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Abstract

Aims We aim to explore the associations between serum tyrosine (Tyr) to threonine (Thr) ratio and chronic heart failure (HF)
with reduced or mildly reduced ejection fraction (EF) (HFrEF or HFmrEF).

Methods and results The study recruited 418 subjects (77.5% males, mean age 65.2 + 12.5 years), including 318 HF subjects
(HFrEF or HFmMrEF) and 100 cardiovascular subjects without acute or chronic HF [including heart failure with preserved ejection
fraction (HFpEF)] as controls. Serum levels of 21 kinds of amino acids (AAs) were measured by mass spectrometry. Logistic
regression analysis was conducted to measuring the association between the AAs levels and the presence of HF. Event-free
survival was determined by Kaplan—Meier curves and differences in survival were assessed using log-rank tests. Cox regression
analysis was used to assess the prognostic value of AAs in HF. Receiver-operating characteristic (ROC) curve was performed to
further confirm regression analysis. Along with the control, HFmrEF, and HFrEF subjects, serum tyrosine (Tyr) gradually in-
creased (64.43 £ 15.28 umol/L vs. 71.79 £ 18.74 pmol/L vs. 77.32 + 25.90 umol/L, P < 0.001) while serum threonine (Thr)
decreased (165.21 + 40.09 pmol/L vs. 144.93 + 44.56 umol/L vs. 135.25 + 41.25 umol/L, P < 0.001). Tyr/Thr ratio was the in-
dependent risk factor for the presence of HF in all subjects [odds ratio (OR), 3.510; 95% confidence interval (Cl): 2.445-5.040;
P < 0.001]. After following up for a mean year (11.10 + 2.80 months) in 269 HF subjects (75.1% males, mean age
65.2 + 12.8 years), the higher Tyr/Thr ratio was associated with a higher risk of HF endpoint events in HF subjects [hazard ratio
(HR), 2.901; 95% Cl: 1.228-6.851; P = 0.015]. By comparing the area under the receiver-operating characteristic curve (AUC),
Tyr/Thr ratio was superior to Fischer’s ratio (FR) in predicting HF occurrence (0.767:0.573, P < 0.001) or cardiovascular (CV)
death (0.715:0.550, P = 0.047).

Conclusions Circulating elevated Tyr/Thr ratio confer an increased risk for the presence of HF and poor prognosis. Tyr/Thr
index outweighs FR index in predicting HF occurrence or CV death.
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Introduction

HF is a major public health problem worldwide with a high
mortality and hospitalization.? It has a complex clinical syn-
drome with symptoms and signs that result from any struc-
tural or functional impairment of ventricular filling or ejection
of blood.>* Amino acids (AAs) play a crucial role as essential
nutrient metabolites for cell development and survival.’
Moreover, metabolomics demonstrated that AAs metabolism

disorder was associated with pathological remodelling in hy-
pertrophic and early-stage failing mouse hearts.®” These indi-
cated that the AAs profile could reflect the state of HF.
However, nowadays, the exploration between AAs expres-
sion and HF disease mainly concentrated on branched-chain
amino acids (BCAAs) and aromatic amino acids (AAAs). Some
studies found that the plasma BCAA concentrations could
mediate the effects of protein-energy malnutrition on cardiac
functions and contribute to HF risk stratification.>™° Some
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studies showed that low perfusion and congestion may con-
tribute to liver functional impairment in HF.***? Then, the
liver dysfunction led to reduced protein synthesis and amino
acid metabolism, resulting in elevated levels of free AAAs in
the blood.*® Other studies pointed out that BCAA/AAA ratio
(Fischer’s ratio) could be used as a prognostic indicator for
patients with HF.%>*

In fact, a wide range of AAs are produced from protein
metabolism and tissue degradation, and these AAs can be
measured to inform the state of metabolism in HF and
adverse events.'>® Nevertheless, little is known about the
association between the ratio of tyrosine (Tyr) to threonine
(Thr) and HF disease, especially with different HF aetiology.
The purpose of our study was to examine the relationship be-
tween Tyr/Thr ratio and stable chronic HF (HFrEF or HFmrEF),
meanwhile, comparing it with the FR index for better manag-
ing HF disease in the future.

Methods
Study design and population

Two separate sets of analyses were designed in this study.
The cross-sectional analysis was conducted on all 418 partic-
ipants (77.5% males, mean age 65.2 £ 12.5 years) to examine
the association of serum AAs levels and the presence of HF,
whereas prospective analysis was performed on 269 stable
chronic HF patients (75.1% males, mean age 65.2 + 12.8 years)
to assess the prognostic value of Tyr to Thr ratio in HF.

We continuously collected 348 HF (HFrEF or HFmrEF) sub-
jects aged 18 years or older admitted to the Department of
Cardiology, Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine from January 2021 to October 2022. For
the purpose of this study, we excluded 13 subjects with acute
myocardial infarction (n = 6) and acute heart failure (n = 7).
Other non-cardiogenic causes of HF such as myasthenia gravis
(n = 3), sepsis (n = 1), malignancies tumours (n = 5), liver
cirrhosis (n = 2), haematological diseases (n = 3), multiple
myeloma (n = 1), and acute renal failure (n = 2) were also
excluded. A total of 318 subjects with symptomatic and
echocardiograph-confirmed chronic HF (EF <50%) were finally
recruited, containing the HFmrEF (EF > 40%, n = 116) and the
HFrEF subjects (EF <40%, n = 202). Meanwhile, 100 cardiovas-
cular subjects without acute or chronic HF (including HFpEF)
were continuously enrolled as the controls and the above le-
sion exclusion standard was also applied to the controls. The
mean age, proportion of sex, and HF-related diseases were
matched between the controls and HF subjects (P > 0.05). Ac-
cording to the aetiology of HF, 318 subjects were regrouped
into dilated cardiomyopathy (DCM) (n = 131) and ischaemic
heart disease (IHD) (n = 187) subgroups, which were further
analysed with the controls (n = 100), respectively (Figure I).

