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Background: There are limited data about whether patients who receive initial treatment for differentiated thyroid cancer (DTC)
gain or lose weight during long-term follow-up under thyroid stimulating hormone (TSH) suppression. This study was aimed to
evaluate whether DTC patients under TSH suppression experience long-term weight gain after initial treatment. We also exam-
ined the impact of the radioactive iodine ablation therapy (RAIT) preparation method on changes of weight, comparing thyroid
hormone withdrawal (THW) and recombinant human TSH (rhTSH).

Methods: We retrospectively reviewed 700 DTC patients who underwent a total thyroidectomy followed by either RAIT and le-
vothyroxine (T4) replacement or T4 replacement alone. The control group included 350 age-matched patients with benign thy-
roid nodules followed during same period. Anthropometric data were measured at baseline, 1 to 2 years, and 3 to 4 years after
thyroidectomy. Comparisons were made between weight and body mass index (BMI) at baseline and follow-up.

Results: Significant gains in weight and BMI were observed 3 to 4 years after initial treatment for female DTC but not in male
patients. These gains among female DTC patients were also significant compared to age-matched control. Women in the THW
group gained a significant amount of weight and BMI compared to baseline, while there was no increase in weight or BMI in the
rhTSH group. There were no changes in weight and BMI in men according to RAIT preparation methods.

Conclusion: Female DTC patients showed significant gains in weight and BMI during long-term follow-up after initial treat-
ment. These changes were seen only in patients who underwent THW for RAIT.
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INTRODUCTION

Patients who undergo thyroidectomy are frequently concerned
about weight gain after initial treatment. Many studies have

shown that weight gain is common during treatment of hyper-
thyroidism. When a thyroidectomy or radioactive iodine abla-
tion was performed for treatment of hyperthyroidism [1-5], pa-
tients with hyperthyroidism experienced a 4 to 10 kg increase
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in body weight after 2 years of treatment in spite of normal se-
rum thyroid stimulating hormone (TSH) [1-5]. This suggests
that iatrogenic hypothyroidism during treatment is associated
with weight gain.

There are few data about weight changes in thyroid cancer
patients undergoing thyroidectomy and the results are contro-
versial [6]. Weinreb et al. [6] compared weight change in a total
of 102 patients with thyroid cancer and euthyroid patients with
benign thyroid nodular disease. There was no difference in
weight change between the two groups at a median of 5.9 years
of follow-up [6]. In contrast, Polotsky et al. [7] recently showed
that there was a significant weight gain of approximately 3 kg
in thyroid cancer patients for 3 to 5 years after thyroidectomy,
which was greater than age matched population controls, de-
spite ongoing TSH suppression by levothyroxine for the treat-
ment of thyroid cancer. Similarly, Jonklaas and Nsouli-Maktabi
[8] reported thyroid cancer patients with iatrogenic hyperthy-
roidism gained an average of 1.2 kg for 1 year after thyroidec-
tomy.

This study investigated whether differentiated thyroid cancer
(DTC) patients under TSH suppression (iatrogenic hyperthy-
roidism) gained a significant amount of weight after initial
treatment compared to the age-matched control. This study also
evaluated whether the method of preparation for radioactive io-
dine ablation therapy (RAIT) influences long-term weight
change during follow-up of patients with DTC.

METHODS

Subjects

A retrospective analysis was performed on 700 patients with
DTC and 350 patients with benign thyroid nodules. Medical
records were used to obtain information about age, gender,
height, body mass index (BMI), TSH, and triiodothyronine
(T3) at baseline, at 1- to 2-year follow-up, and at 3- to 4-year
follow-up.

