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Summary

Objective: patients with type 2 diabetes (T2DM) and obesity are
generally known to have increased risk of various types of cancer,
though studies addressing associations between T2DM/obesity
and thyroid cancer are inconclusive. The aim of our study was to
evaluate the risk of thyroid cancer focusing on diabetic patients
under conditions of euthyroid status. A retrospective study in 184
patients was performed. Three cohorts were established according
to tumor histology: malignant (M), benign (B) and low-risk
carcinoma (MB). Fisher’s exact test and Kruskal-Wallis one-way
ANOVA of ranks were used for statistical analysis. The M (39.1 %),
B (57.6 %) and MB (3.3 %) cohorts had comparable age (p=0.4),
BMI (p=0.452), glycaemia (p=0.834), HblAC (p=0.157) and
HOMA-IR (p=0.235). T2DM patients had larger thyroid gland
volumes (28.8 vs 17.6 mL;p=0.001) compared to the cohort with
normal glucose tolerance. Compared to women, men had more
frequently present distal metastases (p=0.017), minimally invasive
disease (p=0.027), more advanced staging (p=0.01) and positive
pathogenic mutations in the TERT gene (p=0.009);these results
were also significant for the diabetic male cohort (p=0.026). Type
2 diabetes and obesity are not risk factors for thyroid cancer, but
a subgroup of males seems to have thyroid cancers of poorer
prognosis. In general, diabetic patients with insulin resistance and
hyperinsulinemia are also prone to have a goiter.
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Introduction

Cancer is a leading cause of mortality and
morbidity, and the prevention of type 2 diabetes and
obesity may also reduce the burden of cancer.
Unfortunately, the relationships between T2DM, obesity
and thyroid cancer are unclear. Thyroid cancer is a
relatively rare cancer, with an incidence from 1-5.3 % of
all malignancies. However, it represents the most common
malignancy originating from the endocrine organs.
Thyroid cancer is most frequently diagnosed among
people aged 40-59 years old. Thyroid cancer incidence
rates in the United States increased during the years 2000—
2014, but declined from 2014-2018, especially for
papillary thyroid cancers (PTC) [1]. Nevertheless,
mortality due to thyroid cancer continued to increase,
particularly for PTC >2 cm and for distant disease. These
findings suggest that changes in practice patterns may have
led to the overdiagnosis of small indolent tumors but have
not affected the incidence of more advanced tumors [1].

Therefore, secondary causes of these trends in
thyroid cancer have been suggested, in particular type 2
diabetes (T2DM) and obesity [2, 3]. Obesity is a major risk
factor of T2DM in both sexes, and it is not surprising that
the prevalence patterns of T2DM across regions resemble
those of obesity. Obesity has rapidly become a global
pandemic health problem, especially in the USA and
Europe where 35% and 20% of the population,
respectively, are obese [4]. The global prevalence of
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diabetes in 2017 was 8.8 % with a further increase
expected to 9.9 % by the year 2045, nearly 90 % of which
was T2DM [5-7].

Epidemiological studies have consistently
reported that individuals who are either overweight or
obese are at an increased risk of thyroid cancer, but the
results have been inconsistent for diabetic patients.
However, patients with diabetes have an approximately
20-25 % higher risk of cancers in general. Both obesity and
type 2 diabetes are characterized by insulin resistance,
hyperinsulinemia and the overproduction of other growth
factors [8, 9].

The prevalence of thyroid disease in diabetes
mellitus has been estimated to be 10.8 %, compared to 6.6
% in non-diabetic populations. The evidence is even more
clear for type 1 diabetes that is accompanied by
autoimmune predispositions, with a prevalence of
autoimmune thyroiditis in type 1 diabetes of up to 17-
30 %. The situation is different for type 2 diabetics, with
hypothyroidism the most common form of thyroid disease.
In particular, subclinical hypothyroidism is higher (1.93-
fold increase) in T2DM patients vs. healthy controls [10].
However, subclinical hypothyroidism  might be
overestimated [11]. The prevalence of hyperthyroidism in
T2DM patients has also been found to be higher by 4.4 %
than in the general population [10]. Toxic multinodular
goiter is a more frequent cause of hyperthyroidism also due
to the aging of the T2DM population. Regarding the
effects of insulin on the thyroid gland, high circulating
levels of insulin may induce increased thyroid
proliferation with the development of larger thyroid
volume and the formation of nodules [10-12].

The inconclusive evidence on relationships
between diabetes and thyroid disease is reflected in the
various recommendations by professional societies. The
guidelines of the American Diabetes Association
recommend screening thyroid function in patients with
type 1 diabetes annually [13]. However, there is lack of
definitive guidance on the screening of thyroid
dysfunction in T2DM. The European Thyroid Association
recommends thyrotropin hormone (TSH) measurement in
case of inexplicable glucose excursions, while the
American Thyroid Association proposes TSH level be
assessed at the onset of T2DM and then repeated at 5-year
intervals, and the American Diabetes Association suggests
neck palpations in all diabetic patients and measurements
of TSH in patients > 50 years old and with presented
dyslipidemia [14-16]. However, current guidelines do not

specifically address the screening of thyroid function in
T2DM [10]. Furthermore, some authors recommend
thyroid cancer screening in diabetics and obese patients
due to more advanced thyroid cancers in this population
[17]. And finally, screening for type 2 diabetes has been
proposed for patients having undergone thyroidectomy for
thyroid cancer, even at ages younger than 45 years,
because  subsequent  thyroid-stimulating  hormone
suppression can have detrimental effects on glucose
homeostasis [17, 18].

In our cohort retrospective study, we explored
whether the presence of thyroid cancer compared to benign
results confirmed by histology is more common in diabetic
and/or obese patients. In other words, we asked if diabetic
or obese patients are at a higher risk of developing thyroid
cancer. A further objective of our study was to assess and
characterize thyroid disease in patients with T2DM.

Materials and Methods

The protocol of this retrospective cohort study
complied with the Declaration of Helsinki and was
approved by the ethical committee of the Institute of
Endocrinology. 894 patients were enrolled with diagnosis
codes ICD-10 E89.0 and C73. Of these, 710 patients were
excluded due to non-fulfilment of the study criteria. The
reasons for study exclusion were mostly incomplete
patient's records and screening of diabetes was not done
under euthyroid status. For more details see Figure 1.

