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Abstract

Purpose. No consistent data are present in literature about the effectiveness of Levothyroxine (L-T4) liquid
formulation in patients without malabsorption. The aim of this study is to compare the effectiveness of L-T4

liquid formulation, with L-T4 tablets, in hypothyroid patients without malabsorption or drug interference.

Methods. One hundred-fifty two patients were recruited. Patients were switched from the L-T4 therapy in
tablets, to liquid L-T4 at the same dosage, 30 minutes before breakfast. Serum thyrotropic hormone (TSH), free
thyroxine (FT4) and free triiodothyronine (FT3), were re-evaluated after 1-3 months (first control), and 5-7

months (second control) from the switch.

Results. TSH values significantly declined with respect to the basal value after the switch to liquid L-T4 both at

first control (P < 0.05), as at the second control (P < 0.01); FT4 and FT3 levels were not significantly changed.

Conclusions. We show that liquid L-T4 is more effective than L-T4 tablet in controlling TSH levels in

hypothyroid patients without malabsorption, gastric disorders, or drug interference.
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Introduction
Levothyroxine (L-T4) is one of the most prescribed drugs, because hypothyroidism is a relatively common

disorder and its frequency increases with age [1, 2].

On the average, 70% of the orally ingested L-T4 is absorbed, the absorption occurring in the upper intestine
(duodenum, jejunum and ileum) [3]; an acid intragastric pH is required for optimal dissolution of the L-T4 tablet

[4, 5]

There are a number of conditions of the digestive system and a number of drugs/supplements/beverages that
cause L-T4 malabsorption [6-9]. These conditions include Helicobacter pylori-associated gastritis, autoimmune
gastritis and even simple positivity for parietal cells autoantibodies, lactose intolerance, celiac disease, intestinal

parasitic diseases, operations of bariatric surgery, and even coffee [10-16].

Traditionally, thyroxine is used worldwide in tablet (also generic) form but new formulations in soft gel capsule

or liquid formulation are now available.

Many reports have shown an increased absorption rate with liquid L-T4 formulation as opposed to tablet form

both in adults and in children [17].

Cassio et al. have recently observed, in a small number of infants with congenital hypothyroidism, a more
frequent suppression of thyrotropic hormone (TSH) among patients treated with liquid formulation, suggesting
that liquid form is more efficacious than tablet form which has to be crushed and thereby undergoing a process

that might cause some loss of the drug [18].

Failure of L-T4 treatment to reach target serum TSH levels generally prompts the physicians to increase L-T4
daily dose. However, in vivo studies have demonstrated that the liquid formulation is capable in solving the L-T4
tablet malabsorption caused by certain drugs, bariatric surgery or coffee. These new formulations may be
attractive also for patients who cannot/do not want to change their (improper) habits of L-T4 ingestion. Finally,

the L-T4 oral solution could be suitable for patients who cannot swallow the solid formulations [14, 19-22].

However, until now, to the best of our knowledge, no consistent data are present in literature about the

effectiveness of L-T4 liquid formulation in patients without malabsorption [23, 24].

The aim of this study is to compare the effectiveness of L-T4 liquid formulation, with L-T4 tablets, in

hypothyroid patients without malabsorption or drug interference.



Patients and methods

This is an observational, prospective study, that has enrolled patients treated with L-T4 in tablet, for the

substitutive therapy of hypothyroidism from November 2013 to January 2015.

Inclusion criteria were: a- substitutive therapy of hypothyroidism for autoimmune thyroiditis or after near total
thyroidectomy for benign nodular or mutinodular goiter for a period longer than 1 year; b- age between 18 and
75 years; c- TSH values at last control (within 1 month) between 0.8 and 4 wIU/ml, under stable dosage of L-T4

in tablet, in the last year; d- consensus of the patients to partecipate in the study.

Exclusion criteria were: 1- major psichiatric disorders; 2- patients unable to understand the scope of the study
and to adhere it; 3- patients unable to give a valid consensus; 4- abuse of alchool or drugs; S-patients with
thyroid nodules Thyr3- Thyr4- ThyrS5 [25]; 6- allergy or intollerance to the studied drugs; 7- history of neoplastic
disorders under therapy in the last 5 years; 8- hepatitis C or B; 9- hepatic disorders and dysfunction (increase of
alanine aminotransferase or aspartate transaminase); 10- impaired renal function [Modification of Diet in Renal
Disease (MDRD) < 29 ml/min/1.73 mq]; 11- history of myocardial infarction, atrial fibrillation, or other
tachyarrhythmias; 12- severe anemia [haemoglobin (Hb) < 10 gr/dL)]; 13- history and presence of atrophic
gastritis, gastritis associated with H. Pylori infection, lactose intolerance, celiac disease, intestinal malabsorption;
14- previous bariatric surgery, or gastric or intestinal sugery; 15- pregnancy; 16- concomitant therapy with
proton pump inhibitors, or amiodaron, beta-blockers, lithium, orlistat, raloxifen, cholestyramine, interferons,

antiacids; 17- urinary iodine > 250 ug/dL.

