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Abstract Oral levothyroxine (L-T4) is the mainstay of

hypothyroidism treatment. Many factors may influence its

absorption, including the timing of administration. Objective

of the study is to demonstrate the therapeutic equivalence of

administering liquid L-T4 with breakfast or 10 min before

breakfast. This was a pilot study conducted with a crossover

design AB/BA where A stays for L-T4 with breakfast and B

for L-T4 10 min before breakfast. A post hoc analysis was

conducted to compare L-T4 administered at breakfast or

10 min before breakfast with L-T4 administered 30 min

before breakfast. Sixty-one hypothyroid patients were enrol-

led and assigned to one of the two treatment sequences. All

patients were evaluated for TSH levels at the end of each

period. Fifty-nine patients completed the study. The mean

thyrotropin concentrationwas 1.52 ± 0.73lU/mlwhenL-T4

was administered with breakfast and 1.46 ± 0.81 lU/ml

when it was taken 10 min before breakfast, without clinically

and statistically significant differences (P = 0.59), regardless

of treatment sequence and period. The mean thyrotropin

concentration was 1.54 ± 0.9 lU/ml when L-T4 was

administered at 0–10 min intervals before breakfast and

1.25 ± 0.7 lU/ml when it was taken 30 min before breakfast

(ratio = 1.23, within our definition of equivalence set at

0.8–1.25). There is therapeutic equivalence between liquid

L-T4 administration at breakfast or 10 min before breakfast.

We can also hypothesize that there are no clinically relevant

differences between liquidL-T4administration30 minbefore

breakfast or at shorter intervals.
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Introduction

Hypothyroidism is a common endocrine disorder resulting

from deficiency of thyroid hormone and oral levothyroxine

(L-T4) is the mainstay of its treatment. Oral L-T4 treatment

is often used lifelong and the search for the optimal daily

dose may be a challenge for the physician [1].

Many different L-T4 products are available (tablets,

drops, and the recently introduced oral solution) that are

thought to have different absorption rates because of dif-

ferent excipients and different formulations [2].

Approximately 62–82 % of L-T4 is absorbed after oral

administration of the tablet formulation [3–5]. This absorp-

tion occurs within the first 3 h after ingestion and is localized

mainly in the jejunum and ileum [6]. Many factors can affect

the L-T4 dose required to normalize a particular patient’s

TSH and the absorbed dose of L-T4 may be considered the

resultant of physiological, paraphysiological, pharmaco-

logical, or pathological conditions [7]. Some of these factors

are drugs that can affect L-T4 metabolism, absorption, or

transport [8, 9]. Other factors are patient-related and include

body weight and lean body mass [10], age [11–13], gender

[10, 14], pregnancy [15], adherence to therapy [16], etiology

of hypothyroidism [17, 18], TSH goal [18], deiodinase

polymorphism [19, 20]. Pathological conditions that may

result in less than optimal absorption of orally administered
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L-T4 include some gastrointestinal disorders [8], such as

gastritis related either to Helicobacter pylori [21, 22] or

autoimmunity (atrophic gastritis) [22, 23], celiac disease

[24], lactose intolerance [25], or inflammatory bowel dis-

eases. The timing of L-T4 administration also has a signifi-

cant impact on L-T4 absorption. The absorption of L-T4 is

maximal when the stomach is empty, reflecting the impor-

tance of timing of food intake and of gastric acidity in this

process [5, 26]. The acidic gastric environment is funda-

mental either for the dissolution of the tablets or for the

solubilization of the hormone with release of native L-T4

from the sodium salt contained in the tablets [22]. Studies

show optimal intestinal absorption of L-T4 under fasting

conditions and a 40–80 % reduction in assimilation with

concurrent food ingestion [26]. Therefore, the standard of

care for patients requiring L-T4 is to prescribe its adminis-

tration when the stomach is empty, preferably 1 h before

breakfast [26]. However, in order to enhance patient com-

pliance, as convention the drug is usually given half an hour

before breakfast, butmany patientswith hypothyroidismfind

that this practice is inconvenient and interferes with their

lifestyle [27].

