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then treated with L-T 4 /L-T 3  combination therapy at a dose 
ratio of 17/1 according to European Thyroid Association 
guidelines. Based on patient-reported outcome, they were 
divided into responders and nonresponders.  Results:  Five 
patients were lost to follow-up and thus excluded. At the 
3-month follow-up, 11 were classified as nonresponders and 
26 as responders. At 12 months these figures had changed 
to 13 (35%) and 24 (65%), respectively. When comparing re-
sponders versus nonresponders, no differences were seen at 
baseline or during follow-up in S-T 3  and in free T 3  estimates. 
Further, logistic regression showed no correlation between 
S-T 3  and free T 3  estimates and responder/nonresponder sta-
tus.  Conclusion:  Our data indicate that serum T 3  measure-
ments are not suitable to predict which patient will benefit 
from L-T 4 /L-T 3  combination therapy, and treatment response 
cannot be followed by repeated T 3  measurements either.
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 Abstract 

  Background:  Despite biochemical euthyroidism, some levo-
thyroxine (L-T 4 )-treated hypothyroid patients report persist-
ing symptoms and some of these patients are tentatively 
treated with a combination of L-T 4  and liothyronine (L-T 3 ). 
Combination therapy and the appropriate choice of blood 
tests to monitor treatment are highly debated among spe-
cialists and patients.  Aim:  To evaluate whether measuring 
serum triiodothyronine (S-T 3 ) at baseline or during combina-
tion therapy can be used as an indicator of a positive effect 
from L-T 4 /L-T 3  combination therapy.  Materials and Meth-

ods:  Observational retrospective study of patients ( n  = 42) 
with persisting symptoms of hypothyroidism despite L-T 4  
therapy who had normal TSH levels and did not have any 
comorbidities that could explain their symptoms. All were 
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  Background 

 Hypothyroidism is a common disease that affects pri-
marily women with a range of symptoms. Levothyroxine 
(L-T 4 ) is the mainstay replacement therapy of choice ac-
cording to guidelines, but some patients report persistent 
hypothyroid symptoms despite being biochemically eu-
thyroid  [1] . European Thyroid Association (ETA) guide-
lines  [2]  from 2012 suggest that L-T 4 /liothyronine (L-T 3 ) 
combination therapy could be considered as an experi-
mental approach for compliant patients with persisting 
complaints despite normalized TSH values for 6 months, 
no competing conditions explaining the symptoms, and 
who have received counseling on living with a chronical 
disease. However, L-T 4 /L-T 3  combination therapy is still 
regarded as controversial among specialists  [3] .

  A meta-analysis has found no difference in effective-
ness between L-T 4  mono- and L-T 4 /L-T 3  combination 
therapy evaluated on quality of life (QOL) and neurocog-
nitive function tests in unselected hypothyroid subjects 
 [3] . Further, skeptics towards combination therapy argue 
that normal serum T 3  (S-T 3 ) levels can be achieved 
through L-T 4  monotherapy even in athyreotic individu-
als, and therefore consider L-T 4 /L-T 3  combination ther-
apy as unnecessary  [4] .

  However, we have reported a randomized controlled 
trial (RCT) with a cross-over design in which TSH levels 
in contrast to several other similar studies were kept con-
stant in the groups receiving combination and monother-
apy, respectively. In this study QOL was superior during 
combination therapy compared to monotherapy, and pa-
tient preference was in favor of combination therapy. 
This trial also showed changes in peripheral markers of 
thyroid function (sex hormone binding protein and pro-
collagen-1-N-terminal peptide), suggesting that combi-
nation therapy is more metabolically active compared to 
monotherapy  [5] . 

  This divergent effect has been explained by reduced 
thyroidal T 3  secretion due to the underlying hypothyroid 
state, as well by a reduced peripheral 5 ′ -deiodination of 
T 4  into T 3 . The latter might be due to polymorphisms in 
thyroid hormone transporters or deiodinase-2 genes in a 
subgroup of patients  [6–8] , or a as a result of a downreg-
ulation of deiodinase activity resulting in an increase in 
the S-T 4 /S-T 3  ratio which is often seen in T 4 -treated hy-
pothyroid patients  [9, 10] . 

  Consequently, it has been suggested to measure S-T 3 , 
either the total concentration or the free concentration, 
to monitor patients treated for hypothyroidism  [9] . This 
debate has been extended to social media, where patients 

share thoughts about both preferences in monitoring of 
thyroid function as well as choice of treatment  [11] , and 
unfortunately has led to a high degree of autonomous 
self-medication among patients, with an increasing pres-
sure on general practitioners and endocrinologists to in-
crease prescription rates of combination therapy and S-T 3  
measuring  [12] . 

