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KEYWORDS Abstract

Hypothyroidism; Objective: To evaluate the frequency of different types of cancer in patients diagnosed with
Cancer; hypothyroidism using big data methodology on the Savana Manager platform.

Prevalence; Methods: An observational, retrospective study was carried out using electronic medical record
Big data (EMR) data from the Hospital Universitario Puerta de Hierro Majadahonda (Madrid). Information

from the EMRs was extracted using artificial intelligence techniques and analysed using the
Savana Manager v3.0 software. Searches were performed using the term ‘‘hypothyroidism’’
and the terms corresponding to the tumours analysed.

Results: Of a total population of 506,749 patients, 23,570 (4.7%) were diagnosed with hypothy-
roidism. Patients with this diagnosis had a significantly higher frequency of cancer than that
found in non-hypothyroid subjects (OR 2.09, 95% confidence interval [CI] 2.01—2.17). This higher
frequency was found both in women (OR 1.99, 95% CI 1.90—2.08) and in men (OR 2.83, 95% Cl
2.63—3.05). However, this higher frequency of cancer was not observed in hypothyroid patients
older than 60 years (OR 0.97, 95% ClI 0.92—1.02). Although the frequency of most of the neo-
plasms studied individually was higher in the population with hypothyroidism, we observed
that hypothyroid patients over 60 years of age had a significant decrease in the frequency of
prostate, lung, colorectal, and liver cancer.

Conclusion: Data from this hospital cohort suggest that there is a significant association between
the diagnosis of hypothyroidism and cancer. However, this association is less evident in hypothy-
roid patients older than 60 years.

© 2022 SEEN and SED. Published by Elsevier Espana, S.L.U. All rights reserved.

* Corresponding author.
E-mail address: juanjose.diez@salud.madrid.org (J.J. Diez).

2530-0180/© 2022 SEEN and SED. Published by Elsevier Espana, S.L.U. All rights reserved.



https://doi.org/10.1016/j.endien.2023.08.004
http://www.elsevier.es/endo
http://crossmark.crossref.org/dialog/?doi=10.1016/j.endien.2023.08.004&domain=pdf
mailto:juanjose.diez@salud.madrid.org

Endocrinologia, Diabetes y Nutricion 70 (2023) 50-58

PALABRAS CLAVE
Hipotiroidismo;
Cancer;

Prevalencia de cancer en pacientes con hipotiroidismo: analisis mediante
herramientas de big data

Objetivo: Evaluar la frecuencia de diferentes tipos de cancer en pacientes con el diagnostico
de hipotiroidismo utilizando metodologia de big data mediante la plataforma Savana Manager.
Métodos: Se realizd un estudio observacional, retrospectivo, empleando datos de la historia
clinica electrénica (HCE) del Hospital Universitario Puerta de Hierro Majadahonda (Madrid).
La informacion de las HCE se extrajo mediante técnicas de inteligencia artificial y se anal-
iz6 mediante el sofware Savana Manager 3.0. Se realizaron blusquedas empleando el término
hipotiroidismo y los términos correspondientes a los tumores analizados.

Resultados: De un total de 506.749 pacientes estudiados se encontraron 23.570 (4,7%) con el
diagnostico de hipotiroidismo. Los pacientes con este diagndstico presentaron una frecuencia de
cancer significativamente superior a la hallada en sujetos no hipotiroideos (OR 2,09, intervalo de
confianza [IC] al 95% 2,01-2,17). Esta mayor frecuencia se encontro tanto en mujeres (OR 1,99,
IC 95% 1,90-2,08) como en varones (OR 2,83, IC 95% 2,63-3,05). Sin embargo, no se objetivo
en los pacientes hipotiroideos mayores de 60 anos (OR 0,97, IC 95% 0,92-1,02). Aunque la
frecuencia de la mayoria de las neoplasias estudiadas individualmente fue mayor en la poblacion
con hipotiroidismo, observamos que, los pacientes hipotiroideos de mas de 60 afios presentaban
una disminucion significativa de la frecuencia de cancer de prostata, pulmon, colorrectal y

Conclusion: Los datos de esta cohorte hospitalaria sugieren que existe una asociacion significa-
tiva entre el diagnostico de hipotiroidismo y el cancer. Sin embargo, esta asociacion es menos
manifiesta en pacientes hipotiroideos mayores de 60 anos.

