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Abstract
Objective: Taking levothyroxine (L-T4) with coffee or with water followed by coffee intake within a few minutes results in
poor TSH response in many patients. T4 is available in tablet form worldwide, but novel formulations in soft gel capsule
or liquid form are now available.
Design: We fortuitously identified a euthyroid patient who wrongly consumed liquid L-T4 with coffee at breakfast; after
changing the time of consumption to 30 min before breakfast, no change in TSH, free T4 (fT4), and free tri-iodothyronine (fT3)
concentrations was observed. Once the first patient was identified, additional stable euthyroid patients who consumed
liquid L-T4 with coffee were identified.
Methods: Patients were recruited by searching our ‘thyroid patients’ database. All the patients on liquid L-T4 treatment
were contacted by phone to ask them whether they took L-T4 at breakfast. We identified 54 patients who were submitted
to TSH, fT4, and fT3 evaluation, with the indication that the same dosage of L-T4 be consumed 30 min before breakfast.
We determined their TSH, fT4, and fT3 concentrations after 3 and 6 months again.
Results: No significant difference in thyroid hormone concentrations was observed in patients when they consumed L-T4 at
breakfast or when they consumed it 30 min before breakfast for 3 and 6 months (TSH: 2.5G1.1 vs 2.5G1.1 and 2.4G1.1 mIU/l
respectively, fT4: 12.4G2.4 vs 12.5G2.4 and 12.3G2.1 pg/ml respectively, and fT3: 3.4G0.6 vs 3.4G0.6 and 3.3G0.5 pg/ml
respectively).
Conclusion: Oral liquid L-T4 formulations could diminish the problem of L-T4 malabsorption caused by coffee when using
traditional tablet formulations.
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Introduction
Levothyroxine (L-T4) is the most effective drug used in
replacement therapy for patients with hypothyroidism
worldwide, representing the fourth most common
medication dispensed in the United States in the last few
years (1). Approximately 60–90% of a L-T4 dose is absorbed
within 3 h of ingestion. Most of the absorption takes place
in the jejunum and ileum (2), and the absorption is
maximal when it is taken on an empty stomach,
reflecting the importance of gastric acidity in the process.
Due to this, L-T4 is usually taken with water in the morning
before breakfast (3). Taking L-T4 with coffee, or with water
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followed by coffee within a few minutes, results, in fact, in
poor TSH response in many patients (4). Traditionally, T4
is available in tablet form worldwide, but novel formulations in soft gel capsule or liquid form are available now.
We fortuitously observed an euthyroid patient who
wrongly consumed liquid L-T4 with coffee at breakfast;
after changing the time of consumption to 30 min before
breakfast, no change in TSH, fT4, and fT3 concentrations
was observed. Once the first patient was identified, we
identified 53 additional stable euthyroid patients who
consumed liquid L-T4 with coffee.
Published by Bioscientifica Ltd.
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The aim of this study was to compare the TSH, fT4, and
fT3 concentrations of patients taking liquid L-T4 at breakfast with those observed after the consumption of the
same dosage 30 min before breakfast 3 and 6 months later.
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at baseline, 3 months, and 6 months were made by
ANOVA. A P value !0.05 was considered statistically
significant. Data are expressed as meanGS.D.

Results
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Subjects and methods
Patients were recruited by searching the database of
patients treated and followed up at the Thyroid Unit of
the Department of Clinical and Experimental Sciences,
University of Brescia. The search criteria were as follows:
i) treatment of hypothyroidism with liquid L-T4 (IBSA
Farmaceutici Italia srl, Lodi, Italy); ii) complete personal
medical history; and iii) details on current drug therapy
and any previous therapy. Patients fulfilling the above
criteria were then contacted by phone to ask them
whether they took L-T4 at breakfast.
All the patients were submitted to TSH, fT4, and fT3
evaluation, with the indication that the same dosage of
L-T4 be consumed 30 min before breakfast. After 3 and
6 months, their serum TSH, fT4, and fT3 concentrations
were determined again.
Serum concentrations of free T4 (fT4; normal range:
8.0–19.0 pg/ml, analytical sensitivity: 1 pg/ml; intra- and
interassay coefficients of variation (CV): 2.4 and 6.8%
respectively), free tri-iodothyronine (fT3; normal range:
2.4–4.7 pg/ml; analytical sensitivity: 0.35 pg/ml; intraand interassay CV: 4.6 and 6.5% respectively), and TSH
(normal range: 0.4–4.5 mIU/l, analytical sensitivity:
0.004 mIU/l; intra- and interassay CV: 2.5 and 5.7%
respectively) were measured by means of immunochemiluminescent assays using an automated analyzer
(Immulite 2000, DPC Cirrus, Los Angeles, CA, USA)
employing commercial kits (Diagnostic Products Corporation, Los Angeles, CA, USA).

