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Life Sciences, School of Sciences, European University Cyprus, Nicosia, Cyprus

Background: The association between adiposity and papillary thyroid carcinoma (PTC)
has been reported in several studies, but its association with aggressive clinicopathologic
features is not well-recognized. Our aim is to systematically review the literature to identify
whether adiposity, expressed through Body Mass Index (BMI), is related to aggressive
clinicopathologic features such as tumor-node-metastasis (TNM) stage, extrathyroidal
extension (ETE), lymph node (LN) metastasis and multifocality in patients with PTC.

Methods: A systematic search for articles was performed using the PubMed, EBSCO,
and Cochrane Library for all articles published in English until December 2020. Specific
keywords such as “papillary thyroid carcinoma”, “Body Mass Index”, “clinicopathologic
features” were used in the search strategy. Two independent reviewers screened all
retrieved articles based on predefined inclusion and exclusion criteria. Meta-analysis was
performed in the studies that reported crude and adjusted odds ratios (OR). The

methodological quality was assessed using the Newcastle-Ottawa Scale.

Results: A total of 11 retrospective cohort studies involving 26,196 participants included.
Our findings showed that elevated BMI was significantly associated with ETE in both
overweight (OR 1.26, 95% CI: 1.09-1.44) and obesity group (OR 1.45, 95% CI:1.26-
1.64). Elevated BMI was also significantly associated with multifocality in overweight
patients (OR 1.17, 95% Cl:1.10-1.24) and obese patients (OR 1.45, 95% Cl:1.29-1.62).
Also, obesity was significantly associated with increased tumor size (OR 1.77, 95%
Cl:1.52-2.08) and with LN metastasis (OR 1.28, 95% Cl: 1.12-1.44), whereas being
overweight was significantly associated with advanced TNM stage (OR 1.55, 95%
Cl:1.27-1.83)

Conclusion: Our results provide strong evidence for the association between higher BMI
and ETE, multifocality, and tumor size. Further studies with a larger number of participants
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are required to elucidate further the association of increased BMI with advanced TNM

stage and LN metastasis.

Keywords: papillary thyroid carcinoma, body mass index, BMI, clinicopathologic features, meta-analysis

INTRODUCTION

The prevalence of thyroid carcinoma has significantly increased
worldwide over the past decades, with the highest percentage of
increase attributed to a rise in the incidence of papillary thyroid
carcinoma (PTC) and predominantly small PTC (1-3). Thyroid
cancer incidence has tripled in the United States (US) in the past
three decades, with approximately a 3% increase annually from
1974 to 2013 (4). PTC has the fastest increase rate of all
malignancies (5). According to the American Cancer Society’s
2020 estimates for thyroid cancer, there are 52,890 new cases,
12,720 in men and 40,170 cases in women (2). This increase may be
partially attributed to the more widespread use of high-resolution
ultrasonography and fine-needle aspiration biopsy, resulting in the
increased diagnosis of smaller tumours (6-8). However, the
increase in the detection of more invasive thyroid tumours and
the increase in large-sized tumors suggest that additional
underlying causes may be responsible for this phenomenon.

Several environmental factors and eating habits, such as
iodine intake, cruciferous vegetable consumption, fish
consumption, obesity, radiation exposure, imaging with iodine-
containing media, and endocrine disruptors, have been
implicated in the pathogenesis of thyroid cancer increase (9,
10). Obesity prevalence has also increased worldwide (11). It has
tripled in men and doubled in women between 1975 to 2014,
according to a study including 19,2 million participants in 200
countries (12). Elevated Body Mass Index (BMI) has been linked
to an increased incidence of several cancers, including thyroid
(13, 14). Higher BMI has also been associated with more
aggressive tumours and higher mortality in various kinds of
malignant neoplasms (13, 15, 16). Moreover, 20% of all cancers
are associated with excess body weight, making obesity a
significant public health challenge and potentially avoidable
cause of mortality and morbidity (17).

A definitive association of adiposity and the development of
thyroid cancer has not been well established yet. Still,
epidemiological data are pointing to an independent association
between obesity and increased incidence of thyroid neoplasia. A
meta-analysis including 12,199 thyroid cases reported a 25%
greater risk of thyroid cancer in overweight patients and a 55%
increase in thyroid cancer risk among obese patients when
compared with normal weighted individuals (18). Various
studies reported a positive association between BMI and thyroid
cancer in both men and women, although the relationship
between obesity and thyroid cancer was initially inconsistent in
men (14, 19). A pooled analysis of 22 prospective cohort studies
from the US, Europe, and Asia reported an association of greater
height, excess weight early in adulthood, and higher incidence of
most major types of thyroid cancer, with the association of
baseline BMI and thyroid cancer being stronger in men (20).

A recent study in the US estimated that by 2015 one of every six
PTCs diagnosed and two to three large PTCs diagnosed, among
US adults over 60 years, were attributed to excessive weight (21).
Likewise, in a recent meta-analysis that evaluated the impact of
obesity and weight change in thyroid cancer risk, obesity was
associated with a higher risk of thyroid cancer in women.
Maintaining a healthy weight in both men and women was also
associated with a reduced thyroid cancer risk (22).

