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THE OUTPUT OF THE HUMAN THY-
roid gland provides 15% to
20% of circulating triiodothy-
ronine (T3). Nevertheless, thy-

roxine (T4) therapy, using synthetic le-
vothyroxine (LT4), is the standard of
care for thyroid hormone therapy in pa-
tients with hypothyroidism. The regu-
lated peripheral conversion of LT4 to T3

in humans has previously been dem-
onstrated.1-4 Such conversion thus
makes it possible to achieve normal T3

levels in humans treated with LT4,5 al-
beit with the necessity for maintain-
ing T4 levels at the higher end of the
normal range.6-13 However, prior stud-
ies have not compared T3 levels on LT4

with levels previously observed in eu-
thyroid patients serving as their own
control, therefore not addressing the
question of whether individuals have
deficient T3 concentrations based on
their own particular thyroid axis set
point.

Despite documentation of LT4 to T3

conversion, there has long been inter-
est in combining T3 therapy with LT4,
based on the premise that T3 levels may
be lower or inappropriately balanced in
patients treated with LT4. It has been sug-
gested that this putative T3 deficiency
may be associated with failure to fully re-
verse the symptoms of hypothyroid-
ism.14,15 Residual symptoms associated
with LT4 monotherapy have been hy-
pothesized to include cognitive impair-

ment, depression, and decreased psy-
chomotor performance.14,16-18 A recent
study did document decrements in psy-
chological function, working memory,
and motor learning in euthyroid pa-
tients treated with LT4.12 However, these
patients also had higher thyroid-

stimulating hormone (TSH) values than
the euthyroid control patients.

Many diverse human studies have
been unable to demonstrate a consis-
tent, objective benefit of T3 combina-
tion therapy, despite initial studies sug-
gesting improved mood and short-term
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Context Thyroidal production of triiodothyronine (T3) is absent in athyreotic pa-
tients, leading to the suggestion that T3 deficiency may be unavoidable during levo-
thyroxine (LT4) therapy. However, trials evaluating therapy with combined LT4 and T3

have failed to demonstrate any consistent advantage of combination therapy.

Objective To determine whether T3 levels in patients treated with LT4 therapy were
truly lower than in the same patients with native thyroid function.

Design, Setting, and Patients A prospective study conducted in the General Clini-
cal Research Center, Georgetown University Medical Center, Washington, DC, be-
tween January 30, 2004, and June 20, 2007, of 50 euthyroid study participants aged
18 to 65 years who were scheduled for total thyroidectomy for goiter, benign nodular
disease, suspected thyroid cancer, or known thyroid cancer. Following thyroidec-
tomy, patients were prescribed LT4. Patients with benign thyroid disease and thyroid
cancer were treated to achieve a normal and suppressed serum thyroid-stimulating
hormone (TSH) level, respectively. The LT4 dose was adjusted as necessary postop-
eratively to achieve the desired TSH goal.

Main Outcome Measure Thyroxine (tetraiodothyronine [T4]), T3, and TSH levels
were measured twice preoperatively and twice postoperatively.

Results By the end of the study, there were no significant decreases in T3 concen-
trations in patients receiving LT4 therapy compared with their prethyroidectomy T3 lev-
els (mean, 127.2 ng/dL; 95% confidence interval [CI], 119.5-134.9 ng/dL vs 129.3
ng/dL; 95% CI, 121.9-136.7 ng/dL; P=.64). However, free T4 concentrations were
significantly higher in patients treated with LT4 therapy (mean, 1.41 ng/dL; 95% CI,
1.33-1.49 ng/dL) compared with their native free T4 levels (1.05 ng/dL; 95% CI, 1.00-
1.10 ng/dL; P� .001). Serum TSH values of 4.5 mIU/L or less were achieved in 94%
of patients by the end of the study. The T3 concentrations were lower in the subgroup
of patients whose therapy had not resulted in a TSH level of 4.5 mIU/L or less (P� .001).

Conclusion In our study, normal T3 levels were achieved with traditional LT4 therapy
alone in patients who had undergone near-total or total thyroidectomy, which sug-
gests that T3 administration is not necessary to maintain serum T3 values at their en-
dogenous prethyroidectomy levels.
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memory with T3 supplementation.19,20

These studies have included random-
ized placebo-controlled studies,21-24 ran-
domized parallel-design studies,25,26

crossover studies,19,20,27-32 studies focus-
ing on patients with both hypothyroid-
ismanddepressive symptoms,22,23 a study
of patients with thyroid cancer,32 and re-
cent meta-analyses.15,33 Some of these
studies have flaws, such as production
of iatrogenic hyperthyroidism with
therapy,19,25,27,28 small sample size,20,27,28,30

different TSH levels in treatment
groups,29,30 failure to use athyreotic pa-
tients,22,25,27 and failure to replicate the
normal molar ratio of T4:T3.19,21-23,25,29 Ad-
ditional problems have included lack of
placebo control20,25,27 and improvement
in symptoms in the placebo group.21,24,28

