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Approximately, 5% of the population is affected by hypothyroidism, mainly women and persons aged more than 60 years. After the diagnosis of hypothyroidism the usual therapy is tablet levothyroxine (L-T4), with a monitoring of the thyroid-stimulating hormone (TSH) level in primary hypothyroidism every 6–8 weeks and L-T4 is adjusted as necessary to reach an euthyroid state. Once TSH is stabilized in the normal range, it is recommended to conduct annual testing in the treated subjects to warrant suitable replacement. More recently advances regarding L-T4 treatment are the introduction of new oral formulations: the liquid solution, and soft gel capsule. The soft gel capsule permits a quick dissolution in the acid gastric pH. The liquid preparation does not require an acid gastric environment. Many pharmacokinetic studies demonstrated a more rapid absorption for the liquid L-T4, or capsule, than with tablet. Many studies have shown that the liquid, or capsule, formulations can overcome the interaction with foods, drugs or malabsorptive conditions, that are able to impair the tablet L-T4 absorption. Lately studies have suggested that liquid L-T4 can permit to maintain more efficiently normal TSH levels in hypothyroid patients in the long-term follow-up, than tablet L-T4, both in patients with malabsorptive states, and in those without malabsorption. Further large, prospective, longitudinal studies are needed to evaluate the stability of TSH, in hypothyroid patients treated with different L-T4 formulations.
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Introduction

In physiological conditions, thyroid hormones (TH) are produced by the gland and their synthesis depends on normal iodide transport. Approximately 10%–20% triiodothyronine (T3) and 80%–90% thyroxine (T4) are secreted by the thyroid, then T4 is converted to T3 by deiodinase enzymes (1). T4 functions as a pro-hormone, and T3 is about four to five times more potent than T4 (2). TH regulate protein synthesis, energy metabolism, and the sensitivity to other hormones (3).

Thyroid-stimulating hormone (TSH), secreted by the pituitary, regulates TH output from the thyroid, and it is controlled by thyrotropin-releasing hormone (TRH), secreted by the hypothalamus (4). A negative feedback controls the release of TH: TSH secretion is suppressed if free T3 (FT3), or free T4 (FT4) levels are elevated, and the same happens for the production of TRH by the hypothalamus (2).

The synthetic hormone levothyroxine (L-T4) has a structure comparable to T4, and it is done as substitutive therapy of hypothyroidism-associated conditions (2). It is absorbed in duodenum, jejunum and ileum (5).

The frequency of hypothyroidism is higher in women, especially over 60 years, and it can be diagnosed measuring serum TSH and free T4 values (2). Hypothyroidism can be caused by different conditions (6–9): 1) A low iodine intake in countries with severe iodine deficiency; 2) autoimmune thyroiditis that is the most common cause in iodine sufficient countries; 3) thyroidectomy; 4) radioiodine treatment for hyperthyroidism. Drugs, such as tyrosine kinase inhibitors, and immune checkpoint inhibitors, are a novel cause of primary hypothyroidism (10, 11).

The L-T4 daily dose is chosen according to the principal cause of hypothyroidism, the therapeutic target, and the patients’ lean body mass (12). Slight changes in blood levels can lead to treatment failure or iatrogenic thyrotoxicosis (13), for this reason the individualization of oral T4 treatment is necessary.

After the diagnosis of hypothyroidism the usual therapy is tablet L-T4; TSH is monitored in primary hypothyroidism every 6–8 weeks, and L-T4 is adjusted as necessary to reach euthyroidism. The optimal daily L-T4 replacement dosage is 1.5–1.7 μg/kg body weight/day, that can normalize TSH in most hypothyroid patients (14). Anyway, ~20%–50% of patients on L-T4 do not attain a normal TSH in cross sectional studies (15) and need an adjustment of therapy (16), due to various interfering issues (17).

Once the TSH is stabilized in the normal range, it is recommended to conduct an annual testing in treated 
subjects to warrant suitable replacement. A study retrospectively evaluated 452 patients treated for hypothyroidism, assessing the number of those who successively had therapeutic and non-therapeutic TSH values 10–14 months later (18). The percentage of normal repeat TSH values significantly decreased with increasing medication dosage (P=0.01). Considering patients whose maintenance dose was <75 μg/day, 90.8% had normal repeated TSH values, in comparison to 77.5% of those needing ≥125 μg/day, who had significantly lower odds of normal repeated TSH [odds ratio, 0.31; 95% confidence interval (CI), 0.13–0.76; P=0.01]. The authors concluded that the dose of TH replacement was predictive of normal TSH values, and patients taking ≥125 μg/day L-T4 are less likely than those needing lower doses to have a normal repeated TSH value in 1 year (18).

More recently, a study investigated whether any clinical predictors exist that can distinguish patients who could be monitored safely, less frequently than yearly (19). Seven hundreds and fifteen patients treated for hypothyroidism, with normal TSH value while taking L-T4, were retrospectively evaluated. L-T4 dosage >125 μg/day had an augmented hazard ratio of 2.4 (95% CI, 1.7–3.4; P<0.0001) for time to first follow-up elevated TSH value, but doses lower than that did not raise the hazard ratio. One year after the first normal TSH, 91.1% of patients receiving ≤125 μg/day had a persisting normal TSH, while only 73.3% of patients taking >125 μg/day did. The authors concluded that patients receiving daily dosages >125 μg/day of L-T4 have more difficulties to maintain stable TSH values over time than those needing lower dosages of L-T4 (19).

The aim of this review is to evaluate the stability of TSH, and TH, in patients treated with tablet, or liquid L-T4.

We searched relevant and recently (from 2000) published papers on PubMed using principally the terms “levothyroxine therapy”, “tablet levothyroxine”, “liquid levothyroxine”, “soft gel capsule L-T4”, “levothyroxine malabsorption”, in combination with “hypothyroidism”, and “TSH”.