© 2022 SEEN y SED. Publicado por Elsevier Espafa, S.L.U. Todos los derechos reservados.

Prevalencia; Resumen
Big data
hepatico.
Introduction

For a number of years, different clinical and epidemiological
studies have been carried out to ascertain the relationships
between thyroid dysfunction and different types of can-
cerous diseases,'™ though the results obtained have not
been conclusive, particularly with regard to the tumour
groups of greater prevalence among the population. A
recent systematic review of controlled clinical trials and
non-interventional studies found no relationship between
subclinical hypothyroidism and breast and prostate cancers,
although it did with colorectal cancer.® An increased risk of
thyroid cancer was also found in patients with a high serum
concentration of thyrotropin (TSH) in excess of 1.64mU/L.
Another systematic review and meta-analysis of 15 non-
interventional studies on the association between thyroid
dysfunction and different types of cancer® showed that, in
comparison to euthyroid subjects, hypothyroidism was asso-
ciated with a greater risk of thyroid cancer in the first 10
years after diagnosis of thyroid hormone deficiency.

Recently, in the healthcare sector, and particularly
among clinicians, there has been an increasing need to
use tools of artificial intelligence (Al) to extract valuable
information from the enormous quantity of data that are
generated in healthcare centres.”® A good deal of consul-
tation time is devoted to filling out the patient’s electronic
health record (EHR),’ and the majority of the information
generated is in the form of free text. Owing to its size and
format, this unstructured information is not easily accessible
in a traditional manual review.
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In this setting, the recent advances in the fields of natural
language processing (NLP), big data and Al are of particular
relevance. This is due to various reasons. Firstly, these tools
allow the extraction of real, verifiable and direct informa-
tion from clinical practice; secondly, access to information
is fast, simple and less burdensome than with traditional
forms of reviewing clinical data; and, thirdly, they make
it possible to obtain huge quantities of data on subjects
which, otherwise, it would be impossible to cover. Using
techniques from NLP, based on unstructured and hard-to-
exploit data, a fully structured database is generated by
recognising the clinical entities of interest, thanks to Al
models formed by mathematical algorithms. This database
can be used for research purposes through Savana Manager,
a structured database browser which makes it possible to
analyse free texts, interpret the content of EHRs indepen-
dently of the management system used in hospitals, and to
evaluate the principle indicators of a determined clinical
process, avoiding selection bias beyond the very existence of
the register itself, and requiring no knowledge of program-
ming language.'? Additionally, the extraction of this clinical
information adheres to an external validation methodology
which allows the quality of the process to be confirmed.'%"
The recent literature shows that this NLP technology for
extracting information automatically from EHRs has been
used successfully in pulmonology,”®'? cardiology," clinical
nutrition'* and gastroenterology. ' '

Given that the number of studies that have examined
the association of hypothyroidism with the prevalence of
different tumours is limited and with very disparate results,
we deemed it appropriate to analyse these possible rela-
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tionships using Al methods. Thus, the main objective of
this study is the description, using big data tools, of the
frequencies of different types of cancer in patients with
hypothyroidism on the basis of data extracted from the
EHRs of the Hospital Universitario Puerta de Hierro Majada-
honda [Puerta de Hierro Majadahonda University Hospital
(HUPHM)]. As a secondary objective, we sought to analyse
whether the relationships found varied with the age and
sex of subjects, as well as with replacement treatment for
hypothyroidism.

Material and methods

Study design

An observational, retrospective, non-interventional study
was conducted using the data found in the EHR of
the HUPHM. The study comprised clinical data collected
between 1 January 2008 and 31 December 2018, and
included a total of 506,749 patients. These data came from
documents generated on inpatient wards, in the Accident
and Emergency department, and in outpatient consulta-
tions. The study was approved by the HUPHM Independent
Ethics Committee (Code Pl 193/21).

Extraction of information from electronic medical
records

Using Al techniques, and specifically NLP, information was
extracted from the EHRs and analysed using Savana Man-
ager V.3.0, software that interprets and uses the clinical
information found in the health records, converting the data
generated in the hospital, including the information con-
tained in the free text, into structured and reusable data for
research purposes. Regarding the variables included in the
study, the potential number of variables included was lim-
ited to the information contained in EHRs during the study
period.

