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1. Abstract

Long-term thyroxine tablet administration is a common require-
ment for patients post-thyroidectomy. The conventional method involves
fasting and oral administration of the tablets at least 30 minutes prior to
breakfast. However, the optimal timing for drug administration remains
a contentious issue, with emerging clinical research. The absorption of
thyroxine tablets can be significantly influenced by traditional breakfast
foods such as milk and soy milk, potentially compromising drug efficacy
for patients unwilling to abandon these dietary habits. This review exam-
ines the in vivo absorption process of thyroxine tablets and their inter-
action with food. Findings suggest that the optimal timing for thyroxine
tablet intake is either one hour prior to breakfast or before bedtime (at
least three hours post-dinner). If the diet includes soy milk, milk, coffee,
or high-calcium or high-iron foods, a minimum four-hour interval is rec-
ommended. Consequently, patients with poor compliance or a preference
for traditional Chinese breakfast items such as milk and soy milk may
consider bedtime medication.Levothyroxine tablets, a prevalent clinical
preparation, are primarily utilized for hypothyroidism treatment and post-
operative Thyroid-Stimulating Hormone (TSH) suppression therapy in
differentiated thyroid cancer cases. As the most frequently administered
drug in thyroid surgeries, most patients require lifelong consumption. The
standard administration involves oral intake on an empty stomach in the
morning, with a minimum of 30 minutes before consuming any food.
Given that its absorption is significantly influenced by dietary intake,
foods that interfere with its absorption should be avoided for breakfast.
Moreover, a minimum interval of 4 hours is recommended between the
consumption of soy milk, milk, and coffee. This administration proto-
col, however, is often inconvenient and results in poor patient compli-
ance. Traditional breakfast habits, such as consuming soy milk or milk,
are deeply ingrained in Chinese culture. Consequently, some patients are
reluctant to alter these habits, inevitably impacting drug absorption and
hindering the desired therapeutic effect. Although taking a small pill may
seem trivial, it profoundly affects a patient's lifestyle habits. This arti-
cle aims to address a common patient query regarding the flexibility of
Levothyroxine tablet intake timing. It reviews the absorption process of
Levothyroxine tablets in the body and their interaction with food, seeking
a feasible alternative method.

2. Absorption of Thyroxine Tablets
2.1 Thyroxine Tablets Chemical Structure

Levothyroxine sodium tablets, a frequently employed clinical prepa-
ration, are chemically known as 4-oxygen - (4-hydroxy-3,5-diiodophenyl)
-3,5-diiodo-L-tyrosine sodium,with a molecular formula of CI15H10I4N-
NaO4+xH20. This compound mirrors the thyroxine naturally secreted by
the thyroid gland. It is metabolized into T3 in peripheral organs and exerts
its specific effects by binding to the T3 receptor. The human body cannot
differentiate between endogenous and exogenous thyroxine. Upon oral
administration, the drug molecules dissociate under the influence of gas-
tric acid and are subsequently absorbed in the intestine, primarily in the

jejunum and ileum. The absorption rate is approximately 70%-80% [1-3],
with a peak time around 5-6 hours.

2.2. Gastric Dissociation

The thyroxine tablet remains in the stomach for approximately 35
+ 30 minutes, during which drug molecule dissociation occurs. It then
takes roughly 7+3 minutes to traverse the duodenum, with about 15+5%
of the drug being absorbed. Subsequently, it enters the upper jejunum
segment, remaining for about 3148 minutes. The upper jejunum segment
can absorb approximately 29+14% of the drug, while the lower jejunum
segment can absorb around 24+11%[1].Gastric dissociation is a prereq-
uisite for the absorption of thyroxine tablets. Research indicates that the
dissociation rate of thyroxine tablets in the stomach exhibits a U-shaped
alteration with the increase of gastric acid PH: at PH1-3, the dissociation
rate gradually decreases, at PH3-7, the dissociation rate reaches its nadir,
and at PH > 7, the dissociation rate progressively ascends[5]. The PH of
human gastric acid is approximately 0.9-1.5, which can provide optimal
dissociation conditions for thyroxine tablets. Some researchers have re-
ported that when the PH is less than 2.4, the dissociation of thyroxine
tablets can exceed 85% within 20 minutes[6]. Therefore, to ensure suffi-
cient dissociation of thyroxine tablets, they should be taken on an empty
stomach with a fasting period of at least 20 minutes.