Novel Oral L-T4 Preparations

Some patients are not compliant with the prescribed L-T4 regimen, and this can cause a condition of pseudo-malabsorption. Moreover, resistance to TH (RTH) is a rare autosomal dominant disorder that leads to elevated free TH levels, in the presence of normal or increased serum TSH concentrations, if it is generalized because both the pituitary and peripheral tissues are then partially resistant (20). Once those are excluded, an altered intestinal absorption of L-T4 (caused by gastrointestinal disorders, some nutrients, or drugs) is considered the principal cause of refractory hypothyroidism. Moreover, the case of a 49-year-old patient suffering from hypothyroidism refractory to oral LT-4 substitution after total thyroidectomy and radioiodine therapy for papillary thyroid cancer (PTC) was reported (21). Furthermore, three cases of critically ill patients with prolonged respiratory failure, suppressed mental status and unexplained hypotension were reported, who showed normal or mildly abnormal TSH values and free thyroxine markedly suppressed. After initiation of intravenous L-T4, the patients could be weaned off vasopressors and were successfully extubated shortly thereafter, suggesting that the early recognition and treatment of hypothyroidism in presence of a critical illness can contribute to recovery from hypotension or the need for mechanical ventilation (22). The improperly elevated TSH, caused by such conditions, is managed by the increase of the L-T4 daily dosage, that can cause iatrogenic hyperthyroidism, especially when the underlying disorders (i.e., with a gluten-free diet) are cured, or the effect of interfering drugs is stopped. Patients refractoriness to a “normal dose” of L-T4 (23) has led to novel hormonal formulations that could permit to attain an improved performance of this drug: the liquid formulation and soft gel capsule.


Liquid L-T4

The liquid formulation is bioequivalent with the traditional one, but it has a shorter mean time to attain the higher concentration than soft gel capsule or tablets (1.96 vs. 2.38 vs. 2.25 h) (24), and it contains L-T4, ethanol, and glycerin; with respect to tablets, it does not require an acid gastric pH to dissolve it (25).

Liquid formulation effectiveness has been evaluated in two meta-analyses. The first meta-analysis suggested that subjects receiving L-T4 tablets with suboptimal TSH values can achieve the desirable TSH following the switch to liquid L-T4 using the same dose (26), and the second indicated that the efficacy of liquid L-T4 is higher (vs. tablets) in patients having/or not malabsorption in replacement or suppressive treatment (27).

The prescription of liquid L-T4 has been evaluated in newborns with congenital hypothyroidism (28). Seventy-eight patients were enrolled, of whom half received liquid L-T4 and the other half L-T4 in tablets. All subjects had similar birth weight, gestational age, etiology, and severity of congenital hypothyroidism, screening TSH, median initial L-T4 dose, and age at onset of therapy. FT4 levels normalized within 10 days of therapy, and TSH within 7–10 days, in 87% of patients receiving the liquid formulation and in 82% administered with tablets. Albeit L-T4 dose and free T4 levels were comparable, patients taking liquid L-T4 had significantly lower TSH values in comparison to those receiving tablets, at 7–10 days (P=0.05) and 6–8 months (P=0.043) of therapy. The authors concluded that the TSH inhibition rate observed with liquid L-T4 could be related to a major absorption with respect to tablets (28). These data were confirmed also by another study (29).

Moreover, it has been shown that the L-T4 solution can control better serum TSH values compared to tablets also in elderly (30), and in pregnant women (31).



Soft Gel Capsule

Sodium L-T4 is dissolved in water and glycerin in soft gel capsule, and put in a gelatin matrix, to protect the active ingredient from degradation. It does not contain lactose, gluten, alcohol, sugar, or dyes (25).

Soft gel L-T4 was evaluated by few clinical studies. A study evaluated whether soft gel capsule formulation is able to overcome the malabsorption associated with the consumption of coffee (32). Eight patients with this issue were recruited, including one with hypothyroidism. The subjects were switched to capsule at the same L-T4 dosage for 6 months. All patients assumed the capsule with water, on days 1–90 patients followed a proper habit, taking coffee 1h later the drug assumption; whereas on days 91–180 they followed an improper habit by taking coffee ≤5 min later after the capsule ingestion. In seven patients after the switch, TSH values were 0.41 ± 0.46 mU/ml in those following a proper habit vs. 0.28 ± 0.20 pre-switch, and 0.34 ± 0.30 in patients following an improper habit vs. 1.23 ± 1.47 pre-switch (P<0.001). These findings indicated that soft gel capsule is effective in patients who are not able or do not wish to modify their improper habit of taking L-T4 (32).

A study investigated the daily requirement of L-T4 in 103 patients who had undergone to thyroidectomy. The L-T4 dose necessary to reach normal TSH values was similar between the two types of formulations (soft gel capsules and tablets), but a statistically significant decrease of about 28% in the mean TSH was reported with the soft gel in comparison to tablets (33).

Recently, a study evaluated the effect of switching from tablets to soft gel capsule in hypothyroid patients, without an increased need of L-T4 (34). Hypothyroid subjects with no confirmed malabsorption had an improved TSH after 3 months from the switch. Circulating TSH level was in the normal range in 11/18 patients receiving L-T4 tablets, while after the switch in 16/18, and the median TSH was lower than that obtained with the classical formulation (34).




Stability of TSH, and TH, in Patients Taking Tablets, or Liquid L-T4

L-T4 is prescribed all over the world as substitutive therapy in case of hypothyroidism, and in patients affected by thyroid cancer after thyroidectomy (35). Even if the substitutive therapy with L-T4 has been used for >60 years, cross-sectional studies demonstrated that 40%–48% of patients receiving L-T4 are under- or over-treated (36, 37).

The recently marketed new formulations of L-T4, in comparison to tablets, lead to a significant decrease in TSH variability in hypothyroidism, in young and old people (30, 38).


