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Objective: It is generally thought that thyroxine-binding globulin (TBG)-deficient individuals are euthyroid and do not require 
treatment. However, there have been case reports of TBG deficiency combined with hypothyroidism. The purpose of this study was 
to investigate the relationship between TBG deficiency and thyroid function.
Methods: We reviewed the medical records of 32 patients diagnosed with TBG deficiency between 1997 and 2008 in Soonchunhy-
ang University Seoul Hospital. All were partial TBG deficiency. Eighteen patients had combined hypothyroidism, and 14 patients 
had normal thyroid function. We compared the TBG, thyroid-stimulating hormone, free thyroxine, and total triiodothyronine levels 
between these 2 groups. Eighteen patients with TBG deficiency with hypothyroidism started thyroxine medication and continued 
for 2-3 years. After, they were followed up with thyroid function tests after discontinuing medication for 4 weeks at 2-3 years of age.
Results: The TBG level in TBG deficiency with hypothyroidism patients was significantly lower than that in TBG deficiency with nor-
mal thyroid function (4.43± 2.22 mg/L vs. 6.23± 1.81 mg/L; P= 0.02). The percent TBG compared with normal mean TBG level ac-
cording to age in the hypothyroidism patients was also significantly lower than that of patients with normal thyroid function 
(13.42%± 6.92% vs. 19.08%± 4.87%; P= 0.014). Sixteen of 18 patients diagnosed with TBG deficiency with hypothyroidism showed 
persistent hypothyroidism at 2-3 years of age.
Conclusion: We conclude that TBG-deficient patients should be observed closely and undergo thyroid function testing in order not 
to miss hypothyroidism. More investigations of TBG deficiency and thyroid function are needed in the future.
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INTRODUCTION

Thyroid hormone is essential to the human body, affecting the 
cardiovascular, respiratory, gastrointestinal, muscular, nervous, 
endocrine, and metabolic systems [1]. Screening with thyroid func-
tion tests is important in children, and it is especially important to 
rule out hypothyroidism in neonates.

Thyroid hormone binding proteins have a very important role 
in thyroid hormone action, serving as an extrathyroidal reservoir 
of the hormones to ensure an uninterrupted supply of thyroid hor-
mones is available to various target tissues of the body [2]. Three 
thyroid hormone binding proteins are present in our body, thy-
roxine (T4)-binding globulin (TBG), albumin, and transthyretin 
[2]. TBG is the major transport protein and binds to approximately 
70-75% of T4 and 65-70% of triiodothyronine (T3) [2].

TBG is a 54-kDa acidic glycoprotein synthesized by the liver [3]. 
It is composed of a single polypeptide chain of 395 amino acids and 
is encoded by a single gene copy located on the long arm of the hu-
man X-chromosome (Xq22.2) [3]. Inheritance of TBG abnormali-
ties, including TBG deficiency and TBG excess, follows an X-linked 
pattern [3].

Clinically, TBG defects are classified as complete TBG deficien-
cy, partial TBG deficiency, and TBG excess [4]. Complete TBG de-
ficiency is defined as undetectable TBG in serum, that is, <0.03% 
of the normal mean; with the current limit of detection being 5 ng/
dL (0.05 mg/L) [4]; the prevalence is approximately 1 in 15,000 
newborn boys [4]. Partial TBG deficiency is defined as a TBG level 
lower than 50% of the normal range [4]. Partial TBG deficiency is 
the most common form of inherited TBG deficiency with a preva-
lence of 1 in 4,000 newborns [4].
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Infants born with TBG deficiency were thought to be euthyroid 
and therefore did not require treatment. However, not all TBG-de-
ficient individuals are euthyroid. The first case report of an infant 
diagnosed with TBG deficiency after newborn screening demon-
strated persistent elevation of thyroid-stimulating hormone (TSH) 
and abnormally low free T4 levels appeared in 1999 in the United 
States [5]. Patient’s TSH level was 19 μIU/mL, free T4 level was 0.49 
ng/dL and a TBG level was below 5 mg/dL at age day 21th [5]. The 
patient was diagnosed partial TBG deficiency combined hypothy-
roidism [5]. At 5 years of age, after withdrawal of medication for 8 
weeks, the patient’s TSH level increased, and T4 medication was 
resumed [5]. In Korea, a similar case was first reported in 2002 [6]. 
A child diagnosed with congenital hypothyroidism was identified 
with TBG deficiency at 22 months of age [6]. After withdrawal of 
T4 medication at age 26 months for 6 weeks, his TSH level (65.4     
μIU/mL) increased and free T4 level (0.67 ng/dL) decreased, and 
therefore, he could not stop T4 medication [6]. TBG level was 0.01 
mg/L, diagnosed complete TBG deficiency combined hypothy-
roidism. The aim of the present study was to investigate the rela-
tionship between TBG deficiency and thyroid function.