Due to its different pharmacokinetics from the conven-

tional tablets, the liquid L-T4 preparation, that lacks the

dissolution phase, being ready for a faster uptake by the

small intestine mucosa, may allow to overcome this issue.

In a small retrospective study, Cappelli et al. did not

observe significant differences in thyroid hormone con-

centrations when patients consumed oral liquid L-T4 at

breakfast or 30 min before breakfast, demonstrating that

oral liquid formulations could reduce the problem of L-T4

malabsorption caused by coffee observed using traditional

tablet formulations [28].

The possibility to reduce the time interval with breakfast

implies less impact on lifestyle and could improve patient

compliance and quality of life, with a significant therapeutic

value. In this respect, our is a pilot randomized crossover

study primarily aimed at demonstrating that the adminis-

tration of oral liquid L-T4 with breakfast or 10 min before

breakfast are equivalent in terms of obtained TSH concen-

tration and of patient’s quality of life (QoL). Clarification of

this point could be important for the design of further studies.

We also conducted a post hoc explorative analysis to verify

if taking liquid L-T4 at breakfast or 10 min before breakfast

is as effective as taking it 30 min before breakfast.

Subjects and methods

Patients and study drug

Enrolled patients included subjects affected by primary

hypothyroidism of any nature (Hashimoto’s thyroiditis,

total thyroidectomy, radioactive iodine treatment) in whom

substitutive treatment with L-T4 was indicated. All sub-

jects were older than 18 and were able to express and sign

an informed consent. Exclusion criteria included assump-

tion of any drug at breakfast time, positive history for

gastrointestinal diseases, positive anti-gastric parietal cell

and anti-transglutaminase antibody titers, pregnancy and,

for ethical reasons, thyroid cancer history. Before extend-

ing the study to more fragile patients (i.e., thyroid cancer

patients, older people or patients taking interfering drugs

such as proton pump inhibitors), we preferred to demon-

strate the therapeutic efficacy of the two modalities of

liquid L-T4 administration. All patients signed an informed

consent.

The study drug was a liquid L-T4 formulation (Tirosint�

Oral Solution, IBSA Group) available in prefilled 25, 50,

75, and 100 lg vials. Patients were invited to use the

appropriate vial or combinations of vials in order to take

the established dose.

Study design

This was a pilot study conducted with a crossover design

AB/BA (Fig. 1). In the first instance, enrolled patients were

submitted to a L-T4 oral solution dose titration, taking the

drug 30 min before breakfast, aimed at obtaining a TSH in

the range 0.5–2 lUI/ml. Once the treatment goal was

reached, they were enrolled and entered a 6-weeks run-in

phase taking the drug 30 min before breakfast. At the end

of this phase, the patients were randomized to the AB or

BA treatment sequences, where A stays for a 6-week per-

iod in which the interval between the assumption of the

drug and breakfast was 0 min and B for a 6-weeks period

in which the interval was 10 min. A 6-week washout phase

separated periods 1 and 2 of each treatment sequence in

order to minimize a possible carry-over effect. TSH was

Treatment A 
(0 minutes) 

Run-in 
(30 minutes) 

Treatment B 
(10 minutes) 

Treatment A 
(0 minutes) 

Treatment B 
(10 minutes) 

Wash-out
(30 minutes) 

Fig. 1 Design of the study. After L-T4 oral solution dose titration,

enrolled patients entered a 6-week run-in phase taking the drug

30 min before breakfast. At the end of this phase, the patients were

randomized to the AB or BA treatment sequences, where A stays for a

6-week period in which the interval between the assumption of the

drug and breakfast was 0 min and B for a 6-week period in which the

interval was 10 min. A 6-week washout phase, in which the interval

between the assumption of the drug and breakfast was 30 min,

separated periods one and two of each treatment sequence in order to

minimize a possible carry-over effect

572 Endocrine (2016) 52:571–578

123



measured at the end of each phase using the HYPERsen-

sitive hTSH assay (Beckman Coulter Inc.) according to

manufacturer’s recommendations. The study was approved

by the local ethical committee and by the Italian Medicine

Agency (AIFA). Moreover, it was recorded in the Euro-

pean EudraCT database (EudraCT code: 2012-005709-35).

