” were coded as “not controlled”.
3 “Yes always” and “Yes to some extent” were coded as “has confidence and trust”; “no” was
coded as “no confidence or trust”.
4 “Very satisfied” and “slightly satisfied” were coded as “satisfied”; “very dissatisfied”, “slightly
dissatisfied”, and “neither satisfied nor dissatisfied” were coded as “not satisfied”.
5 “Strongly disagree” and “tend to disagree” were coded as “not impacted”; “strongly agree”,
“tend to agree” and “neither agree nor disagree” were coded as “impacted”.
*The TSH values were self-reported.
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3.2 Associations between responses to the
principal knowledge statement, and
demographic and other baseline variables

Statistically significant associations are shown in Figure 2 and

Supplementarys Data Sheets 4, 5. Compared to the null hypothesis

of no association between the variables, we found more respondents

than expected: were from France and were in the “Correct” group;

had Hashimoto’s as cause and were in the “Incorrect” group; had a

recent self-reported TSH <0.1 mU/L and were in the “Incorrect”

group; were treated with desiccated thyroid extract (DTE) and

combination of L-T4 with liothyronine (L-T3) and were in the

“Incorrect” group; used social media and the internet for

hypothyroidism-related information daily and were in the

“Incorrect” group, and never used social media and the internet

for hypothyroidism-related information and were in the “Correct”

and “Unsure” groups.
3.3 Associations between responses to the
principal knowledge statement, and patient
outcome variables

Statistically significant associations are shown in Figure 3.

Compared to the null hypothesis of no association between the

variables, we found that more respondents than statistically

expected, stated that their symptoms were controlled by their

thyroid medication and were in the “Correct” group; had no

confidence and trust in healthcare staff and were in the
Frontiers in Endocrinology 07
“Incorrect” group; were satisfied with care and treatment and

were in “Correct” group; were not impacted in daily living and

were in “Correct” and “Unsure” groups.
3.4 Contribution of demographic and
clinical variables to responses to the
principal knowledge statement

The final ensemble GBDT model (held in computing memory)

incorporated 315 component decision trees (Supplementary Data

Sheet 6). Feature importance in this model was assessed using “gain

importance,” which reflects the contribution of each feature to

reducing overall model loss. The top five features by gain were:

country, use of social media and the internet for hypothyroidism-

related information, recent self-reported TSH, treatment type for

hypothyroidism, and age (Figure 4). The selection of age as an

important feature by GBDT, despite not emerging in simpler two-

factor tests, suggests a more complex relationship between age and

the principal knowledge statement. Although not significant in

bivariate testing, the relationship between age and response

category was non-linear: respondents aged 51–60 were over-

represented in the “Incorrect” category, while those over 60 were

under-represented in that group. The “Unsure” category was less

frequent among those aged 51–60.

GBDT models are evaluated based on predictive performance

metrics rather than statistical significance. The key metrics for this

model included an overall accuracy of 55.3%, weighted average

precision of 49.8%, recall of 55.3%, and F1-score of 49.8%. The Area
FIGURE 2

Responses to a principal knowledge statement (“A patient with a normal thyroid blood test does not need to be treated with thyroid hormones (even if they
have positive thyroid antibodies and symptoms)”) and statistically significant associations with demographic and baseline characteristics. Responses were
categorized into three groups: “Incorrect”, “Correct” and “Unsure”. To calculate the percentages, we determined the number of respondents with each
demographic or baseline characteristic (e.g., UK residence) within each group (e.g., “Incorrect” group). These numbers were then divided by the total number
of respondents across all three groups for that characteristic, excluding any missing data. The P values for associations between the “Incorrect” group and
the variables “country”, “cause of hypothyroidism”, “most recent TSH”, “treatment for hypothyroidism” and “use of internet and social media” using Bonferroni
adjustment, were <0.001 (Supplementary Data Sheet 4). L-T4, levothyroxine; L-T3, liothyronine; DTE, desiccated thyroid extract.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1663497
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Perros et al. 10.3389/fendo.2025.1663497
Under the Curve (AUC) was 0.65, indicating moderate

discriminative ability. Performance varied across response groups,

with the model better classifying “Incorrect” responses (F1 = 0.67,

recall = 81.7%) compared to “Correct” (F1 = 0.03, recall = 1.6%) and

“Unsure” (F1 = 0.36, recall = 41.3%). These results suggest that

while the model identified patterns in the data, predictive

performance was limited, likely due to confounding or

unaccounted variability.