Statistical analysis
Statistical analysis was carried out using the SPSS Software
(SPSS, Inc.). Between-group comparisons of thyroid profile
Table 1

Among 545 patients on liquid L-T4 treatment, 54 (9.9%)
subjects (48 females and six males) fulfilled the inclusion
criteria and were recruited for this study. All the patients
were euthyroid (TSH: 2.5G1.1 mIU/l, fT 4: 12.4G
2.4 pg/ml, fT3 3.4G0.6 pg/ml) and undergoing treatment
with L-T4 (mean dosage: 73.15G17.41 mg/day). In detail,
41 patients (37 females and four males) consumed L-T4
with water at breakfast followed by coffee intake within
a few minutes (group A) and 13 patients (11 females and
two males) consumed L-T4 with coffee (group B). Table 1
summarizes the clinical and biochemical parameters of
patients at recruitment. The two groups were superimposable for age, mean L-T4 dosage, and fT4 and fT3
values. A slightly, but not significant, higher TSH value
was observed among patients in group B than among
those in group A (2.9G0.9 vs 2.3G1.1 mIU/l respectively).
No difference in thyroid hormone profile was
observed after 3 and 6 months of taking L-T4 30 min
before breakfast with respect to that recorded at recruitment: TSH (2.5G1.1 and 2.4G1.1 vs 2.5G1.1 mIU/l
respectively), fT4 (12.5G2.4 and 12.3G2.1 vs 12.4G
2.4 pg/ml respectively), and fT3 (3.4G0.6 and 3.3G0.5 vs
3.4G0.6 pg/ml respectively). Similar findings were
observed when the whole cohort was divided into groups
A and B (Table 2).

Discussion
The main finding of this study is that oral liquid T4 can
be taken at breakfast both with water and with coffee.
As known, L-T4 is a drug used worldwide for the treatment
of hypothyroidism or suppressive therapy of goiter and
cancer (5, 6). L-T4 is one of the most widely dispensed
medications in the world, representing the fourth most

Clinical and biochemical parameters of patients at recruitment.

Age (years)
L-T4 dosage (mg/day)
TSH (mIU/l)
fT4 (pg/ml)
fT3 (pg/ml)

Group A (nZ41)

Group B (nZ13)

P value

48.7G11.1
76.9G16.1
2.3G1.1
12.3G2.4
3.4G0.6

51.7G12.6
71.9G17.8
2.9G0.9
12.5G2.4
3.4G0.5

0.413
0.375
0.056
0.850
0.734

P values based on ANOVA.
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Thyroid profile of patients consuming L-T4 at breakfast and after 3 and 6 months of changing the time of consumption

30 min before breakfast.
Group A (nZ41)

TSH (mIU/l)
fT4 (pg/ml)
fT3 (pg/ml)

Group B (nZ13)

At recruitmenta

3 monthsb

6 monthsb

P

At recruitmenta

3 monthsb

6 monthsb

P

2.3G1.1
12.2G2.5
3.4G0.6

2.3G1.1
12.3G2.5
3.3G0.6

2.3G1.0
12.3G2.0
3.2G0.6

0.939
0.479
0.079

2.9G0.9
12.9G2.0
3.4G0.7

2.9G0.9
12.5G2.5
3.5G0.6

2.8G0.9
12.3G2.3
3.5G0.4

0.323
0.208
0.615
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P values based on ANOVA.
a
Patients consuming L-T4 with breakfast.
b
After changing the time of L-T4 consumption 30 min before breakfast.

common medication dispensed in the United States in
the last few years (1).
Approximately 60–90% of a L-T4 dose is absorbed
within 3 h of ingestion. It is recommended that L-T4
be taken on an empty stomach, as food, and also many
drugs, can reduce its absorption (3). Gastric acidity plays
an important role in the absorption of L-T4, as has also
been shown by Centanni et al. (7). In fact, patients with
Helicobacter pylori-related gastritis or atrophic gastritis
require an increased dose of L-T 4, underlining the
importance of normal gastric acid secretion for the
dissociation and absorption of a L-T4 tablet (7).
A recent trial in which patients taking L-T4 were
switched to three different ingestion modalities (L-T4 prior
to breakfast, during breakfast, or after dinner) has shown
that pre-breakfast fasting is associated with the highest
intestinal absorption of the hormone (8).
In addition, Benvenga et al. (4) have clearly demonstrated a failure in the normalization of TSH values in
patients consuming L-T4 tablets with coffee or with water
followed by coffee intake within a few minutes. Studies
carried out in volunteers under an acute oral loading of
L-T4 with either water or coffee and in vitro studies have
confirmed the interference of coffee (4).
Despite the ‘classical’ tablet formulation of T4 ,
recently, pharmaceutical industries have introduced
other formulations such as soft gel capsule and liquid
in a few countries. Soft gel capsule seemed to diminish
the problem of L-T4 malabsorption caused by coffee
when using traditional ‘tablets’ at least in eight
volunteers (9).
Compliance with medical recommendations,
especially with drug therapy, has been recognized as
challenging (10); in particular, a significant number of
patients found it difficult to comply with L-T4 therapy as
they had to postpone taking coffee by 1 h (9). This is of
great social relevance if we assume that subjects with a
worst adherence to L-T4 therapy are more likely to show

