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Abstract
Objective: Despite having normal thyroid-stimulating hormone levels, many hypothyroid patients are dissatisfied with the treatment. The 
primary aim of this study was to evaluate the effect of twice-daily, combination therapy with levothyroxine (LT4) and liothyronine (LT3), at 
doses adapted according to TSH-level, on peripheral tissues as reflected by sex hormone binding globulin (SHBG) levels in totally 
thyroidectomized patients. Changes in other tissue markers and quality of life considering DIO2-rs225014 and MCT10-rs17606253 genetic 
variants were also assessed.
Design: Double-blind, randomized, placebo-controlled.
Methods: One hundred and forty-one subjects were randomized to LT4 + LT3 group (LT4 + LT3 in the morning and LT3 in the evening; n = 70) or 
placebo group (LT4 in the morning and placebo in the evening; n = 71). Pituitary-thyroid axis compensation was assessed after 6, 12, and 
24 weeks. Clinical parameters, quality of life, and tissue markers (sex hormone binding globulin, serum lipids, bone markers) were evaluated 
at 12 and 24 weeks. DIO2 and MCT10 single nucleotide polymorphisms were genotyped.
Results: The LT4 + LT3 group was treated with mean daily LT3 doses of 5.00 µg, with a mean daily LT4 reduction of 15 µg. After 6 months of 
treatment, neither SHBG and other tissue markers nor quality of life differed significantly between groups. Combination treatment required 
greater dose adjustments than placebo (25% vs 54%, P < .001), due to thyroid-stimulating hormone reduction, without hyperthyroidism signs 
or symptoms. At the end of treatment, the LT4 + placebo group had significantly lower fT3/fT4 compared to the LT4 + LT3 group (0.26 ± 0.05 
vs 0.32 ± 0.08, P < .001). No preference for combination therapy was found. Genetic variants did not influence any outcomes.
Conclusions: Six months of combination therapy with twice-daily LT3 dose adapted according to TSH-level do not significantly change peripheral 
tissue response or quality of life, despite an increase in the fT3/fT4 ratio.
Keywords: hypothyroidism, combination treatment, levothyroxine, liothyronine, thyroidectomy

Significance

This represents one of the largest studies to date to evaluate the efficacy of combined therapy with levothyroxine and lio
thyronine. By administering 6-month dose adapted according to TSH-level and respecting the physiological relationships 
between the 2 hormones, the treated subjects did not have significant changes in tissue markers of thyroid hormone action 
nor in quality of life, despite an improvement in the ratio between the 2 circulating thyroid hormones.
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Introduction
The gold standard treatment for hypothyroidism is synthetic 
levothyroxine (LT4), a pro-hormone further converted into 
the active form, triiodothyronine (T3). Under physiological 
conditions, 20% of T3 is produced by the thyroid, while the 
remaining percentage derives from the activation of the 

pro-hormone in the peripheral tissues by deiodinases.1 This ac
tivation is considered sufficient to ensure adequate peripheral 
levels of thyroid hormones in subjects treated with 
LT4. However, the persistence of hypothyroidism-related 
symptoms under LT4 has been announced since the 
1990s2 and it is still an unresolved issue.3 The main concerns 
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of symptomatic patients treated with LT4, despite normal 
thyroid-stimulating hormone (TSH), are impaired cognition 
and fatigue,4,5 with significant impairment of quality of life 
(QoL).3

LT4 does not normalize thyroid hormone levels in adipose 
tissue, lung, and liver of thyroidectomized rats.6 In humans, 
serum levels of free triiodothyronine (fT3) and thyroxine 
(fT4) during LT4 are altered compared to euthyroid controls. 
After thyroidectomy, LT4 treatment leads to an increase in 
fT4 serum levels, with TSH normalization, but fT3 serum lev
els are significantly lower than before surgery.7 Thus, LT4 
guarantees euthyroidism at the pituitary level, with conse
quent TSH normalization, but probably not at the periphery. 
These findings have rekindled interest in combination therapy 
with LT4 and liothyronine (LT3). However, the current evi
dence on the efficacy of combination therapy (LT4 + LT3) is 
conflicting, deriving from studies penalized by methodological 
limitations,8,9 hindering a clear position in guidelines on this 
issue.10,11 Limitations of previous studies can be summarized 
in: (1) Administration of LT3 once daily in the morning,12-21

not respecting the known half-life and circadian rhythm of 
T3,22,23 (2) lack of adequate washout period in cross-over 
studies,12-14,16,21,24 (3) fixed LT3 doses, leading to various 
LT4/LT3 ratios with the risk of over- or undertreat
ment,14,21,24,25 and (4) hypothyroidism of any nature, with 
varying degrees of residual function.12,14,19,21,24,26 Moreover, 
these studies generally evaluated the QoL, using questionnaires 
not specific to hypothyroidism.

Finally, LT4 + LT3 may be advisable only for patients with 
characteristics yet to be defined. Carriers of the rs225014 sin
gle nucleotide polymorphism (SNP) of the type 2 deiodinase 
(DIO2) coding gene have lower T3, despite normal TSH27

and seem to prefer LT4 + LT3.28 Carriers of this variant ex
hibit lower DIO2 activity and therefore less ability to generate 
T3 from exogenous LT4.27 Also, the influence of thyroid hor
mone transporters at the cellular level has been advocated, 
since they regulate the passage of T3 in the central nervous sys
tem and the hypothalamus-pituitary unit:29 Subjects with 
monocarboxylate transporter (MCT)-10 rs17606253, alone 
or together with the derived DIO2 allele, seem to prefer 
LT4 + LT3.28

Thus, the present study was designed to evaluate the effect of 
combination therapy with LT4 + LT3 on peripheral tissues, as 
reflected by sex hormone binding globulin (SHBG) levels, in to
tally thyroidectomized patients without residual thyroid func
tion, partially replacing LT4 with customized twice-daily doses 
of LT3, respecting circadian rhythm and the physiological 
T3/T4 ratio. Changes in other tissue markers and quality of 
life considering DIO2-rs225014 and MCT10-rs17606253 
genetic variants were also assessed.

Methods
Study design
The longitudinal, prospective, double-blinded, randomized, 
placebo-controlled study was registered on ClinicalTrials.gov 
(NCT03053115) (EudraCT number 2016-000687-41). The 
research was conducted in accordance with the World 
Medical Association Declaration of Helsinki. The institutional 
review board of Modena approved the study (protocol 
n. 98/16). The Italian Medicines Agency (AIFA) approved 
the study (protocol n. 59166/16).

From March 2017 to March 2020, 160 hypothyroid pa
tients in LT4 replacement therapy were enrolled at the Unit 
of Endocrinology of the Azienda Ospedaliero-Universitaria 
Policlinico of Modena, Italy. Patients were selected according 
to the following criteria: 18 years old or older, capable of 
understanding and willing, able to understand and fill in a 
questionnaire in Italian, without residual thyroid function 
(totally thyroidectomized for benign or malignant disease, 
with serum thyroglobulin < 0.2 ng/mL and negative anti- 
thyroglobulin antibodies, to avoid interference in the thyro
globulin dosage method), and in good compensation during 
replacement therapy with LT4 in tablets at stable dosage for 
at least 3 months. Patients were excluded if pregnant or with 
a history of cardiac arrhythmias, severe liver, kidney, or 
bone metabolism disorders, or if they were taking LT4 at 
TSH-suppressive dosage, corticosteroids, antiresorptive ther
apies for osteoporosis (current or in the previous 12 months), 
amiodarone, cholestyramine, or iron supplementation.

