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Abstract

Background The relationship between adiposity indicators and thyroid cancer (TC) risk has garnered increasing attention
due to the rising prevalence of obesity and its potential impact on cancer incidence. We conducted a comprehensive meta-
analysis to investigate this association across various effect measures.

Method Until July 2022, a comprehensive search of databases was conducted to identify cohort studies that assessed the
association between adiposity and the development of TC. Meta-analysis was performed using random effects models. Sub-
group analyses were conducted to explore heterogeneity. Publication bias was assessed using Begg’s tests.

Results A systematic literature search identified 27 eligible studies reporting odds ratios (OR), relative risks (RR), or haz-
ard ratios (HR) as effect measures. Pooling the studies irrespective of the effect measure, a significant positive association
between adiposity indicators and TC risk was observed, yielding an effect estimate of 1.16 (95% CI 1.12—1.21). The com-
bined effect estimate for OR/RR studies was 1.10 (95%CI 1.04—1.17), while HR studies yielded an effect estimate of 1.20
(95%CI 1.13—1.26). Subgroup analyses revealed associations across different age groups, obesity indices, and regions, with
some variations based on effect measure. Meta-regression identified follow-up duration as a confounding factor only in HR
studies.

Conclusion The synthesis of 27 studies with diverse designs and populations underscores a robust positive association
between adiposity and TC risk, providing compelling evidence for the potential role of increased adiposity in TC development.

Keywords Adiposity - Thyroid cancer - Cohort study - Obesity

Introduction

While thyroid cancer stands as the most common form of
endocrine cancer, it is a comparatively uncommon malig-
nancy, representing a mere 4% of global cancer cases
according to GLOBOCAN 2018 statistics [1]. Furthermore,
Asia is the region where 60% of all instances take place
[1]. The increasing occurrence of thyroid cancer worldwide
over the past decades [2], coupled with consistent mortality
rates, implies that the adoption of novel diagnostic methods
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like ultrasonography, computed tomography, and magnetic
resonance imaging, along with improved healthcare acces-
sibility, has led to the identification of asymptomatic cases
which are primarily response for the observed rise [3]. Other
factors could also have an influence, including alterations in
exposure to environmental elements [4].

Obesity stands as the second most prevalent avoidable
and adjustable contributor to cancer development, following
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smoking [5]. The burden of cancer cases linked to obesity,
represented by the population attributable fraction (PAF),
accounts for 11.9% in males and 13.1% in females for all
cancers linked to obesity. This percentage exhibits global
diversity, linked to distinct obesity occurrence rates in vari-
ous regions [6]. While obesity is acknowledged as a rec-
ognized risk element for cancer development, it appears to
exert varying influences on different cancer types.

Adipose tissue functions as an active endocrine organ,
capable of producing and releasing numerous hormones,
adipokines, and growth factors. These substances can
disrupt the normal processes of cell growth and survival,
thereby contributing to the progression of cancer [7].

The existing data concerning the relationship between
these two conditions have yielded conflicting results [8, 9].
In the majority of instances, the discrepancies arise from the
diverse approaches used to assess the status of obesity. Vari-
ous indicators have been utilized, including measures like
visceral adipose tissue, waist circumference, waist-to-hip
ratio, subcutaneous adipose tissue, and BMI.

Establishing evidence of a potential unfavorable impact
of obesity on thyroid cancer holds significance for clinical
interventions. This entails putting weight reduction initia-
tives into action and formulating thyroid cancer screen-
ing recommendations that are specifically designed for
individuals who are overweight or obese. Hence, we con-
ducted a comprehensive systematic review and meta-anal-
ysis of observational cohort studies to examine the relation
between different indicators of adiposity and the risk of thy-
roid cancer. (i) We evaluated the shape of the dose—response
relation between BMI and thyroid cancer by utilizing
restricted cubic splines models; (ii) we employed subgroup
and meta-regression analyses to assess potential origins of
heterogeneity, encompassing factors related to etiological
diversity, methodological attributes, and factors that modify
the effects.

