
Liothyronine Improves Biochemical Control of Congenital 
Hypothyroidism in Patients with Central Resistance to Thyroid 
Hormone

Laura Paone, MD1, Abby F. Fleisch, MD, MPH2, Henry A. Feldman, PhD3, Rosalind S. 
Brown, MD2, and Ari J. Wassner, MD2

1Endocrinology and Diabetic Unit, Bambino Gesù Children’s Hospital, Rome, Italy

2Division of Endocrinology, Boston Children’s Hospital, Boston, MA, United States

3Clinical Research Center, Boston Children’s Hospital, Boston, MA, United States

Abstract

Objective—To assess whether adding liothyronine (LT3) to levothyroxine (LT4) monotherapy 

normalizes serum TSH and T4 concentrations in children with congenital hypothyroidism and 

central resistance to thyroid hormone.

Study design—We retrospectively studied 12 patients with congenital hypothyroidism and 

central resistance to thyroid hormone (6 treated with LT3+LT4 combined therapy and 6 treated 

with LT4 monotherapy). In patients receiving combined therapy, we compared serum 

concentrations of TSH, T4, and T3 before and after addition of LT3. We used repeated measures 

analysis to compare thyroid function in participants receiving combined therapy versus 

monotherapy, while accounting for age and intrasubject correlation.

Results—In patients receiving combined therapy, addition of LT3 was associated with 

normalization of mean TSH (9.2 vs. 4.5 mIU/L, p=0.002), a lower proportion of TSH values above 

10 mIU/L (35% vs. 8%, p=0.03), and a decrease in mean serum T4 by 23 ± 9% (p<0.001). 

Compared with patients receiving LT4 monotherapy, patients receiving combined therapy had 

lower mean TSH (8.5 ± 0.9 vs. 4.3 ± 0.4, p<0.001), lower odds of TSH elevation above 10 mIU/L 

(OR 0.20, 95% CI 0.10–0.41, p<0.001), and lower odds of T4 elevation (OR 0.21, 95% CI 0.04–

1.09, p=0.06). LT3 treatment did not increase serum T3 levels significantly.

Conclusion—Addition of LT3 to LT4 monotherapy facilitates normalization of both serum TSH 

and T4 in patients with congenital hypothyroidism and central resistance to thyroid hormone. 
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Larger prospective studies are needed to confirm these findings and to determine the effect of 

combined therapy on neurodevelopmental outcomes.
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Primary congenital hypothyroidism affects up to 1:2000 infants and leads to poor 

neurodevelopmental outcomes in the absence of early and adequate thyroid hormone 

replacement. Current guidelines recommend treatment with levothyroxine (LT4) to restore 

and maintain normal serum levels of thyrotropin (TSH) and thyroxine (T4).1, 2 However, in 

up to 43% of infants and 10% of older children with congenital hypothyroidism, TSH 

elevation fails to normalize despite appropriate LT4 treatment.3–5 This failure of normal 

thyroid hormone negative feedback on pituitary TSH secretion is a form of central resistance 

to thyroid hormone, although the mechanisms underlying this phenomenon in congenital 

hypothyroidism are poorly understood. Treatment of these patients requires the clinician to 

choose between maintaining normal serum T4 levels while permitting modest TSH 

elevation, or normalizing TSH at the expense of elevated serum T4. However, studies of 

children with congenital hypothyroidism have demonstrated that neurocognitive impairment 

is associated with both undertreatment (reflected by low T4 associated with elevated 

TSH)6–10 and overtreatment (reflected by elevated T4).11–14 Thus, neither approach to 

treatment of infants who have central resistance to thyroid hormone (high T4 and high TSH) 

is optimal based on current data, and existing consensus recommendations offer no 

evidence-based guidance.1, 2

Given the potential risks associated with elevation of either TSH or T4, some have suggested 

adding liothyronine (LT3) to LT4 monotherapy in patients with congenital hypothyroidism 

and central resistance to thyroid hormone. Prior case series of such patients have shown that 

combined therapy with LT3 and LT4 may help normalize TSH while keeping T3 and T4 in 

the normal range.15, 16 However, these studies were limited by several factors, most notably 

their failure to control for the natural history of central resistance to thyroid hormone to 

resolve over time in patients with congenital hypothyroidism.3

Therefore, we sought to assess the efficacy of adding LT3 treatment to LT4 monotherapy in 

patients with congenital hypothyroidism and central resistance to thyroid hormone by 

comparing thyroid function and auxologic variables in individual patients before and during 

LT3+LT4 combined therapy; and in patients treated with LT3+LT4 combined therapy versus 

patients treated with LT4 monotherapy. We hypothesized that combined therapy would 

normalize both serum TSH and T4 in these patients, whereas LT4 monotherapy would not.

