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Abstract The purpose of this work is to evaluate if the
coffee-associated malabsorption of tablet levothyroxine (L-
T4) is reduced by soft gel capsule. We recruited 8 patients
with coffee-associated L-T4 malabsorption including one
hypothyroid patient. For 6 months, the patients were
switched to the capsule maintaining the L-T4 daily dose.
Patients took the capsule with water, having coffee 1 h
later (proper habit, PH) on days 1-90, or with coffee
<5 min later (improper habit, IH) on days 91-180. After
6 months, 2 patients volunteered for an acute loading test
of 600 pg L-T4 (capsule) ingested with water (PH) or with
coffee (IH). In the single hypothyroid patient, the post-
switch TSH ranged 0.06-0.16 mU/L (PH) versus
5.8-22.4 mU/L pre-switch (PH) and 0.025-0.29 mU/L
(IH) versus 26-34 mU/L pre-switch (IH). In the other 7
patients, post-switch TSH was 0.41 £ 0.46 (PH) versus
0.28 £ 0.20 pre-switch (PH) (P = 0.61) and 0.34 £ 0.30
(IH) versus 1.23 £+ 1.47 pre-switch (IH) (P < 0.001).
Importantly, TSH levels in PH versus IH habit did not
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differ post-switch (P = 0.90), but they did pre-switch
(P < 0.0001). The proportions of post-switch TSH levels
<0.10 mU/L with PH (33.3 %) or with IH (33.3 %) were
borderline significantly greater than the corresponding pre-
switch levels with PH (10.3 %) (P = 0.088) or with ITH
0 %) (P =0.0096). In the two volunteers, the r-T4
loading test showed that coffee influenced L-T4 pharma-
cokinetics minimally. Soft gel capsules can be used in
patients who are unable/unwilling to change their IH of
taking L-T4.

Keywords L-Thyroxine therapy - L-T4 formulations -
L-Thyroxine malabsorption - Coffee - Hypothyroidism

Introduction

Levothyroxine (L-T4) is prescribed for replacement pur-
poses in patients with primary or central hypothyroidism,
and for TSH-suppressive purposes in patients thyroidec-
tomized for thyroid cancer or as an attempt to arrest/
decrease the growth of benign thyroid nodules. L-T4 is one
of the most widely dispensed medications in the world
because of the high frequency of these diseases [1]. For
instance, in the USA, differentiated thyroid cancer was
estimated to occur in 37,200 new patients in 2009, but its
incidence continues to increase [2]. The leading cause of
acquired primary hypothyroidism is Hashimoto’s thyroid-
itis (HT). In 1996, there were 1,490,371 adults and 205,159
children in the USA affected by HT [3], which equated to
an estimated prevalence of ~1 in 182 or 0.55 % or 1.5
million people [4]. The frequency of newly diagnosed overt
hypothyroidism was 3 per 1,000 women and less than 1 per
1,000 men in the epidemiologic English study known as the
Wickham survey, 6 per 1,000 women, and 2 per 1,000 men
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in an epidemiologic Danish study [5]. The incidence of HT
is on the rise worldwide, and approximately one-half of HT
patients have subclinical or overt hypothyroidism [6].
Congenital hypothyroidism occurs in approximately
1:2,500-3,500 newborn infants [7, 8].

L-T4 is usually taken with water in the morning before
breakfast [9]. A recent trial [10] in which patients using L-
T4 were switched to three different ingestion modalities (L-
T4 taken in the morning prior to breakfast, during breakfast
or after dinner at bedtime), showed that the pre-breakfast
fasting was associated with the lowest serum levels of
TSH, indicating this is the best modality to ensure the
highest intestinal absorption of the hormone. Many con-
ditions and drugs may interfere with the L-T4 malabsorp-
tion [11-15]. However, sometimes it is difficult to pinpoint
the cause of L-T4 malabsorption. In patients with a cause of
L-T4 malabsorption that remained unknown, the problem
was addressed successfully by administering L-T4 intra-
venously [16], or intramuscularly [17].