Materials and methods
Literature search and inclusion criteria

We conducted an extensive literature review by searching
databases including PubMed, Scopus, EMBASE, Web of
Science, and Google Scholar, until July 2022. The search
terms for adiposity included body mass index, BMI, Quete-
let index, body weight, overweight, obesity, obese, adipos-
ity, anthropometry, body composition, body fat distribution,
body fat patterning, waist circumference, hip circumfer-
ence, waist-to-hip ratio, retroperitoneal fat, visceral fat,
abdominal fat and intra abdominal fat. Those terms were
combined with search terms for thyroid cancer including

@ Springer

thyroid carcinoma, thyroid cancer, thyroid neoplasms and
thyroid tumour. Our literature search was restricted to
human studies published in the English language. Studies
were deemed potentially suitable if they met the following
criteria: (i) were original observational studies; (ii) pos-
sessed a prospective or retrospective design; (iii) explored
the link between BMI, weight, waist circumference, hip cir-
cumference, or waist-to-hip ratio and thyroid cancer; (iv)
provided data on relative risks (RRs), hazard ratios (HRs),
or odds ratios along with their corresponding 95% confi-
dence intervals (CIs). For inclusion in the dose-response
analysis, studies were needed to encompass at least three
BMI categories.

Cross-sectional studies, literature reviews, case-control
studies, animal or genetic variation studies, and studies
without reporting TC events in the subgroups were excluded
from consideration.

All the articles included in the study were published in
English. The process of selecting these studies is depicted
in Fig. 1. The systematic review was carried out in accor-
dance with the guidelines laid out in the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement [10]. Registration code of the system-
atic review and meta-analysis protocols in PROSPERO is
CRD42023459009.

Study selection

Following the removal of duplicates, two authors (BA and
FA) independently assessed the titles and abstracts derived
from the initial search. Both authors (BA and FA) reviewed
the full-text articles to ensure they met the criteria for inclu-
sion and exclusion. In cases of disagreements, a third author
(ARA) reevaluated the issues.

Data extraction and quality assessment

Data extraction was independently carried out by two review-
ers (BA and FA), and any disparities were resolved through
consensus. We extracted information about the first author,
year of publication, country, study design, follow-up dura-
tion, population, age, number of participants, sex, adiposity
index, thyroid cancer histologic type. Only fully adjusted
effect estimates, as reported in the studies, were extracted
and subsequently incorporated into the meta-analysis.

The Newcastle-Ottawa Scale (NOS), a tool designed for
assessing nonrandomized studies in systematic reviews and
meta-analyses, was employed [11]. The NOS comprises
eight items that are divided into three categories: selec-
tion, comparability, and exposure. Each item within the
NOS offers response choices. The star system is employed
to semi-quantitatively evaluate the quality of the studies,
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Fig. 1 PRISMA flow diagram for selection process of the studies

assigning a maximum of 1 star per item to the highest qual-
ity studies. However, in the case of evaluating compara-
bility, an exception is made where 2 stars can be awarded.
Thus, the NOS operates on a scale from 0 to 9 stars [12].
The specifics of data extraction and quality assessment are
outlined in Table 1.

Statistical analysis

All statistical analyses were conducted using Stata, version
17.0 (Stata Crop, College Station, TX, USA). The effect
sizes were combined using the random-effects method (Der-
simonian-Laird) for the meta-analysis. In the subsequent
analyses, we separated the pooling of studies that reported
OR and RR from those reporting HR, in order to accom-
modate variations in study design and methodology. The I*
index and Cochrane’s Q test were utilized to evaluate the
heterogeneity among the studies. The I? interpretation is as
follow: low if I? < 30%, moderate if I>=30-75%, and high
if 12>75%. To address the heterogeneity among studies,
subgroup analyses were conducted, stratifying by factors
such as age, sex, obesity indices, and geographical regions.
Meta-regression was employed to investigate the potential
confounding effects of variables such as follow-up duration
and age on the association. To ensure the robustness of the
findings, publication bias was evaluated using Begg’s test.
The dose-response meta-analysis was executed employing

Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval
2 (n=1853) = (n=1532) (h=27)
g
2
: I
()
Reports assessed for eligibilit
(n E 321) . ’ .
Reports excluded:
unrelated to topic (n = 152),
not cohort design (n = 120),
lack of enough data (n = 23)
e J
v
B Studies included in meta-
) analysis
° (n=27)
=

restricted cubic splines models, aiming to elucidate the con-
nection between different levels of adiposity and the risk
of TC. For this purpose, a restricted cubic spline model
with three knots was used. Thirteen studies were included
in the analysis to investigate the dose-response relation-
ship between BMI and TC using a one-stage random-effect
model. The model was optimized using maximum likeli-
hood estimation (LM).

Result
Search results

By conducting an initial search using keywords relevant
to our topic, we identified a total of 3,343 full-text articles.
After removing duplicate studies and applying the inclu-
sion and exclusion criteria in two distinct stages (title and
abstract review), we ultimately incorporated 27 eligible
cohort studies in our review. Figure 1 provides an overview
of the primary research outcomes and the process employed
for selecting pertinent studies.

This meta-analysis included 27 articles and 28,354,187
participants in total [13—39] (Table 1).

