
1MEDICINA (Buenos Aires) 0000; 00: 0000

Malabsorption of levothyroxine Artículo especial - Revisión
ISSN 1669-9106 MEDICINA (Buenos Aires) 0000: 00: 00-00 Special article - Review

Postal address: Daniela L. Mana, Química Montpellier, Maza 578, 1220 Buenos Aires, Argentina

E-mail: daniela.mana@gmail.com

Received: 19-III-2025

Accepted: 13-VI-2025

CHALLENGES IN THE TREATMENT OF HYPOTHYROIDISM: MALABSORPTION

AND PSEUDO-MALABSORPTION OF LEVOTHYROXINE

DANIELA L. MANA1, LEONARDO F. L. RIZZO1,2

1Dirección Médica, Química Montpellier S.A., 2División Endocrinología, Hospital de Clínicas José de San Martín, 
Facultad de Medicina, Universidad de Buenos Aires, Buenos Aires, Argentina

Abstract
Levothyroxine (LT4) is the gold standard for the treat-

ment of hypothyroidism. After ingestion, it undergoes 

changes in the stomach, a process critically dependent 

on gastric acidity. Within the following three hours, 

LT4 is absorbed in the small intestine. Taking LT4 on 

an empty stomach enhances its absorption, although 

night-time administration has shown similar results. 

Several foods, particularly fibers, espresso coffee, and 

grapefruit juice, interfere with its absorption. Certain 

medications have similar effects (calcium and iron salts 

and proton pump inhibitors). In the presence of food or 

medication that may interfere with LT4 absorption, it is 

recommended to separate their intake by 3 to 4 hours. 

Certain gastrointestinal conditions can also affect the 

absorption of LT4 into the bloodstream. Helicobacter py-

lori infection and atrophic gastritis increase stomach pH, 

while celiac disease alters the absorption surface in the 

small intestine. Bariatric surgery can affect LT4 absorp-

tion; however, the associated loss of lean body mass can 

also lower LT4 requirements. As the net effect may be an 

increase or decrease in LT4 requirement, close monitor-

ing is advisable. Pseudo-malabsorption is a psychiatric 

condition that is difficult to diagnose and requires an 

LT4 absorption test for confirmation. Once diagnosed, 

management is complex. Weekly dosing appears to be 

the most recommended approach to improve adherence.

Key words: levothyroxine, absorption, interferences, 

pseudo-malabsorption

Resumen
Desafíos en el tratamiento del hipotiroidismo: malabsor-

ción y pseudo-malabsorción de levotiroxina

La levotiroxina (LT4) es el gold standard del tratamien-

to del hipotiroidismo. Luego de la toma, sufre cambios 

en el estómago, para lo cual es fundamental la acidez 

gástrica. En las 3 horas posteriores, la LT4 se absorbe 

en el intestino delgado. La toma en ayunas favorece su 

absorción, aunque la administración nocturna ha mos-

trados resultados similares. Varios alimentos interfieren 

con su absorción, espacialmente fibras, café espresso 

y jugo de pomelo. Algunos medicamentos muestran 

efectos similares (las sales de calcio y de hierro y los 

inhibidores de la bomba de protones). Ante la presencia 

de un alimento o un medicamento que pudiera interferir 

con la absorción de LT4, la recomendación es su separa-

ción por 3 a 4 horas. Algunos cuadros gastrointestinales 

también pueden afectar el pasaje de la LT4 a la sangre. 

La presencia de Helicobacter pylori y de gastritis atrófica 

aumentan el pH del estómago, y la enfermedad celíaca 

altera la superficie de absorción en el intestino delga-

do. La cirugía bariátrica puede afectar la absorción de 

LT4, pero a su vez hay un menor requerimiento por la 

pérdida de masa magra. El resultado final puede ser un 

aumento o una disminución de los requerimientos de 

LT4, por lo que se recomienda un seguimiento cercano. 

La pseudo-malabsorción es un cuadro psiquiátrico de 

difícil diagnóstico y requiere la realización del test de 
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absorción de LT4. Una vez confirmado el cuadro, su 

abordaje es complejo. La toma semanal parece ser la 

más recomendada para lograr adherencia.