This systematic review and meta-analysis aimed to examine the
association between BMI and aggressive clinicopathologic features
such as tumour-node-metastasis (TNM) stage, extrathyroidal
extension (ETE), lymph node (LN) metastasis, and multifocality
in patients with PTC. To our knowledge, there are no previous
systematic reviews or meta-analyses that evaluated the association
of BMI with aggressive clinicopathologic features in patients with
PTC. Evidence of such associations would be extremely important
in daily clinical practice, as weight loss programs could become
part of PTC patient management.

METHODS

Literature Search and Study Selection

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA) (23). The
PRISMA 2009 checklist is shown in Supplementary Table 1.
Two researchers (AE & KG) independently searched PubMed,
EBSCO, and Cochrane library databases to identify potentially
eligible articles that examine the association of BMI and TNM
stage, ETE, LN, and multifocality in patients with PTC.
Discrepancies were resolved by mediation and discussion with
a third author (PE). The literature searches were conducted from
inception to December 2020 and were restricted to English
language publications; no date restriction was applied.
Additional information concerning the search strategy is
presented in Supplementary Table 2. First, each article’s title
and abstracts identified through the search were examined, and
then the full texts of potentially eligible articles were reviewed for
evaluation. A reference list of relevant studies was screened to
identify additional studies.

Eligibility Criteria

We used the Participants, Interventions, Comparisons, Outcomes,
and Study design (PICOS) approach (24) to identify included
studies. Participants were only patients with PTC regardless of
gender who underwent thyroid surgery. For the intervention, we
considered overweight (BMI 25.0-29.9 kg/m? - WHO classification
categories) and obese (BMI>30 kg/m? - WHO-recommended BMI
categories) who underwent total thyroidectomy. For the
comparison, we considered studies with a control/comparison
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group of patients with normal weight (BMI<25.0 kg/m*/WHO-
recommended BMI categories) who underwent total
thyroidectomy. The chosen outcome was at least one of the
following outcome measures: TNM stage, tumour size, LN
metastasis, ETE, multifocality. For study design, any design was
eligible for inclusion. Only human studies that investigated the
association of BMI (weight in kg/height in meters squared)
according to WHO classification and clinicopathologic features of
PTC in patients who underwent total thyroidectomy, written in
English, were considered for inclusion with no restriction regarding
the time of publication. We excluded studies that grouped PTC with
other histopathologic types of thyroid cancer, studies that self-
reported height and weight, and studies that did not use the
standard WHO BMI classification. Narrative review articles,
dissertations, or theses, published abstracts, book chapters, points
of view/expert opinions, animal studies, and case reports were not
eligible for inclusion.

Data Extraction and Quality Assessment
Two authors (AE & KG) extracted the data independently, and
any discrepancy was resolved after consultation with a third
author (PP). The extracted data collected included: first author,
year of publication, country of origin, design of the study, sample
size, characteristics of the study population (age, sex) and
reported odds ratios (OR) (both adjusted and unadjusted) or
rates of tumours size, ETE, multifocality, LN metastasis, and
TNM stage. The methodological quality was performed using the
Newcastle- Ottawa Scale (NOS) (25). The NOS is a validated
scale to assess non-randomized control trials, and each study can
be awarded up to nine stars. Each study is assessed on eight
items, in three groups: quality of selection, comparability
between the groups, and outcome. Studies with NOS values
greater than six were considered moderate to high-quality
studies (25).

Statistical Analysis

The reported effect size estimates on the associations between
BMI and TNM stage, tumour size, ETE, LN metastasis,
multifocality in patients with PTC between the exposed group
with the high BMI and the non-exposed group were pooled using
meta-analysis. Reported effect size estimates expressed as odds
ratio (OR) and its 95% confidence interval (CI) were used as the
measuring standard to evaluate the strength of the association of
PTC with the aggressive clinicopathologic features using fixed-
effect and random-effect models. We measured heterogeneity
among individual effect estimates, and we reported the P-value of
the x’-based Cochran Q test. The variation in estimates
attributable to heterogeneity was quantified by the measure I?
metric for inconsistency (26) and I index (>50% indicating
significant heterogeneity). If I* > 50%, a random effects model
was used to pool the results; otherwise, a fixed-effect model was
applied (27). To further explore heterogeneity sources and
sources of bias, original studies were stratified and pooled
separately by BMI classification (overweight and obesity) and
corresponding forest plots were constructed. We have also
stratified studies that reported adjusted and unadjusted ORs
separately, in order to assess the impact of confounding (28).

The publication bias was examined by visual inspection of funnel
plots and evaluated formally with Egger’s regression asymmetry
test (29, 30). All statistical analyses were performed by STATA
14.0 software (STATA Corp, College Station, TX), and a two-
tailed P value <0.05 was deemed statistically significant.

