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Abstract
We aimed to investigate the association between excess body mass index (BMI) and papillary thyroid cancer (PTC) in an operative
population, and the impact of higher BMI on clinicopathological aggressiveness of PTC.
Charts of 10,844 consecutive patients with thyroid nodules undergoing partial or total thyroidectomy between 1993 and 2015

were reviewed. Patients diagnosed with PTCwere stratified in 4 groups: BMI<18.5 (underweight), 18.5�BMI<24 (normal-weight),
24�BMI<28 (overweight) and BMI≥28(obese). The impacts of high BMI on prevalence and clinicopathological parameters of PTC
were retrospectively analyzed in both univariate and multivariate binary logistic regression analysis.
For every 5-unit increase in bodymass, the odds of risk-adjustedmalignance increased by 36.6%. The individuals whowere obese

and overweight were associated with high risk of thyroid cancer [odds ratio (OR)=1.982, P< .001; OR=1.377, P< .001;
respectively] compared to normal weight patients, and this positive association was found in both genders. Obesity was independent
predictors for tumors larger than 1cm (OR =1.562, P< .001) and multifocality (OR =1.616, P< .001). However, there was no
difference in cervical lymph node (LN) metastasis among BMI groups. Crude analysis showed BMI was associated with advanced
tumor-node-metastasis (TNM) stage (relative risk, approximately 1.23 per 5 BMI units, P< .001), but this association disappeared
after adjusting for confounding factors.
Obesity was significantly associated with the risk of PTC in a large, operative population. Higher BMI was significantly associated

with larger tumor size and multifocal tumor.

Abbreviations: BMI = body mass index, FBG = fasting blood glucose, FNAB = fine needle aspiration biopsy, IGF-1 = insulin-like
growth factor-1, LN = lymph node, OR = odds ratio, PTC = papillary thyroid cancer, TNM = tumor-node-metastasis.
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1. Introduction
Thyroid cancer incidence increased substantially in many
countries over the last decade, driven largely by increases in
papillary thyroid cancer (PTC). In the United States, the incidence
of thyroid cancer has tripled over the past 30 years and increased
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3% annually from 1974 to 2013.[1] In China, the incidence
increased by 181.86% from 1990 to 2013.[2] The precise
mechanism remains incompletely defined. Some reported that the
widespread use of ultrasonography and ultrasound-guided
biopsy was likely to have a significant impact on increasing
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detection of smaller tumors. Nevertheless, this does not
sufficiently clarify the soaring incidence as larger-size tumors
also have increased in incidence. The only clearly identifiable
contributor hitherto is radiation exposure.[3] It has been
demonstrated that obesity contributes to an increase risk of
many carcinomas, such as esophageal adenocarcinoma, colon
and rectal cancer, pancreatic, kidney cancer and endometrial
cancer, breast cancer.[4] Obesity has been a worldwide health
concern as the prevalence tripled (from 3.2% to 10.8%) in men
and doubled in women (from 6.4% to 14.9%) between 1975 and
2014 according to a meta-analysis with 19.2 million partic-
ipants.[5] In China, the prevalence of overweight and obesity
increased by 38.6% (70 million) and 80.6% (30 million)
respectively during the period of 1992 to 2002.[6] Epidemiology
studies have reported the positive association between obesity
and thyroid cancer risk,[7–11] and body mass index (BMI) was
used as a major measurement in most studies. In addition to
cancer risk, obesity has also been associated with aggressive
tumor pathological features and unfavorable outcomes, especial-
ly in breast cancer.[12] Although such passively impact of obesity
on PTC is inconclusive, increasing number of researches have
been reported. Obesity has been shown to be associated with
many pathological features of thyroid cancer, such as larger
tumor size,[10] extra-thyroidal invasion, advanced TNM
stage,[13] lymph node (LN) metastasis and tumor multiplicity.[14]

