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Abstract:

Objective In the medical treatment of Graves’ disease, we sometimes encounter patients who gain weight
after the onset of the disease. To estimate the energy required during the course of treatment when hyperthy-
roidism ameliorates, we measured the resting energy expenditure (REE) and body composition in patients
with Graves’ disease before and during treatment in the short-term.

Methods Twenty patients with newly diagnosed Graves’ disease were enrolled, and our REE data of 19
healthy volunteers were used. The REE was measured by a metabolic analyzer, and the basal energy expendi-
ture (BEE) was estimated by the Harris-Benedict formula. The body composition, including body weight, fat
mass (FM), muscle mass (MM) and lean body mass (LBM), were measured by a multi-frequency body com-
position analyzer. We tailored the nutritional guidance based on the measured REE.

Results Serum thyrotropin levels were significantly increased at three and six months. Serum free thyrox-
ine, free triiodothyronine and REE values were significantly decreased at one, three and six months. The
REE/BEE ratio was 1.58+0.28 at the onset and significantly declined to 1.34+0.34, 1.06+0.19 and 1.01+0.16
at 1, 3 and 6 months, respectively. Body weight, MM and LBM significantly increased at three and six
months.

Conclusion The REE significantly decreased during treatment of Graves’ disease. The decline was evident
as early as one month after treatment. The REE after treatment was lower than in healthy volunteers, which
may lead to weight gain. These data suggest that appropriate nutritional guidance is necessary with short-
term treatment before the body weight normalizes in order to prevent an overweight condition and the emer-
gence of metabolic disorders.
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energy expenditure and basal metabolic rate decrease, which

Introduction

Graves’ disease is an autoimmune thyroid disease that in-
duces thyrotoxicosis. Graves’ disease patients often lose
weight due to increased energy expenditure and calorigene-
sis that exceeds the calorie intake, which is usually in-
creased in these patients (1-3). During the course of treat-
ment, when the serum thyroid hormone level normalizes, the

often results in body weight gain (4-7). Therefore, it is nec-
essary to start nutritional guidance early in the course of
treatment to prevent excessive body weight gain and the
emergence of metabolic disorders. However, few studies
have evaluated the increase in energy expenditure at the on-
set and the changes in energy expenditure and body compo-
sition of Graves’ disease, especially in the short term after
the start of treatment, in a large number of cases.
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We hypothesized that the REE changes dramatically in
the short-term after treatment in patients with Graves’ dis-
ease, which may lead to weight gain after treatment. The
aim of this study was to measure the changes in the REE
and body composition in patients with Graves’ disease dur-
ing the course of treatment.

Materials and Methods

Study design and participants

This study was a preliminary prospective study approved
by the Ethics Committee of Kitasato University Hospital,
and all patients gave their written informed consent. All pa-
tients were newly diagnosed with Graves’ disease between
October 2012 and March 2014 at Kitasato University Hospi-
tal and did not meet any of the exclusion criteria (any con-
dition that affects energy expenditure, such as diabetes mel-
litus or severe hepatic disease, kidney disease, malignant
disease, infectious disease, exothermic disease, taking medi-
cine including glucocorticoids, and pregnancy). The diagno-
sis of Graves’ disease was based on elevated serum free thy-
roxine (FT4; reference range 1.00-1.80 ng/dL) and free tri-
iodothyronine (FT3; reference range 2.30-4.00 pg/mL) levels
with a suppressed serum thyrotropin (TSH; reference range
0.27-4.20 pIU/mL) level and positive antithyroid antibody,
TSH receptor antibody (TRAb) and/or TSH-stimulating anti-
body (TSADb).

To achieve a difference in the AREE, a sample size of n=
7 patients with Graves’ disease was required to achieve 90%
power with type 1 error of 0.05. We planned to gather a
sample size of 20 patients with Graves’ disease. When we
performed blood test at the first visit and diagnosed Graves’
disease, we explained the details of this study to the pa-
tients. We measured the REE on the same day in patients
who agreed and started treating their Graves’ disease. Dur-
ing the course of treatment, blood samples were drawn, and
the REE was measured at the first visit and each visit at
one, three and six months.

Biochemical measurements

Serum FT4, FT3 and TSH levels as well as TRAb were
measured with an electrochemiluminescent immunoassay
(Cobas8000 and Modular Analytics EE, Roche Diagnostic,
Tokyo, Japan). TSAb was measured with a bioassay radio-
immunoassay (TSAb kit Yamasa; Yamasa, Chiba, Japan).
The normal ranges of TRAb and TSAb are <2.00 IU/L and
<180%, respectively.