Patients were screened for other gastrointestinal diseases to avoid bias in the assessment of T4 malabsorption: a)
clinically by excluding anemia caused by cobalamin deficiency or iron deficiency; long-standing uninvestigated
dyspepsia, as indicated by bloating, fullness, or burning; or a combination of these conditions; or diarrhea; b)
furthermore the screening was performed by measuring gastrin, antiparietal cell antibodies, anti-tissue
transglutaminase IgG and IgA antibodies, antiendomysial IgG and IgA antibodies, H. pylori antigen in the stool

[12]; only patients with negative results were included in the study.

One hundred-fifty two patients were recruited. Patients were switched from the L-T4 therapy in tablets, to liquid

L-T4 (Tirosint® fiala monouso, IBSA Farmaceutici Italia) at the same dosage.

Patients agreed to take thyroxine under fasting conditions, abstaining from eating or drinking anything other than



water for at least 30 minutes after treatment (before breakfast), both with L-T4 therapy in tablets or with liquid
L-T4. Serum TSH, free thyroxine (FT4) and free triiodothyronine (FT3), were re-evaluated after 1-2 months, and

5-7 months from the switch. The study was approved by the local Ethical Committee.

Serum FT4 (normal range, 0.7 — 1.7 ng/dL), FT3 (normal range, 2.7 — 4.7 pg/mL), and serum TSH (normal
range, 0.4 — 4 ulU/mL) were determined in all samples by electrochemiluminescence immunoassay (Roche
Corporation, Indianapolis, IN, USA). The concentration of each hormone at baseline, and after the switch, was
calculated as a mean of the two samples collected before the L-T4 dose. Antithyroperoxidase antibodies
(AbTPQO) and antithyroglobulin antibodies (AbTg) (ICN Pharmaceuticals, USA; positivity was set at >

100 IU/mL) were evaluated.

Data analysis

Values are given as mean + SD for normally distributed variables, otherwise as median and [interquartile range;
IQR1-IQR3]. Group values were compared by using one-way ANOVA for normally distributed variables [age
and body mass index (BMI)]. Post-hoc comparisons on normally distributed variables were carried out using the
Bonferroni-Dunn test, or Fisher PLSD. Not normally distributed variables (TSH, L-T4 dosage, etc.) were
compared by Kruskal Wallis test (> 3 groups), or by Mann Whitney test (2 groups). Proportions were compared

by the % test.

Results

Among the 152 recruited patients, 11 switched back to L-T4 tablets because of some discomfort in taking liquid

L-T4 and were lost at follow-up.

The 141 remaining patients were evaluated both at 1-3 months, such as at 5-7 months from the switch [116
females, 25 males; mean age 51.3 + 14.3 years; 98 with autoimmune hypothyroidism [thyroid volume, median
14 mL, IQR1-IQR3 6-28 mL; AbTPO, median 323 IU/mL, IQR1-IQR3 75-752 IU/mL; AbTg, median 202

IU/mL, IQR1-IQR3 58-542 IU/mL]; 43 with near total thyroidectomy].



The first evaluation (1-3 months) was made after 45 = 7 days from the initial switch, while the second evaluation
(5-7 months) was made after 175 + 17 days. Body weight was not significantly changed (BMI, base 24.1 + 2.6

kg/m?, first control 24.4 + 2.7 kg/m?, second control 24.3 + 2.5 kg/m?).

TSH values significantly declined with respect to the basal value after the switch to liquid L-T4 both at first
control (P < 0.05), as at the second control (P < 0.01) (Figure 1). FT4 and FT3 levels were not significantly
changed (data not shown). A similar decline of TSH was observed in patients aged < 50, or > 50 years (Table 1),
even if the L-T4 dosage was higher in the younger patients [18 < age < 50, T4 dose of 1.51 ug/kg/d (IQR1-IQR3

1.34-1.67 ug/kg/d); 50 < age <75, T4 dose of 1.39 ug/kg/d (IQR1-IQR3 1.21-1.48 ug/kg/d); P < 0.05].

After the switch no patient was hypothyroid. TSH values between 3 and 4 ulU/L were present in 12% of patients
at baseline, in 5% at the first control, and in 4% at the second control (x*= 7.96, P = 0.023), suggesting a better
control of TSH by liquid formulation in these patients. No patient had a TSH < 0.2 uIU/L after the switch at both

controls.

A similar decline of TSH values, with respect to the basal value, after the switch to liquid L-T4, was observed
both in patients affected by autoimmune thyroiditis (Figure 2a), as in the thyroidectomized patients (Figure 2b),
with no significant difference between the two groups; the L-T4 dosage was higher in the thyroidectomized
patients [thyroidectomized, T4 dose of 1.63 ug/kg/d (IQR1-IQR3 1.43-1.81 ug/kg/d); autoimmune thyroiditis,

T4 dose of 1.41 pug/kg/d (IQR1-IQR3 1.19-1.57 ug/kg/d; P < 0.05].