Against this background, we sought to clarify the association
between obesity and the risk of PTC in an operative population,
and the impact of higher BMI on aggressiveness of PTC.
2. Materials and methods

2.1. Study population

A total of 10,844 consecutive patients who underwent partial or
total thyroidectomy for thyroid nodules in the General Hospital
of People’s Liberation Army between 1993 and 2015 were
retrospectively reviewed in this study. This study was limited to
the adults with PTC. Therefore, 84 patients aged under 18 and
257 individuals with follicular carcinomawere excluded.We also
excluded 10 patients with indeterminate pathology, 663 patients
with missing BMI data and 65 patients without pathologically
confirmed maximal nodule diameter. Finally, a total of 9765
subjects (6949 females and 2861 males) were analyzed, including
5114 (52.4%) patients with PTC.Medical records and pathology
reports of each patients were reviewed. If the patient received 2 or
more operations, only the first one was included in the analysis.
All subjects signed an informed consent form. The study was
approved by the Ethical Review Committee of the Chinese PLA
General Hospital.
2.2. BMI calculations and exposure measurements

Height and weight data were measured by trained nurses with
standardized instruments during the first hospitalization. BMI
was calculated as the weight in kilograms divided by the height in
meters squared (kg/m2). Patients were stratified in 4 BMI groups
according to criterion in the “Guidelines for Prevention and
Control of Overweight and Obesity in Chinese Adults” as
follows: BMI<18.5 (underweight), 18.5�BMI<24 (normal-
weight), 24�BMI<28 (overweight) and BMI≥28 (obese).
Fasting blood glucose (FBG) weremeasured in consideration of

relationship between obesity and impaired fasting glucose. We
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also measured the serum thyroid stimulating hormone (TSH)
concentrations at the time of thyroidectomy, as subclinical
hypothyroidism is reported frequently with obesity.[15] The
maximal nodule diameters in this study were pathologically
confirmed. If the patient had several nodules including both the
benign and the malignant, the calculation of nodule size was
confined to the malignant ones. TNM stage was based on the
UICC/AJCC 7th edition.[16]
2.3. Statistic analyses

SPSS version 16.0 was used for all the statistical analysis. The
results are reported as median (Inter-quartile range, IQR) or mean
± SD. In thefirst part of analysis, the relationshipbetweenBMI and
PTC diagnosis was investigated in the overall operative popula-
tion. In the second part of analysis, we focused on the patients with
PTC and analyzed the impact of higher BMI on the aggressiveness
of PTC. When comparing clinicopathological characteristics of
patients with benign or malignant thyroid nodules and analyzing
the relationship between BMI and categorical clinicopathological
factors, comparisons of categorical variables were performed by
Pearson Chi-square test or Fisher exact test and comparisons of
continuous variables were performed by Student t test, ANOVA
test or Mann–Whitney test. In addition, a multivariate binary
logistic regression analysis was performed to calculate BMI odds
ratios (OR) with 95% confidence intervals (CI) to estimate the
impact ofBMIon the risk ofPTCandmore aggressive pathological
features of PTC. The risk of PTC was also analyzed in models
stratified by gender. BMIwas analyzed both as a continuous and a
categorical exposure. Gender, age, serum TSH level, FBG level,
maximal nodule diameter and multifocality were used as
confounding variables. All tests were 2-sided, and all P values
<.05 were considered to be statistically significant.
3. Results