Energy expenditure and metabolic measurements

The REE and body composition were measured on the
same day as the diagnosis of Graves’ disease, before anti-
thyroid drug was started (at the onset), and again at one,
three and six months after treatment for hyperthyroidism.
The REE was measured by a metabolic analyzer
(MedGem@\’, Microlife Medical Home Solution, Golden,

USA) after at least four hours of fasting at all points. The
measurement was performed in a seated position in a room
(temperature 22-26°C) after staying in the same room for at
least 20 min. The basal body expenditure (BEE) was calcu-
lated by the Harris-Benedict formula (8) as follows: 66.47+
(13.75xW)+(5xH)-(6.75xA) for men and 665.1+(9.563xW)+
(1.85xH)-(4.676xA) for women, with W equal to weight in
kilograms, H the height in centimeters and A the age in
years. The body composition, including the body weight, fat
mass (FM), muscle mass (MM) and lean body mass (LBM),
were measured by a body composition analyzer using the
latest 8-electrode multi-frequency technology (body compo-
sition analyzer MC 180; Tanita, Tokyo, Japan). Patients
stood with the ball and heel of each foot in contact with
electrodes on the floor scale after urination. Once the weight
was recorded, patients were instructed to grasp the hand
grips and hold them down by their sides with metabolic
electrodes in contact with the palm and thumb. Arms were
extended and kept away from the body according to the
manufacturer’s instructions (9).

The coefficient of variance of the impedance measurement
was reported as 0.4% (10). Nutritional guidance based on
the REE [daily calorie intake between 1.3- and 1.5-fold the
REE, using the activity factor, which is a mild activity
level (8, 11, 12)] was provided to each patient during the
study.

Statistical analyses

All data are presented as the meanzstandard deviation
(SD), unless otherwise indicated. All changes in variables
within patients (onset-after) were analyzed by a one-way
analysis of variance (ANOVA) and Kruskal-Wallis test and
then Wilcoxon’s signed-rank signed rank test when signifi-
cant. All changes in variables were compared with healthy
volunteers by the Mann-Whitney U test. To determine the
relationships, single linear regression analyses were em-
ployed. p<0.05 was considered significant. Statistical analy-
ses were performed using the GraphPad Prism 5.02 software
program (GraphPad Software, San Diego, USA).

Results

Demographic and clinical characteristics of the en-
rolled participants

The demographic and clinical characteristics of the en-
rolled patients are shown in Table. Twenty patients with
newly diagnosed Graves’ disease (14 women and 6 men,
median age 40 years old) were enrolled in this study. A total
of 19 age- and sex-matched healthy volunteers (16 women
and 3 men, median age 31 years old) were extracted from
our REE data of healthy volunteers. None of the healthy
volunteers had any current medical problems. Eleven pa-
tients were initially treated with thiamazole alone, seven
with thiamazole and propranolol, one with thiamazole and
potassium iodide and one with potassium iodide alone. Be-
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Table. Characteristics of the Enrolled Patients.
Variable Onset 1M after 3M after 6M after

Gender (male/female) 6/14
Age (years) 40.0 (18-78)
Height (cm) 160.3+8.2
Body weight (kg) 54.0+11.9 53.0+9.0* 56.0+11.0f 56.8+11.87
BMI (kg/m?) 20.9+3.2 20.7+2.4% 21.8+3.1F 22.3+3.1F
FM (kg) 14.0+7.4 14.3+5. 7% 14.6+7.0 15.9+8.1
MM (kg) 38.3+8.4 37.9+7.6 39.8+8.1%* 42.0+8.1%*
LBM (kg) 40.4+8.9 40.1£7.9 42.1+8.5%* 44.4+8.5%
BEE (kcal/day) 1,293+228 1,295+195 1,346+249 1,346+£264
REE (kcal/day) 2,059+578 1,716+£495%* 1,428+3561f 1359+308*
REE/BEE 1.58+0.28 1.34+0.34F 1.06+0.19# 1.01+0.167%
TSH (uIU/mL) <0.01 0.01 (<0.01-0.02)  0.59 (0.01-20.55)"  1.59 (0.01-21.65)*
FT3 (pg/mL) 18.93+9.79 6.49+3.29# 2.92+0.75* 3.27+1.21%
FT4 (ng/dL) 5.45+2.07 2.14+1.06% 0.91+0.33# 1.15+0.33#
LDL-C (mg/dL) 68.1x17.5 92.3+17.3# 111.1+£32.7 108.5+£21.0
HDL-C (mg/dL) 58.9+13.8 68.1+£16.77 69.4+14.4F 66.6+13.0%
TG (mg/dL) 85.9+29.8 113.9+£37.9%* 85.8+27.4 82.6+43.9

Data are Mean+SD or Median (minimum-maximum).

