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Background: Thyrotropin (TSH)-suppressive doses of levothyroxine (LT4) have adverse effects on bone and
cardiac function, but it is unclear whether metabolic function is also affected. The objective of this study was to
determine whether women receiving TSH-suppressive LT4 doses have alterations in energy expenditure or
body composition.
Methods: This study was a cross-sectional comparison between three groups of women: 26 women receiving
chronic TSH-suppressive LT4 doses, 80 women receiving chronic replacement LT4 doses, and 16 untreated
euthyroid control women. Subjects underwent measurements of resting energy expenditure (REE), substrate
oxidation, and thermic effect of food by indirect calorimetry; physical activity energy expenditure by accel-
erometer; caloric intake by 24-hour diet recall; and body composition by dual X-ray absorptiometry.
Results: REE per kilogram lean body mass in the LT4 euthyroid women was 6% lower than that of the LT4-
suppressed group, and 4% lower than that of the healthy control group ( p = 0.04). Free triiodothyronine (fT3)
levels were directly correlated with REE, and were 10% lower in the LT4 euthyroid women compared with the
other two groups ( p = 0.007). The groups of subjects did not differ in other measures of energy expenditure,
caloric intake, or body composition.
Conclusions: LT4 suppression therapy does not adversely affect energy expenditure or body composition in
women. However, LT4 replacement therapy is associated with a lower REE, despite TSH levels within the
reference range. This may be due to lower fT3 levels, suggesting relative tissue hypothyroidism may contribute
to impaired energy expenditure in LT4 therapy.

Introduction

Levothyroxine (LT4) doses that suppress serum thy-
rotropin (TSH) levels are used to prevent growth of

thyroid cancer and, less commonly, thyroid nodules. How-
ever, LT4 suppressive therapy may have adverse effects on
target organs, particularly the heart and bones. For this rea-
son, recommendations regarding optimal LT4 doses in these
conditions have become less aggressive (1).

LT4 suppression therapy may also affect metabolic func-
tion, since thyroid hormone plays a critical role in determining
energy expenditure, body mass, and body composition (2). A
number of studies have investigated effects of supraphysio-
logic thyroid hormone doses on metabolism, but most have
been short-term studies (3–14 days) of healthy subjects (3–7).
These studies uniformly showed increased resting and
24-hour energy expenditure, but were too brief to document

changes in body composition. In addition, most utilized high
doses of levotriiodothyronine (LT3), not minimally suppres-
sive doses of LT4.

Only a handful of studies have reported the metabolic ef-
fects of long-term LT4 suppression therapy (8–12). While
significant changes in resting energy expenditure (REE) were
not found, some did demonstrate effects on body weight or
composition. None investigated other components of energy
balance, including food intake, physical activity, or the
thermic effect of food (TEF).

The current study compared effects of chronic LT4 sup-
pressive therapy on energy balance and body composition in
women to two matched groups of euthyroid women either
receiving replacement doses of LT4, or with no history of
thyroid disease. Sensitive measures of food intake, energy
expenditure components, physical activity, and body com-
position were employed to develop a metabolic phenotype of
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patients receiving chronic suppressive LT4 therapy. It was
hypothesized that subjects receiving suppressive doses of
LT4 would have increased food intake, REE, lipid oxidation,
physical activity energy expenditure, and TEF compared
with healthy subjects and those receiving replacement doses
of LT4. Further, it was hypothesized that these changes
would result in altered body composition, with decreased
lean body mass and fat mass.

Materials and Methods

Experimental subjects

All qualifying LT4-suppressed subjects in the authors’
thyroid clinics were approached to ascertain their interest in
enrolling in the study. Twenty-six agreed to participate and
are represented in this report. The LT4 euthyroid and healthy
control subjects were recruited as part of a larger, ongoing
thyroid study, and were chosen to match the LT4-suppressed
subjects by age and menstrual status. This determined the
number of subjects in these two groups. No subjects had any
other acute or chronic illnesses or were on medications that
affect thyroid hormone levels, appetite, metabolic function,
or weight. Stable doses of oral contraceptive therapy were
allowed. Testing was done during the first 14 days after onset
of menstrual bleeding or an oral contraceptive cycle. Three
groups of women were recruited: (i) LT4-suppressed group,
(ii) LT4 euthyroid group, and (iii) healthy control group.

LT4-suppressed group. Twenty-six women (aged 23–54
years) receiving LT4 with low or undetectable TSH levels
and normal or minimally elevated free thyroxine (fT4)
levels were recruited from the OHSU Endocrinology Clin-
ics. Sixteen of these subjects had a history of low-risk well-
differentiated thyroid cancer, and were intentionally treated
with TSH-suppressive LT4 doses, while 10 were uninten-
tionally over-treated with LT4 for benign disease (hypo-
thyroidism following therapy for Graves’ disease in five
patients and primary hypothyroidism in five patients). All
subjects were diagnosed as adults, and all thyroid cancer
patients had undergone total thyroidectomy and radioactive
iodine ablation at least one year prior to study. Subjects had
received LT4 therapy for 1–25 years (M = 6.4 years), and
had been on stable LT4 doses for at least three months prior
to study entry. Thyroid cancer patients had no evidence of
disease based on recent monitoring with thyroglobulin levels
and neck ultrasound.