Patients were randomized into groups treated with LT4 + 
LT3 (LT4 + LT3 group) or LT4 and placebo (LT4 + placebo 
group). The study protocol included screening visits, baseline 
visits (V0), and visits at 6 (V1), 12 (V2), and 24 (V3) weeks 
from V0 (Figure 1).

During the screening visit, inclusion and exclusion criteria 
were considered, and consent has been obtained from each pa
tient after a full explanation of the purpose and nature of all 
procedures used. At V0, any symptom or sign of hypothyroid
ism was collected. At V0, V1, V2, and V3, TSH serum levels 
(with reflex fT4 testing in case of altered TSH) were measured 
at 8 AM, fasting and before taking therapy. Dose adjustments 
were made to keep the patient on replacement therapy with 
good compensation (see “Experimental treatment”). At V0, 
V2, and V3, clinical data such as weight, height, body mass in
dex (BMI), heart rate (HR), and systolic and diastolic blood 
pressure (SBP, DBP) were collected. At V0, V2, and V3, serum 
was collected by sampling at 8 AM, fasting and before taking 
the therapy and they were stored at −20 °C. Whole blood sam
ples in ethylenediaminetetraacetic acid were collected at V0 
and stored at −80 °C. At the end of the study, samples were 
thawed and analyzed on the same day under the same condi
tions. The following serum parameters were measured: TSH, 
fT4, fT3, antibodies to thyroperoxidase (TPOAb), total chol
esterol (total-CH), high-density lipoprotein cholesterol 
(HDL-CH), triglycerides, SHBG, osteocalcin, carboxy- 
terminal collagen crosslinks (CTX), and bone isoenzyme of al
kaline phosphatase (Table S1).

The fT3/fT4 ratio was calculated and it was considered 
physiological between 0.27 and 0.37.7,9

DIO2-rs225014 and MCT10-rs17606253 variants were 
genotyped at baseline. See Supplementary methods for details.

The Italian version of the ThyPRO questionnaire30 was ad
ministered at V0, V2, and V3 to assess QoL. At each visit, 
compliance to thyroid replacement therapy was verified by 
checking the daily compilation of the therapeutic scheme de
livered to the patient and administering the validated ques
tionnaire Morisky Medication Adherence Scale.31 See 
Supplementary methods for questionnaire details.

Experimental treatment
LT3, LT4, and placebo drops were provided by IBSA Institut 
Biochimique SA (Switzerland). See Supplementary methods
for details on the custom calculation of doses.
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Placebo was clear and colorless. Both LT3, LT4, and pla
cebo drops were identical in color and taste. It was checked 
for LT4 sodium identification (negative) and LT3 sodium 
identification (negative).

The treatment lasted 6 months. At 6, 12, and 24 weeks, TSH 
was checked to guide dosage adjustments. If TSH was out of 
the reference range, the randomizing clinician made the 
change. In the LT4 + LT3 group, the reduction/increase was 
first performed on the daily total LT4 dose in µg correspond
ing to the sum of the thyroid hormones prescribed in the pre
vious visit. The dose modification was made case by case, 
according to clinical practice and international guidelines (at 
V1, changes of at least 12.5-25 µg/daily were made, but subse
quently even lower changes were considered to achieve goal 
TSH levels).32 Then, the new reduced/increased dosage was 
converted into doses of LT4 and LT3 following the formula 
described in Supplementary methods, in order to maintain 
T4/T3 ratio between 13:1 and 20:1. In the LT4 + placebo 
group, the dosage of LT4 in drops taken in the morning was 

changed. The extent of the reduction/increase was indicated 
by the investigators in both groups (eg, ±10 µg daily).

At each visit, patients were asked about side effects, includ
ing clinically relevant hypo/hyperthyroid symptoms, posology 
changes of existing therapies, or initiation of new therapies.

After the end of the study, a telephone questionnaire was 
conducted with predefined multiple-choice questions (“Did 
you prefer the experimental or the previous therapy? 
Why?”, “Did you find the experimental therapy uncomfort
able? Why?”) to investigate the preference for experimental 
therapy and any difficulties with the new therapeutic scheme. 
See Supplementary methods for the complete version of the 
telephone questionnaire.

Blinding
The randomization was performed using a permuted block 
randomization scheme which allowed to randomize partici
pants within blocks such that an equal number are assigned 

Figure 1. Flow chart of the study.
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to each treatment, using the SPSS 29.0 for Windows (SPSS 
Inc., Chicago, IL, USA) software. The randomization was per
formed with a 1:1 ratio, considering: the LT4 + LT3 group and 
the LT4 + placebo group. Participants, nurses, and investiga
tors performing the visits were blinded throughout the entire 
study period, ignoring which treatment participants were 
receiving.

The customized doses of LT3 and LT4 were calculated by a 
clinician of the Endocrinology Unit, called randomizing clin
ician, who had access to the randomization list but never 
met patients during the study. The figure of the randomizing 
clinician was essential to calculate the precise dosages, while 
maintaining the double blindness of the investigators.

Both groups took the same formulations, in order not to 
understand which treatment they were taking: Drops (con
taining LT4 in the placebo or LT3 in the LT4 + LT3 group) 
plus tablets (containing LT4) in the morning and drops in 
the evening (containing placebo or LT3). Each subject at 
each visit received 2 bottles, 1 for the morning (marked 
“morning”) and 1 for the evening (marked “evening”), ac
companied by a therapeutic scheme, which indicated the pre
cise number of drops to be taken in the morning and the 
evening and the dose of LT4 in tablets to be taken in the morn
ing. The patient was asked to check the doses taken on the 
therapeutic scheme daily. The randomizing clinician packed 
the drug bottles in boxes identical and indistinguishable 
from those of the LT4 + placebo group, with the sole indica
tion of the patient number. Then the randomizing clinician de
livered the box to the investigators who in turn delivered it to 
the patient during the visit, together with the new therapeutic 
scheme, showing any dosage changes, when necessary (see 
“Treatment duration and dosage adjustments” paragraph 
for details).

Sample size calculation
The sample size was a priori determined by power analysis, as
suming serum SHBG variations as the most relevant indicator 
of thyroid hormones tissue effect. Walsh et al.33 demonstrated 
an SHBG increase by approximately 9 nmol/L, increasing the 
LT4 dose of 50 µg for 2 months. Setting the sample size calcu
lation on the size effect reported by Walsh et al. (8.14′ ± 
9.94′ nmol/L) and considering a 2-sided repeated measure
ment after baseline, with a power of 90% and an 
alpha-error = .05, we estimated 113 patients for each group. 
Considering a drop-out rate of 15%, the total sample size 
was 260 patients.

Study outcomes
The primary outcome of the study was: Serum SHBG varia
tions after 6 months of treatment.

The secondary outcomes of the study were: BMI, quality of 
life changes evaluated by the ThyPRO questionnaire scores, 
TSH, fT3, fT4, total-CH, HDL-CH, triglycerides, CTX, os
teocalcin, and bone alkaline phosphatase.