RESULTS

Description of Studies

From the initial electronic search, we identified 763 articles, while
from a manual search of the bibliographies and reference lists of
these articles, we identified one additional article. After duplication
removal, there were 250 records to screen for titles and abstracts.
Following titles and abstract screening, 230 articles were excluded
based on the inclusion and exclusion criteria. The full texts of the
remaining 20 articles were checked for eligibility, and of these,
eight were excluded (31-38) for various reasons, as outlined in
Figure 1. The 11 remaining articles (39-49) met the eligibility
criteria and were included in this systematic review, where nine
were enrolled in the quantitative meta-analysis (Figure 1).

Characteristics of Studies Included

The characteristics of studies included in the qualitative synthesis
and meta-analysis are described in Tables 1 and 2, respectively.
All 11 studies included in this systematic review were
retrospective cohort studies involving 26,196 participants.
These studies were published from 2012 to 2020. There was
significant variability in the number of patients included in each
study ranging from 53 to 13,995. Most participants in the studies
were females. From the studies included, four were from South
Korea, four from China, and the remaining four from the US,
France, Japan, and Pakistan. Most of the studies examined the
association between BMI on clinicopathologic features, except
from two studies (39, 45) that examined mostly post-operative
outcomes according to BMI indices. In addition, two studies (41,
43) examined clinicopathologic features in PTMC.

Quality Assessment and Publication Bias
The risk of bias for the studies included was evaluated using the
NOS tool. The quality scores of the 11 included studies are shown
in Table 3. The maximum quality score is 9 and the range of
scores was from 4 to 7. The publication bias of the studies was
determined by visual inspection of funnel plots for asymmetry or
outliers and then evaluated formally with Egger’s regression
asymmetry test. The funnel plots showed reasonable symmetry,
with no evidence of publication bias, except for meta-analyses on
the association between overweight and ETE as well as obesity and
ETE where shapes of the funnel plots appeared asymmetrical
(Supplementary File 1). Likewise, no evidence of publication bias
was observed in any meta-analyses (all P > 0.05), except for studies
on ETE for both overweight and obesity patients (Pgggers test <0.05)
(Supplementary Table 3).

BMI and Advanced TNM Stage

Among the 11 studies included, six studies were eligible for meta-
analysis for the association between BMI and advanced TNM
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stage. A fixed-effect model was applied to analyse the data, and
the overall OR for overweight patients was 1.55 (95% CI: 1.27-
1.83), and there was no heterogeneity among study results
(I’= 0.0%, p=0.617) (Figure 2A). For the obese group of
patients, the overall OR was 1.24 (95% CI: 0.42-2.06), and
there was statistically significant heterogeneity among study
results (I = 61.8%, p=0.023) (Figure 2B).

BMI and Tumour Size

Among the 11 studies included, five studies were eligible for
meta-analysis for the association between BMI and tumour size.
A random-effect model was applied to analyse the data, and the
overall OR for the overweight patients was 1.25 (95% CI: 0.97-
1.53), and there was statistically significant high heterogeneity
among study results (I* = 74.9%, p=0.003) (Figure 3A). For the
obese group of patients, the overall OR was 1.77 (95% CI: 1.52-
2.03) using the fixed-effect model, and there was no
heterogeneity among study results (I*> = 0.0%, p=0.952)
(Figures 3B). The results of the studies that were not included
in our meta-analysis are shown in Table 2.

——— 4
5 Records identified through database searching, Additional records identified
w® PubMed =250, EBSCO =513, Cochrane =0 through other sources
= (n=763) (n=1)
=
=
[
S
\ 4 Y
—_— Records after duplicates removed
(n =250)
(13}
£
5 \ 4
o
g Records screened by title and abstract Records excluded
(n=250) (n = 230)
—
y
- Full-text articles assessed for Full-text articles excluded, with
£ eligibility > reasons (n =8)
.‘090 (n=20)
= o Studies used WHO BMI criteria for
Asians (n =5)
— Studies included in e Study grouped thyroid papillary
p— qualitative synthesis carcinoma with other histologic
(n=11) types of thyroid cancer (n = 1)
% e Weight and height measurements
3 v for BMI calculation were self-
L
= =
= Studies included in reported (n=1)
quantitative synthesis e Study in which patients did not
— (meta-analysis) perform total thyroidectomy (n =1)
(n=9)
FIGURE 1 | Study selection flow diagram.

BMI and Extrathyroidal Extension (ETE)
Among the 11 studies included, seven studies were eligible for
meta-analysis for the association between BMI and ETE. A
random-effect model was applied to analyse the data and the
overall OR for overweight patients was 1.26 (95% CI: 1.09-1.44),
and there was statistically significant heterogeneity among study
results (I = 59.5%, p=0.011) (Figure 4A). For the obese group of
patients, the overall OR was 1.45 (95% CI: 1.26-1.64) using the
fixed-effect model, and there was no significant statistical
heterogeneity among study results (I* = 4.8%, p=0.397)
(Figures 4B). The results of the studies that were not included
in our meta-analysis are described in Table 2.