LT4 euthyroid group. This group comprised 80 women
(aged 21–54 years) receiving LT4 for primary hypothyroid-
ism (n = 62), primary hypothyroidism plus lobectomy for
benign disease (n = 4), hypothyroidism following 131I therapy
for Graves’ disease (n = 9), postpartum thyroiditis leading to
permanent hypothyroidism (n = 3), or history of thyroidec-
tomy for nodular goiter or very low-risk differentiated thyroid
cancer (DTC; n = 2). All subjects were diagnosed as adults
with documented elevated TSH levels, and had received LT4
therapy for 0.4–35 years (M = 10.2 years), and had been on
stable LT4 doses for at least three months prior to study entry.

Healthy control group. This group comprised 16 healthy
women (aged 21–54 years) with no history of thyroid disease
and normal TSH levels.

Experimental design

The protocol was approved by the OHSU Institutional
Review Board, and subjects gave written informed consent
prior to enrollment.

Subjects were screened for general health, medicines, and
thyroid status by history, physical examination, and labora-
tory testing. Within six weeks of screening, subjects returned
for a single testing visit. Subjects refrained from taking LT4
that morning. Serum TSH, fT4, and free triiodothyronine
(fT3) levels were obtained between 7am and 9am. Measures
of energy balance and body composition were done:

Anthropometric measurements. Weight was measured
with a digital scale (Model 5002; Scale-Tronix, Wheaton, IL)
while wearing a hospital gown to the nearest 0.01 kg. Height
was measured without shoes using a wall-mounted stadi-
ometer (Harpenden Stadiometer, Holtain Ltd, Crymych,
United Kingdom).

REE by indirect calorimetry. Indirect calorimetry was
performed in a thermo-neutral room maintained at 21.1�C
using a VMax Encore 29N Indirect Calorimeter (Sensor-
Medics Viasys Healthcare, Yorba Linda, CA). This procedure
was conducted after the participant fasted for 12 hours and
before she performed any significant physical activity. Each
subject initially rested comfortably on a bed for 20 minutes. A
clearPlexiglas� canopywas then fitted over her head and upper
chest. Expired air was sampled and analyzed for the volume of
oxygen consumed (VO2) and carbon dioxide produced (VCO2)
each minute for 30 minutes. Variation of the analyzers was
<–1% in the range 0–100% O2 and CO2. REE was calculated
using the modified Weir equation (13). Specific macronutrient
oxidation was estimated by measuring 24-hour urine urea ni-
trogen (UUN), and estimating grams of carbohydrate, lipid, and
protein oxidation using the equations of Jequier (14).

TEF. TEF was determined by indirect calorimetry im-
mediately after REE was measured (15). Each participant
consumed a standard liquid meal (Ensure; Ross Laboratories,
Seattle, WA) that provided an energy intake of 35% of their
REE. The macronutrient composition of the meal was 14%
protein, 31.5% fat, and 54.5% carbohydrate. Post-prandial
energy expenditure was measured for 15 minutes every half
an hour for six hours using the procedure described for REE.
For each 15-minute interval, the difference between TEF and
the REE measurement was calculated. The six-hour area
under the curve was calculated by the trapezoidal method.
The TEF was then multiplied by 3.5, a constant that repre-
sents the typical consumption of three meals and one snack
per day to estimate the total TEF in a 24-hour period.

Body composition by dual energy X-ray absorptiometry.
Body composition was measured by dual energy X-ray ab-
sorptiometry (DEXA) using a Hologic QDR Discovery A
Densitometer (Hologic, Inc., Bedford, MA) following stan-
dard procedures.

Diet intake. Three 24-hour food recall interviews were
conducted by telephone within one week of the testing visit.
The interviews were based on the standardized, computer-
based Nutrition Data System for Research (NDSR), and were
conducted by trained bionutritionists (16).

348 SAMUELS ET AL.



Physical activity. Physical activity was measured by the
omnidirectional Actical� accelerometer (Philips Respironics,
Bend, OR). Participants wore the accelerometer at the waist
during waking hours for seven consecutive days within two
weeks of the testing visit. Recorded data included activity
counts; average activity (counts per minute); time interval
duration (minutes); activity intensity ranges during seden-
tary, light, moderate, and vigorous activity; and accumulated
time within each activity range (minutes).

Analytic methods

TSH was measured by ICMA (Beckman Coulter, Brea,
CA): functional sensitivity 0.02 mIU/L (reference range
0.34–5.60 mIU/L), intra-assay CV 9.5% at 0.03 mIU/L and
4.7% at 11.6 mIU/L, and inter-assay CV 11% at 0.04 mIU/L,
5% at 0.70 mIU/L, and 5.8% at 24.94 mIU/L. fT4 was mea-
sured by direct equilibrium dialysis (Nichols Institute, San
Juan Capistrano, CA): sensitivity 0.08 ng/dL (reference range
0.8–2.7 ng/dL), intra-assay CV 5.7% at 0.27 ng/dL and 1% at
4.6 ng/dL, and inter-assay CV 6.8% at 0.3 ng/dL and 1.6% at
3.8 ng/dL. fT3 was measured by tracer dialysis (Nichols
Institute): sensitivity 25 pg/dL (reference range 210–440 pg/
dL), intra-assay CV 6%, and interassay CV 4%. UUN was
measured in a 24-hour urine sample obtained within one week
of the testing visit by hydrolysis (QuantiChrom kit; BioAssay
Systems, Hayward, CA): functional sensitivity 0.08 mg/dL,
intra-assay CV 2.6%, and inter-assay CV 5% at 950 mg/dL.

