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Abstract

Introduction: Persistently elevated thyroid stimulating hormone (TSH) despite levothyroxine (LT4) 
treatment that exceeds the standard weight-adjusted dose is a common clinical presentation. This 
may lead to additional testing for LT4 malabsorption or poor LT4 adherence, the latter of which is 
challenging to confirm because it is predicated on accurate patient accountability. Case report: A 
35-year-old lady, post-radioactive iodine therapy for Graves’ disease remained euthyroid for a year 
on oral LT4. Two years later, she was clinically and biochemically hypothyroid despite claiming LT4 
compliance. As all laboratory investigations were within the reference range, pseudomalabsorption 
was suspected and a LT4 absorption test was done. During the test, her free thyroxine increased 
significantly at 4 hours, reaching a peak of more than 50% from baseline while TSH decreased 
appropriately from 0 minute to 360 minutes. This was followed by normalisation of TSH with LT4 
treatment under direct observation. Discussion: The LT4 absorption test is a prompt and economical 
means to rule out true malabsorption, decrease unwarranted subspecialty referrals and validate the 
weight-adjusted LT4 dose reduction.
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INTRODUCTION

Hypothyroidism affects women more than men, 
and its incidence increases with age.1 Primary 
hypothyroidism accounts for more than 90% 
of hypothyroid cases and oral levothyroxine 
(LT4) substitute of 1.6-1.8 µg/kg daily restores 
euthyroidism in most patients.2 Refractory 
hypothyroidism is a clinical condition where 
thyroid stimulating hormone (TSH) levels are not 
sustained within an optimal range even with large 
daily doses of LT4 therapy.3 We report a case of 
refractory hypothyroidism in a 35-year-old lady 
who was diagnosed with pseudomalabsorption 
following a LT4 absorption test after excluding 
digestive, liver and kidney disease.

CASE REPORT

A 35-year-old Malay lady with underlying non-
ischaemic valvular disease, hypertension and 
bronchial asthma was diagnosed with Graves’ 
disease in 2018. She underwent radioactive 

iodine therapy and was subsequently prescribed 
100 µg LT4 which was appropriate for her 
weight of 64 kg (LT4 1.6 µg/kg daily). This 
patient remained clinically and biochemically 
euthyroid for the next one year. However, at a 
clinic review in October 2020, she complained 
of fatigue, increasing weight, constipation, and 
irregular menstruation. Her condition worsened 
during the next review in March 2021. Despite 
an increase in LT4 dose of 125 µg which was 
higher than her calculated daily requirement 
(LT4 2.0 µg/kg daily), she continued to be 
hypothyroid during her follow up in June 2021 
(Table 1). She claimed that she took her LT4 
daily at 9 am in a fasting state an hour before 
breakfast. Apart from her oral anti-hypertensive 
medications (verapamil 80 mg and valsartan 
40 mg), she denied taking over-the-counter 
medications which could potentially alter the 
absorption of LT4.
 All laboratory tests performed to evaluate 
malabsorption were within the reference range. 
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These tests included full blood count, liver 
function test, renal profile, and other electrolytes 
(Table 2). Upon exclusion of digestive, liver and 
kidney disease, the endocrinologist decided to 
proceed with a LT4 absorption test. The patient 
fasted for 8 hours and omitted her usual dose 
of LT4 on the morning of evaluation. She was 
then administered 800 µg LT4 orally under direct 
supervision, and serum free thyroxine (FT4) 
and TSH were taken at different intervals. FT4 
increased substantially during the test, attaining 

a peak of >50% from baseline at 4 hours while 
TSH, normal at baseline, decreased appropriately 
from 0 minute to 360 minutes (Table 3). 
 Since previous counselling had no effect on 
this patient’s treatment compliance, she was 
scheduled for ‘direct observation’ of weekly 
LT4 dose at the outpatient clinic. On weekly 
supervised LT4 dosing, the patient was able 
to maintain normal thyroid function (Table 4) 
and reported resolution of prior hypothyroid 
symptoms.

