Original Article

L))

Check for
updat

The correlation between plasma trimethylamine N-oxide level and
heart failure classification in northern Chinese patients

Zengxiang Dong'*, Zhaoguang Liang*, Xinyu Wang', Wensheng Liu', Lei Zhao’, Shanshan Wang?,

Xin Hai', Kaijiang Yu’

'Department of Pharmacy, *Department of Cardiology, ‘Department of Critical Care Medicine, the First Affiliated Hospital, Harbin Medical

University, Harbin, China

Contributions: (I) Conception and design: Z Dong, Z Liang, K Yu, X Hai; (II) Administrative support: None; (IIT) Provision of study materials or

patients: None; (IV) Collection and assembly of data: L Zhao, S Wang; (V) Data analysis and interpretation: X Wang, W Liu; (VI) Manuscript

writing: All authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Xin Hai; Kaijiang Yu. Department of Pharmacy, the First Affiliated Hospital, Harbin Medical University, 23 Youzheng Street,

Nangang District, Harbin, China. Email: hai_xin@163.com; drkaijiang@163.com.

Background: Trimethylamine N-oxide (TMAO) has been identified as a new biomarker of cardiovascular
disease. Our aim was to evaluate the plasma levels of TMAO in patients with or without heart failure (HF),
and to indicate the correlation between plasma TMAO level and HF classification in northern Chinese
patients.

Methods: A total of 112 control participants and 184 HF patients participated in this study. Plasma levels
of TMAO and N-terminal probrain natriuretic peptide (NT-proBNP) in all participants were examined and
analyzed.

Results: The plasma TMAO levels were remarkably higher in HF patients than that in control participants
(7.0£0.6 vs. 1.5£0.1 pmol/L; P<0.01). In addition, the plasma TMAO levels of significantly increased from
NYHA IT to NYHA IV group (3.5£0.9, 6.0£0.8 and 8.1+1.0 pmol/L, respectively). The receiver operating
characteristic analysis (ROC) showed that area under the curve (AUC) of TMAO was 0.881 (P<0.01).
Furthermore, the AUC value for TMAO was 0.857 (95% CI: 0.674-1.000; P<0.01), 0.845 (95% CI:
0.778-0.911; P<0.01) and 0.914 (95% CI: 0.872-0.956; P<0.01) in NYHA II, NYHA III and NYHA IV
groups, respectively. Univariate and multivariate logistic regression analysis indicated that TMAO was an
independent risk factor for HF in patients. The level of TMAO was positively correlated with NT-proBNP.
However, the diagnostic ability of TMAO was lower than that of NT-proBNP.

Conclusions: TMAO was an independent predictor of HF, moreover, the TMAO levels were highly

associated with HF classification in northern Chinese patients.
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Introduction

Cardiovascular disease represents the largest single
contributor toward global mortality, and is poorly
controlled in approximately 40% of patient deaths in China

(1-3). Heart failure (HF) is the end phase of cardiovascular

diseases and remains a public health issues in many
countries, which is a main cause of cardiovascular mortality
worldwide. At present, the diagnosis and prognostication
of HF is most commonly determined by brain natriuretic
peptide (BNP) and N-terminal probrain natriuretic
peptide (NT-proBNP). Plasma N'T-proBNP is an excellent
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predictive risk factor for HE. However, the level of N'T-
proBNP changes following therapy (4).

Trimethylamine N-oxide (TMAO), a metabolite from
choline and L-carnitine, is produced by gut microbiota (5-7).
At present, many studies have indicated a relation between
plasma levels of TMAO and cardiovascular diseases, and
found that TMAO was an independent risk factor for major
adverse cardiac events (8-12). Our previous study revealed
that plasma level of TMAO was a risk factor for coronary
heart disease in Chinese patients (13). In the present study,
we determined plasma levels of TMAO in patients with
or without HE. The diagnostic ability of TMAO was also
evaluated relative to the well-established N'T-proBNP. The
previous research had demonstrated that TMAO was not
only a predictor of cardiovascular diseases, but also directly
increased the risk of death from cardiovascular diseases.
Therefore, TMAO may be a new strategy for diagnosis and
treatment of HE.

