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Correlation Analysis between Thyroid-related
Hormones and the Plasma Concentration of Amino Acids
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甲状腺関連ホルモンと血漿アミノ酸濃度との相関解析
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【要 旨】
甲状腺関連ホルモン（TRHs）は甲状腺の内分泌機能調節や代謝プロセスに関与し、そ

の機能亢進により振戦、体重減少、多汗などをきたすことが知られている。そこでTRHs
の血漿アミノ酸代謝への影響を調べるためにTRHs と血漿アミノ酸濃度との相関を７人
の健常者ボランティアの検体を用いて分析した。TRHs は、甲状腺刺激ホルモン（TSH）、
遊離トリヨードサイロニン（FT３）、遊離チロキシン（FT４）の３種類を測定した。さら
に、タンパク質を構成する２０種類のアミノ酸を含む合計３９種類のアミノ酸も測定した。そ
の結果、タウリンとFT４（p＝０．０１８）、バリンとFT４（p＝０．０４３）、シトルリンとTSH
（p＝０．０１１）、ヒドロキシプロリンとTSH（p＝０．０４９）との間に有意な相関が認められ
た。また、２種類のアミノ酸間の相関解析も実施したところ、シトルリンとヒドロキシプ
ロリン（p＝０．００７９）で有意な相関が認められた。これらよりTRHs の血漿アミノ酸代謝
にシトルリンおよびヒドロキシプロリンの相互作用が関与している可能性が示唆された。
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【Abstract】
Thyroid-related hormones（TRHs）are involved in the regulation of endocrine function

and metabolic processes of the thyroid gland, and hyperthyroidism is known to cause
tremors, weight loss, and excessive sweating. As a part of examining the relationship be-
tween TRHs and the metabolism of amino acid in the plasma, we analyzed the correla-
tion between TRHs and plasma levels of amino acids using samples from seven healthy
volunteers. We measured three types of TRHs: thyroid-stimulating hormone（TSH）, free
triiodothyronine（FT３）, and free thyroxine（FT４）in addition to３９different amino acids
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including the２０proteinogenic amino acids in the plasma collected from the healthy vol-
unteers. We observed significant correlations between levels of taurine and FT４（p＝
０．０１８）, valine and FT４（p＝０．０４３）, citrulline and TSH（p＝０．０１１）, and hydroxyproline
and TSH（p＝０．０４９）. We also observed a correlation between the levels of citrulline and
hydroxyproline（p＝０．００７９）. These results suggest that the interaction between citrulline
and hydroxyproline may be involved in the plasma amino acid metabolism of TRHs.
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Introduction

Thyroid-related hormones（TRHs）including
triiodothyronine（T３）and thyroxine（T４）are
deeply involved in metabolic regulation,
growth, and development of various tissues in
adults and juveniles.１）２） T３ and T４ are key
molecules regulating thyroid hormone（TH）
metabolism.１） The thyroid gland is controlled
by thyroid-stimulating hormone（TSH）and is
regulated by TH feedback.１）Hyperthyroidism
（Graves’disease）is an autoimmune disorder,
symptoms of which are tremor, excessive
sweating, palpitation, agitation, fatigue, in-
creased appetite, weight loss, heat intolerance,
and menstrual disorder.３）４）Autoimmune dam-
ages to the thyroid grand are known to be a
major cause of hyperthyroidism and thyrotoxi-
cosis. T３ also affects functions of liver, pan-
creas, and muscle.１） Another review reports
the effects of thyroid hormones（THs）on cen-
tral nervous system differentiation and fetal
brain development in animals as well as in hu-
mans.５） Furthermore, THs are known to pro-
duce significant neurological effects by acting
as neuroprotective agents and are considered
to be future diagnostic and therapeutic targets
for Alzheimer’s disease.６） Recently, the inci-
dence of neurological disorders such as con-
genital microcephaly, mental disability, spastic
paraplegia and polyneuropathy that are

known to affect amino acid synthesis has in-
creased.７） Therefore, we hypothesized that
TH concentrations may be correlated with
plasma amino acid concentrations. In this pa-
per, we examined plasma concentrations of
THs and amino acids, and discussed the possi-
ble relationship between thyroid disorders and
amino acid synthesis disorders.

