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Context: Despite normalization of Thyrotropin (TSH), some patients with

hypothyroidism treated with Levothyroxine (LT4) report residual symptoms

which may be attributable to loss of endogenous triiodothyronine (T3).

Objective: Feasibility trial LT4/liothyronine (LT3) combination vs. LT4/placebo in

post-surgical hypothyroidism.

Design: Double-blind, placebo-controlled, 24-week study.

Setting: Academic medical center

Patients: Individuals with indications for total thyroidectomy and

replacement therapy.

Interventions: LT4/LT3 5 mcg (twice daily) vs. LT4/placebo (twice daily). LT4 was

adjusted at 6- and 12-weeks with the goal of baseline TSH ± 0.5 mcIU/ml.

Main Outcome Measures: Changes in body weight, cholesterol, TSH, total T3,

free tetraiodothyronine (T4). Cardiovascular function, energy expenditure, and

quality of life (ThyPRO-39) were assessed in patients who completed at least the

3-month visit, last measure carried-forward.

Results: Twelve patients (10 women and 2 men), age 51 ± 13.8 years (7 LT4/

placebo, 5 LT4/LT3), were analyzed. No significant differences were observed in

TSH. Following thyroidectomy, LT4/placebo resulted in higher free T4 + 0.26 ±

0.15 p<0.005 and lower total T3 -18 ± 9.6 ng/dl p<0.003, respectively, not

observed in the LT4/LT3 group. The LT4/placebo group had a non-significant

increase in body weight, +1.7 ± 3.8 Kg, total- and LDL-cholesterol +43.1 ± 72.8
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and +32.0 ± 64.4 mg/dl. Conversely the LT4/LT3 group changes were -0.6 ± 1.9

Kg, -28.8 ± 49.0 and -19.0 ± 28.3 mg/dl, respectively, all non-significant. Non-

significant improvement were observed in ThyPRO-39 measures in both groups,

while energy expenditure, and diastolic function increased in the LT4/LT3 group.

Conclusions: In this group of patients with post-surgical hypothyroidism LT4

replacement alone does not normalize free T4 and total T3 levels and is

associated with non-significant increase in weight and cholesterol. LT4/LT3

combination therapy appears to prevent these changes.

Clinical Trial Registration: Clinicatrials.gov, identifier NCT05682482.
KEYWORDS

hypothyroidism, post-surgical hypothyroidism, combination therapy, clinical trial,
levothyroxine, liothyronine
Introduction

The treatment of hypothyroidism is based on the substitution of

synthetic T4, levothyroxine (LT4), for the loss of endogenous thyroid

hormone (TH) production, and its efficacy is measured by the

normalization of thyrotropin (TSH) (1). This strategy assumes that

pituitary euthyroidism indicates restoration of hormonal signaling to

all tissues targeted by TH action. While most patients do well on LT4

alone, a sizable minority, in excess of 40% in a study (2), reports

residual symptoms consistent with hypothyroidism, which may be

attributed to the loss of endogenous production of T3 not completely

compensated by the peripheral conversion of exogenous T4 into T3 (3,

4). Studies conducted in animal models of hypothyroidism

demonstrated that LT4 alone is not sufficient to restore T3 and T4

concentrations in all tissues, while the combination of LT4/liothyronine

(synthetic T3, LT3) can (5–7). While a prospective study indicated that

LT4 therapy is able to restore circulating levels of T3 (8), previous

observations and large longitudinal studies reported that effective (i.e.

resulting in TSH normalization) LT4 therapy is associated with

decrease in T3 and increase in free T4 (9–11). Several trials were

conducted to test the effects of T3-containing therapies (12–25). The

results have been inconclusive because of a lack of statistical power,

heterogeneous populations and treatment schemes (26). While

professional organizations’ guidelines do not support the use of T3-

containing therapies on a routine basis (1, 27–29), they lament the lack

of evidence and encourage the development of well-designed studies to

assess the efficacy of these treatment options (30).

Patients undergoing total thyroidectomy are unique since they

transition from a state of euthyroidism to complete dependence

from exogenous administration of TH. To this end, these patients

represent an ideal experimental model to assess the effects of

different modalities of replacement therapy on circulating TH

concentrations and end-organ effects of TH action.

Here we present a proof-of-concept/feasibility study of LT4/

placebo vs. LT4/LT3 replacement therapy in patients undergoing
02
total thyroidectomy. This study was designed to explore the changes

in TH and in indices of hormonal action within, and between study

groups, with the goal of obtaining point estimates of these measures

to adequately power subsequent large trial(s).