3.1. Baseline characteristic of patients with benign or
malignant thyroid nodules

A total of 9765 patients (4651 benign and 5114 malignant cases)
were studied, Figure 1 shows the schematic diagram of the study
design. The Comparison of clinicopathological characteristics of
patients with benign or malignant thyroid nodules showed
significant differences in all variables except gender (Table 1). The
mean age was 47±11.7years (range, 18–85years) and 55.8%
(5448/9765) were older than 45years of age for all patients. The
mean age was lower in the malignant group than that in the
benign group (44.21±10.97years vs 50.03±11.66years; P
< .001). The proportion of female was similar in the 2 group
(71.1% vs 72.2%, P> .05). The mean BMI was 24.59±3.47kg/
m2 for all patients, 24.47±3.37kg/m2 for the benign group, and
24.70±3.57kg/m2 for the malignant group (P= .007). Of the
9765 patients, 3528 (39.2%) were overweight (24�BMI<28),
and 1538 (15.8%) were obese (BMI≥28). The rate of obese
subjects was greater in the malignant group than that in the
benign group (17.0% vs 14.4%, P< .001). In addition, mean
TSH level was significantly higher (2.61±4.03mU/L vs 2.37±
4.88mU/L, P< .001), while average FBG level and mean
maximal nodule diameter were significantly lower (5.08±1.45
mmol/L vs 5.19±1.47mmol/L, P< .001; 1.25±0.98 vs 3.09±
1.70, P< .001; respectively) in the malignant group than that in
the benign group.



Figure 1. Theschematic diagramof the studydesign, a total of 10,844patientswhowerediagnosewith thyroid nodule(s) andunderwent thyroidectomywere reviewed
in this study. The 1079 patients were excluded for several reasons. Finally, 9765 patients were enrolled and divided into 2 groups according to pathologic diagnosis.

Zhao et al. Medicine (2019) 98:50 www.md-journal.com
3.2. Risk factors for PTC patients

We examined the potential risk factors for thyroid cancer patients:
age, gender, BMI, TSH level, FBG level,multifocality andmaximal
nodule diameter, to analyze their associations with PTC (Fig. 2). A
total of 6645 patients were included in risk factor analysis (3767
patients with pathologically confirmed PTC), because 3120
patients with missing TSH or FBG data. In the univariate analysis,
risk factors for malignancy were younger age, higher level of BMI
andTSH, lower level of FBG, smaller nodule diameter andmultiple
nodule but not gender (Table 1). In multivariate binary logistic
regression analysis, younger age, higher BMI, smaller nodule
diameter and multiple nodule were still significantly associated
with existence of PTC, but the associations between TSH or FBG
level and risk of PTC were disappeared. Such results were
consistent betweenmale and female (datawasnot provided). In the
population as a whole, a marginally and inversely significant
association was shown between female and PTC (OR=0.866, CI
3

0.744–1.009, P= .066) (Fig. 2). The malignant risk of thyroid
nodules was also explored according to BMI category (Table 2).
Before adjusting confound factors, the prevalence of PTC (OR=
1.344, CI 1.184–1.525, P< .001) was associated with high BMI
(modeled continuously, per 5kg/m2) in men, but high BMI did not
significantly correlate with prevalence of PTC in women (OR=
1.012, CI 0.935–1.094, P= .770). However, when adjusting
merely for age, BMI (per 5kg/m2 increase) became a significant
predictor of thyroid cancer (OR=1.186, CI 1.090–1.290,
P< .001) in women. Furthermore, after adjusting for gender,
age, serum TSH level, FBG level, maximal nodule diameter and
multifocality in all the patients, individuals who were obese and
overweight had a significantly greater risk of having a malignant
nodule (OR=1.982, CI 1.621–2.425, P< .001; OR=1.377, CI
1.189–1.594, P< .001; respectively) compared to normal weight
patients, and this positive association between increased BMI and
the risk of thyroid cancer was found in both gender.

http://www.md-journal.com


Table 1

Comparison of clinicopathological characteristics of patients with benign or malignant thyroid nodules (1993–2015).