This study was approved by the institutional review
committee of Ruijin Hospital affiliated to Shanghai Jiao Tong
University School of Medicine (Shanghai, China) and was con-
ducted in accordance with the principles of the 1964 Declara-
tion of Helsinki and its later amendments. Written informed
consent was obtained from all participants before enrolment.

Follow-up and outcomes

The HF endpoints consisted of CV death and hospitalization
due to HF. The follow-up survey was conducted by hospital
visits or through telephone. All endpoints were confirmed
by independent cardiologists intensively. The recurrence of
acute HF (acute HF re-occurring in patients with chronic HF)
was diagnosed on account of signs and symptoms, abnormal
laboratory parameters, as well as imageological examination.

Clinical, biochemical assessments, and amino
acids measurements

Detailed demographic data and clinical features were
collected for each patient. Body mass index (BMI) was calcu-
lated as weight/height? (kg/m?). Blood pressure (BP) was
measured on the arm in a seated position after a 10-min rest.
Hypertension was diagnosed according to the seventh report
of the Joint National Committee on prevention, detection,
evaluation, and treatment of high blood pressure (JNC7).>’

For laboratory tests, blood samples were drawn after
overnight fasting. Plasma creatinine, triglyceride, and total
cholesterol were determined (HITACHI 912 Analyzer, Roche
Diagnostics, Germany). Estimated glomerular filtration rate
(eGFR) was computed using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.”® Blood
concentration of glycosylated haemoglobin (HbAlc) was
measured using ion-exchange high-performance liquid chro-
matography (Bio-Rad Laboratories, USA). Alanine transami-
nase (ALT) was detected by Beckmann AU5821 automatic
biochemical analyser and matching reagents. N-terminal
brain natriuretic peptide (NT-proBNP) was determined using
a commercially available ELISA kit (Roche Diagnostics). Serum
levels of high-sensitivity C-reactive protein (hsCRP) were
tested by ELISA kit (Biocheck Laboratories, Toledo, OH,
USA). Soluble suppression of tumourigenicity-2 (sST2) values
were detected by fluorescence immunochromatography
(Jet-star 3000 instruments and matching reagents).

Serum amino acids levels were measured by mass
spectrometry using Recon amino acid kit (21 items) (Recon
RZ500 instrument),’ including lysine (Lys), tryptophan (Trp),
phenylalanine (Phe), methionine (Met), threonine (Thr),
leucine (Leu), isoleucine (lle), valine (Val), arginine (Arg), tyrosine
(Tyr), histidine (His), ornithine (Orn), alanine (Ala), proline
(Pro), citrulline (Cit), glycine (Gly), serine (Ser), asparagine
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Figure 1 Flow chart of chronic HF patient enrollment analysis. DCM, dilated cardiomyopathy; EF, ejection fraction; HF, heart failure; HFmrEF, heart
failure with mildly reduced ejection fraction; HFrEF, heart failure with reduced ejection fraction; IHD, ischaemic heart disease.
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(Asn), aspartate (Asp), glutamate (Glu), and glutamine (GIn).
Essential amino acid (EAA) was the sum of Val, lle, Leu, Met,
Lys, Phe, Trp, and Thr. BCAA was the sum of Val, lle, and Leu.
FR was calculated as the sum of Val, lle, and Leu divided by

the sum of Phe and Tyr.

RZ500 is a mass spectrometry developed by Shanghai
Reigncom Biotechnology Co., Ltd (China), through collabora-
tion with Thermo Fisher Scientific. The performance of
RZ500 is on par with Thermo Fisher’s top of the line Thermo
Scientific” TSQ, Altis™ triple quadrupole mass spectrometer.
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The 21 amino acids assay kit is a medical device product
registered in China by Reigncom in 2021 and received
CE-IVD mark in 2023.

Echocardiography

Two-dimensional (2D) echocardiography and Doppler flow
imaging were performed on the second day after admis-
sion. Using a commercially available system (Vivid-l, GE
Healthcare, Milwaukee, WI) with a 1.9- to 3.8-MHz
phased-array transducer, images were recorded from
standard parasternal and apical four-chamber views with a
frame rate of 60 to 100 frames/s. Data were stored digitally
and analysed off-line (EchoPac, version 7; GE Healthcare) by
two independent cardiologists blinded to laboratory mea-
surements. Left ventricular end-diastolic and end-systolic
diameter (LVEDD and LVESD) were determined using modi-
fied Simpson’s biplane technique and EF was calculated.
The ratio of early diastolic velocity of the mitral inflow to
mitral annulus (E/e’) was assessed using tissue Doppler
and an average of septal and lateral E/e’ ratio was used
for analysis.