Our group demonstrated that there are patients in whom
failure of TSH to be normalized or suppressed by conven-
tional L-T4 tablets was associated solely with the habit of
swallowing the tablet with coffee or with water, or followed
by taking coffee within the very first few minutes later, a
sequence that we designated as improper habit (IH) [18]. In
contrast, instructing these patients to postpone taking coffee
by 60 min (proper habit, PH) resulted in normalization or
suppression of serum TSH. Studying volunteers under an
acute oral loading of L-T4 with either water or coffee and in
vitro studies confirmed the interference of coffee [18]. Over
the following 12 months, we observed another 6 cases [19].
As clearly described previously, a number of patients found
difficult to comply with the PH of postponing coffee by 1 h,
therefore increasing the frequency of relapse. To the best of
our knowledge, data on the interference exerted on L-T4
intestinal absorption by American coffee are unavailable in
the scientific literature but are present in patients’ blogs on
the web. An illustrative case is a lady who, upon exchange of
thyroid patients’ opinions that followed the publication of
our paper [18], admits that her high TSH levels coincided
with her habit of consuming coffee (“I have been told to take
the meds with 8 oz of water. I take mine with coffee every
morning ... at the exact time every morning, ... I can give up
a lot of things but coffee is not one of them” [20]).

A new formulation of L-T4 in a capsule as opposed to
the classic tablet (Tirosint® capsules, manufactured by
IBSA Institut Biochimique SA, Lugano, Switzerland) is
available [21]. This pearl-shaped capsule formulation
contains T4 dissolved in glycerine and has soft gelatin as a
protecting shell. We reasoned that, by rendering L-T4 less
available for quick mixing with fluids/solids capable of
sequestering L-T4 in the gastrointestinal tract, this formu-
lation could benefit patients with coffee-associated L-T4

malabsorption. The crossover study on eight such patients
described here shows that this was indeed the case.

Subjects and Methods

Upon informed consent and Internal Review Board
approval, we selected eight adult outpatients, in whom the
usual habit of ingesting L-T4 with plain black coffee or
with water but followed by coffee within the next 5 min
caused serum TSH not to be normalized (n = 1) or not to
be suppressed (n = 7). In contrast, switch to the PH of
ingesting the same dose of L-T4 caused serum TSH to be
normalized or suppressed. These 8 patients are different
from the patients described in references [18] and [19].
Coffee was consumed as such (that is, with no milk, cream,
chocolate, or liquors added), brewed either by the classical
Italian coffeemaker “caffettiera” or by a household
espresso machine. Also, the same patient used to drink
more than one brand of ground coffee.

The patient under replacement dose of L-T4 was a
44-year-old woman with HT-related hypothyroidism when
first observed. Of the remaining 7 patients under L-T4
suppressive doses of L-T4 for treatment of benign nodular
goiter or recurrence of nodules after thyroidectomy, 6 were
women (41-64-year-old when first observed) and 1 was a
man (64-year-old when first observed). With the IH or the
PH, the L-T4 tablet taken by any given patient was the
same. Careful history taking excluded use of drugs known
to interfere with L-T4 absorption or metabolism. No patient
reported intolerance to lactose, and all patients tested
negative at the biochemical screening for celiac disease
based on assay analysis of serum antibodies to transgluta-
minase, gliadin, and endomysium [13, 14].

The study design is illustrated in Fig. 1. On day O (time
zero, TO), the patients performed the blood sampling to
measure TSH (and FT3 and FT4 as well) after ~2 months
of taking the L-T4 tablet in the “compromise habit”. Under
this habit, patients took the L-T4 tablet with water but had
plain black coffee 20 min later. The purpose was to gather
further evidence of the insufficient time lag between L-T4
ingestion and coffee drinking, as compared with the 60 min
time lag of the PH. On day 1 and for the subsequent
89 days, patients took L-T4 at the same dose as in the
compromise habit but with two changes: the formulation
was switched to the soft gel capsule and coffee was con-
sumed 60 min after L-T4 ingestion (PH). From days 91
through 180, the switch was to the IH. The name of this
brand formulation of soft gel capsule is Tirosint® except in
Italy, where the brand name is Syntroxine®.

