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Abstract
Background: The prevalence of obesity and an increased incidence of thyroid 
carcinoma (TC) threaten public health in parallel on a global scale. Sufficient 
evidence supports excess body fatness in thyroid carcinogenesis, and the role and 
anthropometric markers of obesity have been causally associated with the rising 
risk of TC.
Methods: A literature search was conducted in PubMed. Studies focused on the 
effect of obesity in TC.
Results: This review mainly discusses the global incidence and prevalence of 
obesity-related TC. We also review the role of obesity in TC and potential clinical 
strategies for obesity-related TC.
Conclusions: Excess body fatness in early life and TC survival initiate adverse 
effects later in life.

K E Y W O R D S
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1   |   INTRODUCTION

The incidence of obesity-related thyroid carcinoma (TC) 
has increased rapidly in the past few decades in differ-
ent regions of the world, such as East Asia,1 West Asia,2 
South Asia,3 Eastern Oceania,4 America, Europe, and 
the Mediterranean,5 particularly papillary TC, and the 

increasing incidence of TC may be at least partly at-
tributed to excess body fatness.6 Although most TCs are 
generally asymptomatic and slow-growing and patients 
with TC have a better life expectancy, overall mortality 
rates and advanced-stage cases for TC may be a true rise.7 
This increase in obesity-related TC has inevitably resulted 
in increased global cancer rates and cost burdens. Thus, 
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the control and prevention of obesity-related TC have be-
come a necessary reality.

To date, the prevalence of overweight/obesity and el-
evated incidence of TC have caused concern on a global 
scale. Current epidemiological evidence supports that 
obesity is a risk factor for thyroid cancer,8 and the prev-
alence of obesity has contributed to the global rise in TC 
incidence. Obesity was already common among the global 
population in 2000 and should be regarded as an epide-
miological threat to global health, especially in terms of 
obesity-associated cancers.9 Obesity-related TC is affected 
by multifactorial interactions, and many studies have 
shown that income level, geographic influences, and ge-
netic mutations are associated with the development of 
obesity-related TC.

The prevalence of obesity and obesity-activated TC 
will continue to be a concern in the coming decades, and 
prevention and control measures to combat obesity and 
obesity-activated TC are urgently needed. In this paper, 
we will briefly review the relationship and the underlying 
mechanism between obesity and TC, as well as the preven-
tion and control measures currently used in an attempt to 
reduce the incidence of obesity-induced TC.

1.1  |  Definition of obesity categories

Anthropometric indicators of obesity are involved in body 
mass index (BMI), waist circumference (WC), and body 
fat percentage (BF%) (Table 1). BMI is the best proxy for 
the assessment of excess body fatness. According to obe-
sity classification from the World Health Organization 
(WHO), obesity is defined as a body mass index (BMI, 
weight divided by square of the height) of 30 kg/m2 or more 
for white individuals and 25 kg/m2 or more for Asian in-
dividuals, and overweight is defined as a BMI in the range 
of 25–29.9 kg/m2 for white individuals and in the range of 
23–24.9 kg/m2 for Asian individuals.8 Obesity can be fur-
ther categorized into class 1, class 2, and class 3 (BMI, 30.0 

to 34.9, 35.0 to 39.9, and ≥40.0, respectively). WC is the 
indicator of abdominal obesity (WC, ≥102 cm for men and 
≥88 cm for women in White individuals, ≥90 cm for men 
and ≥85 cm for women in Korean adults,10 and ≥85 cm for 
men and ≥80 cm for women in the Chinese population11), 
BF% is the alternative of body fatness (BF%, males ≥ 27%; 
females ≥  38%),12 and BMI, WC, and BF% are generally 
used to assess the levels of obesity. However, the defini-
tion of BMI does not consider obesity-related morbidity 
and mortality or body adipose tissue distribution, and WC 
and BF% supply a gap in BMI.

1.2  |  Global trends in the incidence of 
obesity and TC

Worldwide, the incidence of obesity is still increasing at an 
alarming rate except for the poorest areas (Table 2). The age-
standardized incidence of obesity in adults (aged 18 years or 
more) increased from 3.2% in 1975 to 10.8% in 2014 in men 
and from 6.4% to 14.9% in women.13 The incidence of over-
weight and obesity in children and adolescents in 2013 was 
23.8% in boys and 22.6% in girls in developed countries and 
12.9% in boys and 13.4% in girls in developing countries.14 An 
estimated 38% of the world’s adult population will be over-
weight, and another 20% will be obese.15 The overweight/
obesity rate is even higher in high-income countries/regions 
than in low- and middle-income countries.16

In 2018, the global burden of overall cancer was esti-
mated to be 18.1  million new cancer cases and 9.6  mil-
lion cancer deaths. Cancer statistics for adolescence and 
young adulthood are an estimated 1.2 million cancer cases 
and 400,000 cancer-related deaths. The total estimated TC 
burden accounts for 567,000 new cases and 41,000 deaths 
cases, ranking ninth for incidence. The incidence rate of TC 
is three times higher in women than in men, and the esti-
mated mortality rates are in the range of 0.4 to 0.5 in men 
and women.17 In 2016, the incidence of TC for adolescents 
and young adults (aged 15–39 years) increased annually by 

T A B L E  1   Definition of obesity categories

Class

BMI (kg/m2) WC (cm) BF (%)

White 
individuals

Asian 
individuals Males Females Criterion Males Females

Overweight 25–29.9 23–24.9

Obesity ≥30 ≥25 ≥102 ≥88 WHO ≥27 38

≥90 ≥85 Korea

≥85 ≥80 China

Class1 30.0–34.9

Class2 35.0–39.9

Class3 ≥40.0
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approximately 3%–4% and largely drove the overall cancer 
incidence in the United States.18 The rising incidence of TC 
is due to the contribution of overdiagnosis. In 2017, Bernier 
et al reported that there was a true increase in the incidence 
of TC, and they came to a similar conclusion in adults.7

The proportion of new cancer cases in adults world-
wide attributed to a high BMI accounts for nearly 4%, the 
incidence of obesity-related cancer among adolescents 
and young adults sharply increased from 1998 to 2012,19 
and the prevalence of obesity seems to be a contributor to 
the rising incidence of TC.