Materials and methods

Study design

This was a double-blind, placebo-controlled, two active

comparators (LT4/placebo vs. LT4/LT3) parallel, six-month study

(Figure 1) in patients undergoing thyroidectomy designed to obtain

point estimates of the effect size of each intervention. The study was

approved by the Virginia Commonwealth University IRB, and all

study participants provided written informed consent

(Clinicaltrials.gov ID NCT04782856). The research was completed

in accordance with the Declaration of Helsinki as revised in 2013.
Study participants, inclusion criteria,
and randomization

Inclusion criteria were age>18 years, normal TSH, and clinical

indication for total thyroidectomy. Exclusion criteria were indication

for TSH suppression; history of hypothyroidism or thyrotoxicosis;

congestive heart failure or unstable coronary artery disease (angina,

coronary event, or revascularization within 6 months); atrial

fibrillation; uncontrolled hypertension (>140/90 mmHg at screening);

uncontrolled diabetes (HbA1c>8% at screening); pregnancy,

breastfeeding, or planned pregnancy during the study; history of

major depression or psychosis; use of drugs known to interfere with

TH absorption or activity (e.g. antiacids, bile acid sequestrants,

dopaminergic or dopamine antagonists, amiodarone) (31);

conditions that in the opinion of the principal investigator may

impede the successful completion of the study. Participants taking
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lipid-lowering medications were instructed not to change their regimen

during the trial. Following enrollment, the participants were

randomized to the treatment groups by the investigational pharmacy.
Sample size

This feasibility study was designed to obtain point estimates of

the effects of LT4/LT3 compared to LT4/placebo on weight, and

LDL cholesterol. Based on prior observations (32, 33), with a sample

size of 15 participants per arm, a difference of 2.2 Kg would provide

80% power at a significance of 0.05. Similarly, a difference in LDL

cholesterol of 8% would provide 70% power at a significance of 0.05.

These estimates were based on the assumption of 50% of the effect

size observed in our prior crossover LT3 substitution trial (32) and

an expected 40% increase in average serum total T3 following LT4/

LT3 combination therapy compared to LT4 alone (33). Changes in

quality of life (ThyPRO-39) (34), cardiovascular parameters and

energy expenditure were considered exploratory endpoints. Due to

the exploratory nature of the study the accrual target of the study

was placed at 30 participants.
Screening visit

This encounter was conducted to verify inclusion and exclusion

criteria, and to allow participants to provide informed consent.
Baseline visit

Study volunteers were admitted prior to surgery (usually the

night before the procedure) for overnight energy expenditure
Frontiers in Endocrinology 03
recording in a whole-room indirect calorimeter (35, 36). The next

morning, study participants underwent a standard transthoracic

Doppler echocardiogram to measure left ventricular dimensions

and diastolic/systolic function (37), including the myocardial

performance (Tei index) obtained by subtracting the ejection time

(ET) from the interval between cessation and onset of the mitral

inflow velocity to give the sum of isovolumetric contraction time

(ICT) and isovolumentric relaxation time (IRT) and calculated as

(ICT+IRT)/ET, with smaller numbers reflecting better left

ventricular diastolic and systolic function (38); Arterial elastance

(Ea) was measured as left ventricular end-systolic pressure

(LVESP), estimated as 0.9 x systolic blood pressure divided by LV

stroke volume, and end-systolic elastance (EES) measured as

LVESP divided by the left ventricular end-systolic volume, and

expressing Ea/EES as a measure of ventricular-arterial

coupling (39).

Following the echocardiogram, anthropometric measurements

and quality of life assessment by ThyPRO-39 (34) were recorded,

and fasting blood sampling for TSH, free T4, total T3, and lipid

panel was collected. At the time of discharge from surgery (usually

in the evening of the same day), study participants were given two

study medications bottles, one “AM”, containing LT4/placebo or

LT4/LT3, and a second “PM” containing placebo or LT3 (see study

medications and therapy adjustments).
Six-week visit

Six weeks following surgery, study participants were seen for

therapy adjustment which consisted of a brief exam, and blood

draw for TSH measurement. Study medications were then adjusted

and delivered to the participants (see below).
FIGURE 1

Study scheme and procedures.
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Three- and six-month visits

Three- and six-months following surgery, study participants

returned for an overnight visit. The procedures were identical to the

baseline visit, apart from therapy adjustment at the three-month

visit. Upon study completion, patients returned to the care of

their endocrinologists.
Study medications

Patients were randomized to (a) LT4/placebo, starting at a dose

of 1.6 mcg/Kg (32, 40), or (b) LT4/LT3 combination therapy. For

the LT4/LT3 arm, the initial dose was calculated by decreasing the

estimated dose LT4 by 25 mcg, and adding a fixed dose of LT3, 5

mcg twice daily according to our pharmacokinetics modeling (33).

