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Abstract
Levothyroxine (T4) is a critical-dose drug, because little variations in the blood concentration may cause treatment failure as
well as iatrogenic thyrotoxicosis. Despite the dose response of this drug being more carefully titrated nowadays, several
papers still report that a significant fraction of patients treated with levothyroxine demonstrate a TSH which is not on target.
Moreover, some widespread gastrointestinal disorders as well as interfering drugs and foods may cause the “refractoriness”
of a significant number of patients to an expected dose of thyroxine. The increasing awareness of the mechanisms interfering
with the oral thyroid hormone bioavailability and the body of evidence regarding the complexity of treatment in certain
classes of patients prompted pharmaceutical research to identify new hormonal formulations to optimize the performance of
this drug. In this brief review, the progression of the scientific knowledge of novel T4 formulations use has been analyzed.
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Introduction

Synthesized in 1927 by Harrington [1] and obtained as
sodium salt in 1950 [2], levothyroxine (T4) has subse-
quently obtained the role of gold standard in the treatment
of hypothyroid patients [3]. Prescribed worldwide, it ranks
within the top ten most used drugs in western countries [4].
Levothyroxine is a critical-dose drug, since slight variations
in blood concentration may result in treatment failure as
well as iatrogenic thyrotoxicosis [5]. Therefore, both over-
and undertreatment have been increasingly recognized in
clinical practice and in scientific literature [6, 7], suggesting
the need for an individualization of oral T4 treatment.
Unfortunately, a daily dose of levothyroxine fitting all
patients has been sought without success [3] and different

levothyroxine doses are used to treat patients of different
ages and with specific clinical conditions [8].

The daily requirement of levothyroxine depends on
patients’ lean body mass [9], the leading cause of hypo-
thyroidism and the therapeutic goal [e.g. replacement or
TSH suppressive treatment]. Over the last few years, the
knowledge of pharmacokinetic features of orally adminis-
tered levothyroxine has led to a better individualization of
treatment with a progressive decrease in administered doses
[3]. Despite the fact that the dose response of this drug is
currently more carefully titrated, several papers still report
that a significant fraction of levothyroxine treated patients
(including elderly and pregnant subjects) shows a TSH not
on target [10]. While for a long time, nonadherence to
levothyroxine treatment has been claimed as the major
cause of increased T4 need, this condition may be detected
in only 13–17% of patients, as demonstrated by specific
questionnaires [11, 12]. These percentages also include the
uncommon intentional nonadherence to treatment, fre-
quently associated with psychiatric disorders (pseudoma-
labsorption) [13]. However, the need to fast for the correct
absorption of the active ingredient represents the most
relevant issue leading to patients’ nonadherence to a thyr-
oxine schedule. In fact, Hays [14] clearly showed that orally
administered thyroxine is incompletely absorbed in the
small intestine, and more recent evidence has been provided
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to demonstrate that tablets must be previously dissolved in
the gastric fluid [15]. In healthy humans, the fasted state
warrants an intact gastric acid secretion that ensures a
normal gastric juice pH, usually ranging from 1.5 to 2.4,
increasing up to 5 after a meal, thus returning to normal
within 3–4 h [15]. The crucial role of an acidic gastric pH
has been ascertained both in vitro and in vivo. Indeed, a pH-
dependent dissolution of oral thyroxine has been demon-
strated in vitro [16] while, in clinical practice, an increased
need for thyroxine has been observed in patients chronically
treated with proton pump inhibitors or bearing H pylori
infection or gastric atrophy [17, 18]. Calcium supple-
mentation compounds and aluminum hydroxide also appear
to interfere with thyroxine absorption through this
mechanism [19]. In clinical practice, the interval between
food and/or drug and thyroxine ingestion seems to be a
limiting step for the subsequent intestinal absorption
[20, 21]. Aside from the aforementioned causes of an
increased need for thyroxine, some conditions and diseases
may enhance daily T4 requirement by affecting the actual
site of thyroxine absorption: drugs and foods adsorbing
thyroxine in the intestinal lumen or interfering with TH
intestinal transporters activity [19], celiac disease [22],
lactose intolerance [23], and infections [24] are the most
frequent conditions. Specific strains of gut microbiota have
been involved in the processes leading to thyroid hormones
recycling, thus potentially affecting pharmacologic thyrox-
ine homeostasis [25, 26]. The increasing awareness of the
mechanisms interfering with oral thyroid hormone bioa-
vailability and the body of evidence on the complexity of
treatment in certain classes of patients has led to the defi-
nition of “difficult” patient [27]. Figure 1 describes the long
route of sodium levothyroxine to reach its final effect.

