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Introduction 

Obesity is known to increase the risk of cancer (1), as well as 
type 2 diabetes and cardiovascular disease. Excessive weight 
has been linked to an increased risk of several cancer types. 
It is estimated that 40% of all cancers in the United States 
are due to overweight and obesity (2). The strength of 
the association and types of cancer varies between studies, 
but several meta-analyses have found strong evidence 

supporting an association between obesity and several 
cancers (3,4). 

Several meta-analyses have reported that obesity is a risk 
factor for thyroid cancer (5-7). Potential mechanisms in 
the possible association between obesity and cancers have 
included insulin, cytokine, adipokines, estrogen, or thyroid-
stimulating hormone (TSH) (8). Recent studies reported 
obesity was associated with poor prognostic factors such 
as tumor size (9,10), multifocality (9-12), extrathyroid 
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extension (ETE) (9-13), or advanced tumor-node-metastasis 
(TNM) staging (9,10,13). 

Obesity has been assessed in clinical practice as body 
mass index (BMI). BMI is expressed as the ratio of body 
weight (kg) divided by height in squaremeter (kg/m2). A 
J-shaped relationship between BMI and mortality/morbidity 
has been reported in many extensive population studies 
(14,15). A BMI ≥30 kg/m2 (which defines obesity in many 
guidelines) is associated with increased morbidity/mortality. 
However, the World Health Organization Asia-Pacific 
region and the Korean Society of Obesity defined obesity 
as a BMI ≥25 kg/m2, based on evidence for a significant 
increase in obesity-related diseases (16,17). I will use the 
BMI ≥25 kg/m2 and mark it as overweight or obese to avoid 
confusion. 

I evaluated whether overweight or obesity is associated 
with poor prognoses, such as multifocality, ETE, cervical 
lymph node (CLN) metastasis, and tumor recurrence in 
patients with PTC using BMI. 

I present the following article in accordance with 
the STROBE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-21-695/rc). 

Methods 

Subjects

I  enrol led pat ients  undergoing for  with PTC in 
chronological order from January 2000 through December 
2010. They underwent total thyroidectomy or lobectomy 
with or without lymph node dissection and/or subsequent 
131I remnant ablation treatment at Sanggye Paik Hospital, 
Seoul, Korea. Medical records of the subjects were 
retrospectively reviewed including pre-operative body 
weights, heights, BMI and laboratory tests such as serum 
fasting glucose level, total cholesterol level, and TSH level. 
A detailed histopathologic report included information 
about the tumor diameter, mulfocality, ETE, and CLN 
metastasis. I excluded patients without body weights, 
heights, or laboratory tests.

Follow-up protocol & definition of recurrence

I regularly performed physical examination and chest 
radiography in all PTC patients. I measured serum 
thyroglobulin, anti-thyroglobulin antibody, and TSH 
yearly. All patients underwent neck ultrasonography 

yearly. I performed radiologic studies, including neck 
ultrasonography, 18F-deoxyglucose positron emission 
tomography, or chest computerized tomography if clinical 
or biochemical data suggested tumor recurrence. I localized 
the normal or malignant thyroid tissue. 

I defined recurrence as the re-appearance of PTC 
after complete ablation of postsurgical thyroid remnants, 
and I confirmed recurrence by cytological and/or 
histopathological examination. I excluded patients with 
distant metastasis at the time of initial diagnosis from the 
analysis of recurrence. 

Variables

I included patients’ characteristic data, such as age and sex, 
and the tumor findings: tumor size, ETE (no/microscopic/
macroscopic), multifocality (no/yes), CLN metastasis and N 
categories (N0/N1a/N1b/Nx) using TNM staging system 
proposed by the American Joint Committee on Cancer (7th 
ed.). The following laboratory findings were included such 
as serum fasting glucose (mg/dL), total cholesterol (mg/dL), 
and TSH (μIU/mL). 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by Institutional Review Board of Inje 
University Sanggye Paik Hospital (No. SGPAIK 2021-11-
027) and individual consent for this retrospective analysis 
was waived.