Palabras clave: levotiroxina, absorción, interferencias, 

pseudo-malabsorción

KEY POINTS
Current knowledge

• LT4 is the standard treatment for hy-
pothyroidism. Gastric acidity plays a crucial 
role in LT4 pharmacokinetics; therefore, 
food, medications that increase gastric pH, 
or conditions like hypochlorhydria can im-
pair its absorption. Other medications and 
gastrointestinal disorders may also affect 
LT4 absorption

Contribution of the article to current 
knowledge

• This publication reviews the optimal condi-
tions for administering LT4, as well as the 
foods, medications, and medical conditions 
that may interfere with its absorption. In 
patients presenting with elevated TSH le-
vels, it is essential to ensure both adheren-
ce to therapy and proper absorption. If TSH 
levels remain persistently high despite the-
se measures, pseudo-malabsorption should 
be suspected, and an LT4 absorption test 
should be performed.

Hypothyroidism is a common condition char-
acterized by a deficiency of thyroid hormone. 
If left untreated, it can lead to serious adverse 
health effects and, ultimately, death¹. Its preva-
lence in the general population, both in its sub-
clinical and clinical forms, is estimated to be be-
tween 3% and 7%².

Since the last decades of the past century, 
levothyroxine (LT4), the synthetic L-isomer of 
thyroxine, has become the gold standard for the 
treatment of hypothyroidism. Its absorption in 
the gastrointestinal tract is one of the critical 
steps leading to its pharmacological effect. Oral-
ly ingested LT4 is absorbed through the intesti-
nal mucosa, particularly in the jejunum and il-
eum. Approximately 60% to 82% of the ingested 

dose is absorbed, mainly within the first three 
hours after drug administration³. Numerous fac-
tors can affect its absorption, including foods, 
medications, and gastrointestinal disorders4.

An important diagnostic challenge arises 
when patients present with refractory hypothy-
roidism despite reporting proper adherence to 
high doses of LT4 and in the absence of known 
conditions or medications that may interfere 
with its absorption. In such cases, the LT4 ab-
sorption test should be performed, as it allows 
differentiation between malabsorption and in-
tentional non-adherence, also known as pseu-
do-malabsorption5. Pseudo-malabsorption is 
defined as the deliberate non-compliance with 
oral levothyroxine treatment with the intent to 
deceive. This condition is classified as a psychi-
atric disorder within factitious disorders and is 
characterized by inadequate diagnostic process-
es, patient denial, and challenges in manage-
ment6. It must also be distinguished from cases 
of poor adherence due to forgetfulness or diffi-
culty accepting long-term treatment.

The objectives of this publication are to de-
scribe the normal characteristics of LT4 absorp-
tion, identify foods and medications that may 
interfere with its passage into systemic circu-
lation, and discuss gastrointestinal disorders 
that can also affect it. Additionally, it outlines 
the characteristics, diagnostic methods, and 
treatment of pseudo-malabsorption, along with 
the complexities surrounding its diagnosis and 
management.

Normal absorption of levothyroxine
LT4 is the standard treatment for hypothy-

roidism, and the tablet formulation is the most 
commonly used7. Tablet formulations contain a 
stable salt, sodium LT4, and various excipients. 
The gastric environment has a deep impact on 
the behaviour and pharmacokinetics of drugs, 
particularly LT4. Once in the stomach, the drug 
undergoes disintegration, degradation, and dis-
solution. Disintegration and degradation re-
lease the active ingredient from its solid form. 
Simultaneously, dissolution occurs, which in-
volves the release of solute molecules from the 
solid phase into the liquid phase (gastric juice). 
This process is especially influenced by physi-
cochemical conditions, particularly the pH and 
viscosity of gastric juice8. During this phase, a 
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gastric pH close to physiological levels is neces-
sary4. The ionization state of sodium levothyrox-
ine and its dissolution-related pharmacological 
properties are particularly affected by variations 
in intraluminal pH. There is an inverse relation-
ship between pH and the degree of absorption: 
the higher the gastric pH, the lower the absorp-
tion of LT49.

Within the first three hours after ingestion, 
LT4 is absorbed throughout the small intestine, 
with varying percentages in different segments: 
15±5% in the duodenum, 29±14% in the proxi-
mal jejunum, and 24±11% in the distal jejunum 
and ileum4.

According to the Biopharmaceutical Classifi-
cation System, which categorizes drugs based on 
solubility and permeability, LT4 belongs to class 
III. Drugs in this category have high solubility 
but low permeability, often requiring transport-
ers for absorption10.

Different categories of transporters can facili-
tate the passage of thyroid hormones across the 
cell membrane. In the small intestine, the most 
significant transporters belong to the monocar-
boxylate transporter (MCT) family (especially 
types 8 and 10), the organic anion-transporting 
polypeptide (OATP) family, the neutral amino 
acid transporter family, and the ATP-dependent 
transporter superfamily. The action of medica-
tions and foods on these transporters will influ-
ence LT4 absorption4.