Patient histories, neck ultrasounds (US), and
biochemical and molecular testing were done at the
Institute of Endocrinology and Internal Medicine
Department, University Hospital Kralovske Vinohrady.
The records of the 184 patients enrolled into the study were
obtained from these two centers: an institutional and
hospital database from 1997-2023. The lab testing was
done before thyroid surgery, and glucose metabolism was
only investigated during states of euthyroidism within the
same year the thyroid surgery was performed. Patients
with a negative history of prediabetes or diabetes were
screened following the standards of the American Diabetes
Association and the European Association for the Study of
Diabetes [19]. The homeostatic model assessment of
insulin resistance (HOMA-IR) was calculated in only 54
patients, because C-peptide levels were not available. The
following formula was used: HOMA-IR=(fasting C-
peptide (nmol/l)xfasting glucose (mmol/1)/22.5). The
HOMA estimates steady state beta cell function ( % B;
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Fig. 1. Flow chart of the study.

HOMA-B) and insulin sensitivity (%S;HOMA-S), as
percentages of a normal reference population [20].
Antidiabetic treatment data were not assessed. The body
mass index (BMI), calculated as the ratio of weight in
kilograms to height in meters squared (kg/m?), was
categorized as follows: normal weight (BMI <24.9 kg/m?),
overweight (BMI 25.0—- 29.9 kg/m?), and obese (BMI >
30.0 kg/m?). Diagnosis of autoimmune thyroid disease
(AITD) was based on positive thyroid autoantibodies
and/or the hypoechogenic pattern typical for AITD during
the ultrasound examination.

Ultrasound of the thyroid was performed in all
patients (frequency of 12.5 MHz on a Phillips Epig5) and
if indicated fine needle aspiration biopsy (FNA) was
performed. DNA and RNA molecular testing from FNA
samples were done in 33 patients. More details on the
procedure are described in our previous study [21]. Over
time, we established testing procedures mainly in samples
evaluated as Bethesda categories 111 and above. First, we
analyzed DNA for the most common mutation V60O0E in
the BRAF gene using allele specific Real Time PCR
(LC480, Roche). BRAF-positive samples were screened
for TERT mutations using direct sequencing (CEQ 8000,
Beckman Coulter). BRAF-negative samples were analyzed
by next generation sequencing using the Thyro-ID panel
(MiSeq, Illumina, San Diego, CA, USA) examining other
12 genes (BRAF, HRAS, KRAS, NRAS, TERT, AKTL,
EGFR, TP53, PTEN, PIK3CA, CDKN2A, NOTCH, and
CTNNBL). The samples that were negative in the NGS

panel were subjected to detection of 23 fusion genes
including ALK, BRAF, GLIS, NTRK1, NTRK3, PPARG
and RET genes.

All 184 patients underwent thyroid surgery, and
according to histology were divided into cohorts of benign
(B), malignant (M), and low-risk (MB) carcinomas. Basal
blood samples were taken, and serum thyrotropin
(standard range 0.270-4.200 mUI/L), fT4 (12.00-22.00
pmol/l), fT3 (3.10-6.80 pmol/l) and C-peptide (268-1274
pmol/L) concentrations were measured using the ECLIA
method (Roche). The HbA1C (20.0-42.0 mmol/mol) test
was performed using an ion exchange HPLC method.
Serum anti-Tg (0.01-120 1U/mL) and anti-TPO (0.01-40
IU/mL) were measured by ELISA (Aeskulisa). Glucose
(3.9-5.6 mmol/L) was measured by a spectrophotometry
(UV)-hexokinase method.

Kruskal-Wallis One-Way ANOVA on Ranks
with medians and their 95 % confidence intervals (95 %
Cl) was used to compare measurements across cohorts.
Due to the small number of probands, prediabetic and
diabetic patients were merged for the statistical analysis,
and the same method was used to compare this
prediabetic/2 type diabetic group with the normal glucose
tolerance group. Fisher's Exact 2-Sided test was performed
to determine if there were any non-random associations
between two categorical variables. NCSS 2019 Statistical
Software (2019). NCSS, LLC. Kaysville, Utah, USA,
ncss.com/software/ncss  was used, with statistical
significance set for p-values <0.05.
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Results

The study included 184 patients (145 women and
39 men) who were divided into the following cohorts: 72
patients (M;39.1 %) were malignant, 6 patients
(MB;3.3 %) had a low-risk carcinoma, and 106 patients
(B;57.6 %) were benign. The age of probands was
comparable between cohorts M, B and MB: median age 53
years in cohort M, 53 years in cohort B, and 46 years in
cohort MB (p=0.4). Papillary thyroid carcinoma (PTC)
was the most common histotype in 55 patients (76.4 %),
follow by 5 medullary thyroid carcinomas, 4 oncocytic
carcinomas, 3 anaplastic carcinomas, 2 follicular
carcinomas, 2 poorly differentiated carcinomas and 1
metastasis of a fibrous carcinoma. In the group of PTC ten
incidentalomas were identified with a maximum diameter
of 7 mm;6/10 incidentalomas were detected in the
prediabetes/type 2 diabetes group
(PDM/T2DM)(p=0.024). In the low risk-carcinoma group

there were 3 thyroid tumors of uncertain malignant
potential, 2 non-invasive follicular thyroid neoplasms with
papillary-like nuclear features, and 1 hyperplasia of C-cells.
Prediabetes was present in 16 patients and type 2
diabetes in 30 patients. Thyroid cancer was detected in 20
PDM/T2DM patients in comparison to 52 in normal
glucose tolerance group (20/46 vs. 52/138;p=0.637);with a
majority being low-risk carcinoma (stage | (n=15);stage Il
(n=1);stage Il (n=0), stage IV (n=4)) in PDM/T2DM.
Multinodular thyroid gland (MNG) was present in
89 patients (48.4 %) and autoimmune thyroid disease (ATD)
in 73 patients (39.7 %). There were not any significant
differences in the incidence of MNG (p=0.156) and ATD
(p=0.746) between the M, B and MB cohorts. MNG was
present more often in men (p=0.042) and we did not observe
any significant difference between diabetic and non-diabetic
cohorts (p=0.263). More detailed characteristics of the
cohorts with medians are given in Table 1.

