(®)
2016 2018

Elucidation of the mechanism of pathophysiology for precision medicine and
development of companion diagnostics
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Now that we are in the post-genome era, the focus of our research is on
applied genomes, especially omics such as proteome and metabolome. In recent years, it has been
reported that the oxidative metabolite trimethylamine N-oxide (TMAO) derived from the intestinal
microflora is associated with heart disease in succession from Europe and the United States.
However, its significance in other ethnic groups, especially the Japanese, is not clear. In this
study, we found that blood TMAO levels can predict death or rehospitalization due to heart failure
in British patients with acute heart failure, while TMAO levels are high in Japanese and caution
should be taken in their interpretation. This study is expected to lead to the elucidation of the
mechanism of TMAO generation, the pathophysiology of heart failure, and the development of new
therapeutic agents for heart failure.
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Total (n = 1087) Caucasian (n = 842) South Asian (n = 129) Japanese (n = 116) P value
TMAO (umol/L) 5.9 (3.5-11.4) 5.9 (3.6-10.8) 4.5 (3.1—8.4)b 9.9 (5.2-22.8)* <0.001
Demographics
Age 77 (69-83) 79 (71-85) 71 (62—78)b 74 (67-81) <0.001
Male 594 (61%) 508 (60%) 86 (67%) 87 (67%) 0.207
Prior HF 364 (35%) 282 (34%) 44 (34%) 38 (35%)° 0.962
Ischaemic heart disease 322 (30%) 225 (27%) 58 (45%)* 39 (34%) <0.001
Hypertension 641 (59%) 480 (57%) 6 (67%)* 75 (65%) 0.039
Diabetes mellitus 328 (34%) 261 (31%) 67 (52%)? 42 (36%) <0.001
Dyslipidaemia 274 (25%) 202 (24%) 35 (27%) 37 (32%) 0.156
Atrial fibrillation 491 (45%) 418 (50%) 3 (18%)° 50 (43%) <0.001
NYHA class IV 534 (54%) 451 (54%) 73 (59%) 35 (30%)° <0.001
LV ejection fraction (%) 35 (25-48) 35 (26-48) 34 (23-48) 34 (26-49) 0.782
Clinical signs
Systolic blood pressure (mmHg) 132 (115-150) 133 (115-150) 135 (116-155) 126 (105-150) 0.240
Diastolic blood pressure (mmHg) 75 (65-85) 74 (65-85) 74 (65-85) 81 (66-94)? 0.023
Heart rate (beat/min) 90 (74-106) 88 (74-106) 90 (73-102) 92 (76-112) 0.310
Medication
Aspirin 458 (42%) 363 (43%) 64 (50%) 31 (28%)° 0.001
Beta-blocker 445 (41%) 345 (41%) 57 (45%) 43 (38%) 0.617
ACE inhibitor or ARB 587 (54%) 457 (54%) 70 (54%) 60 (54%) 0.990
Diuretics 647 (60%) 505 (60%) 81 (63%) 61 (55%) 0:371
Laboratory
Urea (mmol/L) 8.9 (6.5-12.6) 9.0 (6.6-12.7) 8.1(6.2-12.5) 8.9 (6.4-11.6) 0.383
eGFR (ml/min/1.73 m?)° 49 (36-66) 48 (35-64) 51 (37-68) 56 (36-82)? 0.026
Sodium (mmol/L) 138 (135-141) 138 (135-141) 137 (135-140) 140 (137-142)° 0.001
Haemoglobin (g/dL) 12.3 (10.8-13.7) 12.4(10.9-13.8) 11.9 (10.5-13. 0) 11.9 (10.7-13.4) 0.012
NT proBNP (pg/mL) - 2123 (996-3946) 2103 (833-3454) -
BNP (pg/mL) - - - 654 (355—1 095) -
z-transformed log natriuretic peptide 0.17 (-0.43-0.62) 0.18 (-0.40-0.66)  0.18 (-0.53-0.56) 0.05 (-0.59-0.59) 0.460
Outcomes
Mortality at 1 year 281 (26%) 243 (29%) 25 (19%)b 13(1 1%)b <0.001
Mortality/HF at 1 year 418 (39%) 332 (39%) 52 (41%) 34 (29%) 0.096

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; HF, heart failure; LV,
left ventricular; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart Association; TMAO, trimethylamine-N-oxide.
Data are expressed as median (interquartile range) for continuous variables or n (%) for categorical values. Categorical variables were an-

alyzed with y? tests. Continuous variables were analysed with Mann-Whitney U tests.

*Significantly higher compared with Caucasian.
“Significantly lower compared with Caucasian pairwise analyses.
‘Estimated by Chronic Kidney Disease Epidemiology Collaboration formula.
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Unadjusted Adjusted®
HR (95% dI) P value HR (95% Cl) P value
Univariate model
logTMAO 1.28 (1.17-1.40) <0.001
Ethnic group
Caucasian Reference
South Asian 1.03 (0.77-1.39) 0.823
Japanese 0.69 (0.49-0.99) 0.042
Multivariate model
logTMAO <0.001 0.002
Ethnicity group 0.057 0.311
Ethnic group*logTMAO 0.408 0.125
Caucasian*logTMAO 1.38 (1.24-1.53) 1.23 (1.08-1.40)
South Asian*logTMAO 1.15 (0.86-1.55) 0.88 (0.61-1.25)
Japanese*logTMAO 1.21 (0.93-1.57) 1.02 (0.77-1.35)

Cl, confidence interval; HR, hazard ratio; TMAO, trimethylamine-N-oxide.
°Adjusted for age, sex, previous history of heart failure, ischaemic heart disease, hypertension, diabetes, systolic blood pressure, New York
Heart Association class, sodium, haemoglobin, estimated glomerular filtration rate, and standardized natriuretic peptide.
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Caucasian* South Asian” Japanese'

Chi-square p Value Chi-square p Value Chi-square p Value
(A) Total cohort TMAO 33.295 <0.001 0.585 0.444 0.494 0.482
(B) Ethnicity-derived TMAO 31.046 <0.001 0.017 0.895 0.678 0.410

Solid lines represent above median and dashed lines represent below median.

Median TMAO levels for: total cohort 5.89 pmol/L; Caucasian 5.86 pmol/L; South Asian 4.53 pmol/L; Japanese 9.86 pmol/L
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