Statistical analysis

I  presented categorical  variables as  numbers and 
percentages, and I compared using chi-square or Fisher’s 
exact test. I presented continuous variables as mean ± SD 
and range. I performed binary logistic regression analysis 
to assess the relationship between BMI and other possible 
prognostic factors. I used the Kaplan-Meier method, 
including the log-rank test, to compare tumor recurrence. 
The endpoint for the analysis of disease-free survival was 
any relapse of PTC. I used Cox’s proportional hazard model 
and the stepwise forward method to analyze the relative 
importance of various prognostic factors for postoperative 
survival and tumor recurrence. The possible prognostic 
factors analyzed included age, gender, and the absence 
or presence of CLN metastasis. A P value of <0.05 was 
considered significant. I performed all statistical analyses 
using SPSS (version 25.0; IBM Corp., Armonk, NY, USA).
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Results 

Clinicopathological characteristics (Table 1) 

I enrolled 403 patients with PTC, who underwent total 
thyroidectomy or lobectomy with or without CLN 
dissection. One hundred forty-eight patients (37%) had 
overweight or obesity defined as BMI ≥25 kg/m2. Nineteen 
patients (5%) had a BMI ≥30 kg/m2.

Mean age, ratio of near total or total thyroidectomy, 
tumor size, extrathyroid extension, and CLN metastasis 
were not significantly different between BMI <25 kg/m2 
(non-obese) and BMI ≥25 kg/m2 (overweight or obese) 
groups. Compared with patients with non-obese group, 
overweight or obese group demonstrated higher ratio of 
male (P<0.001) and higher multiple PTC (P=0.006).

There was no significant difference in serum TSH 
level between non-obese and overweight or obese groups. 
Compared with patients with non-obese group, overweight 
or obese group had higher fasting glucose level (P=0.03) 
and higher fasting total cholesterol level (P=0.003).

Recurrence, disease-free survival (Figure 1)

Thirty-three patients (8%) had tumor recurrence. 
overweight or obesity was significantly associated with 
tumor recurrence during the follow-up period (median  
125 months): 5% (14 patients) of non-obese group 
compared with 13% (19 patients) of overweight or obese 
group (P=0.008 by log-rank test; Figure 1). Multivariate 
analysis adjusting for conventional clinicopathological 
predictors of recurrence lost this significant association 
(Table 2). 

Multivariate analysis of the association of obesity with 
various clinicopathological parameters (Table 3)

Multivariate analysis was used to analyze associations between 
overweight or obesity and various clinicopathological 
prognosis factors used for predicting recurrence, such 
as age, gender, tumor size, multifocality, ETE, CLN 
metastasis, serum TSH, fasting glucose, and fasting total 
cholesterol level. After multivariate analysis adjusting 

Table 1 The clinicopathological characteristics according to BMI

Variable BMI <25 kg/m2 (N=255) BMI ≥25 kg/m2 (N=148) P value

Age (years) 46±12 51±12 0.17a

Gender (M:F) 21:234 30:118 <0.001b

The number of near total or total thyroidectomy, n [%] 224 [88] 136 [92] 0.20b

Size (cm) 1.4±1.0 1.3±0.9 0.59a

The number of single nodule, n [%] 187 [73] 89 [60] 0.006b

Extrathyroid extension, n [%] 0.30b

No extension 120 [47] 61 [41]

Minimal extension 128 [50] 83 [56]

Gross extension 7 [3] 4 [3]

Lymph node metastasis, n [%] 0.73b

No metastasis 114 [45] 64 [43]

N1a 66 [26] 45 [30]

N1b 13 [5] 7 [5]

Nx 62 [24] 32 [22]

TSH (μIU/mL) 2.13±1.85 2.24±1.97 0.59a

Fasting glucose (mg/dL) 104±26 110±24 0.03a

Total cholesterol (mg/dL) 188±37 200±39 0.003a

Percentages are given in parentheses. a, by Student’s t-test; b, by Fisher’s exact test. BMI, body mass index; TSH, thyroid stimulating 
hormone.
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for clinicopathological prognosis factors, the association 
between overweight or obesity and gender (P=0.002) and 
serum fasting glucose level remained significant (P=0.003). 

Discussion 

In this study, I evaluated whether overweight or obesity 
would be associated with poor prognoses, such as tumor 
recurrence in PTC patients. I found that overweight or 
obesity associated with multifocality and tumor recurrence 
in patients with PTC. Multivariate analysis adjusting 
for conventional clinicopathological predictors of tumor 
recurrence lost these associations with overweight or 
obesity and multifocality, tumor recurrence.