Table 1 Detailed characteristics of the benign (B), malignant (M) and low-risk carcinoma (MB) cohorts.

Variable B M MB p-value all p-value benign
cohorts vs. malignant

107 71 6

Women/Men 86/21 51/20 5/1

Age (years) 53 (43, 63.5) 53 (39, 65.5) 46 (40.5, 47) 0.400 0.832

Thyroid nodule 2.8(0.8,15.1) 1.9 (0.19, 8.63) 2.36 (0.68, 4.71) 0.073 0.026

size (mL)

Thyroid size 20.2 (13.3,34.8) 18.9 (12, 31.5) 15.1(12.9, 18.3) 0.324 0.297

(mL)

Thyrotropin 0.95(0.07,2.21) 1.86(1.12,2.87) 1.27 (0.91, 1.94) <0.001 <0.001

(mUI/L)

Free thyroxine 16.3 (14, 20.2) 15.2 (14, 17.3) 14.8 (13.9, 16.9) 0.076 0.028

(pmol/L)

anti-tpo (mUI/L) 28 (4.14, 63.3) 28 (5.98, 193) 38 (36, 153) 0.259 0.318

anti-tgl (mUl/L) 12 (1.26, 23.1) 15.4 (5.21, 35.1) 14.8 (8.05, 14.9) 0.134 0.059

Glucose 5.3 (4.95, 5.61) 5.3(4.9,5.6) 5.18 (5, 5.31) 0.834 0.652

(mmol/L)

C-peptide 830 (703, 1200) 810 (471, 1120) 325 (262, 552) 0.130 0.562

(pmol/L)

Hb1AC 39(35.8,43.1) 37 (34, 39) 47.5(39.8, 55.3) 0.157 0.052

(mmol/mol)

HOMA- IR 1.96 (1.57,2.74) 1.8 (1.14, 2.5) 0.71 (0.58, 1.46) 0.235 0.682

HOMA B% 118 (93.2, 131) 104 (83.4, 138) 495 (42.1, 63.1) 0.039 0.936

HOMA S% 51.3(36.4, 64) 55.8 (40, 91.4) 140 (92.8, 182) 0.216 0.532

BMI (kg/m?) 26.4(23.3,31) 26.5(22.8, 30) 23.9(23.3,25.3) 0.452 0.391

Statistics was determined by Kruskal-Wallis One-Way ANOVA on Ranks with medians (CI 95 %);statistical significance was set for p-
values <0.05. The homeostatic model assessment of insulin resistance (HOMA-IR) was calculated in only 54 patients, because C-peptide

levels were not available.
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Table 2. Detailed characteristics of the cohorts of prediabetes (PDM) and type 2 diabetes (T2DM) compared to normal glucose tolerance

group (NGT).

Variable NGT PDM+T2DM p-value
138 46
Men/Women 26/112 16/30 0.472
Age (years) 48 (38.3, 59) 63.5 (56.3, 69.8) <0.001
Thyroid nodule size (mL) 2.17 (0.5, 8.68) 6.15 (0.575, 16.9) 0.070
Thyroid size (mL) 17.6 (12.4, 27.4) 28.8 (16.4, 46.4) 0.001
Thyrotropin (mUI/L) 1.36 (0.418, 2.44) 1.58 (0.709, 2.38) 0.342
Free thyroxine (pmol/L) 15.8 (14.1, 19) 15.5(13.7, 18.4) 0.458
anti-tpo (mUl/L) 28 (5.03,90.3) 17.6 (4.38, 39.8) 0.250
anti-tgl (mUl/L) 15 (2.18, 50) 9.02 (1.2,19.3) 0.059
Glucose (mmol/L) 5.2 (4.8,5.32) 6.2 (5.9, 7.23) <0.001
C-peptide (pmol/L) 700 (443, 831) 1140 (795, 1450) <0.001
Hb1AC (mmol/mol) 36 (34, 39.3) 41.5(36.9, 46.1) <0.001
HOMA- IR 1.55 (1.01, 1.8) 2.66 (2.17, 3.54) <0.001
HOMA B% 110 (82.6, 136) 106 (85, 132) 0.767
HOMA S% 64.9 (55.8, 101) 37.6 (28.4, 46.2) <0.001
BMI (kg/m?) 24.5 (22.5, 28.6) 30.7 (28.1, 35.6) <0.001

Statistics was determined by Kruskal-Wallis One-Way ANOVA on Ranks with medians (CI 95 %);statistical significance was set for p-

values <0.05.

TSH levels were lower in the B cohort in
comparison to the M and MB cohorts, respectively 0.95 vs.
1.86, 1.27 mUI/L (p<0.001). Glucose, C-peptide, HOMA-
IR and HOMA-S were not different between cohorts, but
HOMA-B was higher in the B cohort in comparison to
other cohorts (p=0.039). As mentioned above, HOMA-IR
was calculated for just 54 patients (34 in cohort B, 17 in M
and 3 in MB) due to the lack of C-peptide data. Hblac was
slightly higher in the B cohort compared to the M cohort,
but this difference was not significant (39 vs. 37
mmol/mol;p=0.052). Patients in cohorts M and B had non-
significantly higher BMI compared to the MB cohort (26.5
kg/m?, 26.4 kg/m? and 23.9 kg/m?;p=0.452).PDM/T2DM
patients were significantly older and had higher BMI
values than patients with normal glucose tolerance (NGT)
(age 63.5 vs. 48 years;p<0.001;BMI 30.7 vs. 24.5
kg/m?;p<0.001). PDM/T2DM patients had a larger thyroid
volume compared to NGT patients (28.8 vs. 17.6
ml;p=0.001), and conversely tended to have lower levels
of anti-Tg autoantibodies (p=0.059), and larger thyroid
nodules (6.15 vs. 2.17 ml;p=0.07). Thyrotropin levels were
comparable between PDM/T2DM and NGT patients
(p=0.342). As expected, the two cohorts differed
significantly in parameters of glucose metabolism. For

more details see Table 2.