Evaluation of the information

The first phase in constructing the database visible through
Savana Manager was data acquisition. In compliance with the
General Data Protection Regulation, this acquisition was the
responsibility of the HUPHM IT Department, which worked
with Savana technical staff to pseudonymise the data and
transfer them to Savana. The data were integrated into an
aggregate database to be processed with EHRead® technol-
ogy. This technology includes NLP techniques for extracting
information from the free text, recognising clinical variables
of interest, denials and temporality, among other expres-
sions, and allows a synthetic database of patients to be built.
Savana terminology is based on SNOMED CT and includes
over 400,000 medical concepts, acronyms and laboratory
parameters. Terminological entities detected in patients’
medical records were subsequently classified according to
the sections in the EHR (e.g. demographics, medical history,
medications, diagnoses, etc.). Finally, the HUPHM authors
validated the results of the tool and the performance of the
technology.
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This evaluation was intended to verify the validity of the
EHRead® technology in the identification of the records that
mentioned hypothyroidism and related variables. A set of
91 documents were manually verified that guaranteed the
reliability of the manual notation/review and constituted
the gold standard. Savana’s performance was calculated
using this gold standard evaluation resource created by
the experts; i.e. Savana’s accuracy in identifying records in
which the disease in question and related variables were
detected was measured against the gold standard. The
performance was calculated by the standard metrics of pre-
cision (P), recall (R) and the F-score, which is the harmonic
mean of the previous two metrics."”

Precision indicated the reliability of the informa-
tion retrieved by the system and was calculated as
P=tp/(tp+fp). Recall, an indicator of how much
information the system retrieves, was calculated
as R=tp/(tp+fn). The F-score was calculated as
F =2 x precision x recall/(precision + recall). This param-
eter offered an indicator of the overall performance of
information retrieval.

In all cases, true positives (tp) were the sum of cor-
rectly identified records, false negatives (fn) were the sum
of unidentified records, and false positives (fp) were the sum
of incorrectly retrieved records.""

In the data extraction process for the study, the hypothy-
roidism variable took into account all those patients in whom
the term hypothyroidism has been recognised in their EHR
throughout their clinical course, irrespective of the aetiol-
ogy of the hormone deficiency (primary or hypothyrotropic),
the duration of the disorder (permanent or transitory), the
degree of hypofunction (subclinical or overt), the associ-
ation or not of other clinical syndromes, or the fact that
the patient has not received replacement therapy. The lin-
guistic evaluation of the hypothyroidism variable has been
analysed in the context of the study, yielding a precision, a
recall and an F measurement of 0.97, 0.99 and 0.98, respec-
tively. This indicated that hypothyroidism diagnoses were
accurately detected in the study population.

The rest of the variables annotated (breast, prostate,
lung, colorectal, bladder, thyroid, lymphoma, renaland Gas-
tric cancer, as well as leukaemia) showed an F-score greater
than 0.75, with the exception of the hepatic cancer vari-
able, in which only three had annotations, this sample not
being significant, and the total cancer variable, in which
the degree of agreement among the annotators was 0.56,
demonstrating the complexity in the terminological deter-
mination of this generic concept (Table 1).

Statistical analysis

The statistical approach to the data included a descrip-
tive analysis of all the variables evaluated, in which the
qualitative variables are expressed as absolute frequencies
and percentages. To measure the association and compare
proportions between qualitative variables, the chi-square
test was used. The relative risk of cancer in patients
with hypothyroidism in comparison with subjects without
hypothyroidism is estimated using the odds ratio (OR). In all
cases, differences with a comparison test-associated ‘P’
value less than .05 were considered significant.
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Table 1  Performance of Savana expressed by means of the
F measurement for the principal variables of the study.

Variables F measurement
Total Cancer 0.48
Breast 0.81
Prostate 0.86
Lung 0.95
Colorectal 0.76
Liver 0.67
Bladder 0.86
Leukaemia 1.00
Thyroid 1.00
Lymphoma 0.79
Renal 0.94
Gastric 1.00
Results

Patients studied

Of the 506,749 subjects registered in the Savana tool, 53.45%
were female and 48.71% were male. In total, 2.17% of the
population was classified at some point during their clinical
course as male or female, probably due to administrative

errors. The mean age of the subjects was 41 years (95%
confidence interval: 40.89-41.02).

