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Abstract Purpose: The purpose of this study was to investigate the potential dif-
ferences in plasma branched-chain and aromatic amino acid (BCAAs and AAAs) con-
centrations according to the levels of uric acid (UA) and determine the trends in such
differences among apparently healthy subjects. Methods: Data from a total of 2804
healthy subjects were included in the current analysis and were categorized into three
groups based on the tertiles of plasma UA level. The group differences for BCAAs
and AAAs between UA tertiles were explored by analyses of variance (ANOVA) and
covariance (ANCOVA). Results: There was a progressive increase in the concentra-
tions of all BCAAs and AAAs from the lower to the upper tertiles. The group differ-
ences were significant for all amino acids investigated in this study (P<0.001) except
for tryptophan. Overall, the differences were stronger in the higher quartile catego-
ries when compared with those for the corresponding lowest quartile category of in-
dividual BCAAs and AAAs. Conclusions: The current results suggest the potential
existence of a close relationship of plasma levels of BCAAs and AAAs with UA, and
warrant further research with elucidation of causal associations and interactions be-
tween them.
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Introduction

Under normal physiological conditions, in-
dividual circulating amino acids play differ-
ent metabolic or biochemical roles in the hu-
man body.' As reported, the amino acids can
make important contributions to the patho-
genesis of specific diseases.”” In recent years,
there has been an increasing interest in investi-
gating the association of specific plasma free
amino acids (PFAAs) with different disease

states. Among the PFAAs, branched-chain
amino acids/BCAAs (Isoleucine/Ile, Leucine/
Leu, and Valine/Val) and aromatic amino
acids/AAAs (Phenylalanine/Phe, Tyrosine/
Tyr, and Tryptophane/Trp) have been shown
to play important roles in the pathogenesis
of diseases like hypertension, metabolic syn-
drome, insulin resistance, type 2 diabetes
(T2D), kidney disease etc.”” On the other hand,
elevated blood level of uric acid (UA) or hy-
peruricemia plays important roles in the
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development and progression of a wide variety
of human diseases.”" Especially, these pub-
lished studies suggested the association of
hyperuricemia with cardiovascular conditions
including hypertension, metabolic syndrome
and coronary artery disease, and also with
vascular diseases such as cerebrovascular dis-
ease, vascular dementia, preeclampsia, as well
as with diabetes and kidney disease etc.

The findings of the above-mentioned stud-
les indicate the potential role of BCAAs and
AAAs, and also UA in the development and/
or progression of a number of common dis-
ease states. Furthermore, we postulate that
circulating levels of BCAAs and AAAs might
be closely linked with UA, and probably play
important roles—individually and/or inter-
actively—in the development of relevant dis-
eases.” Revealing the potential relationship
between plasma concentrations of BCAAs
and AAAs, and UA might help to better un-
derstand the development of disease patho-
physiology, and undertake specific measures
in the prevention and management of such
diseases. However, to the best of our knowl-
edge, such a relationship between circulatory
levels of BCAAs and AAAs, and UA has not
yet been investigated. For proper understand-
ing of the mentioned relationship, at first, it
1s important to determine and understand
whether there are specific patterns in the al-
tered concentrations of circulatory levels of
BCAAs and AAAs according to the levels of
UA among healthy people.

Accordingly, the purposes of this cross-
sectional study were to investigate the pos-
sible differences in BCAA and AAA concen-
trations according to the degree of plasma
uric acid levels, as measured by its tertiles,
and determine the trends in such differences
among apparently healthy subjects.

Materials and methods

Study design and ethical issues

For this cross-sectional study, approval of
the protocol was obtained from the relevant
institutional review board of Yamaguchi Uni-
versity (H25-26-2) and Shimane University
(20100129-3). The study was conducted in ac-
cordance with the Declaration of Helsinki and
the study participants were briefed verbally

about the detailed protocol. The participants
provided written informed consent to partici-
pate in this study.