Importance of fasting
Gastric pH, along with body mass index, is the 

most important physiological variables for de-
termining the minimum effective dose of LT4. A 
higher LT4 requirement is associated with an in-
crease in pH, reaching the highest doses in cas-
es of gastric atrophy and achlorhydria¹¹. When 
taken on an empty stomach, its maximum con-
centration in the blood (Cmax) is 60-80%, and 
the time to reach this concentration (Tmax) is 
approximately 90 to 120 minutes. In the pres-
ence of food, Cmax is lower, and Tmax is de-
layed, which reduces the drug’s bioavailability4. 
The influence of food is related to the physico-
chemical properties of the drug molecules, the 
quantity and composition of the meals, the tim-
ing and interval between food and drug admin-
istration, and the state of the digestive system³. 
Different studies have demonstrated the ben-

efits of administering LT4 at least 1 hour before 
breakfast, which is associated with more stable 
and predictable TSH values¹². However, a recent 
study evaluated patient preferences regarding 
LT4 intake on an empty stomach. While the ma-
jority (89.5%) reported being instructed to take 
LT4 on an empty stomach, approximately 1 in 3 
patients (30.2%) did not follow this instruction. 
Nearly half of the patients felt overwhelmed 
by the waiting time until breakfast, and 60.5% 
preferred taking LT4 without fasting. It is worth 
noting that 24.9% skipped breakfast and 13.4% 
forgot to take their medication, both due to the 
fasting requirement¹³. 

Night-time or “bedtime” administration, de-
fined as taking the medication 2-3 hours after 
the last solid meal, showed TSH values close to 
those obtained when taken 1 hour before break-
fast14. During the night, intestinal motility is 
lower, resulting in prolonged exposure of LT4 to 
the intestinal wall and consequently, increased 
bioavailability. Additionally, basal acid secretion 
is higher at night than in the morning, reflect-
ing a circadian intestinal pattern15. Bedtime ad-
ministration has proven particularly convenient 
for elderly patients on multiple medications and 
school-aged children16,17.

In a study, 84 patients received LT4 half an 
hour before breakfast, one hour before the main 
meal of the day, and two hours after dinner. TSH 
levels showed no statistically significant differ-
ences between any of the three time points, nor 
did free T4, cHDL, cLDL, or triglycerides18. Other 
studies support the similarity of administration 
before breakfast and after dinner19.

Moreover, liquid and soft capsule formula-
tions were administered during breakfast, and 
even during lunch, with no variations in TSH, 
making them a potential alternative for patients 
with adherence difficulties20.

The American Thyroid Association (ATA) rec-
ommends that to optimize LT4 absorption, it 
should be taken 60 minutes before breakfast or, 
alternatively, before bedtime, which means 2 to 
3 hours after dinner²¹.

Foods that alter LT4 absorption
It has been described that substances such as 

fibers (like bran for example), coffee, and other 
foods can influence LT4 absorption. Fibers non-
specifically bind to LT4, hindering its absorption, 
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while products containing insoluble dietary fi-
bers increase bowel movements²². Liel et al.²³ 
observed that excluding fibers from breakfast 
resulted in a decrease in TSH levels and LT4 dos-
age. Other authors found differences in healthy 
volunteers who took LT4 with or without psyl-
lium and banana seeds (which are high in fiber), 
but considered the result to be clinically insig-
nificant24. On the other hand, at the XVIII Con-
gress of the Argentine Society of Endocrinology 
and Metabolism, results were presented from a 
study where the intake of up to 3.5 grams of fi-
bers did not alter the thyroid profile of patients 
adequately treated for hypothyroidism25. Cur-
rently, the information regarding the effect of fi-
bers on LT4 absorption is limited and contradic-
tory, so caution is recommended when advising 
its exclusion from breakfast.

Several articles in the literature describe the 
influence of Italian espresso coffee on LT4 ab-
sorption. In vitro studies have shown that espres-
so coffee acted as a “sequestrant” of LT4 in the 
intestinal lumen26. This effect was prevented 
when LT4 intake was separated by 60 minutes 
from the coffee, and when LT4 was adminis-
tered in soft gel capsules27.