Frequency of cancer in subjects with
hypothyroidism

The total frequency of malign neoplasms in the cohort of
patients with hypothyroidism studied was 13.80%, which was
significantly higher than that found in patients without the
diagnosis of hypothyroidism (7.11%, OR 2.09 [2.01-2.17];
P<.001) (Table 2). This greater frequency was detected
in both females (OR 1.99 [1.90—2.08]) and males (OR
2.83 [2.63—3.05]; P<.001 in both cases) but not in the
group of patients with double assighment of sex (OR 1.14
[0.97—1.34]; P=.111). Although the group of young patients
(up to 59 years) showed a greater frequency of cancer
among hypothyroid patients as opposed to non-hypothyroid
patients (OR 2.46 [2.31—-2.63]; P<.001), this did not occur
in the group of patients aged over 60 years, in which the fre-
quencies were very similar (OR 0.97 [0.92—1.02]; P=.267)
(Table 2).

Table 3 shows the frequency of tumours studied. As can
be seen, the frequency of all tumours, with the exception
of prostate cancer, was significantly higher in patients with
hypothyroidism.

Table 2 Frequency of total cancer in the complete cohort of patients studied and in patients classified by age groups and sex.
All Subjects with hypothyroidism Subjects without hypothyroidism OR 95% ClI P
N n N n % N n %
All 506,749 37,597 23,570 3253 13.80 483,179 34,344 7.11 2.09 2.01-2.17 < .001
Female 270,858 18,798 19,321 2359 12.21 251,537 16,439 6.53 1.99 1.90—2.08 < .001
Males 246,858 19,149 4747 891 18.77 242,111 18,258 7.54 2.83 2.63-3.05 < .001

Double assignation 11,004 1275 1598 204 12.77
Age up to 59 years 391,810 13,947 13,250 1058 7.98
Age: 60 years or older 114,939 23,650 10,320 3080 20.16

9406 1071 11.39
378,560 12,889 3.40
104,619 21,570 20.62

1.140.97—-1.34 .111
2.46 2.31-2.63 < .001
0.97 0.92-1.02 .267

Cl: confidence interval; N: number of subjects in each group or sub-group; n: number of subjects with cancer in each group or sub-group;

OR: odds ratio.

Table 3  Frequency of selected neoplasms in all patients studied with and without hypothyroidism.

All (n=506,749) Subjects with hypothyroidism Subjects without P

(n=23,570) hypothyroidism (n=483,179)

No. No. % No. %
Breast 6348 687 2.91 5,661 1.17 < .001
Prostate 3973 151 0.64 3,822 0.79 .011
Lung 3603 212 0.90 3,391 0.07 < .001
Colorectal 3388 262 1.11 3,126 0.65 < .001
Liver 2055 155 0.66 1,900 0.39 < .001
Bladder 1699 114 0.48 1,585 0.33 < .001
Leukaemia 1677 139 0.59 1,538 0.32 < .001
Thyroid 1246 287 1.22 959 0.20 < .001
Lymphoma 853 108 0.46 749 0.16 < .001
Renal 804 89 0.38 715 0.15 < .001
Gastric 745 77 0.33 668 0.14 < .001
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Figure 1  Frequency of neoplasms selected in patients with
hypothyroidism (black rectangles) and without hypothyroidism
(white rectangles), classified by sex.

X axis: types of neoplasms studied. Y axis: percentage of
patients in each group. *P<.05. *P<.01. ***P<.001.

Frequency of cancer by sex and age groups

When the frequencies of the different cancers were analysed
by sex groups, it was observed that women with hypothy-
roidism presented a significantly higher frequency than that
found in women without this disease, in all neoplasms anal-
ysed (P<.001) (Fig. 1). The frequency of the different
neoplasms was also significantly higher in male hypothy-
roid patients compared to those who were not hypothyroid
(P<.001), the sole exception being breast cancer (Fig. 1).