BMI and Multifocality

Among the 11 studies included, eight studies were eligible for
meta-analysis for the association between BMI and multifocality.
A fixed-effect model was applied to analyse the data, and the
overall OR for overweight patients was 1.17 (95% CI: 1.10-1.24),
and there was marginal statistical heterogeneity among study
results (I = 47.1%, p=0.049) (Figure 5A). For the obese group of
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TABLE 1 | Characteristics of studies included in the qualitative synthesis.

First author Country Study Mean age Female Total Total no of BMI categories n (%) Main Findings
design (SD) (%) sample cases with
size aggressive Normal Overweight Obese
features, n (%) weight

Advanced tumor-node-metastasis stage
Choi JS, 2014 South Korea RC n/a 87.4% 6122 201 (32.8%) 426 (69.6%) 141 (23.0%) 13 (2.1%) A higher proportion of advanced TNM stages was found in the
obese and overweight patients’ groups than the underweight
and normal-weight groups.
Tresallet C, 2014 France RC 499 (+4.2) 78.5% 1216 252 (20.7%) 684 (56.3%) 356 (29.3%) 176 (14.5%) Advanced TNM stage, stage 3, and stage 4 were more
frequent with increasing BMI (18% in the normal-weight group,
22% in the overweight group, and 27% in the obese group

(0<0.018).
Tumour size
Tresallet C, 2014 France RC 499 (+4.2) 78.5% 1216 536 (44.1%) 684 (56.3%) 356 (29.3%) 176 (14.5%) Tumour size was equivalent among the three evaluated BMI
groups.
Kim SK, 2016 South Korea RC n/a 78.2% 5081 2518 (49.6%) 3255 (64.1%) 1582 (31.1%) 244 (4.8%) Higher BMI associated with larger tumours, women p<0.001,
men p<0.002.
Harari A, 2012 USA RC 48.2 72.9% 443 n/a 175 (39.5%) 141 (31.8%) 99 (28.7%) Obese patients reported larger tumors.
Extrathyroidal extension
Choi JS, 2014 South Korea RC n/a 87.4% 6122 299 (48.9%) 426 (69.6%) 141 (23.0%) 13 (2.1%) In PTMC patients, BMI was associated with ETE.
Kim SH, 2015 Japan RC 47 (£11.7) 84% 716 133 (19.6%) 481 (67.2%) 202 (28.2%) 33 (4.6%) ETE was 16,8% in the group of patients with BMI < 24.9,

22.8% in the group of patients with BMI 25-29.9, and 18.2% in
patients with BMI > 30 (p=0.19).

Tresallet C, 2014 France RC 49.9 (+4.2) 78.5% 1216 299 (24.6%) 684 (56.3%) 356 (29.3%) 176 (14.5%) Obese patients had a greater rate of microscopic ETE in
patients with BMI < 30 (32% vs. 23%, p<0.016).

Multifocality
Choi JS, 2014 South Korea RC n/a 87.4% 6122 189 (30.9%) 426 (69.6%) 141 (23.0%) 13 (2.1%)  Multifocality were predictive factors of advanced stage
regardless of BMI in PTMC.
Tresallet C, 2014 France RC 499 (+4.2) 78.5% 1216 488 (40.1%) 684 (56.3%) 356 (29.3%) 176 (14.5%) Multifocality rate was equivalent between the three BMI groups.
Lymph node metastasis
Choi JS, 2014 South Korea RC n/a 87.4% 6122 188 (30.7%) 426 (69.6%) 141 (23.0%) 13 (2.1%)  The rates of metastatic LN did not differ among BMI groups in
PTMC patients.
Zaman SU, 2018 Pakistan RC 446 (+14.3) 71.7% 53 24 (45.3%) 28 (562.8%) n/a 25 (47.1%)  Higher frequencies of LN stage tumours in the obese group
were reported but were not statistically significant.
Kim SH, 2015 Japan RC 47 (£ 11.7) 84% 716 342 (47.8%) 481 (67.2%) 202 (28.2%) 33 (4.6%)  Higher BMI was associated with more lymph node involvement
(p<0.004) in patients < 45 years of age.
Tresallet C, 2014 France RC 499 (+4.2) 78.5% 1216 244 (20.1%) 684 (56.3%) 356 (29.3%) 176 (14.5%) BMI was a risk factor for neck LN metastases (lateral or central

compartment) and LN extracapsular spread when adjusted for
confounding factors.

RC, Retrospective Cohort Study; SD, Standard Deviation; PTC, Papillary Thyroid Carcinoma; PTMC, Papillary Thyroid Micro carcinoma; n/a, not assessed; BMI, Body Mass Index; ETE, Extrathyroidal extension; LN, Lymph node; TNM; tumor-
node-metastasis.
APatients with PTMC.
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TABLE 2 | Characteristics of studies included in the meta-analysis.