Study population

The flowchart of the participants included
in this study has been depicted in Figure 1.
Briefly, a total of 2804 adult subjects were fi-
nally considered for this study, who: a) un-
derwent their annual health check-up at dif-
ferent health examination centers in Shimane
Prefecture of Japan, b) were free from any
known diseases, and c) not taking any medi-
cations. The annual health check-up included
physical examinations, clinical and other
laboratory tests. Also, data were collected on
their personal and medical history using a
self-administered questionnaire. The subjects
were apparently free from any known health
problems.

Measurement of BCAAs and AAAs

In the current study, we measured the ab-
solute concentrations (in ymol/L) of BCAAs
and AAAs. For this purpose, 5 ml of blood
samples were collected and analyzed follow-
ing the protocol previously described else-
where.” Briefly, after overnight fasting, cu-
bital venous blood samples were collected in
tubes containing ethylenediaminetetraace-
tic acid (EDTA; Termo, Tokyo, Japan). The
tubes with blood samples were immediately
placed on ice. Then the tubes were centrifuged
at 3,000 rpm under 4C for a period of 15 min
and stored at —80C. The tubes were kept
there until the desired analysis. Before the
measurements of PFAAs, the plasma samples
were deproteinized using acetonitrile at a fi-
nal concentration of 80%. After precolumn
derivatization, the concentrations of PFAAs
were measured by high-performance liquid
chromatography—-electrospray ionization-mass
spectrometry (HPLC-ESI-MS), which allows
such measurements with high accuracy.

Measurement of other laboratory variables
We determined fasting plasma glucose
(FPG) and hemoglobin Alc (HbAlc) using the
hexokinase method and latex agglutination
immunoassay, respectively. Also, we mea-
sured high-density lipoprotein cholesterol
(HDLC), low-density lipoprotein cholesterol
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(LDLC), and triglyceride (TG) in the serum
enzymatically. To measure the plasma UA,
we used the uricase-HMMPS method by L-
type UA.M kit (Wako Pure Chemical Indus-
tries, Litd., Osaka, Japan).

Statistical analyses

The continuous variables of this study did
not show normal distributions as evaluated
by Kolmogorov-Smirnov and Shapiro-Wilk
tests. Therefore, statistical analyses were
performed after logarithmic transformation
of the collected data and the results have
been reported in the original scale after back
transformation. Summary statistics for the
continuous variables have been expressed as
geometric mean and corresponding 95% CI,
and for the categorical variable, as number
and percentage. We categorized the subjects
of this study into three groups based on
the tertiles of plasma UA concentrations.""
The sex-specific cutoffs were: <b.1mg/dl,
5.2-6.1mg/dl, and >6.2mg/dl in the men, and
<3.6mg/dl, 3.7-4.3mg/dl, and >4.4mg/dl in
the women, for tertile 1, tertile 2, and tertile
3, respectively. Pearson correlation analysis
was performed between the concentrations of
BCAAs and AAAs separately in tertile cat-
egories. Differences for the variables between
the UA tertiles were tested using the one-way
analysis of variance (ANOVA) for the contin-
uous variables, and by the Chi-square (y’) test
for the categorical variable. Further analyses
for individual PFAAs were conducted by us-
ing analysis of covariance (ANCOVA), with

Underwent health examinations

adjustments for the potential confounding
demographic and clinical factors that dif-
fered between the UA tertiles. Multiple com-
parisons were performed with Bonferroni
adjustments in the level of significance as
necessary. To perform the statistical analy-
ses of the data, the software package SPSS
version 22 for Windows (SPSS Inc., Chicago,
IL, USA) was used. All statistical tests in this
study were considered as two-tailed, and the
significance level was set at P<0.05.

Results

The data for a total of 2804 healthy sub-
jects (1191 men, 1613 women) not taking any
medications and apparently free from any
diseases were included in the final analysis of
this study (Figure 1).

All the tertile categories included more fe-
males, but the sex distribution was similar
across the tertiles (P=0.773).