1.3  |  Overview of the evidence on 
obesity-related TC in humans and 
experimental animals

The International Agency for Research on Cancer in 2016 
provided strong evidence that excess body fatness is caus-
ally associated with an increased risk of TC (see the web-
site at https://publi​catio​ns.iarc.fr/570) (Table 3).

1.4  |  Epidemiologic studies in adults

Retrospective and prospective investigations showed that 
overweight and obesity may be important contributors to 
the rising incidence of PTC,20 and weight gain (0.4–5.0 kg/
year) was positively associated with the risk of TC (HR, 
1.40).21 A matched case-control study showed that the ad-
justed ORs of the BMI categories were 1.50 for overweight 
and 1.62 for obesity in Korea22 and 1.13 for Class 1 and 
1.24 for Class 2 in Korean residents.23 In addition, BMI 
and BF% were also positively associated with a significant 
increase in the risk of differentiated TC.24 A prospective 
cohort study in Southern Europe showed that a higher 
BMI was positively correlated with an increased risk of 
TC between 2006 and 2017, and the HR of an increase in 
BMI (5 kg/m2) was 1.08 for the risk of TC.25 This similar 

conclusion was also confirmed in the Republic of Korea26 
in metabolically healthy (MH) and metabolically un-
healthy (MUH) men. High BMI was positively associated 
with TC risk, whereas there was a positive relationship 
only in MUH women.27

The combined effect between obesity and metabolic 
syndrome was also positively associated with a higher risk 
of TC in men.1 A meta-analysis showed that overweight 
and obesity were positively associated with the etiology 
of developing TC.28 Another meta-analysis showed that 
obese cohorts were significantly correlated with a high 
risk of developing TC among women, and weight gain and 
annual increases in obesity indicators may be linked to the 
increased incidence of developing TC in both sexes.29

In addition, obesity seems to be more strongly associ-
ated with the prevalence of TC in women than in men, 
and the evidence comes from sparse studies in Korea,30 
America,29 Brazil,31and France.32 Ethnicity is also consid-
ered in the epidemiological study of obesity-related TC, al-
though the obesity-related increased risk of TC is generally 
similar between white and black men.33 The association of 
obesity with TC may be affected by sex and ethnicity.

1.5  |  Studies in childhood and 
adolescence

A case-control study in the Republic of Korea pro-
vided moderate evidence that overweight and obesity 
in adolescence were correlated with high PTC risk in 
adulthood, and the association between obesity in ado-
lescence at age 18 years and PTC risk in adulthood was 
stronger in men than in women.34 In addition to BMI, a 
cohort study also showed that taller height during child-
hood and adolescence was associated with an increased 
risk of adult TC.35 A meta-analysis confirmed the simi-
lar conclusion that higher body fatness at a young age 
was positively correlated with an increased risk of devel-
oping TC later in life.36

Obesity TC

Men Women Adolescents New cases
Death 
cases

Incidence 2013 Boys: 23.8%
Girls:22.6% or
Boys:12.9%
Girls:13.4%

2014 10.8% 14.9%

2016 3%–4%

Proportion 2016 20%

2018 567,000 41,000

T A B L E  2   Global burden of obesity 
and TC

https://publications.iarc.fr/570
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1.6  |  Studies in TC survivors

Among TC survivors in a case-control study, obesity at age 
18 years was associated with cancer-related aggressive be-
havior later in life, such as extrathyroidal extension and 
tumor size,34 and excess body fatness in early life will in-
crease adverse overcomes in TC survivors. A higher BMI 
in TC survivors was positively associated with a higher 
recurrence risk of TC.37 However, the role of BMI in the 
clinical outcome of TC patients is still lack of high-level 
evidence,38,39 and further trials are warranted to deter-
mine the role of obesity in TC survivors.

1.7  |  Studies in experimental animals

In a diet-induced obese mouse model, morphological and 
functional changes in thyroid glands were observed, in-
cluding thyroid steatosis, distension of the endoplasmic 
reticulum, and mitochondrial distortion in thyroid fol-
licular cells.40 In addition, the expression of lipogenesis-
regulating genes is increased, and obesity leads to 
morphological changes in thyroid follicular cells.40 To 
elucidate the precise association between obesity and TC, 
a mouse model of PTEN deficiency was fed a high-fat diet, 
and obesity-activated TC was subsequently established in 
a mouse model,41 which revealed that obesity promotes 
tumor growth and anaplastic changes in TC.42