The following exploratory outcomes (not predefined on 
clinicaltrials.gov) were added during the clinical trial: 
fT3/fT4, HR, SBP, and DBP.

Statistics
The randomization list and dosage choices, depending on the 
study arm assigned to each patient, were managed solely by 

the randomizing clinician. The primary endpoint was the se
rum SHBG variations after 6 months of treatment.

The “live” TSH reflex measurement at each visit served only 
to guide any therapeutic adjustments. The analysis was per
formed according to the intention-to-treat approach, to re
duce the potential influence of dropouts on the final result.

Statistical analyses on TSH, fT3, and fT4 were performed 
using the measurements on all sera obtained at the end of 
the study. The distribution of the collected variables was stud
ied using the Kolmogorov-Smirnov test. Thyroid hormones, as 
well as the tissue markers and the questionnaire scores, were 
not normally distributed. However, all the primary and sec
ondary outcomes, comparing LT4 + LT3 and LT4 + placebo 
groups at visit 3, were evaluated with generalized linear model 
analysis, as previously suggested.34 Categorical variables were 
compared by Fisher's exact test. Correlation analyses were 
performed by Spearman Rho's test. To test the predictive value 
of genotypes on the studied outcomes, we compared continu
ous variables according to genotype applying Kruskal-Wallis 
test. Deviation from Hardy-Weinberg equilibrium was ana
lyzed using the chi-square test. Statistical analyses were per
formed using SPSS 29.0 for Windows (SPSS Inc., Chicago, 
IL, USA). Values of P < .05 were considered significant.

Results
One hundred and sixty patients have been enrolled into the 
study. Nineteen subjects withdrew their consent before ran
domization, mainly persuaded by relatives once they returned 
home or because, during the pandemic, they did not want to 
access the hospital for the visits required by the protocol. 
Finally, 141 subjects were randomized in LT4 + LT3 or LT4 + 
placebo group and underwent at least V0, 71 in the study 
(74.6% females) and 70 in the LT4 + placebo group (67.1% 
females). Fifteen patients dropped out (10.6%), and 5 were 
lost at follow-up (Figure 1). All dropouts were due to the pa
tient's choice, and none to adverse events. Six of the 8 patients 
lost after V1 left the study during the lockdown due to the 
coronavirus disease 2019 (COVID-19) pandemic. Finally, 
121 patients, 63 in the LT4 + LT3 and 58 in the LT4 + placebo 
group, underwent all visits (Figure 1).

Baseline characteristics of the LT4 + LT3 and LT4 + placebo 
groups are shown in Table 1. Only 9 patients had positive 
TPOAb. At baseline, TPOAb positive subjects had worse 
QoL, considering emotional susceptibility (P = .04), impaired 
daily life (P = .02), cosmetic complaints (P = .05), and item12 
(P = .05) compared to TPOAb negative subjects. In subse
quent analyses, no comparisons were made based on 
TPOAb, given the small size of the positive group.

Subjects randomized in the LT4 + LT3 group were treated 
with mean daily LT4 and LT3 doses of 100.13 ± 26.25 and 
5.00 ± 1.31 µg, respectively, thus with an LT4/LT3 ratio of 
20 (Table S2).

Primary and secondary outcome values at baseline and the 
end of treatment are shown in Table 2.

Changes in tissue markers of peripheral thyroid 
hormone action
No significant differences in tissue markers were observed be
tween the LT4 + LT3 and LT4 + placebo groups at the end of 
treatment (Table 2). SHBG was slightly higher in the LT4 + 
LT3 group (52.9 ± 25.8 nmol/L) compared to the placebo 
(48.9 ± 33.1 nmol/L) (P = .47, power 59.5%). On performing 
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the same analysis separately for males and females, no difference 
within and between the placebo group and the LT4 + LT3 
group was found.

Effects of experimental therapy on thyroid function 
compensation
Patients treated with LT4 + LT3 showed a TSH decrease at V1 
and until V3 (P < .001). The proportion of patients with TSH 
below the reference range was higher in the LT4 + LT3 group 
compared to the LT4 + placebo group, both in V1 (56.1% vs 
24.2%, P < .001) and in V2 (46.2% vs 25.4%, P = .01) 
(Table S3, Figure 2). In V3, the number of patients with 
TSH below the reference range was higher in the LT4 + LT3 
group than in the placebo group (33.3% vs 19.0%, P = .06). 
However, if overt iatrogenic thyrotoxicosis is considered 

(TSH < 0.35 μIU/mL and fT4 > 12 pg/mL), only 1 event was 
recorded at V2 in the LT4 + placebo group.

The incidence of reduced thyroid compensation was very 
low during the study. Only at V3, the incidence of elevated 
TSH was statistically significantly higher in the placebo 
(15.5%) than in the LT4 + LT3 group (1.6%) (P < .05) 
(Table S3, Figure 2). No cases of overt hypothyroidism (de
fined as TSH > 4.94 μIU/mL and fT4 < 6 pg/mL) occurred in 
any group.

In the LT4 + LT3 group, there was a statistically significant 
fT4 decrease in agreement with the progressive reduction of 
the dose of LT4 provided (P = .04). Conversely, there was a 
significant fT3 increase (P = .01), despite the progressive re
duction in LT3 dose. In the LT4 + placebo group, there were 
no changes in fT4 and fT3 through visits (P = .42 and P = .29).

Table 1. Baseline characteristics of levothyroxine + liothyronine (LT4 + LT3) and levothyroxine + placebo (LT4 + placebo) groups.

LT4 + LT3 group (n = 71) LT4 + placebo group (n = 70)

Age (years) 55.5 ± 10.8 56.4 ± 13.0
Females n (%) 53 (74.6) 47 (67.1)
BMI (kg/m2) 28.5 ± 5.5 28.7 ± 5.8
HR (bpm) 73.2 ± 8.6 73.3 ± 10.5
SBP (mm Hg) 128.4 ± 17.9 128.7 ± 17.3
DBP (mm Hg) 78.2 ± 10.3 77.6 ± 11.0
Months post-thyroidectomy 113.5 ± 97.6 107.1 ± 78.8
Papillary carcinoma n (%) 57 (82.6) 

Stage I: 52 (91.2) 
Stage II: 5 (8.8)

57 (85.1) 
Stage I: 53 (93.0) 
Stage II: 4 (7.0)

Follicular carcinoma n (%) 8 (11.6) 
Stage I: 8 (100)

2 (3.0) 
Stage I: 2 (100)

Papillary and follicular carcinoma n (%) 2 (2.9) 
Stage I: 2 (100)

2 (3.0) 
Stage I: 2 (100)