DTC patients who met both of the following criteria were
included in the study: (1) the patient had undergone a total thy-
roidectomy at Samsung Medical Center between January 2008
and December 2008, and (2) the patient was taking a suppres-
sive dose of levothyroxine (<0.4 mU/L) for TSH suppression.
The average dose of levothyroxine was 1.48+1.45 pg/kg body
weight. In the study group, 87% had received radioiodine ei-
ther for remnant ablation or treatment. Patients were prepared
for radioiodine administration with either conventional thyroid
hormone withdrawal (THW) or TSH stimulation with recombi-
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nant human TSH (rhTSH; Thyrogen, Genzyme Corp., Cam-
bridge, MA, USA).

The control group included 350 euthyroid patients with be-
nign thyroid nodules, age-matched to the study subjects. No
one in the control group was diagnosed with thyroid cancer
during follow-up. Subjects were excluded from the control
group if they had pre-existing thyroid disease, used thyroid
hormone, had been diagnosed with a malignancy other than
thyroid cancer, were taking medications which could affect
weight, or were pregnant during follow-up.

Study protocol

Weight was measured at an outpatient clinic, at baseline before
surgery and 1 to 2 years and 3 to 4 years after surgery. In the
control group, baseline weight was measured at an outpatient
clinic during the first visit and subsequently 1 to 2 years and 3
to 4 years after the baseline measurement. Weight was mea-
sured with patients wearing indoor clothes without shoes.
Height was measured once at baseline and was used in the cal-
culation of BMI during follow-up. BMI was calculated as
weight in kilograms divided by height in meters squared (kg/
m?). Baseline weight and BMI were compared with data ob-
tained at the 1- to 2-year and 3- to 4-year outpatient clinic vis-
its. Changes in weight and BMI according to RAIT preparation
methods (THW or thTSH) in patients with DTC were also ana-
lyzed during follow-up. Finally, patients were divided into
three groups according to the degree of weight gain (no weight
gain, weight gain <5% of their baseline weight, weight gain =
5% of their baseline weight) and variables affecting weight
gain were calculated. TSH and T3 levels were recorded at
baseline, as well as at 1- to 2-year and 3- to 4-year follow-up in
patients with DTC. TSH levels were measured using a com-
mercial immunoradiometric assay kit (Beckman coulter, Mar-
seille, France). The intra-assay coefficients of variation for
quality control specimens were 3.0%, 2.5%, 3.2%, and 3.7% in
mean TSH concentration 2.02, 5.83, 10, and 42 mU/L and in-
terassay coefficients of variation were 8.6%, 5.7%, and 2.8% in
mean TSH concentration 3.1, 9.7, and 39.6 mU/L. T3 levels
were also measured using commercialized radioimmunoassay
kits. The intra-assay coefficients of variation were 5.36%,
6.27%, and 3.78% in mean T3 concentration 1.8, 2.17, and 2.54
nmol/L and interassay coefficients of variation were 7.66%,
5.27%, and 4.48% in mean T3 concentration 1.95, 2.76, and
6.87 nmol/L. The reference ranges of TSH and T3 were 0.40 to
4.20 mU/L and 1.1 to 2.9 nmol/L, as recommended by the kit
provider.
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Statistical analysis

A paired ¢ test or Wilcoxon signed rank test was used for com-
paring changes at baseline, as well as 1 to 2 years and 3 to 4
years post-thyroidectomy. The Mann-Whitney test or Student ¢
test was used to compare median and mean between the group
with thyroid cancer and the control group. A one-way analysis
of variance (ANOVA) with Tukey post hoc test or Mantel-
Haenszel chi-square test was used for comparisons between the
three groups of patients categorized according to weight gain.
Correlations between weight gain and variables such as age at
surgery, TSH levels, and T3 levels were analyzed using Spear-
man correlation test. A one-way ANOVA with Tukey post hoc
test was used to compare weight change between different age
groups in female thyroid cancer patients (<40 years [n=69],
41 to 45 years [n=63], 46 to 50 years [n=51], 51 to 55 years
[n=75], and >55 years [n=95]). All statistical analyses were
performed using PASW 17.0 software, version 9.1.3 (SPSS
Inc., Chicago, IL, USA). P values less than 0.05 were consid-
ered significant.

