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STUDY DESIGN AND ASSAY MEASUREMENTS. This

is a single-center, prospective cohort study approved
by the Cleveland Clinic Institutional Review Board.
After informed consent was obtained from all patients, fasting plasma blood samples were collected
using EDTA tubes, which were then immediately
processed and frozen at
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Tang, W.H.W., et al., J Am Coll Cardiol. 2014; 64(18):1908–14.

C E N T R A L I L L U S T R A T I O N Comparison of Fasting TMAO Levels Between Patients With Stable Heart Failure and

Apparently Healthy Controls

(Left) Trimethylamine N oxide (TMAO) concentration was higher in patients with stable heart failure than healthy controls and (Right)
portended poorer survival at higher levels regardless of B type natriuretic peptide levels. Kaplan Meier curves for 5 year all cause mortality
with TMAO with TMAO/B type natriuretic peptide (BNP) stratiﬁed at median levels.

inverse correlation between TMAO levels and eGFR

TMAO levels were associated with a 2.2-fold increase

0.55; p < 0.001) in our study cohort. We further

in mortality risk after adjustment for traditional risk

investigated the association between TMAO levels

factors and BNP levels (HR: 2.20; 95% CI: 1.42 to 3.43;

and cardiorenal indexes by constructing a model that

p < 0.01) and a 1.80-fold increase in mortality risk

included BNP levels and eGFR. In this model, patients

even after adjustment for traditional risk factors

in the highest quartile of TMAO (>8.5 m M) remained

and BNP levels plus eGFR (HR: 1.75; 95% CI: 1.07 to

(r

at a signiﬁcantly higher mortality risk than those

2.86; p < 0.05) and plus hsCRP levels (HR: 1.85; 95%

with lower TMAO levels. Speciﬁcally, elevated fasting

CI: 1.14 to 3.00; p < 0.05). Interestingly, within
the intermediate BNP range (second tertile 160 to
505 pg/ml), the lower 2 tertiles of TMAO portended a

Freedom From Death at 5 Years

3.3-fold increase in mortality risk (95% CI: 1.4 to 8;
1.0

p < 0.001), whereas the highest TMAO tertile (>7.2

mM) had a 5.7-fold increased mortality risk (95% CI:

09

Quartile 1

0.8

Quartile 2

0.7

Quartile 3

2.5 to 13.2; p < 0.01) compared with both low BNP
and TMAO levels (Figure 3).

DISCUSSION
The key ﬁnding to our study is the strong prognostic

0.6

value of plasma TMAO levels in patients with stable

Quartile 4

HF incremental to traditional risk factors, cardiorenal

0.5
0

1

2

3

4

5

Years

indexes (BNP and eGFR), and markers of systemic
inﬂammation (hsCRP). It is intriguing that in the
setting of elevated natriuretic peptide levels, which
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Mortality According to Quartiles of Plasma Levels of TMAO
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