This study will explore the correlation between plasma
TMAO level and HF in northern China. The severity of
HF will be assessed by determining the plasma TMAO
level in patients with HF. To determine the diagnostic
value of TMAO in HE, TMAO was also evaluated relative
to the well-established biomarker NT-proBNP. We can
obtain new ideas for clinical prevention and treatment of
HE. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-296).

Methods
Study population

During the period of May 2016 to August 2017, 296
patients with or without HF were recruited through the
Department of Cardiology, First Affiliated Hospital of
the Harbin Medical University. The inclusion criteria for
the HF group were chronic HF patients, diagnosed by a
cardiologist. Patients were excluded from the study if they
had malignant tumor, simultaneous infection or severe
hepatic and renal dysfunction diseases. The control group
consisted of 112 participants with no clinical history of
HE. The HF patients further were assigned to 3 groups
according to the functional classification system of the
New York Heart Association (NYHA), which included the
NYHA II (n=8), NYHA III (n=82), and NYHA IV (n=94)
groups. The study conformed to the provisions of the
Declaration of Helsinki (as revised in 2013). This study
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was approved by the Institutional Ethics Committees of
the First Affiliated Hospital of Harbin Medical University
(No. IRB-AF/SC-08/05.0) and individual consent for this

retrospective analysis was waived.

Laboratory testing

The recruited participants had the medical examinations
carried out and were assessed by specialized cardiologist
who gathered information about HF-related symptoms
such as NYHA class. Serum levels of biochemical
parameters were tested in the clinical laboratory of the
First Affiliated Hospital of the Harbin Medical University.
Echocardiography was conducted by investigators who were
blinded to this study.

Quantification of plasma TMAO levels

The plasma was collected from each participant and then
stored at —80 °C refrigerator until analysis. Plasma level
of TMAO was determined by LC-MS/MS as described
previously (14). Five pL. of each sample supernatant was
injected into a silica column (100 mm x 2 mm, 3 pm,
Phenomenex Luna Silica, USA) and was determined by
high performance liquid chromatography system (Agilent
Technologies, USA). TMAO and d9-TMAO were
monitored using a triple quadrupole mass spectrometer

(AB Sciex, USA).

Data analysis and statistics

Continuous variables were demonstrated as a mean =
SD, if a normal distribution was detected. Differences
between 2 independent groups were analyzed using an
independent-samples ¢-test, while differences among
multiple groups were assessed using a one-way ANOVA.
Continuous variables were demonstrated as a median and
interquartile range, if not normally distributed. Differences
between 2 independent groups were analyzed using the
Mann-Whitney U test, while differences among multiple
independent groups were analyzed using the Kruskal-Wallis
test. Categorical clinical variables were displayed as % and
were compared using the chi-square test. The receiver
operating characteristic (ROC) curves were drawn and the
area under the curve (AUC) was calculated to assess the HF
risk. Logistic regression analysis was applied to evaluate
the association between the TMAO and HF risks. The
correlation analysis for the association of TMAO with risk
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Table 1 Baseline characteristics of the patients

Dong et al. TMAO level and HF classification in Chinese patients

Characteristic Control (n=112) HF (n=184) P value
Age (years) 51.6+15.3 64.4+13.8 <0.01
Male (%) 37 (33.0%) 115 (62.5%) <0.01
Hypertension (%) 32 (28.6%) 98 (53.3%) <0.01
DM (%) 6 (5.4%) 44 (23.9%) <0.01
Dyslipidemia (%) 35 (31.2%) 17 (9.2%) <0.01
LVEF (%) 65.2+6.3 43.3+13.4 <0.01
LAD (mm) 34.2+4.5 42.5+6.2 <0.01
LVEDD (mm) 46.4+6.3 56.2+9.7 <0.01
Albumin (g/L) 42.3+4.3 37.3+5.3 <0.01
Hemoglobin (g/L) 137.0+17.3 129.6+23.9 0.01
BUN (mmol/L) 5.2+1.5 8.7+5.3 <0.01
Creatinine (umol/L) 58.7 (51.7-68.0) 81.2 (63.9-118.3) <0.01
NT-proBNP (pg/mL) 83.6 (41.2-239.3) 2,024.0 (1,390.0-8,170) <0.01
ALT (U/L) 15.3 (10.6-23.8) 19.1 (12.5-32.4) 0.01
TC (mmol/L) 4.8+1.0 4.3+1.1 0.01
TG (mmol/L) 1.8+1.1 1.6+1.1 0.27
B-blockers (%) 37 (33.0%) 104 (56.5%) <0.01
ACEI or ARB (%) 29 (25.9%) 107 (58.2%) <0.01
CCB (%) 15 (13.4%) 54 (29.3%) 0.01
TMAO (umol/L) 1.5+0.1 7.0+£0.6 <0.01