Statistical analysis

Continuous variables were shown as mean # standard devia-
tion (SD). Log transformation was performed before analysis
if it was not normally distributed. One-way ANOVA was
performed to determine the significance of trends among
groups and further comparison between the two groups
was done using the least significant difference procedure
(LSD). Categorical variables are presented as counts (%)
and significant differences between groups were determined
using the chi-square test or Fisher’s exact test. Logistic or
Cox regression models in univariate and multivariate
analyses were performed to calculate HRs and 95% Cls. In re-
gression analyses, results were presented according to the
3rd versus 1st tertile. The full adjustment contains sex, age,
low systolic BP, BMI, heart rate, smoking, drinking, diabetes
mellitus (DM), hyperlipidaemia, stroke, atrial fibrillation
(AF), coronary disease, ALT, and low eGFR. The analysis of
ROC curve uses the continuous variables carried out by logis-
tic regression, and the best cut-off value of the variables was
determined, and the AUC was compared. Subjects who were
lost during follow-up were analysed according to the cen-
sored data. Free events was determined using Kaplan—-Meier
curves, and differences were assessed using the log-rank
test. All statistical analyses were made using the SPSS 22.0
software. A probability (P) level <0.05 was considered statis-
tically significant.

Results
Clinical characteristics

Subjects in control, HFmrEF, and HFrEF groups did not
significantly differ with respect to the serum Lys, Trp, Phe,
Met, Leu, lle, Orn, Ala, Pro, Cit, Gly, GIn, and BCAA levels
(ANOVA, P > 0.05). Though significant differences were ob-
served in the levels of Asn and Ser among the three participant
groups in our study (ANOVA), there was no observed gradual
increase or decrease in Asn and Ser levels across these groups.
However, the values of serum Tyr, Asn, and Glu were gradually
increased, while the values of serum Thr, Val, Arg, His, EAA, and
FR were decreased step by step across the control, HFmrEF, and
HFrEF groups (ANOVA, P < 0.05), in which, the values of serum
Tyr and Thr were more meaningful (LSD, P < 0.05) (Table 1).
Totally, 418 subjects were enrolled and divided into
roughly equal three groups, low (Tyr/Thr < 0.441), median
(0.441 < Tyr/Thr < 0.585), and high (Tyr/Thr > 0.585) levels,
according to the tertiles of serum Tyr/Thr levels. The baseline
data of the subjects are shown in Table 2. Subjects in the three
groups did not significantly differ with respect to sex, age,
BMI, diastolic BP, smoking, drinking, coronary disease with as-
pirin therapy, AF, hypertension, hyperlipidaemia with serum
triglyceride and total cholesterol, and statin therapy, stroke,
DM with abnormal glucose control and insulin therapy, and
chronic kidney disease with serum eGFR (P > 0.05). As the
Tyr/Thr tertiles increased, serum ALT value, the incidence of
NYHA 1I-IV and the morbidity of DCM or IHD, the left atrial
and left ventricular sizes, E/e’ ratio, serum NT-proBNP level,
as well as proportion of subjects requiring aggressive anti-HF
therapy increased (beta-blocker, digoxin, and diuretics ther-
apy) and left ventricular EF decreased (P < 0.05). Subjects in
lowest tertile of Tyr/Thr levels tend to have the highest sys-
tolic BP with the highest number of calcium antagonist ther-
apy, while subjects in highest tertiles tend to have highest
heart rate (P < 0.05). Due to the common used for anti-HF
or anti-BP therapy, the utilization rate of ACEI/ARB/ARNI
drugs has no difference among the three groups (P > 0.05).

The tyrosine/threonine index was associated with
chronic heart failure by logistic analysis

In all subjects, the univariate and multivariate regression
analyses showed that low systolic BP, heart rate, and low
eGFR were associated with HF presence (all P < 0.05). The
tertiles of Tyr/Thr were correlated with HF presence by the
univariate analysis (P < 0.001). After adjustment for low
systolic BP, heart rate and low eGFR, the tertiles of Tyr/Thr
remained an independent risk factor for the presence of HF
(OR, 3.510; 95% Cl: 2.445-5.040; P < 0.001) (Table 3).

After full adjustment (sex, age, BMI, low systolic BP,
heart rate, smoking, drinking, DM, hyperlipidaemia, stroke,
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Table 1 The level of serum amino acids in all subjects

Amino acids Control HFmrEF HFrEF

(umol/L) n =100 n=116 n =202 P-value
Lysine (Lys) 196.09+37.19 186.82+43.00 187.13+£48.33 0.206
Tryptophan (Trp) 55.55+11.84 53.82+14.40 55.72+16.30 0.520
Phenylalanine (Phe) 105.08+25.40 95.71+29.40* 98.18+30.49 0.050
Methionine (Met) 28.04+6.78 28.46+8.15 30.70+17.89 0.185
Threonine (Thr) 165.21+40.09 144.93+44.56* 135.25+41.25%* <0.001
Leucine (Leu) 174.77+43.73 178.01+78.53 173.67+92.10 0.894
Isoleucine (lle) 99.75+42.59 98.81+35.08 94.87+26.87 0.403
Valine (Val) 310.75+67.34 286.62+70.07* 284.79+76.49* 0.010
Arginine (Arg) 91.99+29.48 68.04+32.54* 60.92+32.27* <0.001
Tyrosine (Tyr) 64.43+15.28 71.79+18.74* 77.32+25.90*% <0.001
Histidine (His) 88.82+14.77 82.19+17.96* 81.11£20.42* 0.003
Ornithine (Orn) 156.10+50.02 161.28+ 68.37 167.44+70.44 0.348
Alanine (Ala) 505.77+109.79 470.03+170.60 465.31+150.86* 0.073
Proline (Pro) 231.93+53.79 236.24+85.32 221.04+87.09 0.223
Citrulline (Cit) 38.08+14.33 40.86+17.56 40.85+18.21 0.371
Glycine (Gly) 317.75+89.29 311.52+119.13 322.10+92.44 0.661
Serine (Ser) 180.81+£39.04 153.46+44.62* 159.62+48.31* <0.001
Asparagine (Asn) 42.59+8.33 45.40+11.25 47.04+14.57* 0.014
Aspartate (Asp) 35.10+=12.87 25.88+18.68* 25.98+18.03* <0.001
Glutamate (Glu) 175.78+64.76 178.48+80.57 212.81+106.04** <0.001
Glutamine (GlIn) 452.35+110.28 446.60+194.59 461.84+260.53 0.821
EAA 1135.25+176.98 1073.18+242.17 1060.32+252.16* 0.029
BCAA 585.28+125.54 563.44+157.70 553.34+168.58 0.248
Fischer's ratio 3.58+1.09 3.41+0.76 3.28+0.97* 0.030