METHODS

We searched the electronic medical record (EMR) by ICD9 code and medication 

prescriptions to identify all patients with congenital hypothyroidism seen at Boston 

Children’s Hospital from 1999–2014 who had been treated with LT3 for central resistance to 

thyroid hormone (n=8). All patients were treated initially with LT4 monotherapy, with LT3 

added later at the discretion of the treating clinician because of failure to normalize serum 
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TSH in the face of high-normal or elevated serum T4. These patients are referred to as the 

combined therapy group.

To account for the tendency of central resistance to thyroid hormone in congenital 

hypothyroidism to resolve spontaneously over time, we also analyzed a group of patients 

with congenital hypothyroidism and central resistance to thyroid hormone who were 

managed exclusively with LT4 monotherapy and never received LT3. These patients were 

identified in the EMR by ICD9 diagnostic code for congenital hypothyroidism and the 

finding of concurrent supranormal TSH and supranormal T4 on at least two occasions. 

Manual record review of identified patients was conducted independently by two authors, 

and patients were included if they met clinical criteria for central resistance to thyroid 

hormone based on a pattern of failure to suppress TSH in face of elevated T4 levels. 

Discrepancies in assignment were resolved by discussion after review by a third author 

(RSB). These patients are referred to as the monotherapy group (n=6).

For all patients, data were abstracted from the medical record including demographic 

information, birth history, results of laboratory and thyroid imaging studies, heart rate, 

auxologic variables, and doses of LT4 and LT3. We excluded from analysis any patient with 

documented nonadherence to therapy at any point (n=2 in the combined therapy group). 

Patients received various formulations of LT4 and LT3 tablets at the discretion of the treating 

provider. Due to the retrospective nature of this study, the timing of thyroid function 

measurements relative to ingested doses of LT4 and LT3 could not be determined. The study 

was approved by the Boston Children’s Hospital Institutional Review Board.

Statistical analyses

Within the combined therapy group, we used paired t-tests to compare measurements of 

thyroid function, heart rate, and auxologic variables in each patient before versus after 

initiating combined therapy. This analysis included data obtained up to two years before and 

two years after initiation of LT3, except for the a priori exclusion of data obtained prior to 

one month of age (to avoid inclusion of abnormal thyroid function measurements shortly 

after diagnosis). Because free T4 was measured in some patients and total T4 in others, we 

could not calculate mean serum T4 levels across the cohort. Therefore, we analyzed only 

within-patient changes in free T4 or total T4 before versus after initiating combined therapy, 

and in our analysis the term “T4” denotes free T4 or total T4, as measured in each patient. 

Mean values of serum TSH, T4, and T3 over the study period were calculated for each 

patient using the area-under-the-curve (AUC) to account for variation among patients in 

timing of measurements and duration of follow-up. To measure accumulated exposure to 

states of abnormal TSH, T4, and T3 elevation, we also calculated (1) the AUC of TSH that 

exceeded 5 and 10 mIU/L thresholds and (2) the proportion of T4 and T3 measurements that 

exceeded the age-specific normal range.

We compared baseline characteristics of patients in the combined therapy versus 

monotherapy groups using Fisher Exact Test for categorical variables and the Mann-

Whitney U-test for continuous variables owing to their skewed distribution. We fit linear and 

logistic repeated measures regression models to compare the time course of thyroid function 

in patients receiving combined therapy versus monotherapy. We adjusted each model for age 

Paone et al. Page 3

J Pediatr. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



as a time-varying covariate. Further adjustment for sex and gestational age had negligible 

impact. Data on other baseline covariates (e.g., birth weight, TSH and free T4 at diagnosis) 

were missing for too many patients in this small sample to be included without introducing 

selection bias. From variables of the fitted model we constructed pairwise contrasts for mean 