Food Interference

A study compared the TH profile in patients treated with tablets or liquid L-T4 with an enteral feeding tube (29). The day after surgery, 20 euthyroid subjects who had undergone to total laryngectomy and thyroidectomy began L-T4, by an enteral feeding tube. Before administration, tablets were fragmented and enteral feeding was blocked for 30 min before and after L-T4 therapy, while the liquid solution was put immediately in the nasoenteric tube. The findings demonstrated that liquid L-T4 can be done through a feeding tube without the necessity of an empty stomach, ameliorating its administration by nurses (29). The reported data permit to demonstrate that one of the major benefit of liquid L-T4 is that it can be administered in patients unable to swallow capsules or tablets.

The food interference with L-T4 absorption has been evaluated also by other studies, for example the assumption of tablet L-T4 with coffee, or with water and then coffee within few minutes, can lead to an improper TSH response (39). After a casual identification of an euthyroid subject who erroneausly assumed liquid L-T4 with coffee at breakfast, 54 patients were identified, taking the same dose of L-T4 30 min before breakfast. No significant differences in TH levels existed in patients consuming L-T4 at breakfast or 30 min before it for 3 and 6 months (39). Another study enrolled 61 patients, among whom 59 completed it, to compare L-T4 at breakfast or 10 min before it, respect to L-T4 30 min before breakfast, with no clinically relevant differences with respect to the timing of administration (40). Moreover, a placebo-controlled, double-blind trial was conducted in 77 hypothyroid patients, who received randomly the liquid L-T4 at breakfast, or at least 30 min before it, with no significant differences in TSH and TH levels in both cases. The reported data indicated that the liquid preparation can be swallowed at breakfast, favouring the therapeutic compliance (41).

Moreover, a study assessed changes in quality of life (QoL) of 418 hypothyroid patients who were not satisfied with their therapy with L-T4 tablets. One hundred-ten patients (26.3%) complained of the timing of their L-T4 therapy (30–60 min before breakfast), and were switched from tablets taken 30–60 min before breakfast to liquid L-T4 at breakfast. An improved QoL, linked to the easier adherence to therapy, was reported by 66.6% of 102 patients who completed the study after the switch (P<0.01) (42).



Impaired Gastric Acidity

The presence of  Helicobacter Pylori (HP) can negatively impact drugs bioavailability, and the level of gastric pH owing to the inflammatory condition associated with it (43, 44), leading to the unpredictability of the absorbed dosage. Patients with an impaired gastric acid need a higher daily dosage of L-T4, of approximately 22%–34%, in presence of atrophic gastritis, HP-related gastritis, or both (45).

Twenty-eight patients with HP infection and 15 without gastric alterations, treated with the same dosage of L-T4, in tablets for 9 months or oral liquid formulation for 6 months, respectively, were investigated (46). HP infection was eradicated after 3 months of L-T4 treatment. After 3 months (before HP eradication), subjects treated with the liquid formulation had a greater TSH reduction (P=0.029) and a greater homogeneity in the TSH values (P=0.025), with respect to tablets. At 9 months (after 6 months of HP eradication) mean TSH was lower in patients taking L-T4 tablet (P=0.006), while in the group of patients without gastric alterations, no differences were observed, at each time point, in the mean TSH, and TSH variations, between the two L-T4 formulations. The authors concluded that L-T4 liquid preparation can lead to a better clinical response (vs. tablets) in hypothyroid subjects with HP infection (46).

L-T4 malabsorption can occur also in presence of autoimmune atrophic gastritis (47). A study enrolled 391 patients with subclinical or clinical hypothyroidism associated with autoimmune thyroiditis administered with L-T4, and screened circulating parietal cell antibodies (PCA) as marker of autoimmune gastritis (48). A higher L-T4 requirement was shown in patients with positive PCA vs. those with negative PCA (1.24 ± 0.40 μg/kg vs. 1.06 ± 0.36 μg/kg). Among patients with positive PCA, a higher dose of daily L-T4 was reported in those with proven gastritis in comparison to those without gastric damage (1.52 ± 0.40 μg/kg vs. 1.15 ± 0.33 μg/kg) (P<0.0001) (48).

Five patients with autoimmune gastritis, and hypothyroidism, were evaluated in a case series. Patients received L-T4 tablets, and upon the switch to the same dosage of liquid L-T4, circulating TSH normalized in all patients. Among them, four patients were switched back to L-T4 tablets at the same dosage, and TSH worsened again. It was concluded that liquid L-T4 can bypass the altered gastric pH associated with atrophic gastritis (49).

The proton pump inhibitors (PPIs) bind covalently to the H+/K+ATPase enzyme and this can block the secretion of gastric acid (50). A prospective cohort study was conducted in 24 patients, in whom L-T4 therapy failed after L-T4 and PPIs concurrent assumption. Following the switch from L-T4 tablets to the liquid formulation, at the same daily dose, a significant decrease in serum TSH was shown, even maintaining the co-ingestion of PPIs (51).



Intestinal Malabsorption

Drug malabsorption can derive from bariatric surgery (52, 53). A study evaluated 17 hypothyroid patients [who had received L-T4 tablets for >1 year prior surgery; four biliary pancreatic diversions (BPD); 13 Roux-en-Y gastric bypasses (RYGB)] with elevated TSH levels from 3 to 8 months after surgery. TSH significantly decreased following the switch from tablets to liquid L-T4 (30 min before breakfast, at the same dose), in patients submitted to RYGB, or BPD, in this way circumventing the issue of malabsorption in BPD-treated patients, and confirming preceding findings obtained in patients undergone to RYGB (52). Another study (53) reported four hypothyroid patients who were in euthyroidism with L-T4 tablets before RYGB, and whose TSH levels increased after surgery. Switching from tablets to the liquid formulation, TSH declined. These data permit to hypothesize that liquid L-T4 can bypass the malabsorption linked to bariatric surgery (52, 53).