*: p<0.05, **: p<0.01, T: p<0.005, T: p<0.001, #: p<0.0005, ##: p<0.0001vs. Onset analyzed by Wilcoxon signed-

rank signed rank test when Kruskal-Wallis test was significant.

BMI: body mass index, FM: fat mass, MM: muscle mass, LBM: lean body mass, BEE: basal energy expenditure,

REE: resting energy expenditure, TSH: thyrotropin, FT3: free triiodothyronine, FT4: thyroxine, LDL-C: low-densi-

ty lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglyceride

fore the onset of Graves’ disease, 3 patients (15%) showed a
low body mass index (BMI) under 18.5 kg/m’, and 4 (20%)
showed a high BMI over 25.0 kg/m’. Fifteen patients (75%)
had experienced weight loss before the initial visit. None
met the criteria of dyslipidemia defined by low-density lipo-
protein cholesterol >140 mg/dL, triglyceride 2150 mg/dL or
high-density lipoprotein cholesterol <40 mg/dL. Two pa-
tients dropped out of the clinical trial (one at one month and
the other at three months).

The correlation between thyroid hormones and en-
ergy expenditure

The REE was significantly correlated with TSH, FT3 and
FT4 (r=-0.26, p<0.05; r=0.60, p<0.0001; r=0.63, p<0.0001,
respectively) (Fig. 1A-C). There was also a significant corre-
lation between the REE/BEE ratio and TSH, FT3 and FT4
(r=-0.35, p<0.005; r=0.68, p<0.0001; r=0.72, p<0.0001, re-
spectively) (Fig. 1D-F).

Change in the thyroid function during treatment

The serum TSH level was significantly increased at 3 and
6 months during treatment compared with the onset (p<
0.005; p<0.0005) (Fig. 2A). Both the serum FT3 and FT4
levels were decreased during treatment at 1, 3 and 6 months
(all p<0.0005) (Fig. 2B, C). At 3 months, the FT3 level was
outside of the normal range in 6 patients (higher in 3 pa-
tients and lower in 3 patients), and the FT4 level was out-
side of the normal range in 10 patients (slightly higher in 1
patient and slightly lower in 9 patients). At 6 months, the
FT3 level was outside of the normal range in 3 patients

(higher in 2 patients and lower in 1 patient), and the FT4
level was outside of the normal range in 6 patients (slightly
higher in 1 patient and slightly lower in 5 patients).

Changes in the energy expenditure in patients with
Graves’s disease

In patients with Graves’ disease, the mean REE at the on-
set (2,059+578 kcal/day) was significantly higher than the
mean BEE (1,293+228 kcal/day) calculated by the Harris-
Benedict formula (p<0.0001). The mean REE during treat-
ment significantly decreased to 1,716+495 kcal/day (p<
0.01), 1,428+356 kcal/day (p<0.001) and 1,359+308 kcal/
day (p<0.001) at 1, 3 and 6 months, respectively, from the
value at the onset (Fig. 2D). The mean REE of patients with
Graves’ disease at the onset was significantly higher (p<
0.05), at 1 and 3 months showed no significant difference,
and at 6 months after treatment was significantly lower (p<
0.01) than that in healthy volunteers (1,606+269 kcal/day).
The mean REE/BEE ratio at the onset was 1.58+0.28 and
significantly decreased to 1.34+0.34 (p<0.005), 1.06+0.19 (p
<0.001) and 1.01+0.16 (p<0.0005) at 1, 3 and 6 months, re-
spectively, after treatment from the onset (Fig. 2E). The
mean REE/BEE of patients with Graves’ disease at the onset
was significantly higher (p<0.0001), at 1 and 3 months
showed no significant difference, and at 6 months after
treatment was significantly lower (p<0.01) than that in
healthy volunteers (1.17+0.17).