BCAA, branched chain amino acid; EAA, essential amino acids; Fischer's ratio, the sum of valine, isoleucine and leucine divided by the sum of
phenylalanine and tyrosine; HFmrEF, heart failure with mildly reduced ejection fraction; HFrEF, heart failure with reduced ejection fraction.

*P < 0.05 HFmrEF group, HFrEF versus control group.
#p < 0.05 HFmrEF group versus HFrEF group.

AF, coronary disease, ALT, and low eGFR), the tertiles of Tyr/
Thr were also associated with the presence of HF (OR, 3.928;
95% Cl: 2.649-5.825; P < 0.001). Compared with the lowest
tertile, the risk of HF presence in the highest tertile
increased by 13.02 times (OR, 14.02; 95% Cl: 6.332-31.043;
P < 0.001). Moreover, the Tyr/Thr index was still related to
the occurrence of HF not only in DCM and control
subjects but also in IHD and control subjects (all P < 0.001)
(Table 4).

Receiver-operating characteristic curve analysis
of tyrosine/threonine or Fischer’s ratio index for
chronic heart failure

In all subjects, the optimal value of the cut-off point for the
index of Tyr/Thr to predict the presence of HF was 0.420,
and the AUC was 0.767 (95% Cl: 0.714-0.820; sensitivity
65.72%, specificity 76.00%; P < 0.001). Meanwhile, the opti-
mal value of the cut-off point for the index of FR to predict
the presence of HF was 0.182, and the AUC was 0.573 (95%
Cl: 0.512-0.634; sensitivity 35.22%, specificity 83.00%;
P = 0.028). Tyr/Thr ratio was significantly superior to FR in
predicting HF occurrence by the AUC difference analysis
(0.767:0.573, P < 0.001) (Figure 2A).

In DCM and control subjects, the AUC of Tyr/Thr for
predicting DCM was higher than that of FR (0.796:0.602;

P < 0.001) (Figure 2B). In IHD and control subjects, the AUC
of Tyr/Thr for predicting IHD was also higher than that of
FR (0.746:0.552; P < 0.001) (Figure 2C).

Correlation between tyrosine/threonine ratio and
soluble suppression of tumourigenicity-2, high-
sensitivity C-reactive protein, or N-terminal brain
natriuretic peptide

In chronic HF, Tyr/Thr ratio was correlated with sST, or hsCRP
by univariate analysis (all P < 0.05). After full adjustment,
Tyr/Thr ratio was associated with sST, (OR, 2.755; 95% Cl:
1.105-6.873; P = 0.030), hsCRP (OR, 1.728; 95% Cl: 1.212—
2.464; P = 0.003), or NT-proBNP (OR, 1.737; 95% CI: 1.187—
2.544; P = 0.005), respectively (Table 5).

Prognosis study in chronic heart failure

To explore the prognostic value of Tyr/Thr ratio in chronic HF,
269 subjects were followed up for a mean vyear
(11.10 = 2.80 months) after their first discharges and 49
subjects were lost, containing 8 who died in the initial hospi-
talization and 41 who could not be contacted after their first
discharge. Considering that lost cases can affect our under-
standing of prognosis, we reclassified 269 subjects into three
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Table 2 Baseline characteristics of all subjects according to Tyr/Thr tertiles