Medullary carcinoma n (%) 1 (1.4) 3 (4.5)
Benign nodular goiter n (%) 1 (1.4) 3 (4.5)
RAI remnant ablation 52 (73) 42 (60)
Daily LT4 dosage (μg/daily) 112.1 ± 28.7 114.9 ± 34.6
LT4 dosage per kg (μg/kg) 1.5 ± 0.3 1.5 ± 0.4
Number of hypothyroidism-related symptoms 2.1 ± 1.6 2.0 ± 1.6
Asthenia n (%) 36 (50.7) 36 (51.4)
Duration of asthenia (months) 84.5 ± 111.0 70.5 ± 65.3
Weight gain n (%) 34 (47.9) 29 (41.4)
Duration of weight gain (months) 71.2 ± 60.1 56.8 ± 52.8
Reduced memory n (%) 26 (36.6) 23 (32.9)
Duration of reduced memory (months) 69.3 ± 63.0 66.5 ± 73.1
Dry scalp n (%) 18 (25.4) 17 (24.3)
Duration of dry scalp (months) 87.5 ± 79.4 38.1 ± 67.5
Cold intolerance n (%) 3 (4.2) 2 (2.9)
Duration of cold intolerance (months) 185.3 ± 297.0 150.0 ± 110.3
Number of comorbidities 0.8 ± 1.0 0.8 ± 1.2
Hypertension n (%) 26 (36.6) 29 (41.4)
Diabetes mellitus n (%) 3 (4.2) 5 (7.1)
Dyslipidemia n (%) 9 (12.7) 10 (14.3)
Gastroesophageal reflux disease n (%) 8 (11.3) 4 (5.7)
Psychiatric disorders n (%) 8 (11.3) 2 (2.9)
Hypoparathyroidism n (%) 9 (12.7) 9 (12.9)
Number of drugs 1.3 ± 1.8 1.3 ± 1.7
Calcium supplements n (%) 12 (16.9) 10 (14.3)
Vitamin D supplements n (%) 20 (28.1) 20 (28.6)
Antihypertensive drugs n (%) 25 (35.2) 29 (41.4)
Antiplatelet drugs n (%) 6 (8.5) 8 (11.4)
Anticoagulants drugs n (%) 0 (0.0) 1 (1.4)
Lipid-lowering drugs n (%) 8 (11.3) 11 (15.7)
Proton pump inhibitors n (%) 8 (11.3) 4 (5.7)
Psycho-active drugs n (%) 8 (11.3) 3 (4.3)
Antidiabetic drugs n (%) 3 (4.2) 5 (7.1)

Data are presented as mean ± SD or number of patients (percentages). 
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HR, hearth rate; RAI, radioiodine; SBP, systolic blood pressure.
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Then, we considered the fT3/fT4 ratio. At baseline, 
fT3/fT4 was below the physiological range (0.27-0.377,9) 
in both groups (0.26 ± 0.04 in the LT4 + LT3 group, 0.25 ± 
0.04 in the LT4 + placebo group), suggesting a suboptimal 
compensation under LT4 alone, despite mean normal 

TSH. At the end of treatment, fT3/fT4 remained low in the 
LT4 + placebo group, while the ratio significantly increased 
in the LT4 + LT3 group normalizing (0.32 ± 0.08 in the 
LT4 + LT3 group vs 0.26 ± 0.05 in the LT4 + placebo group, 
P < .001) (Figure 3).

Table 2. Primary and secondary outcomes, comparing study and placebo groups at visit 3.

Visit 0 (baseline) Visit 3 (6 months) Comparison between groups at visit 3

LT4 + LT3 group  
(n = 71)

LT4 + placebo  
group (n = 70)

LT4 + LT3  
(n = 63)

LT4 + placebo  
(n = 58)

Mean  
difference

P 95% CI

Primary outcome
SHBG (nmol/L) 51.6 ± 29.1 49.7 ± 30.4 52.9 ± 25.8 48.9 ± 33.1 4.0 .47 −6.9, 14.9

Secondary outcomes
Body mass index (kg/m2) 28.5 ± 5.5 28.7 ± 5.8 28.1 ± 5.3 28.7 ± 5.6 −0.6 .51 −2.6, 1.3

ThyPRO questionnaire scores
Goiter symptoms 9.5 ± 8.6 9.5 ± 11.3 8.3 ± 10.0 8.9 ± 9.8 −0.5 .78 −4.1, 3.1
Hyperthyroid symptoms 20.2 ± 17.0 20.7 ± 15.2 16.1 ± 12.2 18.5 ± 13.2 −2.4 .31 −7.1, 2.2
Hypothyroid symptoms 21.1 ± 18.1 20.6 ± 17.3 17.3 ± 17.5 17.8 ± 15.0 −0.4 .88 −6.4, 5.5
Eye symptoms 15.7 ± 15.1 11.9 ± 11.8 13.0 ± 13.6 12.2 ± 12.9 0.7 .76 −4.0, 5.6
Tiredness 17.9 ± 17.3 13.6 ± 13.4 14.8 ± 15.5 14.0 ± 14.7 0.8 .76 −4.7, 6.3
Cognitive problems 25.9 ± 22.2 21.7 ± 17.6 19.1 ± 15.2 18.6 ± 16.1 0.5 .85 −5.2, 6.2
Anxiety 26.4 ± 20.4 26.9 ± 19.4 17.3 ± 14.8 21.2 ± 19.9 −3.8 .23 −9.9, 2.2
Depressivity 30.8 ± 18.1 30.7 ± 17.0 24.7 ± 13.9 29.0 ± 20.1 −4.3 .18 −10.6, 1.9
Emotional susceptibility 31.8 ± 18.8 31.4 ± 16.3 25.1 ± 14.8 28.4 ± 17.9 −3.3 .29 −9.2, 2.9
Impaired social life 13.2 ± 16.8 11.8 ± 14.7 7.6 ± 11.5 9.2 ± 14.6 −1.6 .53 −6.8, 3.4
Impaired daily life 13.8 ± 17.6 10.2 ± 12.9 9.2 ± 10.6 11.8 ± 15.2 −2.6 .29 −7.9, 2.2
Impaired sex life 21.7 ± 27.7 21.1 ± 23.2 21.4 ± 25.2 21.1 ± 24.6 0.3 .93 −9.0, 9.7
Cosmetic complaints 18.2 ± 22.7 13.7 ± 16.3 11.6 ± 16.4 9.1 ± 12.2 2.5 .36 −2.8, 7.8
Overall impact 25.0 ± 24.6 17.2 ± 23.9 13.8 ± 20.5 12.7 ± 19.0 1.0 .77 −6.2, 8.4
TSH (μIU/mL) 1.4 ± 1.5 1.1 ± 1.2 1.3 ± 2.7 2.6 ± 5.3 −1.3 .08 −2.8, 0.2
fT3 (pg/mL) 3.0 ± 0.3 3.0 ± 0.3 3.2 ± 0.5 2.9 ± 0.4 0.3 .002 0.1, 0.5
fT4 (pg/mL) 11.9 ± 2.2 11.7 ± 1.8 10.4 ± 2.2 11.3 ± 2.0 −0.9 .02 −1.7, −0.2
Total-CH (mg/dL) 206.5 ± 33.3 203.4 ± 48.0 210.0 ± 36.6 219.6 ± 44.7 −9.5 .21 −24.4, 5.3
HDL cholesterol (mg/dL) 52.1 ± 13.2 50.2 ± 13.4 54.9 ± 14.4 54.8 ± 14.0 0.1 .98 −4.7, 5.0
Triglycerides (mg/dL) 108.0 ± 67.2 105.2 ± 79.6 100.9 ± 70.8 110.0 ± 71.2 −9.1 .49 −35, 16.8
CTX (ng/dL) 9.6 ± 7.1 11.4 ± 8.7 12.3 ± 10.0 11.7 ± 10.1 0.5 .79 −3.2, 4.2
Osteocalcin (ng/mL) 17.3 ± 4.6 17.4 ± 4.7 18.3 ± 4.5 17.0 ± 4.9 1.3 .14 −0.4, 3.0
Bone alkaline phosphatase (µg/L) 11.3 ± 3.9 11.8 ± 3.6 11.7 ± 4.1 11.5 ± 3.6 0.1 .86 −1.3, 1.6

Data are presented as mean ± SD. The P-value reported is obtained by the generalized linear model analysis. 
Abbreviations: CTX, C-terminal telopeptide of type 1 collagen; fT3, serum free triiodothyronine; fT4, serum free thyroxine; HDL-CH, high-density lipoprotein 
cholesterol; SHBG, sex hormone binding globulin; TSH, thyroid-stimulating hormone; Total-CH, total cholesterol.