1.8  |  The association between abdominal 
obesity and TC risk

In addition to BMI, WC (109 cm or more) was considered a 
strong predictor of TC with a sensitivity of 77.8% and speci-
ficity of 68.4% in a cross-sectional study.43 WC is superior 
to BMI and reflects a specific index of abdominal adipose 
tissue distribution. Of note, current WC is positively cor-
related with high thyrotropin (TSH) serum levels in the 
general population.44 Since TSH acts as a sensitive indica-
tor of thyroid function and a risk factor for TC, increasing 
WC may reflect the pathogenesis of TC. In a meta-analysis, 
every 5  kg/m2 increase in BMI and 5  cm increase in WC 
were associated with 30% and 5% greater risks of TC, respec-
tively, and general and abdominal obesity were positively 
correlated with the rising risk of TC.45 BMI and WC for the 
assessment of TC risk associated with excess body fatness 
showed comparable ability in a prospective cohort study.25

1.9  |  Effects of obesity and BMI on the 
histopathological features of TC

Obesity is measured by BMI, and it has been reported that 
obesity and BMI are associated with the clinicopathologi-
cal features of TC, such as genetic mutation, NK-cell ac-
tivity, extrathyroidal extension, tumor-node-metastasis 
stage, recurrence, mortality, and pathological subtype. 

T A B L E  3   An association of obesity with TC

Year Types of design Number of population Association with thyroid cancer risk References

2020 Retrospective investigation 457331 Positive correlation [20]

2020 Prospective investigation 241323 Positive correlation [21]

2020 Matched case-control 705 TC cases and 705 controls Positive association [22]

2020 Matched case-control 4977 TC cases and 19908 
controls

Positive association [23]

2019 Case-control 10668 TC cases and 11858 
controls

Positive association [24]

2021 Prospective cohort study 3658417 Positive association [25]

2019 Cohort study 11323006 Dose-response association [26]

2019 Cohort study 255051 Positive association [27]

2020 Cohort study 9,890,917 Positive association [1]

2018 Meta-Analysis 17 studies Positive association [28]

2020 Meta-Analysis 31 studies Positive association [29]

2020 Case-control 15490 cases and 15490 controls Positive association [34]

2014 Cohort study 321085 Positive association [35]

2018 Meta-Analysis 56 studies Positive association [36]

2020 Cohort study 30 cases Positive association [37]

2017 Cohort study 783 cases No association [38]

2018 Cohort study 209 cases No association [39]
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Evidence of the histopathological association between 
obesity and TC will help to establish active measures 
against obesity-related TC.

1.	 BMI showed a positive association with the BRAF 
V600E mutation, supporting the higher incidence of 
extrathyroidal extension and advanced tumor-node-
metastasis stage in patients with papillary TC.46

2.	 Baseline BMI was more strongly associated with TC 
mortality and the pathological subtype of TC (papil-
lary, follicular, and anaplastic).45,47

3.	 Obesity leads to a marginally lower level of NK cell 
activity and helps cancer cells gobble energy immune 
cells.

4.	 Obesity increases expanded interfollicular adipose tis-
sue or steatosis in thyroid follicular cells.40

5.	 BMI was positively correlated with TC tissue 
calcifications.49

BMI was associated with a higher risk for extrathyroi-
dal extension and advanced tumor-node-metastasis stage 
among patients with PTC with obesity in a retrospective 
study.50 However, for the recurrence rate of TC, partial 
studies present inverse conclusions,51 and further studies 
will be warranted.

1.10  |  Pathophysiological mechanism 
between obesity and TC

The mechanisms underlying obesity-induced TC have 
been proven by epidemiological studies in humans. First, 
increased levels of endogenous hormones have been corre-
lated with the mechanism of TC initiation. An increase in 
the level of estrogen occurs, and excess estrogen is stored 
by adipose tissue in people with obesity and subsequently 
initiates TC; however, the proposed role of estrogen in TC 
lacks convincing human studies and may be refuted by a 
nationwide cohort study.52 Adipokines are not associated 
with a direct contribution to PTC,53 and the mechanism of 
adipokines in obesity-related TC remains unclear. Insulin 
resistance has been confirmed by various epidemiologi-
cal studies and systematic reviews to increase TC risk 
and facilitate cancer progression via the insulin–insulin-
like growth factor 1 axis.54,55 Second, low-grade chronic 
inflammation regulates the growth of both normal and 
TC cells,56 and elevation of human C-reactive protein 
causes adult-onset obesity.57 Third, leptin derived from 
adipocytes promotes TC cell line migration and regulates 
papillary TC progression.58 Evidence in experimental ani-
mals showed that increased leptin levels activate the JAK/
STAT pathway and increase TC aggressiveness,59 and a 
case-control study also indicated that leptin is correlated 

with differentiated TC.60 Finally, increased levels of DNA 
damage may participate in pathological processes, as 
shown in Italian adolescents with obesity.61

Increased systemic adiposity can contribute to ste-
atosis in thyroid follicular cells and may result in pri-
mary hypothyroidism in patients with obesity.40 The 
expression of five obesity genes (TC FABP4, CFD, GHR, 
TNFRSF11B, and LTF) is significantly decreased in pa-
tients with TC, promoting TC progression and playing a 
role in the etiology of TC.62 Obesity-associated genetic 
variants rs8047395 and rs8044769 were positively associ-
ated with an increased risk of TC in the matched case-
control study.22

Oncogenic changes in TC cells have been generally 
proposed to drive TC occurrence and progression. BRAF 
V600E accounts for 60% of all TC mutations, and the prev-
alence of obesity is significantly related to the BRAF V600E 
mutation in TC. This association did not change based 
on the presence/absence of adverse histologic features 
in obesity-related TC.63 The link between obesity and the 
BRAF V600E mutation in TC theoretically establishes a 
pathophysiological mechanism for obesity-induced TC.46