The inability to confirm that com-
bined LT4 and T3 therapy is beneficial
could potentially be interpreted in many
different ways. It is possible that the T3

doses used have been too high and too
infrequently administered, or that sus-
tained-release T3 is necessary to simu-
late normal physiology. It is also pos-
sible that assessment tools lack the
necessary sensitivity to detect subtle im-
provements in mood, cognitive func-
tioning, and performance. Of interest,
in 4 of these studies,20,25,27,30 the com-
bination therapy was preferred by pa-
tients, despite the lack of a demon-
strable benefit. In 3 other studies, there
was either no preference29,32 or LT4 was
the preferred therapy.31

METHODS
Study Hypothesis

This study was designed to compare the
circulating levels of T4 and T3 produced
by the normally functioning thyroid
gland with those levels resulting from
standardthyroidhormonetherapyinthe
same patient. Thyroid hormone levels
were measured before thyroidectomy
whenindividualswerenotreceivingthy-
roid hormone, and again after surgery
when they were stabilized while receiv-
ingLT4 therapy.Wesought todocument
whether LT4 therapy resulted in lower
serum T3 concentrations within indi-
vidual patients. The null hypothesis
was that T3 levels in patients rendered

euthyroid with LT4 replacement would
not be deficient. The study contained 2
subgroupsofparticipants.Somepatients
were administered replacement LT4

therapy,withtheirdosesadjustedtokeep
their serum TSH level in the normal
range;andotherswereadministeredsup-
pression therapy because of a diagnosis
of thyroid cancer, with their LT4 doses
adjusted to achieve a TSH level below
the normal range.

Study Overview

The study was approved by the George-
town University Institutional Review
Board and performed in the General
Clinical Research Center (GCRC) of
Georgetown University Medical Cen-
ter, Washington, DC. At the first study
visit, written informed consent was
obtained and participants’ medications
were thenreviewed.Patient age, sex, and
self-reported race and ethnicity were
recorded according to GCRC protocol.
A medical history was obtained and a
physical examination was performed.
Recorded parameters included weight,
bloodpressure,heart rate, thyroidexami-
nation, and neurological examination.
Participants had 2 separate thyroid pro-
files drawn before their thyroidectomy.
Two further thyroid profiles were
obtained after thyroidectomy and stabi-
lization while receiving LT4 replace-
menttherapyorsuppressiontherapy.The
medication history and physical exami-
nation were repeated at the end of the
study. The sequence of events for the
study is depicted in FIGURE 1. Patients
with thyroid cancer had a delayed pro-
gression through the study if they
required radioactive iodine treatment.
Patients participated in the study for
approximately 13 to 25 weeks, depend-
ing on their diagnosis following thy-
roidectomy. The study was conducted
over a 42-month period. Enrollment
was continuous during this period, with
each study participant proceeding inde-
pendently through the study.

Study Patients

Participants of both sexes aged 18 to 65
years were recruited from patients re-
ferred to the Department of Otolaryn-

gology-Head and Neck Surgery, George-
town University Medical Center,
Washington, DC, for total or near-total
thyroidectomy for goiter, nodular thy-
roid disease, suspected thyroid cancer,
or known thyroid cancer. Patients who
had a current or previous diagnosis of hy-
perthyroidism or hypothyroidism were
excluded from the study. Patients who
were expected to undergo thyroid lo-
bectomy alone were not included in the
study. Any patients who were expected
to undergo total or near-total thyroid-
ectomy but whose final surgery con-
sistedof lobectomywerewithdrawnfrom
the study. Patients who had changes in
their estrogen/progesterone therapy, oral
contraceptives, or other medications
known to affect thyroid hormone pro-
tein binding in the 6 weeks before the
study were also excluded. Pregnant or
lactating patients were not eligible. Pa-
tients with chronic, serious diseases such
as cardiac, pulmonary, and renal dis-
ease or who were currently taking cor-
ticosteroid therapy were not eligible for
study participation. Patients whose pre-
operative (first or second) thyroid pro-
files were abnormal were excluded from
the study.