Compared to women, men had higher insulin
resistance calculated by HOMA-IR (p=0.033), higher
fasting glucose and C-peptide levels (p=0.044 and
p=0.041), but glycated hemoglobin (Hblac) levels were
comparable (p=0.159). Compared to women, men were
more likely to have goiter (p<0.001), distal metastases
(p=0.017), minimally invasive disease (p=0.027),
advanced thyroid cancer (p=0.01), and positive TERT
gene mutations (p=0.009);this was particularly true for
men with PDM/T2DM (p=0.026). Males tended to be
diagnosed with multinodular thyroid (p=0.053). Neck
lymphadenopathy, macroscopic extrathyroidal expansion,
angioinvasion and other pathological molecular
investigations did not differ between males and females.
For more details see Table 3.

Molecular testing revealed 37 pathological
mutations in 33 available FNA samples. The most frequent
mutation was the V600E mutation in the BRAF gene
(n=17), followed by the C228T mutation in the TERT gene
(n=4), the Q61R mutation in the NRAS gene (n=3), the
Q61R mutation in the HRAS gene (n=1), the Q245
mutation in the PTEN gene (n=2), the G13D mutation in
the KRAS gene (n=1), as well as mutations in the RET
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Table 3. Detailed characteristics of women and men.

Variable Women Men p-value women
VS. men
142 42
Age (years) 53 (41, 63.8) 52.5 (42, 65.5) 0.739
Thyroid nodule size (mL) 2.17 (0.5, 8.63) 4.1 (0.475, 28) 0.063
Thyroid size (mL) 17.8 (10.8, 28.5) 30(16.3,47.1) <0.001
Thyrotropin (mUL/I) 1.35 (0.513, 2.44) 1.64 (0.572, 2.38) 0.996
Free thyroxine (pmol/L) 15.9 (14.1, 18.8) 15.2 (13.4, 19.3) 0.458
anti-tpo (mUI/L) 28 (3.58, 95.2) 28 (18, 52) 0.204
anti-tgl (mUI/L) 15 (2.29, 39.4) 15 (1.3, 22.5) 0.581
Glucose (mmol/L) 5.26 (4.91, 5.54) 5.32 (5.15, 6.23) 0.044
C-peptide (pmol/L) 756 (516, 1120) 937 (747, 1660) 0.041
Hb1AC (mmol/mol) 38 (34, 41) 38(36.5, 44) 0.159
HOMA- IR 1.77 (1.18, 2.51) 2.32 (1.73, 4.15) 0.033
HOMA B% 114 (81.9, 134) 98.8 (91.5, 133) 0.875
HOMA S% 58.9 (39.8, 89.4) 43.3(24.1,57.9) 0.026
BMI (kg/m?) 25.6 (22.6, 30.1) 27.6 (25, 30) 0.052

Statistics was determined by Kruskal-Wallis One-Way ANOVA on Ranks with medians (CI 95 %);statistical significance was set for p-

values <0.05.

(n=2), and AKT1 (n=1) genes. Several gene
rearrangements were also detected, namely TPM3/NTRK1
(n=1), RET/PTC1 (n=2), EML4/ALK (n=1),
ETV6/NTRKS3 (n=2). Two mutations were detected in two
patients (TERT+BRAF; TERT+RAS), and three mutations
or rearrangements were detected in two patients
(TERT+BRAF+AKT1;KRAS+NRAS+RET/PTC1).

Discussion

In our study, we did not find evidence that
patients with T2DM and/or obesity are at higher risk of
being diagnosed with thyroid cancer. However, we did
find that T2DM patients are at risk of developing a goiter,
probably due to the disorder of glucose metabolism itself
and not thyrotropin stimulation. In general, men are
diagnosed with more advanced thyroid cancer compared
to women, and these males with poorer prognosis
regarding thyroid cancer tend to also have diabetes.

In the period from 1998 to 2014, rapid increases
in the incidence of thyroid cancer have been observed,
especially for papillary thyroid cancer, which is more
likely to be found in a subclinical form and therefore
detected by intense scrutiny of the thyroid gland [22]. This
is supported by autopsy studies that have found the
presence  of  differentiated thyroid  carcinomas
(“incidentaloma™) in 8.5 % of patients [23]. For this

reason, we believe that it is crucial to compare benign and
malignant tumors confirmed by histology. In our study,
incidentalomas, especially papillary microcarcinoma with
maximum diameter 7 mm, were identified in 13.8 % of all
thyroid cancers, and 60 % of incidentalomas were
significantly detected in PDM/T2DM patients.

There is evidence of a robust association between
patients with type 2 diabetes and an increased risk of
common cancers, i.e. pancreatic, endometrial, breast,
colorectal, and hepatocellular [24, 25, 26], with the risk of
all cancers 16 % higher than the expected cancer incidence
in the general population [27]. The analysis of Goto et al.
2020 provided evidence that the genetic mechanisms
responsible for T2DM may not play major roles in cancer
development [28]. Nevertheless, plausible biologic
pathways linking diabetes to thyroid cancer risk include:
1) chronic thyrotropin stimulation;2) hyperinsulinemia
and insulin resistance;(3) antidiabetic medication;4)
concomitant increased body mass index (BMI) in the
majority of diabetics, which has been in general associated
with increased risk for malignancies, and (5) chronic
glucose exposure [29, 30].

Rapp et al. 2006 performed a population-based
prospective cohort study investigating relationships
between fasting blood glucose and the incidence of cancer.
Slightly positive associations with glucose values >5.3
mmol/l were noted for thyroid cancer;HRs of 1.34 (95 %
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Cl 0.66-2.72) in women and 1.24 (0.65-2.37) in men.
Surprisingly, several cancers were also positively
associated with low fasting blood glucose levels (2.2—4.1
mmol/l), including thyroid cancers in women;however,
estimates were not statistically significant [31]. In our
study, the B, M and MB cohorts were comparable in
glucose levels;respectively 5.3, 5.3 and 5.18 mmol/L
(p=0.834).