@ Springer
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Study characteristics

Table 1 summarizes the diverse characteristics of included
studies. The sample size of included studies ranged from
209 to 11,323,006 participants. Studies were conducted in
South Korea [13, 14, 16, 17, 19, 22, 23, 35, 39], USA [15,
26,27, 30, 31, 33, 34], Canada [18], Japan [20], Saudia Ara-
bia [21], Israel [24], UK [25], France [28, 32], Norway [36],
Sweden [37], Austria [38] and one of the cohorts were con-
ducted in Norway, Austria, Sweden [29]. Follow-up dura-
tion ranged from 3 to 23 years. Twenty-one studies used
BMI for diagnosis of obesity; two studies used the WC; one
research examined WC, HC, WHR; and other three stud-
ies assessed BMI, WC, HC, WHR as adiposity indices.
Twenty-two studies involved both sexes, but five researches
conducted in females [27, 32, 35] or males [37, 39] only.

Pooled analysis of different effect measures of
adiposity indicators and thyroid cancer risk

We conducted an extensive meta-analysis to explore the
association between indicators of adiposity and the risk of
thyroid cancer. Through a systematic literature search, we
identified 27 eligible studies that reported a range of effect
measures, including odds ratios (OR), relative risks (RR),
and hazard ratios (HR).

When considering all studies collectively, regardless
of the effect measure employed, the overall effect esti-
mate yielded an effect estimate (OR/RR/HR) of 1.16 with
a corresponding [95% confidence interval (CI) 1.12—1.21]
(Fig. 2). This combined outcome emphasizes a notable and
positive association between indicators of adiposity and the
risk of TC. This underscores the potential role of increased
adiposity in the progression of TC. Recognizing the distinct
characteristics of these effect measures and their implica-
tions for interpreting associations, we adopted a strati-
fied approach. We pooled studies separately based on the
specific type of effect measure to enhance the accuracy of
our findings. In subsequent analyses, we segregated stud-
ies reporting odds ratios (OR) and relative risks (RR) from
those reporting hazard ratios (HR) to address disparities in
study design and methodology. In the pooled analysis of
studies reporting OR and RR, the combined effect estimate
indicated an effect estimate (OR/RR) of 1.10 with a [95%CI
1.04—1.17], demonstrating a significant positive association
between adiposity indicators and TC risk (Fig. 3). This find-
ing supports the notion that higher adiposity may be associ-
ated with an increased likelihood of TC development. On
the other hand, in the subgroup of studies reporting HR, the
overall effect estimate (HR) was 1.20 with a 95%CI [1.13-
1.26] (Fig. 4). This outcome implies that elevated levels of
adiposity might contribute to a heightened risk of thyroid
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cancer incidence, thereby reinforcing the importance of the
identified association.

Subgroup analysis

Significant statistical heterogeneity was observed among the
included studies in the pooled analysis of adiposity and thy-
roid cancer development for studies reporting OR and RR
(12 95.72%), as well as for studies reporting HR (I 93.81%).
Consequently, we conducted subgroup analyses. Subgroup
analyses of studies reporting OR/RR indicated a significant
association between adiposity and the development of TC,
in each subgroup based on age, obesity indices, and region
(Europe and Asia, but not in America) (Table 2). However,
in the subgroups based on sex, no significant association
was observed (Table 2). Nevertheless, in subgroup analyses
of studies reporting hazard ratios (HR), a significant asso-
ciation between adiposity and thyroid cancer development
was evident within each subgroup categorized by age, sex,
obesity indices, and region (America and Asia, but not in
Europe) (Table 3).

Meta-regression

According to meta-regression (Table 4), the association
between adiposity and the development of thyroid cancer
was notably influenced by follow-up duration. This effect
was significant only in studies reporting HR (Coefficient
= -0.007, SE=0.001, P-value<0.001). However, in other
instances, meta-regression did not identify any significant
association between adiposity and thyroid cancer develop-
ment in relation to age and follow-up duration.

Publication bias

Begg’s test indicated no publication bias in all studies
together (P=0.21), studies reporting OR/RR (P=0.43), and
HR (P=0.09) for the association between adiposity and TC
development (see Supplementary Figs. 1, 2, and 3).

Dose-response meta-analysis of adiposity and risk
of thyroid cancer

The chi-squared test statistic for the model was 72.36 (df=2),
with a P-value < 0.001, indicating that the model is statisti-
cally significant. The estimated effect of doses1 on the out-
come was significant (exponentiated coefficient=1.053842,
P<0.001). For each unit increase in dosesel, the outcome is
expected to increase by a factor of approximately 1.053842.
The estimated effect of doses2 on the outcome was also sig-
nificant (exponentiated coefficient=0.9780913, P=0.001).
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Fig. 3 Effect estimate (OR/RR) of the association between indicators of adiposity and the risk of thyroid cancer

for each unit increase in doses 2, the outcome is expected to
decrease by a factor of approximately 0.9780913 (Fig. 5).