Thyroid Profiles and Physical
Measurements

Each thyroid profile consisted of a serum
TSH level, free thyroxine (FT4), and total
T3. Most presurgical profiles were ob-
tained 1 week and 1 day before thyroid-
ectomy. Postsurgical thyroid profiles
were usually drawn 8 and 16 weeks after
thyroidectomy. These blood tests were
drawn between 8:00 AM and 10:30 AM

in a fasting state. The LT4 administra-
tion was delayed until after phlebotomy
for the postthyroidectomy sampling
to obtain trough levels of thyroid hor-
mones. Two separate presurgical pro-
files were included for each patient to
minimize the effect of day-to-day fluc-
tuations in thyroid hormone concentra-
tions, TSH levels, and laboratory as-
says. Two postsurgical profiles were
performed for the same reason, and also
because of the likelihood that the ini-
tially selected dose of LT4 would not
achieve the desired TSH level. All thy-
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roid profiles were drawn in the GCRC
and analyzed by Quest Diagnostics
(Madison, New Jersey), LabCorp (Bur-
lington, North Carolina), or George-
town University Laboratories (Washing-
ton, DC). All 4 thyroid profiles for each
patient were analyzed by the same labo-
ratory to minimize interassay variation.
Samples were not analyzed in batches be-
cause of the long duration of the study,
the need to adjust thyroid hormone dos-
ages based on thyroid blood test re-
sults, and the fact that each study par-
ticipant was proceeding independently
through the study. In addition, an ali-
quot of each blood sample was ana-
lyzed for T3 measured by liquid chro-
matography tandem mass spectrometry.

Thyroid-stimulating hormone levels
were measured using a third-genera-
tion ultrasensitive immunochemilumi-
nometric assay, with a sensitivity of 0.01
mIU/L (laboratory reference ranges, ap-
proximately0.4-4.5mIU/L).TheFT4 and
T3 levels were measured by chemilumi-
nescent immunoassays. During the study
period, reference ranges were approxi-
mately 0.80 to 1.80 ng/dL for FT4 (to con-
vert to pmol/L, multiply by 12.871) and
100 to 220 ng/dL for T3 (to convert to
nmol/L, multiply by 0.0154). Details of
the liquid chromatography tandem mass
spectrometry assay were previously de-
scribed.34 Anthropometric measures in-
cluded weight and height. Weight was
measured using a DS 504 Ohaus scale
(Ohaus Corporation, Pine Brook, New
Jersey); height measurements used an
Accustat Stadiometer (Genentech, San
Francisco, California). Physiological
measurements were performed by stan-
dard procedures. Blood pressure and
pulse rate were recorded after the pa-
tient had been in a seated position for at
least 5 minutes. Medication history, di-
etary history, and medical history were
obtained and recorded by using stan-
dardized case report forms.

Thyroid Surgery

Thyroidectomy was performed at
Georgetown University Hospital, Wash-
ington, DC, by a head and neck sur-
geon experienced in performing thy-
roid surgery. Any perioperative decisions

regarding the extent of thyroid surgery
were made by the patient’s referring phy-
sician and surgeon, without regard for
study involvement. Postoperative surgi-
cal care, treatment of hypocalcemia, and
management of any other postopera-
tive complications were uninfluenced by
study participation.

LT4 Administration

Study participants were all prescribed
a name brand of LT4. The particular

brand was noted and adherence to the
branded product was verified through-
out the study. However, not all pa-
tients were taking the same brand name.
Patients were asked to separate the time
of ingestion of multivitamins or cal-
cium supplements from the time of in-
gestion of their LT4 by at least 2 hours
and to take their LT4 at least 60 min-
utes before breakfast. Participants
were not permitted to take any T3-
containing products. Use of Armour

Figure 1. Sequence of Events for Patients Enrolled in the Study According to Pathological
Diagnosis

17 Had thyroid cancer 33 Had benign thyroid disease

50 Underwent total thyroidectomy

53 Had normal TSH

53 Screened with first thyroid profile

53 Completed second thyroid profile
1 week after first profile

53 Had normal TSH and were eligible
for study

142 Patients approached for study
participation

LT4 dose adjusted as necessary LT4 dose adjusted as necessary

17 Completed fourth thyroid profile
6 to 8 wk after third thyroid profile

33 Completed fourth thyroid profile
6 to 8 wk after third thyroid profile

17 Completed third thyroid profile
after 6 to 8 wk of LT4 treatment 

33 Completed third thyroid profile
after 6 to 8 wk of LT4 treatment 

17 Included in analysis 33 Included in analysis

89 Excluded (refused participation)

3 Withdrawn from study
1 Underwent thyroid lobectomy
1 Underwent thyroid isthmusectomy
1 Did not undergo surgery

17 Received thyroid cancer treatment
including radioiodine therapy,
and LT4 administration was
potentially delayed for up to
6 to 8 wk