TSH, odds of TSH exceeding 5 or 10 mIU/L, and odds of supranormal T4 between the 

following patient groups: (1) combined therapy group pre-LT3 vs. monotherapy group; (2) 

combined therapy group pre-LT3 vs. combined therapy group on LT3; and (3) combined 

therapy group on LT3 vs. monotherapy group. The principle of closed testing allowed us to 

make all three pairwise comparisons as well as the overall comparison (3 groups) with a 

critical p-value of 0.05 for statistical significance while preserving a family wise Type I error 

rate of 5%.17 We obtained standard errors for the contrasts by the generalized estimating 

equation method. Models comparing thyroid function in the combined therapy and 

monotherapy groups were fit using all available thyroid function measurements for each 

patient. A sensitivity analysis limited to data obtained within two years before or after 

initiation of LT3 in the combined therapy group did not significantly alter the results. We 

used SPSS version 21.0 (IBM Corp, 2012) and SAS version 9.4 (SAS Institute, Cary, NC) 

for statistical computations.

RESULTS

Baseline characteristics of subjects in the combined therapy and monotherapy groups are 

shown in Table I. To assess the effect of LT3 treatment on biochemical control of 

hypothyroidism, we compared serum TSH, T4, and T3 concentrations before and during 

LT3 treatment in each patient in the combined therapy group (Figure 1, Table II). Combined 

therapy was associated with a significant decrease in mean TSH from supranormal to the 

normal range (9.2 ± 1.0 vs. 4.5 ± 0.8 mIU/L, p=0.002). While on combined therapy, a 

smaller percentage of measured TSH values were elevated above 5 mIU/L or above 10 

mIU/L compared with prior to LT3 initiation. Combined therapy was also associated with 

reduced overall exposure to TSH elevation, evident as significant decreases in AUC of TSH 

above 5 mIU/L and above 10 mIU/L (Figure 1 and Table II).

Combined therapy was associated with an overall decrease in serum T4 levels, with mean T4 

declining by 23 ± 9% (p<0.001) during LT3 treatment. The proportion of supranormal T4 

measurements also decreased during combined therapy. Although this decrease was not 

statistically significant, the lack of significance was attributable to a single patient (#2) with 

a high proportion of elevated T4 levels for 2 months after starting LT3. In fact, this patient’s 

serum T4 concentration declined on combined therapy, but a concurrent decrease in the 

upper limit of normal T4 with increasing age resulted in the T4 levels being categorized as 

elevated. Overall, the proportion of thyroid function measurements in which both TSH and 

T4 were normal increased dramatically during combined therapy.

Combined therapy increased mean serum T3 concentration and the proportion of 

supranormal serum T3 values, but neither effect was statistically significant (Figure 1, Table 

II). Overall, 17% percent of serum T3 levels measured on combined therapy were elevated. 

T3 elevation occurred in 3/6 patients, and in each case the elevated T3 levels were <10% 
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above the upper limit of normal and persisted for no more than 2–12 weeks. Heart rate was 

unaffected by combined therapy, as were z-scores for height, weight, and BMI (Table II).

Although combined therapy was associated with normalization of TSH and T4, we wished 

to ensure that this improvement was not due to the expected resolution of central resistance 

to thyroid hormone over time (i.e., mean 16 months of follow up in this cohort). Therefore, 

we compared the patients who received combined therapy to a group of patients with 

congenital hypothyroidism and central resistance to thyroid hormone treated only with LT4 

monotherapy. Six such patients were identified, with baseline characteristics similar to those 

who received combined therapy (Table I). Repeated measures analysis allowed comparison 

of TSH and T4 measurements among three categories: combined therapy patients prior to 

LT3 treatment; combined therapy patients during LT3 treatment; and monotherapy patients 

(Figure 2; available at www.jpeds.com). Prior to LT3 treatment, patients in the combined 

therapy group did not differ from those in the monotherapy group in mean TSH or odds of 

having elevated TSH or T4 (Table III). In the combined therapy group, LT3 treatment was 

associated with a decrease in mean TSH by 5.1 ± 0.8 mIU/L (p<0.001), as well as 

significantly reduced odds of TSH elevation above 5 mIU/L and above 10 mIU/L, consistent 

with the results of the earlier within-patient analysis. Finally, when compared with patients 

in the monotherapy group, patients on combined therapy had lower mean TSH and lower 

odds of TSH elevation above 5 mIU/L, TSH elevation above 10 mIU/L, and T4 elevation 

(Table III).