RESULTS

Patient characteristics

This study included 700 patients with DTC (the study subjects)
and 350 euthyroid patients with benign thyroid nodule (the
control group) (Table 1). All thyroid cancer patients in this

study underwent a total thyroidectomy and were diagnosed
with papillary thyroid carcinomas. Among the 700 DTC pa-
tients, 506 received radioiodine remnant ablation with THW,
104 underwent radioiodine remnant ablation with thTSH and
90 patients did not receive radioiodine after surgery.

Changes in weight and BMI after total thyroidectomy in
patients with differentiated thyroid cancer

Thyroid cancer patients experienced significant weight gain af-
ter total thyroidectomy, with an increase from 61.31+10.1 kg at
baseline to 61.8+10.2 kg at 3- to 4-year follow-up (P<0.01).
BMI increased from 24.1 to 24.2 over 3 to 4 years (P<0.01).
When weight gain was analyzed by gender, a significant in-
crease in weight and BMI was observed at 1- to 2-year follow-
up in both male and female thyroid cancer patients. However,
this increase was not observed in male subjects at 3- to 4-year
follow-up.

The median suppressed TSH levels of DTC patients at 1 to 2
years and 3 to 4 years were 0.03 and 0.07 mU/L, respectively.
The median T3 levels at 1 to 2 years and 3 to 4 years were 1.69
and 1.47 nmol/L, respectively (Table 2).

Comparison of weight and BMI changes between patients
with differentiated thyroid cancer and control group

The mean age of thyroid cancer patients was 52.0+9.4 years in
males and 49.7+10.4 years in females. There were no differ-

Table 1. Comparison of Characteristics between Thyroid Cancer Patients and Patients with Nodules
Characteristic Control (n=350; M, 60; F, 290) Thyroid cancer (n=700; M, 120; F, 580) P value
Age, yr
All patients 50.1£10.4 50.1£10.3 0.97
Male 52.1+£9.5 52.0+£9.4 0.92
Female 49.7£10.5 49.7+10.4 0.99
Weight, kg
All patients 60.2£10.3 61.3£10.1 0.11
Male 72.8+£9.0 73.8+10.1 0.53
Female 57.7£8.5 58.7x£7.9 0.06
BMI, kg/m*
All patients 23.5+3.1 24.1£3.1 <0.01
Male 25.442.6 25.6+2.7 0.69
Female 23.1+3.1 23.8+3.2 <0.01
TSH, mU/L
All patients 1.91 (1.26-2.96) 2.03 (1.32-3.03) 0.40
Male 1.92 (1.26-2.43) 2.14 (1.36-2.86) 0.08
Female 1.91 (1.24-3.05) 1.98 (1.32-3.11) 0.80
Values are expressed as mean®SD or median (range).
BMI, body mass index; TSH, thyroid stimulating hormone.
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Table 2. Changes in Measurements after Total Thyroidectomy in Patients with Thyroid Cancer
1-2 Years 34 Years
Variable Baseline
After total thyroidectomy P value After total thyroidectomy P value
Weight, kg
All patients 61.3£10.1 61.6£10.4 <0.01 61.8£10.2 <0.01*
Male 73.8£10.1 74.3£10.6 0.04 74.0£10.0 0.08
Female 58.7£7.9 59.1+£8.2 <0.01 59.1£8.0 0.01
BMI, kg/m?
All patients 24.1£3.2 243+£33 <0.01 242432 <0.01*
Male 25.6%+2.7 25.84+2.9 0.04 25.7+£2.9 0.07
Female 23.8+3.2 239433 0.01 23.9+3.1 <0.01
TSH, mU/L
All patients 2.03 (1.32-3.03) 0.03 (0.01-0.15) <0.01 0.07 (0.01-0.44) <0.01°
Male 2.14 (1.36-2.86) 0.04 (0.01-0.30) <0.01 0.10(0.01-0.94) <0.01
Female 1.98 (1.32-3.11) 0.02 (0.01-0.14) <0.01 0.06 (0.01-0.36) <0.01
T3, nmol/L
All patients 1.63 (1.43-1.8) 1.69 (1.49-1.97) <0.01 1.47 (1.32-1.63) <0.01°
Male 1.62 (1.43-1.82) 1.69 (1.45-1.97) <0.01 1.46 (1.31-1.66) <0.01
Female 1.63 (1.43-1.8) 1.69 (1.51-1.96) <0.01 1.47 (1.32-1.63) <0.01
Values are expressed as mean=+SD or median (range).
BMI, body mass index; TSH, thyroid stimulating hormone; T3, triiodothyronine.
“Paired ¢ test, comparison of weight or BMI after total thyroidectomy versus baseline; "Wilcoxon signed rank test, comparison of TSH or T3 after to-
tal thyroidectomy versus baseline.