TABLE 1: Serial thyroid function test results

Date 5/5/18 9/8/18 5/9/18 29/11/18 16/11/19 3/10/20
on oral 
LT4 
100µg 
daily

20/3/21
on oral 
LT4 
125µg 
daily

11/6/21
proceeded 
to LTA 
absorption 
test

Reference 
interval

TSH
mU/L

<0.01 <0.01 11.3 1.42 15 41.2 50.7 0.27-4.2

FT4 
pmol/L

>100 22 3.6 21.9 20.3 10.9 6.4 12-22

FT3
pmol/L

- 3.6 0.8 - - - - 3.1-6.8R
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TABLE 2: Baseline routine blood investigation results

Parameters Result Reference interval
Haemoglobin, g/dL 15.2 13.0-17.0
White cell count, 109 /L 7.18 4.0-10.0
Platelet, 109 /L 288 150-450
Urea, mmo/L 3.5 2.8-8.1 
Sodium, mmol/L 138 135-145
Potassium, mmol/L 3.8 3.4-4.5
Chloride, mmol/L 103 98-107
Creatinine, μmol/L 56 27-87
Calcium, mmol/L 2.43 2.15-2.5
Magnesium, mmol/L 0.87 0.66-1.07
Phosphate, mmol/L 0.97 0.81-1.45
Total protein, g/L 76 64-83
Albumin, g/L 44 35-52
Globulin, g/L 32 20-36
Albumin/globulin ratio 1.4 0.8-2.0
Alkaline phosphatase, IU/L 83 35-105
Alanine transaminase, IU/L 10 <34
Total bilirubin, µmol/L 8 2-17
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DISCUSSION

In refractory hypothyroidism, optimal TSH levels 
are not maintained despite large daily LT4 doses.4 
Non-compliance remains the most common cause 
for this discordant finding.4 Omitting even a 
day’s LT4 dose can affect TSH levels for several 
days due to its long half-life.4  Ingesting LT4 
less than 30 minutes prior to food consumption 
also contributes to suboptimal drug absorption.4  
Other non-pathologic causes of refractory 
hypothyroidism include generic substitution 
of LT4 products with different bioavailability, 
dietary interference with fiber-rich food or 
concomitant use of medications (histamine-
receptor blockers, proton-pump inhibitors) which 
may impede LT4 absorption.4 Less common 
causes of refractory hypothyroidism that are 
more challenging to identify are dysfunctional 
hypothalamic-pituitary-thyroid axis (resistance 
to thyroid hormone), poor conversion of 
thyroxine (T4) to triiodothyronine (T3) and 
cystic fibrosis.4

 Refractory hypothyroidism may be the only 
presenting feature of an occult gastrointestinal 
disorder such as Helicobacter pylori infection, 
atrophic gastritis and coeliac disease.5 In these 
conditions, it would be ideal to first exclude 
gastrointestinal diseases via immunological 
(anti-parietal cell and anti-gliadin antibodies) 
and histopathological (endoscopy and duodenal 
biopsy) tests.6 In this setting however, the 
endocrinologist proceeded with a LT4 
absorption test due to a few reasons. Firstly, 
the seroprevalence of coeliac disease antibodies 
is low in the Malaysian population, more so in 

the Malay race.7 Secondly, anti-parietal cell and 
anti-gliadin antibody testing were not available 
in this hospital and outsourcing the test is costly 
with prolonged turnaround time. Furthermore, 
gastric/duodenal biopsy is an invasive procedure 
hence performed only if other tests are equivocal. 
 Many variations of the LT4 absorption test 
such as: short (6 hours), long (5 weeks) and 
modified version (5 days) have been published 
in the literature.2 Although all three versions 
report good utility in distinguishing between 
malabsorption versus non-compliance, the 
absence of a universal protocol or standardised 
methodology have resulted in limitations of 
its implementation in clinical practice.2 In this 
patient, the short version of LT4 absorption test 
was performed due to its simplified protocol. This 
procedure involved 8 hours overnight fasting 
with subsequent administration of LT4 the next 
morning with blood sampling at baseline and 
hourly for 6 hours post LT4.5  
 In 1981, Greenstadt and colleagues developed 
the following formula to calculate the percentage 
of LT4 absorption: peak total thyroxine (TT4) 
(µg/dL) X volume of distribution of LT4 
/ administered dose of LT4 X 100%.  The 
calculation of the volume of distribution has 
been suggested to estimate the amount of drug 
absorbed whereby a value more than 60% 
indicates normal absorption.8 One limitation 
of this historical formula is the utilisation of 
TT4 instead of FT4. In the present day, many 
laboratories including ours measure FT4 because 
this non-protein bound, biologically active 
form of T4 is less affected by physiological 

TABLE 3: LT4 absorption test results

Time 
(minutes)

0 30 45 60 90 120 240 360 Reference 
interval

TSH 
mU/L

0.94 0.76 0.70 0.68 0.59 0.53 0.46 0.45 0.27-4.2

FT4
pmol/L

29.7 37.9 42.7 47.6 51.5 54.3 60.2 55.6 12-22

TABLE 4: Weekly thyroid function test results under ‘direct observation’ of LT4 administration