DISCUSSION

In patients with congenital hypothyroidism, maintenance of both TSH and T4 in the normal 

range is recommended for optimal neurocognitive development. Because this goal is often 

unachievable in patients with central resistance to thyroid hormone, these patients present 

the clinical dilemma of whether to permit elevation of TSH or of T4. Evidence from existing 

studies of congenital hypothyroidism raises concern about both approaches. On one hand, 

inadequate treatment resulting in low T4 levels with elevated TSH is associated with poor 

neurocognitive outcomes and reduced IQ.6–9 The risk associated with TSH elevation and 

normal T4 levels is less clear, but one report has shown an association between repeated 

TSH elevation and poorer school performance.10 Therefore, maintaining TSH in the normal 

range is widely recommended, particularly prior to three years of age, when brain 

development is more rapid.2 On the other hand, overtreatment to supranormal T4 levels is 

also associated with adverse developmental consequences including altered temperament,11 

decreased attention and alertness,12, 13 and decreased IQ.14 Addition of LT3 to LT4 

monotherapy is appealing to potentially avoid both over- and undertreatment by 

simultaneously normalizing both TSH and T4 levels in patients with central resistance to 

thyroid hormone.

In this study, we found that adding LT3 treatment to standard LT4 monotherapy in such 

patients simultaneously normalized both TSH and T4. With combined therapy, mean TSH 

decreased from above normal to the normal range. Combined therapy also substantially 

decreased the proportion of TSH values above 10 mIU/L, the proportion of T4 values above 

normal, and mean serum T4 levels. Reductions in the administered dose of LT4 likely played 
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a role in the observed decrease in serum T4, and indeed was part of the rationale for 

commencing LT3 therapy.

As expected, serum T3 increased with LT3 treatment but generally did not exceed the 

normal range (Figure 1). Mild T3 elevation occurred briefly in 3/6 patients, but no effect on 

heart rate or growth was detected. This finding highlights the potential for overtreatment 

with LT3, which is an important consideration given the overall goal of reducing exposure to 

elevated thyroid hormone levels. Our retrospective study design did not allow us to assess 

potential effects of the timing of LT3 administration or potential drawbacks of supplemental 

LT3 treatment, such as decreased treatment adherence or increased need for laboratory 

testing and medication adjustments.

Our findings are consistent with two prior case series consisting of a total of 18 patients with 

congenital hypothyroidism and central resistance to thyroid hormone who showed 

normalization of TSH and T4 with supplemental LT3 treatment.15, 16 The most significant 

limitation of both studies was the lack of a comparison group treated with LT4 monotherapy, 

without which it is difficult to determine whether the observed improvement in TSH and T4 

was due to the addition of LT3 or to the normal resolution of central resistance to thyroid 

hormone. To address this critical issue, we included a monotherapy comparison group in our 

analysis of LT3 treatment. Although the groups had comparable baseline characteristics, 

combined therapy was associated with significantly lower mean TSH and a lower proportion 

of elevated TSH and T4 measurements compared with monotherapy. These results suggest 

that the observed effect is a result of LT3 treatment and not of resolution of central resistance 

to thyroid hormone over time. Additional methodological strengths of our study include the 

use of AUC to analyze changes in TSH, T4, and T3 over an extended period (mean 16–18 

months) before and after LT3 treatment, and the use of repeated measures analyses to 

account for within-patient correlation of values over time.

Our report also extends the findings of prior studies to younger patients and lower doses of 

LT3. The median age of our cohort at the time of LT3 initiation was 3.5 years, compared 

with mean ages of 6.2 years and 7.1 years in prior cohorts (one of which excluded patients 

under 4 years of age).15, 16 Importantly, our study includes three patients started on LT3 

before the age of 3 years, demonstrating that LT3 appears effective in normalizing thyroid 

hormone levels at the age when maintaining euthyroidism is most critical for 

neurodevelopment. The median initial dose of LT3 in our cohort (0.29 μg/kg/day) is lower 

than those in prior studies (0.3–0.66 μg/kg/day), in which locally available LT3 formulations 

may have constrained the investigators to a minimum administered LT3 dose of 6.25 

μg,15, 16 whereas doses as low as 2.5 μg are available in many areas of the world. Future 

studies are needed to determine the optimal dosing of LT3 in this patient population.