  There is a need for better ways to predict which pa-
tients will benefit from combination therapy. Therefore 
we aimed to evaluate whether the use of T 3  measurements 
predicts the effect from L-T 4 /L-T 3  combination therapy 
in a group of hypothyroid patients with persisting hypo-
thyroid symptoms on L-T 4  monotherapy.

  Materials and Methods 

 This is an observational, retrospective study of patients referred 
to a specialized outpatient thyroid clinic due to a dissatisfactory 
effect of L-T 4  monotherapy. Medical charts from all patients re-
ferred with the diagnosis hypothyroidism from September 2012 to 
December 2013 were screened. Only patients referred from gen-
eral practitioners due to persistent hypothyroid symptoms and 
thus a potentially unsatisfactory effect of L-T 4  therapy, were in-
cluded. All patients had a routine physical examination (including 
BMI) and a blood sample drawn. 

  TSH (normal range: 0.35–4.00 mU/L, interassay coefficient of 
variation [CV] = 19.6 mU/L and intra-assay CV = 8.17%), serum 
total T 4  (normal range: 70–140 nmol/L, intra-assay CV = 1.19% 
and interassay CV = 1.47%), and S-T 3  (normal range: 1.0–2.6 
nmol/L, intra-assay CV = 11.1% and interassay CV = 29.6%) were 
all measured by competitive immune analysis through chemilumi-
nescence technology (ADVIA Centaur, USA). A T 3  uptake test 
(normal range: 0.85–1.15, intra-assay CV = 2.58% and interassay 
CV = 1.42%) was measured by enzyme-enhanced chemilumines-
cence immunoassay (IMMULITE Automated Immunoassay Sys-
tem, Unilabs, Denmark) and serum free T 3  estimate by multiplying 
S-T 3  with the T 3  uptake test. 

  Medical history was recorded and a routine extended battery of 
testing for further diagnostics was initiated in order to rule out a 
competing disease or depression, including celiac disease, adrenal 
insufficiency, or other autoimmune conditions.

  The local treatment guidelines corresponds to the ETA guide-
lines  [2] , i.e., combination treatment of L-T 4  and L-T 3  is given cor-
responding to a 17/1 ratio (weight/weight), and L-T 3  is given twice 
daily, in the morning and at bedtime, using 5-μg L-T 3  tablets.

  A responder was defined semiquantitatively as a patient expe-
riencing a clinically relevant reduction in hypothyroid symptoms 
and improvement of QOL, which persist for 12 months of therapy, 
resulting in a wish of continued combination therapy. A nonre-
sponder was a patient who did not achieve improvement of symp-
toms and therefore chose to revert to L-T 4  monotherapy. No struc-
tured questionnaire was used for this particular evaluation, which 
was thus based entirely on the subjective feelings of the patient. 

  An initial evaluation of the effect was made after 3 months of 
therapy, and if the patient was a responder, treatment was re-eval-
uated at 6 and 12 months. If the effect of the treatment diminished, 
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the patient was reclassified as a nonresponder. Nonresponders re-
verted to their initial L-T 4  regime without further follow-up. 

  This study was approved by the Danish Data Protection Agency. 

  Statistics 
 Data were analyzed with parametric testing if data were Gauss-

ian distributed, otherwise nonparametric testing was used. Results 
were expressed as means or medians and range, accordingly. 
Groups were compared using a  t  test for parametric and Mann-
Whitney test for nonparametric data. A two-sided  p  value <0.05 
was considered significant. IBM SPSS 22 software was used for 
data analysis. 

  Results 

 One hundred and sixteen patients (110 females) were 
referred due to persistent hypothyroid symptoms and a 
potentially unsatisfactory effect of L-T 4  monotherapy. 
Baseline data are shown in  Table 1 .

  Six patients were excluded due to stress ( n  = 1), depres-
sion ( n  = 2), iron deficiency anemia ( n  = 1), and vitamin 
D deficiency ( n  = 1). One woman planned pregnancy and 
was also excluded ( Fig. 1 ). Thirty-two patients (28%) of 
the 116 included patients were overtreated at the time of 
referral, defined as having serum TSH (S-TSH) below 
0.35 mU/L, and 17 (15%) were classified as undertreated 
with a S-TSH above 4.00 mU/L (range: 4–56 mU/L). 