ences in variables at baseline between patients with DTC and
the control group, with the exception of BMI. In female pa-
tients with DTC, BMI was slightly higher than in the control
(23.8 kg/m’vs. 23.1 kg/m?, P<0.01) (Table 1).

Weight and BMI changes were compared between thyroid
cancer patients and the control. There were significant differ-
ences in weight gain between DTC patients and the control
group. In DTC patients, mean weight and BMI increased 0.5
kg and 0.2 kg/m?, respectively, after 3 to 4 years. There was no
increase in weight or BMI in the control group after 3 to 4 years
of follow-up. When further analyzed by gender, the increases
in weight and BMI were observed in female subjects only.
Weight and BMI appeared to increase at a faster rate in male
DTC patients but this was not statistically significant (Table 3).

Changes in body weight and BMI according to
preparation method for RAIT (endogenous vs. rhTSH)
Weight and BMI changes were compared according to meth-
ods of TSH stimulation in DTC patients. Endogenous stimula-
tion by THW was associated with significant weight gain and
increase of BMI while there was no increase in weight and
BMI in the thTSH stimulation group. This phenomenon was
statistically significant for female subjects only, at both the 1-
to 2-year and 3- to 4-year follow-up (Table 4).

346 www.e-enm.org

Variables associated with weight gain in thyroid cancer
patients

DTC patients were divided into three groups according to the
degree of weight gain (group A=no weight gain; group B=mild,
weight gain <5% from baseline; group C=significant, weight
gain =5% from baseline) and variables that may have affected
weight were analyzed. Age at surgery and level of TSH sup-
pression were significantly different between the three groups.
Members of group C were significantly younger, and both men
and women in this group gained a significant amount of
weight. TSH levels significantly affected weight in female sub-
jects even though these TSH levels were still within the sup-
pressed range. T3 levels did not vary according to degree of
weight gain (Table 5).

Because age at surgery significantly affected weight gain, the
female DTC patients were grouped according to age (<40 years
[n=69], 41 to 45 years [n=63], 46 to 50 years [n=51], 51 to 55
years [n=75], and =56 years [n=95]) at surgery and weight gain
was compared at 3- to 4-year follow-up between age groups.
Weight gain was greater in younger age group (Fig. 1). In the cor-
relation analysis, there was a significant association between age
at surgery and weight gain (r=—0.25, P<0.01). The younger the
age at surgery, the greater the weight gain. In addition, TSH levels
and weight gain were significantly correlated (»=0.14, P<0.01).

Copyright © 2015 Korean Endocrine Society
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Table 3. Comparison of Weight and Body Mass Index Change between Groups

Variable Control (2=350; M, 60; F, 290) Thyroid cancer (n=700; M, 120; F, 580) P value
Weight change, kg
1-2 Years
All patients 0.1+1.9 04+25 0.04
Male 03+2.2 0.6+£2.9 0.57
Female 0.0+1.9 04+2.5 0.04
3—4 Years
All patients 0.0+2.6 0.5+3.1 0.01
Male 0.0£3.1 0.6+3.4 0.33
Female 0.0+2.5 0.5+3.0 0.03
BMI change, kg/m*
1-2 Years
All patients 0.0£0.8 02+£1.0 0.05
Male 0.1£0.8 02+1.0 0.70
Female 0.0£+0.7 0.1+£1.0 0.05
3—4 Years
All patients 0.0£1.0 02+1.2 0.02
Male 0.0£+1.1 02+1.2 0.31
Female 0.0+1.0 02+1.2 0.04

Values are expressed as mean+SD.
BMI, body mass index.