The mechanism by which LT3 allows normalization of TSH with lower serum T4 may relate 

to the fact that circulating T3 accounts for 20–50% of the normal negative feedback 

regulation of TSH in pituitary thyrotrophs.18 Impaired central feedback of T3 in patients 

with congenital hypothyroidism might be related to their slightly lower serum T3 levels and 

T3/T4 ratio,19 which could be due to absence of the 20% of circulating T3 normally secreted 

by the thyroid and/or to decreased peripheral conversion of T4 to T3. The effect of LT3 
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treatment might also relate to intrinsic changes in hypothalamic-pituitary-thyroid axis 

regulation in patients with congenital hypothyroidism and central resistance to thyroid 

hormone.3, 5 Although the precise mechanisms underlying this phenomenon are unknown, 

they could involve changes in central thyroid hormone transport, deiodination, or receptors 

that are more amenable to treatment with LT3 than with LT4.

Our study is limited by its small sample size, although our significant findings suggest no 

lack of power. Also, although we identified patients in the monotherapy group using 

objective search criteria as well as independent review of cases and resolution of conflict by 

a third party, this required clinical judgment, which may have led to bias. However, it is 

reassuring that the combined therapy and monotherapy groups were similar at baseline.

Even though this retrospective analysis demonstrates that addition of LT3 can normalize 

thyroid function tests in the population studied—including children under age 3 years, who 

are at highest risk—it does not address the critical question of whether this intervention 

improves neurocognitive development, the outcome of ultimate clinical concern. Although 

patients with elevated T4 and those with elevated TSH and low T4 are clearly at risk for 

adverse neurocognitive outcomes, the risk to those with elevated TSH and normal T4 

remains unclear, and thus the potential benefit of normalizing TSH levels in such patients 

remains to be determined. In addition, whether normalizing thyroid function tests may 

benefit older patients who are no longer at risk for abnormal cognitive development is 

unclear.

In summary, we have demonstrated that addition of LT3 to LT4 monotherapy facilitates the 

achievement and maintenance of biochemical euthyroidism in children with congenital 

hypothyroidism and central resistance to thyroid hormone. This is a consequential issue in 

clinical practice given the management dilemma posed by such patients, who may constitute 

over one-third of patients with congenital hypothyroidism. Whether combined therapy 

improves neurodevelopmental outcomes remains to be determined by larger prospective, 

ideally randomized controlled studies of combined therapy beginning early in life.
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Figure 1. 
Thyroid function before and during liothyronine + levothyroxine combined therapy in 

congenital hypothyroidism patients with central resistance to thyroid hormone initially 

treated with levothyroxine monotherapy. Data are plotted as mean (SEM). AUC, area under 

curve. *p<0.05; **p<0.01; ***p<0.001.
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Figure 2. 
Serum TSH levels in patients receiving liothyronine (LT3) + levothyroxine (LT4) combined 

therapy versus LT4 monotherapy. Open circles (○) represent measurements obtained on 

combined therapy; filled circles (●) represent those obtained on LT4 monotherapy. Dotted 

line (---) indicates TSH 5 mIU/L.

Paone et al. Page 10

J Pediatr. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Paone et al. Page 11

Ta
b

le
 1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 th
e 

st
ud

y 
co

ho
rt

. A
ll 

pa
tie

nt
s 

ha
d 

ce
nt

ra
l r

es
is

ta
nc

e 
to

 th
yr

oi
d 

ho
rm

on
e 

an
d 

w
er

e 
in

iti
al

ly
 tr

ea
te

d 
w

ith
 le

vo
th

yr
ox

in
e 

(L
T

4)
. 

L
io

th
yr

on
in

e 
(L

T
3)

 tr
ea

tm
en

t w
as

 la
te

r 
ad

de
d 

fo
r 

pa
tie

nt
s 

in
 th

e 
co

m
bi

ne
d 

th
er

ap
y 

gr
ou

p,
 w

hi
le

 th
e 

m
on

ot
he

ra
py

 g
ro

up
 r

ec
ei

ve
d 

on
ly

 L
T

4.

P
at

ie
nt

C
om

bi
ne

d 
T

he
ra

py
 G

ro
up

 (
n=

6)
M

on
ot

he
ra

py
 G

ro
up

 (
n=

6)

p 
1

2
3

4
5

6
7

8
9

10
11

12

G
es

ta
tio

na
l a

ge
 (

w
k)

41
41

41
42

40
31

39
41

39
40

41
36

0.
31

B
ir

th
 w

ei
gh

t (
kg

)
4.

1
3.

8
4.

2
4.