variability in TSH concentrations (11). This means that
these patients should be monitored more closely, increasing the direct and indirect costs of health.
To the best of our knowledge, this is the first report to
show a comparable thyroid hormonal profile in patients
consuming oral liquid L-T4 prior to breakfast within the
very first few minutes, but more interesting at breakfast,
into the coffee. If our observation is confirmed in larger
prospective studies, liquid formulation could simplify the
compliance with L-T4 therapy, with a theoretical reduction
in health costs. Our observation gives rise to many
questions about the possible different molecular properties, stability, and absorption of liquid L-T4 compared with
the tablet form.
Indeed, Yue et al. (12) have shown that absorption
levels are similar for both tablet and liquid formulations,
although the liquid formulation reached the systemic
circulation quicker as dissolution was not required prior to
absorption. Our group has recently shown a reversible
normalization of serum TSH levels in patients submitted
to bariatric surgery after switching from the tablet form of
L-T4 to an oral liquid formulation. The fact that the switch
from a tablet to an oral formulation normalized serum
TSH levels and that switching back to the tablet
formulation led to a worsening of TSH levels leads us to
believe that the absorption of T4 is greater when used as an
oral liquid formulation in our patients at least after
bariatric surgery (13).
Drug dissolution and solubility may be altered by an
increase in gastric pH. Indeed, liquid L-T4 does not need to
be dissolved before being absorbed, as has been shown
recently by Yue et al. (12). It is conceivable that liquid L-T4
formulations could also circumvent the pH alteration
resulting from gastric bypass. Another hypothesis is that
the presence of alcohol (only in liquid formulations)
could play a key role in the absorption of T4. Indeed, oral
mucosal drug delivery is known as an alternative method
for systemic drug delivery offering several advantages over
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both injectable and enteral methods (14). Because the oral
mucosa is highly vascularized, drugs that are absorbed
through the oral mucosa directly enter the systemic
circulation, bypassing the gastrointestinal tract (14).
Consistent with this hypothesis, we would expect to see
more rapid pharmacokinetics if oral liquid T4 can be
absorbed by oral mucosa. In agreement with this
hypothesis, it has been demonstrated that a liquid
formulation exhibits a faster time to maximal
concentration when compared with a tablet formulation (12). Further studies are needed to clarify this
intriguing point.
Another major problem is the stability of liquid L-T4.
Taking into account our data obtained in patients taking
the drug directly with coffee, we hypothesize that high
temperatures (i.e. coffee temperature) do not alter the
molecular properties or stability of L-T4. Studies on
stability, carried out with tablet formulations, have
shown that sodium L-T4 gets rapidly degraded at 60 8C
(15, 16). Indeed, an Italian coffee ‘espresso’ is served at
80–90 8C (17). To our knowledge, no data on the stability
of liquid L-T4 at high temperatures are available in the
scientific literature. Personal data (not published) on the
degradation and stability of oral liquid L-T4 in different
solvents (coffee also) at high temperatures do not indicate
the alteration or modification of its chemical structure or
alteration of its stability up to 20 min. The only data
available, obtained at cold temperatures (4 8C), indicate
the greater stability of liquid formulations compared with
tablet formulations (18).
This study has a few limitations. Dietary fiber and
food structure are well-established factors that affect the
intestinal absorption of L-T4 tablets (19). Even if we asked
our patients to not change their breakfast, the dietary
content is not available. However, even if we admit a
modification in dietary content during the study-span,
no patient showed an increase in thyreotropin level. This
could mean that no change in dietary content has been
made or that dietary content doesn’t influence the
absorption of oral liquid formulations.
Secondly, pharmacokinetic study and loading tests,
the gold standard methods to assess intestinal absorption
of drugs, were not carried out. Additional studies are
needed to clarify these intriguing points.
In conclusion, we showed for the first time that liquid
L-T4 formulations could diminish the problem of L-T4
malabsorption caused by coffee when using traditional
tablet formulations. This could ameliorate the compliance
of ‘thyroid’ patients, reducing, at the same time, the
health expenditure.
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