Data are presented as mean + standard deviation or proportions. HF, heart failure; DM, diabetes mellitus; LVEF, left ventricular ejection
fraction; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic dimension; BUN, blood urea nitrogen; NT-proBNP, N-terminal pro-
brain type natriuretic peptide; ALT, alanine aminotransferase; TC, total cholesterol; TG, triglyceride; ACEI, angiotensin converting enzyme
inhibitors; ARB, angiotensin receptor blocker; CCB, calcium channel blockers.

factors of HF was assessed by Pearson’s correlation analysis
(for continuous data) or Spearman’s correlation analysis (for
categorical data). All statistical assessments were performed
using SPSS 20.0 software. Statistical significance for all
analyses was accepted at P<0.05.

Results
Patient characteristics

This study consisted of 112 controls and 184 HF patients
(Table 1). Patients with HF were classified as NYHA 11T
(n=8), NYHA III (n=82) or NYHA IV (n=94) based on
their functional and clinical status (7#ble 2). The differences
of age, albumin, hemoglobin, ALT, TC and TG among
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the NYHA II, NYHA IIT and NYHA IV groups were not
significantly different. The differences of LVEF, LAD,
LVEDD, BUN, creatinine and NT-proBNP among
the NYHA II, NYHA III and NYHA IV groups were
significantly different (P<0.01).

Elevated plasma TMAQO levels in HF patients

TMAO was isolated from plasma samples of control
subjects and HF patients. The plasma levels of
TMAO were analyzed using LC-MS/MS. TMAO was
7.0£0.6 pmol/L in HF group and 1.5+0.1 pmol/L in
control group (P<0.01; Figure 14). NT-proBNP were
higher in HF patients than in controls (P<0.01; Figure 1B).
These results indicated that TMAO or NT-proBNP have
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Characteristic Control (n=112) NYHA Il (n=8) NYHA Il (n=82) NYHA IV (n=94)
Age (years) 51.6+15.3 68.3+11.1* 61.7£14.9 66.4+£12.7*
LVEF (%) 65.2+6.3 58.0+11.2 47.9+11.9* 38.1+12.3**
LAD (mm) 34.2+4.5 39.1+5.8 41.0+5.3* 44.2+6.5**
LVEDD (mm) 46.4+6.3 49.8+7.3 54.0+8.6* 58.6+10.2*
Albumin (g/L) 42.3+4.3 39.0+5.1 37.6+4.6* 36.8+5.8*
Hemoglobin (g/L) 137.0+17.3 139.9+18.4 130.7+23.7 127.8+24.3*
BUN (mmol/L) 5.2+1.5 8.1+4.3 7.3+5.1* 9.9+5.3*

Creatinine (umol/L) 58.7 (61.7-68.0)

NT-proBNP (pg/mL) 83.6 (41.2-239.3) 1,824.0 (181.0-3,883) 2,514.0 (1,277.0-4,574)*
ALT (U/L) 15.3 (10.6-23.8) 27.1 (17.1-40.8) 21.1 (12.7-29.5)

TC (mmol/L) 4.8+1.0 4.3+1.0 4.4+1.1

TG (mmol/L) 1.8+1.1 1.3-0.3 1.8+1.3

TMAO (umol/L) 1.5+0.1 3.5+0.9 6.0+0.8*

60.9 (49.9-73.6)

73.5 (61.0-95.2)"

