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Abstract

Purpose: Obesity is associated with various diseases including thyroid cancer. The relationship between thyroid
nodules and obesity is unclear. In this study, patients with a higher-than-population risk of thyroid cancer whose
thyroid fine needle aspiration biopsies were suspicious or indeterminate were divided into groups according to their
body mass index and their rate of malignancy was examined.

Method: In this study, 214 patients who were operated for indeterminate cytology in 2009-2010 at our clinic were
reviewed retrospectively. The patients were divided into 4 groups. Group 1 included 47 patients (BMI 18-24, 9 kg/
m2); Group 2 included 67 patients (BMI 25-29, 9); Group 3 included 85 patients (BMI 30-39, 9); and Group 4 had 15
patients (BMI>40). Patients were classified as benign and malign based on the postoperative histopathological
results. Malignancy rates were recorded for each group and the groups were compared.

Results: Based on the histopathological results of the 214 patients included in the study, 70 patients were
reported to have thyroid cancer (32.7%). When the patients were divided into groups as benign and malign
according to the pathology results, age, BMI, height, fT3, TSH, body fat ratios and WC/HC ratios were found to be
similar between groups (p>0.05). fT4 was found to be significantly elevated in the malign group (p<0.05).

Conclusion: In this study, malignancy rates increased as the patients' body mass index increased but the
difference was not statistically significant (p>0.05). Obesity and increased body mass index may be a risk factor for

thyroid cancer.
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Introduction

Obesity is associated with increased risk of diabetes, hypertension,
cardiovascular disease, metabolic syndrome and cancer. Obesity
increases the risk of stomach, esophageal adenocarcinoma,
cholangiocarcinoma, pancreas, breast, endometrial, renal, prostate and
lung cancer, non-Hodgkin’s lymphoma and multiple myeloma. In
women, postmenopausal elevated levels of endogenous estrogen lead
to increased risk of breast and endometrial cancer. The incidence of
Papillary Thyroid Cancer (PTC) is markedly higher in women than
men during the reproductive years. In vitro studies have suggested that
estrogen may play an important role in the development and
progression of PTC through Estrogen Receptors (ERs). There is also
much evidence that estrogen has direct actions in thyroid cell lines
originating from normal thyroid gland tissue and thyroid carcinoma
by ER dependent mechanisms such as enhancement of proliferation,
modulation of sodium-iodide symporter and thyroglobuline gene
expression and upregulation of matrix metalloproteinase 9
production. The above findings indicate that the growth and
progression of thyroid malignancies are influenced by female sex
hormones, particularly estrogen.

Compared to non-diabetic and thin patients, obese patients have a
2-6 times higher risk of cancer [1-4]. Thyroid cancer is one of the most
increasingly prevalent types of cancer around the world. The most
important reason for this increase is the rise in the use of diagnostic

ultrasonography and ultrasound-guided thyroid fine needle aspiration
biopsy [5]. Studies on thyroid cancer and body mass index (BMI) are
heterogeneous. Obesity is influential on the development and
progression of thyroid cancer [6]. Many studies compared thyroid
cancer patients with healthy groups and showed that increased body
mass index led to a predisposition to malignancy [7]. Excessive protein
and carbohydrate consumption increases the risk of differentiated
thyroid cancer [8]. Long-term physical activity decreases the risk of
papillary thyroid cancer in normal-weight and overweight people [9].
Ultrasound-guided fine needle aspiration biopsy of the thyroid
(TFNAB) is the first-choice diagnostic method to assess thyroid
nodules. According to TFNAB results, the rate of malignancy in
nodules is 4.8%, the rate of suspicious cytology is 9.4% and the rate of
non-diagnostic cytology is 3.8%. Thyroid fine needle aspiration biopsy
gives accurate results with a specificity of 98.7% and sensitivity of
89.1% [10]. In a study evaluating 201 patients with indeterminate
cytology, malignancy rates were found to be 33.1% in the Hurthle cell
lesion, 23% in the suspicious follicular neoplasm and 53.7% in
suspicious malignancies [11].