Discussion

The obtained results first show that liquid L-T4 is more effective than L-T4 tablet in controlling TSH levels in
hypothyroid patients without malabsorption, gastric disorders, or drug interference. Considering that there was
any change in the drug dosage, we hypothesize that the TSH decline could be related to an increased absorption

of L-T4 with the liquid formulation; the involved mechanisms need to be further studied.

Normal gastric acid secretion is necessary for effective absorption of L-T4 [4] by dissolution of tablets, and drug
dissolution and solubility may be altered by restrictive procedures that increase gastric pH in the newly created
stomach pouch; this may occur in gastric bypass [26]. It has been also shown that the liquid formulation of L-T4
is extremely effective to circumvent the problem of incomplete absorption of the L-T4 caused by proton pump

inhibitor-induced [27]. Indeed, our patients had no malabsorption, or gastric disorders, nor drug interference.



However, previous pharmacokinetics studies showed that liquid L-T4 has a clearly faster onset of absorption,
with respect to tablets (area under the curve from 0 to 2 h greater than 50%; time to maximum concentration
faster by a mean of 30 minutes), as a consequence that it does not need gastric dissolution, and enters directly

into the small bowel where L-T4 is absorbed [28-31].

Furthermore, the presence of alcohol in the L-T4 liquid formulation could also play a key role in thyroxine
absorption. Oral mucosal is highly vascularised, and drugs that are partially absorbed through the oral mucosa
directly enter the systemic circulation, bypassing the gastrointestinal tract [32]. Further studies are needed to

clarify this intriguing points.

Our results are in agreement with a retrospective study (Brancato et al.) that evaluated 53 outpatients on L-T4
replacement therapy (consumed within 1 h before breakfast) who switched from L-T4 tablets to L-T4-oral
solution without changing the daily dose, showing that TSH level 60 to 90 days after the switch was significantly
decreased [23]. However, in that study in the group of patients whose TSH dropped, it was observed an

increased frequency of factors interfering with L-T4 absorption, that are absent in our series of patients.

Another study was aimed to explore whether L-T4 liquid formulation (monodose vials or drops) affects TSH
stability values and to assess its ability to maintain TSH within the normal range compared to tablets. A total of
100 hypothyroid patients on replacement treatment with L-T4 liquid solution were enrolled (Liquid Group) and
the results were compared with those of 100 hypothyroid patients on replacement treatment with L-T4 tablets
(Tablet Group). At the follow-up visit, 19 patients of the Tablet Group and 8 patients of the Liquid Group had
abnormal TSH values. Weekly and daily L-T4 dosage per kilogram were higher in Tablet Group. This study
suggested that the use of L-T4 liquid formulation is more effective to maintain the euthyroid state in hypothyroid

patients [24]. However no standardization of tablet treatment was reported in that study.

Interestingly, after the switch no patient was hypothyroid in our study. TSH values between 3 and 4 ulU/L, that
is not at optimal target, were present in 12% of patients at baseline, while only in 5% at the first control, and in

4% at the second control, suggesting a better control of TSH by liquid formulation in these patients.

It has to be noticed also that the similar decline of TSH values both in patients affected by autoimmune
thyroiditis, as in the thyroidectomized patients suggest that the etiology of the hypothyroidism, per se, is not

relevant for the final effect of the liquid formulation.



In conclusion, to the best of our knowledge, this is the first prospective study that shows that liquid L-T4 is more
effective than L-T4 tablets in controlling TSH levels in hypothyroid patients without malabsorption, gastric
disorders, or drug interference. Our results suggest that liquid L-T4 may overcome some absorption problems of
L-T4 tablets when drug is taken half an hour before breakfast. A role of drug absorption directly in the oral

mucosa by liquid L-T4 cannnot be excluded. Other studies are needed to clarify these points.
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Figure Legends

Fig. 1 TSH values significantly declined with respect to the basal value after the switch to liquid L-T4, both at

first control (P < 0.05), as at the second control (P < 0.01). (* P <0.05)

Fig. 2 A similar decline of TSH values, with respect to the basal value, after the switch to liquid L-T4, was
observed both in patients affected by autoimmune thyroiditis (a), as in the thyroidectomized patients (b) (* P <

0.05)
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Table 1. Change of TSH, after the switch from L-T4 tablets to liquid L-T4 at first control (1-3 months), and

second control (5-7 months) in sub groups of patients

was observed in patients aged < 50, or > 50 years.

(18 <age < 50; 50 < age < 75). A similar decline of TSH

18 <age <50
Basal 1-3 months 5-7 months P value
TSH 1.97 1.52% 1.38* <0.01
0.72-3.51 0.61-3.12 0.51-2.93
50 <age <75
Basal 1-3 months 5-7 months P value
TSH 2.06 1.68* 1.51% <0.01
0.85-3.67 0.71-3.28 0.62-3.11

Serum TSH, normal range 0.4 — 4 ulU/mL; TSH median, IQR1-IQR3; * P < 0.05 by
Mann Whitney test with respect to basal.
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