Study drugs were over-encapsulated in identical capsules as LT4/

placebo or LT4/LT3 (AM), and placebo or LT3 (PM). The LT4 dose

was adjusted at the six-week and three-month visits using the

scheme reported in Table 1 by an unblinded physician (SY, AMS,

RM) and delivered by courier; no changes were made to the LT3

dose throughout the study. Study participants were instructed to

take the AM capsule in the morning, with an empty stomach, to

wait at least 30 minutes before having breakfast or taking any other

medications, and to take the PM dose at least 30 minutes before

dinner. During the whole-room indirect calorimetry measurements,

study volunteers were instructed to take their study medications

following their regular schedule.
Statistical analysis

Two-tailed unpaired t test was used to compare data between

treatment arms, while two-tailed paired t test was used to compare

baseline vs. end-of-study results within the same treatment arm.

Results are expressed as mean ± SD and median and interquartile

ranges (IQR); p < 0.05 was considered the threshold for significance.

Analyses were conducted using Prism version 5 (GraphPad, La Jolla,

CA) and SPSS Version 29.0 (IBM, Chicago, IL) in participants who

completed at least the three-month visit, with last measure carried

forward. No adjustment for multiple comparisons was made.
Frontiers in Endocrinology 04
Results

Study participants

Thirteen participants (11 females, 2 males, age 51 ± 13.2 years)

were randomized between 10/29/2020 and 10/26/2022; twelve

participants who completed at least the three-month follow up visit

were included in the analysis. Of them, five were allocated to LT4/

LT3, and seven to LT4/placebo; their characteristics are reported in

Table 2. Screening, randomization, drop-out and completion of the

study data are reported in Figure 2. No patient-reported adverse event

was recorded. A change in dosing outside the titration scheme (dose

reduction) was deemed necessary because of sustained TSH

suppression at month-3 in a LT4/LT3 group patient. This was

attributed to oral GLP-1 analog therapy (41).
Study medications dose adjustments

The average initial LT4 dose in the LT4/placebo group

was 119.3 ± 24.8 mcg (1.57 ± 0.0 mcg/Kg), while at end-of-study it

was 107 ± 23.5 mcg (1.43 ± 0.4 mcg/Kg) (p=0.406). The LT4 dose was

unchanged in one patient, increased in one, and decreased in four. In

the LT4/LT3 group the initial average LT4 dose was 120.00 ± 41.1

mcg (1.31 ± 0.1 mcg/Kg), while at end-of-study it was 86.5 ± 10.1 mcg

(1.03 ± 0.2 mcg/Kg) (p=0.023). The LT4 dose was increased in one

patient and decreased in four. The data are ported in Table 2.
Thyroid hormone and TSH

Compared to baseline (pre-thyroidectomy) TSH, in the LT4/

placebo group no differences were observed at end-of-study (1.64 ±

0.70 vs. 1.64 ± 1.09 mcIU/ml), while a non-significant decrease

(1.57 ± 0.63 vs. 0.86 ± 1.46 mcIU/ml, p=0.265) was observed in the

LT4/LT3 group. At end-of-study the free T4 concentrations were

significantly increased in the LT4/placebo (0.91 ± 0.12 vs. 1.17 ±

0.26 ng/dl, p=0.005), while no significant changes (0.96 ± 0.13 vs.

1.02 ± 0.26 ng/dl, p=0.645) were observed in the LT4/LT3 group.

The total T3 concentrations were significantly decreased in the LT4/

placebo (98.7 ± 10.9 vs. 80.7 ± 14.6 ng/dl, p=0.003), while a non-

significant increase (96.8 ± 15.7 vs. 121.4 ± 23.9 ng/dl, p=0.142) was

observed in the LT4/LT3 group. Similarly, at end-of-study the total

T3/free T4 ratio was significantly decreased in the LT4/placebo

(110.0 ± 22.2 vs. 71.0 ± 16.6, p<0.001), while a non-significant

increase (103.7 ± 25.9 vs. 121.5 ± 20.0, p=0.142) was observed in the

LT4/LT3 group.

In between groups analyses, no significant differences were

observed in TSH and free T4 at end-of-study (p=0.337 and

p=0.135, respectively), while the differences in total T3 and total

T3/free T4 were statistically significant (LT4/Placebo -18.0 ± 9.6 vs.