Among the gastrointestinal diseases that lead to L-T4 malabsorption, lactose intolerance (LI) is of great interest. In case of LI, a low lactose diet should be used, such as a lactose-free L-T4 preparation, in order to re-establish euthyroidism, without increasing the necessary dose of L-T4 (54, 55).

A cohort study analyzed the necessary L-T4 dosage in 34 hypothyroid subjects with LI, but not compliant with a lactose-free diet (56). The target TSH was attained with a median L-T4 of 1.31 μg/kg/day in hypothyroid patients. In subjects with LI, 5/34 reached the desired TSH with 1.29 μg/kg/day L-T4 (a similar dose), whereas 29/34 needed a gradually augmented L-T4 dosage and the target TSH was achieved at a median L-T4 of 1.81 μg/kg/day (P<0.0001). Among them, six patients had also other gastrointestinal disorders, and needed L-T4 at the dose of 2.04 μg/kg/day. In the other 23 patients with isolated LI, a median L-T4 dosage of 1.72 μg/kg/day (P<0.0001) was necessary to achieve target TSH levels. These data showed that in presence of LI the necessity for oral L-T4 in hypothyroid patients increased significantly (56).

Moreover, in 5 patients with hypothyroidism and LI, the switch from L-T4 tablets with lactose to a liquid preparation without lactose at the same dose normalized serum TSH values (57). In the 1st patient, after 1 month from the switch to liquid L-T4, TSH was in the normal range, and it increased again with the re-administration of L-T4 tablets at the same dosage for 4 weeks. In the 2nd patient, the TSH level was elevated with L-T4 tablets 150 μg daily, and upon 1 month from the switch to the liquid formulation it was in the normal range. To investigate the relationship between TSH normalization and the oral preparation, L-T4 tablets was re-administered for 4 weeks at the same dose, and circulating TSH worsened again. In the 3rd patient, the L-T4 dose was increased, with no correction of hypothyroidism. Then the patient was switched to a liquid formulation and TSH was in the normal range after 1 month. Once L-T4 tablets were re-administered for 4 weeks, serum TSH increased again. The 4th patient received L-T4 tablets after thyroidectomy for PTC and radioiodine treatment. Owing to LI, the dose of L-T4 was augmented but hypothyroidism was not corrected. The patient was switched to liquid L-T4 at the same dose, and TSH values normalized. Following 2 months, TSH was suppressed, and it was maintained suppressed through time. The 5th patient, with autoimmune thyroiditis and hypothyroidism, was switched to liquid L-T4, owing to LI, and upon 2 months, TSH levels were in the normal range. The reported data demonstrated that the liquid L-T4 preparation permitted a better control of TSH, and when TSH, FT3, FT4 were measured again after 6 months, still resulted in the normal range in all the 5 cases (57).

Celiac disease (CD) is another important cause of L-T4 malabsorption. It is an immune-mediated enteropathy, caused by the ingestion of wheat gluten in genetically predisposed subjects (58). A gluten-free diet can improve TSH levels in patients with CD, indicating the importance of the impairment of the intestinal barrier in this disease. A study evaluated the necessary L-T4 dose in 35 patients with hypothyroidism, chronic autoimmune thyroiditis and atypical CD, reporting the need of an increased dose of L-T4, reversed by a gluten-free diet or by increasing T4 dose (59).

Five hundred hypothyroid patients were enrolled in a study and 144/500 needed a L-T4 dose ≥125 μg/day. Nine patients had CD, and 8/9 needed ≥125 μg/day of L-T4. Patients requiring ≥125 μg/day of L-T4 had a significantly higher risk of CD (P<0.001), and CD was found in 5.6% of them (60).



Patients With No Malabsorption or Drug Interference

The effectiveness of liquid L-T4 was evaluated in hypothyroid patients with no malabsorption or drug interference.

A prospective study enrolled 152 hypothyroid subjects with no malabsorption or drug interference, switched from tablets to liquid L-T4, 30 min before breakfast, at the same dose (61). TSH values significantly declined at the 1st (P<0.05) and the 2nd control (P<0.01), whereas FT4 and FT3 did not change, suggesting a higher effectiveness of liquid L-T4 (than tablets) to control TSH in hypothyroid subjects with no malabsorption, drug interference, or gastric disorders (61).

Moreover, a study enrolled after thyroidectomy 105 patients without malabsorption, of whom 52 received liquid L-T4, and 53 L-T4 tablets, with the same dose (1.5 μg/kg/day) (62). The day after surgery, patients began to take the medication, 30 min before breakfast. Significantly lower TSH values were obtained in patients receiving liquid L-T4, in comparison to those administered with the tablets, at the 1st (P<0.05), and the 2nd control (P<0.01), whereas FT4 and FT3 did not change. Patients treated with L-T4 tablets were more prevalently in the hypothyroid range of TSH (>3.6 μU/ml) (62).

Another study was conducted in 21 hypothyroid subjects with no malabsorption or drug interference, with elevated TSH levels under therapy with L-T4 tablets. Patients were switched to the liquid formulation at the same dose, 30 min before breakfast, and TSH significantly decreased 2 months following the switch (63). Among the 21 patients, 15 switched back to tablets, and TSH raised again to hypothyroid values. All subjects were then administered with the liquid L-T4, and TSH, FT3, and FT4 were measured again following 6 and 12 months, and resulted in the normal range (63). It was concluded that in hypothyroid patients with no malabsorption, drug interference, or gastric disorders, the liquid formulation is better in the control of TSH levels with respect to tablets (62, 63).

The prevalence of aberrant thyroid function has been controversial for a long time. A study evaluated the prevalence of elevated TSH in participants in a statewide fair in Colorado. The prevalence of high values of TSH was 9.5% and of decreased TSH levels of 2.2%. The findings reported that 40% of patients taking thyroid medications had abnormal TSH values (37).