Materials and Methods

This study was conducted retrospectively at Ankara Atatiirk
Training and Research Hospital between January 2009 and December
2010 after obtaining the approval of the local ethics committee. The
results of the thyroid fine needle aspiration biopsy were evaluated
based on the 2007 Bethesda classification. Patients with atypia of
undetermined  significance/follicular lesion of undetermined
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significance (Bethesda 3), Hurthle cell lesion, suspicious follicular
neoplasm (Bethesda 4) and suspicious malignancy (Bethesda 5) were
included in the study [12]. Height, weight, body mass index (BMI) and
fat ratio were measured for each patient included in the study using a
Tanita scale in the preoperative period. Waist and hip circumferences
were measured. Waist circumference was measured at the midpoint
between the lowest rib and iliac crest. WC/HC ratio was calculated by
dividing waist circumference (cm) by hip circumference (cm). BMI
was calculated with the following formula: BMI=Weight (kg)/height
(m)’. Patients were divided into groups as recommended by the World
Health Organization [13]. There were four groups: Group 1 with a
BMI of 18.5-24.9; Group 2 with a BMI of 25-29.9; Group 3 with a BMI
of 30-39.9 (obese) and Group 4 with a BMI of >40 (morbidly obese).
Patients’ postoperative pathology reports were reviewed and patients
were divided into groups as either benign or malignant. Malignancy
rates were calculated for each BMI category. Based on the patients’
data, TNM stating was done according to the 2010 guidelines of the
American Joint Committee on Cancer (AJCC). (14) Preoperative T3,
fT4 and TSH values of each patient were measured using the Abbott
Architect 2000 (Abbott Diagnostics Division, IL, USA) device and the
chemiluminescence microparticle immunoassay method.

Statistical Analysis

SPSS 19 was used for statistical analysis. All mean values were
calculated. A Chi-square test was done for both BMI categories. Linear
regression analysis was made between BMI and thyroid carcinoma.

Results

The overall characteristics of patients are summarized in table 1.
214 patients were included in the study. 150 (70.1%) of the patients
were females and 64 (29.9%) were males. Mean patient age was 46.40 +
11.17 (18-65 years). Patients were divided into 4 groups based on BMI:
Group 1 (n=47, 21.99%), Group 2 (n=67, 31.3%), Group 3 (n=85,
39.7%) and Group 4 (n=15, 7%). Patients were divided into groups as
benign or malignant based on histopathology results. BMI (29.60 +
6.51, 30.47 + 7.49, p=0.38); WC (92.03 £ 11.19, 94.6 + 15, p=0.16) and
HC (103.69 + 12.92, 120.43 + 12.20, p=0.10) were found to be similar
between the two groups. fT4 was found to be significantly elevated in
the malignant group (1.27 £ 0.46, 1.15 + 0.32, p=0.031).

TSH (1.90 + 2.93, 2.34 + 4.04, p=0.36) and fT3 (3.23 + 3.83,2.96 +
0.58, p=0.48) levels were similar. Body fat percentage was measured as
33.74 + 9.95% in the malignant group and 32.55 + 9.45% in the benign
group; there was no statistical difference between the groups (p=0.57).
Malignancy was detected in 70 patients (32.7%). In the malignant
group, 23 patients had follicular carcinoma (32.8%) and 47 (67.2%)
patients had papillary thyroid cancer. Female patients (37/150, 24.6%)
and male patients (33/65, 50.7%) had malignancy. Thirty patients had
microcarcinoma and 40 patients had macrocarcinoma. Tumor size
was measured as 4.43 = 3.61 mm in the microcarcinoma group and
18.63 + 8.49 mm in the macrocarcinoma group. Mean tumor size was
found to be 10.51 + 9.37 mm in the malignant group. The malignancy
rates of groups are summarized in table 2.