The irreversible inhibitory effect of grapefruit 
juice on CYP3A4 is well known, increasing blood 
concentrations of drugs such as felodipine, cy-
closporine, and simvastatin. Regarding LT4, a 
decrease in Cmax and area under the curve 
(AUC) has been described following concomi-
tant administration with grapefruit juice, with-
out impacting TSH28. This effect is attributed to a 
grapefruit flavonoid, naringin, which may have 
an inhibitory effect on OATP family transport-
ers29.

Other foods associated with altered LT4 ab-
sorption include infant formulas containing soy 
derivatives³; cow’s milk30

, tea³¹, and papaya²². 
These publications are isolated case reports or 
studies of small populations and should not be 
taken as recommendations for the general pub-
lic.

Drugs that alter LT4 absorption 
Several drugs interfere with LT4 absorption. 

In most cases, these drugs bind to levothyrox-
ine, forming insoluble complexes. The best ex-
amples of this interaction are divalent and tri-
valent elements, particularly calcium, iron, and 

magnesium, which reduce LT4 bioavailability22. 
Studies with calcium carbonate, acetate, and ci-
trate (containing 500 mg of elemental calcium) 
have shown a 20–25% reduction in LT4 absorp-
tion when administered together3,32. In relation 
to iron, in vitro studies have shown that ferric 
ions bind to three molecules of LT4, forming an 
insoluble complex33. The TEARS (Thyroid Epi-
demiology, Audit and Research Study) demon-
strated a significant increase in TSH levels in 
patients undergoing LT4 treatment who added 
an iron salt, such as ferrous sulphate or other 
salts like fumarate. The groups at highest risk 
for this interaction include elderly patients and 
menstruating and pregnant women, for whom 
close monitoring is recommended34. While some 
authors suggest a 2- to 4-hour interval between 
LT4 intake and medications containing calcium 
or iron, the optimal separation time has not been 
definitively studied3,35. Antacids with aluminium 
hydroxide may similarly interact with LT4, form-
ing complexes that impair its absorption36. Bile 
acid sequestrants, such as colesevelam and cho-
lestyramine, have been shown to interfere with 
LT4 absorption when administered together 
due to an irreversible chelating effect37. Given 
its potent action, cholestyramine has been used 
to treat exogenous hyperthyroidism, and some 
propose its use in combination with methima-
zole for more rapid control of Graves’ disease-re-
lated hyperthyroidism38. In healthy volunteers, 
an interval of at least 4 to 5 hours was observed 
to normalize LT439 absorption. Isolated cases of 
LT4 absorption interference have been reported 
with other medications, such as orlistat40, su-
cralfate41, lanthanum, and sevelamer42.  

The American Thyroid Association (ATA) rec-
ommends that, whenever possible, LT4 should 
be taken separately from other medications 
and supplements that may interfere with its 
absorption (e.g., calcium carbonate and ferrous 
sulphate). A 4-hour separation is the traditional 
recommendation, although it has not been suf-
ficiently studied21. 

As previously mentioned, gastric acidity is 
essential for the dissolution and absorption of 
LT4. Proton pump inhibitors (PPIs) and LT4 are 
among the most commonly prescribed drugs, 
particularly in the elderly population. Since they 
are often recommended to be taken at the same 
time of the day (before breakfast), their interac-
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tion could be clinically relevant. The available 
literature presents conflicting results43. The ef-
fect of omeprazole was documented in 10 pa-
tients with goitre, in whom the concomitant use 
of both drugs for six months led to an increase 
in TSH levels. This interference was reversed by 
increasing the LT4 dose by 37% or discontinuing 
the PPI44. The TEARS34 study showed that patients 
who used PPIs (for at least six months) concomi-
tantly with LT4 had significantly higher TSH lev-
els compared to baseline, and 5.6% had TSH lev-
els above 5 mIU/L. In contrast to these findings, a 
crossover study in 20 healthy volunteers showed 
that pantoprazole, when used for only 14 days 
(7 days before and 7 days concomitantly with 
LT4), did not affect LT4 absorption. Several fac-
tors could explain the variability among studies, 
as most are retrospective, involve a small num-
ber of patients, and have heterogeneous designs 
(including patients versus healthy volunteers or 
different underlying conditions for which PPIs 
were prescribed). Considering all the available 
evidence, these studies suggest that although 
concomitant PPI intake numerically affects TSH 
levels, the clinical impact is modest, as most re-
sults remain within the normal range. However, 
for a specific subset of individuals –particularly 
those with impaired absorption due to other 
conditions– these findings may have a more 
significant clinical impact43. LT4 liquid formula-
tions or soft gelatin capsules, which do not re-
quire gastric acidity for dissolution, can prevent 
this interaction2,44. From a practical standpoint, 
in patients requiring PPI therapy for more than 
two weeks, clinicians should be aware of the po-
tential need for dose adjustments or drug sepa-
ration. In such cases, bedtime administration of 
LT4 could be a feasible option. Additionally, vita-
min C has been shown to enhance LT4 absorp-
tion by lowering gastric pH. An Argentine study 
showed that in 28 patients treated with LT4 at a 
dose of 1.7 mcg/kg and with TSH levels above the 
normal range, the addition of 1 g of vitamin C in 
200 cc of water (pH 3) led to a reduction in TSH 
levels in all patients, with an average decrease 
of 69.7%, achieving the target TSH level in 68% 
of them45. A more recent study found similar re-
sults when administering 500 mg of vitamin C 
to patients with underlying gastric conditions46. 
Therefore, vitamin C is the only medication 
positively associated with LT4 absorption and 