QoL evaluation

Possible variations in the QoL associated with the different

intervals between assumption of the drug and breakfast

were evaluated using a Short-Form 12 questionnaire, which

represents a synthetic version of the more common Short-

Form 36 questionnaire [29]. In detail, SF-12 allows to

describe the mental and physical health status using two

questions for each of the following SF-36 scales: physical

activity, physical health and role, emotional status and role,

and mental health. Moreover, one question is formulated

for the remaining four scales, which include physical pain,

general health, vitality, and social activities.

Statistical analysis

Sample size

The study was sized hypothesizing the non-equivalence of

the two treatment modalities in a predefined 20 % range

and assuming a 35 % variance coefficient of serum TSH

concentration. Assuming a power of 80 % and a statistical

significance of 5 %, the minimal sample size was fixed at

52 patients. Considering the possible drop-outs, the sample

size was corrected (?20 %) in order to maintain the same

power and significance.

Statistical methods

The main statistical analysis was the comparison of the

absolute and relative differences between the intra-person

means of serum TSH concentrations after 6 weeks of

L-T4 oral solution treatment assuming the drug 10 min

before breakfast or together with breakfast. All the anal-

yses were performed in accordance with an intention-to-

treat principle. In order to calculate the statistical signif-

icance of the treatment differences, a t test for paired data

with correction for period and crossover sequence was

applied. Moreover, the effect of baseline and washout

TSH on the treatment differences of the respective periods

was evaluated applying a linear model for covariance

analysis (ANCOVA), which included TSH concentration

as continuous variable. Finally, although the study design

included a long washout period, specifically introduced to

minimize a potential carry-over effect, an analysis to test

formally the occurrence of this effect was performed

including a specific term in the ANCOVA model [30]. In

order to conduct an explorative analysis on the compar-

ison of serum TSH concentrations during the study peri-

ods and the corresponding baselines, descriptive statistics

and ANOVA models for repeated measures were used,

applying the Bonferroni correction when appropriate.

Results

Clinical characteristics of the patients’ cohort

We identified 105 patients with primary hypothyroidism

(88 females and 17 males) aged 20-78 years; among them,

61 responded to the considered inclusion criteria and were

enrolled (52 females and 9 males) (Table 1). Thirty-two

patients were assigned to AB treatment sequence (group 1)

and 29 to BA treatment sequence (group 2).

There were no differences between group 1 and 2

regarding gender distribution, age, body weight, hypothy-

roidism etiology, breakfast habits, and drug therapies

(Table 1).

Fifty-nine patients completed the study: 31 in group 1

and 28 in group 2.

Comparison of TSH between the two modalities

of L-T4 assumption

In the first instance, we verified the equivalence between

liquid L-T4 intake with breakfast or 10 min before break-

fast. The mean TSH value in group 1 (AB treatment

sequence) was 1.58 ± 0.69 lUI/ml during period 1 (when

L-T4 was assumed with breakfast) and 1.63 ± 0.87 lUI/ml

during period 2 (when L-T4 was assumed 10 min before

breakfast) (difference of the means -0.05; P = 0.80). For

patients in group 2 (BA treatment sequence), the mean

TSH value was 1.26 ± 0.70 lUI/ml during period 1 (when

L-T4 was assumed 10 min before breakfast) and

1.45 ± 0.79 lUI/ml during period 2 (when L-T4 was

assumed with breakfast) (difference of the means 0.19;

P = 0.31) (Table 2). Similarly, comparison of the differ-

ences of the means of the TSH levels between the two

groups did not turn out statistically different (P = 0.56)

(Table 2).