LT4/LT3 20.5 ± 28.8 ng/dl, p=0.005 and LT4/Placebo -39.1 ± 12.1

vs. LT4/LT3 17.8 ± 27.5, p<0.001, respectively). The data are ported

in Table 3.
TABLE 1 Levothyroxine adjustment scheme.

TSH (mcIU/ml) Dose adjustment

Baseline ± 0.5 No change

Baseline > 0.5 -7.0 Increase by 10%

> 7.0 Increase by 20%

Baseline < 0.5 - 0.1 Decrease by 10%

< 0.1 Decrease by 20%
Dose adjustments were common to both treatments, therapy rounded to the closest
available dose.
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Lipid parameters

In the LT4/placebo group, compared to baseline, a non-significant

increase in total and LDL-cholesterol was observed at end-of-study

(213.3 ± 69.2 vs. 256.4 ± 105.6 mg/dl p=0.168, and 131.6 ± 49.3 vs.

163.6 ± 84.1 mg/dl p=0.236, respectively). Conversely in the LT4/LT3

group a non-significant decrease in total and LDL-cholesterol was

observed at end-of-study (214.4 ± 48.8 vs. 179.8 ± 20.0 mg/dl p=0.214,

and 132.6 ± 37.6 vs. 109.8 ± 15.4 mg/dl p=0.163, respectively). With

respect to HDL-cholesterol and triglycerides, in the LT4/placebo group,

a non-significant increase in HDL-cholesterol and triglycerides was

observed at end-of-study. In the LT4/LT3 group, when compared to

baseline, non-significant increase in HDL-cholesterol, and decrease in

triglycerides were observed at end-of-study. The data are ported

in Table 4.
Weight and energy metabolism assessment

A non-significant increase in body weight was observed at end-

of-study in the LT4/placebo group (76.0 ± 16.6 vs. 77.7 ± 17.8 Kg
Frontiers in Endocrinology 05
p=0.294), not seen in the LT4/LT3 group (90.0 ± 23.8 vs. 89.2 ± 23.5

Kg p=0.457). Conversely, compared to baseline, the LT4/placebo

group had a non-significant decrease in energy expenditure (1,544.4

± 241.3 vs. 1,504.9 ± 213.9 calorie/24hours p=0.215) while the LT4/

LT3 group showed an opposite trend (1,655.8 ± 362.6 vs. 1,683.8 ±

388.9 mg/dl calorie/24hours p=0.147). When the pre-post changes

in energy expenditure were analyzed between groups a significant

(p=0.03) difference was observed. The data are ported in Table 4.
Cardiovascular parameters

No significant differences were observed in heart rate, blood

pressure and ejection fraction between baseline and end-of-study in

both groups. Statistically significant differences were observed

between groups in Tei index, an indicator of diastolic function:

compared to baseline, the LT4/placebo group showed an increase

of +18.2 95% [IQR 3.8, 100], while the LT4/LT3 group showed a

decrease of -12.7 95% [IQR -21.7, -8.5], p=0.005, with negative

changes reflecting better function (38). The data are ported in Table 5.
FIGURE 2

CONSORT chart. The analysis was conducted (last measure carried forward) on study participants who completed the three-month visit.
TABLE 2 Baseline characteristics of study participants included in the analysis.

All participants LT4/LT3 LT4/placebo Significance

Number (sex) 12 (10 f, 2 M) 5 (4F, 1M) 7 (6F, 1M) n/a

Age (years) 51.7±13.8 50.0±13.8 53.0±13.6 P=0.728

Weight (Kg) 81.8±20.2 90. 0±23.8 76.0±16.7 P=0.257

Ethnicity 9 Caucasian, 3 Black 3 Caucasian, 2 Black 6 Caucasian, 1 Black n/a

Multinodular goiter 6 3 3 n/a

Papillary thyroid cancer 5 1 4 n/a

Medullary thyroid cancer 1 1 0 n/a
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Quality of life

Overall, at end-of-study improvements were observed across

the ThyPRO-39 domains both in the LT4/placebo and in the LT4/

LT3 groups. No significant differences were observed between the

two groups. The data are ported in Table 6.
Discussion

Since the seminal observations of Dr. Morreale d’Escobar (5, 6)

demonstrating that in animal models of hypothyroidism only LT4/

LT3 combination therapy could restore T3 and T4 concentrations

in most tissues, several trials have attempted to assess whether

humans would benefit from such a regimen (12–25). The results

have been conflicting, although a plurality of participants preferred

T3-containing therapy regimens, mostly driven by reported weight

loss (12–16). Heterogeneity of the study populations, with the

inclusion of participants requiring low-dose LT4, thus presumably

with residual endogenous TH production was recognized as a major

confounder (26). Our study was unique because we characterized

patients prior to total thyroidectomy, enabling the comparison of
Frontiers in Endocrinology 06
the two thyroid replacement regimens against the baseline of

endogenous euthyroidism. Prior studies have evaluated TH levels

pre- and post-thyroidectomy (8, 42), but none has attempted to

characterize in detail the metabolic profile of patients by performing

dense phenotyping.