In addition, increased lysyl oxidase expression in ad-
ipose tissue is positively correlated with BMI,64 highly 
expressed in aggressive TC, and associated with cancer 
metastasis. Patients who have the BRAF V600E mutation 
and increased lysyl oxidase levels generally have a higher 
TC recurrence rate and shorter disease-free survival time; 
lysyl oxidase expression is partially driven by BRAF mu-
tation and significantly associated with the percentage 
of BRAF-mutated cells, and increased lysyl oxidase lev-
els play a key role in the higher aggressiveness of BRAF-
driven thyroid cancers.65

1.11  |  Effective intervention approaches 
to weight management

Maintaining a healthy weight is one strategy to avoid the 
risk of developing TC, especially in people with obesity 
with a family history of TC or other cancers. This strategy 
is the main approach to combat both obesity and obesity-
related TC before TC occurs in people with a high risk. 
Once TC develops, the management guidelines for these 
patients should take into account obesity-related TC, and 
elaborately prescribed programs for weight loss should 
be implemented in TC survivors. Early measures to pre-
vent obesity can contribute to avoiding or delaying the oc-
currence of TC in people with obesity at risk for TC, and 
multiple approaches can be used to prevent TC in these 
individuals. It would be desirable to decrease the BMI 
to 18.5–24.9  kg/m2 for White individuals and to 18.5–
22.9 kg/m2 for Asian individuals. A BF% below 21% and 
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29% is recommended for men and women, respectively,66 
and WC should be below 90/80 cm in males/females.67,68

1.11.1  |  Healthy lifestyle behaviors

Healthy lifestyle behaviors, which are proposed with the 
hope of achieving continuing education, physical activity 
and exercise training, and diet control, are recommended 
for early intervention and comprise an individual and a 
holistic approach for weight loss in people with obesity.69 
The ultimate goal is to reduce the incidence of obesity-
related TC, which may at least partially be attributed to 
weight loss. Health education should be provided to man-
age people with obesity and enforce patient adherence. It 
is important that patients recognize the importance of the 
long-term weight loss program and adhere to it to benefit 
from the program.

Physical activity combined with diet restriction should 
be an integral part of any plan to treat people with obesity 
regardless of weight loss goals.70 If possible, physical ac-
tivity should be proposed to promote weight loss among 
people with obesity. At least 60 min/day of moderate phys-
ical activity is important for the prevention of disease and 
improving health in children and youth,71 but the inten-
sity of physical activity can be adjusted according to the 
assessment of individual function in older adults with 
obesity. Caloric restriction in older adults with obesity 
remains controversial because of adverse events such as 
an increase in mortality. Bales notes that caloric restric-
tion and exercise training should be combined whenever 
possible in older individuals with obesity.72 Generally, diet 
restriction combined with initial or delayed physical activ-
ity will lead to clinically beneficial changes in weight in a 
randomized trial.73

The success of prescribed programs for weight loss 
generally depends on patient adherence to generate a 
long-term benefit.74 Personalized approaches based on 
changes in behavior, nutrition, and physical activity lead 
to more effective weight loss when obese people adhere to 
the regimen consistently.75 Diet control combined with ex-
ercise training provides a better effect on weight loss than 
either intervention alone, thereby shifting our clinical ap-
proach toward including behavior/lifestyle modification 
measures, which can contribute to cancer prevention, in-
cluding thyroid cancer.

1.11.2  |  Metformin to treat 
obesity-induced TC

Drug administration is an alternative option for the 
treatment of obesity-induced TC. Metformin has been 

investigated in preclinical and epidemiological stud-
ies, and only a few findings in humans have been re-
ported. Metformin, the first-line drug treatment for type 
2 diabetes, has been found to prevent TC development 
in a Korean population in a retrospective cohort study.76 
Similarly, metformin use has been shown to reduce the 
risk of TC in Taiwanese patients with type 2 diabetes.77 
More importantly, metformin administration decreases 
tumor size and increases survival in patients with dia-
betes and TC.78 These findings were confirmed using a 
high-fat-diet-induced mouse model, in which metformin 
blocked the invasion and metastasis of obesity-induced 
TC.79 However, the use of metformin has not been associ-
ated with a decreased risk of TC in case-control studies.80 
This conclusion may be limited by the statistical power 
and limitations of case-control studies. Randomized con-
trolled trials of metformin administration against obesity-
related TC are further warranted.

1.11.3  |  Surgical approaches for 
obesity-induced TC

The mainstay of treatment in patients with TC is surgery, 
and obesity usually increases the difficulty of the already 
technically challenging surgical resection of TC and leads 
to delays in diagnosis. Multimodality surgery, including 
weight loss surgery, can contribute to weight loss and can 
minimize obesity and cancer issues to help accelerate re-
covery in patients with obesity with TC.81 The incidence 
of surgical complications in patients with obesity, such as 
transient hypocalcemia or transient recurrent laryngeal 
nerve palsy, is surprisingly high.82 Another cohort study 
showed that there is no significant association between 
obesity and an increase in postoperative complications, 
and thyroid operation can be performed safely even in pa-
tients with obesity with advanced TC.83

Preoperative assessment of TC aggressiveness can be 
performed prior to surgical planning. TC aggressiveness 
is positively correlated with older age, a higher BMI, a 
larger tumor size and the presence of the BRAFV600E 
mutation in papillary TC.84 These risk predictors of ex-
trathyroidal extension should be taken into consideration 
during decision making before surgery, and the surgical 
regimen should minimize postoperative recurrence and 
complications.