Demographic and clinical characteristics of
study subjects

The demographic and clinical characteris-
tics of the current study subjects have been
presented in Table 1, according to the tertiles
of plasma UA. Compared to the subjects in
tertile 2, those in tertiles 1 and 3 were older
(P<0.001). Subjects in the higher tertiles (with
higher plasma UA concentrations) had in-
creasing levels of HbAlc, TG, and DBP, and
lower levels of HDLC and the group differ-
ences were significant (P<0.05 to 0.001). The

and provided data, n=8589

No uric acid and/or amino acid data,
n=1278; abnormally high uric acid data,
n=1; no demographic data, n=1.

Excluded, total n=1280

Included for further

consideration, n=7309

Included in the study, n=2804

Hypertension, n=2736; diabetes mellitus,
n=415; dyslipidemia, n=3207; and metabolic
syndrome, n=717 [the total number differs from
4505 due to the existence of multiple diseases in
the same subject].

Further exclusion: total n=4505

Fig. 1 Flowchart of current study participants.
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values for FPG, LDLC and SBP did not differ
significantly between the tertiles.

Correlation between BCAAs and AAAs

The relationship between the measured
concentration of BCAAs and AAAs in dif-
ferent tertiles were examined with Pearson

correlation analysis. As evident in Table 2,
plasma concentrations of BCAAs and AAAs
showed significant positive correlations with
each other in all tertiles (r=0.42 to 0.58, 0.44
to 0.53, and 0.44 to 0.53 for tertiles 1, 2, and 3,
respectively; P<0.001).

Table 1 Demographic and clinical characteristics of the study subjects by tertiles of uric acid.
Values are expressed as geometric mean and 95% confidence interval (CI) for continu-
ous variables, and number and percentage for the categorical variable

Tertile 1 (n=913) Tertile 2 (n=1006) Tertile 3 (n=885)
Variable Geometric 95%CIL Geometric 95%ClL Geometric 95%CI P-value
mﬁetr[%)or Lower Upper mga(ro}))or Lower Upper mﬁe&)or Lower Upper

Age (Years) 45.6 44.6 46.7 42.7 41.8 43.6 44.2 43.2 45.3 <0.001
Sex

Male 379 (41.5) - - 432 (42.9) - - 380 (42.9) - - 0.773

Female 534 (58.5) - - 574 (57.1) - - 505 (57.1) - -
BMI (kg/m?%  20.7 20.5 20.8 21.2 21.1 21.4 22.2 22.0 22.4 <0.001
FPG (mg/dL) 91.0 90.5 91.6 90.4 90.0 90.9 91.6 91.0 92.2 0.198
HbAlc (%) 5.4 5.4 5.5 5.4 5.4 5.4 5.5 5.4 5.5 0.032
HDLC (mg/dL) 68.8 67.9 69.8 68.7 67.7 69.7 66.7 65.7 67.8 <0.001
LDLC (mg/dL) 102.3 100.9 103.7 103.6 102.3 104.9 104.6 103.1 106.0 0.958
TG (mg/dL) 62.3 60.8 63.9 62.7 61.2 64.3 69.9 68.0 71.8 <0.001
SBP (mmHg)  115.8 115.1 116.5 116.0 115.3 116.7 118.3 117.5 119.0 0.404
DBP (mmHg) 714 70.8 72.0 1.7 7.1 72.3 73.5 72.9 74.1 <0.001
Waist (cm) 4.4 74.0 74.9 76.0 75.5 76.5 78.9 78.3 79.5 <0.001

Cutoff values for UA tertiles: <b.1mg/dl, 5.2-6.1mg/dl, and »6.2mg/dl for men, and 3.6 mg/
dl, 3.7-4.3mg/dl, and »4.4mg/dl for women for tertile 1, tertile 2, and tertile 3, respectively.
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbAlc,
haemoglobin Alc; HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein
cholesterol; SBP, systolic blood pressure; TG, triglycerides.

P-values indicate two-tailed group differences for the variables between the uric acid ter-
tiles, tested by one-way analysis of variance (ANOVA) for the continuous variables, and Chi-
square (y?) test for the categorical variable.