Statistical methods

Related measures were analyzed together using linear
models for repeated measures (Proc Mixed, SAS/STAT�).
This methodology allows for correlation between measures
for each subject. An unstructured covariance approach was

used, which allowed for unequal variances for related mea-
sures and also separate variance covariance matrices for in-
dividuals in different groups. A few measures were analyzed
individually. For these, again, allowance was made for dif-
ferent groups to have different variances. All models in-
cluded adjustments for age and estrogen status. In addition,
adjustments for lean body mass, percent fat, and meal size
were included in the analyses of TEF variables.

To limit the effect of multiple comparisons, two assess-
ments were made prior to conducting pairwise comparisons
between groups: An initial assessment of whether there was
evidence of a difference among groups for any of the related
measures was obtained. Comparisons were then conducted
between groups separately for each measure if the first overall
p-value was <0.15. Finally, pairwise comparisons of groups
for individual measures (or comparisons of groups with just
a single measure in model) were conducted only if evidence
of a group effect was observed at a significance level of 0.05.
Natural logarithmic transformation was used for skewed
outcomes.

For outcomes that were significantly different between
groups (at 0.05), the study also assessed, with the groups
combined, whether TSH, fT3, or fT4 were associated with the
outcomes using regression models adjusting for the same
covariates as in the main analyses. To assess the relationship
between TSH and these outcomes, an analysis of the LT4-
suppressed group was conducted separately, since TSH levels
were markedly different for this group.

Results

Clinical parameters and thyroid function tests

The clinical parameters and thyroid function tests for the
three groups are shown in Table 1. The groups were well

Table 1. Clinical Parameters and Thyroid Function Tests in the Three Groups

Healthy controls
(N = 16)

LT4 euthyroid
(N = 80)

LT4 suppressed
(N = 26)

p-Values for
comparing groups

Age (years) 39.6 – 2.8 41.6 – 0.9 39.3 – 1.8 0.45

BMI (kg/m2) 27.5 – 1.9 27.3 – 0.7 25.2 – 0.9 0.32

Estrogen status 63% Pre-none
19% Pre-on

19% Post-none

68% Pre-none
15% Pre-on

18% Post-none

69% Pre-none
15% Pre-on

15% Post-none

0.99

Systolic blood
pressure (mmHg)

118 – 4 114 – 2 116 – 4
0.72

Diastolic blood
pressure (mmHg)

68 – 2 67 – 1 69 – 3

Heart rate (beats/min) 74 – 3 71 – 1 70 – 3 0.68

LT4 dose (lg/kg) NA 1.50 – 0.07 1.92 – 0.10c <0.0001

TSH (l/L) 2.13 – 0.22 2.08 – 0.14 0.14 – 0.02a,c <0.0001

fT4 (ng/dL) 1.41 – 0.07 1.63 – 0.04a 2.27 – 0.09a,c <0.0001

fT3 (pg/dL) 240 – 11 216 – 5b 238 – 7d 0.007

Values shown are mean – standard error of the mean, unless otherwise indicated.
aSignificantly different from healthy control group at £0.02 by post hoc tests.
bSignificantly different from healthy control group at £0.04 by post hoc tests.
cSignificantly different from LT4 euthyroid group at £0.01 by post hoc tests.
dSignificantly different from LT4 euthyroid group at £0.005 by post hoc tests.
BMI, body mass index; Pre-none, premenopausal, no hormone treatment; Pre-on, premenopausal on hormone treatment; Post-none,

postmenopausal, no hormone treatment; LT4, levothyroxine; TSH, thyrotropin; fT4, free thyroxine; fT3, free triiodothyronine.
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matched for age and estrogen status, and hence unadjusted and
adjusted analyses are similar. Body mass index (BMI), blood
pressure, and heart rate were not different among the groups.
As expected, LT4-suppressed subjects were taking higher
LT4 doses than LT4 euthyroid subjects were (1.50 – 0.07 vs.
1.92 – 0.10 lg/kg/day). Mean TSH levels were similar in the
healthy control and LT4 euthyroid groups (2.13 – 0.22 and
2.08 – 0.14 mIU/L), and as expected were lower in the LT4-
suppressed group (0.14 – 0.02 mIU/L). TSH levels were not
significantly different at the baseline visit compared to levels
over the previous three months, including at the screening
visit (data not shown). Within the LT4-suppressed group,
TSH levels were <0.1 mIU/L in 10 subjects, and were between
0.1 and 0.33 mIU/L in 16 subjects. Compared with the healthy
control group, mean fT4 levels were higher in the LT4 eu-
thyroid group, and were even higher in the LT4-suppressed
group (1.41 – 0.07, 1.63 – 0.04, and 2.27 – 0.09 ng/dL). Mean
fT4 levels were 2.44 – 0.16 ng/dL in the 10 subjects with TSH
levels of <0.1 mIU/L, and 2.17 – 0.10 ng/dL in the 16 subjects
with TSH levels of 0.1–0.33 mIU/L ( p = n.s.). Four LT4-
suppressed subjects had slightly elevated fT4 levels (2.9, 2.9,
3.1, and 3.3 ng/dL) due to requirements for TSH suppression,
while the other 22 LT4-suppressed subjects had normal fT4
levels. None of the control or LT4 euthyroid subjects had
elevated fT4 levels. Mean fT3 levels were lower in the LT4
euthyroid group compared with the other two groups (216 – 5
vs. 240 – 11 and 238 – 7 pg/dL). Mean fT3 levels were 248 –
13 pg/dL in the 10 subjects with TSH levels of <0.1 mIU/L,
and 231 – 8 pg/dL in the 16 subjects with TSH levels of
0.1–0.33 mIU/L ( p = n.s.). fT3 levels were slightly below
the reference range in four of the healthy control subjects, 41 of