91.5 (66.9-142.5)**
4,052.0 (1,661.0-15,068)"*
18.1 (11.7-33.8)
4.2+1.2%
1.5+0.9
8.1+1.0*

Data are presented as mean + standard deviation or proportions. *P<0.01 vs. control; #P<0.01 vs. NYHA II; &P<0.01 vs. NYHA Ill. LVEF,
left ventricular ejection fraction; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic dimension; BUN, blood urea nitrogen; NT-
proBNP, N-terminal pro-brain type natriuretic peptide; ALT, alanine aminotransferase; TC, total cholesterol; TG, triglyceride.
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Figure 1 The plasma levels of TMAO and N'T-proBNP in control and HF group. (A) The levels of TMAO were confirmed in control and
HF group. (B) The levels of NT-proBNP were confirmed in control and HF group. **P<0.01, vs. control group. TMAO, trimethylamine

N-oxide; NT-proBNP, N-terminal probrain natriuretic peptide; HE, heart failure.

a significant association with HF (P<0.01). Additionally,
TMAO and NT-proBNP levels were determined in the
3 HF groups relative to the control group (Figure 2A4,B).
The plasma levels of TMAO were 3.5+0.9, 6.0£0.8 and
8.1£1.0 pmol/L in NYHA II, NYHA III and NYHA IV
groups, respectively. The plasma levels of NT-proBNP
increased from NYHA II to NYHA IV group. As expected,
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both TMAO and NT-proBNP in all HF groups were
significantly higher than in the control group.

Assessment of TMAO diagnostic potential

To investigate whether TMAO can discriminate between

the HF and the control groups, ROC curves were
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Figure 3 ROC curves of the diagnosis ability of TMAO and NT-proBNP for HF. The area under ROC curve was determined to evaluate
the predictive power of circulating TMAO (A) and N'T-proBNP (B) for HE. ROC, receiver operating characteristic; TMAO, trimethylamine
N-oxide; NT-proBNP, N-terminal probrain natriuretic peptide; HE, heart failure.

constructed for TMAO and NT-proBNP. The AUC value
for TMAO was 0.881 (95% CI: 0.842-0.920; P<0.01) and
was 0.960 for N'T-proBNP (95% CI: 0.934-0.986; P<0.01)
(Figure 34,B). The diagnostic ability of TMAO was lower
than that of NT-proBNP. The univariate analysis with
logistic regression indicated that the odds ratios (OR)
value was 3.944 (95% CI: 2.702-5.757) and 1.003 (95%
CI: 1.002-1.004) for TMAO and NT-proBNP between
control and HF, respectively (Table 3). The multivariate
logistic regression analysis showed: the OR values was
4.849 (95% CI: 1.885-12.474) and 1.002 (95% CI: 1.001-

© Annals of Palliative Medicine. All rights reserved.

1.004) for TMAO and NT-proBNP between control and
HE, respectively (Table 4).

Correlation of TMAO with clinical parameters of HF

The correlation analysis was used to indicate correlations
between TMAO and other risk factors for HE. The results
indicated that TMAO was correlated with NT-proBNP,
albumin, hemoglobin, BUN and creatinine (P<0.01; Table
5). These results showed that TMAO was significantly
correlated with risk factors for HE.
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Table 3 Univariate logistic regression analysis for risk factors of

HF
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Table 4 Multivariate logistic regression analysis for risk factors of