could be considered as an adjuvant therapy in 
patients with gastrointestinal disorders and LT4 
malabsorption47.

Gastrointestinal disorders that alter LT4 
absorption

Several gastrointestinal conditions can affect 
LT4 absorption, either by altering gastric pH or 
by impacting motility and/or LT4 absorption21 
(Table 1).

Increased gastric pH is the main cause of 
LT4 malabsorption in Helicobacter pylori (HP) in-
fection and atrophic gastritis. HP infection af-
fects nearly 50% of the global population7. Some 
studies have reported that HP-infected patients 
(even those without gastric atrophy) required 
a 22% higher LT4 dose, while those with con-
comitant atrophic gastritis needed a 37% higher 
dose48. In the initial phase, the infection affects 
only superficial layers and may be accompanied 
by increased gastrin levels and higher gastric 
acidity. Depending on the cytotoxicity of the 
bacterial strain and the characteristics of the 
gastric environment, the degree of gastritis can 
progress to atrophic pangastritis and intestinal 
metaplasia, leading to hypo- or achlorhydria8. 
Hypochlorhydria due to atrophic gastritis, along 
with the ammonium production associated with 
HP infection, may alter the ionization state and 
conformational characteristics of LT4, thereby 
reducing its intestinal absorption49. In most cas-
es, HP eradication can lead to a reduction in LT4 
dose requirements, except in patients who have 
developed gastric atrophy4. HP infection has also 
been proposed as a trigger for autoimmune atro-
phic gastritis through molecular mimicry with 
epitopes of the H+/K+ ATPase. Indeed, chronic 
autoimmune gastritis is characterized by a high 
degree of atrophy in the gastric body and fun-
dus, with positive autoantibodies against pari-
etal cells and/or intrinsic factor. Autoimmune 
atrophic gastritis is characterized by achlorhy-
dria and, consequently, a high LT4 requirement, 
which is highest in patients with both gastric at-
rophy and HP infection8. 

Obesity and hypothyroidism are common 
medical conditions that are frequently asso-
ciated. Bariatric surgery (BS) is a widely used 
approach to achieve substantial weight loss in 
obese patients. However, evidence on the need 
for LT4 dose adjustments after surgery in hypo-
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thyroid patients remains limited50. Anatomical 
and physiological changes following bariatric 
surgery –such as gastric volume restriction and 
shortening of both the small intestine’s length 
and transit time– can lead to significant altera-
tions in drug and nutrient absorption. While 
malabsorption of food components is desir-
able for achieving and maintaining weight loss, 
changes in drug absorption can be troublesome. 
After bariatric surgery, a reduction in the num-
ber of parietal cell leads to decreased gastric acid 
production, resulting in a significant increase 
in gastric pH. Additionally, patients are often 
advised to receive prophylactic PPI treatment, 
which further contributes to an increase in gas-
tric pH. It has been reported that post-bariatric 
surgery gastric pH may range from 6.4 to 6.851. 
These patients are also prescribed vitamin and 
mineral supplements, such as calcium and iron, 
which, as previously discussed, can interfere 
with LT4 absorption. Moreover, LT4 is primarily 
absorbed in the jejunum and the upper ileum, 
meaning that the anatomical changes induced 
by bariatric surgery—particularly those involv-
ing the bypass of the primary drug absorption 
sites-can significantly impact its uptake. All the 
mechanisms described so far suggest a potential 
alteration in levothyroxine absorption following 
bariatric surgery, likely requiring an increase in 
the postoperative dose52. Although some studies 