Tyr/Thr < 0.441

0.441 < Tyr/Thr < 0.585

Tyr/Thr > 0.585

(n =139) (n = 139) (n = 140) P value
Demographic and clinical features
Male, n (%) 110 (79.1) 106 (76.3) 108 (77.1) 0.841
Age (years; 64.72 = 12.55 66.01 = 11.80 64.86 = 13.14 0.064
BMI (kg/m®) 24.35 + 3.05 24.33 + 3.41 24.61 = 4.91 0.060
Systolic BP (mmHg) 133.19 + 23.62 126.19 + 20.54* 126.67 = 22.80* <0.001
Diastolic BP (mmHg) 75.96 + 16.06 75.13 £ 13.39 76.12 + 15.22 0.854
Heart rate (b.p.m.) 80.37 = 13.07 80.08 = 17.76 85.28 + 18.27*% 0.027
NYHA class Il, n (%) 35 (25.2) 46 (33.1) 43 (30.7) <0.001
l, n (%) 32 (23.0) 57 (41.0)* 64 (45.7)*
IV, n (%) 9 (6.5) 10 (7.2) 22 (15.7)**
Medical history
Smoking, n (%) 51 (36.7) 39 (28.1) 46 (32.9) 0.306
Drinking, n (%) 29 (20.9) 2 (15.8) 37 (26.4)* 0.094
DCM, n (%) 26 (18.7) 46 (33.1)* 59 (42.1)* <0.001
IHD, n (%) 50 (36.0) 67 (48.2)* 70 (50.0)* 0.038
Coronary disease, n (%) 92 (66.2) 75 (54.0)* 7 (55.0) 0.072
AF, n (%) 30 (21.6) 42 (30.2) 40 (28.6) 0.225
Hypertension, n (%) 94 (67.6) 87 (62.6) 83 (59.3) 0.348
Hyperlipidaemia, n (%) 12 (8.6) 8 (5.8) 11(7.9) 0.638
Stroke, n (%) 11 (7.9) 18 (12.9) 4 (10.0) 0.381
DM, n (%) 50 (36.0) 42 (30.2) 47 (33.6) 0.593
Chronic kidney disease, n (%) 20 (14.4) 11 (7.9) 10 (7.1) 0.083
Echocardiography and laboratory values
Left atrial diameter (mm) 43.63 + 5.69 43.69 + 6.96 45.94 + 6.83%% 0.004
Left ventricular: EDD (mm) 56.75 = 7.63 58.96 + 8.71* 61.68 + 9.37*% <0.001
ESD (mm) 42.28 = 9.70 46.16 + 9.97* 50.21 + 10.44%% <0.001
EF (%) 48.94 + 13.86 4217 = 11.28* 36.04 = 10.75** <0.001
E/e’ 12.12 = 5.34 13.54 = 5.64 15.98 + 7.32%% <0.001
Log NT-proBNP 2.75 + 0.88 2.99 = 0.70* 3.36 = 0.70%* <0.001
Triglyceride (mmol/L) 1.43 £0.73 1.43 +0.82 1.34 = 0.75 0.506
Total cholesterol (mmol/L) 3.91 £ 1.16 3.87 £ 1.02 4.10 £ 1.23 0.207
HbA1c (%) 6.44 = 1.29 6.41 + 1.34 6.23 = 1.43 0.374
ALT (IU/L) 22.88 + 18.52 30.19 = 48.00 46.26 = 117.05* 0.027
eGFR (mL/min/1.73 m?) 68.84 + 27.92 69.66 + 22.94 69.60 + 25.02 0.957
Medications
ACEI/ARB/ARNI (%) 92 (66.2) 8 (70.5) 106 (75.7) 0.215
Beta-blocker (%) 98 (70.5) 114 (82.0)* 119 (85.0)* 0.007
Calcium antagonist (%) 30 (21.6) 14 (10.1)* 3(9.3)* 0.004
Digoxin (%) 3(2.2) 6 (4. 3) 2 (8.6)* 0.044
Diuretics (%) 41 (29.5) 71 (51.1)* 79 (56.4)* <0.001
Statin (%) 109 (78.4) 96 (69.1) 98 (70.0) 0.157
Aspirin (%) 62 (44.6) 64 (46.0) 51 (36.4) 0.215
Insulin (%) 13 (9.4) 9 (6.5) 10 (7.1) 0.640

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ALT, alanine transaminase; ARB, angiotensin receptor blocker; ARNI,

angiotensin receptor neprilysin inhibitor; BMI, body mass index; BP, blood pressure; DCM, dilated cardiomyopathy; DM, diabetes mellitus;

E/e', the ratio of early diastolic mitral inflow to mitral annular tissue velocities; EDD, end-diastolic diameter; EF, ejection fraction; eGFR,

estimated glomerular filtration rate; ESD, end-systolic diameter; HbA1c, glycated haemoglobin A1lc; IHD, ischaemic heart disease; NT-

proBNP, N-terminal brain natriuretic peptide; NYHA, New York Heart Association; Thr, threonine; Tyr, tyrosine.

*P < 0.05 intermediate-tertile (0.441 < Tyr/Thr < 0.585), high-tertile (Tyr/Thr > 0.585) vs. low tertile (Tyr/Thr < 0.441).
#P < 0.05 intermediate-tertile (0.441 < Tyr/Thr < 0.585) vs. High-tertile (Tyr/Thr > 0.585).

rough groups, low (Tyr/Thr < 0.472), median (0.472 < Tyr/
Thr < 0.614), and high (Tyr/Thr > 0.614) levels, according
to the tertiles of serum Tyr/Thr levels. The CV death and
the first readmission due to HF were chosen as HF endpoint.
Of 269 HF subjects, 60 (22.30%) met the HF endpoint, includ-
ing 26 (9.67%) who had CV death and 60 (22.30%) who had
HF readmission. The HF subjects who met the HF endpoint
or only met CV death or HF readmission had significantly
higher Tyr/Thr ratio at baseline than those who did not
(P < 0.01) (Figure 3A). The Kaplan—Meier survival curves to
visualize the relationship between Tyr/Thr ratio and out-
comes. When grouped by the Tyr/Thr ratio tertiles, subjects

in the highest tertile were more likely to meet the HF end-
point, CV death or HF readmission (all Log-rank P < 0.05)
(Figure 3B). Following multivariable Cox regression analyses
adjusting for conventional risk factors including sex, age,
BMI, systolic BP, heart rate, smoking, drinking, DM, hyperlip-
idaemia, stroke, AF, coronary disease, ALT, low eGFR, hsCRP,
and NT-proBNP, the elevated (tertile 3 vs. tertile 1) serum
Tyr/Thr remained correlated to increased risk of the endpoint
(HR: 2.901, 95% Cl: 1.228-6.851, P = 0.015). Furthermore,
subjects in the highest tertile of Tyr/Thr values demonstrated
a significantly elevated risk of CV death (HR: 8.908, 95% Cl:
1.703-46.590, P = 0.010) and HF rehospitalization (HR:
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Table 3 Univariate and multivariate regression analysis for HF in all subjects
Univariate Multivariate model 1 Multivariate model 2