Postoperative follow-up of TC surgery should be per-
formed to monitor recurrent or residual locoregional 
events, and obesity has been positively associated with 
an increased risk of persistent or recurrent TC in patients 
with obesity with papillary TC (≤10 mm).85 These findings 
have been replicated and applied to postoperative recur-
rence surveillance in patients with obesity with TC.86



1142  |      MA et al.

2   |   CONCLUSION

The prevalence of obesity increases the risk of develop-
ing TC and has been associated with the histopathologi-
cal features of TC. The possible underlying mechanisms 
for the association of obesity with TC are involved in the 
changes of the level of endogenous hormones, low-grade 
chronic inflammation, leptin, the level of DNA damage, 
steatosis and oncogenic changes in thyroid follicular cells, 
the expression and genetic variants of obesity genes and 
lysyl oxidase. We propose that receiving health education 
information on lifestyle changes and behavioral tech-
niques can improve patient adherence and the execution 
of weight loss plans. Successful weight loss largely de-
pends on multimodal therapy for obesity-induced TC and 
may reduce the risk of developing TC.

In the future, more attention should be given to un-
derstanding the etiology and role of obesity in TC, and 
the evidence derived from preclinical and clinical studies 
should be strengthened to gain a better understanding of 
the mechanism underlying obesity and the occurrence of 
TC. Prescribing rational programs for weight loss may be 
essential to reduce the incidence of TC.

CONFLICT OF INTEREST
The author(s) declare no potential conflicts of interest 
with respect to the research, authorship, and/or publica-
tion of this article.

AUTHOR CONTRIBUTION
Xiao-Ni Ma, Cheng-Xu Ma, Li-Jie Hou, and Song-Bo Fu, 
conceived the study and wrote the paper.

ETHICAL STATEMENT
This is a review article and the need for ethics approval 
and consent was waived.

DATA AVAILABILITY STATEMENT
I confirm that I have included a citation for available data 
in my references section, unless my article type is exempt.

ORCID
Cheng-Xu Ma   https://orcid.org/0000-0001-6115-9806 

REFERENCES
	 1.	 Park JH, Choi M, Kim JH, et al. Metabolic syndrome and the 

risk of thyroid cancer: a nationwide population-based cohort 
study. Thyroid. 2020;30:1496-1504.

	 2.	 Al-Lawati NA, Shenoy SM, Al-Bahrani BJ, Al-Lawati JA. 
Increasing thyroid cancer incidence in Oman: a joinpoint trend 
analysis. Oman Med J. 2020;35:e98.

	 3.	 Ali A, Mirza Y, Faizan U, Zahid N, Awan MS. Association of 
obesity and thyroid cancer at a tertiary care hospital in Pakistan. 
Cureus. 2018;10:e2364.

	 4.	 Cléro E, Leux C, Brindel P, et al. Pooled analysis of two case-
control studies in New Caledonia and French Polynesia of body 
mass index and differentiated thyroid cancer: the importance of 
body surface area. Thyroid. 2010;20:1285-1293.

	 5.	 Xu LI, Port M, Landi S, et al. Obesity and the risk of papillary 
thyroid cancer: a pooled analysis of three case-control studies. 
Thyroid. 2014;24:966-974.

	 6.	 Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini 
F, Straif K. Body fatness and cancer-viewpoint of the IARC 
working group. New Engl J Med. 2016;375:794-798.

	 7.	 Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in 
thyroid cancer incidence and mortality in the United States, 
1974–2013. JAMA. 2017;317:1338-1348.

	 8.	 Matrone A, Ferrari F, Santini F, Elisei R. Obesity as a risk fac-
tor for thyroid cancer. Curr Opin Endocrinol Diabetes Obes. 
2020;27:358-363.

	 9.	 Kopelman PG. Obesity as a medical problem. Nature. 
2000;404:635-643.

	10.	 Yoon YS, Oh SW. Optimal waist circumference cutoff values for 
the diagnosis of abdominal obesity in korean adults. Endocrinol 
Metabol (Seoul, Korea). 2014;29:418-426.

	11.	 Zhou BF. Predictive values of body mass index and waist 
circumference for risk factors of certain related diseases in 
Chinese adults–study on optimal cut-off points of body mass 
index and waist circumference in Chinese adults. Biomed 
Environ Sci: BES. 2002;15:83-96.

	12.	 Batsis JA, Mackenzie TA, Barre LK, Lopez-Jimenez F, Bartels 
SJ. Sarcopenia, sarcopenic obesity and mortality in older adults: 
results from the National Health and Nutrition Examination 
Survey III. Eur J Clin Nutr. 2014;68:1001-1007.

	13.	 NCD Risk Factor Collaboration. Trends in adult body-
mass index in 200 countries from 1975 to 2014: a pooled 
analysis of 1698 population-based measurement studies 
with 19·2 million participants. Lancet (London, England). 
2016;387:1377–1396.

	14.	 Ng M, Fleming T, Robinson M, et al. Global, regional, and na-
tional prevalence of overweight and obesity in children and 
adults during 1980–2013: a systematic analysis for the Global 
Burden of Disease Study 2013. Lancet (London, England). 
2014;384:766-781.