MATERIALS AND METHODS

In Korea, TSH level is usually checked in neonatal screening 
test. In some institute, T4 level is checked simultaneously with 
TSH level, and we selected patients in these patients. From 1997 
and 2008, TBG level was checked in patients who had normal TSH 
level and low T4 level in Soonchunhyang University Seoul Hospi-
tal. Patients who had specific birth history including preterm, low 
birth weight, neonate intensive care admission history, any con-
genital disease and medication history were excluded in this study. 
Also patients who had specific maternal history including mater-
nal disease history, medication history were also excluded. Con-
clusively, 32 patients were included in this study and they were di-
agnosed partial TBG deficiency. We retrospectively analyzed their 
medical records. Eighteen patients had abnormal thyroid function, 
17 patients were boys and 1 patient was girl. Fourteen patients had 
normal thyroid function, 13 patients were boys and 1 patient was 
girl. All 32 patients had confirmed diagnosis at before 2 months 
old. We compared the TBG, TSH, free T4, and total T3 levels be-
tween these 2 groups. Thyroid ultrasonography (USG) and thyroid 
scan findings and thyroglobulin (TG) levels were evaluated only in 
the combined hypothyroidism group. Eighteen patients with par-

tial TBG deficiency with hypothyroidism started T4 medication 
(10-15 μg/kg/day), and we followed up with thyroid function tests 
after discontinuing medication for 4 weeks at 2-3 years of age. TBG 
(BRAHMS, Hennigsdorf, Germany), TG (Cisbio Bioassays, 
Codolet, France), TSH (Diasorin, Stillwater, MN, USA), free T4 
(Immunotech, Prague, Czech Republic), and total T3 (Cisbio Bio-
assays) levels were measured by radioimmunoassay.

We defined partial TBG deficiency as lower than 50% of the 
normal mean TBG level according to the patient’s age [4]. Normal 
TBG levels were based on the following criteria: age <4 weeks, 
26.1-42.5 mg/L (mean, 34.3 mg/L); 4 weeks to <1 year, 15.6-43.2 
mg/L (mean, 29.4 mg/L); and 1-15 years, 14.7-36.3 mg/L (mean, 
25.5 mg/L).

We used SPSS ver. 14.0K for Windows (SPSS Inc., Chicago, IL, 
USA) to conduct the paired t-test, Student t-test, and Pearson’s cor-
relation test for analysis. All P-values <0.05 were considered statis-
tically significant.

RESULTS

Table 1 shows the mean TBG level in partial TBG deficiency 
with hypothyroidism group was significantly lower than that in 
partial TBG deficiency with normal thyroid function group (4.43

±2.22 mg/L vs. 6.23±1.81 mg/L; P= 0.02). The percent TBG 
compared with normal mean TBG level according to age in the 
hypothyroidism patients also was significantly lower than that of 
patients with normal thyroid function (13.42±6.92 mg/L vs. 19.08

±4.87 mg/L; P= 0.014). TG level in hypothyroidism group was 
51.21±28.66 ng/mL (reference range, 10.6-92.0 ng/mL).

Fig. 1 shows there were no significant correlations between TSH 
level and percent TBG compared with normal mean TBG level ac-
cording to age in patients with hypothyroidism and normal thy-
roid function (P= 0.504 and P= 0.107, respectively).

Thyroid USG findings of patients diagnosed with partial TBG 
deficiency with hypothyroidism were normal in 14 patients (77.7%) 
but showed hypoplasia in 3 patients (16.7%) and a nodule in 1 pa-
tient (5.6%) (Table 2). Thyroid scan findings showed decreased up-
take in 13 patients (72.2%), agenesis in 4 patients (22.2%), and en-
largement in 1 patient (5.6%) (Table 3).

Sixteen patients (all but patients 17 and 18) could not stop T4 
medication because after withdrawal of medication for 4 weeks at 
2-3 years old, their TSH levels increased or their free T4 levels de-
creased (Table 4). Thyroid USG findings were normal in 12 patients 
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(66.6%) but showed nodules in 3 patients (16.7%) and hypoplasia in 
3 patients (16.7%) at 2-3 years old age after stop T4 medication. 
Thyroid scan findings showed decreased uptake in all but 1 patient.