The LT4/placebo group data provide empirical confirmation

that the initial LT4 dose of 1.6 mcg dose (1) is accurate, the minimal

reduction in dose when compared to our original observation

(32, 40) can be attributed to the trice daily regimen adopted in

that study, which could have led to adherence problems.

Conversely, most of the patients in the LT4/LT3 group required a

significant decrease in their LT4 dose, suggesting that our

estimation of the dose adjustment (33) was not sufficient.

Our study demonstrated clear differences in TH concentrations

between the two regimens following thyroidectomy. The LT4/placebo

group data demonstrated that LT4 alone does not normalize circulating

TH concentrations (9), while LT4/LT3 combination therapy may. Of

interest, our data appear in contrast with Dr. Jonklaas’ report which did

not demonstrate significant changes in T3 levels in patients undergoing

thyroidectomy. It is worth noting that several patients with benign

thyroid pathology underwent subtotal thyroidectomy, with the

potential confounder of residual thyroid hormone production.
TABLE 4 Lipid parameters, weight and energy expenditure assessment.

LT4/LT3 LT4/placebo

Parameter Baseline End of study Delta p Baseline End of study Delta p p for Delta

Total Cholesterol (mg/dl) 214.4±48.8 179.8±20.0 -28.8±49.0 0.214 213.3±69.2 256.4±105.6 43.1±72.8 0.168 0.070

LDL Cholesterol (mg/dl) 132.6± 37.6 109.8± 15.4 -19.0± 28.3 0.163 131.6±49.3 163.6±84.1 32.0±64.4 0.236 0.110

HDL Cholesterol (mg/dl) 53.2±11.2 56.8±16.3 3.0±6.5 0.322 58.4±19.8 63.0±18.6 4.6±12.5 0.373 0.880

Triglycerides (mg/dl) 151.8±135.1 100.0±50.3 -43.2±94.2 0.322 124.0±71.0 150.0±96.3 26.0±38.2 0.122 0.070

Weight (Kg) 90.0±23.8 89.2±23.5 -0.6±1.9 0.457 76.0±16.6 77.7±17.8 1.7±3.8 0.294 0.231

EE (Calorie/24 hour) 1,655.8±362.6 1,683.8±388.9 24.5±29.5 0.147 1,544.4± 241.3 1,504.9±213.9 -39.5±68.2 0.215 0.03

RQ 0.87± 0.02 0.88± 0.03 0.01±0.03 0.464 0.85± 0.03 0.89± 0.1 0.04± 0.08 0.327 0.125
Bold font indicates statistical significance.
TABLE 3 Thyroid hormone, TSH, and study medications.

LT4/LT3 LT4/placebo

Parameter Baseline End of study Delta p Baseline End of study Delta p p for Delta

TSH (mcIU/ml) 1.57±0.63 0.86±1.46 -0.59±1.14 0.265 1.64±0.70 1.64±1.09 0.00±1.19 0.998 0.337

FreeT4 (ng/dl) 0.96±0.13 1.02±0.26 0.05±0.24 0.645 0.91±0.12 1.17±0.26 0.26±0.15 0.005 0.135

T3 (ng/dl) 96.8±15.7 121.4±23.9 20.5±28.8 0.142 98.7±10.9 80.7±14.6 -18.0±9.6 0.003 0.005

T3/FreeT4 103.7±25.9 121.5±20.0 17.8±27.5 0.221 110.0±22.2 71.0±16.6 -39.1±12.1 <0.001 <0.001

LT4 dose (mcg) 120±41.1 86.5±10.1 -33.5±34.6 0.096 119.3±24.8 107.0±23.5 -12.3±22.8 0.406 n/a

LT4 dose (mcg/Kg) 1.31±0.14 1.03±0.22 -0.28±0.18 0.023 1.57±0.04 1.43±0.41 -0.14±0.41 0.406 n/a

LT3/LT4 1:9.0±1.4 1:6.8±1.2 -2.2±2.2 0.003 n/a n/a n/a n/a n/a
Bold font indicates statistical significance.
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Conversely, patients with malignant disease had lower TSH when

compared to their pre-surgical baseline (8). These factors may have

played a role in the apparent discrepancies between the observations.