Table 4. Changes in Weight and Body Mass Index after Total Thyroidectomy in Patients with Thyroid Cancer, according to Radioac-
tive Iodine Ablation Therapy Preparation Method

1-2 Years 3—4 Years
Variable Baseline
After total thyroidectomy P value® After total thyroidectomy P value*
Weight, kg
THW (n=506)
All patients 61.3+10.2 61.6£10.5 <0.01 62.0£1.5 <0.01
Male 74.0£10.5 74.3+10.8 0.26 74.8+£10.4 0.17
Female 58.718.0 59.1+8.4 <0.01 59.2+8.1 <0.01
thTSH (n=104)
All patients 60.9+8.9 60.9+9.0 091 60.9+8.8 0.55
Male 72.5+6.7 72.7+7.6 0.74 71.5£7.3 0.58
Female 58.11£6.9 58.0t6.8 0.96 57.81£6.6 0.71
BM]I, kg/m*
THW (n=506)
All patients 242132 243+33 <0.01 24.4+32 <0.01
Male 25.7£2.8 259+£3.0 0.28 26.0+2.9 0.15
Female 23.8+3.2 24.0%3.3 <0.01 24.0%3.1 <0.01
thTSH (n=104)
All patients 23.6£2.9 23.61£3.0 0.95 23.4%2.38 0.64
Male 249122 249+2.4 0.76 24.7+2.6 0.55
Female 23.3+£3.0 23.3%+29 0.85 23.1+2.7 0.83

Values are expressed as mean+SD.
THW, thyroid hormone withdrawal; thTSH, recombinant human thyroid stimulating hormone; BMI, body mass index.
“Paired # test, comparison of weight or BMI after total thyroidectomy versus baseline.

DISCUSSION cant weight gain compared to their baseline weight after a total
thyroidectomy with ongoing TSH suppression. Male and fe-
This study showed that patients with DTC experienced signifi-  male thyroid cancer patients gained 0.6 and 0.5 kg respectively,
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Table 5. Variables Associated with Weight Gain in Patients with Thyroid Cancer, 3 to 4 Years after Thyroidectomy

Variable

Group

A: no weight gain
(n=113)

B: weight gain <5% of
baseline weight (n=452)

C: weight gain >5% of
baseline weight (n=135)

P value®

Female patients
Age at surgery, yr
RAI %
THW
rhTSH
3-4 Years TSH, mU/L
3-4 Years T3, nmol/L

Male patients
Age at surgery, yr
RAIL %
THW
rhTSH
3-4 Years TSH, mU/L
3-4 Years T3, nmol/L

99 (17)
49.1+11.1
81.9
81.4
18.6
0.01 (0.01-0.07)
1.6 (1.48-1.75)

14 (12)
544+11.4
78.5
72.7
273
0.01 (0.01-0.03)
1.56 (1.49-1.71)

366 (63)
50.6+10.1
87.4
85
15
0.05 (0.01-0.32)
1.48 (1.33-1.63)

86 (72)
529487
89.5
80.5
19.5
0.10 (0.02-0.88)
1.46 (1.31-1.59)

115 (20)
4724107
87.8
81.2
18.8
0.09 (0.01-0.80)
1.42 (1.31-1.62)

20 (16)
45.9+9.0
100
80
20
0.06 (0.01-0.85)
1.5 (1.25-1.76)

B/C", A/B, and A/C-NS
0.9

A/B®, A/C", and B/C-NS
0.49

A/C¢, B/C®, and A/B-NS
0.71

0.08
0.24

Values are expressed as number (%), mean+SD, or median (range).

thyroid stimulating hormone; T3, triiodothyronine.

