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ABSTRACT
The levothyroxine absorption test for the assessment of pseudo-malabsorption in patients with refractory hypothyroidism has
not been standardised. The aim of this observational study was to describe a protocol for levothyroxine (LT-4) absorption test in
patients with refractory hypothyroidism, to report possible side effects and to emphasise the importance of pseudo-malabsorp-
tion in the differential diagnosis. The results of 10 patients, who underwent LT-4 absorption tests because thyroid stimulating
hormone suppression could not be achieved despite the need for LT-4 >3 mcg/kg/day, were retrospectively analysed. When
compared  with  basal  free  T4  (fT4),  a  statistically  significant  increase  in  fT4  was  observed  after  the  first  hour  (p=0.012).  fT4
reached its peak level and plateau at the 4th hour. The fT4 peak level increased 3.25 times compared to baseline. The shorter
LT-4 absorption test with low doses may provide an alternative method to the commonly used longer protocols with higher
doses to rule out malabsorption.
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INTRODUCTION

Hypothyroidism is a common endocrine disorder with an annual
incidence of  1-2%. In  patients  with hypothyroidism levothy-
roxine (LT-4) requirement is approximately 1.2-1.6 mcg/Kg/day
in  most  patients.  In  some  patients,  clinical  and  laboratory
hypothyroidism  cannot  be  managed  in  spite  of  high
doses.1  LT-4  malabsorption  is  a  commonly  known entity  for
some diseases. Common causes include gastrointestinal (GI),
hepatic  and  pancreatic  diseases,  gastrointestinal  surgical
procedures, some drugs, dietary interactions, heart disease or
pregnancy. However, the most common cause is poor/non-com-
pliance with oral LT-4 treatment.2 An objective way for differenti-
ating patient’s non-compliance from malabsorption is LT-4 oral
absorption testing.3 Unfortunately, there are no vast number of
case studies in the literature, indicating standardization of the
test.

The aim of this study was to describe a protocol for a faster LT-4
absorption test in patients with treatment-resistant hypothy-
roidism, to report possible side effects and to emphasise the
importance of a possible diagnosis of pseudo-malabsorption.
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METHODOLOGY
In this study, the test results of patients, who underwent LT-4
absorption test at Endocrinology Clinic in the Kocaeli University
Hospital,  were evaluated retrospectively.  The results between
05.09.2017-29.10.2019 were examined. The test was carried out
after hospitalisation to monitor cardiac side effects and to make
sure that the agent was administered. Ten patients were included
in this study. The test was performed in the cases of overt hypothy-
roidism despite high dose LT-4 therapy of >3 mcg/Kg/day. Before
the test, GI, liver and kidney diseases were excluded in all cases.
Basal thyroid status, treatment doses, clinical and demographic
findings were evaluated. After an overnight fasting, the patients
were given about twice their usual LT-4 doses up to maximum 1
mg LT-4 (except for the pregnant patient). All drugs were given
under supervision of nursing staff. Afterwards thyroid stimulating
hormone (TSH) and free T4 (fT4) levels were measured at 0, 60,
120, 180, 240, 300 and 360 minutes. TSH and fT4 measurements
were  performed  using  electrochemiluminescence  immunoas-
says. The patients were monitored in case of any cardiovascular
side effects during and after the test. No complication related to
LT-4 absorption test was observed in any patient in the following
24 hours.

All  statistical  analyses  were  performed  using  IBM  SPSS  for
Windows version 20.0 (IBM Corp., Armonk, NY, USA). Shapiro-Wilk
tests were used to test the normality of data distribution. Contin-
uous  variables  were  expressed  as  mean±standard  deviation.
Comparisons of normally distributed continuous paired variables
between the times were performed using the paired sample t-test.
A two-sided p value <0.05 was considered statistically significant.
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Table I: The Diagnosis, basal thyroid satus, LT-4 doses and test results of the patient.
Patient Diagnosis LT-4 dose Basal TSH Basal FT4 LT-4 test dose Peak FT4 Nadir TSH
1 Hashimoto thyroiditis 300 (3.84 mcg/kg) 287 <0.25 600 0. 87 259
2 Papillary thyroid cancer (operated) 350 (4.21 mcg/kg) 308 <0.25 700 1.69 283
3 Papillary thyroid cancer (operated) 400 (4.87 mcg/kg) 258 0.25 800 1.33 234
4 Hashimoto thyroiditis + pregnancy 500 (6.25 mcg/kg) 143 <0.25 600 0.38 130
5 Papillary thyroid cancer (operated) 800 (9.1 mcg/kg) 88 0.6 900 2.14 53
6* Papillary thyroid cancer (operated) 300 (3.15 mcg/kg) 188 0.3 700 0.75 151
7 Papillary thyroid cancer (operated) 300 (7.1 mcg/kg) 66 0.55 900 1.45 62
8** Papillary thyroid cancer (operated) 600 (3.06 mcg/kg) 59 0.29 1000 1.59 48
9** Multinodular goiter (operated) 450 (6.42 mcg/kg) 10 0.55 900 1.69 8
10 Hashimoto thyroiditis 350 (4.11 mcg/kg) 31 0.57 700 1.58 24
fT4: free thyroxine TSH: Thyroid stimulating hormone. Reference Range: TSH 0. 38-5.33 μIU/mL fT4 0.61-1. 22 ng/dL *Uses 25 mcg of triiodothyronine additionally.
**Had celiac disease and on a gluten-free diet.