Variable Total (n=9765) Benign (n=4651) Malignant (n=5114) P value

Female, n (%) 6949 (71.2) 3307 (71.1) 3642 (71.2) .902
Age (years, mean ± SD) 46.98±11.67 50.03±11.66 44.21±10.97 .000
<45, n (%) 4317 (44.2) 1539 (33.1) 2778 (54.3) .000
≥45, n (%) 5448 (55.8) 3112 (66.9) 2336 (45.7)

BMI (kg/m2) .004
Mean±SD 24.59±3.47 24.47±3.37 24.70±3.57 .007
BMI<18.5 252 (2.6) 118 (2.5) 134 (2.6) .574
18.5�BMI<24 4150 (42.5) 2019 (43.4) 2131 (41.7) Ref
24�BMI<28 3825 (39.2) 1846 (39.7) 1979 (38.7) .728
BMI≥28 1538 (15.8) 668 (14.4) 870 (17.0) .000

TSH (mU/L)
Mean ± SD 2.51±4.42 2.37±4.88 2.61±4.03 .000
Missing 3111 (31.9) 1767 (38.0) 1344 (26.3)

FBG (mmol/L)
Mean ± SD 5.13±1.46 5.19±1.47 5.08±1.45 .000
Missing 1517 (15.5) 964 (20.7) 553 (10.8)

Multiple nodule 6529 (66.9) 3168 (68.1) 3361 (65.7) .012
Maximal nodule diameter (cm) 2.13±1.65 3.09±1.70 1.25±0.98 .000
Median (IQR) 1.6 (0.8–3.0) 3.0 (2.0–4.0) 1.0 (0.6–1.5)
�1 3470 (35.5) 477 (10.3) 2993 (58.5) .000
>1 6295 (64.5) 4174 (89.7) 2121 (41.5)

BMI=body mass index, FBG= fasting blood glucose, IQR= Inter-quartile range, Ref= reference, TSH= thyroid stimulating hormone.
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3.3. Baseline clinicopathological characteristics in patients
with PTC

For the patients with PTC, the clinicopathological characteristics
were evaluated according to BMI quartile categories (Table 3).
The mean age, FBG and advanced TNM stage (stage III/IV)
showed a significant increase across BMI quartiles (P< .001). In
addition, multiple nodules were the least common and the mean
maximal nodule diameter was the smallest in normal weight
group than other groups (P< .001). However, there were no
significant associations for gender, serum TSH level and LN
metastasis according to BMI quartiles.
Figure 2. Adjusted odds ratio (95% CI) of

4

3.4. Associations of BMI with clinicopathological features
of PTC

A total of 3767 cases with PTC were analyzed for risk of more
aggressive pathological features analysis. OR for disease severity
indicators per 5-point increase in BMI were shown in Table 4. A
5kg/m2 increase in BMI was associated with multifocality (OR=
1.253, CI 1.136–1.383, P< .001). Risk ratio for tumor size >1
cm per 5kg/m2 increase BMI was 1.137 (P= .006). However, the
association of BMI with advanced TNM stage (relative risk,
approximately 1.297 per 5 BMI units, P< .001) were disap-
peared after adjusting for gender, age, TSH and FBG levels.
risk factors for papillary thyroid cancer.



Table 2

Adjusted odds ratios (OR) (with 95% CI) for papillary thyroid cancer by BMI groups according gender.

Total (n=6645) Male (n=1882) Female (n=4763)

Crude
P

Adjusted
∗

P
Crude

P
Adjusted

∗

P
Crude

P
Adjusted

∗

POR/95% CI OR/95% CI OR/95% CI OR/95% CI OR/95% CI OR/95% CI

BMI continues
1.098 .005 1.366 <.001 1.344 <.001 1.308 .003 1.012 .77 1.352 <.001
1.029–1.171 1.245–1.498 1.184–1.525 1.098–1.558 0.935–1.094 1.210–1.511

BMI < 18.5
0.92 .605 0.803 .308 1.267 .666 3.395 .101 0.876 .436 0.715 .137
0.670–1.262 0.526–1.225 0.433–3.707 0.786–14.660 0.629–1.222 0.460–1.113