Figure 2. Occurrence of alteration of TSH serum levels, above or below the reference range in the groups, at visit 1 (V1, 6 weeks after baseline), visit 2 
(V2, 3 months after baseline), and visit 3 (V3, 6 months after baseline).
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Changes in clinical parameters
Body mass index did not differ between groups at the end of 
treatment (Table 2). Even HR, SBP, and DPB did not differ at 
V3: HR was 73.6 ± 9.0 and 70.4 ± 9.7 bpm in the LT4 + LT3 
group and the placebo group, respectively (P = .08); SBP was 
127.3 ± 19.4 and 128.0 ± 20.6 mm Hg in the LT4 + LT3 group 
and the placebo group, respectively (P = .87), and DBP was 
79.3 ± 10.9 and 78.6 ± 10.7 mm Hg in the LT4 + LT3 group 
and the placebo group, respectively (P = .87).

Changes in quality of life
At the end of treatment, no significant differences were found 
in the totalized score in ThyPRO items between groups 
(Table 2). The same results were confirmed, performing separ
ate analysis for males and females. No significant correlations 
were found between the scores in any of these items and TSH, 
fT4, fT3, and fT3/fT4 (P > .05).

The study was not powered on a QoL outcome, and it is 
underpowered for a ThyPRO outcome.

Compliance, safety, and dose adjustments
Only 10.6% of subjects had complete adherence to ongoing 
LT4 monotherapy at baseline. Despite the greater complexity 
of the experimental therapeutic scheme, compliance remained 
unchanged during the study, with a rate of moderate or com
plete adherence of 67% and 8% in the LT4 + LT3 group, and 
72% and 9% in the LT4 + placebo group, respectively. No sig
nificant differences in compliance rate were found between the 
LT4 + LT3 group and the LT4 + placebo group (P > .05).

The safety profile of the combination therapy was good. 
Only 1 serious adverse event was recorded: One subject 

from the LT4 + LT3 group was hospitalized for acute hepa
titis, probably from gallstones, between V2 and V3. The 
liver damage spontaneously resolved, and the experimental 
therapy was not considered etiologically responsible and was 
continued.

The remaining adverse events were not serious. The most 
frequent was TSH which was out of the reference range 
(Figure 2), without signs or symptoms of altered thyroid com
pensation. Accordingly, changes in LT4 and LT3 dosage were 
made. At V1, dose changes were more frequent in the LT4 + 
LT3 group than in the LT4 + placebo group (P < .001). This 
difference was lost at V2, even if dose adjustments were re
quired again in 30% (LT4 + placebo) and 45% (LT4 + LT3) 
of subjects. Considering therapeutic changes, there was a 
greater incidence of dose reduction in the LT4 + LT3 com
pared to the LT4 + placebo group at V1. On the contrary, 
dose increase occurred rarely and only in LT4 + placebo 
group. Beyond TSH alterations, the remaining adverse events 
were insomnia, palpitations, anxiety, and headache 
(Table S3), without differences between groups when consid
ered globally (P = .08).

Finally, no dose changes of drugs taken for comorbidities 
were registered during the study. Few new drugs were started 
during the experimental treatment, with a significant increase 
between V1 and V2 in the LT4 + LT3 group (P = .01): One 
subject started integrative therapy with cholecalciferol, 1 
lipid-lowering supplement, 1 acyclovir, and 1 antihyperten
sive treatment.

Preference
Only 11% of subjects in the LT4 + LT3 group preferred 
the experimental treatment, without difference from the 

Figure 3. Comparison of fT3/fT4 ratio between groups at baseline (V0) and after 6 months (V3) of LT4 + LT3 group and LT4 + placebo group (*P < .001). 
Data are reported as mean and SD. Mean TSH serum levels were within the reference range both in the LT4 + LT3 group and the LT4 + placebo group at 
V0 and V3. The physiological range of the fT3/fT4 ratio (mean = 0.32, interquartile range 0.27-0.37) in the presence of physiological TSH levels has been 
proposed in the consensus document on the evidence-based use of levothyroxine/liothyronine combinations in treating hypothyroidism approved by the 
American Thyroid Association (ATA), British Thyroid Association (BTA), and European Thyroid Association (ETA).9
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LT4 + placebo group (P = .86). The 56% and 60% of patients in 
the LT4 + LT3 group and the LT4 + placebo group (P = .58), 
respectively, found the new scheme more complicated than 
LT4 tablet monotherapy. The 2 major difficulties were drop 
counting and the twice-daily administration.

Influence of DIO2 and MCT10 SNPs on experimental 
treatment outcomes
There were no significant genotype-related differences be
tween the LT4 + LT3 group and the LT4 + placebo group for 
the studied outcomes. See Supplementary results.

Discussion
This study shows that patients treated with customized 
twice-daily doses of LT3 in combination with LT4 have a sig
nificant reduction of TSH together with an increase of fT3 and 
fT3/fT4 compared to placebo. However, no significant differ
ences occur between groups in peripheral tissue markers of 
thyroid function, QoL, and BMI.

To date, there is no consistent strong evidence of the super
iority of combination therapy over LT4 monotherapy. 
Guidelines recommend against the routine use of combination 
treatment as a form of thyroid replacement therapy in patients 
with primary hypothyroidism.35 Combination treatment 
might be considered as an experimental approach in 
LT4-treated patients who have persistent complaints despite 
serum TSH values within the reference range, and it must 
be discontinued if no improvement is experienced after 
3 months.36

Our data confirm that LT4 monotherapy, although capable 
of normalizing TSH serum levels, has some limits, at least in 
thyroidectomized subjects. First, conventional replacement 
monotherapy does not normalize the fT3/fT4 ratio in up to 
70% of treated subjects. Second, despite being a simple and 
safe therapy, compliance to the treatment is moderate but 
not complete in most patients. Third, a high percentage of pa
tients complain of residual symptoms of hypothyroidism or 
that they correlate with thyroidectomy. We could speculate 
that although TSH serum levels during LT4 monotherapy re
sulted within the reference range, this conventional approach 
is not able to recreate circulating free thyroid hormone levels 
comparable to the physiological state.7,37,38 Accordingly, it 
has been shown that TSH-suppressive LT4 doses are required 
to achieve preoperative serum fT3 levels39 and to improve 
QoL after thyroidectomy.40

