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Figure 1. Flow diagram: enrollment, allocation, and completion of the study. Numbers of patients in each arm indicated in parentheses. DTE, desic-

cated thyroid extract; LT3- liothyronine; LT4, levothyroxine.

Primary Outcome Measures

No differences were observed in the TSQ-36 and GHQ-
12 questionnaires, or in the BDI and the 5 subdomains of
WMS-IV test assessments (Table 4).

Secondary Analyses

Serum TSH remained within the normal refence range and
varied minimally among the 3 treatment arms, although
levels were slightly higher in DTE-treated patients (Table
4). In contrast, serum T3 and T4 levels were substantially
affected by both treatment arms that contained T3:fasting
total T3 was 30% to 50% higher and serum T4 levels ap-
proximately 30% lower when patients were on therapy
with DTE or LT4 + LT3 (Table 4). There was a 38% drop
in the total T4/T3 ratio after the patients crossed over to
LT4 + LT3, and a 56% drop after they crossed over to DTE.
The changes in T4/T3 ratio re ect the changes in serum
T4 and T3 levels and remained within the normal refer-
ence range (22.7-150). These values, however, are not fully
representative of the 24-hour period for the short half-life
of T3.

Serum reverse T3, T3 resin, and free T4 were also af-
fected, as expected (Table 4). Body weight, serum lipid
levels (ie, total cholesterol, low-density lipoprotein and
high-density lipoprotein cholesterol), as well as SHBG and
leptin serum levels were not different during the different

treatment arms (Table 4). Although blood pressure was not
different among the three treatment arms, heart rate was
minimally increased while patients were on the DTE treat-
ment arm (Table 5).

Treatment preference

Most patients indicated a treatment preference at the
end of the trial (Table 6) but 4 patients had no preference;
2 patients ranked LT4 as the best, and ranked both DTE
and LT4/LT3 combination in second place; and 1 patient
ranked both DTE and LT4/LT3 as best and LT4 as second.
In addition, 1 patient ranked LT4 and DTE as best and
ranked LT4/LT3 in second place. There were no signi cant
differences among the 3 treatment groups.

Etiology of hypothyroidism and Thr92Ala-DIO2
polymorphism

No differences in outcomes were identi ed when patients
with autoimmune hypothyroidism vs nonautoimmune
disease were compared (Table 7) or when the Thr92Ala-
D102 polymorphism was considered (Table 8). Of note, the
number of subjects with homozygous DIO2 polymorphism
was likely too small for meaningful evaluation.

Subanalyses

There is now a consensus that a fraction of the LT4-treated
hypothyroid patients with normal serum TSH levels re-
mains symptomatic (6,7,23,24). To focus our analyses on
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Table 4. Primary and secondary outcomes

Parameters LT4 DTE LT4+LT3 P value
(N =75) (N=75) (N=75)
Primary outcomes
Quality of life and cognition
TSQ-36 15.9 (7.49) 14.5 (8.22) 14.9 (6.67) 0.357
GHQ-12 11.9 (5.13) 11.7 (6.16) 11.6 (4.83) 0.891
BDI 7.15(7.11) 7.09 (8.55) 7.33 (7.67) 0.947
AMI 121 (12.8) 121 (14.7) 120 (14.0) 0.825
VMI 80.4 (12.1) 79.8 (8.06) 81.0 (11.3) 0.518
VWMI 116 (14.3) 115 (18.2) 117 (17.2) 0.461
IMI 99.7 (10.7) 97.9 (15.4) 98.0 (15.2) 0.537
DMI 101 (12.0) 101 (10.8) 100 (16.3) 0.827
Secondary outcomes
Thyroid function tests
T3 (60-181 ng/dL) 103 (22.1) 155 (48.7) 132 (33.2) <0.001
T3 resin 28.1(3.48) 25.8 (4.01) 26.6 (3.95) <0.001
T3 reverse 20.6 (5.60) 14.4 (5.31) 16.7 (5.02) <0.001
TSH 1.63 (1.28) 2.34 (1.48) 1.76 (1.13) <0.001
Total T4 8.46 (2.14) 5.62 (1.38) 6.92 (1.62) <0.001
Free T4 1.44 (0.358) 0.980 (0.673) 1.21 (0.532) <0.001
Free T4 direct dialysis 1.30 (0.292) 0.828 (0.293) 1.06 (0.286) <0.001
Total T4/T3 ratio 82.1(9.7) 36.2(2.8) 52.4 (4.9) <0.001
Metabolism
Weight (lbs) 181 (38.7) 180 (40.0) 178 (43.6) 0.278
Total cholesterol 195 (42.5) 196 (37.1) 195 (38.2) 0.85
LDL cholesterol 130 (35.3) 127 (33.6) 126 (35.8) 0.31
HDL cholesterol 59.7 (15.6) 60.5 (18.9) 60.4 (17.8) 0.773
Triglyceride 109 (74.8) 109 (65.7) 102 (63.5) 0.411
SHBG 72.3 (48.1) 69.5 (37.9) 75.0 (45.7) 0.08
Leptin 22.1(17.9) 21.5(17.7) 22.2 (18.6) 0.826