HF

Characteristic OR 95% ClI P value Characteristic OR 95% Cl P value
Age 1.062 1.042-1.082 <0.01 TMAO 4.849 1.885-12.474 0.001
Male 3.378 2.061-5.537 <0.01 Albumin 0.929 0.795-1.085 0.351
Hypertension 2.849 1.725-4.706 <0.01 Hemoglobin 1.041 0.986-1.100 0.147
DM 5.552 2.281-13.514 <0.01 BUN 0.892 0.607-1.313 0.564
Dyslipidemia 0.224 0.118-0.424 <0.01 Creatinine 1.018 0.962-1.077 0.533
LVEF 0.836 0.802-0.871 <0.01 NT-proBNP 1.002 1.001-1.004 <0.01
LAD 1.369 1.270-1.476 <0.01 ALT 1.051 1.002-1.102 0.042
LVEDD 1.173 1.123-1.226 <0.01 TC 0.669 0.364-1.231 0.196
Albumin 0.784 0.732-0.839 <0.01 TG 0.486 0.246-0.958 0.037
Hemoglobin 0.984 0.972-0.995 0.01 HF, heart failure; TMAO, trimethylamine N-oxide; BUN, blood
urea nitrogen; NT-proBNP, N-terminal pro-brain type natriuretic
BUN 1.572 1.363-1.813 <0.01 peptide; ALT, alanine aminotransferase; TC, total cholesterol;
Creatinine 1.060 1.041-1.080 <0.01 TG, triglyceride; OR, odds ratio; Cl, confidence interval.
NT-proBNP 1.003 1.002-1.004 <0.01
ALT 1.021 1.005-1.037 0.01 NYHA IV groups, respectively.
TC 0.672 0.533-0.847 0.01
TG 0.884 0.710-1.101 0.270 Discussion
TMAO 3.944 2.702-5.757 <0.01

HF, heart failure; DM, diabetes mellitus; LVEF, left ventricular
ejection fraction; LAD, left atrial diameter; LVEDD, left ventricular
end-diastolic dimension; BUN, blood urea nitrogen; NT-proBNP,
N-terminal pro-brain type natriuretic peptide; ALT, alanine
aminotransferase; TC, total cholesterol; TG, triglyceride; TMAO,
trimethylamine N-oxide; OR, odds ratio; Cl, confidence interval.

Comparison of the TMAO diagnostic efficacy in HF

classification

To investigate the diagnostic value of TMAO and N'T-
proBNP among the NYHA functional class II to IV
HF, ROC curves of TMAO and NT-proBNP were
examined in the 3 HF groups relative to the control group
(Figure 4A4,B,C,D,E,F). The results indicated that both
TMAO and NT-proBNP depicted significant values for
the AUC. The AUC value for TMAO was 0.857 (95% CI:
0.674-1.000; P<0.01), 0.845 (95% CI: 0.778-0.911; P<0.01)
and 0.914 (95% CI: 0.872-0.956; P<0.01) in NYHA II,
NYHA I and NYHA IV groups, respectively. The AUC
value for NT-proBNP was 0.830 (95% CI: 0.657-1.000;
P<0.01), 0.957 (95% CI: 0.924-0.989; P<0.01) and 0.974
(95% CI: 0.953-0.996; P<0.01) in NYHA II, NYHA III and

© Annals of Palliative Medicine. All rights reserved.

In this study, we determined the plasma levels of TMAO
among patients with or without HF, and identified the
correlation between TMAO and HF classification in
northern Chinese patients. The plasma TMAO levels of
the HF patients were significantly upregulated relative to
the controls. The plasma levels of TMAO were increased
from NYHA II to NYHA IV group. TMAO may serve
as potential HF diagnostic markers for northern Chinese
patients. As expected, the levels of N T-proBNP in NYHA
II to NYHA IV HF groups were also significantly higher
than in the control group. Thus, the well-established
biomarker NT-proBNP was more effective than TMAO as
a biomarker for detecting HE.

Many biomarkers have changed in HF, which reflect
hemodynamic status, inflammation, and collagen
homeostasis (15-17). At present, the mainly diagnostic
index of HF is left ventricular ejection fraction (LVEF)
and N'T-proBNP. LVEF value is an important index for
evaluating HF, however, which is not suitable for HF with
a preserved EF. Meantime, the increase of NT-proBNP
was not only in HF, but also in many other cardiovascular
diseases (18,19). The plasma level of NT-proBNP also
could change with the patient’s age, which might be
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Table 5 Correlation analysis for the association of TMAO with risk
factors of HF

TMAO
Risk factors of HF
Coefficient P value

Age -0.024 0.747
Male -0.041 0.584
Hypertension 0.032 0.662
DM 0.115 0.119
Dyslipidemia 0.060 0.421
LVEF -0.003 0.970
LAD 0.017 0.882
LVEDD -0.002 0.982
Albumin -0.149 0.047
Hemoglobin -0.301 0.000
BUN 0.477 0.000
Creatinine 0.678 0.000
NT-proBNP 0.411 0.000
ALT -0.112 0.135
TC -0.042 0.588
TG -0.062 0.420