We did not measure trough total T3 levels, and most study participants

underwent phlebotomy 1-3 hour following LT3 administration, which

approximates the Tmax (33); hence the increase in serum total T3

observed at end-of-study in the LT4/LT3 group likely represents

an overestimation.

Following thyroidectomy the LT4/placebo group experienced a

non-significant weight gain whose effect size is consistent with the

observations reported in a recent meta-analysis (43), while LT4/LT3

therapy appears to prevent it. Interestingly, the whole room indirect

calorimetry data indicate divergent trends in energy expenditure

between the LT4/placebo and the LT4/LT3 groups. Projected over

one year, a decrease of 39.5 calorie/day observed in the LT4/placebo

group would correspond to approximately 2 Kg of weight gain,

which could be counterbalanced with the equivalent of ten days of
Frontiers in Endocrinology 07
fasting. These latter estimates are likely overstated since they do not

take in account compensatory mechanisms (44).

Similar to the weight data, the LT4/placebo group experienced

non-significant increase in total- and LDL-cholesterol which did

not occur in the LT4/LT3 group, again consistent with the

observation that LT4 alone does not restore euthyroidism.

The LT4/LT3 group had a small yet statistically significant

improvement in Tei index, a measure cardiac performance (38).

Interestingly, this is consistent with our LT3 vs. LT4 therapy trial

where a marginal improvement in diastolic function was observed

in the LT3-treated arm (32).

Overall, both groups showed a trend toward improvement in

quality of life when compared to baseline (pre-surgery). It is

possible that the anxiety associated with the upcoming surgery

may have played a role. Indeed, the changes in “eye” domain which

one would not expect be affected by the surgery (since Graves’

disease and thyrotoxicosis were exclusion criteria) support this
TABLE 5 Cardiovascular parameters.

LT4/LT3 LT4/placebo

Baseline
End of
study

Delta p Baseline
End
of study

Delta p
p for
Delta

SBP (mmHg) 125[119-131] 128 [120-140] 2.4 [0.4 – 6.5] 0.08 130 [127-137] 127 [171-136] -8.5 [-10.7 - 0] 0.25 0.11

DBP (mmHg) 75 [63-83] 74 [58-85] -2.4 [-10.1 – 3.8] 0.42 76 [70-89] 73 [62-84] -11.4 [-15.8 – 15.2] 0.27 0.53

HR (bpm) 81 [61-100] 70 [61-82] 1.4 [-28.4 – 9.7] 0.69 81 [50-95] 81 [54-96] 1.1 [-2.0 – 16.0] 0.29 0.53

LVEDV (ml) 89 [68-108] 67 [64-108] -4.0 [-24.9 – 15.5] 0.50 90 [82-98] 75 [75-90] -5.6 [-23.0 - 0] 0.12 0.76

LVESV (ml) 37 [26-51] 27 [24-44] -15.1 [-32.2 – 17.0] 0.35 35 [29-37] 29 [26-39] -6.9 [-14.0 – 2.9] 0.20 0.43

LVEF (%) 59 [54-62] 59 [57-66] 8.0 [-5.7 – 14.6] 0.23 60 [54-70] 64 [57-65] -3.7 [-7.9 – 5.6] 0.60 0.43

E (ms) 77 [54-85] 74 [51-84] -1.2 [-12.6 – 7.5] 0.59 71 [56-76] 68 [57-79] 1.8 [-8.1 – 26-1] 0.61 0.64

A (ms) 57 [44-96] 66 [49-89] 0 [-7.0 – 18.4] 0.85 58 [42-93] 65 [55-76] 12.2 [-18.5 – 13.5] 0.74 0.76

E/A ratio 1.1 [0.9-1.3] 1.0 [0.9-1.2] -2.4 [-19.1 – 6.5] 0.35 1.2 [0.8-1.2] 1.2 [0.9-1.3] -3.1 [-19.0 – 2.9] 0.40 1

DT (ms) 210 [180-220] 227 [209-271] 8.1 [-2.4 – 50.4] 0.14 190 [155-208] 211 [183-239] 16.8 [-4.1 – 19.5] 0.06 1

E/DT ratio 0.34 [0.26-0.47] 0.30 [0.22-0.36] -10.7 [-35.4 – 6.7] 0.23 0.39 [0.27-0.43] 0.31 [0.23-0.43] -12.9 [-22.5 – 34.0] 0.61 1

AE (ms) 419 [370-482] 420 [381-451] -3.9 [-14.3 – 14.8] 0.89 441 [339-495] 419 [398-478] 3.0 [-13.1 – 17.1] 0.61 0.88