First author Country Study design Mean age (SD) Female (%) Total Total no of BMI categories n (%)
sample size cases with aggressive
features, n (%) Normal weight Overweight Obese
Advanced tumor-node-metastasis stage
Kim HJ, 2013 South Korea RC 46 (£ 13) 87% 2057 904 (43.9%) 1243 (60.4%) 661 (32.1%) 95 (4.6%)
Wu C, 2017 China RC 46 (+ 11.6) 76.8% 796 255 (32%) 403 (50.6%) 311 (39.1%) 64 (8.0%)
Feng JW, 2019 China RC 45 (+12) 74.6% 417 85 (20.4%) 247 (59.2%) 132 (31.7%) 25 (6.0%)
Liu Z, 2015 China RC n/a 84.4%" 5012 237 (29.3%) 3512 (70%) 1152 (23%) 87 (1.6%)
80.7%" 810° 568° (70.1%) 179° (22.1%) 21° (2.6%)
Harari A, 2012 USA RC 48.2 72.9% 443 89 (20.0%) 175 (39.5%) 141 (31.8%) 127 (28.7%)
Tumor Size
Kim HJ, 2013 South Korea RC 46 (£ 13) 87% 2057 1202 (58.4%) 1243 (60.4%) 661 (32.1%) 95 (4.6%)
Wu C, 2017 China RC 46 (+11.6) 76.8% 796 424 (53.3%) 408 (50.6%) 311 (39.1%) 64 (8.0%)
Feng JW, 2019 China RC 45 (+12) 74.6% 417 221(53.0%) 247 (59.2%) 132 (31.7%) 25 (6.0%)
Liu Z, 2015 China RC n/a 84.4%2 810 309 (38.1%) 568 (70.1%) 179 (22.1%) 21 (2.6%)
80.7%"
Li CL, 2020 China RC 42.9 (+9.5) 78.7% 13995 3173 (22.7%) 8133 (58.1%) 4572 (32.7%) 846 (6.0%)
Extrathyroidal extension
Kim HJ, 2013 South Korea RC 46 (£ 13) 87% 2057 1592 (77.4%) 1243 (60.4%) 661 (32.1%) 90 (4.6%)
Wu C, 2017 China RC 46 (+11.6) 76.8% 796 308 (38.7%) 408 (50.6%) 311 (39.1%) 64 (8.0%)
Feng J, 2019 China RC 45 (+12) 74.6% 417 63 (15.1%) 247 (59.2%) 132 (31.7%) 25 (6.0%)
Liu Z, 2015 China RC n/a 84.4%" 5012 327 (40.4%) 3512 (70%) 1152 (23%) 87 (1.6%)
80.7%" 810° 568° (70.1%) 179° (22.1%) 21° (2.6%)
Li CL, 2020 China RC 42.9 (+9.5) 78.7% 13995 3735 (26.7%) 8133 (58.1%) 4572 (32.7%) 846 (6.0%)
Zaman SU, 2018 Pakistan RC 44.6 (+14.9) 71.7% 53 12 (22.6%) 28 (52.8%) n/a 25 (47.1%)
Kim SK, 2016 South Korea RC n/a 78.2% 5081 3440 (67.7%) 3255 (64.1%) 1582 (31.1%) 244 (4.8%)
Multifocality
Kim HJ, 2013 South Korea RC 46 (+13) 87% 2057 640 (31.1%) 1243 (60.4%) 661 (32.1%) 90 (4.6%)
Wu C, 2017 China RC 46 (+11.6) 76.8% 796 348 (43.7%) 408 (50.6%) 311 (39.1%) 64 (8.0%)
Feng JW, 2019 China RC 45 (£12) 74.6% 417 123 (29.5%) 247 (59.2%) 132 (31.7%) 25 (6.0%)
Liu Z, 2015 China RC n/a 84.4%" 501 316 (39.0%) 3512 (70%) 1152 (23%) 87 (1.6%)
80.7%" 810° 568° (70.1%) 179° (22.1%) 21° (2.6%)
Li CL, 2020 China RC 429 (+9.5) 78.7% 13995 5647 (40.4%) 8133 (58.1%) 4572 (32.7%) 846 (6.0%)
Zaman SU, 2018 Pakistan RC 446 (+14.3) 71.7% 53 13 (24.5%) 28 (52.8%) n/a 25 (47.1%)
Kim SK, 2016 South Korea RC n/a 78.2% 5081 1515 (29.8%) 3255 (64.1%) 1582 (31.1%) 244 (4.8%)
Kim SH, 2015 Japan RC 47 (£ 11.7) 84% 716 211 (29.5%) 481 (67.2%) 202 (28.2%) 33 (4.6%)
Lymph node metastasis
Kim HJ, 2013 South Korea RC 46 (+ 13) 87% 2057 774 (37.6%) 1243 (60.4%) 661 (32.1%) 95 (4.6%)
Wu C, 2017 China RC 46 (+11.6) 76.8% 796 689 (86.6%) 408 (50.6%) 311 (39.1%) 64 (8.0%)
Feng JW, 2019 China RC 45 (+12) 74.6% 417 203 (48.7%) 247 (59.2%) 132 (31.7%) 25 (6.0%)
Liu Z, 2015 China RC N/A 84.4%2 5012 347 (42.8%) 3512 (70%) 115% (23%) 8% (1.6%)
80.7% 810° 568° (70.1%) 179° (22.1%) 21° (2.6%)
Li CL, 2020 China RC 42.9 (+9.5) 78.7% 13995 5869 (41.9%) 8133 (58.1%) 4572 (32.7%) 846 (6.0%)
Kim SK, 2016 South Korea RC n/a 78.2% 5081 3183 (62.6%) 3255 (64.1%) 1582 (31.1%) 244 (4.8%)

RC, Retrospective Cohort Study; SD, Standard Deviation; PTC, Papillary Thyroid Carcinoma; PTMC, Papillary Thyroid Micro carcinoma; n/a, not assessed; BMI, Body Mass Index/kg/m?.