OR (95% Cl) P value OR (95% Cl) P value OR (95% ClI) P value
Sex (male) 0.964 (0.561-1.656) 0.893 0.950 (0.490-1.843) 0.879 — —
Age 1.199 (0.762-1.886) 0.433 0.862 (0.487-1.526) 0.611 — —
BMI 0.769 (0.547-1.080) 0.130 0.762 (0.511-1.135) 0.181 — —
Low systolic BP 1.810 (1.128-2.906) 0.014 1.915 (1.128-3.250) 0.016 1.875 (1.076-3.268) 0.027
Heart rate 3.165 (1.558-6.430) 0.001 3.158 (1.440-6.924) 0.004 3.077 (1.351-7.010) 0.007
Smoking 1.033 (0.638-1.671) 0.896 0.883 (0.449-1.736) 0.719 — —
Drinking 1.688 (0.919-3.101) 0.091 2.456 (1.097-5.501) 0.029 — —
Diabetes 1.794 (1.074-2.996) 0.025 1.699 (0.946-3.051) 0.076 — —
Hyperlipidaemia 0.466 (0.218-0.997) 0.049 0.498 (0.207-1.199) 0.120 — —
Stroke 0.792 (0.390-1.608) 0.519 0.808 (0.364-1.796) 0.602 — —
AF 1.055 (0.633-1.758) 0.837 0.740 (0.412-1.330) 0.314 — —
Coronary disease 0.734 (0.461-1.168) 0.191 0.648 (0.364-1.153) 0.140 — —
ALT 1.054 (0.672-1.652) 0.819 1.025 (0.614-1.713) 0.924 — —
Low eGFR 2.239 (1.655-3.029) <0.001 2.469 (1.731-3.522) <0.001 2.520 (1.806-3.517) <0.001
Tyr/Thr tertiles 3.225 (2.307-4.507) <0.001 — — 3.510 (2.445-5.040) <0.001

Model 1, adjusted for conventional HF risk factors; Model 2, adjusted for low systolic BP, heart rate, low eGFR and with the addition of the
tertiles of Tyr/Thr.

95% Cl, 95% confidence interval; AF, atrial fibrillation; ALT, alanine transaminase; BMI, body mass index; BP, blood pressure; eGFR, esti-
mated glomerular filtration rate; HF, heart failure; OR, odds ratio; Tyr/Thr, tyrosine/threonine.

Table 4 Tyr/Thr was associated with the presence of HF in all subjects

Unadjusted OR P value Adjusted OR P value
HF (n = 318)
Tyr/Thr tertiles 3.225 (2.307-4.507) <0.001 3.928 (2.649-5.825) <0.001
Tertile 1 1 (ref) 1 (ref)
Tertile 2 3.603 (2.096-6.192) <0.001 4.856 (2.567-9.185) <0.001
Tertile 3 9.721 (4.826-19.584) <0.001 14.020 (6.332-31.043) <0.001
HF with DCM (n = 131)
Tyr/Thr tertiles 3.696 (2.500-5.463) <0.001 3.491 (1.752-6.953) <0.001
Tertile 1 1 (ref) 1 (ref)
Tertile 2 4.287 (2.208-8.322) <0.001 2.966 (0.993-8.857) 0.051
Tertile 3 12.997 (5.902-28.618) <0.001 13.186 (3.013-57.708) 0.001
HF with IHD (n = 187)
Tyr/Thr tertiles 2.912 (2.042-4.154) <0.001 3.826 (2.349-6.232) <0.001
Tertile 1 1 (ref) 1 (ref)
Tertile 2 3.247 (1.808-5.832) <0.001 7.327 (3.171-16.928) <0.001
Tertile 3 8.018 (3.840-16.741) <0.001 11.686 (4.514-30.252) <0.001

The presence risk of HF (n = 318), HF with DCM (n = 131), or HF with IHD (n = 187) was analysed in combination with controls (n = 100),
respectively. Adjusted for sex, age, BMI, low systolic BP, heart rate, smoking, drinking, DM, hyperlipidaemia, stroke, AF, coronary disease,
ALT, and low eGFR.

DCM, dilated cardiomyopathy; HF, heart failure; IHD, ischaemic heart disease; OR, odds ratio.

2.982, 95% Cl: 1.262-7.048, P = 0.013) compared with those
in the lowest tertile after adjustment (Table 6).

In 269 HF subjects, the optimal value of the cut-off point
for the index of Tyr/Thr to predict the CV death was 0.414
and the AUC was 0.715 (Cl: 0.600-0.830; sensitivity 73.08%,
specificity 68.31%; P < 0.001). Meanwhile, the optimal value
of the cut-off point for the index of FR to predict the presence
of HF was 0.160 and the AUC was 0.550 (Cl: 0.435-0.665;
sensitivity 65.38%, specificity 50.62%; P = 0.403). Tyr/Thr ra-
tio was superior to FR in predicting CV death by the AUC dif-
ference analysis (0.715:0.550, P = 0.047) (Figure 4).