The refractoriness of a significant number of patients to a
“normal dose” of thyroxine [28] has prompted pharma-
ceutical research to identify new hormonal formulations in
an attempt to obtain a better performance for this widely
prescribed drug.

Liquid preparations

Beside the liquid formulation in drops, a monodose vial
preparation has recently become available in some parts of
the world. This formulation, in which sodium levothyroxine
is dissolved in ethanol and glycerol, has proven to be
bioequivalent to the traditional preparations, but the mean
time to reach maximal concentrations appears to be shorter
than that of softgel or tablet formulations (1.96 vs 2.38 vs
2.25 h) [29]. The use of this formulation has been studied in
newborns with congenital hypothyroidism in which the
rapid attainment of thyroid homeostasis is a key to avoid
neuropsychological sequelae. Cassio et al. [30] observed a

faster TSH recovery in severe hypothyroid babies treated
with liquid formulation; however, in the same group, there
was a higher percentage of newborns showing suppressed
TSH values. As a result, the authors suggested a careful
individualized approach to avoid overtreatment [30]. The
consistent efficacy of liquid formulation has been also
described in 78 congenital hypothyroid newborns in the first
two weeks, when a significantly lower TSH was observed in
liquid T4-treated newborns [31]. The data available after the
8-month checkup are even more interesting: the better
performance of liquid persisted despite the baby’s weaning,
supporting the lower sensitivity of liquid formulation to
food interference [31]. These data have been confirmed in
20 enterally fed patients [32] in whom there was no need to
stop nutrition to attain the therapeutic target when treated
with the liquid solution, as is the case for those treated with
crushed T4 tablets.

Cappelli et al. [33] in a double-blind placebo-controlled
trial specifically examined the interference of breakfast with
the efficacy of liquid T4 in 77 patients; they concluded that
liquid thyroxine might be ingested at breakfast time; this
result has been confirmed in a similar [34] and in a larger
cohort of patients [35]. Contrasting results were instead
obtained in the quality of life [QoL] of patients treated with
liquid T4 preparation. In fact, when QoL, either in mental or
physical terms, was evaluated using Short-Form 12 ques-
tionnaires, regardless of the timing of liquid T4 intake, no
difference emerged [34]. On the contrary, a study based on
the validated ThyTSQ questionnaire submitted to 102
patients, who were unsatisfied with their tablet thyroxine
treatment, revealed that some 2/3 of patients recognized an
improved QOL and an easier compliance with treatment,
following the switch to liquid thyroxine [36]. A lower rate
of subjective symptoms was also reported in 54 patients,
thyroidectomized for differentiated thyroid cancer, who had
been switched to liquid formulation [37].

Different gastrointestinal disorders are known to reduce
the efficacy of tablet thyroxine (22–24) and, therefore, the
efficacy of liquid thyroxine has also been studied in these
patients. This formulation has proven, essentially in case
series, useful in 28 patients with active H pylori infection
[38], in five patients bearing atrophic gastritis [39], in five
subjects bearing lactose intolerance [40], in two patients
with liver cirrhosis [41] and in one patient with Giardia
intestinalis infestation [22]. The superior performance of
this formulation over the T4 tablet was also claimed in 22
patients who have undergone various types of bariatric
surgery: these included sleeve gastrectomy (restrictive sur-
gery) [42], Roux en-Y gastric bypass (a restrictive/malab-
sorptive technique) [43, 44] and biliary pancreatic
diversions (a purely malabsorptive surgery) [44].