5
—

1.
0

2.
1

3.
6

3.
7

2.
8

2.
7

2.
5

0.
13

Se
x

M
F

F
M

M
M

F
F

M
F

F
F

0.
24

A
ge

 a
t d

ia
gn

os
is

 (
da

ys
)

14
5

6
9

8
35

—
9

4
—

3
10

0.
35

T
SH

 a
t d

ia
gn

os
is

 (
m

IU
/L

)
46

0
43

3
17

7
10

0
22

0
34

—
57

7
73

4
—

27
2

61
0.

35

Fr
ee

 T
4 

at
 d

ia
gn

os
is

 (
ng

/d
L

)
0.

3
0.

3
1.

1
—

0.
3

1
—

—
0.

6
—

1.
0

1.
7

0.
25

T
hy

ro
id

 a
na

to
m

y
—

N
L

E
C

E
C

A
G

—
A

G
—

A
G

—
A

G
N

L
0.

34

A
ge

 a
t L

T
4 

in
iti

at
io

n 
(d

ay
s)

14
5

7
9

8
37

7
10

5
—

5
14

0.
54

In
iti

al
 L

T
4 

do
se

 (
μg

/d
ay

)
50

50
50

37
.5

50
12

.5
50

37
.5

50
—

37
.5

37
.5

0.
66

In
iti

al
 L

T
4 

do
se

 (
μg

/k
g/

da
y)

—
13

.9
11

.9
—

11
.1

6.
9

—
10

.2
13

.2
—

13
.2

—
0.

86

D
ia

gn
os

is
 is

 d
ef

in
ed

 b
y 

m
ea

su
re

m
en

t o
f 

co
nf

ir
m

at
or

y 
se

ru
m

 th
yr

oi
d 

fu
nc

tio
n 

te
st

s.
 P

-v
al

ue
 te

st
s 

fo
r 

eq
ua

l d
is

tr
ib

ut
io

n 
be

tw
ee

n 
co

m
bi

ne
d 

th
er

ap
y 

an
d 

m
on

ot
he

ra
py

 g
ro

up
s 

by
 F

is
he

r’
s 

ex
ac

t t
es

t o
r 

M
an

n-
W

hi
tn

ey
 U

-t
es

t. 
N

L
, n

or
m

al
; E

C
, e

ct
op

ic
; A

G
, a

ge
ne

si
s.

J Pediatr. Author manuscript; available in PMC 2017 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Paone et al. Page 12

Ta
b

le
 2

E
ff

ec
t o

f 
lio

th
yr

on
in

e 
(L

T
3)

 +
 le

vo
th

yr
ox

in
e 

(L
T

4)
 c

om
bi

ne
d 

th
er

ap
y 

on
 th

yr
oi

d 
fu

nc
tio

n,
 h

ea
rt

 r
at

e,
 a

nd
 a

ux
ol

og
ic

 c
ha

ra
ct

er
is

tic
s 

in
 c

on
ge

ni
ta

l 

hy
po

th
yr

oi
di

sm
 p

at
ie

nt
s 

w
ith

 c
en

tr
al

 r
es

is
ta

nc
e 

to
 th

yr
oi

d 
ho

rm
on

e 
in

iti
al

ly
 tr

ea
te

d 
w

ith
 L

T
4 

m
on

ot
he

ra
py

.

P
at

ie
nt

1
2

3
4

5
6

M
ed

ia
n

A
ge

 a
t L

T
3 

st
ar

t (
yr

)
6.

4
0.

5
0.

3
11

.7
4.

3
2.

6
3.

5

In
iti

al
 L

T
3 

do
se

 (
μg

/d
ay

)
10

5
2.

5
5

5
5

5

In
iti

al
 L

T
3 

do
se

 (
μg

/k
g/

da
y)

0.
31

0.
65

0.
23

0.
13

0.
26

0.
44

0.
29

Δ
LT

4 
do

se
 a

t L
T

3 
st

ar
t (

%
)

−
11

−
20

0
0

−
12

−
12

−
11

.5

M
ea

n 
(S

E
)

LT
4

LT
4 

+L
T

3
LT

4
LT

4 
+L

T
3

LT
4

LT
4 

+L
T

3
LT

4
LT

4 
+L

T
3

LT
4

LT
4 

+L
T

3
LT

4
LT

4 
+L

T
3

LT
4

LT
4 

+L
T

3
p

Fo
llo

w
-u

p 
(m

o)
24

24
4

5
7

24
24

24
24

12
24

7
18

 (
4)

16
 (

3)
0.

72

T
SH

 a
nd

 T
4 

va
lu

es
 (

n)
5

5
6

6
5

7
4

5
7

3
10

4
6.