P value reports the results of a linear mixed effects model evaluating the xed effect of the 3 treatment conditions, using participant as a random effect.
Abbreviations: AMI, auditory memory index; BDI, Beck Depression Inventory; DTE, desiccated thyroid extract; DMI, delayed memory index; GHQ-12, 12-point
quality of life general health questionnaire; HDL, high-density lipoprotein; LDL, low-density lipoprotein; IMI, immediate memory index; LT3, liothyronine; LT4,
levothyroxine; TSQ-36, 36-point thyroid symptom questionnaire; VMI, visual memory index; VWMI, visual working memory index.

Table 5. Blood pressure and heart rate during the three
treatment arms

LT4 DTE LT4+LT3 Pvalue
(N =75) (N =75) (N =75)

HR

Mean (SD)  71.5(11.1) 73.7(14.3) 70.4(14.6) 0.04
Diastolic

Mean (SD) 73.6 (9.24) 74.3(9.46) 74.3(8.34) 0.64
Systolic

Mean (SD) 118 (13.7) 119 (14.5) 121 (14.7) 0.3

P value reports the results of a linear mixed effects model evaluating the xed
effect of the 3 treatment conditions, using participant as a random effect.
Abbreviations: DTE, desiccated thyroid extract; LT3, liothyronine; LT4,
levothyroxine.

symptomatic patients, we rst ranked the 75 patients, while
they were on LT4, according to their scores on the cognitive
tests and questionnaires and strati ed them in 3 terciles:

Table 6. Treatment preference

Rank LT4 DTE LT4 + LT3
1 17 (23%) 34 (45%) 24 (32%)
2 31 (41%) 18 (24%) 25 (33%)
3 22 (29%) 19 (25%) 23 (31%)

Four patients ranked all regimens the same ( rst for all of them); 2 patients
ranked LT4 rst and both DTE and LT4/LT3 as second; 1 patient ranked DTE
and LT4/LT3 as rstand LT4 as second; 1 patient ranked LT4 and DTE as  rst
and LT4/LT3 as second.

Abbreviations: DTE, desiccated thyroid extract; LT3, liothyronine; LT4,
levothyroxine.

low (L), medium (M) and high (H). For TSQ-36, GHQ-
12, and BDI, the H group contained the most symptomatic
patients, whereas for the WMS-1V (VMI subdomain), the
L group contained the patients with the most substantial
cognitive impairment. An analysis of the patients charac-
teristics in L, M, or H groups did not reveal differences
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Table 7. Primary and secondary outcomes based on etiology
of hypothyroidism