In accordance with these data, the dispersion of TSH

levels in each phase of treatment was similar in both

treatment sequences and in both periods (Fig. 2a). Simi-

larly, mean TSH concentration trend was superimposable

in patients that followed AB or BA treatment sequences

(Fig. 2b). Moreover, the mean thyrotropin concentration of

group 1 and group 2 was globally 1.52 ± 0.73 lU/ml when

levothyroxine was administered with breakfast and

1.46 ± 0.81 lU/ml when it was taken 10 min before
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breakfast, in the absence of any statistically significant

difference (difference of the means 0.07, P = 0.59)

(Table 2; Fig. 2c). Similarly, the mean thyrotropin con-

centration of group 1 and group 2 was globally 1.43 ± 0.71

lU/ml in period 1 and 1.55 ± 0.83 lU/ml in period 2, in

the absence of any statistical significant difference (dif-

ference of the means -0.12, P = 0.33) (Table 2; Fig. 2d).

Finally, no differences could be detected between the two

different treatment sequences (AB or BA) comparing mean

intra-patient TSH concentration trend in all the series (Data

not shown).

Altogether, these data indicate that assuming liquid

L-T4 with breakfast or 10 min before breakfast does not

produce statistically significant differences on TSH con-

centration, regardless of treatment sequence or considered

study period.

We also conducted an analysis to evaluate a potential

carry-over effect after the washout period. Using a linear

model which included among other factors a term ‘‘patient-

in-sequence,’’ we did not find a statistically significant

carry-over effect (P = 0.1288) (Data not shown).

Comparison of QoL between the two modalities

of L-T4 assumption

In the second instance, we evaluated the QoL associated

with the changes in the interval between assumption of the

drug and breakfast. In detail, we calculated for each

patient, in each study phase, mental and physical health

status scores, using the Short-Form 12 questionnaire. We

did not observe significant differences either in the physical

component or in the mental component score regardless of

timing of L-T4 intake (30 min before breakfast, with

breakfast or 10 min before breakfast) and of the treatment

sequence or period (Tables 3, 4; Fig. 3). Also the disper-

sion grade of the scores and the score trend resulted similar

in patients that followed AB or BA treatment sequences

(Data not shown).

Altogether, these data indicate that assuming liquid

L-T4 30 min before breakfast, with breakfast, or 10 min

before breakfast does not produce statistically significant

differences on QoL features, regardless of treatment

sequence or the considered study period.

Post hoc explorative analysis

Finally, we conducted a post hoc explorative analysis to

verify if taking liquid L-T4 at breakfast or 10 min before

breakfast was as effective as taking it 30 min before

breakfast. The mean thyrotropin concentration was

Table 1 Clinical characteristics of the patients’ cohort

All patients

(61)

Patients group 1

(32)

Patients group 2

(29)

P

Anthropometric characteristics

Gender

(Female/male) 52/9 27/5 25/4 0.84

Mean age (years) 46.5 ± 9.9 44.5 ± 9.5 48.7 ± 10.0 0.09

Mean body weight (kg) 71.2 ± 12.9 69.8 ± 14.0 72.9 ± 11.6 0.35

Drugs

Other drugs in the morning (at least 1 h after breakfast) 11/61 (18 %) 6/32 (18.7 %) 5/29 (17.2 %) 0.87

Breakfast habits

No coffee at breakfast 9/61 (14.7 %) 6/32 (18.7 %) 3/29 (10.3 %) 0.35

No food at breakfast 5/61 (4.9 %) 2/32 (6.2 %) 1/29 (3.4 %) 0.61

Hypothyroidism etiology

Hashimoto’s thyroiditis 53/61 (86.9 %) 27/32 (84.4 %) 26/29 (89.6 %) 0.54

Total thyroidectomy 6/61 (9.8 %) 4/32 (12.5 %) 2/29 (6.8 %) 0.46

Radioactive iodine ablation 2/61 (3.3 %) 1/32 (3.1 %) 1/29 (3.4 %) 1

Table 2 Comparison of TSH concentrations between different

modalities of L-T4 assumption

Sequence Treatment Period N Mean ± SD (lU/ml)

AB A 1 31 1.58 ± 0.69

AB B 2 31 1.63 ± 0.87

BA A 2 28 1.45 ± 0.79

BA B 1 28 1.26 ± 0.70

AB Diff (A–B) 31 -0.05 ± 0.98

BA Diff (A–B) 28 0.19 ± 0.95

Both Diff (A–B) 59 0.07 ± 0.48

Both Diff (1–2) 59 -0.12 ± 0.48
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1.54 ± 0.9 lU/ml when L-T4 was administered with

breakfast or 10 min before and 1.25 ± 0.7 lU/ml when it

was taken 30 min before breakfast (ratio = 1.23, within

our definition of equivalence set at 0.8–1.25).