NS, not significant; RAI, radioactive iodine; THW, thyroid hormone withdrawal; thTSH, recombinant human thyroid stimulating hormone; TSH,

“The values were evaluated with the Tukey post hoc test for group differences; ®P<0.01; °P<0.05 for group differences.

2.0

—_
W
1

—
(=]
1

Weight gain (kg)
IS
W
1

0.0
—0.5

<40 41-45 46-50 51-55 >55
-1.0 - Age groups (yr)

Fig. 1. Weight gain by age group in female thyroid cancer patients
who underwent thyroid hormone withdrawal before radioactive
iodine ablation therapy. The values were evaluated with the Tukey
post hoc test for group differences. *P<0.01 for group differences,
age =40 years versus age 51 to 55 years and age >55 years.

3 to 4 years after total thyroidectomy. Female thyroid cancer
patients still experienced significant weight gain when com-
pared to the control group. Notably, there was significant
weight gain in thyroid cancer patients with THW before RAIT,
whereas there was no weight change in the rhTSH group. Age
and TSH levels were associated with weight change in thyroid
cancer patients after long-term follow-up.

Although DTC patients in this study experienced statistically
significant weight gain after thyroidectomy, the degree of
weight gain was relatively modest. Excessive weight gain fre-
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quently develops after surgical treatment of hyperthyroidism
[1-3] and several studies suggest postsurgical hypothyroidism
due to inadequate hormone replacement may cause this weight
gain [1,3]. However, most thyroid cancer patients receive a
suppressive dose of levothyroxine after undergoing a thyroid-
ectomy and subsequent iatrogenic hyperthyroidism. This sug-
gests that their weight gain was mitigated by lower TSH levels,
which has been supported by several studies [7,8]. According
to Jonklaas and Nsouli-Maktabi [8], 120 DTC patients with
iatrogenic hyperthyroidism gained 1.2 kg 1 year after thyroid-
ectomy, whereas patients with benign thyroid disease who
achieved euthyroidism on levothyroxine 1 year following total
thyroidectomy gained 3.1 kg and patients with preexisting hy-
pothyroidism gained 2.2 kg during 1 year. In addition, serum
TSH levels are positively associated with weight gain over
time [9-11]. In this study, despite suppressed TSH levels 3 to 4
years after thyroidectomy, there was a significant correlation
between TSH levels and weight gain. Therefore, slight eleva-
tion of serum TSH levels within the suppressed range might be
also associated with weight gain. Several studies suggested that
the association between TSH and body weight is regulated by
circulating leptin [12,13]. Leptin, secreted by adipocytes, plays
a role in central regulation of thyroid function by stimulating
TRH, ultimately increasing TSH release [14].

This study also analyzed how the RAIT preparation method

Copyright © 2015 Korean Endocrine Society
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affected weight and BMI, and found that THW was associated
with weight gain after total thyroidectomy. There was no
change in weight or BMI in the thTSH group, although rela-
tively small number of patients who received thTSH before
RAIT were included Recently, Polotsky et al. [7] reviewed
changes in body weight over 5 years among 153 DTC patients
treated with TSH suppression and grouped according to meth-
od of RAIT preparation. Weight gain was more significant in
patients prepared for RAIT with THW than with thTSH; these
results are similar to the present study. In the study by Polotsky
et al. [7], the THW group gained an average of 0.64 kg per
year, compared with 0.34 kg per year in the thTSH group. One
previous study found that body fat content significantly in-
creased and basal energy expenditure decreased in patients ex-
periencing short term hypothyroidism associated with THW,
but there was no significant change in body composition or en-
ergy expenditure in 41 thyroidectomized patients after 12
weeks of thyroxine (T4) replacement [15]. However, further
research is needed, as severe hypothyroidism by THW could
influence long-term weight regulation, and profound short-
term hypothyroidism might have a long-term effect on weight
change.