Changes in the body composition and lipid profile

The body weight and BMI gradually increased during
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Figure 1. Correlations between the indicators of energy expenditure [REE (A-C) and the REE/BEE

ratio (D-F)] and the thyroid function [TSH (A and D), free T3 (B and E) and free T4 (C and F)] are
plotted. A linear regression model was used for the analysis. REE: resting energy expenditure, BEE:
basal energy expenditure, TSH: thyrotropin, T3: triiodothyronine, T4: thyroxine

treatment (Table). The body weight significantly increased
by 0.99+1.72 kg, 3.81+3.84 kg and 4.56+4.60 kg, at 1, 3
and 6 months, respectively (p<0.05; p<0.005; p<0.005) (Ta-
ble). The BMI also significantly increased during treatment
by 0.37+0.67 kg/m’, 1.46x1.41 kg/m’* and 1.75£1.72 kg/m’
at 1, 3 and 6 months, respectively (p<0.05; p<0.001; p<
0.005) (Table). At 6 months, 7 patients (35% of all) reached
a weight heavier than that before the onset of Graves’ dis-
ease. The FM was significantly increased at one and three
months, while there was no significant increase at six
months compared to three months. There was a significant
increase in the MM and LBM during treatment (Table). In
addition, no patients developed dyslipidemia throughout the
course of this study (Table).

Discussion

In the present study with frequent measurements of REE
in the short term after treatment in patients with Graves’
disease, we found that the REE dramatically decreased as
early as one month after treatment. Thyroid hormone affects
energy expenditure and energy balance via several mecha-
nisms, including thermogenesis and other energy expendi-
ture routes (13-15). High levels of thyroid hormone increase
oxygen consumption and heat production, resulting in

marked body weight loss, while low levels of thyroid hor-
mone decrease the metabolic rate and oxidation of energy
substrates, such as lipids, carbohydrates and amino ac-
ids (16-19), resulting in body weight gain. In a previous
study (20), it was suggested that thyroid hormone increases
energy expenditure by uncoupling mitochondrial oxidative
phosphorylation. In brown adipose tissue, triiodothyronine
produced by iodothyronine deiodinase exerts adaptive en-
ergy expenditure during cold exposure. Leptin is involved in
the regulation of the appetite and food intake as well as en-
ergy storage in the thyrotoxic state (21). However, the rela-
tionship between thyroid hormones and serum leptin levels
and why an increased appetite persists even after thyroid
state normalization remains to be investigated in both hu-
mans and rodents (22, 23).

The energy expenditure in patients with Graves’s disease
is unclear, especially in the short term after treatment. Most
patients with Graves’ disease experience marked body
weight loss despite increased dietary intake at the onset of
the disease. During treatment, when thyrotoxicosis subsides,
decreased energy expenditure with a remaining increased ap-
petite results in an overweight condition and sometimes obe-
sity. In our study, only 1 patient, whose BMI before the on-
set of the disease was 22.8 kg/m’, newly became obese (>25
kg/m’) at 6 months after treatment, but this patient did not
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Figure 2. Changes in the thyroid function, the TSH (A), free T3 (B) and free T4 (C), and the indica-
tors of energy expenditure, the REE (D) and REE/BEE ratio (E), during treatment are plotted. Data
are shown as the mean+SD. *, p<0.01; **, p<0.005; 7, p<0.001; i, p<0.0005. P values were corrected
according to Wilcoxon’s signed-rank test vs. the onset. #, p<0.05; ##, p<0.01; ###, p<0.0001. P values
were corrected according to the Mann-Whitney U test vs. healthy controls. TSH: thyrotropin, T3:
triiodothyronine, T4: thyroxine, REE: resting energy expenditure, BEE: basal energy expenditure

show hypothyroidism due to overtreatment during the treat-
ment course.

Previous studies in adolescents and adults (24-26) showed
that the TSH levels are slightly increased in obese subjects
compared to normal-weight subjects during treatment.
Slightly elevated TSH levels associated with normal free
thyroxine indicate subclinical hypothyroidism. Subclinical
hypothyroidism is reported to be associated with overweight,
dyslipidemia, ischemic heart disease and mortality (27-33).
Some of the patients who become obese after treatment for
Graves’ disease and remain obese develop metabolic disor-
ders, including an abnormal lipid profile and diabetes melli-
tus. However, little evidence is available concerning the nu-
tritional requirements during treatment for Graves’ disease
to prevent the development of obesity.

In a previous study, the REE of patients with thyrotoxico-
sis was significantly higher than that of healthy controls

(34). Similarly, the REE of patients with Graves’ disease at
the onset was significantly (1.28-fold) higher than that of
healthy controls, and 15 patients (75%) lost body weight at
the onset in our study. Because the BEE is calculated by the
body weight, the energy expenditure is believed to be nega-
tively affected by the body weight. However, our data

showed that patients with Graves’ disease gained weight
with a decreased thyroid function while the REE decreased.
Although patients with Graves’ disease before treatment
tended to weigh less than normal controls, a higher REE
than in normal controls was not an effect of body weight;
instead, the energy expenditure was suggested to depend on
the pathological condition of hyperthyroidism.

