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Background: The gut microbiota-dependent metabolite trimethylamine N-oxide (TMAO) has recently
been recognized as one of the novel marker for adverse cardiovascular events and risk of death. However,
data on the relationship between TMAO and atrial fibrillation (AF) is limited. The current study was
performed to quantify and evaluate the relationship between circulating TMAO levels and AF occurrence.
Methods: The clectronic databases PubMed, Cochrane Library, and Embase were systematically searched
to March 20, 2021. Research studies were considered that recorded or analyzed the prevalence of AF in
individuals in specific populations as well as their circulating TMAO levels. A meta-analysis of two-class
variables was used to obtain pooled effects. A dose-response meta-analysis was used to investigate the dose-
response relationship between TMAO levels and the risk of AF.

Results: Six studies with a total of 8,837 individuals and 1,668 AF cases were included in the present meta-
analysis. Compared with a lower circulating TMAO level, a higher TMAO level was associated with a higher
prevalence of AF [odds ratio (OR): 1.40; 95% confidence interval (CI): 1.23, 1.59; I’=19.8%]. The dose-
response analysis revealed the risk of AF increased by 6% per 1-pmol/L increment (OR: 1.06; 95% CI: 1.00,
1.11), 32% per 5-pmol/L increment (OR: 1.32; 95% CI: 1.03, 1.70), and 73% per 10-pmol/L increment (OR:
1.73; 95% CI: 1.05, 2.86) of the circulating TMAO level.

Discussion: This is the first systematic literature review and meta-analysis to demonstrate a significant

dose-dependent relationship between increased AF risk and circulating TMAO levels.
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Introduction systemic embolism (SE), and all-cause mortality (1,2). It

In clinical practice, atrial fibrillation (AF) is a common is estimated that 33.5 million individuals worldwide are

heart arrhythmia associated with an elevated risk of adverse affected with AF (3), and its prevalence is projected to

effects, such as thromboembolic strokes, heart failure (HF), increase in the coming years (4). Several traditional risk
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factors promote the development and maintenance of AF,
such as hypertension (HTN), diabetes mellitus, congestive
HE, obesity, alcohol abuse, and obstructive sleep apnea (2).

Recent studies suggest that patients with AF have a
disorder of the gut microbiota and show variations in
correlated metabolic patterns (5). Changes in the gut
microbiome and metabolome are related to the risk of
recurrence after radiofrequency ablation of AF (6). The
duration of persistent AF is also associated with gut
microbiota disorder (7). Therefore, altered gut microbiota
may contribute to the initiation and maintenance of AF.
The pathophysiological mechanism of AF is complicated,
involving pro-inflammatory reactions and atrial fibrosis,
leading to atrial restructuring and electrophysiological
remodeling. The net result is an electrophysiological
substrate for arrhythmogenesis (8,9). Intestinal microbes
transform particular dietary nutrients (choline, betaine,
phosphatidylcholine, and L-carnitine) into trimethylamine
(TMA), which is absorbed by the intestine and transported
to the liver via the portal circulation. TMA is subsequently
oxidized to trimethylamine N-oxide (TMAO) by the
hepatic enzyme flavin-containing monooxygenase 3 (10-12).
Animal experiments have shown that elevated TMAO levels
may directly contribute to myocardial inflammation and
fibrosis (13-16), resulting in structural cardiac remodeling
and may increase the instability of atrial electrophysiology
by exacerbating autonomic remodeling (17). Several meta-
analyses have recently been published suggesting that plasma
TMAO levels are associated with the risk of HTN (18),
diabetes (19), and stroke (20). However, although some
studies have shown an association between TMAO and
AF (21), others have not (22). These discrepancies require
a comprehensive study to elucidate the actual relationship
between TMAO and AF. Therefore, we performed
a systematic review and meta-analysis to assess the
relationship between AF and TMAO. The current research
aims to provide a better understanding of this correlation
for readers and clinical researchers.

We present the following article in accordance with
the Preferred Reporting Items for Systematic Reviews
(PRISMA) reporting checklist (23) (available at https://
dx.doi.org/10.21037/apm-21-2763).