Furthermore, another study evaluated patients treated for differentiated thyroid cancer (DTC), randomly administered with L-T4 in tablets or in liquid solution (36). One hundred and two patients were enrolled, 51 treated with L-T4 tablets and 51 with the liquid formulation, at the dose of 1.9 μg/kg/day, from the day after post-surgery 131I treatment. The 1st control was done 8–12 months after 131I remnant ablation, and furtherly after 12 months. TSH increased significantly in patients taking tablets in comparison to those receiving the liquid preparation. The authors concluded that liquid L-T4 can lead to a significantly more elevated number of DTC patients with TSH levels in range for the American Thyroid Association (ATA) risk score, decreasing TSH variability through time (36).

More recently, a study compared the stability of TSH in hypothyroid patients taking liquid L-T4 compared to those receiving tablets (64). Five hundred and fifty hypothyroid patients received the liquid formulation, and 225 L-T4 tablets. After 1 year, normal TSH levels were present in 91% of the patients who received the L-T4 liquid solution whereas only in 85% of those taking L-T4 tablets. After 2 years, TSH normal values were attained in 87% of patients who received the L-T4 liquid preparation while only in 76% of those administered with tablets (P<0.05) (64).




Conclusion

The frequency of hypothyroidism is higher in women, especially over 60 years. It is present in about 5% of the population and it can be diagnosed measuring serum TSH and free T4 values. After the diagnosis of hypothyroidism the usual therapy is tablet L-T4, monitoring TSH values in primary hypothyroidism every 6–8 weeks. Once the TSH is stabilized in the normal range, it is recommended to conduct annual testing on all treated 
subjects to warrant suitable replacement.

L-T4 absorption can be impaired by various conditions, such as with some food, or assuming it during breakfast, or conditions of reduced gastric acidity, bariatric surgery, LI, CD, and drugs that alter the gastric pH, avoiding the dissolution of tablets.

New oral L-T4 formulations have been developed: the liquid preparation, and soft gel capsule. The liquid solution does not require an acid gastric environment, and soft gel capsule permits a quick dissolution in the acid gastric pH, demonstrating a more rapid absorption for liquid L-T4, or capsule, than tablets.

Liquid L-T4 Should Be Used Right From the Start of the Treatment in the Following Categories of Hypothyroid Patients:

	- with food and beverages (coffee, etc.) interference with tablet L-T4 absorption and not compliant with the abitual ingestion of L-T4 30–60 min before breakfast;

	- with malabsorption associated with an increased gastric pH;

	- with malabsorption after bariatric surgery, or with intestinal malabsorption;

	- with malabsorption induced by interferent drugs;

	- with typical or atypical CD, or in patients with LI;

	- who are not able to swallow the tablets.



Furthermore, liquid L-T4 should be used in patients with a sub-optimal response to tablets L-T4, and a TSH threshold of >4 μU/ml should be used for switching to the liquid formulation.

Moreover, many studies have suggested that liquid L-T4 permits to maintain more efficiently normal TSH in hypothyroid patients in the long term follow-up, than L-T4 tablets, both in patients with malabsorptive states, than in those without malabsorption.

Further large, prospective, longitudinal studies are necessary to evaluate the stability of TSH, in hypothyroid patients administered with different L-T4 formulations.



Author Contributions 

AA, SMF, and PF conceived the paper. All authors contributed to the article and approved the submitted version.



References

1. Carrasco, N. “Thyroid hormone synthesis: thyroid iodide transport”. In:  LE Braverman, and D Cooper, editors. Werner & Ingbar’s the thyroid: a fundamental and clinical text, 10th. Lippincott Williams & Wilkins: Philadelphia (PA (2013). p. 32–48.

2. Fallahi, P, Ferrari, SM, Ruffilli, I, Ragusa, F, Biricotti, M, Materazzi, G, et al. Advancements in the treatment of hypothyroidism with L-T4 liquid formulation or soft gel capsule: an update. Expert Opin Drug Deliv (2017) 14:647–55. doi: 10.1080/17425247.2016.1227782

3. Kester, MH, Martinez de Mena, R, Obregon, MJ, Marinkovic, D, Howatson, A, Visser, TJ, et al. Iodothyronine levels in the human developing brain: major regulatory roles of iodothyronine deiodinases in different areas. J Clin Endocrinol Metab (2004) 89:3117–28. doi: 10.1210/jc.2003-031832

4. Boron, WF, and Boulpaep, EL. Medical physiology. 2nd. Saunders Elsiever: Philadelphia (PA (2012).

5. Tortora, A, La Sala, D, and Vitale, M. Switch from tablet levothyroxine to oral solution resolved reduced absorption by intestinal parasitosis. Endocrinol Diabetes Metab Case Rep (2019) 2019:19–0026. doi: 10.1530/EDM-19-0026

6. Antonelli, A, Ferrari, SM, Corrado, A, Di Domenicantonio, A, and Fallahi, P. Autoimmune thyroid disorders. Autoimmun Rev (2015) 14:174–80. doi: 10.1016/j.autrev.2014.10.016

7. Ragusa, F, Fallahi, P, Elia, G, Gonnella, D, Paparo, SR, Giusti, C, et al. Hashimotos’ thyroiditis: Epidemiology, pathogenesis, clinic and therapy. Best Pract Res Clin Endocrinol Metab (2019) 33:101367. doi: 10.1016/j.beem.2019.101367

8. Ferrari, SM, Fallahi, P, Antonelli, A, and Benvenga, S. Environmental Issues in Thyroid Diseases. Front Endocrinol (Lausanne) (2017) 8:50. doi: 10.3389/fendo.2017.00050