33 Began treatment with LT4
(1.7 µg/kg/d)

17 Began treatment with LT4
(2.2 µg/kg/d)

TSH indicates thyroid-stimulating hormone; LT4, levothyroxine.
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Thyroid (a naturally derived thyroid re-
placement containing both T4 and T3),
liotrix tablets (Thyrolar), or any other
T3-containing thyroid hormone prepa-
ration was grounds for discontinua-
tion from the study. The only excep-
tion was the group of patients with
thyroid cancer who were temporarily
taking T3 (liothyronine sodium [Cy-
tomel]) as part of their preparation for
radioiodine scanning and treatment. Pa-
tients with thyroid cancer who re-
ceived liothyronine sodium therapy had
not been taking liothyronine sodium for
at least 6 weeks before their first post-
operative thyroid profile. Postopera-
tive LT4 dosage was determined by the
patient’s pathological diagnosis. Pa-
tients with benign disease were ini-
tially administered 1.7 µg/kg of LT4

daily with the goal of achieving a TSH
level in the lower two-thirds of the nor-
mal range. Patients with thyroid can-
cer were administered 2.2 µg/kg of LT4

daily with the goal of achieving a sub-
normal or suppressed TSH level. Ab-
solute body weight, not ideal body
weight, was used to calculate dosage.
The LT4 dosage adjustments were made
between the 2 postoperative (third and
fourth) thyroid profiles to achieve these
goals.

Statistical Analysis

Our prospective study involved 2 co-
horts of patients undergoing thyroidec-
tomy. The 2 cohorts were patients with
benign and malignant thyroid disease
and therefore taking replacement or sup-
pressive doses of LT4, respectively. In-
terventions were performed between
time points 2 and 3 (thyroidectomy and
LT4 initiation) and between time points
3 and 4 (LT4 adjustment). Each patient
served as his or her own control, thereby
reducing the influence of intersubject
variability in T3 and FT4 levels. Statisti-
cal services were provided by the GCRC
biostatistics core using SAS version 9.1
(SAS Institute Inc, Cary, North Caro-
lina). P�.05 was considered statisti-
cally significant. Statistical analysis
showed that a sample size of 40 pa-
tients would be sufficient to detect a dif-
ference of 6 ng/dL between preopera-

tive and postoperative T3 levels for
individual patients with 90% power and
�=.05. Data for this calculation were
generated from cross-sectional chart re-
view examining the variation between
T3 levels in individual patients. Ulti-
mately, a sample size of 50 patients was
used.

Statistical comparison was per-
formed to determine differences in FT4

and T3 levels within individuals be-
fore and during thyroid hormone
therapy. The null hypothesis was that
LT4 therapy did not result in any alter-
ation of T3 levels. The FT4 and T3 lev-
els before and after thyroid hormone
therapy were compared using the Wil-
coxon signed rank test to determine
whether patients had different thyroid
hormone levels before and after their
thyroidectomy. This nonparametric test
was used for analysis because the data
were not normally distributed. A Bon-
ferroni correction for multiple com-
parisons was used. Data were also ana-
lyzed using repeated measures analysis
of variance, including a random effect
of the individual in the repeated mea-
sures model. The post hoc covariates
considered were sex (male, female), go-
nadal status (premenopausal, meno-
pausal), age, race/ethnicity (black,
white, Asian, Hispanic), laboratory per-
forming the immunoassay (LabCorp,
Quest Diagnostics, Georgetown Uni-
versity Laboratories), surgeon (B.D. or
other surgeon), initial LT4 dose, brand
of LT4 (brand name 1 or brand name
2), and year of entry into the study
(2004, 2005, 2006, 2007). Candidate
covariate testing was performed by
using analysis of variance to detect any
signal of covariance, although num-
bers were inadequate for many of these
covariates.

RESULTS
Our study was conducted between Janu-
ary 30, 2004, and June 20, 2007. A total
of 142 euthyroid patients were ap-
proached to recruit the 50 patients who
completed the study. Reasons for declin-
ing study participation were time de-
mands of the study, inconvenience of
study visits, and lack of interest in re-

search studies. Three patients were with-
drawn from the study after initiation.
One patient was scheduled for a total thy-
roidectomy for a substernal goiter, but
the final surgery was a lobectomy due to
concern about recurrent laryngeal nerve
injury. An additional patient scheduled
for thyroidectomy for a large isthmus
nodule instead underwent an isthmus-
ectomy. A final patient with a multi-
nodular goiter decided against pursu-
ing thyroidectomy the day before
surgery. Fifty patients completed the
study and provided each of the 4 re-
quired blood samples. No patients were
lost to follow-up. Patients in the study
were operated on by 1 of 5 surgeons.
However, 78% of the thyroidectomies
were performed by 1 surgeon (B.D.).
There were no cases of permanent post-
operative hypoparathyroidism. How-
ever, 1 patient had a unilateral recur-
rent laryngeal nerve injury requiring
speech therapy. There were no adverse
events such as phlebotomy-related in-
juries, apparent allergies to LT4 excipi-
ents, or clinical signs of overt hypothy-
roidism or hyperthyroidism associated
with study participation.