Young patients with hypothyroidism (up to 59 years) also
presented a significantly higher prevalence of breast, lung,
colorectal, hepatic, renal, thyroid, and lymphoma cancer, as
well as leukaemia, but no significant differences were found
between patients with and without hypothyroidism in the
prevalence of prostate, bladder and gastric cancer (Fig. 2).
In the group of patients aged over 60 years, the diagnosis of
hypothyroidism was accompanied by a lower frequency of
prostate, lung, colorectal and liver cancer. On the contrary,
the prevalence of breast, thyroid, gastric, renal, and lym-
phoma cancer was significantly higher in subjects with the
diagnosis of hypothyroidism. There were no significant dif-
ferences in the frequencies of bladder cancer and leukaemia
(Fig. 2).
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Figure 2 Frequency of neoplasms selected in patients with

hypothyroidism (black rectangles) and without hypothyroidism
(white rectangles), classified by age groups.

X axis: types of neoplasms studied. Y axis: percentage of
patients in each group. *P<.05. **P<.01. *P<.001.

Frequency of cancer in subjects with
hypothyroidism classified by treatment groups

The total frequency of cancer found in the group of 7075
patients with hypothyroidism under replacement therapy
was 22.72% (Table 4). This value was significantly higher than
that found in the group of 16,495 patients without treatment
with levothyroxine (9.97%, OR 2.66 [2.46-2.86]; P>.001).
When each one of these tumours studied were analysed indi-
vidually, it was found that, in all cases, replacement therapy
for hypothyroidism was associated with a greater frequency
of cancer (P<.001).

Discussion

To the best of our knowledge, this is the first study car-
ried out in Spain which uses real-life data with big data
tools to analyse the relationship between hypothyroidism
and cancer. The results show that the global frequency of
cancer is significantly higher in patients with a diagnosis
of hypothyroidism compared to non-hypothyroid subjects.
This ratio persisted in both males and females, but is not
maintained in subjects aged over 60 years. The analysis of
individual cancers shows that all neoplasms (with the excep-
tion of prostate cancer) present with greater frequency in
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Table 4 Frequency of total cancer and of selected neoplasms in the group of 23,570 hypothyroid patients classified according

to initiation of replacement therapy with levothyroxine.

All (n=23,570) Subjects with treatment (n=7075) Subjects without treatment (n=16,495) P

No. No. % No. %
Total Cancer 3253 1608 22.72 1645 9.97 < .001
Breast 687 248 3.51 439 2.67 < .001
Prostate 151 76 1.07 75 0.45 < .001
Lung 212 129 1.82 83 0.50 < .001
Colorectal 262 110 1.55 152 0.92 < .001
Liver 155 89 1.26 66 0.40 < .001
Bladder 114 59 0.83 55 0.33 < .001
Leukaemia 139 80 1.13 59 0.36 < .001
Thyroid 287 226 3.19 61 0.37 < .001
Lymphoma 108 68 0.96 40 0.24 < .001
Renal 89 46 0.65 43 0.26 < .001
Gastric 77 40 0.57 37 0.22 < .001

hypothyroid patients and, within these, in those undergoing
replacement treatment with levothyroxine. Another finding
of interest is that in patients aged over 60 years, there
were four neoplasms (prostate, lung, colorectal and hep-
atic) whose frequency was found to be significantly reduced
in hypothyroidism, and a further 2 (bladder and leukaemia)
with a frequency similar to that of subjects without this
disease.

The relationship between thyroid dysfunction and can-
cer is complex. Although some studies have shown that
both hypothyroidism'® and hypothyroidism'®? are associ-
ated with an increase in mortality from cancer, the data on
the incidence of the different tumours have been highly dis-
parate. Thus it is not surprising that the results obtained in
our patients contrast with some of those published in recent
studies on some of the neoplasms.

Various studies have shown that high TSH>* and the diag-
nosis of hypothyroidism®>?' are associated with a greater
risk of cancer, while other researchers have not found
any such association.”??? An analysis of the data from
the Women’s Health Initiative study, conducted on 134,122
menopausal women, showed the existence of a significant
inverse association between invasive breast cancer and a
history of hypothyroidism.?* A British study,?* which included
data on more than 200,000 women, of whom 8.7% were
hypothyroid, found no association between hypothyroidism
and breast cancer; however, it did record a reduction in
risk after more than 10 years from diagnosis of hypothy-
roidism. On the contrary, and in line with our results, 2
studies on national databases, one in Taiwan?> and another
in the Netherlands,? showed that women with hypothy-
roidism presented a greater risk of breast cancer than
non-hypothyroid women. It was also demonstrated that low
levels of thyroid hormone were an independent risk factor
for developing breast cancer in peri- and post-menopausal
women.?