Parameters Autoim- Nonautoimmune P value
mune (N=72)
(N =153)
Primary outcomes
Quiality of life
and cognition
TSQ-36 14.7 (7.39) 15.9 (7.65) 0.414
GHQ-12 11.6 (5.41) 12.2 (5.34) 0.603
BDI 7.21 (8.00) 7.15 (7.29) 0.974
AMI 123 (13.2) 117 (14.3) 0.0657
VMI 80.1 (10.5) 80.9 (10.9) 0.732
VWMI 117 (16.9) 113 (15.8) 0.279
IMI 98.9 (15.2) 97.6 (10.6) 0.617
DMI 101 (14.1) 98.7 (10.9) 0.314
Secondary outcomes
Thyroid function
tests
T3 (60-181 ng/ 129 (41.1) 133 (44.2) 0.43
dL)
T3 resin (22%- 26.9 (3.67) 26.8 (4.42) 0.953
35%)
T3 reverse (11- 17.4 (6.27) 16.8 (5.01) 0.538
32 ng)
TSH (.27-4.68 2.11 (1.34) 1.49 (1.22) 0.0097
ulv)
TT4 (4.5-12 7.15 (2.08) 6.67 (2.09) 0.174
mcg/dL
FT4 (.89- 1.24 (0.655) 1.15 (0.302) 0.481
1.76 ng)
FT4 direct (.8- 1.05 (0.326) 1.10 (0.387) 0.313
2.7 ng/dL)
Metabolism
Weight (lbs) 177 (41.6) 183 (38.5) 0.536
Tot cholesterol 195 (37.8) 196 (42.1) 0.938
LDL 128 (35.5) 127 (33.3) 0.865
HDL 58.2 (15.2) 64.5 (20.7) 0.117
Triglyceride 109 (70.2) 101 (63.0) 0.586
SHBG (17- 70.3 (38.6) 76.6 (53.8) 0.551
124 nmol/L)
Leptin 21.4 (17.4) 23.2(19.3) 0.673

P value reports the results of a linear mixed effects model evaluating the xed
effect of hypothyroidism etiology, adjusted for the 3 treatment conditions,
using participant as a random effect.

Abbreviations: AMI, auditory memory index; BDI, Beck Depression Inventory;
DTE, desiccated thyroid extract; DMI, delayed memory index; GHQ-12,
12-point quality of life general health questionnaire; HDL, high-density lipo-
protein; LDL, low-density lipoprotein; IMI, immediate memory index; LT3,
liothyronine; LT4, levothyroxine; TSQ-36, 36-point thyroid symptom ques-
tionnaire; VMI, visual memory index; VWMI, visual working memory index.

in demographics, Thr92Ala-DIO2 polymorphism, etiology
of the disease, or serum thyroid function tests (Table 8).
Notably, the treatment preference values mass away from
LT4 in the M and H quantiles (Table 8).

Next, we asked how patients in each tercile (L, M,
or H) performed after they were switched to LT4 + LT3
or DTE, using the strict criterion of P <0.001 to reject
the null hypothesis. For the TSQ-36, patients in the H
tercile (worst performers on LT4) had statistically dif-
ferent changes than participants in the other L or M
terciles, showing substantial improvement after they
were switched to LT4 + LT3 (P = 0.0005, Fig. 2) or DTE
(P =0.0008, Fig. 3).

A similar pro le was obtained for BDI (Figs. 2 and 3).
The worst performers (tercile H) were those that improved
the most from the switch to LT4 + LT3 (Fig. 2) or to DTE
(Fig. 3). The pattern was also similar for the GHQ-12, with
patients on the L tercile (best performers) being slightly
worse after switching to LT4 + LT3, whereas patients on the
H tercile (worst performers) did substantially better (Fig. 2).

For the GHQ-12, the switch to DTE had a numerically,
but not statistically positive impact on scores in the M and
H terciles, improving their relative performance in both
cases (Fig. 3). The ndings that TSQ-36, GHQ-12, and BDI
exhibited similar outcomes were unsurprising given that
these tests use similar parameters to assess well-being and
QoL, and their scores exhibited a high degree of correlation
(Fig. 4).

For the WMS-1V subdomains, only those patients on
the L tercile of the VMI (worst performers) improved by
switching to LT4 + LT3 (Fig. 2) or DTE (Fig. 3). There
was good correlation among the scores in the WMS-IV
subdomains (Fig. 4), but only fewer substantial changes
were seen with auditory memory index and delayed
memory index after patients switched to DTE (Fig. 5).
No statistically signi cant differences in tercile outcomes
were observed for visual working memory index and IMI.
Likewise, none of the biochemical and metabolic param-
eters assessed responded favorably to LT4 + LT3 or DTE,
even when the L, M, and H terciles were considered.