ET (ms) 270 [266-325] 309 [262-324] 1.1 [-8.6 – 14.4] 0.69 348 [259 -353] 308 [264-318] -0.8 [-10.2 – 12.0] 0.60 0.64

Tei Index 0.36 [0.32 – 0.68] 0.32 [0.29-0.55] -12.7 [-21.7 - -8.5] 0.04 0.27 [0.25-0.40] 0.36 [0.33-0.55] 18.2 [3.8 - 100] 0.08 0.005

E’ (cm/s) 8.1 [7.3-11.7] 6.9 [6.5-12.5] -5.3 [19.9 – 10.8] 0.69 9.1 [9.0 – 9.8] 9.5 [7.6-10.0] 4.9 [-21.3 – 11.1] 1 0.88

E/E’ (cm/s) 8.4 [5.3-11.0] 8.2 [6.1-10.4] 1.8 [-9.0 – 19.4] 0.89 7.2 [5.9-8.3] 7.5[6.1-9.2] -3.4 [-16.7 – 22.9] 0.87 1

E’/DT 0.04 [0.03-0.06] 0.03 [0.03-0.05] -15.2 [-39.1 – 5.0] 0.35 0.05 [0.04-0.06] 0.04 [0.03-0.05] -9.9 [-28.6 – 2.0] 0.09 0.53

Ea 2.1 [2.0-2.9] 2.8 [1.9-2.9] -1.9 [-12.5 – 30.8] 0.69 2.1 [1.8-2.7] 2.2 [1.8-2.7] -2.2 [-12.1 – 26.5] 0.87 1

Ees 3.0 [2.4-4.5] 3.8 [2.9-4.9] 19.6 [-8.2 – 57.4] 0.35 3.6 [3.3-3.9] 3.7 [2.5-4.8] -2.2 [-5.4 – 31.4] 0.61 0.53

Ea/Ees 0.70 [0.63-0.87] 0.67 [0.54-0.57] -18.0 [-27.4 – 15.2] 0.35 0.70 [0.44-0.85] 0.57 [0.56-0.77] 2.7 [-15.5 – 29.3] 0.87 0.53
fron
A, atrial contraction transmitral flow velocity at pulsed wave Doppler; AE, time between end of atrial contraction and mitral valve closure and mitral opening with initiation of early filling; DBP,
diastolic blood pressure; DT, transmitral early flow velocity deceleration time; E, early transmitral velocity at pulsed wave Doppler; E’, tissue Doppler velocity of the mitral annulus averaged
between medial and lateral; Ea, arterial elastance; EES, end-systolic elastance; ET, ejection time; HR, heart rate; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection
fraction; LVESV, left ventricle end-systolic volume; SBP, systolic blood pressure. Data are presented as median and interquartile range.
Bold font indicates statistical significance.
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interpretation. This is consistent with the observations of Azaria

and colleagues (45).

The study was conducted during the COVID-19 pandemic

which hampered recruitment and retention, as many potential

participants objected to the “clinically unnecessary” pre-surgical

and subsequent overnight admissions for baseline energy

expenditure recording and overnight follow up studies. This led

to an unanticipated limited number of participants and a significant

attrition rate, causing an underpowered study and the need to use

suboptimal (last measure carried forward in individuals who did

not complete the 6-months visit) statistical analysis. It should be

noted that the primary goal of the study was to provide point

estimates for the design of larger intervention studies (30). To this

end, the trend and the consistency of the findings clearly provides

an unequivocal “go” to proceed with larger studies. By applying the

point estimates of this study in post-hoc analyses, 11 participants in

each treatment arm would provide 80% power to demonstrate a

difference in weight, while 16 participants would provide 80%

power to demonstrate a difference in total cholesterol between

groups similar to the ones we observed in our study.

Another limitation of the study is that by design the recruitment

was limited to patients undergoing total thyroidectomy, thus resulting

in hypothyroidism devoid of residual TH production. It is possible

that the point estimates obtained in this population comparing LT4/

LT3 therapy to LT4/placebo are larger than the effects in patients with

hypothyroidism due to autoimmune thyroid disease who presumably

have some degree of residual TH production (26).