The total number of subjects in the tertiles represents the categorization of subjects into
three groups based on sex-specific cutoffs values of uric acid.

Table 2 Correlation coefficients between the concentrations of branched-chain and aromatic
amino acids across tertiles

Amino Tertile 1 Tertile 2 Tertile 3
acids Phe Tyr Trp Phe Tyr Trp Phe Tyr Trp
Ile 0.48* 0.42* 0.52* 0.48* 0.45* 0.49* 0.48* 0.45* 0.49*
Leu 0.58* 0.47* 0.56* 0.53* 0.46* 0.53* 0.53* 0.46* 0.53*
Val 0.52* 0.45* 0.55* 0.47* 0.44* 0.49* 0.47* 0.44* 0.49*

Cutoff values for UA tertiles: £6.1mg/dl, 5.2-6.1mg/dl, and »6.2mg/dl for men, and 3.6 mg/
dl, 3.7-4.3mg/dl, and >4.4mg/dl for women for tertile 1, tertile 2, and tertile 3, respectively.
Ile, isoleucine; Leu, leucine; Val, valine; Phe, phenylalanine; Tyr, tyrosine; Trp, tryptophan.
*All P-values: <0.001
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Differences in the concentrations of BCAAs
and AAAs between tertiles of UA

Table 3 depicts the geometric mean and cor-
responding 95% CI values for the concentra-
tions of individual BCAAs (Ile, Leu, and Val),
and AAAs (Phe, Trp, and Tyr), according to
the tertiles of UA. The differences in the con-
centration of BCAAs and AAAs across dif-
ferent tertiles were evaluated using ANOVA
and ANCOVA with adjustments for potential
confounders in the latter. The analyses re-
vealed that all BCAAs and AAAs had a lin-
ear trend in their concentrations across the
tertile categories. There was a progressive in-
crease in the concentrations of all BCAAs and
AAAs from the first to the last tertiles.

Table 3 Differences in the concentrations of

As the current analysis by ANOVA and
ANCOVA shows, the group differences were
significant for the PFAAs investigated in
this study, except for Trp by ANCOVA. Sub-
sequent multiple comparisons by both ANO-
VA and ANCOVA revealed that compared to
the lowest tertile category, the BCAAs dem-
onstrated consistently significant differences
across higher tertile categories (P<0.001), ex-
cept for Ile compared between tertiles 1 and 2
by ANCOVA (P=0.074). For the AAAs, multi-
ple comparison revealed significant differenc-
es only between tertiles 1 and 3 in the analy-
ses by ANOVA (P<0.01 to 0.001); on the other
hand, the differences by ANCOVA demon-
strated significant differences in the higher

BCAAs and AAAs between tertiles without

(ANOVA) and with (ANCOVA) adjustments for potential confounding factors. Val-
ues of amino acids are expressed as geometric mean and 95%CI

Amino Tertiles n Geometric 95%CI P1 (ANOVA) P2 (ANCOVA)
acids mean  Lower Upper |Group Tertile 1 vs. |Group Tertile 1 vs.

Ile Tertile 1 913  50.5 49.8 51.2

Tertile 2 1006 52.0 51.3  52.7 |<0.001 <0.01 <0.001 0.074

Tertile 3 885  54.0 b3.2  54.8 <0.001 <0.001
Leu Tertile 1 913  98.8 97.6  100.0

Tertile 2 1006 103.2 102.0 104.5 |<0.001 <0.001 <0.001 <0.001

Tertile 3 885  107.2 105.8 108.6 <0.001 <0.001
Val Tertile 1 913  184.1 181.9 186.2

Tertile 2 1006 191.3 189.1 193.5 |<0.001 <0.001 <0.001 <0.001

Tertile 3 885  199.2 196.7  201.7 <0.001 <0.001
Phe Tertile 1 913  53.0 52.5  53.6

