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Abstract

Trimethylamine N-Oxide (TMAO) has emerged as a novel biomarker implicated in the
pathogenesis and progression of various cardiometabolic conditions, including Coronary
Artery Disease (CAD), stroke, type 2 diabetes mellitus, obesity/metabolic syndrome, chronic
kidney disease, restenosis, and heart failure. Despite increasing global recognition of its
clinical relevance, TMAO testing was not available in Indonesia until Bethsaida Hospital, under
the leadership of Prof. Dasaad Mulijono, successfully established a partnership with Prodia,
the only private laboratory in the country willing to invest in TMAO diagnostic technology.

This article describes the implementation of TMAO testing at Bethsaida Hospital,
evaluates its diagnostic and prognostic utility, and explores its role in monitoring adherence to
a healthy Plant-Based Diet (PBD).

Bethsaida Hospital is also a national pioneer in using Drug-Coated Balloon (DCB) technology
for coronary interventions. Ongoing research at the institution investigates the relationship
between TMAO levels and dietary adherence among cardiac patients. Individuals with lower
TMAO concentrations tend to exhibit a reduced restenosis rate following DCB procedures.
Furthermore, patients who demonstrate regression of coronary plaques, particularly those
adhering to a PBD, consistently exhibit low TMAO levels, supporting its potential as a surrogate
marker for a favourable gut microbiota composition and dietary pattern.

TMAO remains the only clinically available biomarker that indirectly reflects gut microbiota
health concerning dietary intake, particularly in individuals following a PBD. Its potential
application in precision medicine holds promise for enhancing risk stratification, guiding
therapeutic interventions, and improving long-term cardiovascular outcomes in patients with
cardiometabolic disorders.

Introduction

Cardiovascular diseases remain the leading cause of mortality globally
and in Indonesia [1-5]. Traditional biomarkers such as Low-Density
Lipoprotein (LDL) cholesterol and C-Reactive Protein (CRP) have been
helpful but often insufficient to capture the complexity of cardiovascular
risk, especially in diet and gut microbiota. TMAO, a metabolite produced
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carnitine, has been strongly associated with adverse
cardiovascular outcomes [6-20]. However, despite its
growing significance, access to clinical TMAO testing
in Indonesia was non-existent until 2024.

Historical Background

In a determined effort to bring advanced
preventive diagnostics to Indonesia, Prof. Dasaad
Mulijono initiated collaboration efforts with several
major private laboratories. Most declined due to a
lack of market awareness and perceived low demand.
Only Prodia, Indonesia’s largest private diagnostic
laboratory, recognized the potential clinical and
scientific value of TMAO and agreed to invest in the
equipment and training necessary for high-sensitivity
liquid chromatography-mass spectrometry (LC-MS/
MS) testing.

Bethsaida Hospital subsequently became the
first healthcare institution in Indonesia to routinely
offer clinical TMAO testing as part of its integrative
cardiovascular care strategy.

TMAO and Cardiovascular Disease:
Scientific Evidence

Elevated plasma TMAO levels have been

independently associated with:

* Atherosclerosis: TMAO promotes foam cell
formation and endothelial dysfunction [6,10-
15,18,20].

* Restenosis: We postulated that patients
with higher TMAO levels after percutaneous
interventions are at a greater risk of adverse
vascular remodelling and restenosis.

e Heart failure: TMAO exacerbates myocardial
fibrosis and ventricular dysfunction [7,17].

These pathophysiological mechanisms are
thought to be mediated through pro-inflammatory
pathways, disruption of cholesterol metabolism, and
altered platelet reactivity [6-20].

Diagnostic Value of TMAO Testing
Sensitivity and specificity [21-23]

* Sensitivity: ~85% for predicting Major Adverse
Cardiovascular Events (MACE) in high-risk
patients. Among patients with an increased
cardiovascular risk, 85% will exhibit elevated
TMAO levels.
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* Specificity: ~78%, meaning that 78% of
patients without increased CVD risk have
normal TMAO levels. Depending on their diet,
renal function, and microbiota composition.

False positives [21,24-26]

* High meat, egg yolk, or fish consumption
within 24-48 hours of testing.

* Use of certain supplements (e.g., L-carnitine,
choline).

* Impaired renal clearance.
False negatives [24,25,27]
* Recentantibioticusesuppressesgutmicrobiota.

* Acute dietary changes not reflective of long-
term patterns, meaning the patient fasted or
recently started a PBD (short-term reduction).

* There’s a transient drop due to medications of
short-term behaviour changes.

Normal reference range [21,24,26]

e < 6 pmol/L in healthy individuals who usually
adhere to a PBD.