In HF subjects with HF endpoint (or HF readmission), Tyr/
Thr ratio was gradually increased along with the elevation
of hsCRP (n = 60, r = 0.337, P = 0.017). Moreover, Tyr/Thr

ratio was significantly positively correlated with the value
of hsCRP in subjects with CV death (n = 26, r = 0.674,
P =0.001) (Figure 5). However, Tyr/Thr ratio has no significant
correlation with log NT-proBNP or sST, in HF endpoint. Inter-
estingly, in non-HF endpoint or non-CV death or non-HF read-
mission subjects, Tyr/Thr ratio was positively associated with
log NT-proBNP or sST, (P < 0.05) (Figure 5).

Discussion

In the present study, three major findings were reported.
First, with the presence of HF (HFrEF or HFmrEF), serum Tyr
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Figure 2 ROC curve for the presence of chronic HF. (A) ROC curve for the presence of HF in all subjects; (B) ROC curve for the presence of DCM in
control and DCM subjects; (C) ROC curve for the presence of IHD in control and IHD subjects. DCM, dilated cardiomyopathy; FR, Fischer’s ratio; HF,
heart failure; IHD, ischaemic heart disease; ROC curve, receiver-operating-characteristic curve; Tyr/Thr, tyrosine/threonine.
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Table 5 Correlation between Tyr/Thr and sST2, hsCRP, or NT-proBNP in HF subjects

n Unadjusted OR P value Adjusted OR P value
sST2
Tyr/Thr 66 1.946 (1.013-3.737) 0.046 2.755 (1.105-6.873) 0.030
hsCRP
Tyr/Thr 270 1.421 (1.044-1.934) 0.026 1.728 (1.212-2.464) 0.003
Log NT-proBNP
Tyr/Thr 318 1.319 (0.994-1.750) 0.055 1.737 (1.187-2.544) 0.005

Adjusted for sex, age, low systolic BP, BMI, heart rate, smoking, drinking, DM, hyperlipidaemia, stroke, AF, coronary disease, ALT, and low

eGFR.

HF, heart failure; hsCRP, high-sensitivity C-reactive protein; NT-proBNP, N-terminal brain natriuretic peptide; OR, odds ratio; sST2, the sol-
uble form of suppression of tumourigenicity 2 protein; Tyr/Thr, tyrosine/threonine.

levels increased and Thr levels decreased. Second, circulating
Tyr/Thr ratio was an independent risk factor for predicting HF
presence in all subjects. Last, high Tyr/Thr levels were associ-
ated with a higher risk of HF endpoint events in chronic HF
subjects. Though it is not the first evidence to prove the asso-
ciations between AAs and HF, the present study still has its
unique value: On the one hand, it is the comprehensive AAs
detection in Chinese HF subjects for clinic and further com-
paring with the FR index. On the other hand, it is the first

proof to find the relationship between Tyr/Thr index with
the risk of HF presence in various HF aetiology.

Tyr is a substrate for various bio-molecular biosynthesis,
including thyroid hormone, catecholamine and neurotrans-
mitter. When the uptake and use of Tyr decrease, these bio-
synthesis could be influenced which is identified as a cause of
HF.?° In addition, in HF, inflammation-induced production of
reactive oxygen species may consume a significant portion
of tetrahydrobiopterin (BH4), a co-factor of Phe and Tyr
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Figure 3 Follow-up data of HF subjects and prognosis analysis. Tyr/Thr, Tyrosine/Threonine; HF, heart failure; CV, cardiovascular. (A) HF patients who
met the HF endpoint, CV death or HF readmission had higher levels of Tyr/Thr ratio at baseline. (B) Kaplan—Meier curves and log-rank analysis for the
HF endpoint, CV death or HF readmission according to Tyr/Thr tertiles, respectively.
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hydroxylases, leaving Phe and Tyr unmetabolized.?*%?

Moreover, the pathogenesis of HF could also influence Phe
and Tyr hydroxylases.?® Thus, the accumulation of Tyr in the
serum was inclined to the worse cardiac function. It should
be noted that hypothyroidism could reduce liver’s clearance
of Tyr and also lead to the increased tyrosinemia.?* Though
the thyroid function is frequently impaired during HF, hypo-

thyroidism has been identified more often as a cause of HF.
Moreover, the isolated finding of the increased signals of
these amino acids excludes the possibility that it may derive
from a hypercatabolic status, prompting the search for HF
mechanism.?°

Thr, as one of EAAs, plays a pivotal role as cardiac nutrition.
EAAs are fundamental for the synthesis of proteins, many
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Table 6 Cox regression analysis for endpoint in HF subjects

Unadjusted HR P value Adjusted HR P value
HF endpoint
Tyr/Thr tertiles 1.428 (1.038-1.966) 0.029 1.634 (1.099-2.430) 0.015
Tertile 1 1 (ref) 1 (ref)
Tertile 2 1.208 (0.609-2.396) 0.589 6 (0.867-5.312) 0.099
Tertile 3 1.980 (1.053-3.723) 0.034 01 (1.228-6.851) 0.015
CV death
Tyr/Thr tertiles 2.452 (1.402-4.287) 0.002 2.887 (1.417-5.884) 0.004
Tertile 1 1 (ref) 1 (ref)
Tertile 2 1.243 (0.334-4.627) 0.746 320 (0.546-20.200) 0.193
Tertile 3 4.675 (1.572-13.899) 0.006 908 (1.703-46.590) 0.010
HF readmission
Tyr/Thr tertiles 1.432 (1.041-1.971) 0.027 1.653 (1.112-2.457) 0.013
Tertile 1 1 (ref) 1 (ref)
Tertile 2 1.215 (0.612-2.411) 0.577 2.211 (0.894-5.470) 0.086
Tertile 3 1.992 (1.059-3.746) 0.032 2.982 (1.262-7.048) 0.013

Adjusted for sex, age, BMI, low systolic BP, heart rate, smoking, drinking, DM, hyperlipidaemia, stroke, AF, coronary disease, ALT, low

eGFR, hsCRP, and NT-proBNP.