The characteristics of the study pa-
tients are shown in TABLE 1. Thirty-
seven patients (74%) were female and
the mean age of study participants was
49 years. A total of 34 participants
(68%) were white. Seventeen patients
(34%) had a diagnosis of thyroid can-
cer. Thirty-four patients (68%) re-
quired an alteration in their LT4 dose
based on the results of their first post-
operative thyroid profile.

There were no differences in blood
pressure, pulse rate, deep tendon reflex
relaxation, or any other physical exami-
nation findings, other than the absence
of palpable thyroid tissue, in postopera-
tive patients compared with their pre-
operative state. TABLE 2 shows the mean
TSH, FT4, and T3 concentrations dur-
ing the study. Time points 1 and 2 were
prethyroidectomy (the mean of these 2
time points is displayed) and time points
3 and 4 were 2 successive postthyroid-
ectomy assessments. All 4 time points are
also displayed individually using box and
whisker plots in FIGURE 2. Data are sepa-
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rated according to whether the pa-
tients had a diagnosis of benign thy-
roid disease or thyroid cancer.

Serum TSH levels were signifi-
cantly higher than prethyroidectomy
values at time point 3, but not at time
point 4 (Table 2 and Figure 2). Serum
FT4 levels increased significantly at
postthyroidectomy time points 3 and
4 compared with the prethyroidec-
tomy time points 1 and 2 (Table 2 and
Figure 2). However, serum FT4 levels
did not differ between time points 3 and
4. Serum T3 levels were lower at time
point 3 but were fully recovered by time
point 4 (Table 2 and Figure 2). Hence,
the adjustment of LT4 dosage per-
formed after the third set of thyroid
function tests to achieve goal serum
TSH levels was associated with normal-
ization of T3 levels. The increase in FT4

concentration associated with LT4

therapy was well illustrated by the sig-
nificantly increased ratio of FT4 to T3

that was observed in patients after they
had been transitioned to LT4 therapy
(Table 2).

Serum T3 levels for each individual pa-
tient during the study period are shown
in FIGURE 3 for patients with benign thy-
roid disease and thyroid cancer, respec-
tively. This plot displays the mean pre-
operative T3 value and the postoperative
T3 value at time point 4 as a separate
line for each patient. Time point 3 is not
displayed in this plot, because this was
primarily an adjustment or transition
point. These plots also illustrate the in-
trasubject and intersubject variability
in T3 levels. Preoperative T3 values
within individuals can be observed to
be both higher and lower than their
postoperative T3 values.

After thyroid surgery, patients had dif-
ferent TSH levels, both because of the im-
pact of the calculated LT4 dose on that
particular patient and also because of the
use of TSH suppression as a manage-
ment tool for patients with thyroid can-
cer. A diagnosis of thyroid cancer was as-
sociated with lower TSH levels at time
points 3 and 4 (P=.003 and P=.002, re-
spectively), higher FT4 values at time
points 3 and 4 (P=.006 and P=.01, re-
spectively), and a higher T3 concentra-

tion measured by liquid chromatogra-
phy tandem mass spectrometry at time
point 4 (P=.04) than a diagnosis of hy-
pothyroidism. Our conclusions did not
appear to be altered by any of the re-
maining covariates used in the analy-
ses. However, these categories were de-
veloped post hoc and, in many cases,
there were insufficient patients to exam-
ine the effect of the covariate sepa-
rately. However, study conclusions were
affected by the serum TSH level achieved
with LT4 therapy.

Despite the use of a weight-based cal-
culation to determine initial LT4 dose,
widely differing serum TSH values were
achieved postoperatively (Figure 2 and
FIGURE 4). Postthyroidectomy time
points were divided into 3 groupings:
those with TSH values more than 4.5
mIU/L, those with serum TSH values
between 0.35 and 4.5 mIU/L, and those
with TSH values less than 0.35 mIU/L
(Figure 4). The mean T3 concentra-
tion associated with each of these
groups is shown for immunoassay and
liquid chromatography tandem mass
spectrometry measurements, respec-
tively. A significantly lower mean T3 was
observed to be associated with the sub-
set of postoperative TSH values more
than 4.5 mIU/L, regardless of whether
T3 was measured by immunoassay or
liquid chromatography tandem mass
spectrometry. If postoperative TSH val-
ues were 0.35 to 4.5 mIU/L, the asso-
ciated T3 levels were not lower than the
entire group. The TSH values less than
0.35 mIU/L were not associated with
higher postoperative T3 values.