* Levels >10 pmol/L suggest increased
cardiovascular risk and/or high intake of red
meat or animal-based products.

Clinical Application of TMAO at
Bethsaida Hospital

At Bethsaida, TMAO measurement is integrated
into:

Initial cardiovascular risk screening

Monitoring adherence to a PBD: Sustained TMAO
levels within the normal range are used as an objective
marker of dietary adherence and gut microbiota
health.

Lifestyle intervention programs: Patients
transitioning to a PBD typically exhibit a significant
reduction in TMAO levels within 4-6 weeks,
reinforcing behavioural change.

Research involving patients with atherosclerotic
plaque regression: As documented by Computed
Tomography Coronary Angiography (CTCA) and
invasive coronary angiography.
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Figure 1

Research involving  patients post-DCB
angioplasty: Where TMAQO is used to monitor the risk
of restenosis.

Our Experiences at Bethsaida Hospital

Initial results at Bethsaida show that patients who
adopted a PBD demonstrated a 60-80% reduction
in TMAO within 6 weeks, correlating with improved
metabolic function and lipid profile. Conversely,
patients reverting to animal-based diets experienced
re-elevation of TMAO and markers of inflammation

[(28-37].

Future Directions

* Integration with Al-based
recommendation systems.

dietary

* Longitudinal studies to track TMAO as a
predictor for cardiovascular and chronic
disease events in the Indonesian population.

* Broadening role for TMAO as a marker of
chronic systemic inflammation and metabolic
dysfunction.

Long-Term Applications of TMAO
Testing in Broader Clinical Settings

The long-term application of TMAO testing in
broader clinical settings holds significant promise
for reshaping preventive and therapeutic strategies
across multiple specialties. As a non-invasive,
metabolically informative biomarker, TMAO testing
may evolve into a routine component of annual
health check-ups, particularly for populations at
risk of cardiometabolic diseases. In cardiology,
beyond its current use in assessing restenosis and
dietary adherence, TMAO testing could become
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integral in stratifying patients for aggressive lifestyle
or pharmacologic interventions, thus optimizing
resource allocation and improving patient outcomes.
In nephrology, given TMAO’s accumulation in
chronic kidney disease, its monitoring may offer early
signals of renal dysfunction or progression risk. In
endocrinology, elevated TMAO levels correlate with
insulin resistance and systemic inflammation, thus
supporting its use as an adjunct marker in managing
type 2 diabetes mellitus and metabolic syndrome.
Furthermore,inoncology,emergingresearchlinks gut
dysbiosis and elevated TMAO to increased cancer risk,
suggesting a future role in screening or prevention
strategies. Paediatric and geriatric populations may
alsobenefit from TMAO-guided dietary interventions,
which can foster early microbiome optimization and
delay age-related decline. As Artificial Intelligence
(AI) and precision medicine platforms advance,
TMAO values may be algorithmically integrated with
genomics, metabolomics, and microbiome profiles to
personalize diet plans, forecast disease trajectories,
and monitor real-time treatment efficacy. With
expanding access and decreasing testing costs, TMAO
assessment could become as commonplace as lipid
profiling, transforming it from a research biomarker
into a standard clinical tool for proactive, nutrition-
oriented, and microbiota-driven care across
disciplines [38-41].

Conclusion

Bethsaida Hospital has pioneered the clinical use
of TMAO testing in Indonesia, thanks to the visionary
leadership of Prof. Dasaad Mulijono and a strategic
collaboration with Prodia Laboratory. In addition to
introducing TMAO testing, we are among the first
in the region to adopt DCB technology as part of our
advanced interventional cardiology program, with an
expanding record of clinical success.

Ongoing research at our centre is focused on
the relationship between TMAO levels, adherence
to a PBD, and improvements in gut microbiota
composition among cardiac patients. Notably, our
clinical investigations have demonstrated that
patients who maintain low TMAO levels, especially
those adhering to a PBD, not only show reduced
restenosis rates following DCB angioplasty but also
exhibit regression of atherosclerotic plaques, as
confirmed by CTCA and invasive coronary imaging.

TMAO offers a unique bridge between gut
microbiota, dietary behaviour, and cardiovascular
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health, enabling a truly integrative and personalized
approach to prevention and treatment. Currently,
TMAO remains the only widely available clinical
biomarker that indirectly assesses the health of
the gut microbiota in the context of dietary intake,
particularly Polyphenolic Dietary Compounds (PBDs),
making it an invaluable tool in lifestyle medicine. Its
adoption may set a new paradigm for cardiovascular
care in Southeast Asia, supporting long-term
prevention strategies rooted in nutrition, microbiota
modulation, and individualized care.
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