There have been many studies, mostly large-scale
and employing meta-analyses, addressing the issue of
diabetes and the risk of developing thyroid cancer. These
studies have very conflicting results, with limited
statistical significance between differentiated thyroid
cancer risk and diabetes. Further, these studies have
contrasting results in female and male populations.
Although thyroid cancer typically occurs about three times
more frequently in women than in men in the United
States, rates of diabetes in men and women in the United
States are similar [32-34]. The increased thyroid cancer
risk varies even among patients with different kinds of
diabetes mellitus, being 34 %, 30 %, and 51 % in patients
with type 1 diabetes, gestational diabetes, and T2DM,
respectively [35]. In addition, these analyses are
considerably limited by the reliance on self-reported data.
In our previous study, 33 % of patients with T2DM and
especially PDM were newly diagnosed by our screening
[36]. Data from the US has clearly shown that diabetes
mellitus may be frequently undiagnosed;35 % of adults
>20 years of age and 50 % of those >65 years of age may
have prediabetes [37]. The study by Fang et al 2018
examined cancer risks for a total of 51,324 registered
cancer-free individuals that had been newly diagnosed
with T2DM. Within 1 year following the onset of diabetes
onset, women with T2DM had a higher risk of thyroid
cancer. The results suggest that T2DM patients are at a
higher risk of certain cancers;this risk particularly
increases shortly after diabetes diagnosis, which is likely
due to detection bias caused by increased visits to medical
institutions [38]. Our study results concur with these
conclusions: PDM/T2DM were present in 25 % of all
patients, which is higher than in the general population.

We did not observe an increased risk of thyroid
cancer in our diabetic patients. Further, the cohort of
prediabetic and diabetic patients are those with the most
expressed insulin resistance and hyperinsulinemia, and
thus have larger thyroid glands and tendency to have larger
thyroid nodules, which could lead to earlier thyroid cancer
manifestation and detection. In contrast, the cohort with
proven thyroid cancer had smaller thyroid nodules

compared to diabetic patients with typical goiter.

We also observed larger thyroid glands and a
tendency to have larger thyroid nodules in men compared
to women. Furthermore, men tended to be diagnosed with
more advanced thyroid cancer, often characterized by
unfavorable mutations such as in TERT. These males with
high-risk thyroid carcinoma had more often diabetes. We
have to emphasize that the sample size was very small,
making definitive conclusions impossible.

Insulin resistance with hyperinsulinemia likely
leads to thyroid growth, and we suppose that the thyroid
growth trigger is general to thyroid tissue and not just to
single thyroid nodules. We do not suggest, however, that
chronic thyrotropin stimulation is the crucial cause of
goitrogenesis. This is even though our B cohort had
significantly lower TSH levels (p<0.001) than the M
cohort, as TSH values were on average in the normal range
in all cohorts and the B cohort had even larger thyroid
nodules (p=0.026).

We also focused attention on assessing any
glucose disorders during euthyroidism, because both hypo
and hyperthyroidism have detrimental effects on optimal
glucose tolerance. A recent study by Roh et al. 2022
showed that patients with thyroid cancer who underwent
thyroidectomy were more likely to develop T2DM than the
matched controls. There was a U-shaped dose-dependent
relationship between the levothyroxine dosage and T2DM
risk. TSH levels were not accessible in Roh et al. 2022
study, but it can be hypothesized that these patients could
be over or underdosed [16].

Patients with insulin resistance have a higher
prevalence of thyroid nodules. A study by Rezzonico et al
2009 showed that patients with thyroid cancer are more
insulin resistant (p<0.001) with a positive association
between insulin resistance and BMI. Those results could
have been influenced by TSH suppressive medication, and
only 40 probands were involved in the study [39]. We were
able to calculate insulin sensitivity by the HOMA-IR index
just in 54 patients, with glucose metabolism testing done
under euthyroidism. We did not observe any significant
differences between HOMA-IR and HOMA S%
parameters between our B, M and MB cohorts, except for
lower HOMA B % in the MB cohort (p=0.039). HOMA
B % expresses the beta cell secretory capacity, and the
higher the value, the more insulin the beta cells have to
secrete to respond to blood glucose levels. Our MB cohort
was younger and more insulin sensitive than the B and M
cohorts, which explains the lower HOMA B % levels in
the MB cohort. We must also emphasize that the number
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of patients in our MB cohort was very small.

More than half of diabetic subjects are middle
aged, and the incidence rises with increasing age in both
sexes [40]. In contrast, new cases of thyroid cancer
represent just 2.2 % of all new cancer cases, with a median
age at diagnosis of 51 years, peaking at age of 45-54
(21.6 %)
https://seer.cancer.gov/statfacts/html/thyro.html).  From
this point of view, we suggest that trends of T2DM
incidence compared to thyroid cancer are diverged. Also,
in our study the age of patients diagnosed with thyroid
cancer peaked at 53 years in comparison to T2DM at 63.5
years old.

An extensive review published a few years ago
estimated that 20 % of all cancers might be caused by
obesity [41]. The prevalence patterns of obesity resemble
those of T2DM. In addition to cancer risk, obesity is
associated with more aggressive pathological tumor
features and worse outcomes in patients with breast,
ovarian, prostate, and colorectal cancers [42]. The
relationship between obesity and thyroid cancer is
uncertain, however. Although a positive association
between obesity and thyroid cancer risk has been observed
in women in several case—control and prospective studies
[43, 44], not all studies have agreed, and the results are
even less consistent in men [45]. In a study by Dieringer et
al. 2015 in an age-related subgroup analysis, a higher BMI
was correlated with more lymph node involvement (p =
0.004), lymphatic invasion (p = 0.003) and tumor
multiplicity (p = 0.008) in patients >45 years of age.
Interestingly, when the patients were stratified according
to age, those 45 years old or older showed a significant
relationship between BMI and clinicopathological
features, but those younger than 45 years did not [17].
Another meta-analysis on 35,237 patients supported those
results, with more pronounced associations as BMI
increased [46]. However, in the case of thyroid cancer,
great heterogeneity exists between studies regarding
potential associations between obesity  and
clinicopathological characteristics. In our study we did not
observe any significant differences in BMI between the B,
M and MB cohorts (p=0.452). As we already mentioned,
diabetic males seem to present with more advanced thyroid
cancer, and these males are on average obese.