	15.	 Smith KB, Smith MS. Obesity statistics. Prim Care. 
2016;43(1):121–135.

	16.	 Seidell JC, Halberstadt J. The global burden of obesity and 
the challenges of prevention. Ann Nutr Metab. 2015;66(Suppl 
2):7-12.

	17.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018;68(6):394-424.

	18.	 Miller KD, Fidler-Benaoudia M, Keegan TH, Hipp HS, Jemal A, 
Siegel RL. Cancer statistics for adolescents and young adults, 
2020. CA Cancer J Clin. 2020;70(6):443-459

	19.	 Gupta S, Harper A, Ruan Y, et al. International trends in the in-
cidence of cancer among adolescents and young adults. J Natl 
Cancer Inst. 2020;112:1105-1117.

	20.	 Kitahara CM, Pfeiffer RM, Sosa JA, Shiels MS. Impact of over-
weight and obesity on US papillary thyroid cancer incidence 
trends (1995–2015). J Natl Cancer Inst. 2020;112:810-817.

	21.	 Christakoudi S, Pagoni P, Ferrari P, et al. Weight change in mid-
dle adulthood and risk of cancer in the European Prospective 

https://orcid.org/0000-0001-6115-9806
https://orcid.org/0000-0001-6115-9806


      |  1143MA et al.

Investigation into Cancer and Nutrition (EPIC) cohort. Int J 
cancer. 2021;148(7):1637–1651.

	22.	 Hoang T, Song D, Lee J, Lee EK, Hwangbo Y, Kim J. Association 
among BMI, genetic variants of FTO, and thyroid cancer risk: 
a hospital-based case-control study of the cancer screenee co-
hort in Korea. Cancer research and treatment : official journal of 
Korean Cancer Association. 2020;53(3):857–873.

	23.	 An SY, Kim SY, Oh DJ, Min C, Sim S, Choi HG. Obesity is pos-
itively related and tobacco smoking and alcohol consumption 
are negatively related to an increased risk of thyroid cancer. Sci 
Rep. 2020;10:19279.

	24.	 He Q, Sun H, Li F, Liang N. Obesity and risk of differentiated 
thyroid cancer: a large-scale case-control study. Clin Endocrinol. 
2019;91:869-878.

	25.	 Recalde M, Davila-Batista V, Díaz Y, et al. Body mass index and 
waist circumference in relation to the risk of 26 types of cancer: 
a prospective cohort study of 3.5 million adults in Spain. BMC 
Med. 2021;19:10.

	26.	 Kwon H, Han KD, Park CY. Weight change is significantly as-
sociated with risk of thyroid cancer: a nationwide population-
based cohort study. Sci Rep. 2019;9:1546.

	27.	 Kwon H, Chang Y, Cho A, et al. Metabolic obesity phenotypes 
and thyroid cancer risk: a cohort study. Thyroid. 2019;29:349-358.

	28.	 Sadeghi H, Rafei M, Bahrami M, Haghdoost A, Shabani Y. 
Attributable risk fraction of four lifestyle risk factors of thy-
roid cancer: a meta-analysis. J Public Health (Oxford, England). 
2018;40:e91-e98.

	29.	 Youssef MR, Reisner ASC, Attia AS, et al. Obesity and the 
prevention of thyroid cancer: impact of body mass index and 
weight change on developing thyroid cancer – Pooled results of 
24 million cohorts. Oral Oncol. 2021;112:105085.

	30.	 Han JM, Kim TY, Jeon MJ, et al. Obesity is a risk factor for thy-
roid cancer in a large, ultrasonographically screened popula-
tion. Eur J Endocrinol. 2013;168:879-886.

	31.	 Marcello MA, Sampaio AC, Geloneze B, Vasques AC, 
Assumpção LV, Ward LS. Obesity and excess protein and car-
bohydrate consumption are risk factors for thyroid cancer. Nutr 
Cancer. 2012;64:1190-1195.

	32.	 Rinaldi S, Lise M, Clavel-Chapelon F, et al. Body size and risk 
of differentiated thyroid carcinomas: findings from the EPIC 
study. Int J Cancer. 2012;131:E1004-E1014.

	33.	 Samanic C, Gridley G, Chow WH, Lubin J, Hoover RN, 
Fraumeni JF Jr. Obesity and cancer risk among white and black 
United States veterans. Cancer Causes Control. 2004;15:35-43.

	34.	 Kim K-N, Hwang Y, Kim KH, et al. Adolescent overweight and 
obesity and the risk of papillary thyroid cancer in adulthood: a 
large-scale case-control study. Sci Rep. 2020;10:5000.

	35.	 Kitahara CM, Gamborg M, Berrington de González A, Sørensen 
TI, Baker JL. Childhood height and body mass index were asso-
ciated with risk of adult thyroid cancer in a large cohort study. 
Can Res. 2014;74:235-242.

	36.	 Hidayat K, Du X, Shi BM. Body fatness at a young age and risks 
of eight types of cancer: systematic review and meta-analysis of 
observational studies. Obes Rev. 2018;19:1385-1394.

	37.	 Mele C, Caputo M, Samà MT, et al. The role of metabolic setting 
in predicting the risk of early tumour relapse of differentiated 
thyroid cancer (DTC). Eur J Clin Nutr. 2020;74:1038-1046.

	38.	 Chung YS, Lee JH, Lee YD. Is body mass index relevant to prog-
nosis of papillary thyroid carcinoma? A clinicopathological co-
hort study. Surg Today. 2017;47:506-512.