@Patients with PTMC.
bpatients with PTC.
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TABLE 3 | Quality assessment of cohort studies.

Author, year Selection Comparability Outcome Total
quality
score

(1) 2 ©) 4 (1) (1) 2 ()}
Representativeness Selection Ascertainment Demonstration Comparability Assessment Was Adequacy
of the exposed of the of exposure  that outcome of of cohorts on of outcome follow-up of follow
cohort non- interest was not  the basis of long up of
exposed present at start  the design or enough for  cohorts
cohort of study analysis® outcomes
to occur?

Kim HJ, 2013 * * * * * * * 7

Zaman SU, 2018 * * * * 4

Kim SH, 2015 * * * * * * 6

Tresallet C, 2014 * * * * * 5

Kim SK, 2016 * * * * * * 7

Wu G, 2017 * * * * * * * 7

Feng JW, 2019 * * * * * * * 7

Harari A, 2012 * * * * * * 7

Liu Z, 2015 * * * ** * * 7

Choi JS, 2014 * * * * * * 7

Li CL, 2020 * * * * * * * 7

%A maximum of 2 stars can be awarded for this item. A study controlling for age receives one star, and a study controlling for other major risk factors receives an additional star.

patients, the overall OR was 1.45 (95% CI: 1.29-1.62), and there
was no heterogeneity among study results (I* = 0.0%, p=0.492)
(Figures 5B). The results of the studies that were not included in
our meta-analysis are presented in Table 2.

BMI and Lymph Node (LN) Metastasis
Among the 11 studies included, six studies were eligible for meta-
analysis for the association between BMI and LN Metastasis. A
random-effect model was applied to analyse the data, and the
overall OR for overweight patients was 1.04 (95% CI: 0.90-1.17),
and there was statistically significant heterogeneity among study
results (I = 58.6%, p=0.018) (Figure 6A). For the obese group of
patients, the overall OR was 1.28 (95% CI: 1.12-1.44) under the
fixed-effect model, and there was no statistical heterogeneity
among study results (I> = 48.5%, p=0.059) (Figures 6B). The
results of the studies that were not included in our meta-analysis
are shown in Table 2.

DISCUSSION

The present study is the first systematic review and meta-analysis
comprehensively evaluating the association of BMI with aggressive
clinicopathologic features in patients with PTC. Eleven
retrospective cohort studies involving 26,196 participants were
included. Our findings showed that elevated BMI was significantly
associated with ETE in both overweight (OR 1.26, 95% CI: 1.09-
1.44) and obesity group (OR 1.45, 95% CI: 1.26-1.64) as well as
with multifocality in both overweight (OR 1.17, 95% CI: 1.10-1.24)
and obese patients (OR 1.45, 95% CI: 1.29-1.62). Likewise, obesity
was significantly associated with increased tumour size (OR 1.77,
95% CI: 1.52-2.03) and with LN metastasis (OR 1.28, 95% CI:
1.12-1.44), whereas being overweight was significantly associated
with a more advanced TNM stage (OR 1.55, 95% CI: 1.27-1.83).

Thyroid cancer incidence has been rising, along with obesity
rates over the past decade (50). Thyroid cancer, the most
common endocrine cancer, has become the fastest-growing
cancer globally (5). The rise in the incidence of obesity has
preceded the increase in thyroid cancer rate by a few years. It is
noted that after a certain point, the rise of the two incidences
became parallel (10). The majority of thyroid cancers are PTC,
accounting for more than 75-85% of thyroid cancer cases and are
considered slow-growing well-differentiated cancers with an
overall 96.6% survival rate (51). However, in recent years there
was an increase in more aggressive tumours, and it was recently
shown that even small multifocal papillary thyroid carcinoma
has an increased incidence of aggressive features (6-8, 52).

The possible underlining mechanisms that could explain the
association between aggressive features of thyroid cancer and
obesity, have been widely investigated. Obesity leads to insulin
resistance (IR), which has been linked to thyroid cancer through
insulin-like growth factor-1 (IGF-1) and thyroid-stimulating
hormone (TSH) signalling, inflammation, or oxidative stress (9).
Hyperinsulinemia leads to decreased synthesis of IGF- binding
proteins (IGFBPs), resulting in an increase of free circulating IGF-
1. Insulin and IGF-1 have mitogenic effects and have also been
associated with various other types of cancer (9). The increase of
IGF-1 levels in vitro results in increased cell proliferation, and in
thyroid cancer cells, IGF receptors were found to be overexpressed
compared to normal thyroid cells (53).