9. Benvenga, S, Ferrari, SM, Elia, G, Ragusa, F, Patrizio, A, Paparo, SR, et al. Nutraceuticals in Thyroidology: A Review of in Vitro, and in Vivo Animal Studies. Nutrients (2020) 12:1337. doi: 10.3390/nu12051337

10. Fallahi, P, Ferrari, SM, Vita, R, Di Domenicantonio, A, Corrado, A, Benvenga, S, et al. Thyroid dysfunctions induced by tyrosine kinase inhibitors. Expert Opin Drug Saf (2014) 13:723–33. doi: 10.1517/14740338.2014.913021

11. Ferrari, SM, Fallahi, P, Galetta, F, Citi, E, Benvenga, S, and Antonelli, A. Thyroid disorders induced by checkpoint inhibitors. Rev Endocr Metab Disord (2018) 19:325–33. doi: 10.1007/s11154-018-9463-2

12. Virili, C, Trimboli, P, and Centanni, M. Novel thyroxine formulations: a further step toward precision medicine. Endocrine (2019) 66:87–94. doi: 10.1007/s12020-019-02049-x

13. Shah, RB, Collier, JS, Sayeed, VA, Bryant, A, Habib, MJ, and Khan, MA. Tablet splitting of a narrow therapeutic index drug: a case with levothyroxine sodium. AAPS PharmSciTech (2010) 11:1359–67. doi: 10.1208/s12249-010-9515-8

14. Caturegli, P, De Remigis, A, and Rose, NR. Hashimoto thyroiditis: clinical and diagnostic criteria. Autoimmun Rev (2014) 13:391–7. doi: 10.1016/j.autrev.2014.01.007

15. Eligar, V, Taylor, PN, Okosieme, OE, Leese, GP, and Dayan, CM. Thyroxine replacement: a clinical endocrinologist’s viewpoint. Ann Clin Biochem (2016) 53:421–33. doi: 10.1177/0004563216642255

16. Ernst, FR, Barr, P, Elmor, R, Sandulli, W, Thevathasan, L, Sterman, AB, et al. The economic impact of levothyroxine dose adjustments: the control he study. Clin Drug Investig (2017) 37:71–83. doi: 10.1007/s40261-016-0462-3

17. Virili, C, Antonelli, A, Santaguida, MG, Benvenga, S, and Centanni, M. Gastrointestinal Malabsorption of Thyroxine. Endocr Rev (2019) 40:118–36. doi: 10.1210/er.2018-00168

18. Pecina, J, Bernard, M, Furst, J, and Rohrer, J. Hypothyroidism management: is an annual check of TSH level always necessary? J Fam Pract (2012) 61:E1–5.

19. Pecina, J, Garrison, GM, and Bernard, ME. Levothyroxine dosage is associated with stability of thyroid-stimulating hormone values. Am J Med (2014) 127:240–5. doi: 10.1016/j.amjmed.2013.11.012

20. Bottcher, Y, Paufler, T, Stehr, T, Bertschat, FL, Paschke, R, and Koch, CA. Thyroid hormone resistance without mutations in thyroid hormone receptor beta. Med Sci Monit (2007) 13:CS67–70. doi: 10.12659/msm.484143

21. Tönjes, A, Karger, S, Koch, CA, Paschke, R, Tannapfel, A, Stumvoll, M, et al. Impaired enteral levothyroxine absorption in hypothyroidism refractory to oral therapy after thyroid ablation for papillary thyroid cancer: case report and kinetic studies. Thyroid (2006) 16:1047–51. doi: 10.1089/thy.2006.16.1047

22. Kumar, E, McCurdy, MT, Koch, CA, Hamadah, A, Fülöp, T, and Gharaibeh, KA. Impairment of Thyroid Function in Critically Ill Patients in the Intensive Care Units. Am J Med Sci (2018) 355:281–5. doi: 10.1016/j.amjms.2017.06.026

23. Centanni, M, Benvenga, S, and Sachmechi, I. Diagnosis and management of treatment-refractory hypothyroidism: an expert consensus report. J Endocrinol Investig (2017) 40:1289–301. doi: 10.1007/s40618-017-0706-y

24. Yue, CS, Scarsi, C, and Ducharme, MP. Pharmacokinetics and potential advantages of a new oral solution of levothyroxine vs. other available dosage forms. Arzneimittelforschung (2012) 62:631–6. doi: 10.1055/s-0032-1329951

25. Vita, R, Fallahi, P, Antonelli, A, and Benvenga, S. The administration of L-thyroxine as soft gel capsule or liquid solution. Expert Opin Drug Deliv (2014) 11:1103–11. doi: 10.1517/17425247.2014.918101

26. Virili, C, Giovanella, L, Fallahi, P, Antonelli, A, Santaguida, MG, Centanni, M, et al. Levothyroxine therapy: changes of TSH levels by switching patients from tablet to liquid formulation. A systematic review and meta-analysis. Front Endocrinol (2018) 9:10. doi: 10.3389/fendo.2018.00010

27. Laurent, I, Tang, S, Astère, M, Wang, KR, Deng, S, Xiao, L, et al. Liquid L-thyroxine versus tablet L-thyroxine in patients on L-thyroxine replacement or suppressive therapy: a meta-analysis. Endocrine (2018) 61:28–35. doi: 10.1007/s12020-018-1574-8

28. Peroni, E, Vigone, MC, Mora, S, Bassi, LA, Pozzi, C, Passoni, A, et al. Congenital hypothyroidism treatment in infants: a comparative study between liquid and tablet formulations of levothyroxine. Horm Res Paediatr (2014) 81:50–4. doi: 10.1159/000356047

29. Pirola, I, Daffini, L, Gandossi, E, Lombardi, D, Formenti, A, Castellano, M, et al. Comparison between liquid and tablet levothyroxine formulations in patients treated through enteral feeding tube. J Endocrinol Investig (2014) 37:583–7. doi: 10.1007/s40618-014-0082-9