2 
(0

.8
)

5.
0 

(0
.5

)
0.

40

T
SH

, m
ea

n 
(m

IU
/L

)
10

.4
7.

5
12

.6
3.

9
8.

9
4.

7
6.

2
2.

6
6.

8
2.

2
10

.0
5.

9
9.

2 
(1

.0
)

4.
5 

(0
.8

)
0.

00
2

 
T

SH
 >

 5
 m

IU
/L

 A
U

C
5.

5
3.

2
7.

6
1.

5
3.

9
0.

84
1.

8
0.

07
2.

7
0

5.
0

2.
2

4.
4 

(0
.9

)
1.

3 
(0

.5
)

0.
00

4

 
T

SH
 >

 1
0 

m
IU

/L
 A

U
C

2.
0

0.
9

3.
2

0.
28

0.
30

0
0.

07
0

1.
1

0
1.

7
0.

57
1.

4 
(0

.5
)

0.
29

 (
0.

47
)

0.
04

T
SH

 >
 5

 m
IU

/L
 (

%
)

80
50

10
0

29
10

0
38

75
20

29
0

10
0

50
81

 (
11

)
31

 (
8)

0.
00

1

T
SH

 >
 1

0 
m

IU
/m

L
 (

%
)

80
33

50
14

0
0

0
0

29
0

50
0

35
 (

13
)

8 
(6

)
0.

03

T
4 

>
 n

or
m

al
 (

%
)

0
0

17
50

20
0

10
0

20
0

0
40

0
29

 (
15

)
12

 (
8)

0.
32

Δ
T

4,
 m

ea
n 

w
ith

 L
T

3 
(%

)
—

−
19

—
−

11
—

−
26

—
−

31
—

−
22

—
−

31
—

−
23

 (
9)

<
0.

00
1

B
ot

h 
T

SH
 a

nd
 T

4 
no

rm
al

 
(%

)
20

60
0

30
0

60
0

60
70

10
0

0
50

15
 (

12
)

60
 (

9)
<

0.
00

1

T
3 

va
lu

es
 (

n)
3

5
1

6
2

5
4

5
1

3
5

3
2.

7 
(0

.6
)

4.
5 

(0
.5

)
0.

11

T
3,

 m
ea

n 
(n

g/
dL

)
19

6
16

8
12

8
17

8
16

6
16

7
10

3
16

8
10

9
11

5
14

7
25

0
14

2 
(1

5)
17

4 
(1

8)
0.

16

T
3 

>
 n

or
m

al
 (

%
)

0
0

0
17

0
0

0
20

0
0

0
67

0 
(0

)
17

 (
11

)
0.

16

H
ea

rt
 r

at
e,

 m
ea

n 
(b

pm
)

—
72

13
8

13
1

12
2

11
8

84
88

89
88

12
2

11
9

11
1 

(1
0)

10
2 

(9
)

0.
27

W
ei

gh
t z

-s
co

re
2.

2
2.

2
0.

7
1.

0
2.

3
2.

0
−

0.
2

−
0.

3
0.

9
1.

0
−

1.
7

−
1.

3
0.

7 
(0

.6
)

0.
8 

(0
.5

)
0.

65

H
ei

gh
t z

-s
co

re
1.

4
1.

3
0.

3
0.

5
1.

6
1.

1
0

−
0.

3
1.

84
1.

7
−

3.
0

−
2.

8
0.

4 
(0

.7
)

0.
3 

(0
.7

)
0.

35

B
M

I 
z-

sc
or

e
2.

1
2.

0
0.

7
1.

1
1.

7
1.

8
−

0.
1

−
0.

2
−

0.
4

0
−

0.
8

1.
1

0.
5 

(0
.5

)
1.

0 
(0

.4
)

0.
23

J Pediatr. Author manuscript; available in PMC 2017 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Paone et al. Page 13
P-

va
lu

e 
co

m
pa

re
s 

be
fo

re
 (

LT
4)

 v
s.

 d
ur

in
g 

(L
T

4+
LT

3)
 c

om
bi

ne
d 

th
er

ap
y 

us
in

g 
pa

ir
ed

 S
tu

de
nt

’s
 t-

te
st

. A
U

C
, a

re
a-

un
de

r-
th

e-
cu

rv
e;

 b
pm

, b
ea

ts
 p

er
 m

in
ut

e.
 U

pp
er

 li
m

it 
of

 n
or

m
al

 T
3 

(n
g/

dL
):

 2
 w

k-
24

 m
o,

 
24

5;
 2

4 
m

o-
8 

yr
, 2

41
; 8

 y
r-

21
 y

r, 
21

0.