Our study design did not allow for adjustment of LT3 dosing

neither as ratio to LT4 nor to participants’ weight. Within the LT4/
Frontiers in Endocrinology 08
LT3 treatment group the ratio LT3/LT4 ranged between 1:10 and 1:6,

above the estimated endogenous T3 production from the thyroid

gland (46). This is an obvious limitation driven by the practical need

to use commercially available LT3 formulations which could then be

utilized in larger studies. The trend toward a decrease in TSH,

associated with decrease in weight and lipids observed in the LT4/

LT3 group compared to baseline, suggests that the LT3 dosing

employed in this study is supraphysiologic (pharmacologic). This is

an important consideration which will need to be addressed by

subsequent studies. Prior studies demonstrated that changes in

TSH achieved by modulation of LT4 dose did not result in changes

in indices of TH action (weight, cholesterol, energy expenditure) (47),

thus the differences observed between groups are unlikely attributable

to the non-significant differences in TSH at the end of the study. Of

note, the “low” TSH in that particular study was higher than the

average TSH observed in the LT4/LT3 group, hence one could

speculate that the LT4 dose was not sufficient to exert a measurable

metabolic effect. We did not measure additional indices of TH action

such as sex hormone binding globulin or angiotensin converting

enzyme (48). In the context of a feasibility study for a larger

(effectiveness) trial these assays would have provided only limited

additional information. Due to the limited number of patients, an

assessment of the role of common polymorphisms in the type-2

deiodinase and TH transporter genes (49–51) on the response to

therapy were not feasible.

Despite its limitations, this study has clearly demonstrated that

LT4 alone, while normalizing TSH, does not restore euthyroidism

when considering the circulating TH levels (9). Moreover, the lipid

profile and weight data, which are clinically relevant indices of TH
TABLE 6 Quality of life (Thy-PRO-39).

LT4/LT3 LT4/placebo

Domain Baseline End of study Delta p Baseline End of study Delta p p for Delta

Goiter 60.0±41.0 15.0±25.3 -45.0±38.0 0.057 23.8±36.8 0.0±0.0 -23.8±36.8 0.137 0.355

Hyperthyroid 25.0±20.7 10.0±19.0 -15.0±18.1 0.136 23.2±29.9 10.7±10.6 -12.5±20.4 0.156 0.829

Hypothyroid 36.2±34.3 26.2±27.4 -10.0±24.0 0.405 11.6±17.5 14.3±14.8 2.7±17.2 0.695 0.310

Eye 26.7±27.2 21.7±29.8 -5.0±12.6 0.426 16.7±17.3 3.6±17.3 -13.1±17.9 0.101 0.408

Tiredness 78.3±31.5 41.7±40.4 -36.7±45.1 0.143 45.8±28.9 34.5±16.3 -11.2±19.3 0.174 0.207

Cognitive 60.0±42.2 26.7±29.7 -33.3±45.3 0.175 23.8±15.6 9.5±8.9 -14.3±15.8 0.054 0.320

Anxiety 65.0±38.4 23.3±21.6 -41.7±45.3 0.109 19.1±15.7 4.8±6.6 -14.3±19.1 0.095 0.178

Depressivity 56.7±42.2 26.7±30.8 -30.0±42.7 0.192 16.6±12.7 14.3±6.3 -2.3±11.5 0.609 0.128

Emotional 61.7±32.0 21.7±20.9 -40.0±41.8 0.099 21.4±22.5 11.9±11.6 -9.5±19.0 0.231 0.116

Social life 25.0±34.3 0.0±0.0 -25.0±34.3 0.179 9.5±14.0 0.0±0.0 -9.5±14.0 0.121 0.301

Daily life 50.0±46.8 11.7±18.3 -38.3±51.2 0.211 9.5±14.0 2.4±4.0 -7.1±13.1 0.199 0.148

Appearance 50.0±47.1 11.7±16.2 -38.3±62.8 0.244 17.9±37.4 8.3±22.0 -9.5±47.2 0.613 0.384

Composite 65.0±37.9 20.0±27.4 -45.0±64.7 0.195 17.9±23.8 3.6±9.4 -14.3±28.3 0.231 0.285
ThyPRO-39 score: 0-100±SD, higher value worst outcome. No correction was made for multiple comparisons.
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action, suggest that “optimal” LT4 therapy (1) in individuals devoid

of endogenous TH production not only results in measurable

abnormalities in circulating TH homeostasis, but possibly in

inability of restoring euthyroidism at important end-organ targets

of the hormonal action. Conversely, the supplementation of LT3

appears to be able to prevent these changes. The consistency of

trends across multiple indices of TH action does not support the

interpretation that our findings are due to type II error.

In conclusion, this feasibility study provides supportive

evidence to design adequately powered large studies to evaluate

the efficacy and effectiveness of LT4/LT3 combination therapy for

the treatment of hypothyroidism, at least in patients undergoing

total thyroidectomy.
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