Similarly, the equivalence hold splitting the TSH values

in accordance with the treatment modality (L-T4 assump-

tion at breakfast or 10 min before breakfast). In detail, in

the first setting, the mean thyrotropin concentration was

1.56 ± 0.8 lU/ml when L-T4 was administered with

breakfast and 1.24 ± 0.7 lU/ml when it was taken 30 min

before breakfast (ratio = 1.25). Moreover, in the second

setting, the mean thyrotropin concentration was 1.52 ± 0.9

lU/ml when L-T4 was administered 10 min before

breakfast and 1.26 ± 0.7 lU/ml when it was taken 30 min

before breakfast (ratio = 1.20).

Altogether, these data indicate that assuming liquid

L-T4 with breakfast or 10 min before breakfast might be

clinically equivalent to assuming it 30 min before

breakfast.
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Fig. 2 Comparison of TSH between the two modalities of L-T4

assumption. a Box plot of TSH dispersion in the different treatment

phases and periods. L-T4 assumed 0 min before breakfast during

period 1 or during period 2 is indicated as A; L-T4 assumed 10 min

before breakfast during period 1 or during period 2 is indicated as

B. b TSH concentration trend during AB and BA treatment

sequences. Light continuous line: TSH trend in each patient following

the AB sequence. Light interrupted line: TSH trend in each patient

following the BA sequence.Marked continuous line: Mean TSH trend

in patients following the AB sequence. Marked interrupted line:

Mean TSH trend in patients following the BA sequence. c TSH means

for each treatment phase. d TSH means for each treatment period

Table 3 Comparison of physical component score between different

modalities of L-T4 assumption

Sequence Treatment Period N Mean ± SD

AB A 1 31 49.82 ± 5.98

AB B 2 31 51.03 ± 6.54

BA A 2 28 49.96 ± 5.16

BA B 1 28 49.76 ± 6.34

AB Diff (A–B) 31 -1.20 ± 5.29

BA Diff (A–B) 28 0.20 ± 4.46

Both Diff (A–B) 59 -0.50 ± 2.45

Both Diff (1–2) 59 -0.70 ± 2.45

Table 4 Comparison of mental component score between different

modalities of L-T4 assumption

Sequence Treatment Period N Mean ± SD

AB A 1 31 48.27 ± 8.55

AB B 2 31 49.76 ± 10.46

BA A 2 28 50.45 ± 8.77

BA B 1 28 50.03 ± 8.82

AB Diff (A–B) 31 -1.48 ± 11.41

BA Diff (A–B) 28 0.41 ± 5.32

Both Diff (A–B) 59 -0.53 ± 4.52

Both Diff (1–2) 59 -0.94 ± 4.52
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Discussion

Hypothyroidism is the most frequent endocrine disease and

the most common thyroid dysfunction in humans. In

western countries, about 4–10 % of the population is

affected by this condition [31–34] and almost an equivalent

number of subjects are treated with L-T4. Even if some

patient subgroups may benefit from a combination of L-T4

and L-triiodothyronine, L-T4 monotherapy remains the

most commonly employed treatment modality for

hypothyroidism [35]. Identification of the efficacious L-T4

dose for each individual needs a fine titration of the drug

taking into consideration timing of the drug assumption

and many factors either physiologic or pathologic that

might interfere with L-T4 absorption [8]. Moreover, the

therapeutic window of the drug is small, and easily patients

can experience under- or over-treatments [36]. This latter

notion prompts a frequent monitoring of thyroid function

tests and the need to standardize the treatment as much as

possible [37]. In detail, timing of the drug assumption is

very critical [26]. Because food can interfere with L-T4

solubilization and intestinal uptake, L-T4 assumption is

recommended in the morning when the subject is in the

fasting state, at least 30 min before breakfast, in order to

minimize absorption lack or day-by-day absorption vari-

ability. In clinical practice, most of the patients adapt to

this recommendation, although it is generally felt that this

habit interferes with the accomplishment of the first daily

activities.