the LT4 euthyroid subjects, and five of the LT4-suppressed
subjects. None of the subjects had an elevated fT3 level.

Energy expenditure and body composition

Energy expenditure and body composition is shown in
Table 2. REE was 6% lower in the LT4-replaced compared
with the LT4-suppressed group (1302 – 20 vs. 1376 – 48 kcal/
day), and was 4% lower in the LT4-replaced compared with
the healthy control group (1302 – 20 vs. 1354 – 50 kcal/day),
although this did not reach statistical significance ( p = 0.13).
LT4-suppressed and healthy control subjects had similar
REE levels ( p = 0.68). Significant differences were seen for
REE corrected for lean body mass (30.2 – 0.7 kcal/kg/day in
controls, 28.9 – 0.3 in LT4 euthyroid, and 30.7 – 0.8 in LT4-
suppressed groups; p = 0.03 for difference between the LT4
euthyroid and the other two groups). REE (REE/kg) was
positively correlated with serum fT3 levels ( p = 0.03), but not
with fT4 or TSH levels. There were no differences in sub-
strate oxidation rates, TEF parameters (total daily TEF, peak
TEF, time to peak TEF), or body composition (lean body
mass, fat mass, % fat mass) between the three groups.

Diet intake and physical activity

Table 3 shows diet intake and physical activity. There were
no differences in dietary intake measures between the three
groups, including total daily caloric intake or percent intake
of carbohydrates, fats, or protein. There were no differences
in physical activity measures between the three groups, in-
cluding total daily physical activity energy expenditure, or

Table 2. Energy Expenditure and Body Composition in the Three Groups

Measure

Healthy
controls
(N = 16)

LT4
euthyroid
(N = 80)

LT4
suppressed

(N = 26)

p-Values for
comparing groups
for set of outcomes

p-Values for
comparing groups for
individual outcomes*

REE (kcal/day) 1354 – 50 1302 – 20 1376 – 48
0.13

0.38
REE/LBM (kcal/kg/day) 30.2 – 0.7 28.9 – 0.3 30.7 – 0.8a 0.04

CHO oxidation (g/day) 119 – 13 134 – 6 142 – 12
0.55Fat oxidation (g/day) 70 – 6 56 – 3 61 – 4

Protein oxidation (g/day) 50 – 4 53 – 2 54 – 3

TEF (kcal/day) 131 – 13 142 – 8 136 – 13 0.21**

TEF peak energy (kcal) 34.3 – 1.2 33.4 – 0.7 34.3 – 1.4
0.96TEF time to peak (h) 1.6 – 0.3 1.8 – 0.2 1.5 – 0.3

Lean body mass (kg) 45.0 – 1.8 45.3 – 0.7 45.0 – 1.5
0.92Fat mass (kg) 27.4 – 3.9 25.9 – 1.3 23.5 – 1.5

% fat mass 34.5 – 2.3 34.2 – 0.9 32.7 – 1.1 0.57

Values shown are mean – standard error of the mean, unless otherwise indicated.
REE values were available for all subjects.
Substrate oxidation values were available for 15 healthy controls, 78 LT4 euthyroid subjects, and 25 LT4-suppressed subjects due to

missing 24-hour urine samples in the remaining subjects.
TEF values were available for all 16 healthy controls, 53 LT4 euthyroid subjects, and 24 LT4-suppressed subjects due to scheduling or

technical limitations in the remaining subjects.
Body composition values were available for all subjects, except for one LT4-suppressed subject who declined the DEXA test.
Mixed models were adjusted for age and menstrual status. TEF was also adjusted for LBM, %fat, and meal size.
*Only obtained if p-value for comparing groups for set of outcomes was <0.15.
**TEF (kcal/day) analyzed separately from other TEF values due to lack of convergence in model including all three outcomes.
aSignificantly different from LT4 euthyroid group at £0.03 by post hoc tests.
REE, resting energy expenditure; LBM, lean body mass; CHO, carbohydrate, TEF, thermic effect of food, calculated from 6-hour TEF

area under the curve multiplied by 3.5 to estimate total daily TEF.
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energy expenditure and time spent in sedentary, light, or
moderate/vigorous activities.