Only subjects treated with combination therapy normalize 
fT3/fT4, while those treated with LT4 and placebo still have 
reduced values despite normal TSH. This limitation of LT4 
monotherapy is well known since Gullo et al.7 showed that 
fT3/fT4 was significantly lower in athyreotic individuals on 
LT4 replacement compared to individuals with intact 
pituitary-thyroid axis despite similar and normal TSH serum 
levels. The normalization of fT3/fT4 is a sign of a good LT4/ 
LT3 ratio, therefore that the dosages used have made it pos
sible to recreate values of free thyroid fractions close to 
physiological ones. However, it is not clear if restoring a 
physiological fT3/fT4 ratio has benefits for patients in terms 
of symptoms and/or biochemical parameters.41 In our study, 
the fT3/fT4 increase after combined therapy seems not to be 
related to either QoL or metabolic homeostasis. Moreover, 
our data do not show a beneficial effect of combined therapy 
on SHBG hepatic secretion and bone turnover markers, which 

are known as a proxy of the effect of thyroid hormones on 
these 2 target organs. Although these analytes are influenced 
by many factors, we would have expected a greater variation, 
in conjunction with the effect on thyroid compensation and 
QoL, as seen in other studies.15,19,25 Perhaps, 6 months were 
not sufficient to see an improvement in these endpoints. 
However, it remains true that other more specific tissue 
markers are needed to measure the effect of thyroid hormones 
outside the hypothalamus-pituitary unit.42

LT4 + LT3 treated subjects show an improvement in some 
aspects of QoL related to the emotional sphere and the overall 
impact of thyroid disease, but without reaching significant dif
ferences at the end of treatment in comparison to the LT4 +  
placebo group. The observation that many patients on LT4 
monotherapy complain of fatigue, mood, or memory altera
tions despite normal TSH3 suggests that LT4 alone could 
fail to restore T3 levels in the brain. However, the normaliza
tion of the fT3/fT4 ratio in LT4 + LT3 treated subjects did 
not lead to QoL improvement. Previous data on this topic 
are conflicting: Some authors did not find changes in mood 
or psychological health,15,17-19 but they all prescribed LT3 
only once daily; others found an improvement in psychologic
al parameters.12,13,16,25,43 It must also be considered that the 
TRUST trial clearly demonstrated that not even LT4 improves 
thyroid-related symptoms, at least in older adults with sub
clinical hypothyroidism.44

Previous studies also recorded evident patient preference for 
combination therapy,12,13,16 even in the absence of clear clin
ical benefits.14,25 The main limitation of these data is linked to 
its evaluation, which is extremely variable from study to study 
and not performed with ad hoc validated tools. In our study, 
subjects treated with combination therapy did not prefer the 
experimental treatment. Going deeper, the therapeutic scheme 
was perceived as too complex, due to drop counting and 
twice-daily administration. These difficulties could have 
smoothened the beneficial effect of combined therapy on 
QoL. Another interesting aspect is compliance. Most of the 
subjects declared moderate compliance with LT4 therapy at 
baseline and only 10% of the total had complete compliance, 
based on the stripping criteria of the Morisky Medication 
Adherence Scale. These data did not change despite the greater 
complexity of the therapeutic scheme during the study, regard
less of the treatment received. This may have influenced the re
sults, concealing a potentially greater effect of combined 
treatment.

Previous studies suggested that patients carrying the derived 
allele of genes encoding deiodinases or thyroid hormones 
transporters may prefer combination therapy rather than 
LT4 alone.28,45 In the present study, we did not find 
any consistent influence of DIO2-rs225014 and MCT10- 
rs17606253, alone or in combination, on preference for com
bination therapy. Moreover, we found that these derived 
genetic variants do not influence pituitary-thyroid axis com
pensation, peripheral tissue markers of thyroid function, or 
QoL in patients treated with LT4 + LT3. However, we used 
a dominant model in this analysis as we did not have sufficient 
power to use the method more generally applied in this area, 
which is a recessive model.

In the context of studies on the efficacy of combination ther
apy, the other side of the coin is its safety. In our study, the 
safety profile of LT3 is good with few adverse effects in the 
short term. The most frequent adverse effect was TSH reduc
tion below the normal range, despite the dose of combination 
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therapy being meticulously calculated considering the physio
logical T4/T3 ratio as suggested by the ETA guidelines.36

Thus, the LT4/LT3 suggested ratio should be more precisely 
defined by future studies. However, there was no increase in 
free thyroid hormones beyond reference ranges and no sub
jects had signs/symptoms of hyperthyroidism.

The main strength of our study is that it respects most rec
ommendations of the 2021 Consensus on studies on combin
ation therapy:9 Perspective, randomized placebo-controlled, 
double-blind design; duration of treatment greater than 
4 months; recruitment of patients with low thyroid residual 
function and on LT4 replacement therapy with substitutive 
TSH target; administration of LT4 + LT3 respecting the 
physiological ratio, even in case of dosage changes during 
the study and with customized dosage for each patient, with 
LT3 twice daily; assessments of peripheral tissue markers of 
TH function; assessment of clinical benefits through specific 
questionnaires for QoL in thyroid diseases; assessment at the 
end of the protocol on patient preference; and genotyping 
for the main DIO2 and MCT10 variants.

However, we must admit the following limitations of the 
study: The development of part of the study during the 
COVID-19 pandemic severely compromised the chances of 
enrolling due to the drastic reduction of clinical activity and 
subsequent dropouts; the measurement of serum fT3, instead 
of total T3; and the recruitment of both asymptomatic and 
symptomatic subjects. Thus, the study was underrecruited 
due to the pandemic and hence was underpowered for the pri
mary endpoint, SHBG and we did not have sufficient power to 
analyze the effect of genotype by a recessive model. Despite the 
failure to reach the expected sample size, to date, our study re
mains the one with the highest number of participants and 
with the longest duration of treatment among those who ad
ministered LT3 twice daily.

In conclusion, LT4 + LT3 therapy at a dose adapted accord
ing to TSH-level, with twice-daily LT3, is capable to restore 
the physiologic fT3/fT4 ratio, but the impact of such an effect 
is still to be defined. No effects emerged either on peripheral 
tissue markers of thyroid hormone action, on QoL or on 
clinical parameters. Patients did not prefer LT4 + LT3 and 
found the scheme too complex. Neither preference nor thera
peutic compensation is influenced by DIO2-rs225014 and 
MCT10-rs17606253. However, these results may not apply 
to the general hypothyroid population, since all the enrolled 
subjects had post-thyroidectomy hypothyroidism. Future 
studies with an easier therapeutic scheme, for example, with 
sustained release of T3 preparation, should be conducted, 
hopefully with new and more specific markers of the effect 
of thyroid hormones at the periphery.
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Effects of thyroxine as compared with thyroxine plus triiodothyron
ine in patients with hypothyroidism. N Eng J Med. 1999;340(6): 
424-429. https://doi.org/10.1056/NEJM199902113400603

13. Bunevicius R, Jakuboniene N, Jurkevicius R, Cernicat J, Lašas L, 
Prange AJJ. Thyroxine vs thyroxine plus triiodothyronine in treat
ment of hypothyroidism after thyroidectomy for Graves’ disease. 
Endocrine. 2002;18(2):129-133. https://doi.org/10.1385/ENDO: 
18:2:129