These considerations have pushed the search for novel

L-T4 preparations featuring a greater solubility and a faster

intestinal absorption. In these regards, oral L-T4 solution

has appeared very convenient because it lacks the gastric

dissolution phase and appears to be characterized by a

faster and greater absorption from the gastrointestinal tract.

At equal interval with breakfast, compared to tablets, when

food arrives to small intestine, liquid solution is predictably

almost all absorbed. Furthermore, the absorption of the

liquid formulation appears to be poorly affected by the

altered pH of the gastric environment associated with food

consumption, gastritis, and use of proton pump inhibitors in

comparison with other L-T4 products [38]. Walter-Sack

et al. demonstrated that the rate of liquid solution absorp-

tion is 30 % faster than that observed with conventional

tablets [39] and this likely allows to reduce the interval

between L-T4 assumption and breakfast. In this respect,

recent studies have shown that also soft gel L-T4 formu-

lation (in which T4 is dissolved in glycerin and which has a

protecting shell made of soft gel gelatin) should be pre-

ferred both in patients with gastric-related [40] or coffee-

related [41] L-T4 malabsorption. Indeed, the physico-

chemical characteristics of liquid formulation appear to

allow a reduction in the interval between drug assumption

and breakfast, without significant changes in drug efficacy,

but with improvement in quality of life of the patients and

increase in therapeutic compliance.

In this study, we compared the liquid L-T4 absorption in

two conditions: taking it at breakfast or 10 min before

breakfast.

Comparison of the two treatment modalities did not

show neither clinically nor statistically significant TSH

differences and indicated their equivalence regardless of

treatment sequence (AB or BA) or treatment period (period

1 or period 2). Coherently, analysis of QoL during the

different phases of the two treatment sequences did not

show any significant difference neither in the physical

component score (PCS) nor in the mental component score

(MCS). Because mean PCS or MCS scores of 50 ± 10 are

considered normal, the values between 40 and 60, detected

in our patients, indicated always a good QoL and an

equivalence of the impact on QoL of the two treatment

10

20

30

40

50

60

70

10

20

30

40

50

60

70

S
F

-1
2 

P
h

ys
ic

al
 C

o
m

p
o

n
en

t 
S

co
re

S
F

-1
2 

M
en

ta
l C

o
m

p
o

n
en

t 
S

co
re

0 minutes 10 minutes30 minutes 30 minutes

0 minutes 10 minutes30 minutes 30 minutes

A

B
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modalities regardless of treatment sequence (AB or BA) or

treatment period (period 1 or period 2). Mean PCS or MCS

scores were not different even comparing LT-4 assumption

at breakfast or 10 min before breakfast with the assumption

30 min before breakfast.

Although the study was designed only to compare the

efficacy of taking liquid L-T4 10 min before breakfast or at

breakfast, it was enriched by a large set of TSH values

obtained in the same patients during the assumption of

liquid L-T4 30 min before breakfast at the end of the run-in

phase or of the washout phase. This design allowed the

conduction of a post hoc explorative analysis to verify if

taking liquid L-T4 at breakfast or 10 min before breakfast

was as effective as taking it 30 min before breakfast.

Interestingly, all the comparisons showed TSH value ratios

within our definition of equivalence set at 0.8–1.25. Thus,

we can speculate the absence of clinically significant dif-

ferences between the three treatment modalities. Of course,

the formal proof of that hypothesis needs the design of a

therapeutic equivalence study aimed at demonstrating that

liquid L-T4 assumption 10 min before breakfast or at

breakfast is clinically not inferior with respect to the

30 min interval.

In summary, this study allowed to demonstrate that there

is clinical equivalence between liquid L-T4 administration

at breakfast or 10 min before breakfast, without changes

even in the quality of life.
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