Discussion

The results from our meta-analysis, which investigated the
connection between measures of adiposity and the occur-
rence of TC, add to the increasing pool of evidence concern-
ing how obesity-related factors influence the risk of cancer.
Our research compiled information from 27 qualifying stud-
ies, covering various effect measurements and geographical
areas. The thorough examination produced a general effect
estimate of 1.16, with a 95% confidence interval ranging
from 1.12 to 1.21. This signifies a significant and positive
correlation between adiposity indicators and the risk of thy-
roid cancer.

The existing data concerning the relationship between
these two conditions have presented incongruous results [8,
9]. Numerous studies have reported on this relationship. In
the study by Son et al. [40], an examination of information
sourced from the Korean National Health Insurance Service
(NHIS) was conducted on a substantial cohort (n=351,402)
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of individuals in Korea who were over 20 years old. Based
on the WHO criteria for Asians, around 30% of the par-
ticipants were categorized as obese, and within this group,
approximately 1% developed thyroid cancer following a
median observation period of 3.9 years [41]. Kwon et al.
[42] similarly conducted a retrospective assessment of
11,501,967 Korean individuals (aged > 20 years) who were
part of the NHIS database spanning from 2009 to 2012. The
aim was to examine the relationship between BMI based
on the WHO criteria for Asians, waist circumference, and
the occurrence of thyroid cancer. Within this patient cohort,
25.7% were classified as overweight, 29.9% as obese, and
3.4% as severely obese. During a median duration of 4.39
years, a total of 50,464 individuals were diagnosed with
thyroid cancer. In their study, Kitahara et al. [43] examined
the associations between being overweight or obese and the
rates of papillary thyroid cancer incidence using a substan-
tial US database spanning the years 1995 to 2015. The risk
of developing papillary thyroid cancer rose among individu-
als who were overweight [HR 1.26 (1.05-1.52)] and obese
[HR 1.30 (1.05-1.62)], in comparison to those who had a
normal weight, with a notably higher risk observed among
individuals with class 3 obesity [HR 1.93 (1.15-3.22)].
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By comparison, Ma et al. [44] reported a more pro-
nounced correlation among women who were obese
(RR=1.43, 95% CI=1.25-1.64) compared to men who
were obese (RR=1.26, 95% CI=1.13-1.40). In contrast,
a meta-analysis conducted by Dobbins et al. [45] yielded
contrasting results, revealing no link between obesity and
thyroid cancer among both men (RR=1.12, 95% CI=0.72—
1.72) and women (RR=1.03, 95% CI=0.87-1.23). We are
aware of the previous reviews concerning obesity and thy-
roid cancer [46—49]. However, those publications did not

quantitatively summarize the documents on the association
between adiposity and risk of TC [46—49]. The global obser-
vation of higher thyroid cancer incidence among females
[50-52] indicates the significant influence of hormones and
reproductive factors in the development of TC.

From a biological perspective, the connection between
heightened adiposity and the risk of thyroid cancer can be
ascribed to various mechanisms proposed in both experi-
mental and epidemiological investigations. Adiposity is
linked to insulin resistance [53], which presents a potential
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Table 2 Subgroup estimates of studies reporting OR/RR for the association between adiposity indicators and risk of thyroid cancer stratified by

some study characteristics

Study characteristics Subgroups N OR/RR (95%CI) P 12 P heterogeneity between subgroups

Age <50 years 6 1.02 (1.01, 1.03) <0.001 0.00 0.09
> 50 years 4 1.18 (1.03, 1.36) 0.01 98.00
Not reported 1 1.12 (0.70, 1.78) 0.63 -

Sex Male 5 1.10 (0.91, 1.34) 0.30 96.64 0.95
Female 3 1.09 (0.99, 1.21) 0.07 97.27
Both sexes 3 1.13 (0.93, 1.37) 0.21 69.39

Obesity index BMI or weight 9 1.02 (1.00, 1.04) <0.01 26.14 0.01
wC 2 1.24 (1.06, 1.44) <0.01 97.38

Region Europe 5 1.02 (1.01, 1.03) <0.001 0.00 0.02
Aisa 4 1.21 (1.07, 1.38) <0.01 92.18
America 2 1.15(0.83, 1.59) 0.38 81.70