18.5 � BMI < 24
Ref Ref Ref Ref Ref Ref

24 � BMI < 28
1.048 .392 1.377 <.001 1.262 .043 1.36 .047 1.004 .955 1.344 .001
0.941–1.167 1.189–1.594 1.008–1.580 1.004–1.841 0.885–1.138 1.133–1.595

BMI ≥ 28
1.234 .004 1.982 <.001 1.684 <.001 1.777 .001 1.053 .58 2.032 <.001
1.070–1.424 1.621–2.425 1.304–2.175 1.259–2.509 0.876–1.267 1.566–2.637

BMI=body mass index, CI= confidence interval.
∗
The data are adjusted for age, gender, thyroid stimulating hormone levels, fasting blood glucose levels, maximal nodule diameter, and multifocality.
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Patients who were overweight and obese had a significantly
greater risk of having a tumor larger than 1cm (OR=1.186, CI
1.018–1.382, P= .029; OR=1.562, CI 1.285–1.901, P< .001,
respectively) and multifocal nodules (OR=1.246, CI 1.061–
1.463, P= .007; OR=1.616, CI 1.303–2.005, P< .001, respec-
tively) compared to normal weight patients (Table 5).
4. Discussion

This study did not only observe that high BMI, regardless of
gender, was significantly associated with the risk of PTC in a
Table 3

Clinicopathological characteristics of patients with papillary thyroid

BMI < 18.5 (n=134) 18.5 � BMI < 24 (n=2

Female, n (%) 122 (91.0) 1809 (84.9)
Age (years, mean ± SD) 36.22±12.02 42.21±10.88
<45, n(%) 110 (82.1) 1347 (63.2)
≥45, n(%) 24 (17.9) 784 (36.8)

TSH (mU/L)
Mean ± SD 2.66±2.13 2.55±3.10
Missing 47 (35.1) 582 (27.3)

FBG (mmol/L)
mean±SD 4.55±0.48 4.87±1.29
Missing 23 (17.2) 252 (11.8)

Multiple nodule 85 (63.4) 1320 (61.9)
Maximal nodule diameter (cm)
Mean ± SD 1.24±1.00 1.18±0.91
Median(IQR) 1.0 (0.5–1.5) 1.0 (0.6–1.5)
�1 78 (58.2) 1317 (61.8)
>1 56 (41.8) 814 (38.2)

Regional lymph nodes (N)
N0/Nx 96 (71.6) 1576 (74.0)
N1a 14 (10.4) 196 (9.2)
N1b 24 (17.9) 359 (16.8)

TNM stage
Stage I/ II 125 (93.3) 1906 (89.4)
Stage III/IV 9 (6.7) 225 (10.6)

BMI=body mass index, FBG= fasting blood glucose, IQR= inter-quartile range, Ref = reference, TSH=

5

large, operative population, but also showed positive association
between excess body weight and aggressive pathological features
of PTC, with larger tumor size and multifocality occurring in the
patients with a higher BMI.
In the last decade, the incidence of thyroid cancer has increased

along with obesity rate, which aroused researchers to investigate
the link between obesity and thyroid cancer. Both series case-
control studies[17,18] and pooled analyses[19–21] suggested that
higher BMI was associated with an increased risk of PTC.
However, few researches focused on the operative population
and some drew the inverse conclusion. A Canadian study[22]
cancer according to BMI groups.

BMI (kg/m2)
P value131) 24 � BMI < 28 (n=1979) BMI ≥ 28 (n=870)

1285 (64.9) 426 (49.0) .000
46.29±10.39 45.59±10.89 .000
898 (45.4) 423 (48.6) .000
1081 (54.6) 447 (51.4)

2.64±4.87 2.69±4.04 .376
504 (25.5) 211 (24.3)

5.16±1.46 5.43±1.77 .000
203 (10.3) 75 (8.6)
1332 (67.3) 624 (71.7) .000

1.24±0.97 1.42±1.15 .000
1.0 (0.6–1.5) 1.0 (0.7–1.7)
1155 (58.4) 443 (50.9) .000
824 (41.6) 427 (49.1)