2.3. Enteral Absorption

Thyroxine tablets, characterized by their amphoteric molecules, pos-
sess lipophilic aromatic rings and hydrophilic side chains. They contain
three ionizable groups, including two acidic groups (hydroxyl and car-
boxyl) and one alkaline group (amino)[7]. The bipolarity of thyroxine
tablets, coupled with the charge acquired post-dissociation, impedes its
diffusion through the cell membrane. Consequently, without a specific
carrier, thyroxine tablets are unable to traverse the lipid bilayer of the cell
membrane[8].

3. Factors Affecting the Absorption of Thyroxine Tablets
3.1. Diseases Affecting the Absorption of Thyroxine Tablets

3.1.1. Diseases Affecting the Gastric Dissociation of Thy-
roid Hormone Tablets

The demand for thyroid hormone increases with the increase of gas-
tric pH (p=0.4229; p=0.0007). A multivariate analysis showed that, in
addition to body mass index, gastric pH is a more important independent
variable determining the effective dose of T4[11]. Therefore, decreased
gastric acid secretion or elevated gastric acid pH may impact the intra-
gastric dissociation of thyroxine tablets. Factors contributing to this in-
clude HP infection, chronic atrophic gastritis, major gastric resection, and
gastric bypass surgery[9-12]. Poor intragastric dissociation of thyroxine
tablets can affect subsequent absorption. Rapid gastric emptying, as seen
in acute gastroenteritis, major gastrectomy, and gastric bypass surgery,
can also lead to inadequate dissociation of thyroxine tablets. Patients with
gastroparesis may require increased thyroxine tablet volume due to de-
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layed gastric emptying [4].
3.2. Diseases Affecting Intestinal Absorption

Intestinal procedures and diseases that affect intestinal absorption,
such as short bowel syndrome, celiac disease, lactose intolerance, inflam-
matory bowel disease, parasitic infections, and biliopancreatic shunts, can
impair the absorption of thyroxine tablets [13-15]. A study reported that
a patient who presented a marked malabsorption of LT4 without gastro-
intestinal malabsorptive disorder, a decreased membranous expression of
LAT1 and LAT?2 transporter in terminal ileum and ascending colon. But
the author could not elucidate the direct relationship between LT4 absorp-
tion and transporter LAT1 and LAT2 in molecular levels[16].

3.3. Drugs Affecting the Absorption of Thyroxine Tablets

Certain pharmaceutical ingredients or excipients, such as calcium and
iron supplements, alkaline antacids, and bile acid chelators, can bind to
LT4 molecules and inhibit their transmembrane transport[17-20]. Proton
pump inhibitors and H2 receptor antagonists can inhibit gastric acid se-
cretion and affect the dissociation process of thyroxine tablets, leading to
malabsorption[21-22]. Conversely, vitamin C has been shown to stimulate
gastric acid secretion, promoting the dissociation of thyroxine tablets and
improving absorption[48-49]. The LT4 molecule is transported by trans-
membrane proteins. Ciprofloxacin competitively inhibits the OATP1A2
transporter, thereby decreasing the absorption of thyroxine tablets[23].
Rifampicin, a well-known OATP inhibitor, has been hypothesized to
decrease intestinal absorption of LT4[24]. Estrogens, rifampicin, ralox-
ifene, and carbamazepine may elevate serum thyroxine-binding globu-
lin, decrease free T3 and free T4, and cause hypothyroxinemia[24-25].
Conversely, androgens decrease TBG and lead to hyperthyroxinemia[26].
Drugs such as carbamazepine, fluoxetine, sertraline, sorafenib, and others
reduce thyroxine levels in the body by converting T4 to bioactive hor-
mones, T3, or other inactive metabolites[27-29].