Materials and Methods

Peripheral blood was collected from seven
healthy volunteers living in Oita prefecture,
Japan（Table １）. Blood sampling was con-
ducted in the morning without dietary restric-
tion. The plasma concentration of amino acids
was measured using LC（Liquid chromatogra-
phy）／MS（Mass spectrometry）. Plasma levels
of ３９ different amino acids were compared to
the normal values（Table２）. TRHs（TSH, FT３，
and FT４）levels weremeasured at Bungoono
City Hospital in Oita prefecture（Table３）.

Age Sex
Case１ ３７ Male
Case２ ３９ Male
Case３ ４７ Male
Case４ ２４ Female
Case５ ４７ Female
Case６ ５５ Male
Case７ ６４ Female

Table１. Summary of healthy volunteers.
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Amino acids
Volunteers

Normal range*
Case１ Case２ Case３ Case４ Case５ Case６ Case７

Taurine ７５．６ １１６．４ ７４．２ ６２．５ ６４．２ ６３．４ ４１．８ ３９．５ ― ９３．２
Aspartic acid ４．７ ３．７ ３．１ ２．６ TR ２．１ TR �２．４
Hydroxyproline TR １４．６ １１．２ １１．４ TR １７．１ TR �２１．６
Threonine １００．１ １２３．３ １２２．９ １６３．７ １２２．９ １２６．４ １３９．６ ６６．５ ― １８８．９
Serine ９６．７ １２７．１ １１８．２ １６０．８ １０７．５ １１４．５ １０２．７ ７２．４ ― １６４．５
Asparagine ４０．８ ４１．５ ４３．９ ４６ ４８．７ ３７．３ ４４．７ ４４．７ ― ９６．８
Glutamic acid ４７．１ ２８．４ ３３．５ ２７．６ １７．５ ３５．７ ２０ １２．６ ― ６２．５
Glutamine ４８８．７ ６０５．３ ５０４．５ ５８１．３ ５８１．９ ４８１．２ ５７４．６ ４２２．１ ― ７０３．８
Sarcosine ND TR ND ND ND ND ND TR
α-Aminoadipic acid ND ND ND ND ND ND ND ND
Proline １２０．６ １８３．９ １２４．４ １７５．８ １４７．６ １５５ １０４．５ ７７．８ ― ２７２．７
Glycine ２０５．９ １８４．２ ２６０．４ ２４３．３ ２１１．６ １６７．７ １８７．３ １５１．０ ― ３５１．０
Alanine ２９３．７ ２４９．６ ３３６．１ ３６９．４ ２５５．７ ３８０．１ ３１４．８ ２０８．７ ― ５２２．７
Citrulline ２０．６ ２０．３ ２５．７ ２３．４ ２１．６ ２８．９ ２１．８ １７．１ ― ４２．６
α-Aminobutyric acid ２７．３ １３．７ １９．６ １６．９ １８．４ １９．４ １８．６ ７．９ ― ２６．６
Valine ２５６ １７３．７ ２１４．８ １７７．７ ２０９．３ １９６．５ １８３．６ １４７．８ ― ３０７．０
Cystine ２０．３ １３．５ １８．１ １０．６ ５．７ １５．６ １８．３ １３．７ ― ２８．３
Cystathionine ND ND ND ND ４．８ ND ND TR
Methionine ２３．４ ２５．１ ２４ ２０．５ １６．９ １６．２ ２３．６ １８．９ ― ４０．５
Isoleucine ６３．３ ４９ ６０．３ ４８．１ ５９．１ ４８ ４９．３ ４３．０ ― １１２．８
Leucine １２８．９ ８９．９ １１５．４ ８７ １１１．１ １０１ １００．４ ７６．６ ― １７１．３
Tyrosine ６５．５ ５２．６ ４４．９ ６３．２ ５３．４ ５１．７ ６６．９ ４０．４ ― ９０．３
Phenylalanine ６４．９ ６０．５ ５２ ４７．１ ５３．６ ４６．６ ５８．１ ４２．６ ― ７５．７
γ-Amino β-hydroxybutyric acid ND ND ND ND ND ND ND ND
β-Alanine ３．８ ３．５ ４．２ TR ３．４ TR TR TR
β-Amino-iso-butyric acid ND ND ND ND TR ３ ３．４ TR
γ-Aminobutyric acid ND ND ND ND ND ND ND ND
Monoethanolamine ７．８ ７．３ ６．５ ６．８ ５．８ ５．８ ６．８ �１０．４
Homocystine ND ND ND ND ND ND ND ND
Histidine ７３．４ ７５．９ ６３．４ ７１．２ ７８．１ ７３ ７５．５ ５９．０ ― ９２．０
３-Methylhistidine ４．３ TR ４．６ TR TR TR TR �５．０
１-Methylhistidine ６．６ ND ND ND ７．９ ５．２ TR �１８．５
Carnosine ND ND ND ND ND ND ND ND
Anserine ND ND ND ND ND ND ND ND
Tryptophan ５３．９ ４２．１ ５５．９ ４６．５ ３９．３ ４７．５ ４８．９ ３７．０ ― ７４．９
Hydroxylysine ND ND ND ND ND ND ND ND
Ornithine ４９．１ ５２．４ ４９．３ ４９．９ ５７．３ ５２．１ ４７．４ ３１．３ ― １０４．７
Lysine １９９．２ １７５．３ １８４．４ １５０．６ １２４．９ １６３．８ １７７．３ １０８．７ ― ２４２．２
Arginine ８７ １０１．２ ８６．９ ７５ ４４．６ ９５．４ １０３．４ ５３．６ ― １３３．６
Total AA ２５９０．３ ２５９４．９ ２６２０．９ ２７０３．８ ２４４０．４ ２５０４．９ ２５０４．５ ２０６８．２ ― ３５１０．３
NEAA １６２７．２ １７８０．１ １７２７．８ １８９１．４ １６２５．２ １６８５．９ １６４８．２ １３８１．６ ― ２３７９．４
EAA ９６３．１ ８１４．８ ８９３．１ ８１２．４ ８１５．２ ８１９ ８５６．３ ６６０．０ ― １２２２．３
BCAA ４４８．２ ３１２．６ ３９０．５ ３１２．８ ３７９．５ ３４５．５ ３３３．３ ２６５．８ ― ５７９．１
EAA/NEAA ０．５９ ０．４６ ０．５２ ０．４３ ０．５ ０．４９ ０．５２ ０．４０ ― ０．６３
BCAA/Total AA ０．１７ ０．１２ ０．１５ ０．１２ ０．１６ ０．１４ ０．１３ ０．１１ ― ０．１８
Fischer ratio ３．４４ ２．７６ ４．０３ ２．８４ ３．５５ ３．５１ ２．６７ ２．４３ ― ４．４０