Adiponectin, a collagen-like polypeptide, is a hormone
involved in various metabolic processes, including insulin-
sensitizing and anti-inflammatory processes. It is secreted from
adipose tissue and acts through two transmembrane receptors
(Adipo R1 and Adipo R2). It also acts as an anti-tumour-agent by
inhibiting cell proliferation and angiogenesis and increasing
apoptosis. In many studies, adiponectin was found to be
inversely related to BMI. Although, a previous study revealed
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A B
% %
Author Year OR (95% CI) Weight Author Year OR (95% CI) Weight
Adjusted 1 Adjusted '
KimHJ ot al, 201 | gl 136(1.02,1.79 6232 Kim HJ et al 2013 - 146(0.78,2.74) 2157
Feng JW et al. 2019 — 091(023,361) 272 FengJW et al 2019 008(001,129) 2618
Harari A et al 01 — 194(107.3 2
RS o2 ; MG 6 Harari A et al 2012 211(120,399) 1640

LiuZetal (PTMC) 2015 —— 202(1.15,353) 551

K LivZetal (PTMC) 2015 - 159(025,997) 262
LuZetal PTC) 2015 — 165(1.04,263) 1230

. LuZetal (PTC) 2015 — 129(040,4.11) 1206
Subtotal (-squared = 0.0%, p=0665) | 147(1.15,1.78) 7810

; Subtotal (-squared = 61.2%, p = 0.035) <> 1.13(0.17,208) 7883
Unadjusted ' H
WG el ol 216 = 183(133,262) 2190 Uaacissied :
Subtotal (squared = %, p=) < 183(126,242) 2190 wicaa. 2016 = IO 038.3.00) 21T

Subtotal (-squared = %, p =) <;‘> 170(0.69,271) 2147
Heterogeneity between groups: p = 0.293 H V
Overall (I-squared = 0.0%, p = 0.624) @ 155(1.27,1.83)  100.00 Overall (I-squared = 61.8%, p = 0.023) <:> 1.24(0.42,2.06) 100.00

T T T T
11 10 A 10

FIGURE 2 | Forest plots for the meta-analysis for the association between Body Mass Index and Advanced Tumor-Node-Metastasis (TNM) stage. (A) Meta-analysis
between overweight and advanced TNM stage. (B) Meta-analysis between obesity and advanced TNM stage.
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size. (B) Meta-analysis between obesity and tumour size.

FIGURE 3 | Forest plots for the meta-analysis for the association between Body Mass Index and Tumour -Size. (A) Meta-analysis between overweight and tumour
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lower circulating adiponectin levels in any form of thyroid cancer
(54), yet, a large multicentre prospective study confirmed these
findings only in women (55).

Another possible mechanism that has been proposed to
explain the association between obesity and thyroid cancer is
the elevated TSH that has been associated with both obesity and
advanced tumour stage (10). TSH levels were assessed in most
studies included, and some reported that patients with abnormal
results were excluded. However, three studies did not provide

information or account for elevated TSH as a confounding factor
(39, 41, 47). Hypothyroidism with elevated TSH can cause excess
water accumulation, and as this interferes with BMI
measurements, thus it is important to exclude patients with
hypothyroidism (56). Although obesity leads to elevated fasting
blood glucose or diabetes mellitus and elevated cholesterol levels,
there is no clear association between these metabolic parameters
and thyroid cancer (9). Additional studies are needed to explain
this association. It is noted that few of the included studies
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overweight and ETE. (B) Meta-analysis between obesity and ETE.

FIGURE 4 | Forest plots for the meta-analysis for the association between Body Mass Index and Extrathyroidal Extension (ETE). (A) Meta-analysis between
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multifocality. (B) Meta-analysis between obesity and multifocality.
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FIGURE 5 | Forest plots for the meta-analysis for the association between Body Mass Index and Multifocality. (A) Meta-analysis between overweight and

NOTE: Weights are from fixed effects analysis

measured these metabolic factors (40, 42, 44-46), however, most
of them did not.

Although the exact molecular mechanisms of the association
among increased BMI and larger tumours or tumours with the
more advanced stage are still unclear, recent data support the role
of adipokines such as leptin and adiponectin. Leptin plays a key
role in homeostasis and energy balance, and it is elevated when
there is an increase in fat mass. Leptin expression was correlated
in patients with PTC with larger tumours, nodal metastasis, and

advanced stage (57). Overexpression of leptin and its receptors in
PTC patients was associated with aggressive phenotypes in
tumour size and LN metastasis (58). Also, an important role of
leptin in tumour pathogenesis in PTC is mediated via the PI;K/
AKT pathway through the membrane receptor Ob-R (59).

In our study, elevated BMI was significantly associated with
the advanced TNM stage in most studies included. The same
observation was seen in our meta-analysis of the advanced TNM
stage in the overweight group and obesity group (Figure 2).
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FIGURE 6 | Forest plots for the meta-analysis for the association between Body Mass Index and lymph node (LN) Metastasis. (A) Meta-analysis between
overweight and LN Metastasis. (B) Meta-analysis between obesity and LN Metastasis.