	39.	 Al-Ammar Y, Al-Mansour B, Al-Rashood O, et al. Impact of 
body mass index on survival outcome in patients with differen-
tiated thyroid cancer. Braz J Otorhinolaryngol. 2018;84:220-226.

	40.	 Lee MH, Lee JU, Joung KH, et al. Thyroid dysfunction associ-
ated with follicular cell steatosis in obese male mice and hu-
mans. Endocrinology. 2015;156:1181-1193.

	41.	 Park J, Kim WG, Zhao L, Enomoto K, Willingham M, Cheng 
S-Y. Metformin blocks progression of obesity-activated thyroid 
cancer in a mouse model. Oncotarget. 2016;7:34832-34844.

	42.	 Kim WG, Park JW, Willingham MC, Cheng SY. Diet-induced 
obesity increases tumor growth and promotes anaplastic 
change in thyroid cancer in a mouse model. Endocrinology. 
2013;154:2936-2947.

	43.	 Eissa MS, Abdellateif MS, Elesawy YF, Shaarawy S, Al-Jarhi 
UM. Obesity and waist circumference are possible risk factors 
for thyroid cancer: correlation with different ultrasonography 
criteria. Cancer Manag Res. 2020;12:6077-6089.

	44.	 Tiller D, Ittermann T, Greiser KH, et al. Association of serum 
thyrotropin with anthropometric markers of obesity in the gen-
eral population. Thyroid. 2016;26:1205-1214.

	45.	 Schmid D, Ricci C, Behrens G, Leitzmann MF. Adiposity and 
risk of thyroid cancer: a systematic review and meta-analysis. 
Obes Rev. 2015;16:1042-1054.

	46.	 Lee J, Lee CR, Ku CR, et al. Association between obesity and 
BRAFV600E mutation status in patients with papillary thyroid 
cancer. Ann Surg Oncol. 2015;22(Suppl 3):S683-S690.

	47.	 Kitahara CM, McCullough ML, Franceschi S, et al. Anthropometric 
factors and thyroid cancer risk by histological subtype: pooled 
analysis of 22 prospective studies. Thyroid. 2016;26:306-318.

	48.	 Alison ER, Jefte MD, Gregory JB, et al. Obesity Shapes 
Metabolism in the Tumor Microenvironment to Suppress Anti-
Tumor Immunity. Cell. 2020;183:1848–1866.

	49.	 Li C, Zhou L, Dionigi G, Li F, Zhao Y, Sun H. The association 
between tumor tissue calcification, obesity, and thyroid cancer 
invasiveness in a cohort study. Endocr Pract. 2020;26:830-839.

	50.	 Wang H, Wang P, Wu Y, et al. Correlation between obesity and 
clinicopathological characteristics in patients with papillary 
thyroid cancer: a study of 1579 cases: a retrospective study. 
PeerJ. 2020;8:e9675.

	51.	 Grani G, Lamartina L, Montesano T, et al. Lack of association 
between obesity and aggressiveness of differentiated thyroid 
cancer. J Endocrinol Invest. 2019;42:85-90.

	52.	 Kim M, Kim BH, Lee H, et al. Thyroid cancer after hysterec-
tomy and oophorectomy: a nationwide cohort study. Eur J 
Endocrinol. 2021;184:143-151.

	53.	 Warakomski J, Romuk E, Jarząb B, Krajewska J, Siemińska L. 
Concentrations of selected adipokines, interleukin-6, and vita-
min D in patients with papillary thyroid carcinoma in respect to 
thyroid cancer stages. Int J Endocrinol. 2018;2018:1–7.

	54.	 Malaguarnera R, Vella V, Nicolosi ML, Belfiore A. Insulin resis-
tance: any role in the changing epidemiology of thyroid cancer? 
Front Endocrinol. 2017;8:314.

	55.	 Harikrishna A, Ishak A, Ellinides A, et al. The impact of obesity 
and insulin resistance on thyroid cancer: a systematic review. 
Maturitas. 2019;125:45-49.

	56.	 Lumachi F, Basso SM, Orlando R. Cytokines, thyroid diseases 
and thyroid cancer. Cytokine. 2010;50:229-233.

	57.	 Li Q, Wang QI, Xu W, et al. C-reactive protein causes adult-
onset obesity through chronic inflammatory mechanism. Front 
Cell Dev Biol. 2020;8:18.



1144  |      MA et al.

	58.	 Cheng SP, Yin PH, Hsu YC, et al. Leptin enhances migra-
tion of human papillary thyroid cancer cells through the 
PI3K/AKT and MEK/ERK signaling pathways. Oncol Rep. 
2011;26:1265-1271.

	59.	 Kim WG, Cheng SY. Mechanisms linking obesity and thy-
roid cancer development and progression in mouse models. 
Hormones & Cancer. 2018;9:108-116.

	60.	 Rehem RA, Elwafa WA, Elwafa RA, Abdel-Aziz TE. Study of 
serum leptin in well-differentiated thyroid carcinoma: cor-
relation with patient and tumor characteristics. World J Surg. 
2014;38:2621-2627.

	61.	 Azzarà A, Chiaramonte A, Filomeni E, et al. Increased level of 
DNA damage in some organs of obese Zucker rats by γ-H2AX 
analysis. Environ Mol Mutagen. 2017;58:477-484.

	62.	 Chen J, Cao H, Lian M, Fang J. Five genes influenced by obesity 
may contribute to the development of thyroid cancer through 
the regulation of insulin levels. PeerJ. 2020;8:e9302.