have reported that higher doses of many medi-
cations may be necessary after bariatric surgery 
due to the aforementioned factors, other stud-
ies on LT4 dosage post-surgery show conflicting 
results. In these studies, the loss of both fat and 
lean body mass leads to a decreased levothyrox-
ine requirement postoperatively, as LT4 dosage 
is also weight-dependent. Supporting this find-
ing, a study of 93 obese hypothyroid patients 
before and after 28 months of bariatric surgery 
showed a significant reduction in the average 
LT4 dose, from 130.6 mcg/day to 116.2 mcg/day. 
In this and other studies, the decrease in LT4 
dosage was proportional to the reduction in lean 
body mass. They concluded that after reaching a 
stable postoperative weight, a dose of 1.4 μg/kg 
was sufficient for most patients53. Findings from 
a meta-analysis showed that bariatric surgery 
is associated with a decline in TSH levels. The 
exact mechanism underlying this postopera-
tive change is not fully understood. The primary 
explanation relates to the fall in leptin levels 
following weight loss, whether due to dietary 
changes or bariatric surgery. Leptin, a hormone 
secreted mainly by adipocytes, is proportional to 
body fat levels and has been suggested to exert a 
stimulatory effect on thyroid function, promot-
ing increased TSH secretion. Consequently, the 
drop in leptin levels after weight loss induced by 
bariatric surgery reduces this stimulatory effect, 

Table 1 | Major gastrointestinal conditions that Interfere with LT4 absorption

Gastrointestinal condition Mechanism
Helicobacter pylori infection Increased gastric pH

 Ammonia production

Atrophic gastritis  Hypoclorhydria

Bariatric surgery Increased gastric pH

 Use of medications (Ca++, Fe++, PPIs)

 Loss of lean body mass

Celiac disease Intestinal villous atrophy

 Increased intestinal permeability

 Increased intestinal transit speed

Lactose intolerance Accelerated intestinal transit

 Bacterial overgrowth

 Altered enterohepatic recirculation of LT4

Giardia lamblia infection Inflammatory mucosal damage

Pancreatic insufficiency Steatorrhoea

PPIs: proton pump inhibitors
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resulting in lower TSH secretion. Regarding this 
TSH decline, bariatric surgery has also been re-
ported to have a positive effect on patients with 
subclinical hypothyroidism, with 87% (322 out of 
371) experiencing resolution of subclinical hy-
pothyroidism after surgery52. Given the lack of 
conclusive evidence, clinicians should be aware 
that LT4 dosage may require adjustment –either 
an increase or decrease– in patients undergoing 
bariatric procedures, highlighting the need for 
closer follow-up.

Celiac disease (CD) is an autoimmune disorder 
with a prevalence of 1% in the general popula-
tion, increasing to 2-5% among individuals with 
autoimmune thyroid disease, the leading cause 
of hypothyroidism. The coexistence of both con-
ditions is one of the most common associations 
and is included in type 3 autoimmune polyglan-
dular syndrome. Celiac disease primarily affects 
the jejunum and proximal ileum, both of which 
are involved in LT4 absorption. It causes a pro-
gressive reduction in the intestinal surface area 
due to villous atrophy and lymphocytic infiltra-
tion. This results in the loss of brush border pro-
teins and enzymes. Other observed alterations 
include increased intestinal permeability, ac-
celerated intestinal transit, changes in luminal 
pH, abnormal gastric emptying, and bacterial 
overgrowth. All of these pathological changes 
contribute to drug and nutrient malabsorption4. 
A gluten-free diet may partially or fully restore 
LT4 absorption, occasionally requiring a dose re-
duction3. CD may present with subtle or atypical 
symptoms, leading some authors to recommend 
antibody screening in hypothyroid patients who 
require higher-than-expected LT4 doses54.

Lactose intolerance is a disorder with variable 
prevalence, occurring in 20 to 70% of the popula-
tion. Undigested lactose molecules increase the 
amount of fluid in the intestinal lumen, causing 
accelerated intestinal transit and reduced expo-
sure time of LT4 to the intestinal mucosa7. Ad-
ditionally, the architecture of the intestinal villi 
may be altered, and bacterial overgrowth could 
interfere with the enterohepatic recirculation of 
LT4. Removing lactose from the diet is usually 
sufficient to improve the condition4.  