Discussion

The effects of LT4 suppressive therapy on energy ex-
penditure, body composition, dietary intake, and physical
activity levels in otherwise healthy women with benign
thyroid conditions or low-risk thyroid cancer were investi-
gated. Sensitive, validated measures were utilized to provide
a ‘‘metabolic phenotype’’ of these subjects. Two carefully
matched control groups were included: healthy euthyroid
women on no LT4 therapy, and women with normal TSH
levels on LT4 therapy for hypothyroidism.

It was hypothesized that LT4-suppressed women would
have increased food intake, REE, lipid oxidation, physical
activity energy expenditure, and TEF compared with the other
two groups. It was also hypothesized that these alterations in
energy economy would lead to changes in body composition.
However, this was not the case, as LT4-suppressed women
had similar metabolic parameters to healthy controls.

Past studies have reported increased resting or 24-hour en-
ergy expenditure and whole body oxygen consumption with
exogenous administration of pharmacologic doses of LT4 or
LT3 to healthy humans (3–7) due to increased expression of
uncoupling proteins and decreased mitochondrial efficiency
(3,4,7). Most of these studies were too short to record changes
in body composition, although one 77-day study of high-dose

LT3 reported decreased lean and fat mass in seven healthy men
(6). These studies utilized doses of thyroid hormone that
caused increases in thyroid hormones well above the physio-
logic range for short periods of time, and are not relevant for
long-term therapy with lower doses of LT4.

More relevant are reports in patients with DTC treated for
at least six months with lower but still suppressive doses of
LT4. One study found no differences in REE or body com-
position compared to healthy controls (12), while the other
found no change in lean body mass but a 9% decrease in
muscle mass in the DTC group (9). A third study randomly
assigned DTC patients to continue LT4 suppressive therapy
versus lowering LT4 doses for six months, and found no
changes in body composition, despite an increase in mean
TSH levels from 0.07 to 4.35 mIU/L (8). The present findings
extend these reports with more complete measurements of
the ‘‘metabolic phenotype’’ in these patients, including sub-
strate oxidation, TEF, dietary intake, and activity levels.
Taken together, the current findings and past reports indicate
that long-term, minimally suppressive doses of LT4 do not
have major salutary or adverse effects on energy expenditure
or body composition.

These data are in contrast to studies in endogenous sub-
clinical hyperthyroidism, which have reported increased
basal VO2, decreased lean body mass, and increased percent
body fat (17–19). Subjects in one study were given methi-
mazole, and basal VO2 normalized when they became
euthyroid (17). These studies suggest that endogenous

Table 3. Dietary Intake and Physical Activity in the Three Groups

Measure
Healthy controls

(N = 16)
LT4 euthyroid

(N = 80)
LT4 suppressed

(N = 26)

p-Values
for comparing

groups

Daily energy intake (kcal/kg/day) 31.2 – 2.8 26.8 – 0.9 29.8 – 2.8 0.23

% CHO intake 49.0 – 1.8 46.4 – 0.9 48.2 – 1.8
0.65% fat intake 33.9 – 1.4 35.4 – 0.7 33.2 – 1.6

% protein intake 14.4 – 0.9 16.2 – 0.3 16.1 – 0.8

Total daily physical activity
energy expenditure (kcal/day)

712 – 99 637 – 34 622 – 48 0.72

Daily physical activity energy
expenditure—light (kcal/day)

186 – 19 173 – 7 169 – 10

0.90Daily physical activity energy
expenditure—moderate/vigorous (kcal/day)

526 – 85 464 – 31 453 – 45

Daily time spent in sedentary activities (min) 454 – 36 519 – 13 496 – 24

0.61
Daily time spent in light activities (min) 225 – 4 212 – 6 221 – 11
Daily time spent in moderate/vigorous

activities (min)
169 – 22 150 – 9 159 – 16

% Daily time spent in sedentary activities 53.7 – 1.9 58.8 – 0.9 56.6 – 1.8

0.57
% Daily time spent in light activities 26.6 – 1.7 24.1 – 0.7 25.2 – 1.2
% Daily time spent in moderate/vigorous

activities
19.7 – 2.2 17.1 – 1.0 18.2 – 2.1

Values shown are mean – standard error of the mean, unless otherwise indicated.
Mixed models were adjusted for age and menstrual status.
Diet intake values were available for all 16 healthy controls, 79 LT4 euthyroid subjects, and 25 LT4-suppressed subjects due to

limitations in scheduling diet recalls.
Physical activity values were available for 15 healthy controls, 79 LT4 euthyroid subjects, and all 26 LT4-suppressed subjects due to

technical limitations with an Actical device.
Daily physical activity energy expenditure for sedentary activities is not shown because the Actical software sets sedentary activities at

zero energy expenditure.
Moderate and vigorous activity measures were combined because energy expenditure and percent time spent in vigorous activity were

very low in all groups.
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subclinical hyperthyroidism, in contrast to exogenous LT4
suppressive therapy, may induce long-term alterations in
energy expenditure and body composition. Serum T3 levels
are higher in endogenous subclinical hyperthyroidism, which
may explain the differing effects on metabolic function and
body composition compared with exogenous LT4 suppression
(20). In fact, fT3 levels in the LT4-suppressed group in the
present study were indistinguishable from those in the healthy
control group, which may protect LT4-suppressed patients
from adverse metabolic effects seen in endogenous subclinical
hyperthyroidism.