The REE can be estimated using the following formula
REE=BEExstress factor. The stress factor, or the REE/BEE
ratio, has been investigated in various diseases and condi-
tions (12), and it reflects the pathology of Graves’ disease in
our study. Because the BEE was calculated by the weight at
each point, the REE/BEE ratio is suggested to have little ef-
fect on the body weight and its changes. In our study, the
REE/BEE ratio of patients with Graves’ disease was 1.58+
0.28, indicating the stress factor of Graves’ disease with thy-
rotoxicosis was about 1.6-fold. During treatment, thyroid
hormone levels were reduced to normal or near normal at
six months. The REE also declined as FT4 levels normal-
ized and reached 1.0-fold at 6 months. Furthermore, the
REE at six months after treatment in the patients with
Graves’ disease was lower than in healthy controls. There-
fore, patients with Graves’ disease are considered to pro-
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gress to a condition where weight gain tends to increase
more than in healthy subjects over the course of treatment.
However, most of the patients in our study were aggres-
sively treated at the onset because of severe symptomatic
and biochemical hyperthyroidism; as a result, the thyroid
function was lower than the reference range in some pa-
tients. In the short term after treatment, overtreatment was
sometimes shown in patients with severe hyperthyroidism. It
should be considered that this overtreatment might have in-
duced the relatively low REE at six months. Thus, further
investigations involving a large sample size and REE data
with a stable thyroid function after treatment should be con-
ducted to establish the optimal nutritional intervention for
patients with Graves’ disease during treatment.

Body weight loss has been described in previous studies
of hyperthyroidism (35, 36). Established body composition
evaluation techniques in a previous study showed that the
loss of bone mineral content and MM was predominant in
typical hyperthyroidism (37). In another study, it was shown
that the free-fat mass was more sensitive to thyroid hor-
mones than the body fat mass (38). During treatment, pa-
tients who developed hypothyroidism had a larger weight
gain than those who did not (6). In the present study, the
FM was significantly increased at one and three months but
not at six months compared to FM at the start of treatment.
The MM and LBM were relatively unchanged at one month
but significantly increased at three and six months. There
seems to be a delay in the changes to the MM and LBM
compared to the FM.

An increase in the FM was associated with an increased
risk of metabolic disorders, including diabetes, hypertension
and dyslipidemia. To prevent these metabolic disorders, nu-
tritional intervention is imperative during treatment for
Graves’ disease. A previous study showed that the body
weight and FM increased during the transition from a hyper-
thyroid state to a euthyroid state without any change in the
LBM (7). In our study, the body weight increased after
treatment with increasing MM and LBM values and no
marked change in the FM. These findings suggest that our
nutritional guidance based on the measured REE (recom-
mended energy intake between 1.3- and 1.5-fold of the
REE) may be not appropriate during treatment for Graves’
disease.

However, considerable variation in the FM, MM and
LBM was noted in patients at three and six months. This
variation can be explained by the variation in patients’ die-
tary intake during treatment. The change in the appetite dur-
ing treatment for Graves™ disease remains unclear. It has
been suggested that hyperthyroidism is associated with de-
creased levels of ghrelin (39). In another study, patients with
hyperthyroidism had an increased energy intake covered
solely by enhanced carbohydrate consumption, with protein
and fat intake relatively unaffected (40). We were unable to
include a questionnaire about the appetite and detailed food
consumption in the present study, which is a limitation. Fur-
ther studies including evaluations of the long-term body

weight changes and detailed food consumption in more pa-
tients are therefore needed.

Conclusion

The REE was significantly elevated with thyrotoxicosis of
Graves’ disease and decreased dramatically very early after
treatment. The REE and REE/BEE in the patients with
Graves’ disease were significantly higher at the onset and
significantly lower at six months after treatment than in
healthy control, which may lead to weight gain. The REE/
BEE ratio, a clinical stress factor in patients with Graves’
disease, was about 1.6-fold during the first month and nor-
malized during treatment to 1.0-fold. However, this dramatic
reduction might be affected by overtreatment. There was a
delay in the increase in the MM and LBM values compared
to the FM. Considering the change in energy consumption,
necessary for patients with
Graves’ disease during treatment. Further prospective studies
including a questionnaire about appetite and food consump-
tion are needed in order to demonstrate the optimal nutri-
tional intervention.

nutritional intervention is
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