DISCUSSION

Hypothyroidism in severe TBG deficiency is thought to be caused 
by exposure of the hypothalamus/pituitary to abnormal fluctua-

tions in serum free T4 concentrations and the resulting increased 
fluctuation and probably net secretion of TSH (despite normal ran-
dom TSH levels) [5]. The inability to sustain consistent and/or nor-
mal levels of free T4 leads to a state of compensated hypothyroidism 
[5]. The importance of TBG in maintaining constant levels of free 
thyroid hormone is also indirectly supported by findings of elevat-
ed TG levels in patients with TBG deficiency [7]. In our study, we 
did not check TG levels of patients with normal thyroid function 

Table 1. Thyroid function in patients with partial TBG deficiency with hypothyroidism and partial TBG deficiency with normal thyroid function at diagnosis

Lab finding at diagnosis TBG deficiency with hypothyroidism (n= 18) TBG deficiency with normal thyroid function (n= 14) P-value

TBG (mg/L) 4.43± 2.22 (0.5-7.48) 6.23± 1.81 (4.5-9.67) 0.02a)

Percent (%) TBG compared with normal 
   mean TBG level by age

13.42± 6.92 (1.46-25.10) 19.08± 4.87 (13.12-28.19) 0.014a)

Thyroid-stimulating hormone (μIU/mL) 10.87± 1.69 (6.37-30.8) 3.35± 0.40 (0.02-5.19) 0.001a)

Free thyroxine (ng/dL) 1.39± 0.99 (0.42-2.82) 2.79± 1.08 (1.24-3.82) 0.001a)

Total triiodothyronine (ng/dL) 60.19± 22.27 (34.21-104.38) 59.43± 18.15 (37.78-91.65) 0.919
Thyroglobulin (ng/mL) 51.22± 28.66 (11.9-120.63) NA NA
Age at diagnosis (day) 35.83± 14.61 (14-58) 35.14± 10.92 (17-58) 0.884
Sex (male:female) 17:1 13:1 0.932

Values are presented as mean± standard deviation (reference range).
TBG, thyroxine-binding globulin; NA, not applicable.
a)P< 0.05 is considered statistically significant.

Fig. 1. (A) Rank correlation between percent (%) of TBG compared with normal mean TBG level by age and thyroid-stimulating hormone level in 18 patients, diag-
nosed TBG deficiency with congenital hypothyroidism (r= 0.169, P= 0.504). (B) Fourteen patients, diagnosed TBG deficiency with normal thyroid function (r= 0.450, 
P= 0.107). TBG, thyroxine-binding globulin.
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Table 2. Thyroid ultrasonography findings of patients diagnosed with partial 
thyroxine-binding globulin deficiency with hypothyroidism at diagnosis (n= 18)

Thyroid ultrasonography finding No. of patients (%)

Normal 14 (77.7)
Hypoplasia 3 (16.7)
Nodule 1 (5.6)

Table 3. Thyroid scan findings of patients diagnosed with partial thyroxine-
binding globulin deficiency with hypothyroidism at diagnosis (n= 18)

Thyroid scan finding No. of patients (%)

Decreased uptake 13 (72.2)
Agenesis 4 (22.2)
Diffuse enlargement 1 (5.6)
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who were diagnosed with TBG deficiency. Therefore, we could not 
compare TG levels between the 2 groups. Another mechanism is 
thought to be impaired function of the buffering action of TBG in 
which TBG binds or releases T4 to normalize free T4 levels when 
they are increased or decreased, respectively [8].

There are two notable findings in our study. One is that the TBG 
level and percent TBG compared with the normal mean TBG level 
in patients with partial TBG deficiency were significantly lower in 
those with hypothyroidism than in those with normal thyroid 
function. From this finding, if congenital hypothyroidism was 
caused by TBG deficiency, we can carefully hypothesize that lower 
the TBG level, more chance of occurring hypothyroidism. The 
other is that like the 2 case reports mentioned in the ‘Introduc-
tion’ [5,6], 16 of 18 patients diagnosed with TBG deficiency with 
hypothyroidism showed persistent hypothyroidism at 2-3 years of 
age after withdrawal of T4 medication, a high percentage even 
though the patient group was not large. TSH level was not more 
increased when TBG level was lower than other in both hypothy-
roidism group and normal thyroid function group.

So far, there are no broad studies of association between thyroid 
function and TBG deficiency including clinical research and epi-
demiological research. Only a few cases have been reported, and 

some genetic studies of TBG deficiency have also been reported.
Female of 16 months old was reported as TBG deficiency with 

hypothyroidism in Japan in 1975 [9]. The patient had ectopic thy-
roid gland at sublingual area, no thyroid gland in normal position 
[9]. TSH level was upper than 500 μIU/mL, total T4 level was 1.4    
μg/dL, and TBG binding capacity was 7.8 μg/dL (normal range, 14 
to 21 μg/dL) [9]. The author asserted that TBG deficiency just sim-
ply combined hypothyroidism in the patient [9].

Two cases of adult men with hypothyroidism combined with 
complete TBG deficiency were reported in Taiwan in 2003 [10]. 
One was diagnosed with hypothyroidism at 45 years of age and the 
other at 47 years of age, and both were negative for all thyroid anti-
bodies [10]. This was the first report of complete TBG deficiency 
due to TBG gene mutations on chromosome Xq22 in Taiwan [10].