Based on the histopathological results of the 214 patients included
in the study, 70 patients were reported to have thyroid cancer (32.7%).
The rate of malignancy was 27% in Group 1, 32.8% in Group 2, 32.9%
in Group 3 and 46.7% in Group 4. There was no significant difference
between the groups (p>0.05). Malignancy rates were 30.2% (29/96) in
patients aged <45 years and 34.7% (41/118) in patients aged >45 years.

There was no statistical difference between groups (p=0.55). In the
TNM staging of the patients done according to the AJJC-2010 criteria,
13 thyroid cancer cases (stage 1=9, stage 2=2, stage 3=2) were found in
group 1. 22 thyroid cancer cases (stage 1=16, stage 2=4, stage 3=2)
were found in group 2. 28 thyroid cancer cases (stage 1=19, stage 2=5,
stage 3=3, stage 4=1) were found in group 3. 7 thyroid cancer cases
(stage 1=5, stage 2=2) were found in group 4. No increase in disease
stages was observed as BMI increased (p>0.05) (Table 3).

Out of 114 patients with a preoperative cytology diagnosis of
Bethesda 3, 12 patients (10.5%) were found to have malignant
histopathology. Out of 18 patients with Bethesda 4, 5 patients (27.8%)
were found to have malignant cytology. Out of 82 patients with
Bethesda 5, 54 patients (54/82=65.9%) were found to have thyroid
cancer postoperatively. Correlation analyses were performed within
the malignant group itself and the benign group itself. A positive
correlation was found between age and waist circumference (r=0.47,
p=0.00), hip circumference (r=0.35, p=0.00), and BMI (r=0.36, p=0.00)
in the benign group. A positive correlation was found between age and
waist circumference (r=0.38, p=0.001) and BMI (r=0.30, p=0.01) in the
malignant group. A negative correlation was found between age and
fT3 (free T3) (r=0.24, p=0.03). A negative correlation was also found
between tumor size and gender in the malignant group (r=0.26,
p=0.025). A negative correlation was found between fI3 and BMI
(r=0.24, p=0.038), and a negative correlation was found between fT3
and age (r=0.24, p=0.038) in the malignant group. A negative
correlation was found between TSH level and fT4 (free T4) level
(r=0.27, p=0.02) in the malignant group.

Benign (n=144) Malignant (n=70) p

Age 46.62 + 11.47 46.01 £ 11.69 0.72
Height 159.85 + 8.53 160 £7.78 0.90
BMI 29.60 + 6.51 30.47 £ 7.49 0.38
wC 92.03 £ 11.19 946+ 15 0.16
HC 103.69 + 12.92 120.43 £ 122.01 0.10
Body fat percentage 32.55+9.45 33.74 £ 9.95 0.57
TSH 1.90 +2.93 2.34 +£4.04 0.36
FT3 3.23+3.83 2.96 + 0.58 0.48
FT4 1.15+0.32 1.27 £ 0.46 0.031
Tumor Size 10.51+9.37

Table 1: Overall characteristics of patients

Benign (n=144) | Malignant (n=70) Malignancy rate
Group 1 (n=47) | 34 13 0.27
Group 2 (n=67) | 45 22 0.32
Group 3 (n=85) | 57 28 0.32
Group 4 (n=15) | 8 7 0.46
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Total 144 70 0.32

Table 2: Malignancy rates in groups

Group 1 (n=13) | Group 2 (n=22) | Group 3 (n=28) | Group 4 (n=7)
Stage 1| 9 16 19 5
Stage 2 | 2 4 5 2
Stage 3 | 2 2 3 0
Stage 4 | 0 0 1 0

Table 3: TNM stating based on AJJC-2010 criteria

N=malignant group patients, pearson Chi-square tests P=0,773 (All
groups)