Table２. Plasma concentrations of amino acids (nmol/ml).

ND: not detected.
TR: trace.
*Normal ranges were obtained from SRL. Inc.
Table 2 references the preceding reports１６）.
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Pearson’s product-moment correlations be-
tween plasma levels of TRHs and the ３９
amino acids were calculated. The correlation
analysis was done as described previously.８）９）

Statistical analyses were conducted using the
R statistical software package（http://www.
r-project.org）. We calculated the correlation
coefficients and p -values using the following R
command prompt. cor.test（x［,i］,x［,j］）, where
“i”and“j”are plasma levels of amino acids
and TRHs, respectively.

Results

We examined correlations between plasma
levels of each TRH and each of the measured
amino acids（Table４）. We observed significant
positive correlations in four combinations,
taurine vs FT４（r＝０．８８９，p＝０．０１８）, valine
vs FT４（r＝０．８２７，p＝０．０４３）, hydroxyproline
vs TSH（r＝０．８１４，p＝０．０４９）and citrulline
vs TSH（r＝０．９１５，p＝０．０１１）. In addition, we
calculated the correlation for all the possible
pairs of the measured amino acids shown in
Table 2. We observed significant correlations
in 26 of these combinations（Table 5）. Out of
the four amino acids（taurine, valine, citrulline,
and hydroxyproline）that were correlated with
either FT4 or TSH, a significant correlation was
found between citrulline and hydroxyproline
（r＝０．９２６，p＝０．００７９）. Interaction of citrul-
line and hydroxyproline may affect the regula-
tion of plasma amino acid metabolism by the

TRHs. It is also notable that among the 26 sig-
nificantly correlated pairs of amino acids, 16 p
airs involved essential amino acids（Table 5）.
Seven essential amino acids that were in-
volved in the 16 pairs were leucine, isoleucine,
lysine, phenylalanine, threonine, tryptophan,
and valine. Some essential amino acids showed
significant correlations with other amino acids.
Leucine was correlated with valine, threonine,
isoleucine, β-alanine, and α-aminobutyric
acid. Valine was correlated with leucine,
α-aminobutyric acid, threonine, and isoleucine.
Threonine was correlated with leucine, valine,
serine, and α-aminobutyric acid（Table 5）.