In a study which included 402 cases of prostate cancer,
Mondul et al.?”” found that men with higher serum TSH Values
presented a lower risk of prostate cancer in comparison to
men with low concentrations of this hormone. Males with the
diagnosis of hypothyroidism had a lower risk of prostate can-
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cer in comparison to euthyroid subjects. These data appear
to be consistent with those found in our cohort of subjects
aged over 60 years.

A Norwegian prospective study, which included a cohort
of over 29,000 subjects, found a non-significant reduction in
the risk of lung cancer in patients with hypothyroidism.’ Two
other studies found no relationship between hypothyroidism
and lung cancer.?®

Mu et al.?’ showed that the prevalence of subclinical
hypothyroidism was significantly higher in the group of
subjects with colorectal cancer in comparison with the con-
trols. Moreover, patients with subclinical hypothyroidism
presented advanced colon cancer with greater frequency
in comparison to euthyroid subject. Another study,® con-
ducted on a population database with more than 20.000
patients with colorectal cancer, found a slight increase in
the risk of this tumour in patients with untreated hypothy-
roidism in comparison to euthyroid patients. In contrast to
our findings, in said study a negative association was found
between colorectal cancer and replacement therapy with
levothyroxine.

The study by Reddy et al.?' showed that hypothyroidism
was more prevalent in patients with hepatocellular carci-
noma. A subsequent study of cases and controls*? showed
that a history of hypothyroidism is associated with an
increased risk of hepatocellular cancer in women. Our
data show a higher prevalence of liver cancer in hypothy-
roid patients. Although we detected no difference between
sexes, we did find that the risk of this tumour disappeared
in subjects over 60 years of age.

Thyroid dysfunction has also been considered a factor
of risk for thyroid cancer in a number of studies.®3334 A
recent meta-analysis of 12 prospective studies®® revealed
that, in patients with hypothyroidism, the relative risk of
thyroid cancer was 2.72. Consistent with these results, our
data show that the frequency of thyroid cancer is high in
hypothyroid subjects, as well as in all sub-groups of age and
sex studied.

Information on other tumours is scarcer. In a cohort of
57,326 subjects discharged from a Danish hospital, a higher
risk of renal cancer was found in women with the diagnosis of



J.J. Diez, L. Cabrera, P. Iglesias et al.

myxedema and thyrotoxicosis, as well as an increase in the
risk of bladder cancer in women with myxedema and non-
functioning goitre. The incidence of haematopoietic cancers
was also found to be higher in women with myxedema.3¢

The disparity of the results found in the different stud-
ies could be explained by the different criteria employed
in the definition of hypothyroidism (laboratory determina-
tions, review of clinical histories or records, interviews with
patients), laboratory methods for quantifying TSH, and thy-
roid hormones or reference intervals for these parameters.
The origin of patients also gives rise to heterogeneity in
results since studies conducted in hospitals obtain higher
risks than those with a population basis or those which
use laboratory determinations.® The different risk estimates
between the studies could also reflect different degrees
of severity of thyroid dysfunction or comorbidities. On the
other hand, the interpretation of the results is complicated
by the lack of longitudinal studies, of data on treatments for
thyroid dysfunction, on factors of confusion, or owing to the
inclusion of prevalent cases of cancer and the possibility
of reverse causality; i.e. cases in which thyroid dysfunc-
tion may be a consequence of the cancer or the treatments
thereof. From the above comments, the biological plausi-
bility of the relation between hypothyroidism and cancer
is deduced, but with the nuances of the disparity of results
found in the literature. In the same way, we can interpret the
usefulness of studies which, like this study, use big data for
the analysis of an enormous quantity of information which is
difficult or impossible to obtain with traditional retrospec-
tive or case-control studies.