3.4. Gut Microbiota Affecting the Absorption of Thyroxine
Tablets

The gut microbiota plays a significant role in the body's homeostasis
and the development of immune cells. Dysregulation of the gut microbio-
ta can promote inflammation, decrease immune tolerance, damage the in-
testinal membrane, and increase intestinal permeability[30-31]. Addition-
ally, the gut microbiota can directly affect thyroid hormone levels through
its deiodinase activity and TSH inhibition[30]. The gut microbiota also
influences the absorption of minerals important for the thyroid, includ-
ing iodine, selenium, zinc, and iron[32]. Probiotics have been shown to
reduce serum hormone fluctuations and have a positive effect on trace
minerals such as selenium, zinc, and copper[33]. Knezevic J et al, [34].
considered that a strong thyroid—gut axis exists. It appears to display a
not well known but important correlation regarding the effect of the gut
bacteria on the immune system and thyroid function.

3.5. Foods That Affect the Absorption of Thyroxine Tablets
3.5.1. Foods That Decrease the Absorption of Thyroxine

Numerous studies have since reported on foods that interfere with
the absorption of thyroxine tablets, including soy milk, milk, coffee, cel-
lulose, papaya, grapefruit juice, high-calcium foods, and iron-rich foods.
Bell DS et al.[35] reported a decrease in thyroxine tablet absorption when
consumed concurrently with soy protein. Similarly, Conrad SC et al.[36]
found that soy formula impacted the absorption of thyroxine tablets in
children with hypothyroidism. However, Gatta E et al, [37]. though that
the inference of soy products on L-T4 absorption, if present, seems to
have little clinical impact. Chon DA et al, [38].Studied the effects of
consuming milk and thyroxine tablets together and found a reduction in
thyroxine tablet absorption, potentially due to the influence of calcium,
protein, and other nutrients. Benvenga S et al, [39].Conducted in vivo and
in vitro studies on the simultaneous intake of coffee and thyroxine tablets.
The in vivo studies revealed altered pharmacokinetics and a delayed peak
time of serum T4, while the in vitro studies showed that coffee reduced
the absorption of organic and inorganic substances, acting as a weak T4
chelator. Lai YW et al, [40].Found that tea, like coffee, significantly inter-
fered with the absorption of thyroxine due to shared components such as
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caffeine, polyphenols, and polysaccharides. Liel et al,[41].Demonstrated
the non-specific, dose-dependent adsorption of wheat bran to thyroxine in
vitro. DeianaL et al,[42].Reported a case of a thyroidectomy patient who
consumed large amounts of papaya, resulting in decreased T4 levels. Af-
ter discontinuing papaya consumption, T4 levels increased. The authors
suggested that papain could reduce histamine-induced gastric acid secre-
tion, and papaya fiber could bind with T4, thus reducing the absorption of
thyroxine tablets. Bailey DG et al,[43].Found that flavonoids such as hes-
peridin and naringin in orange juice and grapefruit juice could interfere
with the transmembrane transporter OATP1A2 on small intestinal chion
cells, potentially reducing the oral availability of transport substrates for
2-4h. Singh N et al, [44-45].Found that at PH 2.0, T4 would adsorb onto
calcium carbonate, preventing its absorption at the intestinal level. They
suggested that both acute and chronic intake of calcium carbonate would
reduce the availability of T4. Campbell NR et al, [46].Confirmed in vitro
that at PH < 7.4, one Fe2+ molecule could combine with three T4 mol-
ecules to form an insoluble complex, thereby reducing the absorption of
thyroxine tablets.The 2006 ATA guide of Update of Newborn Screening
and Therapy for Congenital Hypothyroidism[47] also clearly states that
soy, iron, and calcium should be avoided. Zamfirescu et al, [18].Conduct-
ed a study to compare the absorption of levothyroxine when administered
alone or in combination with calcium carbonate, calcium citrate, or cal-
cium acetate, each containing 500 mg of elemental calcium, in 8 healthy
adults with normal thyroid function. Serum thyroxine levels were mea-
sured every 6 hours after ingestion of the study drug. The results showed
that taking thyroxine tablets together with the three calcium preparations
mentioned above reduced the absorption rate by 20%-25%. Therefore, it
is recommended to take them at least 4 hours apart.