Adverse drug reactions

No adverse effects were reported with any of the treat-
ments. All patients tolerated the treatments equally well.
None was withdrawn from the study because of side effects.

Discussion

To our knowledge, this is the rst randomized,
double-blind, crossover study that compares LT4 vs DTE
vs LT4/LT3 therapy in hypothyroid patients. The results
con rmed previous trials in which no major differences
were observed between monotherapy and combination
therapy, including our own previous trial comparing LT4
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Table 8. Patients characteristics presented after the group was broken down by TSQ-36 scores while on therapy with LT4 (L,

M, or H)
Parameters L M H P value
(N =30) (N =25) (N =20)
Age 49.8 (11.1) 49.7 (8.29) 51.0 (7.64) 0.877
Sex
Female 24 (80.0%) 18 (72.0%) 16 (80.0%) 0.779
Male 6 (20.0%) 7 (28.0%) 4 (20.0%)
Genotype_group.y
Heterozygous 14 (46.7%) 15 (60.0%) 12 (60.0%) 0.679
Ala92-D102 3 (10.0%) 3 (12.0%) 3 (15.0%)
Thr92-D102 13 (43.3%) 7 (28.0%) 5 (25.0%)
Etiology
Autoimmune 19 (63.3%) 16 (64.0%) 11 (55.0%) 0.795
Nonautoimmune 11 (36.7%) 9 (36.0%) 9 (45.0%)
Preference
LT4 12 (40.0%) 1 (4.0%) 2 (10.0%) 0.00892
DTE 9 (30.0%) 13 (52.0%) 7 (35.0%)
LT4+LT3 5 (16.7%) 8 (32.0%) 10 (50.0%)
No preference 4 (13.3%) 3 (12.0%) 1 (5.0%)
Preference for LT4
Yes 12 (40.0%) 1 (4.0%) 2 (10.0%) 0.0017
No 18 (60.0%) 24 (96.0%) 18 (90.0%)
TSH (0.27-4.68 mU/ L) 1.93 (1.31) 1.54 (1.23) 1.32 (1.24) 0.23
T4 (4.5-12 meg/dL) 8.20 (2.36) 8.77 (1.34) 8.45 (2.60) 0.63
T3 (60-181 ng/dL) 102 (26.9) 103 (14.5) 105 (23.0) 0.896
Reverse T3 (11-32 ng) 19.6 (5.62) 20.3 (4.71) 22.6 (6.35) 0.171

TSQ-36 questionnaire scores presented as low (L), medium (M), and high (H); TSQ-36: L = 1-13, M =>13-21, H = >21-33; for age, serum TSH, T4, T3, and reverse
T3 values are mean (SD). For categorical variables, P value reports the results of a Fisher exact test; for continuous variables, P value reports the results of a linear

model evaluating the effect of TSQ score quantile.
Abbreviation: TSQ-36, 36-point thyroid symptom questionnaire.

and DTE (12). Treatment preference was not different and
there were no interferences of the etiology of hypothy-
roidism or Thr92Ala-D102 gene polymorphism in the out-
comes. However, a subanalysis revealed that the 1/3 most
symptomatic patients on LT4-treated hypothyroid patients
improved signi cantly after switching to combination
therapy containing T3, either LT4 + LT3, or DTE. They
also preferred therapy containing T3 or with DTE. These
individuals were identi ed through poor scores on mood
(BDI) and cognitive (VMI) assessments as well as through
2 QoL questionnaires, TSQ-36 and GHQ-12, whereas they
were on LT4. Notably, the etiology of the hypothyroidism
and the presence of the Thr92Ala-DIO2 polymorphism did
not affect these outcomes. These ndings are remarkable,
as they con rmed anecdotal reports that only a fraction of
the LT4-treated hypothyroid patients respond positively to
combination therapy containing T3.