Unlike traditional statistical models, GBDT does not rely on P

values or hypothesis testing and instead optimizes predictive

accuracy by iteratively reducing “loss”. While the model provides

insights into feature contributions, its moderate performance

metrics indicate that findings should be interpreted cautiously,

and further investigation is needed to clarify underlying

relationships (Supplementary Data Sheet 7).
3.5 Other knowledge statements

The likelihood of “Incorrect” respondents to the principal

knowledge statement responding incorrectly to one, two or three

additional knowledge statements was 71.2% (1242/1742), 35.0%

(610/1742) and 12.1% (210/1742), respectively. The likelihood of

“Incorrect” respondents to the principal knowledge statement

selecting incorrect answers to the other knowledge statements

ranged from 1.9% (34/1751) for “hypothyroidism being an
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infectious disease”, to 46.2% (818/1769) for “over-treatment with

thyroid hormones being safe” (Supplementary Data Sheet 8).

A significant minority (14.6%, 509/3493) of respondents had a

recent self-reported serum TSH of less than 0.1 mU/L (Table 1), and

most of these (65.0%, 331/509) expressed the view that over-

treatment with thyroid hormones is safe (this statistically

significant association appears to be driven by difference in

observed and expected frequencies for low recent self-reported

serum TSH and “Incorrect” responses, as indicated by the large

chi partial of 130). Responses to this question were no different

among patients with thyroid cancer and the rest of respondents.
4 Discussion

Dissatisfaction among people treated for hypothyroidism is

common, and drives patients to seek treatments of questionable

value that may be harmful (37, 38). Our data provide new insights

and understanding on the possible contribution of holding a view at

odds with current evidence.

A major finding was that half of respondents indicated that

hypothyroidism can be diagnosed and treated based on symptoms,

even when the biochemistry is normal. This probably relates to two

main contributors. First, a debate has been ongoing among experts

on the definition of the reference range for serum TSH (39–41).

This in itself indicates that the answer is not clear-cut, and
FIGURE 3

Responses to the principal knowledge statement (“A patient with a normal thyroid blood test does not need to be treated with thyroid hormones
(even if they have positive thyroid antibodies and symptoms)”) and statistically significant associations with patient outcomes. The responses were
categorized into three groups: “Incorrect”, “Correct” and “Unsure”. To calculate the percentages, we determined the number of respondents with
each patient outcome (e.g., control of symptoms) within each group (e.g., “Incorrect” group). These numbers were then divided by the total number
of respondents across all three groups for that patient outcome, excluding any missing data. The P values for associations between the “Incorrect”
group and the variables “control of symptoms”, “confidence and trust in health professionals”, “satisfaction with care and treatment”, and “treatment
on everyday activities” using Bonferroni adjustment, were <0.001 (Supplementary Data Sheet 4).
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awareness of this discourse may lead non-experts to conclude that

thyroid function tests are unreliable and untrustworthy. Second, the

popularity in social media and patient websites of the so called

“Wilson’s syndrome”, which claims that the presence of common

and nonspecific symptoms, and relatively low body temperature

define hypothyroidism (https://www.thyroid.org/american-

thyroid-association-statement-on-wilsons-syndrome/). The above,

combined with the third of respondents who agreed with the

statement that “It’s safe to be slightly over-treated with thyroid

hormones (e.g. having a TSH below the normal range)”, are relevant

to the concerning trend noted of a falling serum TSH threshold for

initiation of treatment for hypothyroidism and the rising number of

euthyroid people treated with TH (2, 42, 43). The prevalence of

“Incorrect” responses that can potentially impact on treatment

choices (knowledge statements 1–5 and 8) varied substantially

(between 1.8-50.7%). It is unclear why that was the case, but may

relate to the diverse backgrounds of participants.
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Approximately a third of respondents were unsure about the

answer to the principal knowledge statement. This is encouraging, as

those who are uncertain may be more willing to accept the current

scientific consensus than those who hold firm false views (44).