	63.	 Rahman ST, Pandeya N, Neale RE, et al. Obesity is associ-
ated with BRAF(V600E)-mutated thyroid cancer. Thyroid. 
2020;30:1518-1527.

	64.	 Pastel E, Price E, Sjöholm K, et al. Lysyl oxidase and adipose 
tissue dysfunction. Metab. 2018;78:118-127.

	65.	 Boufraqech M, Patel D, Nilubol N, et al. Lysyl oxidase is a key 
player in BRAF/MAPK pathway-driven thyroid cancer aggres-
siveness. Thyroid. 2019;29:79-92.

	66.	 Lucas BDL, Barbosa TDS, Castelo PM, Gavião MBD. Salivary 
alpha-amylase and hormones levels of young adults with dif-
ferent body composition. J Texture Stud. 2019;50:45-52.

	67.	 Xi BO, Zong X, Kelishadi R, et al. International waist circumfer-
ence percentile cutoffs for central obesity in children and ado-
lescents aged 6 to 18 years. J Clin Endocrinol Metab. 2020;105:e1
569-e1583.

	68.	 Zavala GA, Kolovos S, Chiarotto A, et al. Association between 
obesity and depressive symptoms in Mexican population. Soc 
Psychiatry Psychiatr Epidemiol. 2018;53:639-646.

	69.	 Severin R, Sabbahi A, Mahmoud AM, Arena R, Phillips SA. 
Precision medicine in weight loss and healthy living. Prog 
Cardiovasc Dis. 2019;62:15-20.

	70.	 Swift DL, McGee JE, Earnest CP, Carlisle E, Nygard M, 
Johannsen NM. The effects of exercise and physical activ-
ity on weight loss and maintenance. Prog Cardiovasc Dis. 
2018;61:206-213.

	71.	 Poitras VJ, Gray CE, Borghese MM, et al. Systematic review of 
the relationships between objectively measured physical activ-
ity and health indicators in school-aged children and youth. 
Appl Physiol Nutr Metab. 2016;41:S197–S239.

	72.	 Bales CW, Porter Starr KN. Obesity interventions for older 
adults: diet as a determinant of physical function. Adv Nutr. 
2018;9:151-159.

	73.	 Goodpaster BH, Delany JP, Otto AD, et al. Effects of diet 
and physical activity interventions on weight loss and 

cardiometabolic risk factors in severely obese adults: a random-
ized trial. JAMA. 2010;304:1795-1802.

	74.	 Lemstra M, Bird Y, Nwankwo C, Rogers M, Moraros J. Weight 
loss intervention adherence and factors promoting adher-
ence: a meta-analysis. Patient Preference and Adherence. 
2016;10:1547-1559.

	75.	 Yanovski SZ, Yanovski JA. Toward precision approaches for the 
prevention and treatment of obesity. JAMA. 2018;319:223-224.

	76.	 Cho YY, Kang MJ, Kim SK, et al. Protective effect of metformin 
against thyroid cancer development: a population-based study 
in Korea. Thyroid. 2018;28:864-870.

	77.	 Tseng CH. Metformin reduces thyroid cancer risk in Taiwanese 
patients with type 2 diabetes. PLoS One. 2014;9:e109852.

	78.	 Klubo-Gwiezdzinska J, Costello J Jr, Patel A, et al. Treatment 
with metformin is associated with higher remission rate in di-
abetic patients with thyroid cancer. J Clin Endocrinol Metab. 
2013;98:3269-3279.

	79.	 Park S, Willingham MC, Qi J, Cheng SY. Metformin and JQ1 
synergistically inhibit obesity-activated thyroid cancer. Endocr 
Relat Cancer. 2018;25:865-877.

	80.	 Becker C, Jick SS, Meier CR, Bodmer M. No evidence for a de-
creased risk of thyroid cancer in association with use of met-
formin or other antidiabetic drugs: a case-control study. BMC 
Cancer. 2015;15:719.

	81.	 Ichter ZA, Parthasarathy M, Morton JM. Multi-modality sur-
gical treatment for an increasingly common patient with mor-
bid obesity and papillary thyroid carcinoma. J Surg Case Rep. 
2017;2017:rjw200.

	82.	 Duh QY. Thyroid cancer operations for obese patients: the bad 
news and the good news. Arch Surg. 2012;147:811-812.

	83.	 Canu GL, Medas F, Cappellacci F, et al. Can thyroidectomy be 
considered safe in obese patients? A retrospective cohort study. 
BMC Surg. 2020;20:275.

	84.	 Kuo CY, Yang PS, Chien MN, Cheng SP. Preoperative factors 
associated with extrathyroidal extension in papillary thyroid 
cancer. E Thyroid J. 2020;9:256-262.

	85.	 Trésallet C, Seman M, Tissier F, et al. The incidence of papillary 
thyroid carcinoma and outcomes in operative patients accord-
ing to their body mass indices. Surgery. 2014;156:1145-1152.

	86.	 Wu YY, Cheng SP, Chiou PY, Liu CY. Association between sub-
jective symptoms and obesity and postoperative recurrence in 
differentiated thyroid cancer: a matched-pair analysis. Sci Rep. 
2020;10:3679.

How to cite this article: Ma X-N, Ma C-X, Hou L-J, 
Fu S-B. The association of obesity with thyroid 
carcinoma risk. Cancer Med. 2022;11:1136–1144. 
doi:10.1002/cam4.4498

https://doi.org/10.1002/cam4.4498