Tertile 2 1006 53.9 53.4 543 |<0.001 .056 <0.001 <0.005

Tertile 3 885  56.1 55.5  56.6 <0.001 <0.001
Tyr Tertile 1 913  56.1 55.4  56.8

Tertile 2 1006 57.0 56.3 57.6 |<0.001 .283 <0.001 0.084

Tertile 3 885  59.4 58.6  60.1 <0.001 <0.001
Trp Tertile 1 913  50.4 499 51.0

Tertile 2 1006 51.1 50.6  51.7 |<0.01 .216 0.235 0.551

Tertile 3 885  51.8 51.2 524 <0.005 0.333

Cutoff values for UA tertiles: €b.1mg/dl, 5.2-6.1mg/dl, and »6.2mg/dl for men, and 3.6 mg/
dl, 3.7-4.3mg/dl, and >4.4mg/dl for women for tertile 1, tertile 2, and tertile 3, respectively.
ANOVA, analysis of variance; ANCOVA, analysis of covariance; CI, confidence interval.

Ile, isoleucine; Leu, leucine; Val, valine; Phe, phenylalanine; Tyr, tyrosine; Trp, tryptophan
P1 and P2 indicate the P-values for differences between tertile categories by two-tailed ANO-
VA and ANCOVA, respectively. Multiple comparisons were performed with Bonferroni ad-
justments. Results of ANCOVA were adjusted for age, Sex, BMI, HbAlc, HDLC, TG, DBP

and waist circumference.
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tertiles for Phe, and in the highest tertile for
Tyr, compared to the lowest tertile category,
respectively.

Overall, as observed, the significant dif-
ferences were stronger in the higher quartile
categories when compared with those for the
corresponding lowest quartile category of in-
dividual PFAAs investigated in this study.

Discussion

In this study, we demonstrated that the
level of plasma UA in its higher tertiles was
accompanied by concomitant elevations in the
levels of BCAAs and AAAs. The current find-
ings indicate that circulating levels of BCAAs
and AAAs, and UA are closely linked with
each other. This is the first study of its kind
to investigate the existence of such a relation-
ship between the levels of BCAAs and AAAs
with UA.

In our study, a progressive increase in
HbAlc, TG, and DBP and a decrease in HDLC
across UA tertiles simply represent the fact
that the level in the mentioned parameters
progressively changes with a change in the
UA level. In general, these findings corre-
spond to those of others reported in the ex-
isting literature.”" Interestingly, there was
a significant group difference in age across
tertiles, and subjects in the higher tertiles
were comparatively younger. However, this
finding is also in agreement with previous
observations in age distributions across UA
tertiles."'""

In this study, we observed significant
positive correlations between BCAAs and
AAAs. Our findings are consistent with ear-
lier research works which also observed such
positive correlations between BCAAs and
AAAs.”" Furthermore, our adjusted results
showed significant group differences in the
levels of BCAAs and AAAs across the UA
tertiles (except Trp). As shown in our study,
there was a progressive increase in the con-
centrations of BCAAs and AAAs from the
lower to the upper tertiles. These indicate the
presence of a relationship between the circu-
latory levels of BCAAs and AAAs, and UA.

There is a severe lack of similar studies
that focused on the relationship of BCAAs
and AAAs with UA, which makes 1t difficult

to explain the underlying mechanisms behind
such observations. BCAAs and AAAs, and
UA probably influence each other via mul-
tiple direct and indirect mechanisms. In hu-
mans, UA is the end product of purine catab-
olism.” Certain amino acids take part in the
biosynthesis of purine and subsequent forma-
tion of UA. For example, among the amino
acids, BCAAs have been shown to contribute
to the purine nucleotide cycle.” On the other
hand, the existence of a close link between the
circulatory levels of BCAAs and AAAs has
been suggested in the literature.”” Based on
such observations, it is reasonable to postu-
late that altered circulatory levels of BCAAs
and AAAs might cause a change in the level
of UA (or vice versa). Also, it has been report-
ed that BCAAs and AAAs (Phe and Tyr) can
contribute to the development of insulin resis-
tance.™” Subsequently, insulin resistance can
alter the level of circulatory UA by inhibiting
uric acid excretion through increased renal
tubular reabsorption and subsequent develop-
ment of hyperuricemia.”* All these findings
from other studies and those of ours—taken
together—suggest the potential existence of a
close link between the altered concentrations
of plasma BCAAs and AAAs, and UA. How-
ever, 1t 1s noteworthy to mention here that
our study design does not allow us to explain
whether the altered levels of PFAA in differ-
ent tertiles of UA is a consequence of changes
in the level of the latter, or vice versa. Future
studies should clarify the temporal relation-
ship between circulatory levels of BCAAs and
AAAs, and UA.