This crossover study was necessarily open-label because
of the peculiar pearl-shaped form of the soft gel capsule as
well as the nature of the liquids (water or coffee) used to
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Fig. 1 Schematic
representation of the study
design

Blood sampling

L-T4 formulation [Tablet

Proper: coffee 60 min. after L-T4

Compromise: coffee 20 min. after L-T4
Habit
Improper: coffee <5 min. after L-T4

ingest L-T4. In addition to having maintained the same
brand L-T4 and not having taken (and continued not taking
during the 180 days of the study) drugs known to interfere
with L-T4 absorption or metabolism, another criterion for
having selected the said 8 outpatients was that serum TSH
had been assayed monthly (on days 30, 60, 90, 120, 150),
between 7 and 9 a.m. prior to the ingestion of the daily dose
of L-T4, at the same laboratory with the same kit. Because
of the very large geographic area covered by our University
Hospital, we spared the patients’ long and expensive
monthly trips to our medical center in order to have serum
TSH measured in the laboratory. Serum TSH was measured
in the laboratory of our University Hospital in serum sam-
ples from the two patients who volunteered for the acute
loading test (see below). TSH and T4 in all serum samples
of the loading test were assayed in a single run with an
electrochemiluminescence immunoassay (Roche Diagnos-
tics GmbH, Mannheim, Germany). Serum T4 levels were
corrected for baseline T4. At the end of the study, and again
upon informed consent, two acute oral loading tests with the
soft gel capsule (six 100 pg capsules for a total of 600 pg)
were performed. In one test, capsules were swallowed with
natural water and in the other with coffee.

The order of water or coffee was random. The coffee used
in the test was taken from a vending machine located in the
same floor as our division, as reported previously [18].

Statistics

Data are presented as mean + SD. Comparisons between
means of serum TSH levels was by ANOVA, which was
preceded by log-10 transformation because of their non-
Gaussian distribution. The level of statistical significance
was set at P < 0.05, with P value between 0.05 and 0.10
considered borderline significant.

Results

We refer to the serum TSH levels obtained when taking the
tablets or the capsules as the pre-switch or post-switch
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levels. The first are summarized in Table 1 and changes
observed after switching are summarized in Fig. 2, with
one illustrative case presented in Fig. 3.

Replacement therapy

In the hypothyroid patient (case 1), serum TSH ranged
between 26 and 34 mU/L over the interval of 2-36 months
preceding the beginning of our study; during this interval,
the patient adhered to the IH. Serum TSH fell insufficiently
to 22.4 mU/L when taking coffee was postponed by
20 min (compromise habit), but it fell more markedly to
5.8 mU/L when coffee was postponed by 60 min (PH). The
improvement of absorption with the same PH and the same
daily dose, but in the form of the soft gel capsule was such
that TSH became very low (0.06 mU/L) and clinical thy-
rotoxicosis appeared as confirmed by increased FT4
(22 pmol/l, n.v. 9-20). Thus, at time T2 the daily dose of L-
T4 had to be decreased restoring euthyroidism and pro-
gressive return to unsuppressed TSH levels in the second
part of the study (Fig. 2, top).

TSH-suppressive therapy

In the other 7 patients (cases 2-8), the purpose of L-T4 was
TSH-suppressive. However, in no patients a TSH value
below 0.10 mU/L could be achieved with the IH (Table 1);
only in 1/7 patient’s serum TSH fell below the lower
normal limit. In contrast, with the PH, 3/7 patients’ had
serum TSH levels below 0.10 mU/L, and another 3 below
the lower normal limit (Table 1).