14. Escobar-Morreale HF, Botella-Carretero JI, Gómez-Bueno M, 
Galán JM, Barrios V, Sancho J. Thyroid hormone replacement ther
apy in primary hypothyroidism: a randomized trial comparing 
L-thyroxine plus liothyronine with L-thyroxine alone. Ann Intern 
Med. 2005;142(6):412-424. https://doi.org/10.7326/0003-4819- 
142-6-200503150-00007

15. Fadeyev VV, Morgunova TB, Melnichenko GA, Dedov II. 
Combined therapy with L-thyroxine and L-triiodothyronine com
pared to L-thyroxine alone in the treatment of primary hypothy
roidism. Hormones (Athens). 2010;9(3):245-252. https://doi.org/ 
10.14310/horm.2002.1274

16. Nygaard B, Jensen EW, Kvetny J, Jarløv A, Faber J. Effect of com
bination therapy with thyroxine (T4) and 3,5,3′-triiodothyronine 
versus T4 monotherapy in patients with hypothyroidism, a double- 
blind, randomised cross-over study. Eur J Endocrinol. 2009;161(6): 
895-902. https://doi.org/10.1530/EJE-09-0542

17. Rodriguez T, Lavis VR, Meininger JC, Kapadia AS, Stafford LF. 
Substitution of liothyronine at a 1:5 ratio for a portion of levothyr
oxine: effect on fatigue, symptoms of depression, and working 
memory versus treatment with levothyroxine alone. Endocr Pract. 
2005;11(4):223-233. https://doi.org/10.4158/EP.11.4.223

18. Saravanan P, Simmons DJ, Greenwood R, Peters TJ, Dayan CM. 
Partial substitution of thyroxine (T4) with tri-iodothyronine in pa
tients on T4 replacement therapy: results of a large community- 
based randomized controlled trial. J Clin Endocrinol Metab. 
2005;90(2):805-812. https://doi.org/10.1210/jc.2004-1672

19. Walsh JP, Shiels L, Lim EM, et al. Combined thyroxine/liothyronine 
treatment does not improve well-being, quality of life, or cognitive 
function compared to thyroxine alone: a randomized controlled tri
al in patients with primary hypothyroidism. J Clin Endocrinol 
Metab. 2003;88(10):4543-4550. https://doi.org/10.1210/jc.2003- 
030249

20. Kaminski J, Miasaki FY, Paz-Filho G, Graf H, Carvalho GA. 
Treatment of hypothyroidism with levothyroxine plus liothyronine: 
a randomized, double-blind, crossover study. Archiv Endocrinol 
Metab. 2016;60(6):562-572. https://doi.org/10.1590/2359-399700 
0000192

21. Siegmund W, Spieker K, Weike AI, et al. Replacement therapy with 
levothyroxine plus triiodothyronine (bioavailable molar ratio 14:1) 

is not superior to thyroxine alone to improve well-being and cogni
tive performance in hypothyroidism. Clin Endocrinol. 2004;60(6): 
750-757. https://doi.org/10.1111/j.1365-2265.2004.02050.x

22. Russell W, Harrison RF, Smith N, et al. Free triiodothyronine has a 
distinct circadian rhythm that is delayed but parallels thyrotropin 
levels. J Clin Endocrinol Metab. 2008;93(6):2300-2306. https:// 
doi.org/10.1210/jc.2007-2674

23. Celi FS, Zemskova M, Linderman JD, et al. The pharmacodynamic 
equivalence of levothyroxine and liothyronine: a randomized, dou
ble blind, cross-over study in thyroidectomized patients. Clin 
Endocrinol. 2010;72(5):709-715. https://doi.org/10.1111/j.1365- 
2265.2009.03700.x

24. Smith RN, Taylor SA, Massey JC. Controlled clinical trial of com
bined triiodothyronine and thyroxine in the treatment of hypothy
roidism. Br Med J. 1970;4(5728):145-148. https://doi.org/10.1136/ 
bmj.4.5728.145

25. Appelhof BC, Fliers E, Wekking EM, et al. Combined therapy with 
levothyroxine and liothyronine in two ratios, compared with levo
thyroxine monotherapy in primary hypothyroidism: a double- 
blind, randomized, controlled clinical trial. J Clin Endocrinol 
Metab. 2005;90(5):2666-2674. https://doi.org/10.1210/jc.2004- 
2111

26. Clyde PW, Harari AE, Getka EJ, Shakir KM. Combined levothyr
oxine plus liothyronine compared with levothyroxine alone in pri
mary hypothyroidism: a randomized controlled trial. JAMA. 
2003;290(22):2952-2958. https://doi.org/10.1001/jama.290.22. 
2952

27. Castagna MG, Dentice M, Cantara S, et al. DIO2 Thr92Ala reduces 
deiodinase-2 activity and serum-T3 levels in thyroid-deficient pa
tients. J Clin Endocrinol Metab. 2017;102(5):1623-1630. https:// 
doi.org/10.1210/jc.2016-2587

28. Carlé A, Faber J, Steffensen R, Laurberg P, Nygaard B. 
Hypothyroid patients encoding combined MCT10 and DIO2 
gene polymorphisms may prefer L-T3 + L-T4 combination treat
ment—data using a blind, randomized, clinical study. Eur 
Thyroid J. 2017;6(3):143-151. https://doi.org/10.1159/000469709

29. Groeneweg S, van Geest FS, Peeters RP, Heuer H, Visser WE. 
Thyroid hormone transporters. Endocr Rev. 2020;41(2):bnz008. 
https://doi.org/10.1210/endrev/bnz008

30. Watt T, Bjorner JB, Groenvold M, et al. Establishing construct val
idity for the thyroid-specific patient reported outcome measure 
(ThyPRO): an initial examination. Qual Life Res. 2009;18(4): 
483-496. https://doi.org/10.1007/s11136-009-9460-8

31. Morisky DE, Ang A, Krousel-Wood M, Ward HJ. Predictive valid
ity of a medication adherence measure in an outpatient setting. 
J Clin Hypertension (Greenwich). 2008;10(5):348-354. https:// 
doi.org/10.1111/j.1751-7176.2008.07572.x

32. Garber JR, Cobin RH, Gharib H, et al. Clinical practice guidelines 
for hypothyroidism in adults: cosponsored by the American 
Association of Clinical Endocrinologists and the American 
Thyroid Association. Thyroid. 2012;22(12):1200-1235. https:// 
doi.org/10.1089/thy.2012.0205

33. Walsh JP, Ward LC, Burke V, et al. Small changes in thyroxine dos
age do not produce measurable changes in hypothyroid symptoms, 
well-being, or quality of life: results of a double-blind, randomized 
clinical trial. J Clin Endocrinol Metab. 2006;91(7):2624-2630. 
https://doi.org/10.1210/jc.2006-0099

34. le Cessie S, Goeman JJ, Dekkers OM. Who is afraid of non-normal 
data? Choosing between parametric and non-parametric tests. Eur J 
Endocrinol. 2020;182(2):E1-e3. https://doi.org/10.1530/EJE-19- 
0922

35. Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the treatment 
of hypothyroidism: prepared by the American Thyroid Association 
task force on thyroid hormone replacement. Thyroid. 2014;24(12): 
1670-1751. https://doi.org/10.1089/thy.2014.0028

36. Wiersinga WM, Duntas L, Fadeyev V, Nygaard B, Vanderpump 
MP. 2012 ETA guidelines: the use of L-T4. Eur Thyroid J. 
2012;1(2):55-71. https//doi.org/10.1159/000339444