The association noted in this study between lack of knowledge

and dissatisfaction with treatment and lack of confidence and trust

in healthcare professionals, suggests that incorrect beliefs may

undermine the hypothyroid patient-physician relationship and

impact negatively on the patient experience (45). Conversely, lack

of confidence and trust in healthcare professionals may drive

patients to seek information elsewhere and expose them to

misinformation. Therefore, such patients may benefit from

additional time by health professionals to address lack of

knowledge. The association with use of social media and the

internet for hypothyroidism-related information, indicates that

these may be important sources of misinformation, in accordance

with other studies (46), although for many respondents lack of
FIGURE 4

Feature importance plots from a Gradient Boosting Decision Tree (GBDT) model, predicting the “group” (“Incorrect”, “Correct” or “Unsure”) of the
principal knowledge statement (“A patient with a normal thyroid blood test does not need to be treated with thyroid hormones (even if they have
positive thyroid antibodies and symptoms)”). Plot A (Gain Importance) shows how much each feature improves model accuracy, whilst Plot B
(Feature Frequency) shows how often each feature is used in decision splits. Country, Use of Internet and Social Media, recent TSH level, Treatment
type, and Age were the strongest predictors.
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knowledge may be the principal reason that they chose incorrect

answers. Our data showed that fewer respondents than expected

were unsure about the answer to the principal knowledge statement,

if usage of social media and the internet for hypothyroidism-related

information was daily. This suggests that people treated for

hypothyroidism trust the information they obtain from internet

sources and that making scientifically sound internet content more

accessible to patients is a worthy objective (47).

The associations between “Incorrect” responses to the principal

knowledge statement with low recent self-reported serum TSH is in

keeping with the concept that such patients are likely to

underestimate the risks of over-treatment. The UK emerged as

highest ranked country for “Incorrect” responses to the principal

knowledge statement, which was unexpected, as misinformation

about other health topics (e.g. vaccination) is highest in countries

with poor socioeconomic backgrounds (48). Possible explanations

include high social media consumption (https://datareportal.com/),

and the fact that the UK population has one of the highest levels of

distrust in authorities in the world (https://www.statista.com/

statistics/1362804/trust-government-world/),

The final GBDT model achieved an AUC of less than 0.8 (a

threshold typically considered sufficient for clinical applications); this

highlights the complexity of predicting cognitive phenomena, using

demographic and sociological variables. The model showed some

ability to recall instances of “Incorrect” responses, but specificity was

generally low across groups. These limitations could be due to

unobserved confounding factors and the inherent difficulty in

capturing the nuanced processes by which individuals form beliefs.

Therefore, the results should be interpreted as exploratory and

hypothesis-generating, rather than as definitive predictive tools.

Limitations include inability to calculate the response rate due to

the mode of survey administration, lack of information on the

characteristics of non-responders, use of self-reported data that

were not validated independently and over-representation of some

countries. The participants in our study therefore may not be

representative of the entire population of treated patients with

hypothyroidism. The survey was conducted during the COVID

pandemic and it is possible that it impacted on the number and

content of responses. The survey was only offered online and only in

five languages, which will have resulted in limited accessibility.

Although the demographic characteristics of participants in our

study match those reported in the literature, dissatisfied patients

are more likely to respond to surveys and this group was probably

over-represented. The principal knowledge question did not specify

whether it related to primary or secondary hypothyroidism, and in

the latter scenario a normal serum TSH is misleading. In mitigation

of the above shortcomings, cognitive testing of the questionnaire,

followed by a pilot maximized consistency of responses. The

questionnaire specifically encouraged respondents to provide

answers based on respondents’ typical experience, not based on

those that could be attributed to the pandemic (Supplementary

Data Sheet 1). The sample size was large from multiple countries

and cultural backgrounds. Participation of a patient representative in

our research team (PL) ensured that the patient perspective was

included in the design of the study and interpretation of the data.
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Treatment of euthyroid people with thyroid hormones is a

widespread and worrying phenomenon (3, 4, 7). Ultimately,

prescribers bear the responsibility for this non-evidence based

practice (49–53). Whether prescribers of thyroid hormones in our

cohort were primary care physicians or endocrinologists is

unknown. Our findings provide new evidence that incorrect

patient beliefs may be important drivers for over-diagnosis of

hypothyroidism and over-treatment with thyroid hormones and

for patient dissatisfaction with treatment and care.

In conclusion, incorrect responses were common in this sample

of people with hypothyroidism, and associated with several

demographic variables and adverse patient outcomes. Our

findings suggest that knowledge gaps about the significance of

symptoms in relation to the diagnosis and treatment of

hypothyroidism may be important in driving over-diagnosis and

over-treatment. The high number of “Unsure” respondents suggests

that patient education may be an effective intervention.

The survey sheds light on the disparity between patient and

clinician perspective and further research should explore how these

can be realigned.
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