An unexpected finding was the lower REE/kg lean body
mass observed in LT4 euthyroid women, which was 6%
lower than in the LT4-suppressed group and 4% lower than in
the healthy control group. In addition, it was confirmed that
REE was positively correlated with fT3 levels across the
three groups. Population-based studies in non-LT4-treated
euthyroid subjects have reported that resting, sleeping, or
24-hour energy expenditure are directly correlated with free
or total thyroid hormone levels (21–23), and that TSH is
inversely correlated with basal oxygen consumption, a mar-
ker of energy expenditure (24). In two studies of energy ex-
penditure in LT4-treated euthyroid subjects, REE increased
as LT4 doses were adjusted to lower TSH levels within the
reference range (25,26). Although not a prospective study,
the present data represent the largest group of LT4-treated
subjects studied using specific measures of energy expendi-
ture and body composition to date, and the only study to
compare LT4-treated euthyroid subjects with matched con-
trols and LT4-suppressed subjects. In contrast to the REE
findings, differences in TEF, substrate oxidation, dietary in-
take, or physical activity levels among subject groups could
not be demonstrated.

Approximately half of the LT4 euthyroid subjects had fT3
levels below the reference range, despite mean TSH levels of
2.08 mIU/L. Low total or fT3 levels have been described in
many LT4-treated euthyroid subjects (reviewed by Jonklaas
et al.) (27), with one study showing that TSH levels below the
reference range were needed to restore T3 levels to pre-
surgery levels in patients after thyroidectomy (28). Two re-
cent crossover studies randomized hypothyroid subjects on
stable LT4 doses to continued LT4 therapy versus LT3 or
desiccated thyroid extract, maintaining similar TSH levels
within the reference range (29,30). Subjects lost 1.4 kg after
16 weeks of desiccated thyroid extract and 1.8 kg after six
weeks of LT3, although there was no change in REE in the
LT3 study (30). This raises the question of whether LT4-
treated subjects with low T3 levels could benefit from low-dose
LT3 therapy to assist with body weight regulation. However,
all but one randomized controlled studies of combined LT4/
LT3 in hypothyroid subjects failed to find any differences in
weight between combined LT4/LT3 and LT4 monotherapy
(31–39). In addition, REE was not affected in the study by Celi
et al. (30). Therefore, further investigation of energy expen-
diture and LT3 effects in treated hypothyroidism is needed.

Despite lower REE, the LT4 euthyroid women had similar
BMI and body composition compared to healthy controls and
LT4-suppressed women. There is a large but inconclusive
body of literature on the correlation between thyroid hormone
levels and weight or body composition. Most population-based
studies in healthy (non-LT4 treated) subjects have shown a
direct correlation between serum TSH levels within the ref-

erence range and body weight, BMI, or fat mass (reviewed by
Garin et al.) (40), suggesting a role for thyroid-inducible me-
tabolism on body weight and composition. Longitudinal
studies have been more divergent, with some but not all studies
reporting a correlation between baseline TSH, fT4, or fT3 and
weight gain over time (40–45). However, the correlations have
been in different directions, and the point has been raised that
weight change may affect thyroid hormone levels, rather than
thyroid hormones affecting weight change (46).

Fewer studies have examined body weight and composi-
tion in LT4-treated subjects. None have shown significant
differences in these parameters compared to control subjects
(47,48) or when LT4 doses were altered to lower TSH within
the reference range (14,41). These studies are concordant
with the present results. However, one study did show greater
one-year weight gain in LT4-treated subjects after thyroid-
ectomy or with pre-existing hypothyroidism compared with
euthyroid subjects (49). Subjects were well matched for
age, sex, menopausal status, TSH levels, and baseline BMI.
Compared with euthyroid controls, LT4-treated thyroidec-
tomized subjects gained an excess of 1.8 kg over one year,
and LT4-treated hypothyroid subjects gained an excess of
0.9 kg. The current findings cannot explain why a lower REE
(as well as lower mean fT3 levels) in the LT4 euthyroid group
did not translate to a higher BMI than the healthy control or
LT4-suppressed groups. The numbers of subjects in the latter
two groups were relatively small, raising the possibility that
differences in mean BMI levels might become significant if
the sample size had been larger. However, mean BMIs were
27.5 kg/m2 in the healthy control group and 27.3 kg/m2 in the
LT4 euthyroid group, and it is difficult to argue that such a
small difference would be significant with a larger sample
size. It is possible that subtle compensatory changes in caloric
intake or physical activity occurred that were not apparent in
the current study to account for the lack of differences in
BMI. In this regard, it would be interesting to measure total
energy expenditure in free-living subjects with treated hy-
pothyroidism, which was not done in the current study.

There are a number of strengths to this study, including the
two well-matched control groups and sensitive measures of
energy expenditure, body composition, diet intake, and phys-
ical activity. However, the study has limitations as well. The
major limitation is its cross-sectional design at a single time
point, which does not allow for determination of causality or
trends over time.