Isolated cases have linked Giardia lamblia in-
fection to LT4 malabsorption, which resolved 
after treatment with metronidazole55. Pancre-

atic insufficiency, which causes steatorrhea 
and short bowel syndrome, may also impair 
LT4 uptake4. Additionally, the literature includes 
clinical cases of patients with diabetic gastropa-
resis and LT4 malabsorption, with one case im-
proving after switching from tablets to soft gel 
capsules of LT456. Other less common digestive 
disorders that can be associated with thyroid 
hormone malabsorption include liver cirrhosis 
and ulcerative colitis. It is estimated that this 
patient population may benefit from levothyrox-
ine preparations based on solutions to optimize 
absorption57.

As a practical recommendation, if a patient 
requires more than 2 mcg/kg/day of LT4, it is 
important to rule out treatment non-adherence, 
interference with absorption (from food or med-
ications), and gastrointestinal pathology47.

Pseudo-malabsorption of LT4 – LT4 
absorption test

The most common cause of failure in oral LT4 
treatment is patient non-adherence5. A study 
conducted on 100 patients with persistently el-
evated TSH levels showed that non-adherence 
was present in approximately 82% of cases, with 
62% of these cases attributed to forgetfulness or 
negligence in taking the medication49. The most 
extreme form of non-adherence is referred to as 
“pseudo-malabsorption syndrome.” This term 
was first introduced by Ain and colleagues af-
ter they evaluated four cases of persistent hy-
pothyroidism despite high-dose oral thyroid 
hormone replacement therapy, ultimately con-
firming that non-adherence was the underly-
ing cause58. Pseudo-malabsorption is a severe 
psychiatric condition, classified as a factitious 
disorder, which is extremely difficult to manage. 
Patients (and often their family members) insist 
on “strictly adhering” to their medication regi-
men, yet fail to take it or do so inconsistently. 
This condition is more frequently observed in 
women, particularly those with a history of total 
thyroidectomy or ablative iodine therapy, who 
are aware that LT4 replacement therapy is es-
sential for their survival59. Laboratory findings in 
these patients typically reveal persistently low 
free T4 levels with progressively increasing TSH, 
prompting the treating physician to prescribe 
higher doses of LT4 or even to administer LT4 
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via alternative routes, such as intramuscular or 
intravenous administration60. 

The diagnosis of pseudo-malabsorption 
should be established only after ruling out all 
possible causes of malabsorption, including gas-
trointestinal diseases, drug interactions, or diffi-
culties in tablet ingestion. Once all these causes 
have been excluded, an LT4 absorption test 
should be performed to confirm the diagnosis. 
This is a non-invasive and safe test that allows 
differentiation between true LT4 malabsorption 
and pseudo-malabsorption5. No standardised 
protocol exists for this test, with variations in 
duration, LT4 dosage, and diagnostic criteria61. 

For test preparation, it is advisable for the 
patient to be hospitalised, remain fasting over-
night (with no food or beverages other than 
water), and avoid medications that could po-
tentially interfere with LT4 absorption (such as 
proton pump inhibitors, calcium salts, iron sup-
plements, etc.)61. 

The most widely used LT4 dose for this test 
is 1000 mcg in a single administration. Howev-
er, doses of 2000 and 2500 mcg have been de-
scribed in the literature, although some authors 
warn about the risks associated with such high 
doses61. The Mayo Clinic in Rochester, USA, has 
established a protocol in which the LT4 dose de-
pends on the patient’s age and body mass in-
dex (BMI). Their protocol recommends adminis-
tering 1000 mcg to patients aged 18 to 65 years 
with a BMI <40 kg/m², 1500 mcg to patients of 
the same age with a BMI >40, and 600 mcg to 
patients over 65 years of age. The administra-
tion must be supervised by medical personnel 
to ensure proper ingestion and to prevent sur-
reptitious regurgitation59.   

Normally, 70% to 100% of the administered 
dose is absorbed in the gastrointestinal tract, 
reaching peak absorption levels within 2 to 4 
hours after ingestion. Consequently, baseline 
blood samples should be collected before LT4 
administration, followed by repeated sampling 
every 1 to 2 hours over the first 4 to 6 hours61,62. 
Prolonged tests lasting several days have been 
described in the literature, but these lack stan-
dardisation63.