Although not looked at in our study, is obesity a risk 
factor for thyroid cancer? The strength of the association 
between obesity and types of cancer varies among studies. 
Still, several meta-analyses have found strong evidence 
supporting an association between obesity and several 
cancers, but not thyroid cancer (3,4). In a study of more 
than 170,000 Korean postmenopausal women, there was no 
association between obesity and thyroid cancer (18).

On the contrary, a large meta-analysis showed there was 
a strong association between a 5 kg/m2 increase in BMI 
and thyroid cancer in men [relative risk (RR) 1.33, P=0.02] 
and there was a weaker positive association in women (RR 

<1.20) (1). A cohort study based on BMI 30 kg/m2 reported 
RR for thyroid cancer was 1.89 (95% CI: 1.21–2.96) in 
men, while RR was 1.10 (95% CI: 0.75–1.61) in women (19). 
A cohort study of radiologic technologists’ risk of thyroid 
cancer based on BMI ≥ 35 kg/m2 showed a hazard ratio 
(HR) of 2.14 (95% CI: 0.06–7.67) in men and an HR of 
1.74 (95% CI: 1.03–2.94) in women (20). A study compared 
a total of 4,977 patients with thyroid cancer and controls 
in the Korean National Health Insurance Service-Health 
Screening Cohort and reported that obesity increased the 
risk of thyroid cancer (21). 

In summary, a higher increase in BMI seems to increase 
the risk of developing thyroid cancer, especially in men or 
in BMI ≥30–35 kg/m2.

Is obesity associated with recurrence of thyroid cancer? 
Is there any association with obesity and indicators of poor 
prognosis of thyroid cancer?

A retrospective study of Chinese PTC patients showed 
that the overweight group had a higher risk for ETE 
and advanced TNM III/IV stage. The obesity group was 
associated with ETE (13). A retrospective study of Korean 
PTC patients showed higher BMI was an independent 
predictor for multifocality and ETE in women (12). 
Another retrospective study of Polish PTC patients 
showed obese patients had a higher  risk of minimal ETE, 
multifocality, and bilaterality (11). 

A meta-analysis including 11 retrospective cohorts 
(mainly Asian) showed obesity was associated with tumor 
size, multifocality, ETE, and advanced TNM stage (9). 
Another meta-analysis of 15 studies (mainly Asian) showed 
obesity was associated with larger tumor size, increased 
rates of multifocality, ETE, and CLN spread (10). 

A prospective study of European cohort analysis of 432 
differentiated thyroid carcinoma (DTC) patients showed 
no single feature of advanced thyroid cancer was associated 
with obesity except microscopic ETE (OR 1.06) (22). 

A large populat ion-based study of  US showed 
overweight and obesity were associated threefold and 
fivefold increased risks of large (>4 cm) PTCs compared 
with normal weight (23).

In summary, BMI seems to be associated with poor 
prognosis factors of PTC or DTC, such as ETE, 
multifocality, or tumor size, especially in Asian. Obesity 
might be related to ETE or multifocality, not to tumor 
recurrence of PTC or DTC. It is not easy to conclude based 
on previous papers. The several reasons seemed to affect 
different results: the diversity of ethnicity, or the influence 
of obesity on various races. 
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Figure 1 Disease-free survival according to body mass index (BMI, 
kg/m2) in 403 patients without distant metastasis at the time of 
initial diagnosis. The Kaplan-Meier method for recurrence with 
the log rank test was used for statistical comparisons.
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Table 2 Univariate and multivariate analysis of the association of clinical recurrence with various clinicopathological parameters