The concomitant ingestion with other drugs of levo-
thyroxine treatment represents a growing clinical problem:
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polypharmacy is in fact a widespread condition not only in
the elderly patients [45]. Drug interference may act on
thyroxine’s route of absorption at multiple levels i.e. (gas-
tric acid neutralization, intestinal binding of T4, trapping,
entero-hepatic recycling, competition for intestinal trans-
porter etc.) [See [19] for rev]. On clinical ground, the liquid
T4 formulation has been proven to overcome the co-
ingestion effect of proton pump inhibitors [46, 47], calcium
and iron supplements [48, 49], aluminum/magnesium
hydroxide, sodium alginate, and sevelamer [50]. Notably, a
population-based study of 55,000 thyroxine users demon-
strated a significant reduction in the number of thyroid-
stimulating hormone measurements after switching from

tablet to liquid preparation, particularly in patients using
drugs that potentially interfere with levothyroxine absorp-
tion [51]. A better control of serum TSH has been reported
in elderly [52], pregnant [53], and unselected patients
without evident malabsorption [54, 55] even if bearing
subclinical hypothyroidism [56] or thyroidectomized for
cancer [57], but with no substantial reduction of dose
between liquid and tablet T4.

A case series on three thyroidectomized patients with
refractory hypothyroidism identified the possibility of
treating patients using a liquid preparation with a sublingual
route of administration [58]. The highly permeable and
vascularized sublingual mucosa allows direct access to

Fig. 1 The long route of thyroxine: from the pharmaceutical formulation to the therapeutic effect. For each step, the main interfering factors have
been indicated abreast
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systemic circulation, bypassing the steps preceding thyr-
oxine absorption (Fig. 1). A study comparing the efficacy of
liquid thyroxine dissolution in a glass of water and squeezed
directly into the mouth revealed significant variable buccal
absorption of the active ingredient [59]. This promising
alternative deserves pharmacokinetic studies to assess a
more extensive use of this route.

Liquid formulation performance, as compared with the
traditional one, has been assessed in two meta-analyses: the
first indicated that patients on tablet T4 showing suboptimal
TSH values may reach the desired TSH when switching to
liquid T4 formulation at the same daily dose [60]. The
second meta-analysis demonstrated that liquid T4 is more
efficient than tablet T4 in patients with malabsorption on
thyroxine treatment either in replacement or in suppressive
schedule [61]. In contrast, this finding is no more evident in
patients with no malabsorption.

Softgel capsule

In liquid gel cap form, sodium levothyroxine is dissolved in
water and glycerin and then placed into a gelatin matrix,
protecting the active ingredient from degradation. It is
entirely free of gluten, lactose, alcohol, dyes, or sugar [62].
Pabla et al. [16] compared in vitro the dissolution processes
of two tablet [one branded and one generic] and one softgel
thyroxine preparations. They clearly demonstrated that the
softgel formulation dissolves better than the tablet for-
mulations at different medium pH; this formulation, in fact,
showed a lower pH sensitivity compared with traditional
formulations [16]. The dissolution process of one softgel
capsule was also directly observed during an endoscopy
performed on a 35-year-old healthy woman [63]. Ten
minutes after ingestion, the capsule volume was reduced by
50%, having completely disappeared 11 min later [63].

Softgel formulation has proven to be bioequivalent to
tablet thyroxine in healthy subjects and in fasting condi-
tions, [64]. Interestingly, a pharmacokinetic study by Seng
Yue et al. [65] showed that in patients in which esome-
prazole administration increased the gastric pH, the thyr-
oxine peak exposure with the tablet was 16% lower than
that obtained using softgel capsules. These data were pre-
viously predicted in a case report [66]. On clinical ground,
Santaguida et al. [67] showed the efficacy of this new for-
mulation in patients with definite gastric disorders. In this
study, 31 patients showing a stable increased need for tablet
thyroxine were switched to a lower dose of softgel pre-
paration. Two-thirds of patients benefited from this varia-
tion, maintaining TSH on target despite the reduced dose of
thyroxine. In some of those that did not show improvement,
an occult intestinal disorder was eventually diagnosed,
which, in a multivariate analysis, was the unique factor