After the switch to the soft gel capsule, while following
the PH, 4/7 patients (57.1 %) exhibited TSH values
<0.10 mU/L while taking the capsule compared to 3/7
(42.9 %) while taking the tablet (P = 0.50). Of the total 21
TSH values at days 1-90, 7 (33.3 %) were <0.10 mU/L, in
contrast with only 3/29 (10.3 %) such values under the PH
with the tablets (P = 0.088). The 21 TSH levels averaged
0.41 & 0.46 (median 0.15 mU/L), which is not different
from the average of 0.28 %+ 0.20 (median 0.20 mU/L) of the
29 pre-switching values (P = 0.61) (Fig. 2, bottom).
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Table 1 Pre-switch data: TSH serum levels with the “proper habit”, the “compromise habit”, and the “improper habit” while ingesting the

traditional L-T4 tablets at the specified daily dose

Case® TSH reference Modality of ingestion of the L-T4 tablet
range (mU/L) N X R .
With coffee or with water, With water, but With water, coffee 1 h later
but coffee < 5 min later coffee 20 min later (proper habit)
(improper habit) (compromise habit)b
1 0.25-5.0 26-34 (1.8-2.1) 22.4 (2.0) 5.8 (2.0)
2 0.35-5.5 0.37-0.52 (2.8) 1.29 (2.3) 0.54 (2.3)
3 0.35-4.94 0.36-1.50 (2.2) 0.21 (1.7) 0.12-0.28 (1.7)
4 0.40-4.0 0.20-2.70 (2.2) 0.70 (1.8) 0.05-0.20 (1.8)
5 0.35-5.5 1.10-1.67 (1.6) 1.10 (1.6) 0.02-0.62 (1.6)
6 0.40-5.0 0.78-1.0 (1.6) 0.41 (1.6) 0.17-0.44 (1.6)
7 0.35-4.94 0.59-6.8 (1.8) 0.32 (1.8) 0.08-0.54 (1.8)
8 0.27-4.20 0.56-0.84 (1.7) 0.38 (1.7) 0.26-0.50 (1.7)
Cases 2-8 Median 0.84 0.41 0.20
Mean + SD 1.23 £ 147 0.63 + 0.42 0.28 £ 0.20

P = 0.00028 vs. 1.23 + 1.47
P = 0.031 vs. 0.63 £ 0.42

The daily dose in pg/kg body weight is reported in parenthesis

# All cases were women except no. 6

° This value coincides with the TSH levels at baseline (time zero, T0). The terminology “compromise habit” stems from the sort of trade off

between the proper and the improper habit

With the IH, because of the said decrease in the daily
dose of L-T4, 3/7 patients (42.8 %) had serum TSH
<0.10 mU/L as compared to 0/7 pre-switch (P = 0.19). Of
the 21 TSH measurements at days 90-180, there were 7
values <0.1 mU/L (33.3 %) as compared with 0/18 pre-
switching values (P = 0.0096). These 21 TSH levels
averaged 0.34 £ 0.30 (median 0.34), which is significantly
lower than 1.23 + 1.47 (median 0.84) of the 18 pre-
switching values (P < 0.001) (Fig. 2, bottom).

After the switch to the soft gel capsule, the average of
0.34 + 0.30 mU/L while following the IH did not differ
from the average of 0.41 & 0.46 mU/L while following the
PH (P = 0.90). This is in contrast with the significant gap
when tablets were taken between the IH and the PH
(1.23 4+ 1.47 vs. 0.28 + 0.20 mU/L, P < 0.001).

Figure 3 illustrates the reciprocal changes in serum TSH
and FT4 in one example patient.