Variable
Univariate analysisa Multivariate analysisb

Log rank statistics P value Hazard ratio (95% CI) P value

Age (>55 years) 0.069, df =1 0.79

Gender (male) 10.167, df =1 0.001 0.23 (0.10–0.53) 0.001

Tumor size (>1 cm) 5.186, df =1 0.02 2.10 (0.92–4.80) 0.08

Multifocality 4.605, df =1 0.03 1.82 (0.84–3.94) 0.13

Extrathyroid extension 4.125, df =2 0.13

Minimal extension

Gross extension

Lymph node metastasis 22.173, df =3 <0.001 0.08

N1a 1.81 (0.62–5.26) 0.27

N1b 4.08 (1.00–16.69) 0.05

Nx 3.37 (1.22–9.33) 0.02

TSH (>4.2 μIU/mL) 8.162, df =1 0.004 2.49 (0.96–6.44) 0.06

Fasting glucose (>100 mg/dL) 2.026, df =1 0.15

Total cholesterol (>200 mg/dL) 2.530, df =1 0.11

BMI (>25 kg/m2) 7.012, df =1 0.008 1.31 (0.60–2.89) 0.50
a, by the Kaplan-Meier method for recurrence with the log rank test; b, by Cox’s proportional hazard model and the forward stepwise 
method. CI, confidence interval; NA, not available; BMI, body mass index; TSH, thyroid stimulating hormone.

Table 3 Multivariate analysis of the association of BMI with various clinicopathological parameters 

Clinicopathological parameters
BMI ≥25 kg/m2

Hazard ratio 95% CI P value

Age (>55 years) 1.45 0.86–2.46 0.16

Gender (male) 0.33 0.17–0.66 0.002

Tumor size (>1 cm) 0.78 0.47–1.31 0.35

Multifocality 1.64 0.99–2.73 0.06

Extrathyroid extension 0.58

Minimal extension 1.30 0.79–2.16 0.31

Gross extension 1.02 0.17–6.15 0.98

Lymph node metastasis 0.88

N1a 1.00 0.55–1.85 0.99

N1b 0.70 0.20–2.37 0.56

Nx 0.84 0.46–1.52 0.57

TSH (>4.2 μIU/mL) 0.85 0.36–1.99 0.70

Fasting glucose (>100 mg/dL) 2.09 1.28–3.41 0.003

Total cholesterol (>200 mg/dL) 1.44 0.89–2.35 0.15

Statistical analysis performed by binary logistic regression analysis. CI, confidence interval; BMI, body mass index; TSH, thyroid stimulating 
hormone.
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Unlike other studies, this study showed overweight or 
obesity was not related to poor prognosis factors. Univariate 
analysis showed patients with overweight or obesity had 
higher multifocality and higher tumor recurrence compared 
to patients with non-obesity. This seems to be due to 
the small number of patients with a BMI ≥30 kg/m2 in 
our study. Two meta-analyses showed obese group (BMI  
≥30 kg/m2) had larger tumor, increased rate of multifocality 
and ETE. 

In addition, overweight or obesity was related to gender, 
serum fasting glucose level. Male is a strong risk factor of 
tumor recurrence. Some studies have suggested that the 
mortality rate in men can be twice as high as in women and 
that men have larger tumors (24). In this study, because 
the prevalence of overweight or obesity was higher in 
men, a univariate analysis may indicate that patients with 
overweight or obesity have a higher tumor recurrence 
rate than non-obese patients. And, Overweight or obesity 
patients had higher serum fating glucose level. Obesity can 
result in insulin hypersecretion and chronic low-grade tissue 
inflammation, which consequently causes insulin resistance 
in peripheral tissues. Insulin resistance can be exacerbated 
by increased free fatty acid flux, hyperleptinemia, and 
hyperglycemia, causing lipotoxicity and glucotoxicity, 
leading to β-cell failure and, eventually, type 2 diabetes 
mellitus (25). However, I did not analyze the association 
between insulin resistance and PTC because I had no 
laboratory results such as insulin, c-peptide, and triglyceride 
level. 

This study has some limitations. First, there was no data 
on the overweight or obesity duration. Second, the subject 
of this study is a heterogeneous population about treatment 
modalities such as near-total or total thyroidectomy or 
lobectomy. Third, Nx accounted for a considerable part. 
I performed LN dissection when CLN metastasis was 
macroscopically confirmed. However, it is unlikely that this 
will affect the overall prognosis.

Overweight or obesity could affect the development of 
thyroid cancer. It could be associated with poor prognosis 
factors but not tumor recurrence. Although further research 
is needed, I suggest that obesity could belong to a poor 
prognosis factor of PTC. 

Conclusions

In conclusion, overweight or obesity might be associated 
with poor prognosis factors. However, they might not be 
associated with tumor recurrences of PTC.
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