Date 9/7/21 16/7/21 1/8/21 Reference interval
TSH 
mU/L

0.24 0.61 1.71 0.27-4.2

FT4 
pmol/L

24.0 18.4 18.9 12-22
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and pathological changes in plasma protein 
binding capabilities.9 Although a study in 2014 
demonstrated a strong correlation between 
FT4 and TT4 in LT4 absorption test10,  more 
comparison studies are needed to suggest that 
FT4 can replace TT4 in Greenstadt’s formula. 
 FT4 classically rises one hour after LT4 
intake and peaks on average at 2 to 3 hours in 
hypothyroid patients.5 Although elevation of 
FT4 makes LT4 malabsorption unlikely, the 
lack of a harmonised threshold value on how 
much FT4 elevation would be enough to exclude 
malabsorption is debatable. Some authors 
suggest that a normal FT4 level obtained during 
LT4 absorption test is sufficient to conclude 
pseudomalabsorption5, whilst others argue that 
a FT4 surge, ranging from 50-100% of baseline, 
or at least 2.5 times increment in patients with 
baseline FT4 below the lower limit of normal 
should be achieved.11

 In this patient, the normal baseline TSH seen in 
the LT4 absorption test suggested that the patient 
was compliant to LT4 in the weeks preceding 
the testing. The decision to perform the LT4 
absorption test may have perhaps motivated the 
patient to comply with treatment. The objective 
finding of substantial increase in FT4 during the 
test, attaining a peak of >50% from baseline at 4 
hours while TSH, decreased appropriately from 
0 minute to 360 minutes strongly suggested that 
the refractory hypothyroidism in this lady was 
due to poor LT4 compliance.
 Severe hypothyroidism may impair absorption. 
This is a possible outcome from small bowel 
mucosal oedema. However, this was unlikely in 
this patient as studies have noted that in severe 
hypothyroidism (TSH >150 mU/L), patients had 
the lowest actual rise in FT4 at 120 minutes.3

 In this case, pseudomalabsorption was 
considered but denied by the patient. This could 
lead to a strain in the therapeutic relationship 
between the physician and the patient.2 Hence, 
by furnishing objective evidence of LT4 
malabsorption under controlled conditions with 
the LT4 absorption test, physicians can identify 
non-adherent patients without perturbing this 
therapeutic relationship.2 LT4 absorption test 
is not only a prompt and economical means to 
rule out true malabsorption but also decreases 
unwarranted subspecialty referrals and validates 
the weight-adjusted LT4 dose reduction.2  
Additionally, a positive test refutes the necessity 
to perform further investigations.3 The objective 
finding of a significant increase in FT4 while TSH 
decreases appropriately during the test strongly 

supports poor LT4 compliance as a cause for the 
refractory hypothyroidism. 
 Although theoretically the ingestion of a single 
high dose of LT4 may be correlated with side 
effects such as palpitations and angina especially 
in patients with lower weight2, these adverse 
effects are rarely seen.6 This is because T4 is 
bound by thyroxine-binding globulin, slowly 
enters the tissues, and needs to be converted to 
T3 first to be biologically active.6

 Treatment of pseudomalabsorption includes 
parenteral infusion of LT4 or supervised oral 
ingestion.12 Once weekly LT4 administration 
is effective and therefore a possible alternative 
to routine daily treatment.12 This patient had 
normalisation of TSH with LT4 treatment 
under direct observation confirming non-
compliance. Patients who are diagnosed with 
pseudomalabsorption should also be investigated 
for psychiatric conditions especially depression, 
which is possible in severe hypothyroidism.12 
Reassessment of these patients after successful 
treatment of hypothyroidism is pertinent to 
rule out factitious disorder, which may lead to 
unnecessary medical and surgical procedures.12

CONCLUSION

Poor compliance to medical treatment is 
a well-known issue in the management of 
chronic diseases.12 Anamnesis should rule out 
dietary/drug interactions and diseases that 
could cause LT4 malabsorption in patients with 
persistent hypothyroidism despite increased 
substitutive dose of LT4. If the history 
and routine laboratory investigations are 
unremarkable, pseudomalabsorption becomes 
the key differential diagnosis, which prompts 
consideration of LT4 absorption test.6  This case 
is of a non-compliant patient who was objectively 
proven to have normal LT4 absorption by the 
LT4 absorption test, which led to a reduction in 
LT4 dosage and euthyroid state without further 
invasive testing while maintaining the doctor-
patient relationship.
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