Based on the findings and facts discussed
above, we hypothesize that altered levels of
BCAAs and AAAs triggered by lifestyle-
related factors might induce a change in the
plasma level of UA through multiple mecha-
nisms, causing an increase in the latter.’
Subsequently, such altered UA possibly in-
duces further changes in BCAAs and AAAs.
All these might lead to a vicious circle between
these amino acids and UA, and be associated
with profound effects on various biologi-
cal mechanisms and functions in the human
body including cell signaling, gene expres-
sion and neuroendocrine function."** Thus,
alterations in BCAAs and AAAs, and UA
might play major roles in the pathogenesis
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and clinical course of patients with different
disease states such as diabetes mellitus, meta-
bolic syndrome, hypertension, cardiovascular
disease, cerebrovascular disease and kidney
disease etc, and other chronic diseases of pub-
lic health importance.”** However, the exact
roles of BCAAs, AAAs and UA in the devel-
opment of disease states remains to be prop-
erly established in future longitudinal stud-
1es. Clarification of such associations with
explanations for wunderlying mechanisms
might have important clinical implications
for understanding the pathophysiology and
diagnosis of the diseases caused by concomi-
tant alterations in the levels of BCAAs and
AAAs, and UA. Moreover, such knowledge
on the association between altered levels of
BCAAs and AAAs, and UA might be helpful
in predicting the risk of developing a range of
disease states. Furthermore, it might also be
helpful in establishing intervention strategies
aimed at manipulating BCAA, AAA, and/or
UA concentrations for the treatment of rel-
evant health disorders.

Limitations to the current study findings

This study had several potential method-
ological limitations and hence, caution is re-
quired while interpreting the current results.
In this study, the data on background infor-
mation such as diet, physical exercise, smok-
ing status or alcohol consumption, family
history of hyperuricemia etc were not avail-
able for the study population. However, the
effects of these variables on the current re-
sults should be very limited as in this study,
we included only the healthy subjects with
similar socio-demographic characteristics.
In the current study, we did not stratify our
results by sex. However, we believe that this
did not influence our study findings as we
classified the study participants according to
the tertiles of UA, separately for both men
and women. Moreover, the sex distribution
did not differ across the tertiles of UA. Fur-
thermore, the results of ANCOVA have been
presented after adjustments for potential
confounders including the variable ‘sex’. The
current study design is cross-sectional in na-
ture and does not allow us to speculate on any
causality or temporality or mechanisms un-
derlying the observed relationships between

BCAAs, AAAs, and UA. Lastly, we agree
that this study was conducted among healthy
subjects and a part of the relevant discussion
on the current findings are pure speculations
only. Therefore, our findings warrant future
research that should clarify how such elevat-
ed concentrations of BCAAs and AAAs, and
UA play roles and interact with each other in
the development of pathological conditions in
humans.

Conclusions

Our study showed that the levels of BCAAs
and AAAs progressively increased with a con-
comitant elevation in the level of UA. Also,
the current findings suggest the potential
existence of a close link between plasma lev-
els of BCAAs and AAAs, and UA in healthy
subjects. The results highlight the need for
further investigations with elucidation of
causal associations between alterations in the
plasma levels of BCAAs, AAAs and UA, and
their possible interactions that might provide
new insights into the pathophysiology of rel-
evant diseases and development of interven-
tion strategies directed towards their preven-
tion and management.
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