To the best of our knowledge, there are no similar
studies comparing benign, malignant, and low-risk thyroid
tumors regarding prediabetes, type 2 diabetes and obesity
as the risk factors. We can not compete with the large-scale
studies in sample size, but there are often biases in the way

information is obtained and recorded in comparison to
small trials [47]. In our retrospective cohort study, we
devoted great attention to collecting all available data and
at the same time point from medical, pharmacological and
laboratory reports. Therefore, the benefits of our study are
detailed medical histories combined with laboratory
testing including molecular genetics and screening of
diabetes, along with the gold standard of histological
confirmation. Furthermore, glucose metabolism was
determined under euthyroidism, so we could exclude the
undesirable effects of hypo/hyperthyroidism. We did not
use any questionnaires and/or self-reported data due to
their lower reliability. Considering the limitations of our
study, the retrospective design could have introduced some
biases in data collection. The risk of selection bias was
reduced by collecting data from two centers and the
patients were chosen randomly regarding available
glucose metabolism data. Further there was just a small
sample of patients for evaluating HOMA-IR due to the low
availability of C-peptide levels. Similarly, molecular
testing was not performed in all patients according to
Bethesda cytological groups, because FNA samples for
molecular testing were not accessible in all cases.

Conclusions

In conclusion, while aging increases the chance
of becoming diabetic and/or obese, our data generally do
not support the hypothesis that patients with
prediabetes/type 2 diabetes and obesity are at a higher risk
of thyroid cancer. However, these patients are at higher
risk to have a goiter. In contrast, it seems that a subgroup
of males with type 2 diabetes are at risk of being diagnosed
with more progressive thyroid cancer. Insulin resistance
with hyperinsulinemia could be a more potent candidate
for thyroid growth stimulation compared to stimulation by
thyrotropin or autoimmune thyroid disease in these
patients. We suppose that particular attention should be
given to males with metabolic disturbances. Further
studies are needed to confirm our results, but we believe
that our study can partly explain the heterogeneity found
in previous studies.

Conflict of Interest
There is no conflict of interest.

Acknowledgements
This research was funded by a grant from the Ministry of
Health, Czech Republic—conceptual development of a



2024 Type 2 Diabetes and Risk of Thyroid Cancer 1033

research organization (Institute of Endocrinology—EU,  The authors acknowledge D. Hardekopf for proofreading
00023761 and by project AZV (NU21-01-00448). activity.

References

1.  Megwalu UC, Moon PK. Thyroid Cancer Incidence and Mortality Trends in the United States: 2000-2018. Thyroid
2022;32:560-570. https://doi.org/10.1089/thy.2021.0662

2. lto Y, Nikiforov YE, Schlumberger M, Vigneri R. Increasing incidence of thyroid cancer:controversies explored.
Nat Rev Endocrinol 2013;9:178-184. https://doi.org/10.1038/nrend0.2012.257

3.  Roti E, Degli Uberti EC, Bondanelli, Braverman LE. Thyroid papillary microcarcinoma: a descriptive and meta-
analysis study. Eur J Endocrinol 2008;159:659-73. https://doi.org/10.1530/EJE-07-0896

4. Zhang W, Bai X, Ge H, Cui H, Wei Z, Han G. Meta-analysis in the association between obesity and risk of thyroid
cancer. Int J Clin Exp Med 2014;15:5268-74.

5.  Standl E, Khunti K, Hansen TB, Schnell O. The global epidemics of diabetes in the 21st century: Current situation
and perspectives. Eur J Prev Cardiol 2019;26:7-14. https://doi.org/10.1177/2047487319881021

6. Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet 2017;3: 2239-2251. https://doi.org/10.1016/S0140-
6736(17)30058-2

7. Bellary S, Kyrou I, Brown JE, Bailey CJ. Type 2 diabetes mellitus in older adults: clinical considerations and
management. Nat Rev Endocrinol 2021;17:534-548. https://doi.org/10.1038/s41574-021-00512-2

8. La Vecchia C, Negri E, Franceschi S, D'Avanzo B, Boyle P. A case-control study of diabetes mellitus and cancer
risk. Br J Cancer 1994;70:950-3. https://doi.org/10.1038/bjc.1994.427

9. Paes JE, Hua K, Nagy R, Kloos RT, Jarjoura D, Ringel MD. The relationship between body mass index and thyroid
cancer pathology features and outcomes: a clinicopathological cohort study. J Clin Endocrinol Metab 2010;95:4244-
5p. https://doi.org/10.1210/jc.2010-0440

10. Biondi B, Kahaly GJ, Robertson RP. Thyroid Dysfunction and Diabetes Mellitus: Two Closely Associated
Disorders. Endocr Rev 2019;1:789-824. https://doi.org/10.1210/er.2018-00163

11. Biondi B, Cappola AR, Cooper DS. Subclinical Hypothyroidism: A Review. JAMA 2019;322:153-160.
https://doi.org/10.1001/jama.2019.9052

12. Waring AC, Arnold AM, Newman AB, Buzkova P, Hirsch C, Cappola AR. Longitudinal changes in thyroid function
in the oldest old and survival: the cardiovascular health study all-stars study. J Clin Endocrinol Metab 2012;97:3944-
50. https://doi.org/10.1210/jc.2012-2481

13. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, Collins BS, Cusi K et al. American
Diabetes Association. Addendum. 4. Comprehensive Medical Evaluation and Assessment of Comorbidities:
Standards of Care in Diabetes-2023. Diabetes Care 2023;46:549-S67. https://doi.org/10.2337/dc23-S004

14. Pearce SH, Brabant G, Duntas LH, Monzani F, Peeters RP, Razvi S, Wemeau JL. 2013 ETA Guideline: Management
of Subclinical Hypothyroidism. Eur Thyroid J 2013;2:215-28. https://doi.org/10.1159/000356507