Acute oral loading test

Data for the two patients who gave consent are summarized
in Fig. 4, where they are contrasted with the equivalent
data from the previous study but performed with tablet L-
T4 on other patients [18]. It is evident that the effect of
coffee on the soft gel capsule formulation is negligible, and
particularly so on the parameter C,,,x (peak), compared
with the greater magnitude effect of coffee on the tablet
formulation. Strikingly enough, at the late time (24 and
48 h) the negative sign in the most comprehensive

parameter (AUC) switched often to a positive sign
(+2.2 % and —1.9 %, case 2; +5.2 % and +4.3 %, case
8). These two times were not tested in the previous study
[18]. However, the delay in reaching the peak (7.x) iS
comparable between the two formulations.

Discussion

Tea and coffee are among the most consumed beverages
worldwide. With almost 50 %of the world population
using to take plain coffee [22], it is estimated that 4 billion
of coffee cups are consumed daily in the world, 400 million
of which in the U.S. [22, 23]. In Italy, 41 million people
consume 43 billion cups yearly and 70 million cups daily,
57 % of which mainly in the morning [23, 24].

It is the experience of co-author S.B. (unpublished data),
based on his weekly outpatient clinics at this university
hospital, that the rate of newly discovered patients with
coffee interference of L-T4 absorption during 11 consecu-
tive working months approximates 3 %. However, within
the group of patients with serum TSH inappropriately high
or unsuppressed in the face of an adequate daily dosage of
L-T4, T4 malabsorption by coffee accounts for one-fifth of
the cases (S.B. unpublished data). Assuming that (i) for
every 2,000,000 adult inhabitants, there are 1,000,000
adults drinking coffee in the morning; (ii) of these
1,000,000 adults, one-tenth is taking r-T4 (=100,000
adults); (iii) of these 100,000 adults, 1 % has L-T4
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Fig. 2 TSH serum levels with Case1

L-T4 tablets and after switch to

Tablet Soft gel capsule

soft gel capsules at 1 to 90 days | <
(times T1-T3) or 91 to 180 days 35 1
(times T4-T6). Mean + SD is 30 |
reported in the labels. Numbers
in parentheses are medians;
numbers in brackets are range 20
values; and the range of the L-
T4 daily dose is in italics

NN
[26-34]

1.8 -2.1 mcg/kg b.w.

0.40=

30 +/-5.7 (30)

0.35
0.30 -

TSH (mUIL)

0.25 1
0.20
0.15
0.10 -
0.05

\

0.14 +/-0.14 (0.10)
[0.025-0.29]
1.8 mcg/kg b.w.

2.0 meg/kg b.w.

0.09 +/-0.06 (0.09)
[0.06-0.16]
2.0 mecg/kg b.w.

0.00

=<5 min)

Cases 2-8

3.0 1

Pre-switching data
(tablet and coffee

Times T4-T6
(capsule and coffee
< 5 min)

Times T1-T3
(capsule and coffee
1h later)

Time TO
(tablet and coffee
<20 min)

Tablet Soft gel capsule

»

A

2.8 {
2.6
2.4 {
2.2 {
2.0 {
1.8 4
1.6 1
1.4 4
1.2 4
1.0 1
0.8 {
0.6
0.4
0.2 {

1.23 +/-1.47 (0.84)

TSH (mUIL)

[0.20-6.8]
1.6-2.8 mcg/kg b.w.

||

[0.21-1.29]
1.6-2.3 mcg/kg b.w.

0.63 +/- 0.42 (0.41)
0.41 +/-0.46 (0.15)
[0.01-1.32]
1.6-2.3 mcg/kg b.w.

[0.004-0.98]
1.6-2.3 mcg/kg b.w.