There was another case report in Korea in 2005 of two male neo-
nates diagnosed with complete TBG deficiency concluded as a sin-
gle-nucleotide deletion resulting in a frameshift [11]. Both neonates 
had normal thyroid function [11]. Two families with X-linked com-
plete TBG deficiency without mutations in the coding or promoter 
regions of the TBG gene were reported in 2002 in the United States 
[3]. Both families showed euthyroid function and had undetectable 
serum TBG. Intragenic A/G polymorphism was identified in one 

Table 4. Laboratory findings of partial TBG deficiency with hypothyroidism at 2-3 years of age after withdrawal of T4

Patient Sex Follow-up % TBG compared with 
normal mean TBG level by age

Follow-up after stopping T4 medication for 4 weeks
Thyroid ultrasonography Thyroid scan uptake 

(normal range, 1.7–4.9)Thyroid-stimulating hormone (μIU/mL) Free T4 (ng/dL)

1 M 3.92 8.04 0.7 Normal 0.77
2 M 8.20 7.06 0.81 Nodules, both thyroids 0.6
3 M 14.59 6.28 0.82 Nodules, both thyroids 1.1
4 F 17.69 10.92 1.07 Hypoplasia 1.3
5 M 25.18 8.02 0.91 Hypoplasia 0.7
6 M 25.37 7.04 0.70 Normal 0.6
7 M 27.76 10 1.23 Normal 0.4
8 M 18.39 11.2 1.84 Normal 0.6
9 M 24.00 9.19 1.91 Nodule, left thyroid 0.7
10 M 27.49 11 1.40 Normal 0.6
11 M 23.80 7 1.3 Normal 1.2
12 M NA 27.15 0.79 Normal 2.7
13 F 15.29 5.07 1.20 NA 0.53
14 M 20.31 6.73 1.20 Normal 0.9
15 M 22.58 5.31 1.29 Normal 0.4
16 M 8.27 3.04 0.76 Hypoplasia 1.1
17 M 24 5 1.12 Normal 0.8
18 M 29.02 4.67 2.13 Normal 0.5

Patients 17 and 18 had normal thyroid function after withdrawal of T4 medication for 4 weeks.
TBG, thyroxine-binding globulin; T4, thyroxine; M, male; F, female; NA, not applicable.
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family, and a G to A substitution in 5 base pairs was discovered in 
the other family. Case report of partial TBG deficiency caused by a 
mutation in the signal peptide was first reported in 2004 in United 
States [12]. Reported woman was found to have TBG level 15 mg/L 
(normal range, 17 to 36 mg/L) at 18 years old, incidentally. At the 
same time, Total T4 level was measured 44 nmol/L (normal range, 
64 to 161 nmol/L), TSH level 2.7 mIU/L (normal range, 0.4 to 5.5 
mIU/L), so the woman started treatment with 125 μg levothyrox-
ine daily [12]. In 2014, one family group with a TBG partial defi-
ciency by a novel mutation in Serpina7 gene that was coincident 
with a mutation in transthyretin (TTR) gene that increased affinity 
of TTR for T4 was first reported in Argentina [13]. Propositus was 
55 years old man, who had thyroidectomy at 30 years ago and had 
levothyroxine medication. His TBG level was lower than 3 mg/L, 
and his thyroid function test was normal (TSH level 0.89 μIU/mL 
and free T4 1.02 ng/dL). Seven members of his family were evaluat-
ed of same mutation of propositus, and 5 out of them had same 
mutation. And 3 out of them had low TBG level (<3 mg/L, 3.6 mg/
L, and 7.8 mg/L each), but there thyroid function test were normal.

We did not include a genetic study of partial TBG deficiency, 
and we could not accurately determine whether the congenital hy-
pothyroidism was caused by TBG deficiency or the TBG deficien-
cy was simply coincidentally combined in the hypothyroidism pa-
tients. If hypothyroidism was due to TBG deficiency in our stud-
ied patients, secretion of TSH level was may be affected by fluctua-
tion of free T4 level or impaired function of buffering action of 
TBG or both. And we did not include TBG level of patients who 
had normal TSH level and normal T4 level. So we could not com-
pare TBG level between these two groups.

Most of the patients in our study showed mild hypothyroidism. 
We carefully insist that it is important to rule out TBG deficiency 
if TSH level is slightly increased in neonate or infant. And revers-
ibly, it is more important that TBG-deficient patients should be 
observed closely and undergo thyroid function testing in order to 
not miss the hypothyroidism. Significance of this study is that it 
was first trial of investigating thyroid function in partial TBG de-
ficiency. More investigations of TBG deficiency and hypothyroid-
ism, including genetic studies, are needed in the future. Specially, 
from genetic study, correlation between genotype and phenotype 
(i.e., thyroid function) should be considered.
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