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Abstract

Background: Congenital hypothyroidism (CH) is the most 
common preventable cause of intellectual disability. 
The recommended starting dose of levothyroxine (LT4) 
is between 10  and 15 μg/kg, an extremely wide range. 
We hypothesized that a sizable proportion of newborns 
treated for CH at the higher end of the dosage range 
become biochemically hyperthyroid at a follow-up visit.
Methods: This study is a retrospective chart review of 
infants with CH between 2002 and 2012.
Results: Of the 104 patients included in this analysis, 
the average age at diagnosis was 11 days and the average 
starting dose of LT4 was 12 ± 2.5 μg/kg. At follow-up, 36.5% 
required a dose reduction because of iatrogenic hyperthy-
roxinemia, 51% required no dose adjustment and 12.5% 
required a dose increase due to an elevated thyroid stimu-
lating hormone (TSH). The starting doses of LT4 for those 
requiring a dose reduction, those not requiring an adjust-
ment and those requiring an increase in the dose were 
13.2 ± 2.4, 11.5 ± 2.1 and 10.3 ± 2.6 μg/kg/day, respectively 
(p ≤ 0.0001). Of the 34% of infants treated with an initial 
dose of >12.5 μg/day, 57.1% required a dose reduction at 
follow-up, compared to 26.1% of those whose initial start-
ing dose was ≤12.5 μg/kg/day (p = 0.007).
Conclusions: Following the guidelines for initiating ther-
apy for CH, 36.5% of the infants required a dose reduc-
tion for iatrogenic hyperthyroxinemia. These infants 
received a higher dose of LT4 than the infants who either 
required no adjustment or required an increase in the 
dose. A narrower range for initial dosing in CH may be 
appropriate.
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Introduction
Congenital hypothyroidism (CH) is the most common 
preventable cause of intellectual disability with an inci-
dence estimated to be 1:2000–1:3000 in countries with 
neonatal screening programs [1, 2]. In order to achieve 
the best outcome, both adequacy and timing of replace-
ment therapy are critical, especially in severe cases. The 
goal of therapy is to normalize the thyroxine (T4) within 
2  weeks and thyroid stimulating hormone (TSH) within 
1  month, in order to reduce the exposure of the infant’s 
central nervous system to hypothyroidism and ensure 
that the infant’s growth and development reach their 
genetic potential [3, 4]. However, what constitutes optimal 
therapy has not yet been fully determined.

The current guidelines recommend starting levothy-
roxine (LT4) at an initial dose between 10 and 15 μg/kg 
[5]. This is a large dosing range and the dosage used is 
frequently influenced by the available tablet strengths 
which are the following in the US: 25 μg, 37.5 μg (1/2 75 μg 
tablet), 44 μg (1/2 88 μg tablet) and 50 μg. Adhering to the 
10–15 μg/kg/day dosage, a 2.4-kg infant will generally be 
started on 25 μg daily (10.4 μg/kg daily), while a 2.6-kg 
infant will receive 37.5 μg daily (14.4 μg/kg daily), a dose 
that is 42% larger than the 2.4-kg newborn’s dose.

The aim of this study was to focus on the incidence 
of overtreatment given this extremely wide dosing range. 
We hypothesized that a sizable proportion of newborns 
with CH treated at the higher end of the dosage range 
become biochemically hyperthyroid at follow-up visit, 
requiring a reduction of the dose.

Materials and methods
This study is a single-center, retrospective chart review at Cohen 
Children’s Medical Center between January 1, 2002 and December 31, 
2012 focusing on patients with CH treated by physicians working at 
the practice during this time period. The study was approved by the 
Institutional Review Board of our health system. Inclusion criteria 
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were newly diagnosed patients with CH identified by the New York 
State newborn screening program, presenting within the first month 
of life and in whom elevated TSH of greater than or equal to 20 mIU/L 
was confirmed on repeat laboratory testing. Exclusion criteria 
included (a) patients with Down syndrome, (b) patients with tran-
sient hypothyroidism, defined as patients able to be weaned off LT4 
replacement therapy by 3 years of age, (c) patients lost to follow-up 
due to switching practices and (d) patients with documented poor 
compliance. Data collected included the following: age at diagnosis 
(days), gender, weight at first visit (kg), confirmatory TSH at diagno-
sis (mIU/L), starting LT4 dose (μg/kg/day), age at follow-up (days), 
length of treatment at follow-up (days), TSH at follow-up (mIU/L) 
and dose adjustment performed by the physician. In addition, 
charts were reviewed to determine the reason for dose adjustment 
and trends in practices. The normal range for TSH at follow-up was 
defined as 0.9–8.0 μIU/mL, a low TSH as 0.1–0.89 μIU/mL and a sup-
pressed TSH as <0.1 μIU/mL.