J Pediatr. Author manuscript; available in PMC 2017 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Paone et al. Page 14

Ta
b

le
 3

T
hy

ro
id

 f
un

ct
io

n 
in

 p
at

ie
nt

s 
w

ith
 c

on
ge

ni
ta

l h
yp

ot
hy

ro
id

is
m

 a
nd

 c
en

tr
al

 r
es

is
ta

nc
e 

to
 th

yr
oi

d 
ho

rm
on

e 
re

ce
iv

in
g 

lio
th

yr
on

in
e 

(L
T

3)
 +

 le
vo

th
yr

ox
in

e 
(L

T
4)

 

co
m

bi
ne

d 
th

er
ap

y 
ve

rs
us

 L
T

4 
m

on
ot

he
ra

py
.

P
at

ie
nt

 g
ro

up
Sa

m
pl

es
T

SH
, m

IU
/L

T
SH

 >
5 

m
IU

/L
T

SH
 >

10
 m

IU
/L

T
4 

> 
no

rm
al

M
ea

n 
± 

SE
a

Pe
rc

en
ta

ge
 o

f s
am

pl
es

LT
4 

m
on

ot
he

ra
py

11
6

8.
5 

±
 0

.9
65

28
28

C
om

bi
ne

d 
th

er
ap

y,
 p

re
-L

T
3

87
10

.0
 ±

 0
.9

72
37

27

C
om

bi
ne

d 
th

er
ap

y,
 o

n 
LT

3
80

4.
3 

±
 0

.4
34

6
8

D
iff

er
en

ce
 ±

 S
E

b
O

dd
s 

ra
tio

 (9
5%

 C
I)

c

C
om

bi
ne

d 
th

er
ap

y,
 p

re
-L

T
3 

vs
. L

T
4 

m
on

ot
he

ra
py

—
1.

4 
±

 0
.9

p=
0.

12
1.

44
 (

0.
68

–3
.0

4)
p=

0.
34

1.
52

 (
0.

75
–3

.0
8)

p=
0.

24
0.

95
 (

0.
47

–1
.8

8)
p=

0.
87

C
om

bi
ne

d 
th

er
ap

y,
 o

n 
LT

3 
vs

. C
om

bi
ne

d 
th

er
ap

y,
 p

re
-L

T
3

—
−

5.
1 

±
 0

.8
p<

0.
00

1
0.

17
 (

0.
10

–0
.3

1)
p<

0.
00

1
0.

13
 (

0.
07

–0
.2

5)
p<

0.
00

1
0.

22
 (

0.
04

–1
.1

1)
p=

0.
07

C
om

bi
ne

d 
th

er
ap

y,
 o

n 
LT

3 
vs

. L
T

4 
m

on
ot

he
ra

py
—

−
3.

6 
±

 0
.7

p<
0.

00
1

0.
25

 (
0.

14
–0

.4
6)

p<
0.

00
1

0.
20

 (
0.

10
–0

.4
1)

p<
0.

00
1

0.
21

 (
0.

04
–1

.0
9)

p=
0.

06

a U
na

dj
us

te
d 

m
ea

n 
T

SH
 ±

 s
ta

nd
ar

d 
er

ro
r.

b D
if

fe
re

nc
e 

in
 m

ea
n 

T
SH

 ±
 s

ta
nd

ar
d 

er
ro

r, 
ad

ju
st

ed
 f

or
 a

ge
 a

nd
 w

ith
in

-p
at

ie
nt

 c
or

re
la

tio
n 

by
 r

ep
ea

te
d 

m
ea

su
re

s 
lin

ea
r 

re
gr

es
si

on
.

c O
dd

s 
ra

tio
 (

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

) 
fo

r 
in

di
ca

te
d 

th
yr

oi
d 

ho
rm

on
e 

st
at

us
 a

dj
us

te
d 

fo
r 

ag
e 

an
d 

w
ith

in
-p

at
ie

nt
 c

or
re

la
tio

n 
by

 r
ep

ea
te

d 
m

ea
su

re
d 

lo
gi

st
ic

 r
eg

re
ss

io
n.

J Pediatr. Author manuscript; available in PMC 2017 August 01.


	Abstract
	METHODS
	Statistical analyses

	RESULTS
	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