Discussion

Our study is a retrospective study on the relationship between BMI
and thyroid cancer. In our study, patients were divided into 4 groups
based on their BMIs. Malignancy rate was found to be 27% in group 1,
32% in group 2, 32% in group 3, and 46% in group 4. Staging of the
patients according to the AJJC-2010 data has shown no increase in the
disease stages as BMI increases. Increased BMI leads to an increase in
several malignancies including thyroid cancer [15]. In a study
conducted in 443 patients operated on for papillary thyroid cancer,
patients were assessed after being divided into 4 groups based on their
BMI and patients with a higher body mass index were found to have a
higher disease stage. Morbidly obese patients were often diagnosed
with stage 3-4 papillary thyroid cancer. As BMI increased, tumor size
also increased. Obese patients had advanced stage thyroid cancer and
aggressive forms [16]. In this study, malignancy rates increased with
higher BMI but the difference was not statistically significant (p>0.05).
Epidemiological studies show that the risk of thyroid cancer increases
with excess weight gain. It is not clear if excess weight is a prognostic
factor of thyroid cancer. Increased BMI is strongly associated with
increased tumor size, extrathyroidal invasion and higher TNM stage.
The course of papillary thyroid cancer is more aggressive in
overweight people [17]. In our study, no increase in malignancy rates
or TNM stages were seen as the BMIs of patients increased. In a
retrospective study where 259 papillary thyroid cancer patients were
included and followed up for 6.2 years, no relationship was found
between BMI and tumor size, lymph nodes, distant metastasis,
vascular invasion and disease recurrence [18]. In one recent study, a
relationship was found between increased BMI (body mass index) and
prevalence of thyroid cancer in women (OR=1.63, p<0.001) (18).
According to a meta-analysis, a 5kg/m2 increase in BMI leads to
increased risk of thyroid cancer in males (RR=1.33; p=0.02) and
females (RR=1.14; p=0.001) (15). In our study, the group with the
higher BMI had an increased percentage of thyroid cancer, but the
difference was statistically insignificant. There are studies reporting
that obese patients with indeterminate cytology have a low risk of
malignancy [6]. This study included Group 3-5 patients with a high
risk of malignancy according to the Bethesda classification and
postoperative histopathology results were found to be consistent with
the literature (Bethesda 3: 10.5%, Bethesda 4: 27.8%, Bethesda 5:
65.9%) [12].

Increased body size and physical inactivity are positively related to
the risk of several cancers, but only a few epidemiological studies have
investigated body mass index (BMI) and physical activity in relation to
thyroid cancer, being overweight was related to a suggestive increase of
nearly 30% in the risk of thyroid cancer and obesity was associated
with an increase of 40% in the risk of thyroid cancer when compared
to normal weight [19]. According to a recent systematic review, most
studies agree that obesity is positively but modestly correlated with TC
risk. However, the risk estimates range widely from 1.1 to 2.3 in men
and 1.0 to 7.4 in women (20). In our study, malignancy was detected in
70 patients (32.7%). In the malignant group, 23 patients had follicular
carcinoma (32.8%) and 47 (67.2%) patients had papillary thyroid
cancer. Female patients (37/150, 24.6%) and male patients (33/65,
50.7%) had malignancy. Thirty patients had microcarcinoma and 40
patients had macrocarcinoma. Potential mechanisms involved in the
obesity-thyroid cancer relationship include elevated TSH levels,
insulin resistance and adipokine effect. Some studies demonstrate a
positive relationship between BMI and TSH while others do not.
Leptin and leptin receptor expression has been shown in thyroid
cancer [21]. Adipokines, particularly adiponectin, leptin and
hepatocyte growth factor are associated with cancer proliferation and
cancer progression [22]. The stronger association of obesity with TC in
females observed in many studies could point to a direct effect of sex
steroids in thyroid carcinogenesis. There are experimental data
supporting a mitogenic effect of estrogen in thyroid tumors [4]. In a
study conducted in France, increased BMI was found to be associated
with differentiated thyroid cancer in women [23]. As a result, the
prevalence of thyroid cancer increases with the increase of obesity. It is
important to clarify its connection with thyroid cancer as well as the
mediating pathways. However, unless this association is confirmed
and causation proven, screening for TC in overweight and obese
subjects does not seem justified [4].
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