Although the mechanisms which relate hypothyroidism
with cancer are not well known, a number of hypotheses
have been suggested which involve the participation of thy-
roid hormone receptors as oncogenesis inhibitors,?” or the
effects of thyroid hormones on the immune system.*® TSH is
known to stimulate the growth and differentiation of thyroid
follicular cells.?® On the other hand, hypothyroidism is asso-
ciated with clinical situations such as obesity, diabetes*’ and
cardiovascular disease'® which, in turn, have been related
with an increased risk of cancer.

One of the most surprising findings of this study is the
increased prevalence of cancer in patients with hypothy-
roidism and replacement treatment. This could be due to
a greater frequency of over hypothyroidism and, thus, a
greater disease burden in the group of subjects with sub-
stitution medication, who could represent the subgroup of
patients in which the association of cancer with thyroid
hormone deficiency is more evident and, therefore, statis-
tically significant. Another potential explanation for this is
a possible proliferative effect induced by thyroid hormones.
Indeed, some experimental studies have shown that thyrox-
ine and tri-iodothyronine could be anti-apoptotics and may
have a proliferative effect on the cell lines of thyroid, breast
and prostate cancer, regulating gene expression,**? trig-
gering phosphorylation through the MAPK pathway,*>* and
stimulating similar effects to oestrogens.*> Nonetheless, the
computer tool used in this study does not allow these poten-
tial mechanisms to be substantiated, but our finding could
open doors for future research.

The main strength of our study is given by the extrac-
tion of real-life data and the large sample size, which has
enabled us to study the frequencies of different neoplasms

without losing statistical power. The use of big data tech-
niques, along with and the EHRead technology developed by
Savana, has allowed us to evaluate an enormous amount of
information, as well as to read, process and organise the
free text from the EHRs and convert it into structured data.
All diagnoses of more than half a million patients during the
study period were included in the analysed data, in a veri-
fiable, bias-free manner, owing to which conclusions can be
drawn from actual clinical practice.

The main limitations are those inherent to the use of
artificial intelligence tools in large databases, in which
detailed individual analysis of the subjects studied is not
possible. Hence we have not been able to differentiate
between overt and subclinical hypothyroidism. We cannot,
therefore, determine the percentage of patients with sub-
clinical hypothyroidism, although we could speculate, but
not demonstrate, that it is higher than that of patients
with overt hypothyroidism, given that we have found a
greater proportion of patients without replacement treat-
ment. Nor was it possible to assess the various aetiologies
of hypothyroidism, or assess the development timeline of
the different tumours with reference to the date of diag-
nosis of hypothyroidism. Consequently, we can only infer
a diagnostic coincidence, but not speculate on the tem-
poral relationship between thyroid dysfunction and cancer.
Although the information was obtained in a verifiable, bias-
free manner, we cannot rule out the bias generated by
diagnostic errors or omissions in the EHRs.

The cohort studied was drawn from patients treated at
our hospital, owing to which it may not be representa-
tive of the general population. Moreover, the frequencies
of tumours may be overestimated due to the fact that the
HUPHM is a tertiary hospital which receives highly com-
plex patients from outside its catchment area. The double
assignation of sex in some patients is a further limitation,
although the study of this subgroup showed no significant
differences in the frequency of the majority of tumours,
owing to which its impact on the final results may be mini-
mal. Although the majority of variables presented a high F
score, some of them show a value below 0.75.

Despite its limitations, we believe that our analysis can
be considered a pilot study with clinical interest, given that
it includes a considerable number of patients with the clini-
cal problems studied, and that hypothyroidism is a hormonal
disorder of high prevalence in our setting. Our results could
serve as a basis for prospective studies to analyse the inci-
dence of different types of cancer in hypothyroid patients
in a targeted manner.

By way of conclusion, in the cohort of hospital patients
studied using artificial intelligence tools, we have found a
significant association between the diagnoses of hypothy-
roidism total cancer, as well as between hypothyroidism and
different neoplasms studied individually. These associations
are maintained in patients classified by sex, but not in dif-
ferent age groups, since in patients over 60 years of age,
our data point to the absence of a relationship between
hypothyroidism and cancer in general, and the reduction in
the frequency of prostate, lung, colorectal and hepatic can-
cer. Given that the reliability of results obtained with big
data is conditional on the proper coding of diagnoses and
the proper clinical judgement being recorded in EHRs, spe-
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cific studies will need to be carried out in order to confirm
the results obtained.
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