COMMENT
Our study was unable to document any
deficiency of T3 in athyreotic patients
treatedwithLT4 replacement therapy.Af-
ter adequate adjustment of their LT4

doses, these patients had serum T3 lev-
els after thyroidectomy that were not sig-
nificantly different from their T3 levels
before thyroidectomy. Serum T3 con-
centrations were lower in patients who
were taking inadequate LT4 doses. This
phenomenon was observed most clearly
at the postthyroidectomy time point 3
(Figure 2 and Figure 4). Serum TSH con-

centrations of 4.5 mIU/L or more were
associated with lower T3 levels than TSH
concentrations of 0.35 to 4.5 mIU/L.
There was a lower mean T3 value asso-
ciated with TSH values of more than 4.5
mIU/L using liquid chromatography tan-
dem mass spectrometry measurements
compared with immunoassay measure-
ments. Liquid chromatography tandem
mass spectrometry is generally known to
be a more specific assay34 and, at least in
the case of FT4 measurement, agrees bet-

Table 1. Characteristics of Study
Participants (N = 50)

Characteristics
No. (%) of
Patients

Diagnosis
Benign thyroid disease 33 (66)

Thyroid cancer 17 (34)

Age, y
�45 19 (38)

�45 31 (62)

Sex
Male 13 (26)

Female 37 (74)

Race/ethnicity
White 34 (68)

Black 9 (18)

Hispanic 2 (4)

Asian 5 (10)

Gonadal status
Female

Premenopausal 19 (51)

Menopausal 18 (49)

Menopausal and taking
hormone therapy

0

Male
No exogenous testosterone 13 (100)

Exogenous teststerone 0

Surgeon
B.D. (second author) 39 (78)

Other surgeons 11 (22)

Surgical complication
Recurrent laryngeal nerve palsy 1 (2)

Hypoparathyroidism 0

Levothyroxine brand
1 47 (94)

2 3 (6)

Laboratory performing immunoassay
LabCorp 23 (46)

Quest Diagnostics 12 (24)

Georgetown University
Laboratories

15 (30)

Entry into study, y
2004 12 (24)

2005 10 (20)

2006 21 (42)

2007 7 (14)

TRIIODOTHYRONINE LEVELS DURING LEVOTHYROXINE THERAPY

©2008 American Medical Association. All rights reserved. (Reprinted) JAMA, February 20, 2008—Vol 299, No. 7 773



ter with equilibrium dialysis than im-
munoassay.35 This is the first study to
document T3 sufficiency using patients
treated with LT4 as their own controls
rather than using a nonidentical euthy-
roid control group. Although this infor-
mation does not directly address the is-
sue of whether patients might feel better
taking combination therapy, it does sug-
gest that such therapy is not necessary
to replicate normal serum T3 levels.

Clearly, our study simply docu-
ments circulating levels of thyroid hor-
mones and does not measure thyroid
gland hormone production or actual tis-
sue levels. With respect to thyroid hor-
mone tissue concentrations, a 1996
study36 showed that tissue T3 levels were
lower in rats treated with LT4 than in
rats treated with combination therapy.
We cannot exclude the possibility that
cerebral T3 levels were lower in our par-
ticipants during their LT4 therapy. How-
ever, there is no a priori reason to sus-
pect this, given that serum T3 levels
remained the same. It could, admit-
tedly, be hypothesized that cerebral pro-
duction of T3 by deiodinases could be
down-regulated by the high-circulat-
ing FT4 levels associated with the LT4-

treated state. In this prior animal study,
a dose of LT4 that normalized serum
TSH was not studied. However, an ear-
lier study37 did demonstrate in rats that
a higher dose of LT4 that produced both
normal serum TSH and normal serum
T3 concentrations could be used. If a
higher dose of LT4 had been unable to
normalize serum TSH and serum T3 in
rats, this would be in contrast with the
results from our study. The possibility
remains that interspecies differences,
such as the greater magnitude of thy-
roidal T3 production in rats, would al-
low LT4 therapy to produce tissue eu-
thyroidism in humans but not rodents.

The FT4 or T4 levels have been dem-
onstrated to be higher in euthyroid pa-
tients treated with LT4 than in euthy-
roid controls in previous studies in
humans.6-13 In our study, we found that
within the same patient, FT4 levels were
higher after thyroidectomy than be-
fore thyroidectomy. Our data confirm
that higher FT4 levels are a character-
istic of LT4 monotherapy. Further-
more, we postulate based on our data
that this is necessary to normalize TSH
and serum T3 levels and thereby achieve
euthyroidism. Whether there are ad-

verse consequences of increased FT4

levels, even when they are not accom-
panied by decreased serum TSH con-
centrations, remains to be investi-
gated in future studies.