A second major limitation is the heterogeneous nature of the
two LT4-treated groups, which was necessitated by the prac-
ticalities of recruiting for an intensive clinical study. These two
groups were heterogeneous in terms of underlying diagnosis,
severity and duration of hypothyroidism, and LT4 dose re-
quirements. LT4-treated subjects had received LT4 for vari-
able time periods, and the mean duration of therapy was longer
in the LT4 euthyroid group compared with the LT4-suppressed
group. Most of the subjects had been on stable doses of LT4 for
at least six months, but a few had minor dose adjustments three
to six months prior to the study, which may not have been long
enough for body composition effects to stabilize. However, a
minimum of three months on a stable LT4 dose has been more
than sufficient to observe changes in energy expenditure (31).
Within the LT4-suppressed group, 10 subjects were inadver-
tently over-treated with LT4 for between four months and
seven years, and therefore may have had less consistent

352 SAMUELS ET AL.



exposure to suppressed TSH levels than the subjects with
thyroid cancer had. Among the subjects in the LT4-suppressed
group, 10 had TSH levels <0.1 mIU/L, while 16 had TSH
levels between 0.1 and 0.33 mIU/L. It is possible that greater
levels of TSH suppression would have a more pronounced
effect on metabolic parameters, although this may be less
clinically relevant, as less aggressive LT4 suppressive therapy
is now recommended for patients with thyroid cancer (1). The
presence of residual thyroid tissue in some LT4 subjects may
have led to some endogenous T3 production when compared
with thyroidectomized subjects. The limited sample size did
not allow for subgroup analysis of these variables, which
would be important to investigate in the future.

A third limitation of the study is the relatively small num-
bers of subjects in the healthy control and LT4-suppressed
groups, which were constrained by the available subjects from
the larger study. This raises the possibility that there are true
differences in one or more of the metabolic measures in the
LT4-suppressed group, which were not found due to the lim-
ited sample size, although the magnitude of these differences
would likely be small, given the data. Despite the relatively
small sample size, significantly lower REE was found in the
LT4 euthyroid group. While there is a relatively large number
of comparisons for the number of subjects, this was accounted
for by performing group analyses together, progressing to
pairwise comparisons only in the presence of significant group
effects and examining subscales only when there was evidence
of interaction.

Subjects volunteered to participate in the study, and it is
possible that subjects less satisfied with their weight or
general health status may have preferentially volunteered,
introducing a selection bias. An argument against this criti-
cism is the fact that the LT4-treated euthyroid group had
the same BMI and body composition as the other two
groups had, despite the fact that these variables were not
matched a priori. Finally, only women were studied, and it is
not clear whether the findings would apply to men treated
with LT4.

In summary, this is the most comprehensive study to date of
energy expenditure, caloric intake, and body composition in
women treated with LT4 at replacement or TSH-suppressive
doses. It was found that LT4-suppressed subjects had similar
measures of energy expenditure and body composition as
healthy control subjects had, indicating that minimal LT4
suppression therapy does not produce adverse effects on
metabolic function. On the other hand, LT4 euthyroid women
had lower REE than LT4-suppressed women had, as well as a
trend toward lower REE than healthy controls. This group also
had lower mean fT3 levels, raising the intriguing possibility
that low-dose LT3 therapy might benefit the metabolic profile
of these women. However, this possibility requires further
rigorous interventional studies of metabolic function in LT4-
treated subjects to establish the long-term balance between
benefits and the known risks of LT3.
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Frölich M, Romijn JA, Corssmit EP 2006 Glucose toler-
ance and lipid profile in longterm exogenous subclinical
hyperthyroidism and the effects of restoration of eu-
thyroidism, a randomised controlled trial. Clin Endocrinol
(Oxf) 65:737–744.

9. Vigário Pdos S, Chachamovitz DS, Cordeiro MF, Teixeira
Pde F, de Castro CL, de Oliveira FP, Vaisman M 2011
Effects of physical activity on body composition and fa-
tigue perception in patients on thyrotropin-suppressive
therapy for differentiated thyroid carcinoma. Thyroid 21:
695–700.

10. Polotsky HN, Brokhin M, Omry G, Polotsky AJ, Tuttle
RM 2012 Iatrogenic hyperthyroidism does not promote
weight loss or prevent ageing-related increases in body
mass in thyroid cancer survivors. Clin Endocrinol (Oxf)
76:582–585.

11. Dubois S, Abraham P, Rohmer V, Rodien P, Audran M,
Dumas JF, Ritz P 2008 Thyroxine therapy in euthyroid
patients does not affect body composition or muscular
function. Thyroid 18:13–19.

12. Wolf M, Weigert A, Kreymann G 1996 Body composition
and energy expenditure in thyroidectomized patients dur-
ing short-term hypothyroidism and thyrotropin-suppressive
thyroxine therapy. Eur J Endocrinol 134:168–173.

13. Compher C, Frankenfield D, Keim N, Roth-Yousey L
2006 Evidence Analysis Working Group. Best practice
methods to apply to measurement of resting metabolic
rate in adults: a systematic review. J Am Diet Assoc 106:
881–903.

LT4 THERAPY, ENERGY EXPENDITURE, AND BODY COMPOSITION 353



14. Frayn KN 1983 Calculation of substrate oxidation rates
in vivo from gaseous exchange. J Appl Physiol Respir
Environ Exercise Physiol 55:628–634.