Discussion

In this study, we showed significant positive
correlations between the plasma levels of FT４
and each of valine and taurine. A mutation
substituting valine with glycine in the thyroid
peroxidase gene has been reported to be asso-
ciated with congenital hypothyroidism and
multinodular goiter.１０） In addition, a mutation
substituting alanine with valine in the thy-
rotropin receptor gene has been reported to
be associated with autosomal dominant non-
autoimmune hyperthyroidism.１１） These sug-
gested that the coordination between valine
and FT４ is a key factor for normal thyroid
function. Also, taurine levels in platelets have
been reported to be associated with thyroid
function.１２） The interaction of FT４ with
taurine observed in this study suggests that
FT４may also be associated with thyroid func-
tion. There are few reports on the association
of TSH with citrulline and hydroxyproline. It
has been reported that plasma levels of citrul-
line and hydroxyproline are significantly in-
creased in patients with Alzheimer’s disease.１３）

In contrast, plasma levels of citrulline and hy-
droxyproline have been reported to be signifi-

FT３（pg/mL）FT４（ng/dL） TSH（μlU/mL）
Case１ ３．３９ １．４２ ０．６２３
Case２ ２．８１ ０．９５ ０．４７０
Case３ ３．２４ １．１３ １．１９６
Case４ ３．５６ １．０７ １．１５３
Case５ ３．０８ １．２３ ０．６０７
Case６ ３．０４ １．０８ ３．４２２
Case７ ２．９７ ０．７６ ０．９３４

Table３. Thyroid-related hormones levels.
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FT３ FT４ TSH

Type Amino acids Correlation
coefficient p -value Correlation

coefficient p -value Correlation
coefficient p -value

Essential amino
acids

Histidine －０．３６７ ０．４７４ －０．０４４ ０．９３３ －０．１２７ ０．８１０
Isoleucine ０．１６０ ０．７６２ ０．７４９ ０．０８７ －０．５６２ ０．２４５
Leucine －０．０４５ ０．９３３ ０．６８３ ０．１３５ －０．３３９ ０．５１１
Lysine ０．１３７ ０．７９６ ０．０８５ ０．８７３ －０．０１８ ０．９７３
Methionine ０．２７０ ０．６０５ －０．１１２ ０．８３２ －０．５４６ ０．２６２
Phenylalanine －０．０２３ ０．９６６ ０．３１３ ０．５４６ －０．６２６ ０．１８４
Threonine ０．２２６ ０．６６６ －０．６４７ ０．１６５ ０．０８８ ０．８６８
Tryptophan ０．２６３ ０．６１５ ０．１０７ ０．８４０ －０．００１ ０．９９８
Valine ０．１８４ ０．７２７ ０．８２７ ０．０４３* －０．３０１ ０．５６３

Non-essential
amino acids

Alanine ０．２３１ ０．６６０ －０．３４６ ０．５０１ ０．７３３ ０．０９７
Anserine NA NA NA NA NA NA
Arginine －０．１６８ ０．７５０ －０．４６６ ０．３５２ ０．３９９ ０．４３３
Asparagine ０．１０７ ０．８４０ －０．１２４ ０．８１５ －０．７４３ ０．０９１
Aspartic acid ０．６９５ ０．１２６ ０．６４７ ０．１６５ ０．０３０ ０．９５６
Carnosine NA NA NA NA NA NA
Citrulline －０．２１３ ０．６８５ －０．１９２ ０．７１６ ０．９１５ ０．０１１*
Cystathionine －０．２８７ ０．５８１ ０．２５９ ０．６２０ －０．３３１ ０．５２２
Cystine －０．０２７ ０．９５９ －０．０６６ ０．９０１ ０．１１１ ０．８３４
Glutamic acid ０．４３３ ０．３９１ ０．６１３ ０．１９５ ０．２２１ ０．６７４
Glutamine ０．００９ ０．９８７ －０．４４３ ０．３７９ －０．５１７ ０．２９３
Glycine ０．６３３ ０．１７８ ０．２０７ ０．６９４ －０．４９５ ０．３１８
Homocystine NA NA NA NA NA NA
Hydroxylysine NA NA NA NA NA NA
Hydroxyproline ０．１５０ ０．７７７ －０．１１５ ０．８２８ ０．８１４ ０．０４９*
Monoethanolamine ０．５５７ ０．２５１ ０．２７１ ０．６０４ －０．５１６ ０．２９５
Ornithine －０．２３０ ０．６６１ ０．３７０ ０．４７０ ０．０５０ ０．９２５
Proline ０．４５７ ０．３６３ ０．１８３ ０．７２９ ０．３５６ ０．４８８
Sarcosine NA NA NA NA NA NA
Serine ０．６４４ ０．１６８ －０．１６３ ０．７５７ ０．１１３ ０．８３１
Taurine ０．５２８ ０．２８１ ０．８８９ ０．０１８* －０．０３０ ０．９５５
Tyrosine ０．２２９ ０．６６２ －０．１６７ ０．７５２ －０．３８０ ０．４５７
α-Aminoadipic acid NA NA NA NA NA NA
α-Aminobutyric acid ０．２０６ ０．６９６ ０．６７３ ０．１４３ －０．２１０ ０．６８９
β-Alanine ０．１３８ ０．７９４ ０．７０９ ０．１１５ －０．５０７ ０．３０５
β-Amino-iso-butyric acid －０．７１４ ０．１１１ －０．７２９ ０．１００ ０．５６７ ０．２４０
γ-Amino β-
hydroxybutyric acid NA NA NA NA NA NA