2.42 Foods that increase the absorption of thyroxine tablets

Jubiz W et al, [49].Conducted a study on 31 patients with hypothy-
roidism for 3 cycles, with each cycle lasting 2 months. In the first and
third cycles, patients were given thyroxine tablets alone, while in the
second cycle, patients were given thyroxine tablets with 120ml of water
containing 500 mg of to swallow the same amount. Serum concentra-
tions of free T4 and TSH were measured at the end of each cycle. The
results showed that in patients with hypothyroidism and gastrointestinal
diseases, serum concentrations of TSH and free T4 improved after taking
vitamin C. This improvement may be related to the increased solubili-
ty of thyroxine in the stomach. Skelin et al.[15] also suggested that this
improvement could be associated with the ability of vitamin C to reduce
stomach acid. The study by Ant'unez et al.[48] also supports the view
that vitamin C can promote the absorption of thyroxine tablets. Gezer E
et al[50]. Reported that the significant positive effect of morning exercise
on the absorption of LT4 tablets.

3.2. Dosing Time of Thyroxine Tablets

As early as 1977, Wenzel KW et al, [3].Administered 100ug of thy-
roxine tablets orally to patients using an isotope method. They found that
the absorption rate of thyroxine tablets in a fasting state was approximate-
ly 79.3+7.2%, while in a fed state, it was about 63.9+£10.5%. This finding
further substantiated the recommendation for thyroxine tablets to be taken
on an empty stomach. Perez CL et al, [51].Conducted a prospective, ran-
domized controlled study in which 45 patients with primary hypothyroid-
ism treated with levothyroxine were randomly assigned to a levothyrox-
ine administration regimen for 90 days (fasting or at breakfast). Clinical
and biochemical analyses were performed before administration and on
days 45, 90, 135, and 180, mainly monitoring TSH levels. The results
showed that TSH levels were higher when levothyroxine was adminis-
tered at breakfast compared to fasting (2.89 vs. 1.9 mIU/L, p=0.028).
They suggest that levothyroxine administration at breakfast may be an
alternative for patients with compliance difficulties due to the need to
delay intake. However, this approach is more likely to lead to variations
in TSH levels, so patients need to be closely monitored. For patients who
need to strictly control TSH levels, it is recommended to take levothyrox-
ine when fasting.Similarly, Bach-Huynh TG et al, [52].Developed three
dosing schedules: the first one was given after overnight fasting and at
least 1 hour before breakfast, the second one was given before sleep and
at least 2 hours after the last meal of the day, and the third one was giv-
en in the eating state and within 20 minutes after breakfast. Each plan
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was performed for 8 weeks, totaling 24 weeks. The above three schemes
were cross-combined, and 8 groups could be combined. They randomly
assigned 65 patients who were receiving levothyroxine to the study. Thy-
roid function testing was conducted at the beginning of the study and at
the end of every 8 weeks. They found that when levothyroxine was given
in the fasting state, the average thyrotropin concentration was 1.06 £ 1.23
mlU/L. However, when levothyroxine was taken at breakfast, the serum
thyrotropin concentration significantly increased (2.93 + 3.29 mIU/L),
and the serum TSH concentration also significantly increased (2.19 +2.66
mlU/L) when levothyroxine was taken before bed. In a study by Ala S.
et al, [55], 50 patients with hypothyroidism were randomized into two
groups. Each group blindly received two tablets (one levothyroxine tablet
and one placebo tablet) daily before breakfast and before dinner. After
two months, the groups exchanged dosing schedules and continued the
new regimen for two months. Serum TSH and T4 levels were measured
before and after treatment in each group. The results showed that chang-
ing the timing of pre-breakfast levothyroxine administration to pre-dinner
resulted in an increase in TSH levels of 1.47+0.51 plU/mL (P=0.001) and
a decrease in T4 levels of 0.35+1.05 pg/dL (P=0.3). The authors conclud-
ed that changing the timing of levothyroxine administration to improve
patient compliance would result in lower treatment outcomes.Bolk N et
al, [53].Conducted a randomized, double-blind, cross-over trial involving
105 patients diagnosed with primary hypothyroidism. The patients were
directed to consume one capsule on an empty stomach half an hour prior
to breakfast and another capsule before retiring to bed in the evening
for a duration of six months. Each capsule contained either levothyrox-
ine or a placebo, and the patients were instructed to switch them after
three months. The patients' thyroid hormone levels were monitored at
the beginning of the trial and subsequently every six weeks. The findings
indicated that the TSH level decreased by 1.25 mIU/L (95% confidence
interval [CI], 0.60-1.89 mIU/L; P<0.001), the free T4 level increased by
0.07 ng/dL (0.02-0.13 ng/dL; P=0.01), and the total T3 level increased
by 6.5 ng/dL (0.9-12.1 ng/dL; P=0.02) when levothyroxine was taken
before sleep as compared to its intake before breakfast. The researchers
concluded that taking levothyroxine before bed could significantly en-
hance thyroid hormone levels. In conclusion, the optimal times to con-
sume thyroxine tablets are: one hour before breakfast, before bedtime, 30
minutes prior to meals, and during meals.The 2014 ATA Guidelines for
the treatment of hypothyroidism[54] suggest that thyroxine tablets should
be taken one hour before breakfast or before bed (three hours or more
after dinner) and should be consumed at least four hours apart from foods
that may interfere with their absorption. Rajput R et al, [56].Divided 152
patients with primary hypothyroidism who were not receiving medica-
tion into morning (group 1) and evening (group 2) dosing groups. They
showed that at the end of 12 weeks, 70 subjects in group 1 (90.90%) and
72 subjects in group 2 (96%) achieved normal thyroid function. Clini-
cal symptoms, total clinical scores, and thyroid status improved in both
groups at 6 and 12 weeks (P value <.0001). Hence, they inferred that eve-
ning dose was as effective as morning dose in improving thyroid status,
lowering total cholesterol levels, improving clinical signs and symptoms,
and improving quality of life. Pang X et al, [57].Conducted a meta-anal-
ysis on the effect of pre-breakfast and bedtime administration of levothy-
roxine on hypothyroidism evidence. The analysis showed that for patients
with hypothyroidism, bedtime administration of L-T4 was as effective as
taking it before breakfast.