  The individual relationship between patients and in-
dependent doctors did lead to situations where combina-
tion therapy was initiated although the patients were not 
completely euthyroid (2 with TSH  ≤ 0.1 mU/L, 7 with 
TSH 0.1–0.34 mU/L, and 1 with TSH 4.2 mU/L).

  Forty-two patients started L-T 4 /L-T 3  therapy. Of these, 
5 patients were lost to follow-up and were excluded from 
the final calculation. This left 37 patients starting on com-
bination therapy with 12 months of follow-up. 

  After 3 months of therapy 26 patients (70%) were clas-
sified as responders and 11 patients (30%) were classified 
as nonresponders. 

  After 12 months, 24 patients (65%) were classified as 
responders, while 13 patients (35%) experienced no ben-
eficial effect from combination therapy, 2 of whom ended 
their contact with the outpatient clinic before evaluation 
of thyroid status. 

  During combination therapy, when comparing base-
line to evaluation, T 4  levels decreased ( p  = 0.046), and 
S-T 3  and free T 3  estimate levels increased ( p  = 0.003 and 
 p  = 0.002, respectively), which was expected ( Table 2 ).

  Comparing responders to nonresponders, we did not 
find any significant difference in S-T 3 , free T 3  estimate at 
baseline, or changes during follow-up, nor did we find 

any differences in S-TSH or BMI. Further, linear logistic 
regression showed no correlation with responder/nonre-
sponder status and the variables S-T 3  and free T 3  estimate 
measured at admission, at the 3-month evaluation, and as 
a change over time.

  Discussion 

 In this retrospective study, we did not find that mea-
surement of S-T 3  and free T 3  estimate, neither at baseline 
nor during follow-up, predicted a positive effect of com-
bination therapy. 

  The background for a possible effect of combination 
therapy is not fully understood  [1]  and is continuously 
debated with opponents to combination therapy arguing 
that euthyroidism may be achieved through L-T 4  mono-
therapy  [4, 13] . On the other hand, a theoretical argument 
for an effect is a possible reduced peripheral 5 ′ -deiodin-

 Table 1.  Baseline characteristics of all referred patients

Patients, n Mean/median Range

Median age, years 116 51 22 – 86
Mean BMI 71 28.4 18.25 – 44.6
Median TSH at referral, 

mU/L 116 1.1 0.01 – 6.10
Mean total T4, nmol/L 116 110 54 – 178
Median total T3, nmol/L 116 1.2 0.6 – 2.30
Mean free T3 estimate 116 1.1 0.55 – 2.10

n = 116 patients referred to
the outpatient clinic

n = 42 started combination
therapy at first visit

n = 24 responders
n = 13 nonresponders

n = 68 had T4 dose
adjustment

n = 5 lost to follow-up

n = 6 were excluded

  Fig. 1.  Patient flow. 
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ation of T 4  into T 3 , due to polymorphisms in thyroid hor-
mone transporters or deiodinase-2 genes in a subgroup 
of patients  [6–8] , or a as a result of a downregulation of 
deiodinase activity in L-T 4 -treated patients and thus an 
increase in the S-T 4 /S-T 3  ratio  [9, 10] , This might explain 
why only some patients have an unsatisfying effect from 
L-T 4  monotherapy and benefit from combination thera-
py on QOL factors  [14] . We did not analyze thyroid hor-
mone transporters or deiodinase genes, and therefore we 
have no data on a possible effect from these on response 
to combination therapy. 

  A double-blinded RCT study on 697 L-T 4 -treated hy-
pothyroid patients randomized for usual L-T 4  or a com-
bination of L-T 4 /L-T 3  confirmed the missing correlation 
between free T 3  estimates and QOL, but did find a corre-
lation between QOL and TSH as well as QOL and free T 4  
estimate  [15] . In accordance, in a similar study of 59 pa-
tients, we found no correlation between QOL and T 3  lev-
els, but could not confirm the described correlation be-
tween QOL and TSH or T 4  levels  [14] . 

  The present study has several limitations. A significant 
placebo/credo effect on QOL and psychological well-be-
ing from combination therapy is known  [14] , and this 
study is not an RCT but instead only observational. How-
ever, the patients were followed for at least 12 months, 
thus avoiding a short-lasting placebo effect. We did not 
have an exact measurement of QOL, only a semiquantita-
tive subjective evaluation from patients. However, our 

data (65% responders in this selected group) are similar 
to results in an RCT on a similar patient group in which 
49% preferred the L-T 4 /L-T 3  combination therapy versus 
15% L-T 4  therapy, and 36% were indifferent  [14] . Fur-
ther, tissue T 3  concentrations were not measured, which 
could be a way forward for the understanding of the clin-
ical phenomenon dealt with in this study. This, however, 
would demand invasive techniques. 