A potential limitation of our study is
that the patients with benign thyroid
disease had varying amounts of rem-
nant thyroid tissue. However, it would
seem unlikely that such thyroid rem-
nants would function sufficiently to
mask the ability to detect a decrement
in T3 concentrations with LT4 replace-
ment. Analysis included diagnosis as a
covariate and patients with thyroid can-
cer, all of whom underwent remnant
ablation with radioactive iodine, did
not have lower postoperative T3 levels
compared with patients with hypothy-
roidism. This suggests that residual
thyroid tissue was not contributing sig-
nificantly to maintenance of circulat-
ing T3 levels in patients with benign
disease. This is in contrast with the find-
ings from a previous study20 in which
some benefits of T3 combination
therapy were noted in the subgroup of
patients with a diagnosis of thyroid
cancer. However, patients with thy-
roid cancer were compared with those

Table 2. Concentrations of TSH, FT4, and T3 at Time Points 1 and 2, 3, and 4 by Diagnoses of Benign Thyroid Disease and Thyroid Cancera

Analytes

Prethyroidectomy Time Points Postthyroidectomy Time Points

Mean of 1 and 2 3 4

Total
(N = 50)

Benign
Thyroid
Disease
(n = 33)

Thyroid
Cancer
(n = 17)

Total
(N = 50)

Benign
Thyroid
Disease
(n = 33)

Thyroid
Cancer
(n = 17)

Total
(N = 50)

Benign
Thyroid
Disease
(n = 33)

Thyroid
Cancer
(n = 17)

TSH, mIU/L
Mean (SD)
[95% CI]

1.18 (0.58)
[1.02-1.34]

1.01 (0.51)
[0.84-1.18]

1.50 (0.59)
[1.22-1.78]

2.95 (4.24)
[1.79-4.11]b

3.09 (3.85)
[1.78-4.40]c

2.67 (5.03)
[0.28-5.06]

1.30 (1.89)
[0.78-1.82]

1.48 (1.65)
[0.92-2.04]

0.95 (2.31)
[0-2.05]

FT4, ng/dL
Mean (SD)
[95% CI]

1.05 (0.19)
[1.00-1.10]

1.06 (0.19)
[0.95-1.17]

1.04 (0.17)
[0.96-1.12]

1.39 (0.33)
[1.30-1.48]d

1.30 (0.32)
[1.19-1.41]d

1.55 (0.30)
[1.41-1.69]d

1.41 (0.29)
[1.33-1.49]d

1.34 (0.28)
[1.24-1.44]d

1.54 (0.29)
[1.40-1.68]d

T3 by immunoassay,
ng/dL

Mean (SD)
[95% CI]

129.3 (26.7)
[121.9-136.7]

133.9 (25.3)
[125.4-142.4]

120.5 (27.8)
[107.3-133.7]

118.1 (32.0)
[109.2-127.0]e

120.6 (29.5)
[110.5-130.7]f

113.3 (26.8)
[100.6-126.0]

127.2 (27.9)
[119.5-134.9]

128.9 (29.1)
[119.0-138.8]

123.9 (24.3)
[112.3-135.5]

T3 by LC-MS-MS,
ng/dL

Mean (SD)
[95% CI]

124.0 (24.3)
[117.3-130.7]

129.9 (24.9)
[121.4-138.4]

112.6 (18.6)
[103.8-121.4]

112.3 (37.8)
[101.8-122.8]f

111.7 (39.1)
[98.4-125.0]g

113.5 (36.4)
[96.2-130.8]

123.6 (29.3)
[115.5-131.7]

120.8 (28.9)
[110.9-130.7]

129.2 (29.9)
[115.0-143.4]h

Ratio (FT4 � 100/T3)
Mean (SD)
[95% CI]

0.85 (0.22)
[0.79-0.91]

0.82 (0.21)
[0.75-0.89]

0.91 (0.25)
[0.79-1.03]

1.23 (0.37)
[1.13-1.33]d

1.13 (0.28)
[1.03-1.23]d

1.43 (0.43)
[1.23-1.63]d

1.15 (0.29)
[1.07-1.23]d

1.09 (0.28)
[0.99-1.19]d

1.27 (0.27)
[1.14-1.40]d

Abbreviations: CI, confidence interval; FT4, free thyroxine; LC-MS-MS, liquid chromatography tandem mass spectrometry; T3, total triiodothyronine; TSH, thyroid-stimulating hormone.
SI conversions: To convert FT4 to pmol/L, multiply by 12.871; and T3 to nmol/L, multiply by 0.0154.
aTime points 3 and 4 each were compared with the mean of time points 1 and 2. Significance was tested by using Wilcoxon signed rank test.
bP = .03. cP = .002. dP � .001. eP = .046. fP = .04. gP = .02. hP = .01.
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with Hashimoto’s hypothyroidism,
whereas all our study participants had
surgically induced hypothyroidism. Ad-
mittedly, another variable of a lower se-
rum TSH level was also present in our
patients with thyroid cancer. Sub-
group analysis, however, showed that
having a TSH level suppressed to less
than 0.35 mIU/L did not raise postop-
erative T3 levels beyond those ob-
served in the group with TSH levels of
0.35 to 4.5 mIU/L (Figure 4).