0.34 +-0.30 (0.34)

0.0

< 5min)

malabsoprtion (=1,000); (iv) coffee accounts for one-fifth
of the causes of malabsorption in these 1,000 adults who
each year would come at observation at the ambulatory
service of a tertiary university hospital referral, then in
each year there would be ~200 cases of L-T4 malab-
sorption caused by coffee/2,000,000 adult inhabitants.
With approximately 50 million adult inhabitants in Italy,
this would amount to 5,000 adult cases per year who
malabsorb L-T4 tablets due to coffee. Extrapolating to the
U.S. and rounding off to 300 million as the adult popula-
tion, there would be an estimated total of 30,000 adult
cases of L-T4 malabsorption due to coffee each year.
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Pre-switching data
(tablet and coffee

Time TO Times T1-T3 Times T4-T6

(tablet and coffee (capsule and coffee  (capsule and coffee
<20 min) 1h later) < 5 min)

Generally, the issue of L-T4 malabsorption is approa-
ched by increasing the daily dose in order to reach target
TSH levels, but this approach exposes the patient to the
risk of overtreatment, and related consequences such as
those concerning the heart [25] and the bone [26].

It is likely that the new formulation of the soft gel
capsule would work also for the L.-T4 malabsorption caused
by American coffee. We are confident about this conclu-
sion based on an acute oral loading test study in 16 vol-
unteers [27]. In this study, in which 8 volunteers swallowed
600 pg L-T4 as a tablet with 240 mL. American coffee and
another 8 volunteers swallowed 600 pg L-T4 as a soft gel
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Fig. 3 Changes in serum TSH Case 6
and FT4 under the specified
daily dose of L-T4 at time O o= 130 180
(tablet) or times T1-T6 (day 1 =3 1 [ &
to day 180, soft gel capsule) and Mo 1244 L124 3 A
L-T4 dose (pg/day) in one 2 gg: r :gg g
illustrative case (case 6). The To T T2 T3 T4 T5 T6
shadowed area represents the
reference range of TSH and FT4 5.2 - - 1.9
4.6 - - 1.8
40 ] 5.00 1851 17
3.4 4 L 16
2.8 1 L 1.5
2.2 1 - 1.4
1.6 4 1.3
g 1.0 L 1.2 3
2 0.6 45 = 1.1 £
E - F1.0 =
T 0.5 - gg Q
- 0. o
2 o4 i 070157 &
0.3 [ 05 i
- 0.4
0.2 4 [ 03
0.1+ - 0.2
- 0.1
0.0 0.0
Fig. 4 Indices of T4 absorption ] Water
in the acute oral loading test of B cof
the same dose of LT4 contained Mean (nmol/L) Coffss Peak (nmol/L)
in the same formulation (soft gel 50 1 100 -
capsule) that was swallowed, by -12.0% -6.5%
two patients (cases 2 and 8), 40 | 80 1 -2.2%
with two different liquids (one -14.1%
cup of natural water or one cup 30 1 60 1
of espresso coffee) in two 20 4 40 -
separate occasions. The data
(water vs. coffee) are contrasted 10 - 20 -
with the results from a previous
study (11) conducted with the 0 T 0 T
similar two-liquid challenge in B H B H

different patients who ingested
LT4 contained in tablet
(Eutirox®). In the previous
study, the test lasted 4 h

With tablets, the difference averaged - 36%

Peak (minutes)

With tablets, the difference averaged - 30%

AUC (nmol/L 4 hours)

300 1 + 60 min. + 60 min. 15000 1 15.9%
250 - 12500 e
- 0,
200 1 10000 - 11-2%
150 7500 -
100 - 5000 -
50 2500 -
0 ' 0 '
B H B H

With tablets, the difference averaged + 50 min.

capsule, two important pharmacokinetic indices (AUC and
Chnax) Were greater in the second group of volunteers over a
12-h post-ingestion time course.

In brief, Tirosint® capsules can be used in patients who
are unable/unwilling to change their IH of taking L-T4 with
coffee or shortly prior to coffee. Chances are that patients

With tablets, the difference averaged - 36%

affected by conditions that impair intestinal L-T4 absorp-
tion (e.g. bariatric surgery, celiac disease), could benefit
from this new formulation.

Conflict of interest IBSA Institut Biochimique SA (Lugano,

Switzerland) furnished the principal investigator (S.B.) with the
capsules for the entire duration of the study.
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