  Finally, we did not measure serum-free T 3  directly, but 
measured free T 3  estimates based on total T 3  and a T 3  up-
take. Neither of these 2 principles of measuring free T 3  
estimates are perfect, a problem that has been discussed 
since the 1980s. Most laboratory tests measuring free T 3  
do not make an actual measurement of free T 3 , which is 
rather difficult to measure and vitiated by errors  [16, 17] , 
but instead use a laboratory kit which includes measure-
ments of protein binding and a computerized calculation 
of free T 3 . 

  The study only included 37 patients and a possible type 
2 error could be present, but the difference in delta total 
T 3  of 0.03 nmol/L and delta in the free T 3  estimate of 0.02 
when comparing responders and nonresponders indicate 
that no clinical significant difference is present.

  Having mentioned these limitations, we feel that our 
data can be generalized to other outpatient clinics treat-
ing hypothyroid patients since our study population was 
in essence regular hypothyroid patients, representing a 
well-known and rather prevalent unsatisfied subgroup. 

 Table 2.  Patients eligible for L-T4/L-T3 combination therapy at referral (mean/median and range)

Total Responders Nonresponders p value

At baseline (n = 37) (n = 24) (n = 13)
Age, years 49 (22 – 72) 57 (36 – 79) 0.06
BMIa 28.3 (18.3 – 44.6) 28.4 (21.8 – 44.6) 28.1 (18.3 – 35.5) 0.91
TSH b, mIU/L 0.85 (0.08 – 4.2) 0.78 (0.08 – 4.20) 0.92 (0.1 – 3.06) 0.10
T4, nmol/L 109 (69 – 147) 108.1 (69 – 143) 109.8 (85 – 147) 0.78
T3

b, nmol/L 1.20 (0.7 – 2.00) 1.2 (0.7 – 1.9) 1.2 (0.8 – 2.00) 0.94
Free T3 estimateb 1.12 (0.55 – 2.1) 1.16 (0.55 – 1.82) 1.08 (0.76 – 2.10) 0.63

After L-T4/L-T3 combination therapy (n = 35) (n = 24) (n = 11)
TSHb, mIU/L 0.43 (0.01 – 4.02) 0.57 (0.01 – 4.02) 0.33 (0.02 – 2.42) 0.37
T4, nmol/L 95 (43 – 155) 90.0 (43 – 155) 106 (81 – 130) 0.04c

T3
b, nmol/L 1.50 (0.8 – 2.4) 1.5 (0.8 – 2.4 1.3 (0.9 – 2.30) 0.50

Free T3 estimateb 1.38 (0.73 – 2.54) 1.41 (0.73 – 2.54) 1.33 (0.86 – 2.02) 0.56
Delta (n = 35) (n = 24) (n = 11)

TSHb, mIU/L 0.30 (–3.94 to 3.79) 0.23 (–3.91 to 3.79) 0.47 (–1.07 to 2.18) 0.48
T4, nmol/L –13.8 (–76 to 36) –18 (–76 to 24)   –4.5 (–36 to 36) 0.54
T3, nmol/L 0.27 (–0.5 to 1.70) 0.28 (–0.5 to 1.70) 0.25 (–0.30 to 0.9) 0.85
Free T3 estimate 0.24 (–0.7 to 1.62) 0.24 (–0.77 to 1.62) 0.22 (–0.23 to 0.68) 0.89

 a n = 16 responders, 7 nonresponders. b Median when data is not Gaussian distributed. c Significant result.
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  Among the patients ( n  = 116) submitted to the outpa-
tient clinic due to persistent symptoms, 43% did not start 
combination therapy due to being overtreated with a S-
TSH less than 0.1 mU/L or undertreated with a S-TSH of 
4–56 mU/L – this is in accordance with Eligar et al.  [18] , 
underlining the importance of careful follow-up and ad-
justment of medication in this patient group.

  Conclusion 

 Our data indicate that S-T 3  measurements are not suit-
able to predict which patient will benefit from L-T 4 /L-T 3  
combination therapy, and that treatment response can-
not be followed by repeated measurements of T 3  either. 
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