15. Ladenson PW, Singer PA, Ain KB, Bagchi N, Bigos ST, Levy EG, S A Smith SA et al. American Thyroid
Association  guidelines for detection of thyroid dysfunction. Arch Intern 2000;160:1573-1575.
https://doi.org/10.1001/archinte.160.11.1573

16. American Diabetes Association. Standards of medical care in diabetes-2018: Diabetes Care 2018;31:S12-S54.
https://doi.org/10.2337/dc08-S012

17. Dieringer P, Klass EM, Caine B, Smith-Gagen J. Associations between body mass and papillary thyroid cancer
stage and tumor size: a population-based study. J Cancer Res Clin 2015;141:93-8. https://doi.org/10.1007/s00432-
014-1792-2

18. Roh E, Noh E, Hwang SY, Kim JA, Song E, Choi KM, Baik SH et al. Increased Risk of Type 2 Diabetes in Patients
With Thyroid Cancer After Thyroidectomy: A Nationwide Cohort Study. J Clin Endocrinol Met 2022;17:e1047-
€1056. https://doi.org/10.1210/clinem/dgab776

19. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M Peters AL et al. Management of
hyperglycaemia in type 2 diabetes, 2015: a patient-centred approach. Update to a position statement of the American



https://doi.org/10.1089/thy.2021.0662
https://doi.org/10.1038/nrendo.2012.257
https://doi.org/10.1530/EJE-07-0896
https://doi.org/10.1177/2047487319881021
https://doi.org/10.1016/S0140-6736(17)30058-2
https://doi.org/10.1016/S0140-6736(17)30058-2
https://doi.org/10.1038/s41574-021-00512-2
https://doi.org/10.1038/bjc.1994.427
https://doi.org/10.1210/jc.2010-0440
https://doi.org/10.1210/er.2018-00163
https://doi.org/10.1001/jama.2019.9052
https://doi.org/10.1210/jc.2012-2481
https://doi.org/10.2337/dc23-S004
https://doi.org/10.1159/000356507
https://doi.org/10.1001/archinte.160.11.1573
https://doi.org/10.2337/dc08-S012
https://doi.org/10.1007/s00432-014-1792-2
https://doi.org/10.1007/s00432-014-1792-2
https://doi.org/10.1210/clinem/dgab776

1034 Grimmichova et al. Vol. 73

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Diabetes Association and the European Association for the Study of Diabetes. Diabetologia 2015;58:429-42.
https://doi.org/10.1007/s00125-014-3460-0

Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Diabetes Care 2004;27:1487-95.
https://doi.org/10.2337/diacare.27.6.1487

Grimmichova T, Pacesova P, Hill M, Pekova B, Vankova M, Moravcova J Vrbikova J et al. Thyroid Cancer
Detection in a Routine Clinical Setting: Performance of ACR TI-RADS, FNAC, and Molecular Testing in
Prospective Cohort Study. Biomedicines 2022;10:954. https://doi.org/10.3390/biomedicines10050954
Miranda-Filho A, Lortet-Tieulent J, Bray F, Cao B, Franceschi S, Vaccarella S. Thyroid cancer incidence trends by
histology in 25 countries: a population-based study. Lancet Diabetes Endocrinol 2021;9:225-234.
https://doi.org/10.1016/S2213-8587(21)00027-9

Robenshtok E, Neeman B, Reches L, Ritter A, Bachar G, Kaminer K, Shimon | et al. Adverse Histological Features
of Differentiated Thyroid Cancer Are Commonly Found in Autopsy Studies: Implications for Treatment Guidelines.
Thyroid 2022;32:37-45. https://doi.org/10.1089/thy.2021.0268

Pearson-Stuttard J, Papadimitriou N, Markozannes G, Cividini S, Kakourou A, Gill D, Rizos EC et al. Type 2
Diabetes and Cancer: An Umbrella Review of Observational and Mendelian Randomization Studies. Cancer
Epidemiol 2021;30:1218-1228. https://doi.org/10.1158/1055-9965.EPI-20-1245

Inoue M, Iwasaki M, Otani T, Sasazuki S, Noda M, Tsugane S. Diabetes mellitus and the risk of cancer: results from
a  large-scale  population-based  cohort study in  Japan.  Arch Intern  2006;25:1871-7.
https://doi.org/10.1001/archinte.166.17.1871

Grega T, Vojtechova G, Gregova M, Zavoral M, Suchanek S. Pathophysiological Characteristics Linking Type 2
Diabetes Mellitus and Colorectal Neoplasia. Physiol Res;2021 31:509-522.
https://doi.org/10.33549/physiolres.934631

Saarela K, Tuomilehto J, Sund R, Keskimaki I, Hartikainen R, Pukkala E. Cancer incidence among Finnish people
with type 2 diabetes during 1989-2014. Eur J Epidemiol 2019;34:259-265. https://doi.org/10.1007/s10654-018-
0438-0

Goto A, Yamaji T, Sawada N, Momozawa Y, Kamatani Y, Kubo M, Shimazu T et al. Diabetes and cancer risk: A
Mendelian randomization study. Int J Cancer 2020;146:712-719. https://doi.org/10.1002/ijc.32310
Aschebrook-Kilfoy B, Sabra MM, Brenner A, Moore SC, Ron E, Schatzkin A, Hollenbeck A et al. Diabetes and
thyroid cancer risk in the National Institutes of Health-AARP Diet and Health Study. Thyroid 2011;21:957-63.
https://doi.org/10.1089/thy.2010.0396

Fu M, Yang L, Wang H, Chen Y, Chen X, Hu Q, Sun H. Research progress into adipose tissue macrophages and
insulin resistance. Physiol Res 2023;72:287-299. https://doi.org/10.33549/physiolres.935046

Rapp K, Schroeder J, Klenk J, Ulmer H, Concin H, Diem G, Oberaigner W et al. Fasting blood glucose and cancer
risk in a cohort of more than 140,000 adults in Austria. Diabetologia 2006;49:945-52.
https://doi.org/10.1007/s00125-006-0207-6