30. Cappelli, C, Pirola, I, Daffini, L, Gandossi, E, Agosti, B, and Castellano, M. Thyroid hormonal profile in elderly patients treated with two different levothyroxine formulations: a single institute survey. Eur Geriatr Med (2014) 5:382–5. doi: 10.1016/j.eurger.2014.09.006

31. Cappelli, C, Negro, R, Pirola, I, Gandossi, E, Agosti, B, and Castellano, M. Levothyroxine liquid solution versus tablet form for replacement treatment in pregnant women. Gynecol Endocrinol (2015) 20:1–3. doi: 10.3109/09513590.2015.1113518

32. Vita, R, Saraceno, G, Trimarchi, F, and Benvenga, S. A novel formulation of L-thyroxine (L-T4) reduces the problem of L-T4 malabsorption by coffee observed with traditional tablet formulations. Endocrine (2013) 43:154–60. doi: 10.1007/s12020-012-9772-2

33. Di Donna, V, Paragliola, RM, de Waure, C, Papi, G, Pontecorvi, A, and Corsello, SM. Is levothyroxine requirement the same for tablet and soft gel formulations? Endocrine (2018) 59:458–60. doi: 10.1007/s12020-017-1311-8

34. Trimboli, P, Virili, C, Centanni, M, and Giovanella, L. Thyroxine treatment with softgel capsule formulation: usefulness in hypothyroid patients without malabsorption. Front Endocrinol (2018) 9:118. doi: 10.3389/fendo.2018.00118

35. Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. 2015 American Thyroid Association management guidelines for adult patients with thyroid nodules and differentiated thyroid cancer: the American Thyroid Association guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid (2016) 26:1–133. doi: 10.1089/thy.2015.0020

36. Cappelli, C, Pirola, I, Gandossi, E, Casella, C, Lombardi, D, Agosti, B, et al. TSH Variability of Patients Affected by Differentiated Thyroid Cancer Treated with Levothyroxine Liquid Solution or Tablet Form. Int J Endocrinol (2017) 2017:7053959. doi: 10.1155/2017/7053959

37. Canaris, GJ, Manowitz, NR, Mayor, G, and Ridgway, EC. The Colorado thyroid disease prevalence study. Arch Intern Med (2000) 160:526–34. doi: 10.1001/archinte.160.4.526

38. Negro, R, Valcavi, R, Agrimi, D, and Toulis, KA. Levothyroxine liquid solution versus tablet for replacement treatment in hypothyroid patients. Endocr Pract (2014) 20:901–6. doi: 10.4158/EP13378.OR

39. Cappelli, C, Pirola, I, Gandossi, E, Formenti, A, and Castellano, M. Oral liquid levothyroxine treatment at breakfast: a mistake? Eur J Endocrinol (2013) 170:95–9. doi: 10.1530/EJE-13-0693

40. Morelli, S, Reboldi, G, Moretti, S, Menicali, E, Avenia, N, and Puxeddu, E. Timing of breakfast does not influence therapeutic efficacy of liquid levothyroxine formulation. Endocrine (2016) 52:571–8. doi: 10.1007/s12020-015-0788-2

41. Cappelli, C, Pirola, I, Daffini, L, Formenti, A, Iacobello, C, Cristiano, A, et al. A Double-Blind Placebo-Controlled Trial of Liquid Thyroxine Ingested at Breakfast: Results of the TICO Study. Thyroid (2016) 26:197–202. doi: 10.1089/thy.2015.0422

42. Guglielmi, R, Grimaldi, F, Negro, R, Frasoldati, A, Misischi, I, Graziano, F, et al. Shift from Levothyroxine Tablets to Liquid Formulation at Breakfast Improves Quality of Life of Hypothyroid Patients. Endocr Metab Immune Disord Drug Targets (2018) 18:235–40. doi: 10.2174/1871530318666180125155348

43. Lahner, E, Annibale, B, and Delle Fave, G. Systematic review: impaired drug absorption related to the co-administration of antisecretory therapy. Aliment Pharmacol Ther (2009) 29:1219–29. doi: 10.1111/j.1365-2036.2009.03993.x

44. Lahner, E, Virili, C, Santaguida, MG, Annibale, B, and Centanni, M. Helicobacter pylori infection and drugs malabsorption. World J Gastroenterol (2014) 20:10331–7. doi: 10.3748/wjg.v20.i30.10331

45. Centanni, M, Gargano, L, Canettieri, G, Viceconti, N, Franchi, A, Delle Fave, G, et al. Thyroxine in goiter, Helicobacter pylori infection, and chronic gastritis. N Engl J Med (2006) 354:1787–95. doi: 10.1056/NEJMoa043903

46. Ribichini, D, Fiorini, G, Repaci, A, Castelli, V, Gatta, L, Vaira, D, et al. Tablet and oral liquid L-thyroxine formulation in the treatment of naïve hypothyroid patients with Helicobacter pylori infection. Endocrine (2017) 57:394–401. doi: 10.1007/s12020-016-1167-3

47. Cellini, M, Santaguida, MG, Virili, C, Capriello, S, Brusca, N, Gargano, L, et al. Hashimoto’s Thyroiditis and Autoimmune Gastritis. Front Endocrinol (Lausanne) (2017) 8:92. doi: 10.3389/fendo.2017.00092

48. Checchi, S, Montanaro, A, Pasqui, L, Ciuoli, C, De Palo, V, Chiappetta, MC, et al. L-thyroxine requirement in patients with autoimmune hypothyroidism and parietal cell antibodies. J Clin Endocrinol Metab (2008) 93:465–9. doi: 10.1210/jc.2007-1544