In addition, studies in pediatric and elderly patients have shown
similar results. Navid A et al, [58].Categorized 84 hypothyroid children
who were able to achieve clinically and biochemically normal thyroid
function on early morning levothyroxine therapy into those who received
levothyroxine at bedtime (group A) or those who continued to receive
early morning levothyroxine intake (group B). The results showed no
differences in mean serum concentrations of triiodothyronine, thyroxine,
and thyrotropin at baseline, 3 months, and 6 months. Mean serum aspar-
tate aminotransferase, alanine aminotransferase, creatinine, and lipid pa-
rameters remained similar in both groups. They concluded that intake of
levothyroxine at bedtime has the same efficacy as intake of levothyroxine
early in the morning in maintaining normal thyroid function in children
with hypothyroidism. Similarly, Akin O et al, [59]after studying the time
of administration of levothyroxine in 163 children with hypothyroidism,
found that there was no difference in the use of bedtime or morning reg-
imens in the first-treatment patients and the patients who had received
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treatment for a long period of time. For first-treatment patients, consider-
ation of patients' preference for dosing time may increase their adherence
to medication. Therefore, they suggested that the timing of drug admin-
istration should be chosen according to the patient's preference. de Mello
RB et al, [60].Randomly assigned 201 patients with primary hypothyroid-
ism aged >60 years who had been treated with LT4 for at least 6 months
and had received a stable dose for at least 3 months to either a morning
LT4 intake (60 min before breakfast) or a bedtime LT4 intake (60 min
after the last meal) initiation group. After >12 weeks of follow-up, the
dosing regimens were exchanged. Results showed mean TSH levels of
2.95 + 2.86 in the morning group and 3.64 + 2.86 in the bedtime group,
p =0.107. They concluded that although older adults have a high preva-
lence of oral underlying disease and take a variety of medications, in the
case of LT4, regardless of the treatment regimen (morning or bedtime),
thyroid-stimulating hormone levels and the frequency of controlled hy-
pothyroidism were similar during the follow-up period. Frequency was
similar. Therefore, for patients with poor adherence and unable to ensure
that the drug is taken on an empty stomach in the early morning, bedtime
administration may also be considered[61]. However, intestinal peristal-
sis is reduced at night, and taking thyroxine tablets before bedtime will
lead to prolonged exposure of the drug to the intestinal mucosa[62]. Ad-
ditionally, basal gastric acid secretion is increased at night to reach the
peak of the diurnal rhythm[63], which may result in an increase in the rate
of absorption. Some patients may suffer from symptoms such as cardiac
tachycardia and euphoria and have difficulty sleeping. The dosage of the
medication still needs to be adjusted on an individualized basis.