The primary outcome of the study was the percent of patients 
requiring a dose reduction at follow-up. Differences between the 
groups were analyzed using analysis of variance (ANOVA). A further 
analysis was done looking at the percentage of patients requiring a 
dose change after dividing the patients into those whose initial dose 
of LT4 was less than or equal to 12.5 μg/kg/day and those whose ini-
tial dose was greater than 12.5 μg/kg/day. Groups were compared 
using the chi-square test to determine statistical significance.

Results
A total of 141 patients were identified, of which 37  were 
excluded based on the above-mentioned exclusion cri-
teria. Of the 104 patients included in this analysis, the 
average age at diagnosis was 11 days (SD ± 6 days) and the 
average starting dose of LT4 was 12 ± 2.5 μg/kg.

At follow-up, 36.5% required a dose reduction, 51% 
required no dose adjustment and 12.5% required an 
increase in the dose (Figure 1). Focusing on the 36% (38 
of the 104) assessed to be biochemically hyperthyroid 
and requiring a dose decrease, 29 had a low/suppressed 
TSH and nine had an elevated T4 with a normal TSH as 
the basis for the dose adjustment (Figure 2, light gray 
bar). Fifty-three of the 104 patients were assessed to be 
euthyroid requiring no medication change. Of these, 18 of 
the 53 patients had a low/suppressed TSH but were kept 
on the same dose with the idea that the patients would 
grow into their dose and practitioners allowed for permis-
sive hyperthyroidism (Figure 2, intermediate gray bar). 
Thirteen of the 104 patients were assessed clinically to be 
hypothyroid requiring a dose increase after 20–40 days of 
treatment. Of these, 12 were for an elevated TSH ranging 
from 8.59 to 82.65 μIU/mL (Figure 2), and one was for a low 
T4 with a normal TSH of 4.7 μIU/mL (Figure 2, dark gray 
bar). Only five patients had a TSH of >15 μIU/L at follow-
up and four of these five patients were treated with an 
initial dose of less than 11.4 μg/kg/day.

The starting dose of LT4 for those requiring a dose 
reduction, those not requiring an adjustment and those 
requiring an increase in the dose was 13.2 ± 2.4, 11.5 ± 2.1 
and 10.3 ± 2.6 μg/kg/day, respectively (p ≤ 0.0001).

When dividing the patients into those treated with 
an initial dose of LT4 of >12.5 μg/kg/day and those 
whose initial starting dose was ≤12.5 μg/kg/day, it was 
noted that 57.1% of the infants treated with an initial 
dose of >12.5  μg/day required a dose reduction, com-
pared to 26.1% of those who were started at a dose of 
≤12.5 μg/kg/day (p = 0.006573), Table 1. Similarly, 5.7% 

Figure 1: Follow-up dose adjustment based on practitioner’s 
assessment.
Dark gray = subjects requiring a dose increase, light gray = subjects 
requiring a dose reduction and intermediate gray = subjects not 
requiring a dose adjustment.

Figure 2: Clinical practice vs. laboratory testing.
The hypothyroid group had elevated TSH, the euthyroid group had 
normal TSH and the hyperthyroid group had low/suppressed TSH. 
Dark gray = subjects whose dose was increased, light gray = subjects 
whose dose was decreased and intermediate gray = subjects whose 
dose was not adjusted.
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of the infants treated with an initial dose of >12.5 μg/day 
required a dose increase, compared to 15.9% of those 
who were started at a dose of ≤12.5 μg/kg/day (p = 0.0238 
[Table 1]).

The mean age at dose adjustment was 49 ± 23  days 
which occurred after 36 ± 22 days of treatment with no sig-
nificant difference in the duration of treatment between 
patients who were hypothyroid, euthyroid or hyperthyroid 
on laboratory evaluation (the average duration of treat-
ment at follow-up was 36, 36.6 and 36.3  days for hypo-
thyroid, euthyroid and hyperthyroid, respectively). This 
means that routine monitoring of thyroid function tests 
(TFTs) every 2 weeks was not performed due to both com-
pliance and large variability of practice strategies among 
providers, some of whom relied on TSH to assess the 
adequacy of the dose of LT4.

Discussion
Historically in the 1970s and 1980s, children with CH were 
treated with a LT4 dose of 5–10 μg/kg/day. In addition, at 
that time treatment usually was not started within the first 
14 days of life. Intellectual outcomes of these children were 
significantly lower than those of healthy controls which 
raised concerns regarding the adequacy of the treatment. 
As a result, higher initial doses of thyroid replacement 
therapy were recommended as well as earlier initiation of 
therapy, within the first 14 days [5].