Brigante et al.                                                                                                                                                                                                      21
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/190/1/12/7484614 by 10106221 user on 12 January 2025

https://doi.org/10.1172/JCI118353
https://doi.org/10.1371/journal.pone.0022552
https://doi.org/10.1371/journal.pone.0022552
https://doi.org/10.1016/S0140-6736(17)30703-1
https://doi.org/10.1016/S0140-6736(17)30703-1
https://doi.org/10.1089/thy.2020.0720
https://doi.org/10.1089/thy.2020.0720
https://doi.org/10.1111/cen.12824
https://doi.org/10.1159/000338637
https://doi.org/10.1159/000338637
https://doi.org/10.1056/NEJM199902113400603
https://doi.org/10.1385/ENDO:18:2:129
https://doi.org/10.1385/ENDO:18:2:129
https://doi.org/10.7326/0003-4819-142-6-200503150-00007
https://doi.org/10.7326/0003-4819-142-6-200503150-00007
https://doi.org/10.14310/horm.2002.1274
https://doi.org/10.14310/horm.2002.1274
https://doi.org/10.1530/EJE-09-0542
https://doi.org/10.4158/EP.11.4.223
https://doi.org/10.1210/jc.2004-1672
https://doi.org/10.1210/jc.2003-030249
https://doi.org/10.1210/jc.2003-030249
https://doi.org/10.1590/2359-3997000000192
https://doi.org/10.1590/2359-3997000000192
https://doi.org/10.1111/j.1365-2265.2004.02050.x
https://doi.org/10.1210/jc.2007-2674
https://doi.org/10.1210/jc.2007-2674
https://doi.org/10.1111/j.1365-2265.2009.03700.x
https://doi.org/10.1111/j.1365-2265.2009.03700.x
https://doi.org/10.1136/bmj.4.5728.145
https://doi.org/10.1136/bmj.4.5728.145
https://doi.org/10.1210/jc.2004-2111
https://doi.org/10.1210/jc.2004-2111
https://doi.org/10.1001/jama.290.22.2952
https://doi.org/10.1001/jama.290.22.2952
https://doi.org/10.1210/jc.2016-2587
https://doi.org/10.1210/jc.2016-2587
https://doi.org/10.1159/000469709
https://doi.org/10.1210/endrev/bnz008
https://doi.org/10.1007/s11136-009-9460-8
https://doi.org/10.1111/j.1751-7176.2008.07572.x
https://doi.org/10.1111/j.1751-7176.2008.07572.x
https://doi.org/10.1089/thy.2012.0205
https://doi.org/10.1089/thy.2012.0205
https://doi.org/10.1210/jc.2006-0099
https://doi.org/10.1530/EJE-19-0922
https://doi.org/10.1530/EJE-19-0922
https://doi.org/10.1089/thy.2014.0028
https://dx.doi.org/10.1159/000339444


37. Jonklaas J, Davidson B, Bhagat S, Soldin SJ. Triiodothyronine levels 
in athyreotic individuals during levothyroxine therapy. JAMA. 
2008;299(7):769-777. https://doi.org/10.1001/jama.299.7.769

38. Peterson SJ, McAninch EA, Bianco AC. Is a normal TSH synonym
ous with “Euthyroidism” in levothyroxine monotherapy? J Clin 
Endocrinol Metab. 2016;101(12):4964-4973. https://doi.org/10. 
1210/jc.2016-2660

39. Ito M, Miyauchi A, Morita S, et al. TSH-suppressive doses of levo
thyroxine are required to achieve preoperative native serum triiodo
thyronine levels in patients who have undergone total 
thyroidectomy. Eur J Endocrinol. 2012;167(3):373-378. https:// 
doi.org/10.1530/EJE-11-1029

40. Monzani ML, Piccinini F, Boselli G, et al. Changes in quality of life 
after thyroidectomy in subjects with thyroid cancer in relation to the 
dose of levothyroxine. J Endocrinol Invest. 2022;46:319-326. 
https://doi.org/10.1007/s40618-022-01903-6

41. Medici BB, La Cour JL, Michaelsson LF, Faber JO, Nygaard B. 
Neither baseline nor changes in serum triiodothyronine during lev
othyroxine/liothyronine combination therapy predict a positive re
sponse to this treatment modality in hypothyroid patients with 

persistent symptoms. Eur Thyroid J. 2017;6(2):89-93. https://doi. 
org/10.1159/000454878

42. Jansen HI, Bruinstroop E, Heijboer AC, Boelen A. Biomarkers indi
cating tissue thyroid hormone status: ready to be implemented yet? 
J Endocrinol. 2022;253(2):R21-R45. https://doi.org/10.1530/JOE- 
21-0364

43. Shakir MKM, Brooks DI, McAninch EA, et al. Comparative 
effectiveness of levothyroxine, desiccated thyroid extract, and levo
thyroxine + liothyronine in hypothyroidism. J Clin Endocrinol 
Metab. 2021;106(11):e4400-e4e13. https://doi.org/10.1210/clinem/ 
dgab478

44. Stott DJ, Rodondi N, Kearney PM, et al. Thyroid hormone 
therapy for older adults with subclinical hypothyroidism. 
N Eng J Med. 2017;376(26):2534-2544. https://doi.org/10.1056/ 
NEJMoa1603825

45. Panicker V, Saravanan P, Vaidya B, et al. Common variation in the 
DIO2 gene predicts baseline psychological well-being and response 
to combination thyroxine plus triiodothyronine therapy in hypo
thyroid patients. J Clin Endocrinol Metab. 2009;94(5): 
1623-1629. https://doi.org/10.1210/jc.2008-1301

22                                                                                                                             European Journal of Endocrinology, 2024, Vol. 190, No. 1
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/190/1/12/7484614 by 10106221 user on 12 January 2025

https://doi.org/10.1001/jama.299.7.769
https://doi.org/10.1210/jc.2016-2660
https://doi.org/10.1210/jc.2016-2660
https://doi.org/10.1530/EJE-11-1029
https://doi.org/10.1530/EJE-11-1029
https://doi.org/10.1007/s40618-022-01903-6
https://doi.org/10.1159/000454878
https://doi.org/10.1159/000454878
https://doi.org/10.1530/JOE-21-0364
https://doi.org/10.1530/JOE-21-0364
https://doi.org/10.1210/clinem/dgab478
https://doi.org/10.1210/clinem/dgab478
https://doi.org/10.1056/NEJMoa1603825
https://doi.org/10.1056/NEJMoa1603825
https://doi.org/10.1210/jc.2008-1301

	Randomized double-blind placebo-controlled trial on levothyroxine and liothyronine combination therapy in totally thyroidectomized subjects: the LEVOLIO study
	Introduction
	Methods
	Study design
	Experimental treatment
	Blinding
	Sample size calculation
	Study outcomes
	Statistics

	Results
	Changes in tissue markers of peripheral thyroid hormone action
	Effects of experimental therapy on thyroid function compensation
	Changes in clinical parameters
	Changes in quality of life
	Compliance, safety, and dose adjustments
	Preference
	Influence of DIO2 and MCT10 SNPs on experimental treatment outcomes

	Discussion
	Acknowledgments
	Supplementary material
	Funding
	Authors’ contributions
	References