15. Reed GW, Hill JO 1996 Measuring the thermic effect of
food. Am J Clin Nutr 63:164–169.

16. Feskanich D, Sielaff B, Chong K, Bartsch G 1989 Com-
puterized collection and analysis of dietary intake infor-
mation. Comput Methods Programs Biomed 30:47–57.

17. Kvetny J 2005 Subclinical hyperthyroidism in patients with
nodular goiter represents a hypermetabolic state. Exp Clin
Endocrinol Diabetes 113:122–126.

18. van den Beld AW, Visser TJ, Feelders RA, Grobbee DE,
Lamberts SW 2005 Thyroid hormone concentrations, dis-
ease, physical function, and mortality in elderly men. J Clin
Endocrinol Metab 90:6403–6409.

19. Greenlund LJ, Nair KS, Brennan MD 2008 Changes in
body composition in women following treatment of overt
and subclinical hyperthyroidism. Endocr Pract 14:973–978.

20. Jonklaas J, Davidson B, Bhagat S, Soldin SJ 2008 Triio-
dothyronine levels in athyreotic individuals during le-
vothyroxine therapy. JAMA 299:769–777.

21. Astrup A, Buemann B, Christensen NJ, Madsen J, Gluud C,
Bennett P, Svenstrup B 1992 The contribution of body
composition, substrates, and hormones to the variability in
energy expenditure and substrate utilization in premeno-
pausal women. J Clin Endocrinol Metab 74:279–286.

22. Svendsen OL, Hassager C, Christiansen C 1993 Impact of
regional and total body composition and hormones on
resting energy expenditure in overweight postmenopausal
women. Metabolism 42:1588–1591.

23. Toubro S, Sørensen TI, Rønn B, Christensen NJ, Astrup A
1996 Twenty-four-hour energy expenditure: the role of body
composition, thyroid status, sympathetic activity, and family
membership. J Clin Endocrinol Metab 81:2670–2674.

24. Kvetny J 2003 The significance of clinical euthyroidism on
reference range for thyroid hormones. Eur J Intern Med
14:315–320.

25. al-Adsani H, Hoffer LJ, Silva JE 1997 Resting energy ex-
penditure is sensitive to small dose changes in patients on
chronic thyroid hormone replacement. J Clin Endocrinol
Metab 82:1118–1125.

26. Boeving A, Paz-Filho G, Radominski RB, Graf H, Amaral
de Carvalho G 2011 Low-normal or high-normal thyro-
tropin target levels during treatment of hypothyroidism: a
prospective, comparative study. Thyroid 21:355–360.

27. Jonklaas J, Bianco AC, Bauer AJ, Burman KD, Cappola
AR, Celi FS, Cooper DS, Kim BW, Peeters RP, Rosenthal
MS, Sawka AM 2014 Guidelines for the treatment of hy-
pothyroidism: prepared by the American Thyroid Asso-
ciation task force on thyroid hormone replacement. Thyroid
24:1670–1751.

28. Ito M, Miyauchi A, Morita S, Kudo T, Nishihara E, Kihara
M, Takamura Y, Ito Y, Kobayashi K, Miya A, Kubota S,
Amino N 2012 TSH-suppressive doses of levothyroxine are
required to achieve preoperative native serum triiodothy-
ronine levels in patients who have undergone total thy-
roidectomy. Eur J Endocrinol 167:373–378.

29. Hoang TD, Olsen CH, Mai VQ, Clyde PW, Shakir MK
2013 Desiccated thyroid extract compared with levothy-
roxine in the treatment of hypothyroidism: a randomized,
double-blind, crossover study. J Clin Endocrinol Metab
98:1982–1990.

30. Celi FS, Zemskova M, Linderman JD, Smith S, Drinkard B,
Sachdev V, Skarulis MC, Kozlosky M, Csako G, Costello R,

Pucino F 2011 Metabolic effects of liothyronine therapy
in hypothyroidism: a randomized, double-blind, crossover
trial of liothyronine versus levothyroxine. J Clin Endocrinol
Metab 96:3466–3474.

31. Appelhof BC, Fliers E, Wekking EM, Schene AH, Huyser
J, Tijssen JG, Endert E, van Weert HC, Wiersinga WM
2005 Combined therapy with levothyroxine and liothyr-
onine in two ratios, compared with levothyroxine mono-
therapy in primary hypothyroidism: a double-blind,
randomized, controlled clinical trial. J Clin Endocrinol
Metab 90:2666–2674.

32. Bunevicius R, Jakuboniene N, Jurkevicius R, Cernicat J,
Lasas L, Prange AJ Jr 2002 Thyroxine vs thyroxine
plus triiodothyronine in treatment of hypothyroidism
after thyroidectomy for Graves’ disease. Endocrine 18:
129–133.

33. Clyde PW, Harari AE, Getka EJ, Shakir KM 2003 Combined
levothyroxine plus liothyronine compared with levothyrox-
ine alone in primary hypothyroidism: a randomized con-
trolled trial. JAMA 290:2952–2958.

34. Escobar-Morreale HF, Botella-Carretero JI, Gómez-Bueno
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