associated with the lack of response to this new formulation.
The efficacy of softgel T4 has also been studied in further
clinical conditions. A study by Di Donna et al. [68]
examined the daily requirement of thyroxine in 103 thyr-
oidectomized patients by comparing softgel and tablet
preparations. The daily thyroxine requirement was similar
using both preparations, but in patients treated with softgel
formulation, serum TSH values were 30% lower compared
with patients treated with tablet T4. The authors highlighted
a possible role of softgel T4, chiefly in patients in whom a
narrower therapeutic TSH goal is required, such as patients
monitored for high risk differentiated thyroid cancer and
hypothyroid pregnant women. Also, in patients with central
hypothyroidism, the success of this formulation in reaching
more normal circulating levels of FT4 compared with the
traditional one has been demonstrated [69]. In two case
reports [70, 71], describing patients bearing type 1 diabetes
also featuring a gastroparesis, softgel T4 helped to over-
come a tablet T4 refractory hypothyroidism due to a
delayed gastric emptying. Few studies have been performed
on nonselected patients to test the potential benefit of
softgel formulation. A retrospective analysis was carried out
on 99 randomly selected hypothyroid patients (24 with
gastrointestinal comorbidity) who switched from tablet to
softgel T4 treatment. In this paper, Ernst et al. [72] observed
that, despite the fact that most of the patients did not
experience changes in TSH levels, almost two-thirds of
patients reported an improved control of hypothyroid
symptoms. Furthermore, they observed a decreased number
of dose changes following the switch, anticipating cuts to
health costs in the long-term.

Softgel T4 effectiveness appears to be less sensitive to
nutritional interference due to concomitant breakfast and/or
coffee ingestion. Since the more efficient absorption of tablet
T4 appears to require fasting for 60 min after drug ingestion
[21, 73, 74], food interference with T4 gained interest. One
study evaluated the efficacy of softgel and liquid T4 pre-
parations taken with breakfast in 30 thyroidectomized
patients [75]. The authors concluded that, similarly to liquid
T4, softgel T4 may be taken at the time of breakfast.
However, while the liquid T4 efficacy remained stable over
time, that of softgel appeared to be slightly reduced, thus
warranting confirmatory studies. A more recent paper
examined the usefulness of gel capsules in 18 hypothyroid
patients with no increased need for thyroxine [76]. The
effect of the switch from tablet to softgel in these patients
was evaluated after 3 months. When using tablet T4, serum
TSH values were in the normal range in only 11 out of 18
patients, whereas, following the switch, the target TSH was
reached in 16/18 subjects and the median TSH value was
lower than that reached with the traditional preparation. In
this study, however, the ingestion of thyroxine 30 min before
breakfast for both preparations may have been optimal for
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softgel but not for tablet absorption [19, 21, 73, 74]. The
effectiveness of softgel preparation was observed in a
crossover study on eight patients taking thyroxine shortly
prior to drinking coffee, demonstrating a serum TSH not on
target [77]. The desired TSH was obtained by switching
tablet T4 to the same dose of softgel T4. However, due to the
small sample size, further studies would be useful. An acute
oral load test enforced these data: in fact, eight volunteers
ingested an Americano coffee concomitantly with 600mcg
of tablet T4 and a further eight ingested the same dose of
softgel T4 preparation: over a 12-h postingestion time
course, AUC and Cmax were greater in those treated with
softgel T4 [74]. The safety of softgel preparation was only
questioned in one study [78].

Concluding remarks

The availability of novel preparations of a drug widely
diffused worldwide is always welcomed, as it widens
paraphernalia for the treatment of patients with differ-
entiated therapeutic needs. What we have learned from
these studies shows, as usual, lights and shadows, which are
indicated in Table 1.

These concepts clearly envisage more extensive and
carefully controlled studies, also using shared therapeutic
schedules. Keeping these observations in mind, however,
the promising results of the aforementioned studies may fit
well with the perspective of a real patient-tailored thyroxine
treatment plan, according to the rules of precision
medicine.
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