4. New Thyroxine Formulations

As some common gastrointestinal disorders and the use of interfer-
ing medications and foods may lead to poor control in a large number
of patients with the expected dose of thyroxine, some novel agents are
emerging[64].

4.1. Liquid Formulation

This formulation dissolves levothyroxine sodium in ethanol and
glycerol and has been shown to be bioequivalent to conventional for-
mulations[65].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[66]. Further
studies have supported the lower susceptibility of liquid formulations to
food interference[67]. Liquid formulations have also been suggested to
offer superior performance to T4 tablets in patients with H. pylori in-
fection, atrophic gastritis, lactose intolerance, cirrhosis, those infected
with Giardia intestinalis, and those who have undergone bariatric sur-
gery[70-75]. Additionally, this liquid formulation has been shown to
overcome the coexisting effects of proton pump inhibitors[76], calcium
and iron supplements[77-78], aluminum/magnesium hydroxide, sodium
alginate, aluminum hydroxide, sodium alginate, and sevelamer[79]. Liq-
uid L-T4 can be given to patients unable to swallow capsules or tablets,
and this is one of its major benefits[80]. Furthermore, liquid formulations
are also expected to treat some refractory hypothyroidism by sublingual
route of administration[81]. Moreover, liquid thyroxine may be able to be
ingested with breakfast[68-69]. Liquid LT4 seems to be equally effective
when taken before or during breakfast. The drug efficacy analysis of spe-
cific populations, including newborns, pregnant women, and the elderly,
confirms the high value and safety of liquid LT4[82].

4.2. Soft Gel Capsules

In liquid gel cap form, levothyroxine sodium is dissolved in water
and glycerol and then placed in a gelatin matrix to prevent degradation
of the active ingredient. Softgel formulations dissolve better than tablet
formulations at different media pH values[83]. Similar to liquid capsules,
softgel capsules have been shown to be bioequivalent to tablet thyrox-
ine[84] and more effective in the treatment of patients suffering from gas-
tric disorders[85]. The effectiveness of softgels also appears to be less
sensitive to nutrient interference, and similarly, studies have reported that
softgels can be taken with breakfast[86].Poorly controlled hypothyroid-
ism, sometimes termed refractory hypothyroidism. For these patients, op-
timization of ingestion routines and alternative formulations and routes
of administration of LT4 can be considered, including oral liquid, intrave-
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nous, intramuscular, and even rectal formulations[87].In addition, Opazo
MC et al. reported that utilizing CO2 nanobubbles could enhance T4 bio-
availability and cell permeability, leading to more efficient transport into
cells[88]. Ducharme M et al, [89]. Reported that a new oral solution of
LT4 (manufactured by IBSA, Institut Biochimique SA) has been recently
approved and commercialized under the name Tirosint®-SOL (includ-
ing Tirosintsol, Tirosint Solution, Syntroxine Sol, Levotirsol, Synotirex,
Tirosol, Solsint, and Tsoludose) Results in Similar Bioavailability Wheth-
er Taken 30 or Just 15 Minutes Before a High-Fat High-Calorie Meal.

5. Conclusion

The best time to take thyroxine tablets should be 1 hour before break-
fast or before bedtime (3 hours and more after dinner). Breakfast should
try to avoid choosing food that affects the absorption of thyroxine tab-
lets, such as consuming soymilk, milk, coffee, high-calcium or high-iron
foods. The interval should be more than 4 hours. At present, domestic ad-
ministration generally follows the drug instructions, instructing patients
to take the drug early in the morning on an empty stomach, 30 minutes
before breakfast. According to the discussion of the previous study, if the
patient's compliance is poor or preference for milk, soybean milk, and
other traditional habits of the Chinese breakfast, then the drug can be
considered to be given before bedtime. Considering the possible factors
affecting gastric emptying, the absorption of thyroxine tablets is better
when the drug is taken 3 hours or more after dinner, and no more food
should be taken after the drug is taken until the next morning. In addition,
newer formulations are good options but are still not widely used.
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