.065
1525 (77.1) 631 (72.5) Ref
183 (9.2) 88 (10.1) .688
271 (13.7) 151 (17.4) .012

1707 (86.3) 727 (83.6) .000
272 (13.7) 143 (16.4)

thyroid stimulating hormone.

http://www.md-journal.com


Table 4

Odds ratios (OR) (with 95% CI) for disease severity indicators per 5-point increase in BMI.

n=3767
Crude Adjusted

∗

OR (95% CI) P value OR (95% CI) P value†

Tumor size > 1 cm 1.152 (1.071–1.239) .000 1.137 (1.038–1.246) .006
Multifocality 1.253 (1.160–1.353) .000 1.253 (1.136–1.383) .000
Cervical LN metastasis 1.001 (0.922–1.087) .984 0.990 (0.892–1.098) .848
Advanced TNM stage (III/IV) 1.297 (1.168–1.440) .000 0.977 (0.844–1.131) .753

The data are presented as the OR and P value of the pathology feature as a function of a 5-point increase in calculated BMI.
∗
The data are adjusted for patients age, gender, TSH levels, and fasting blood glucose levels.

† Significant P values are noted for tumor size >1cm and multifocality. The confidence intervals are above 1, which means that the higher the BMI, the higher the risk of having that particular feature.
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investigated the relationship between BMI and thyroid cancer in
patients with indeterminate cytology on fine needle aspiration
biopsy (FNAB). Their results showed that higher BMI correlated
with lower rates of thyroid malignancy except women older than
45 years in whom a positive association was found. An Italian
study[23] reported that obesity did not modify the risk of
differentiated thyroid cancer in patients underwent FNAB. A
French study[24] recruited 6684 consecutive postoperative
patients, and suggested that overweight and obese patients were
not at greater risk of thyroid cancer, whereas they argued
that BMI was risk factor for postoperative locoregional events
in the macro-PTC patients. Their study defined obesity as BMI ≥
30kg/m2 and the malignant rate was notably lower than this in
our study (18.2% vs 52.4%), which might account for the
discrepancy.
Besides higher BMI, we found that younger age, smaller

nodule diameter and multiple nodule were also independent
risk factors for PTC patients. There was no gender difference
between benign and malignant groups, but a marginally
significant association was shown between female and PTC
(OR=0.866, CI 0.744–1.009, P= .066). The level of TSH was
significantly higher, while the level of FBG was significantly
lower in malignant group, but this relationship disappeared in
multivariate analysis. Interestingly, our study showed that the
mean maximal nodule diameter was significantly lower in the
malignant group than that in the benign group. It is mainly due
Table 5

Risk of more aggressive pathological features of patients with papill

B

n=3767 BMI < 18.5 (n=87) 18.5 � BMI < 24 (n=

Tumor size >1cm
n(%) 31 (35.6)
OR (95% CI) 0.977 (0.621–1.537) 1.00
P value

∗
.919

Multifocality
n (%) 61 (70.1) 971 (62.8)
OR (95% CI) 1.664 (1.028–2.696) 1.00
P value

∗
.038

Cervical LN metastasis
n (%) 27 (31.0) 400 (25.9)
OR (95% CI) 1.101 (0.682–1.780) 1.00
P value

∗
.693

Advanced TNM stage
n (%) 7 (8.0) 168 (10.9)
OR (95% CI) 0.900 (0.365–2.221) 1.00
P value