Previous studies that compared monotherapy with LT4
and combination therapy containing T3 had mixed results
(8,9). This suggests that responsiveness to therapy con-
taining T3 depends on multiple factors, including gen-
etic background, presence of comorbidities/autoimmune

disorders, as well as other yet unidenti ed biological/en-
vironmental factors (25). In general, trials of combination
therapy have not been designed to speci cally recruit dis-
satis ed patients on LT4 monotherapy. In fact, some trials
have excluded patients with mental illness, affective dis-
orders, or untreated depression (11,26,27). Other trials
prescreened and strati ed patients for fatigue (28) or
depressive symptoms (29). Although we did not speci c-
ally recruit symptomatic patients on LT4, here we did use
GHQ-12 and TSQ-36, and cognitive dysfunction using
WMS-IV evaluation to quantify dissatisfaction and re-
sidual symptoms while on LT4 monotherapy. The patients
identi ed through these methods consistently preferred
and performed better while on therapy containing T3, ei-
ther LT4 + LT3, or DTE.

The rationale behind thyroid hormone replace-
ment therapy is to administer thyroid hormone in a
way that restores thyroid hormone signaling in all tis-
sues. Serum TSH has traditionally been used to adjust
the dose of levothyroxine that presumably achieves this
goal. However, normalization of serum TSH is achieved
through a slightly elevated serum T4 and reduced serum
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Figure 2. Boxplots showing change scores from LT4 to the LT4/LT3 combination treatment, segmented by either low, medium, or high scores for
those measures while on LT4. P value reports the results of a pairwise Dunn test for each set of comparisons. Multiple comparisons are adjusted

using the Holm method.

T3 levels (25). TSH was higher in the DTE arm but still
within the normal range. It was dif cult to make DTE
and LT4 doses bioequivalent. It is not known whether
these small changes in serum T3 and T4 modify thyroid
hormone signaling. The observation in the present inves-
tigation that replacement therapy containing T3 or DTE
(which also contains T3) slightly elevates serum T3 and
reduces serum T4, whereas mitigating the residual symp-
toms of hypothyroidism suggests a causal relationship.
Nonetheless, our ndings are clear that no correlation
between serum T3 and outcomes could be established
in the present investigation, not even in the subanalyses.
This apparent conundrum suggests that intracellular T3

levels, which are affected by both serum T3 and locally
generated T3, might be playing a role (30).

It is well known that thyroid hormone plays a role in
the development of an adult brain, as documented by the
modi cations in mood, behavior, and cognition observed
during the transition from hypo- to euthyroidism and to
hyperthyroidism (31,32). In fact, the human temporal pole
responds promptly to minimal changes in thyroid hormone
signaling (33). Unique about the brain is that thyroid hor-
mone signaling exhibits additional layers of complexity;
thus, there are multiple mechanisms that can fail and com-
promise thyroid hormone signaling. Although plasma T3
can be taken up by the brain, most T3 molecules in the brain
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Figure 3. Boxplots showing change scores from LT4 to the DTE treatment, segmented by either low, medium, or high scores for those measures
while on LT4. P value reports the results of a pairwise Dunn test for each set of comparisons. Multiple comparisons are adjusted using the Holm

method.

are produced locally in the glial cells through deiodination
of T4 via DIO2. T3 exits the glial cells and subsequently
functions in a paracrine fashion to activate neuronal gene
expression (34). That some patients on LT4 monotherapy
remain symptomatic and prefer therapy containing T3 sug-
gests that therapy with LT4 might not restore cerebral thy-
roid hormone in all patients. Hypothetically, this could be
explained by defects in thyroid hormone transporters, the
DIO2 pathway, or by the relatively low serum T3 levels
seen in LT4-treated patients (25), but none of these factors
segregated in the most symptomatic LT4-treated patients.
The possibility that the relatively higher plasma T4 levels

seen in LT4-treated patients might play a role remains to
be investigated.

Thus, the simplest way to interpret the present results is
to consider that thyroid hormone signaling in the brain was
not fully restored in some LT4-treated patients as a result
of one or more mechanisms yet to be identi ed, and that
the elevation in serum T3 resulting from treatment with
LT4 + LT3 or DTE mitigated this problem. Importantly,
despite the increase in serum T3 levels seen with LT4 + LT3
or DTE, there were no associated cardiovascular adverse
reactions or changes in blood pressure; heart rate was only
minimally accelerated by therapy with DTE. This is in
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