The current guidelines recommend starting LT4 at 
an initial dose between 10 and 15 μg/kg, and then check-
ing TSH and T4 every 2 weeks until TSH normalizes and 
then every 1–3  months during the first 12  months of life 
[1]. Some have advocated for an even higher initial dose 
of 12–17 μg/kg, as studies have shown that in this range 
the serum T4 normalizes in 3  days and the TSH returns 
to the target range by 2 weeks [6, 7]. However, the latter 
dose recommendation has taken an already wide dosing 
range and made it even wider with mixed data showing no 
conclusive benefit. Studies such as Selva et al. [8] showed 

that TSH normalization within 2 weeks resulted in higher 
cognitive, attention and achievement scores. However, the 
effects of overtreatment and the resulting transient iatro-
genic hyperthyroidism are unknown. Immediate effects 
are difficult to study given the fact that studies looking 
at behavior (sleep patterns, agitation, excessive crying, 
etc.) and growth are difficult to perform due to confound-
ing factors. However, a study by Bongers-Schokking 
et al. looked at the long-term effects of overtreatment in 
CH during the first 2 years of life, defined as free T4 con-
centrations greater than 2 standard deviations above the 
mean for age, and showed that overtreatment actually 
resulted in lowered cognitive outcomes measured by intel-
ligence quotient (IQ) at 11 years of age compared to under-
treatment. However, once again fast TSH normalization 
did lead to above-normal development scores at a young 
age but did not affect IQ at 11 years of age [9]. Similarly 
Dimitropoulos et al. followed-up 63 children with CH who 
were treated with a starting dose of LT4 of 14.7 μg/kg/day 
and assessed their IQ at 14  years. Their IQs were lower 
than the IQs of 175  healthy controls after adjusting for 
socioeconomic status and gender [10].

In our retrospective study, we demonstrate that a sig-
nificant portion of patients with CH treated at the higher 
end of the recommended dosing range of LT4 became 
biochemically hyperthyroid requiring a dose reduction. 
Interestingly, we noted anecdotally that once the infants 
became hyperthyroid, these infants tended to take a 
longer period to normalize their TSHs. A mean time to 
normalize TSH in those requiring a dose reduction com-
pared to the patients requiring no dose change or a dose 
increase could not be measured accurately due to incon-
sistent laboratory timing among providers.

Very few of the patients, 12 of 104, had not met the 
goal of normalizing TSH at follow-up visit. Most of these 
had only minimal elevation of the TSH. In fact only five 
of the 104 patients had a TSH of >15 mIU/L at follow-up 
and four of those five patients were treated with an initial 
dose of less than 11.4 μg/kg. In contrast, 57.1% of infants 
treated with an initial dose of >12.5 μg/day required a dose 
reduction. Two prior studies have shown similar results. A 
study by Tuhan et al. [11] showed that the overtreatment 
rates were significantly higher at 61.5% in patients dosed 
at 12–17 μg/kg/day compared with the lowest dose group 
of 6–9.9 μg/kg/day at 25%. In addition, a study by Vaidy-
anathan et al. [12] showed that at 1 month of treatment, 
the overtreatment rates were 37.5% for patients treated 
with 6–9.9 μg/kg daily, 55% in 10–11.9 μg/kg daily and 75% 
in 12–15 μg/kg daily. These studies and ours demonstrate 
that overtreatment has become a trend at multiple centers 
and needs to be addressed.

Table 1: Differences in higher vs. lower dosage range.

Started at 
≤12.5 μg/kg

Started at 
>12.5 μg/kg

% Requiring dose reduction 26.1% 57.1%
% Requiring dose increase 15.9% 5.7%

Percent of patients requiring dose adjustments when divided into 
those with an initial dose of LT4 of >12.5 μg/kg/day and those 
whose initial starting dose was ≤12.5 μg/kg/day.
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Limitations of our study include the fact that 
compliance with frequent laboratory draws was low. In 
addition, there was variability among providers as to 
practice strategies. This variability included: the timing 
of the first follow-up laboratory test, dosage adjustments 
based on T4 levels, measurement of free T4 vs. total T4 
for monitoring with TSH and the more recent strategy of 
using a higher dose and then lowering the dose at 2 weeks. 
The latter strategy does require increased compliance with 
laboratory testing. Another limitation of our study is while 
transient hypothyroidism was excluded, our practice does 
not routinely screen for the etiology of CH so there is no 
way to stratify groups based on etiology as suggested in 
other studies such as Mathai et al. [13] who initiated LT4 
doses at 10, 12 and 15 μg/kg daily for dyshormonogenesis, 
ectopia and athyreosis, respectively.

In light of the significantly high overtreatment 
rates found in this and other studies, we suggest that 
a narrower dosage range for initial dosing of LT4 in CH 
may be appropriate. Certainly the risk and consequences 
of undertreatment of newborns with CH are real and to 
be avoided at all cost. However, this should not mean 
that optimal therapy that avoids both under- and over-
treatment should not be the goal. In order to determine 
this range, a more regimented prospective study would 
be required. However, any potential refinement of the 
starting dose of LT4  would have to emphasize the need 
for testing TFTs every 2 weeks until the TSH normalized 
during initiation of treatment.
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