Yeo Y, Ma SH, Hwang Y, Horn-Ross PL, Hsing A, Lee KE. Diabetes mellitus and risk of thyroid cancer: a meta-
analysis. PL0oS One 2014;13:€98135. https://doi.org/10.1371/journal.pone.0098135

Kitahara CM, Platz EA, Beane Freeman LE, Black A, Hsing AW, Linet MS Park Y et al. Physical activity, diabetes,
and thyroid cancer risk: a pooled analysis of five prospective studies. Cancer Causes Control 2012;23: 463-471.
https://doi.org/10.1007/510552-012-9896-y, https://doi.org/10.1007/s10552-012-0039-2

Luo J, Phillips L, Liu S, Wactawski-Wende J, Margolis KL. Diabetes Treatment, and Risk of Thyroid Cancer. J Clin
Endocrinol Met 2016;101: 1243-8. https://doi.org/10.1210/jc.2016-2011, https://doi.org/10.1210/jc.2015-3901
Dong WW, Zhang DL, Wang ZH, Lv CZ, Zhang P, Zhang H. Different types of diabetes mellitus and risk of thyroid
cancer: A  meta-analysis of cohort studies. Frontiers in  Endocrinology = 2022;23:971213.
https://doi.org/10.3389/fend0.2022.971213

Grimmichova T, Haluzik M, Vondra K, Matucha P, Hill M. Relations of prediabetes and type 2 diabetes to the
thyroid cancer. Endocrine Connections 2020;1:607-16. https://doi.org/10.1530/EC-20-0180

Fang M, Wang D, Coresh J, Selvin E. Undiagnosed Diabetes in U.S. Adults: Prevalence and Trends. Diabetes Care
2022;1:1994-2002. https://doi.org/10.2337/dc22-0242



https://doi.org/10.1007/s00125-014-3460-0
https://doi.org/10.2337/diacare.27.6.1487
https://doi.org/10.3390/biomedicines10050954
https://doi.org/10.1016/S2213-8587(21)00027-9
https://doi.org/10.1089/thy.2021.0268
https://doi.org/10.1158/1055-9965.EPI-20-1245
https://doi.org/10.1001/archinte.166.17.1871
https://doi.org/10.33549/physiolres.934631
https://doi.org/10.1007/s10654-018-0438-0
https://doi.org/10.1007/s10654-018-0438-0
https://doi.org/10.1002/ijc.32310
https://doi.org/10.1089/thy.2010.0396
https://doi.org/10.33549/physiolres.935046
https://doi.org/10.1007/s00125-006-0207-6
https://doi.org/10.1371/journal.pone.0098135
https://doi.org/10.1007/s10552-012-9896-y
https://doi.org/10.1007/s10552-012-0039-2
https://doi.org/10.1210/jc.2016-2011
https://doi.org/10.1210/jc.2015-3901
https://doi.org/10.3389/fendo.2022.971213
https://doi.org/10.1530/EC-20-0180
https://doi.org/10.2337/dc22-0242

2024 Type 2 Diabetes and Risk of Thyroid Cancer 1035

38. Fang Y, Zhang X, Xu H, Smith-Warner SA, Xu D, Fang H, Xu WH. Cancer risk in Chinese diabetes patients: a
retrospective  cohort study based on management data. Endocr Connect 2018;7:1415-1423.
https://doi.org/10.1530/EC-18-0381

39. Rezzonico JN, Rezzonico M, Pusiol E, Pitoia F, Niepomniszcze H. Increased prevalence of insulin resistance in
patients with differentiated thyroid carcinoma. Metab Syndr 2009;7:375-380.
https://doi.org/10.1089/met.2008.0062

40. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epidemiology of Type 2 Diabetes - Global
Burden of Disease and Forecasted Trends. J Epidemiol 2020;10:107-111. https://doi.org/10.2991/jegh.k.191028.001

41. Wolin KY, Carson K, Colditz GA. Obesity and cancer. Oncologist 2010;15: 556-565.
https://doi.org/10.1634/theoncologist.2009-0285

42. Kim SH, Park HS, Kim KH, Yoo H, Chae BJ, Bae JS, Jung SS. Correlation between obesity and clinicopathological
factors in patients with papillary thyroid cancer. Surg Today 2015;45:723-729. https://doi.org/10.1007/s00595-014-
0984-3

43. Ma J, Huang M, Wang L, Ye W, Tong Y, Wang H. Obesity and risk of thyroid cancer: evidence from a meta-
analysis of 21 observational studies. Med Sci Monit 2015;21:283-291. https://doi.org/10.12659/MSM.892035

44, Oberman B, Khaku A, Camacho F & Goldenberg D. Relationship between obesity, diabetes and the risk of thyroid
cancer. Am J Otolaryng 2015;36: 535-541. https://doi.org/10.1016/j.amjot0.2015.02.015

45. Farfel A, Kark JD, Derazne E, Tzur D, Barchana M, Lazar L, Afek A et al. Predictors for thyroid carcinoma in
Israel: a national cohort of 1,624,310 adolescents followed for up to 40 years. Thyroid 2014;24:987-993.
https://doi.org/10.1089/thy.2013.0173

46. O'Neill RJ, Abd Elwahab S, Kerin MJ, Lowery AlJ. Association of BMI with Clinicopathological Features of
Papillary Thyroid Cancer: A Systematic Review and Meta-Analysis. World J Surg 2021;45:2805-2815.
https://doi.org/10.1007/s00268-021-06193-2

47. Kaplan RM, Chambers DA, Glasgow RE. Big data and large sample size: a cautionary note on the potential for bias.
Clin Transl Sci 2014,7:342-346. https://doi.org/10.1111/cts.12178



https://doi.org/10.1530/EC-18-0381
https://doi.org/10.1089/met.2008.0062
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1634/theoncologist.2009-0285
https://doi.org/10.1007/s00595-014-0984-3
https://doi.org/10.1007/s00595-014-0984-3
https://doi.org/10.12659/MSM.892035
https://doi.org/10.1016/j.amjoto.2015.02.015
https://doi.org/10.1089/thy.2013.0173
https://doi.org/10.1007/s00268-021-06193-2
https://doi.org/10.1111/cts.12178