With regard to levothyroxine replacement alone after thy-
roidectomy, one might assume that weight gain is the result of
relative T3 deficiency and that physiological euthyroidism was
not achievable with levothyroxine alone. However, data from
the present study showed that 3 to 4 years after surgery, DTC
patients had a median T3 level of 1.47 nmol/L using levothy-
roxine replacement alone and that T3 levels were not different
between groups according to degree of weight gain. Jonklaas et
al. [16] also reported that normal T3 levels were achieved with
levothyroxine alone in patients who underwent near total or to-
tal thyroidectomy with normal or suppressed TSH levels. How-
ever, T3 deficiency could be present at the tissue level in cases
of levothyroxine monotherapy [17]. A recent study reported
that free T3 levels were lower in levothyroxine-treated thyroid-
ectomized patients compared to matched euthyroid controls,
suggesting that physiological treatments in addition to levothy-
roxine monotherapy may be required in some cases [18].

Remarkably, in contrast to previous study, younger age was
associated with weight gain in the THW female group. Some
studies have suggested that perimenopausal women are at risk
for weight gain and increased BMI [19,20]. One recent study
showed that the greatest weight gain in the thyroidectomized
patients was observed in menopausal women compared to pre-
menopausal women or men [8]. The mean age of menopause in

Copyright © 2015 Korean Endocrine Society

Korean women is 50%3 years [21], indicating that menopausal
status was not associated with weight gain after thyroidectomy,
in the present study. Several previous studies have investigated
the metabolic effects caused by transient severe hypothyroid-
ism due to THW in patents with DTC [22-24]. THW resulted
in increased total cholesterol, low density lipoprotein choles-
terol and triglyceride levels [22-24]. Acute thyroid hormone
deficiency following THW also caused systolic dysfunction of
left ventricle and elevated muscle enzyme [22]. However, they
have focused on the acute changes of lipid metabolism or pe-
ripheral tissue functions following THW in DTC patients,
long-term metabolic effect of THW was not clarified. There-
fore, we could postulate there might be metabolic alterations
such as lipid profile or peripheral tissue function which predis-
poses younger female THW group to weight gain. Further pro-
spective studies are needed about long term metabolic effect of
THW and these are reversible with ongoing T4 suppression.

This study has some limitations. First, the retrospective anal-
ysis of the data did not include lifestyle or weight loss efforts,
which is similar to previous retrospective studies. However, the
present study did include a relatively large number of female
thyroid cancer patients (z=580) compared to previous studies,
and so these results can likely be applied to the general female
thyroid cancer population. Second, the number of male patients
and subjects who received thTSH before RAIT was relatively
small, which may have affected the statistical findings. There-
fore further studies with large number of patients are required
to clarify the effect of gender difference or RAIT preparation
methods on weight change. Third, we did not analyze free T4
or total T4 levels which might affect weight change of patients
with DTC. However, previous studies have indicated that mod-
erate increase of TSH is usually not associated with changes in
free and total T4 in obesity and free T4 levels are comparable
in normal weight and obese humans [25-27]. Fourth, measure-
ment error between different observers collecting anthropomet-
ric data could not be excluded. However, according to Ar-
terburn et al. [28], body weight measures obtained during rou-
tine clinical care can be used without statistical correction. An-
other study also found that there was close agreement between
weights obtained by research and clinical measures [29].

In summary, DTC patients with levothyroxine replacement
after thyroidectomy experienced weight gain compared with
their baseline weight, although their weight gain might be miti-
gated by low TSH levels. THW might affect long-term weight
change and younger females seem to be prone to weight gain
after thyroidectomy. Physicians should be aware of the risk of
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weight gain in thyroid cancer patients, especially younger fe-
males who undergo THW in preparation for RAIT. Further
studies are needed to explain the mechanism of weight gain af-
ter thyroidectomy despite ongoing TSH suppression.
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