γ-Aminobutyric acid NA NA NA NA NA NA
1-Methylhistidine －０．１８７ ０．７２２ ０．６８３ ０．１３５ ０．０３３ ０．９５０
3-Methylhistidine ０．３３７ ０．５１４ ０．５５３ ０．２５５ －０．２９５ ０．５７１

Table４. Correlation analysis between thyroid-related hormones and the plasma concentration of amino acids.

*p <0.05
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cantly decreased in patients with traumatic
brain injury.１４） In addition, some types of neu-
rological disorders have been known to be
caused by thyroid diseases.１５）We propose that
plasma amino acids, such as taurine, valine,
citrulline, and hydroxyproline, may be poten-
tial targets for diagnosis and treatment of thy-
roid and neurological diseases. Furthermore,
considering the correlation of TRHs with
plasma essential amino acids, for e.g. leucine,
valine, and threonine, it may be useful to treat
patients of thyroid or neurological diseases
with dietary control. To further clarify this, it
is necessary to obtain data on TRH levels and

plasma amino acids concentrations from pa-
tients with thyroid and neurological diseases,
and to perform a similar correlation analysis
on it.
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Two amino acids Correlation coefficient p -value

Essential amino acids
involved

Lysine* Cystine ０．９８０ ０．０００６
Isoleucine* β-Alanine ０．９７８ ０．０００７
Leucine* Valine* ０．９５７ ０．００２７
Leucine* Threonine* －０．９５４ ０．００３１
Lysine* Tryptophan* ０．９３８ ０．００５７
Valine* α-Aminobutyric acid ０．９２５ ０．００８３
Leucine* Isoleucine* ０．９１６ ０．０１０２
Valine* Threonine* －０．９１０ ０．０１１７
Tryptophan* Cystine ０．８９７ ０．０１５４
Isoleucine* Valine* ０．８８１ ０．０２０４
Leucine* β-Alanine ０．８５１ ０．０３１７
Leucine* α-Aminobutyric acid ０．８４３ ０．０３５０
Threonine* Serine ０．８３０ ０．０４０８
Phenylalanine* Hydroxyproline －０．８２４ ０．０４３６
Threonine* α-Aminobutyric acid －０．８２１ ０．０４５３
Lysine* Ornithine －０．８１７ ０．０４７０

Essential amino acids
not involved

Aspartic acid Glutamic acid ０．９３７ ０．００５９
Citrulline Hydroxyproline ０．９２６ ０．００７９
Cystathionine Ornithine ０．９０１ ０．０１４１
Arginine Cystathionine －０．８８８ ０．０１８１
Alanine Hydroxyproline ０．８８８ ０．０１８１
Asparagine Glutamine ０．８７２ ０．０２３５
Arginine Cystine ０．８６９ ０．０２４６
Glutamine Glutamic acid －０．８６２ ０．０２７３
Arginine Ornithine －０．８５１ ０．０３１８
Cystine Ornithine －０．８２７ ０．０４２５

Table５. Correlation analysis result between two amino acids with significant difference.

＊Essential amino acids
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search and its publication. This study was sup-
ported by Beppu University GP. We would
like to thank Editage（www.editage.jp）for Eng-
lish language editing.
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