CV, cardiovascular; HF, heart failure; HR, hazard ratio; hsCRP, high-sensitivity C-reactive protein; Tyr/Thr, tyrosine/threonine.

Figure 4 ROC curve for CV death in subjects with HF. CV, cardiovascu-
lar; FR, Fischer’s ratio; HF, heart failure; ROC curve, receiver-operating-
characteristic curve; Tyr/Thr, tyrosine/threonine.
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metabolic and signalling intermediates and many cofactors.?”
AAs could enter the Krebs cycle,”® promoting anabolism,
favouring  mitochondrial  biogenesis and  reducing
hyperautophagy.?” Otherwise, malnutrition (low EAAs) and
autophagy are closely related, especially in hypercatabolic
conditions, to the heart. Massive activation of autophagy
may be detrimental for the heart in certain stress
conditions.?®?° Therefore, low Thr levels may be detrimental
to cardiac function. Furthermore, HF patients may suffer
from severe nausea or vomiting and hiccup due to the high
concentration of natriuretic peptide in the blood anterior
atrium, as well as reduced intestinal blood flow, leading to

further impaired nutrient absorption in the body.3° Prior
studies also found that dietary AAs and especially EAAs, was
a potential adjuvant therapeutic strategy to treat systolic dys-
function HF.3*

Then, our research showed that the elevated Tyr/Thr ratio
was positively correlated with sST2 or hsCRP level, but was
weakly correlated with log NT-proBNP value in HF subjects.
The sST2 responds mainly to cardiac fibrosis, and remodelling
while hsCRP indicates inflammatory response, and
NT-proBNP is a marker of volume overload and congestion,
which reflect diverse pathophysiological pathways implicated
in highly complex HF pathology.>> Meanwhile, in the present
research, the relationship between Tyr/Thr index and HF still
exists in various HF aetiology (DCM or IHD). These observa-
tions substantiate a notion that the presence of HF disease
due to Tyr and Thr metabolic abnormalities may be primarily
caused by the aggravation of myocardial fibrosis since
C-reactive protein (CRP) principally participating in the cause
of ischaemic HF and atherosclerosis disease.>> However, a re-
search reported that CRP could also cause myocardial dam-
age in DCM through activation of the complement system
and chemotaxis of macrophages.®® Therefore, the main
mechanism of AAs to HF needs our further exploration in fun-
damental research.

Next, we observed that the close relationship between el-
evated Tyr/Thr ratio and poor prognosis accompanied with
aggravating inflammation reaction. The explanations were
as follows, first, due to the decreased uptake and use of Tyr
as a substrate for the biosynthesis of various biological mole-
cules, higher Tyr levels were prone to be found in the HF se-
rum with poor prognosis of CV death.>® Second, individual-
ized nutritional support could reduce the risk of major CV
events and mortality in chronic HF.® Thr, as one of the EAAs
was vital to reduce the risk of poor prognosis and lack of it
certainly increase HF adverse endpoints. Third, numerous re-
searches have shown that overactive or prolonged inflamma-
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Figure 5 Correlation between Tyr/Thr ratio and sST2, hsCRP or logNT-proBNP in HF endpoint analysis. CV, cardiovascular; HF, heart failure; hsCRP,
high-sensitivity C-reactive protein; NT-proBNP, N-terminal brain natriuretic peptide; sST2, the soluble form of suppression of tumourigenicity 2 protein;

Tyr/Thr, tyrosine/threonine.
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tory response can lead to further cardiac damage, so high
plasma hsCRP levels portend poor outcomes, particularly in
those with severe concomitant systolic dysfunctions.®”° So
it is conceivable that elevated Tyr/Thr level leads to worse
prognosis with inflammatory response.

Last, we compared the index of Tyr/Thr ratio with the FR
index which was often used for the valuation of the metabo-
lism of HF or other diseases.’®%° In this research, the Tyr/Thr
ratio was superior to FR in predicting HF occurrence (with dif-
ferent aetiology) or CV death. These gave us a hint that Tyr/
Thr ratio has not only a unique value in understanding the
risk of HF presence but also a prognostic value for HF.

Study limitations

We recognize certain limitations of this study. First, our study
was a single center study, but all data collection and echocar-
diography were performed in a standard form to ensure the
consistency in each case. Second, some unidentified factors
(e.g. thyroid disease and dietary intake) might not have been
evaluated which could potentially be confounders for modi-
fied metabolite levels. Third, sST2 entered the clinic at a later
stage, so only little number of HF subjects were tested. The
study on its correlation with AAs needs to be further verified
by more samples. Last, our HF subjects enrolled were those
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with HFrEF or HFmrEF. Thus, whether the indicative value of
AAs still exist in HFpEF remains unknown. Further studies
should focus on combining these HF-associated indicators
to build a more comprehensive assessment tool to manage
HF patients.
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