However, two of the studies included (40, 44) revealed no
evidence of association between TNM and elevated BMI. This
may be attributed to the small number of obese patients included
and thus likely being underpowered. In addition, high BMI has
been associated with tumour size in the overweight and obesity
group, yet the results were statistically significant only in the
obesity group (Figure 3). The lack of association may be attributed
to the marked variability and non-uniformity in tumour size
reporting in studies included. In our meta-analysis, LN
metastasis was associated with higher BMI in the overweight
and obesity group, but the results were statistically significant
only for the obesity group. The lack of association may be
attributed to the possible preoperative diagnostic difficulty in
these patients leading to inadequate surgery, subsequently
leading to false-negative outcomes.

In our meta-analysis, the ETE was associated with higher BMI
in the overweight and the obesity group (Figure 4). Microscopic
ETE and gross ETE were assessed by two studies (42, 45). Kim HJ
et al. reported a strong association with microscopic ETE in obese
patients (42), while Tressallet C et al. reported that obese patients
had a greater rate of microscopic ETE (45). The association of
obesity and ETE was also strong in the two studies that included
Papillary Thyroid Micro carcinoma (PTMC) patients (41, 43).
Multifocality was associated with higher BMI in the overweight
and obesity group (Figure 5). However, in the study by Kim SK
et al,, a positive association between multifocality with higher
BMI and Body Surface Area (BSA) was shown only in women
and not in men, whereas higher BMI and BSA were independent
predictors for multifocality (49). A positive association was also
seen in PTMC patients where multifocality and tumour size were
predictors of advanced-stage regardless of BMI (43).

Previous studies indicate a stronger association of BMI and
thyroid cancer in women than men, with the risk estimation to be

from 1.1 to 2.3 in men and 1.0 to 7.4 in women (60). However, this
may not be a real effect, but since thyroid carcinoma is less common
in men, many studies have lower statistical power (10). Thyroid
cancer and obesity rates are higher in women (15) and thyroid
cancer is three to four times as common in women, with increasing
incidences during the reproductive years (9, 10, 12, 61). The
synthesis of oestrogens from peripheral aromatization in the
adipose tissue may be implicated in the underlying process, and
an exceeded threshold of estrogenic load, with a possible altered
immune response and augmented mitogenic processes, may be
responsible for the increase in thyroid cancer rates in women (9, 10).
In addition, higher circulating oestradiol, the strongest produced
oestrogen, has been reported in obese postmenopausal women
compared to normal-weight women (62), and this can cause cell
proliferation in PTC cells in vitro (63). A potent mitogenic effect of
oestrogen in thyroid cancer has been also reported (64).

There are several limitations in our study that must be
considered when interpreting our results. To enhance
comparability between studies, we excluded studies that applied
different BMI classification categories (e.g., WHO Asian BMI cut
points) other than the WHO-recommended BMI categories for
relative weight classification as well as studies that grouped PTC
with other histologic types of thyroid cancer, which could limit our
findings. Of note, previous studies that examined the association
between BMI and aggressiveness of differentiated thyroid cancer
(DTC) found no significant associations between BMI with any
aggressive clinicopathologic features of thyroid cancer (31, 65, 66).
However, the inclusion of such studies would increase the
heterogeneity between studies included. Furthermore, the
original studies’ retrospective design permits for a considerable
degree of selection bias that might affect our conclusions. Also,
uncontrolled confounding factors such as age, sex, duration of
obesity, weight history, exercise, smoking, alcohol intake, genetic
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and environmental differences between the study populations
could lead to exaggerating or underestimating the association.
Likewise, other confounding factors implicated in the underlying
mechanisms, including hormones and biological factors such as
insulin, leptin, adiponectin, IGF-1, and other cytokines were not
assessed, which might affect the observed association. In addition,
information on the patient’s medical history, such as diabetes,
hypercholesterolemia, cardiovascular disease, or hypothyroidism,
was not always available. Also, the number of patients in some
studies was small, and probably those studies were underpowered
to detect any significant differences. Most of the studies collected
data from a single medical centre, so the study population was not
always representative of the whole population. It is important to
note that few of the studies included were of low to moderate
methodological quality, which may jeopardise the validity of their
results. Although BMI is the most mentioned method of assessing
obesity, waist to hip ratio, skinfold thickness, and intra-abdominal
fat are also good indexes for assessing obesity. Only one study
provided BSA measurements as an assessment of adiposity (49).
Lastly, follow-up was not universal for all studies, although only a
few studies did not report a follow-up period.

CONCLUSION

To the best of our knowledge, this is the first systematic review
and meta-analysis to identify whether adiposity is related to
aggressive clinicopathologic features in patients with PTC.
Higher BMI is found to be associated with ETE and
multifocality. Obesity was associated with tumor size and LN
metastasis, whereas being overweight was associated with the
advanced TNM stage. More studies with a larger number of
participants are needed to examine and further clarify the
association of increased BMI, advanced TNM stage, and LN
metastasis. Given the current obesity epidemic and the solid
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