Abbreviations BMI, body mass index; WC, waist circumference

Table 3 Subgroup estimates of studies reporting HR for the association between adiposity indicators and risk of thyroid cancer stratified by some

study characteristics

Study characteristics Subgroups N HR (95%CI) P I? P heterogeneity between subgroups
Age <50 years 10 1.31 (1.17, 1.46) <0.001 97.16 0.09
>50 years 15 1.13 (1.05, 1.22) <0.01 88.82
Not reported 7 1.19 (1.04, 1.35) <0.01 87.02
Sex Male 12 1.20 (1.02, 1.41) 0.02 95.42 0.86
Female 15 1.19 (1.11, 1.28) <0.001 92.29
Both sexes 5 1.17 (1.10, 1.23) <0.001 26.56
Obesity index BMI or weight 29 1.22 (1.14, 1.30) < 0.001 93.42 0.11
wC 3 1.12(1.03, 1.21) <0.01 85.62
Region Europe 5 1.11 (0.98, 1.27) 0.08 51.07 <0.01
Aisa 17 1.26 (1.17, 1.36) <0.001 96.56
America 10 1.08 (1.02, 1.14) <0.01 55.97
Abbreviations BMI, body mass index; WC, waist circumference
Table 4 Meta-regression for the effect of age and follow-up duration
Type of effect measure Potential confounder No. of effect size Coefficient SE P-value I?
Studies reporting OR/RR Age 10 0.009 0.006 0.12 95.67
Follow-up duration 11 -0.006 0.004 0.18 94.92
Studies reporting HR Age 25 -0.002 0.003 0.48 94.56
Follow-up duration 29 -0.007 0.001 <0.001 83.35

Abbreviations SE, standard error

risk factor for thyroid cancer [54]. However, research explor-
ing the connection between insulin resistance and thyroid
cancer is limited, and the results are still subject to debate
[55-57]. Chronic inflammation triggered by the secretion
of adipokines from adipose tissue [58], oxidative stress
[59], and the nuclear factor kB system [60] are associated
with cancer progression and could potentially play a role in
thyroid-specific carcinogenesis as well. As an illustration,
a recent study demonstrated that inducing obesity through
diet in mice led to elevated leptin levels, which were cor-
related with increased TC [61]. Furthermore, adipose tis-
sue generates adiponectin, an adipokine endowed with
anti-inflammatory and anti-proliferative properties. The
diminished levels of adiponectin observed in obesity could
potentially undermine its protective influence against cancer
initiation. Insulin resistance, frequently linked to obesity,

@ Springer

contributes to heightened levels of insulin and insulin-like
growth factor-1 (IGF-1). These hormones exert mitogenic
and anti-apoptotic effects, thereby enhancing cell prolifera-
tion and survival. Their disruption in the context of obesity
could potentially play a role in triggering cellular alterations
that drive thyroid carcinogenesis [49]. A growing body of
epidemiological evidence indicates a positive correlation
between obesity and thyroid-stimulating hormone (TSH)
levels in individuals with normal thyroid function (euthy-
roid) [62, 63]. TSH is implicated in the mitogenic pathways
of the thyroid gland [64], and elevated TSH levels have
been associated with an elevated risk of TC [65].

A significant advantage of our study lies in its extensive
scope as the most comprehensive meta-analysis to incorpo-
rate weight, waist and hip circumferences, and waist-to-hip
ratio.
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Fig. 5 Dose-response association between BMI and thyroid cancer risk

Another notable asset of our study is its substantial sam-
ple size, enhancing the robustness of the findings against the
potential impacts of any individual study.

However, when comparing our study to others, it’s cru-
cial to recognize certain limitations. Firstly, it’s important
to note that the studies incorporated into our meta-analy-
sis exhibited differences in their designs, populations, and
approaches to assessing adiposity. This heterogeneity could
introduce variability in the calculated effect estimates,
underscoring the need to consider this aspect when inter-
preting the results. Secondly, despite attempts to account for
potential confounders, complete exclusion of residual con-
founding remains uncertain. Furthermore, although Begg’s
test suggests a low likelihood of publication bias, its poten-
tial influence on the overall findings cannot be disregarded
entirely.

Conclusion

In conclusion, our meta-analysis contributes additional evi-
dence that reinforces the link between indicators of adipos-
ity and the risk of thyroid cancer. The findings are consistent
with previous research and highlight the need for continued

efforts in understanding the complex interplay between
obesity, adipose tissue-derived factors, and thyroid cancer
development. Further investigation into the specific molecu-
lar pathways and signaling cascades mediating this relation-
ship is warranted. Targeted interventions aimed at reducing
obesity-related risk factors could have significant implica-
tions for thyroid cancer prevention and management.
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