The serum parameters measured may include 
TSH, total T4, and/or free T4.TSH measurement 
has not yielded definitive results across differ-

ent studies. However, in both the Mayo Clínic5 
group and a series of 10 patients from Portugal64, 
the decline in TSH levels over the 6-hour period 
was found to be unreliable, erratic, and of little 
use in interpreting the results. Consequently, 
some authors, aiming to simplify the test and 
reduce resource use, recommend not measuring 
TSH levels65. Regarding total T4, it is used to cal-
culate the absorption percentage based on the 
following formula:

% LT4 Absorption= 
[(Total T4 increase in mcg/dL)×10]×VD(L)×100

Total LT4 administered (mcg)

- Total T4 increase: Peak T4 – baseline T4
- VD (Volume of distribution): 0.442 × BMI
Absorption value of 60% or higher is con-

sidered normal. In an analysis of 16 patients, 9 
reached their peak total T4 level between 3 and 
4 hours. Three patients continued to show an 
increase in total T4 at hour 6, although all had 
already achieved a rise greater than 60% before 
that time. Patients demonstrated an average ab-
sorption range of 67% to 158% during the test.

When using free T4 (FT4) measurement, dif-
ferent criteria have been described to determine 
normal absorption. Soares et al.66 analysed 19 
patients and, after administering 1000 mcg of 
LT4, considered that a 2.5-fold increase in FT4 
from baseline was indicative of normal absorp-
tion and, therefore, diagnostic of pseudo-mal-
absorption. Santos Monteiro et al.64 considered 
that an increase in FT4 greater than 50% from 
baseline corresponded to normal absorption, 
with observed absolute increases ranging from 
0.94 to 2.92 ng/dL (85% to 668%). Ghosh et al.67 
suggested that, with an LT4 dose of 10 mcg/kg 
(maximum 600 mcg), an FT4 increase of more 
than 0.40 ng/dL (5.14 pmol/L) at 3 hours’ post-
administration would be useful for identifying 
individuals without malabsorption. As we can 
see, there is no unified criterion for diagnosing 
normal LT4 absorption. Each physician or medi-
cal centre must decide which protocol to adopt 
and which cut-off values to use.

Medical supervision throughout the test is 
essential to rule out vomiting intended to pro-
duce a false diagnosis of malabsorption61. Some 
authors have even recommended examining 
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the oral cavity after dose administration63. Oth-
ers suggest measuring blood pressure and heart 
rate every hour during the test64. 

The treatment of LT4 pseudo-malabsorption 
is hindered by poor overall adherence and the 
patient’s lack of recognition of the condition. 
Psychiatrists recommend that patients with this 
disorder be managed conservatively62. Strategies 
to improve adherence may include direct ob-
servation of LT4 administration, either through 
family or medical support. Scheduled remind-
ers via mobile phones or a seven-day pill orga-
nizer may also be useful5. Simply informing the 
patient about the harmful effects of poor treat-
ment adherence is often helpful5. Weekly dose 
administration under direct supervision has 
proven to be a useful strategy. It is an effective 
and well-tolerated measure, although caution is 
advised in patients with a history of arrhythmias 
or coronary artery disease68. The mechanism by 
which these patients remain asymptomatic may 
involve a change in the conversion rate of T4 to 
T3. While free T4 increases significantly (almost 
threefold) after weekly dose intake, free T3 rises 
by only 25%, and reverse T3 by approximately 
50%, suggesting a preferential conversion of T4 
to reverse T3, which is metabolically inactive69.

Conclusions
The intestinal absorption of LT4 can be af-

fected by multiple factors, including timing of 
administration, food intake, medications, and 
gastrointestinal disorders. While current recom-

mendations suggest separating LT4 intake from 
these potential interferences, the optimal inter-
val has not been firmly established. Night-time 
administration has shown TSH levels comparable 
to those observed with fasting intake, making it 
a viable alternative for patients who are unable 
to separate LT4 from food or medications. Addi-
tionally, new formulations, such as liquid prep-
arations or soft gel capsules, may play a role in 
overcoming these absorption challenges.

It is crucial to be aware of all potential inter-
ferences in LT4 absorption. In cases of persis-
tently elevated TSH levels, adherence to treat-
ment, possible interferences, and underlying 
gastrointestinal conditions should be assessed. 
If all these factors are ruled out, the presence 
of pseudo-malabsorption should be considered, 
and an LT4 absorption test should be performed.

Challenges remain in the study of LT4 absorp-
tion and malabsorption, including the role of 
liquid and capsule formulations, alternative ad-
ministration timings (such as 30-60 minutes be-
fore breakfast or bedtime administration), and 
the standardization of the LT4 absorption test. 
Ultimately, it is essential for treating physicians 
to properly educate patients on the benefits of 
LT4 replacement therapy and to conduct regular 
monitoring for optimal hypothyroidism man-
agement.
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