RESULTS

A total of 10 patients were included in the study. The mean
age of the patients was 44.4±10.8. Body mass index (BMI)
of each patient was >25 Kg/m2, and 7 patients were obese
(BMI >30 Kg/m2). The mean TSH level was 143.8 ± 110.3
μIU/mL during pre-test evaluation. Mean daily dose of LT4
was 435 ± 161.7 mcg. LT-4 absorption test was performed
with a standard protocol in all  patients. For the pregnant
woman,  the  test  dose  could  not  be  doubled  due  to  the
pregnancy and therefore,  normal  fT4 levels  could not  be
obtained. Daily LT-4 doses and levothyroxine absorption test
results are listed below (Table I).

There  was  a  statistically  significant  difference  between  the
basal  level  of  fT4  and  fT4  level  in  the  first  hour  after
levothyroxine administration (p=0.012). The mean fT4 levels
reached to normal range in the first hour following ingestion
of LT-4. The peak level was seen in the fourth hour, but then
the plateau (Figure 1).

Figure 1: Six-hour levothyroxine absorption test results: fT4 levels
after oral administration of levothyroxine.

DISCUSSION

The  authors  aimed  to  define  a  standard  protocol  for
levothyroxine absorption testing in patients with refractory
hypothyroidism to rule out levothyroxine malabsorption. The
absence of  a  standard approach causes some diagnostic
difficulties.  In  this  study,  successful  results  were  achieved
with lower LT-4 test doses in a shorter period refraining from
unnecessary drug exposure.

The increased LT-4 requirement can be seen in many cases.
Ain et al. first revealed the theory of pseudo-malabsorption
in 1991 after evaluating four refractory hypothyroid cases
despite  high doses of  oral  thyroid  hormone replacement
therapy.4  The LT-4 absorption test  is  used to distinguish
patients’  non-compliance  from  malabsorption.3  Although
various  protocols  have  been  described  in  the  literature,
there is no gold standard method for LT-4 absorption test.5 If
the levothyroxine absorption rate calculated using tT4 with
a non-isotope method is  ≥60%,  it  can be said  that  the
absorption is normal. However, fT4 has largely supplanted
tT4 in clinical practice. In studies, fT4 and tT4 showed high
c o r r e l a t i o n  e v e n  i n  p a t i e n t s  w i t h  s e v e r e
hypothyroidism.6 For this reason, fT4 has been suggested
that  it  can  be  used  instead  of  tT4  in  LT-4  absorption
test.6 The most preferred LT-4 dose is 1000 mcg as liquid or
tablet form in the literature.3,5,6 However, we performed the
6-hour  test  with  lower  doses  of  LT-4.  The  authors
determined the LT-4 test dose of each patient as twofold of
their daily doses but not exceeding 1000 mcg. A significant
increase in plasma fT4 levels was achieved demonstrating
the adequate absorption of LT-4.

In patients with hypothyroidism, fT4 usually increases one
hour after LT-4 administration and peaks at  2 hours.5  In
another study, fT4 reached its peak level in two hours and
the mean increase was 4.7 times that of the average basal
level.7 In this study, fT4 reached the normal reference range
at the first hour and the peak level at the 4th  hour.  The ft4
peak  level increased 3.25 times compared to baseline.

In elderly patients with a history of cardiovascular disease,
increased  cardiac  pressure  load  due  to  high  thyroid
hormone  levels  may  lead  to  deterioration  in  cardiac
functions.8 Successful responses to LT-4 absorption test was
observed with lower doses of LT-4 than the doses reported
in the literature. As a result, unnecessary dose was avoided,
which  is  an  important  issue  for  the  safety  of  the  test,
especially in patients with cardiovascular disease history.
Both  in  the  literature  and  in  this  study,  there  was  no
significant  decrease  in  TSH  levels  in  the  6-hour  LT-4
absorption  test.  Therefore,  we  recommend  fT4
measurements only in order to simplify the test and to be
cost effective.
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Celiac disease may cause hypothyroid patients to require
higher doses of LT-4 to maintain euthyroid status.8 In this
study,  the  patients  with  celiac  disease  had  a  good
compliance to their gluten-free diets and showed significant
increase in fT4 levels during the LT-4 absorption test.

Three  cases  of  thyroid  cancer  with  LT-4  pseudo-
malabsorption have been reported in the literature and they
were all female. Increased fT4 response to LT4 absorption
test  was observed in  all  three patients.9,10    Six of  the10
patients in this study were previously diagnosed with thyroid
cancer. All patients with thyroid cancer were female but, it
was  difficult  to  conclude  a  causal  relationship  with  such  a
small number of patients. It can be promisingly predicted
that  frequent  discontinuation  to  provide  endogenous
hypothyroidism for radioactive iodine treatment and whole-
body radioiodine scan might cause intestinal edema. 

The patients are still  coming to outpatient clinic controls.
Although  the  LT-4  dose  was  increased  in  two  patients,
normalisation  of  TSH  could  not  be  achieved.  Therefore,
intravenous  LT-4  was  added  to  the  treatment  of  these
patients and euthyroidism was achieved in their follow-up.
All patients are currently being followed up stably.

CONCLUSION

Low-dose LT-4 absorption test can be used successfully to
avoid  the  effects  of  high-dose  levothyroxine,  especially  in
elderly  patients  and  patients  with  heart  disease.
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