49. Fallahi, P, Ferrari, SM, Ruffilli, I, and Antonelli, A. Reversible normalisation of serum TSH levels in patients with autoimmune atrophic gastritis who received L-T4 in tablet form after switching to an oral liquid formulation: a case series. BMC Gastroenterol (2006) 16:22. doi: 10.1186/s12876-016-0439-y

50. Guzman-Prado, Y, Vita, R, and Samson, O. The impact of proton pump inhibitors on levothyroxine absorption: The good, the bad and the ugly. Eur J Intern Med (2020) 76:118–9. doi: 10.1016/j.ejim.2020.02.020

51. Vita, R, Saraceno, G, Trimarchi, F, and Benvenga, S. Switching levothyroxine from the tablet to the oral solution formulation corrects the impaired absorption of levothyroxine induced by proton-pump inhibitors. J Clin Endocrinol Metab (2014) 99:4481–6. doi: 10.1210/jc.2014-2684

52. Fallahi, P, Ferrari, SM, Camastra, S, Politti, U, Ruffilli, I, Vita, R, et al. TSH Normalization in Bariatric Surgery Patients After the Switch from L-Thyroxine in Tablet to an Oral Liquid Formulation. Obes Surg (2017) 27:78–82. doi: 10.1007/s11695-016-2247-4

53. Pirola, I, Formenti, AM, Gandossi, E, Mittempergher, F, Casella, C, Agosti, B, et al. Oral liquid L-thyroxine (L-t4) may be better absorbed compared to L-T4 tablets following bariatric surgery. Obes Surg (2013) 23:1493–6. doi: 10.1007/s11695-013-1015-y

54. Ruchała, M, Szczepanek-Parulska, E, and Zybek, A. The influence of lactose intolerance and other gastro-intestinal tract disorders on L-thyroxine absorption. Endokrynol Pol (2012) 63:318–23.

55. Asik, M, Gunes, F, Binnetoglu, E, Eroglu, M, Bozkurt, N, Sen, H, et al. Decrease in TSH levels after lactose restriction in Hashimoto’s thyroiditis patients with lactose intolerance. Endocrine (2014) 46:279–84. doi: 10.1007/s12020-013-0065-1

56. Cellini, M, Santaguida, MG, Gatto, I, Virili, C, Del Duca, SC, Brusca, N, et al. Systematic appraisal of lactose intolerance as cause of increased need for oral thyroxine. J Clin Endocrinol Metab (2014) 99:E1454–8. doi: 10.1210/jc.2014-1217

57. Fallahi, P, Ferrari, SM, Marchi, S, De Bortoli, N, Ruffilli, I, and Antonelli, A. Patients with lactose intolerance absorb liquid levothyroxine better than tablet levothyroxine. Endocrine (2017) 57:175–8. doi: 10.1007/s12020-016-1090-7

58. de Carvalho, GA, Paz-Filho, G, Mesa Junior, C, and Graf, H. Management of Endocrine Disease: Pitfalls on the replacement therapy for primary and central hypothyroidism in adults. Eur J Endocrinol (2018) 178:R231–44. doi: 10.1530/EJE-17-0947

59. Virili, C, Bassotti, G, Santaguida, MG, Iuorio, R, Del Duca, SC, Mercuri, V, et al. Atypical celiac disease as cause of increased need for thyroxine: a systematic study. J Clin Endocrinol Metab (2012) 97:E419–22. doi: 10.1210/jc.2011-1851

60. Zubarik, R, Ganguly, E, Nathan, M, and Vecchio, J. Celiac disease detection in hypothyroid patients requiring elevated thyroid supplementation: A prospective cohort study. Eur J Intern Med (2015) 26:825–9. doi: 10.1016/j.ejim.2015.09.011

61. Fallahi, P, Ferrari, SM, and Antonelli, A. Oral L-thyroxine liquid versus tablet in patients with hypothyroidism without malabsorption: a prospective study. Endocrine (2016) 52:597–601. doi: 10.1007/s12020-015-0836-y

62. Fallahi, P, Ferrari, SM, Materazzi, G, Ragusa, F, Ruffilli, I, Patrizio, A, et al. Oral L-thyroxine liquid versus tablet in patients submitted to total thyroidectomy for thyroid cancer (without malabsorption): a prospective study. Laryngoscope Investig Otolaryngol (2018) 3:405–8. doi: 10.1002/lio2.186

63. Fallahi, P, Ferrari, SM, and Antonelli, A. In patients with subclinical hypothyroidism while in therapy with tablet L-T4, the liquid L-T4 formulation is more effective in restoring euthyroidism. Endocr Pract (2017) 23:170–4. doi: 10.4158/EP161545.OR

64. Fallahi, P, Ferrari, S, Elia, G, Ragusa, F, Paparo, S, Ruffilli, I, et al. A prospective study about patients with hypothyroidism able to maintain stable tsh values under a liquid l-thyroxine therapy p. Poster 85 Thyroid (2019) 29:S1. doi: 10.1089/thy.2019.29085.abstracts



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Antonelli, Elia, Ragusa, Paparo, Cavallini, Benvenga, Ferrari and Fallahi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Stability of TSH, and Thyroid Hormones, in Patients Treated With Tablet, or Liquid Levo-Thyroxine

      

        		

          Introduction

        



        		

          Novel Oral L-T4 Preparations

        

          		

            Liquid L-T4

          



          		

            Soft Gel Capsule

          



        



        



        		

          Stability of TSH, and TH, in Patients Taking Tablets, or Liquid L-T4

        

          		

            Food Interference

          



          		

            Impaired Gastric Acidity

          



          		

            Intestinal Malabsorption

          



          		

            Patients With No Malabsorption or Drug Interference

          



        



        



        		

          Conclusion

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2021.633587_cover.jpg
, frontlers
n Endocrinology

The Stability of TSH, and Thyroid
Hormones, in Patients Treated With
Tablet, or Liquid Levo-Thyroxine