∗
.819

∗
The data are adjusted for patients age, gender, TSH levels and fasting blood glucose levels.
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to more patients with malignant nodules �1cm underwent
surgery in our hospital.
Few studies simultaneously analyzed the impact of obesity on

risk of thyroid cancer and its aggressiveness. This study included
large, homogenous, operate population with PTC to extend the
results of such researches. We observed that a 13.7% increase in
risk of tumor size >1cm and 25.3% increase in risk of
multifocality for every 5-point increase in BMI. The PTC-patient
with greater BMI were older, more frequently men, and more
likely to have multiple nodules, larger tumor, higher FBG level
and advanced TNM stage. However, there were no differences of
TSH level or regional LN in the four BMI groups. Although some
studies have investigated the relationship between obesity and
clinicopathological features of thyroid cancer, the results of
previous researches were still controversial.[10,13,14] An American
study[25] reported that no positive associations were identified
between BMI and T, N, or M stage, vascular invasion, or
recurrent or persistent disease. Moreover, inverse association
between BMI and nodal metastasis and tumor invasion was
discovered. Their study enrolled 259 patients, and 25 of whom
(10%) had follicular thyroid cancer (FTC) and 93% were
Caucasian. Therefore, the discrepancies may be explained by
various sample size, racial diversity, obesity criterion, and
methodologies.
Possible mechanisms underlying the relationship between

obesity and cancer is complex and involves multiple factors both
ary thyroid cancer according to BMI groups.

MI at diagnosis (kg/m2)

1547) 24 � BMI < 28 (n=1474) BMI ≥ 28 (n=659)

594 (40.3) 315 (47.8)
1.186 (1.018–1.382) 1.562 (1.285–1.901)

.029 .000

1013 (68.7) 475 (72.1)
1.246 (1.061–1.463) 1.616 (1.303–2.005)

.007 .000

346 (23.5) 184 (27.9)
0.911 (0.764–1.087) 1.050 (0.840–1.313)

.301 .669

202 (13.7) 102 (15.5)
0.871 (0.684–1.108) 0.961 (0.714–1.293)

.259 .791



Zhao et al. Medicine (2019) 98:50 www.md-journal.com
at the systemic and cellular level. Disruptions in insulin
metabolism, adipokines, inflammation, and sex hormones all
contribute to the effects of obesity in cancer development and
progression.[26]Obesity is often characterizedby insulin resistance.
Insulin shares structural homologywith insulin-like growth factor-
1 (IGF-1), which binds to the IGF-1 receptor and functions as a
potent growth factor with key roles in malignant transformation,
tumor progression and metastasis.[27] The TSH also play a major
role in the carcinogenesis and several studies have reported an
associationbetweenTSHand thyroid cancer. TSHcooperateswith
insulin and IGF-1 signaling to activate downstream MAPK and
PI3K pathways that are central in thyroid carcinogenesis.[28,29]

Additionally, the main signaling pathways linking obesity and
cancer is the PI3K/Akt/mammalian target of rapamycin (mTOR)
cascade, which regulates cell growth, proliferation and apopto-
sis.[30] TSH improves insulin sensitivity in skeletal muscle by
increasing insulin receptor substrate (Irs)-1 gene expression, and
this regulatory effect is mediated by a protein kinase A- cAMP
response element binding protein (PKA-CREB) dependent path-
way.[31] Our study showed that the positive relationship between
TSH levels and PTC disappeared after adjusting age, gender, FBG
levels, maximal nodule diameter and multifocality. Hence, we
suggested thathigherTSH level is related, butnot independently, to
the risk of PTC.
This retrospective study had limitations as well. First, BMI is a

good measurement for the total mass of body, whereas it is
limited in reflecting adiposity distribution and percent body fat.
Second, some confounding factors related to lifestyle were not
considered because of data deficiencies, such as smoking, alcohol
consumption and degree of physical activity. Third, even though
we enrolled as much participates as possible, this is a single-center
study, we are preparing the multi-center study to further
analyzing the association of BMI and clinicopathological features
of thyroid cancer.

5. Conclusions

In summary, this single-center study indicates that patients with
excess BMI are associated with higher risk of PTC in a population
who are suggested to have thyroid operation, and they are more
likely to get pathological outcome with larger tumor size and
multifocality. Further studies to clarify the mechanisms behind
the association of obesity with thyroid cancer are deserved.
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