TMAO, trimethylamine N-oxide; HF, heart failure; DM, diabetes
mellitus; LVEF, left ventricular ejection fraction; LAD, left atrial
diameter; LVEDD, left ventricular end-diastolic dimension; BUN,
blood urea nitrogen; NT-proBNP, N-terminal pro-brain type
natriuretic peptide; ALT, alanine aminotransferase; TC, total
cholesterol; TG, triglyceride.

related to the changes of cardiac microstructure (20). So,
it is very important to find biomarkers for diagnosis of HE.

Accumulating data have demonstrated an association
between TMAO and HF (9,10). These studies indicated
that TMAO was a risk factor for HF, which indicated
higher mortality risk in western countries (21). TMAO
is produced from metabolism of nutrients by intestinal
bacteria, because of the different dietary structure between
western country and China, the relation between TMAO
level and HF in northern Chinese patients is unclear. In
this study, the plasma level of TMAO was 7.0£0.6 pmol/L
in HF group and 1.5+0.1 pmol/L in control group
(P<0.01; Figure 1A). Our results found that TMAO have
a significant association with HF in northern Chinese
patients. Furthermore, the ROC analysis revealed that

© Annals of Palliative Medicine. All rights reserved.
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AUC of TMAO was 0.881 to predict HF patients.
Logistic regression analysis showed that TMAO was an
independent predictor of HF. These findings suggest that
TMAO may facilitate accurate diagnosis of HF and serve
as an improved prognostic tool for northern Chinese
patients. In this study, HF patients were further divided
into NYHA II to NYHA IV groups. The plasma levels
of TMAO were remarkably increased from NYHA II to
NYHA 1V group (3.5+0.9, 6.0+0.8 and 8.1+1.0 pmol/L,
respectively). The ROC revealed that AUC of TMAO
was 0.857 (95% CI: 0.674-1.000; P<0.01), 0.845 (95% CI:
0.778-0.911; P<0.01) and 0.914 (95% CI: 0.872-0.956;
P<0.01) in NYHA II, NYHA III and NYHA IV groups,
respectively. These results indicated that TMAO was an
independent predictor of HF, and was highly associated
with HF classification in northern Chinese patients. The
exact role of TMAO on HF is unclear. Many studies
have found that dietary intake affected gut microbiome
and TMAO level had been associated with HF outcomes
(22,23). High plasma level of TMAO was associated
with diastolic dysfunction and mortality (10,21). In an
experimental research, mice were fed with TMAO could
induce HF, and increased ventricular remodelling (24).
The previous study indicated that TMAO promoted
proliferation, migration and collagen secretion via
activating the NLRP3 inflammasome in cultured
cardiac fibroblast (25). TMAO levels were significantly
elevated in TAC-induced cardiac hypertrophy in SD
rats. Furthermore, TMAO directly stimulated cardiac
hypertrophy and fibrosis involving Smad3 signaling in
vitro and in vivo (26). These results may be the possible
mechanism of TMAO induced HF.

The present study had limitations. First, it had
a relatively small study population. The number of
NYHA II enrolled was very little. Second, our study
was an observational and retrospective study, the further
prospective data regarding the relation between TMAO
and mortality of HF in patients are needed. Third, the exact
role and mechanism of TMAO on HF still needs to be
further studied.

Conclusions

TMAO was an independent predictor of HF and associated
with HF classification in northern Chinese patients. The
importance of our study is emphasized by the decrease of
TMAO, offering new strategies for treatment of HE.
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Figure 4 ROC curves of the diagnosis ability of TMAO and N'T-proBNP for NYHA II-IV HF. The area under ROC curve was determined
to evaluate the predictive power of circulating TMAO (A-C) and NT-proBNP (D-F) for NYHA II-IV HE. ROC, receiver operating
characteristic; TMAO, trimethylamine N-oxide; N T-proBNP, N-terminal probrain natriuretic peptide; HE, heart failure.
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