Another potential limitation of our
study is that it had a long duration. It is
possiblethattemporalchangesinvariables
such as laboratory assays, surgeon pro-
cedures, LT4 formulation, and other fac-
tors could increase the variation in the
measuredhormonesandtherebydecrease
the ability to detect changes in T3 levels.
However, includingtheyearofentry into
thestudyasacovariatedidnotalterstudy
conclusions.

Our study did not examine satisfac-
tion with LT4 therapy. It was thought to
be impossible to discern whether symp-
tomsdevelopingsinceLT4 initiation were
due to recent major surgery, thyroid can-
cer treatment, or the LT4 therapy itself.
However, we were unable to demon-
strate different serum T3 levels in pa-
tients treated with LT4 therapy, when
their therapy had been adjusted to
achieve their target TSH levels, or when
their TSH levels were less than 4.5
mIU/L. Based on this fact, there is no rea-
son to hypothesize that patient dissatis-
faction with LT4 treatment is due to in-
ability to achieve the same serum T3

concentrations that are present in indi-
viduals with normal endogenous thy-
roid function. Certainly, declines in psy-
chological and cognitive performance
have been documented in euthyroid pa-
tients treated with LT4, even though as
a group these patients had a mean TSH
level of 2.6 mIU/L.12 Possibly, there is
some characteristic of LT4 therapy that
does not fully replicate an important but
as yet unidentified aspect of normal thy-
roid physiology. For example, it is pos-
sible that there is some differential regu-
lation of and thereby different fluctuation
in T3 levels in endogenous function that
is not replicated with LT4 replacement.

There might, therefore, be some use in
evaluating patient satisfaction, psycho-
logical functioning, and motor perfor-

mance during therapy with a sustained-
releaseT3 preparation,whichmightmore
closely replicate normal physiology. Pa-

Figure 2. Serum TSH, FT4, and T3 Concentrations at Study Time Points 1 to 4 for Patients
With Benign Thyroid Disease or Thyroid Cancer
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tients receiving LT4 therapy also clearly
have higher FT4/T3 ratios than the ra-
tios that were characteristic of their pe-
riod of endogenous thyroid function. It
is also possible that the high concentra-
tion of FT4 that is necessary for normal-
ization of T3 levels during LT4 therapy
is associated by some unappreciated
mechanism with an adverse impact on
patients.

CirculatingT3 levelshavebeenshown
to be lower in individuals carrying cer-
taindeiodinasepolymorphisms insome
studies.38,39 A subgroup of patients who
remaindissatisfiedwiththeirLT4therapy
may be individuals who carry a specific
deiodinase polymorphism. It is possible
thatcombinationLT4-T3 therapymaybe
beneficial in these rare cases. We pos-
tulate that these deiodinase polymor-

phisms were probably not present in
our small 50-patient sample, although
some outlier T3 values were observed
(Figure 3). Only the group of patients
with TSH levels higher than 4.5 mIU/L
had T3 levels lower than other groups of
patients treated with LT4. It would be
more logical to assume that the T3 de-
ficiency in thisgroupwascausedbysub-
optimum LT4 therapy rather than the
presenceofadeiodinasepolymorphism.

Based on our study results, it would
appear reasonable to advise individual
patients that physiological T3 levels can
indeed be replicated with LT4 therapy.
If it is assumed that maintenance of nor-
mal T3 concentrations correlates with
satisfactory replacement therapy, our
results could provide one possible ex-
planation for the failure of multiple
studies to demonstrate a benefit of T3

combination therapy. Our study, how-
ever, is limited by the fact that we did
not document patients’ symptoms. If
adequate serum T3 levels were also cor-
related with patient satisfaction or well-
being, this would support the com-
monly held belief that LT4 should
remain the standard therapy for hypo-
thyroidism and thyroid cancer.

Figure 3. Mean Prethyroidectomy T3 and T3 at Time Point 4 for Patients With Benign Thyroid
Disease or Thyroid Cancer
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Figure 4. Postthyroidectomy Serum TSH, Postthyroidectomy T3 Measured by Immunoassay, and Postthyroidectomy T3 Measured by Liquid
Chromatography Tandem Mass Spectrometry by TSH Grouping
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