Methods
Search strategy

The review protocol is registered in PROSPERO, number
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CRD42021260294. The electronic databases PubMed,
Cochrane Library, and Embase were systematically
searched by two authors (WY and RY) to March 20, 2021.
We chose the following medical subject headings (MESH)
for the literature retrieval: (Trimethylamine N-oxide or
TMAO) and (patient or participant or subject). There was
no language limitation. Additionally, the original references
of the selected studies were reviewed to find additional data
sources that potentially met the requirements. The initial
selection of studies was based on the titles and abstracts.
The final decision was made after the full text was reviewed
according to the inclusion criteria.

Inclusion and exclusion criteria

Studies were included if at least one of the following criteria
was fulfilled: (I) studies exploring the relationship between
TMAO bloodstream levels and incidence of AF; (I) studies
that reported or analyzed the percentage of AF patients in
a given population and their TMAO bloodstream levels.
Exclusion criteria were listed as follows: (I) any duplicate
publication data or conference abstracts; (II) articles where
the effect size could not be extracted or calculated; (I11)
animal experiment studies, review articles, commentaries,
or case reports. Two authors (WY and QZ) independently
selected the eligible studies, and any disagreements were
discussed until all authors reached a consensus.

Data extraction

The data extraction was conducted independently by
two reviewers (WY and RY). A third reviewer (QZ) was
invited to reach a consensus by discussion. The primary
information extracted included #he first author’s name,
publication date, location of the research projects,
sample size, study design and time frame, demographic
characteristics of the study population, clinical data of
the study population, TMAO measurement method, and
circulating TMAO concentration.

Qualitative analysis

The methodological quality of each included study was
independently assessed by two reviewers (WY and XL).
The Newcastle-Ottawa Quality Assessment Scale (INOS)
for assessing the quality of nonrandomized studies was
used to assess the risk of bias in the case-control and cohort
studies (24). It contains three items; selection, comparability,
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and outcome (Tables S1,S2). According to the NOS scores,
the quality of the included studies was subdivided into low
quality (scores 1-3), moderate quality (scores 4-6), and high
quality (scores 7-9). The Agency for Healthcare Research
and Quality (AHRQ)) checklist was used to assess the quality
of the cross-sectional studies (Table S3). An item was scored
“0” if the answer was “no” or “unclear”; otherwise, the item
was scored “1”7. The final quality scores were assessed as
follows: low quality (scores 0-3), moderate quality (scores

4-7), and high quality (scores 8-11).

Statistical analysis

Individuals with high TMAO concentrations (above the
median TMAO concentration) and those with low TMAO
concentrations (below the median TMAO concentration)
were compared in terms of AF prevalence. If the original
studies reported the results per quintile in TMAO levels, we
calculated the effect size according to the number of cases
in the highest two quantiles and the lowest two quantiles.
We used the odds ratio (OR) and 95% confidence interval
(CI) as the “effect size”. Heterogeneity was assessed using
I’ statistics. An I’ value >50% was defined as significant
heterogeneity. A fixed-effects model was used when I’<50%
indicated little heterogeneity; otherwise, a random-effects
model was selected.

To analyze the sources of heterogeneity, we performed
a series of subgroup analyses, including the study region,
sample size, demographic, and clinical characteristics. A
sensitivity analysis was conducted to assess the constancy of
outcomes. We assessed publication bias using a funnel plot
and the Egger test (where P>0.1 was considered to have no
publication bias).

If the original studies included in the dose-response
scrutiny provided a minimum of three TMAO exposure
levels, the numbers of cases and non-cases in each
stratification and the effect value and its 95% CI in each
stratification were calculated. If the original studies did
not report the number of cases in every stratification of
TMAO, we assumed that the number of participants was
equal. If neither median nor mean levels of TMAO in
the bloodstream were available in the study, we utilized
the median of every range in its place. If the lowermost
or uppermost category was open-ended, the median of
this category was projected by assuming the width of
the category to be the same as the closest category. The
lowermost category of bloodstream TMAO levels was
defined as the overall reference category. Nonlinear and
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linear relationships were observed using a random-effects
dose-response meta-analysis. We used limited cubic splines
with 3 knots to calculate study-specific OR approximates
per 1-umol/L of TMAO increments. Statistical analyses
were performed using Stata 14.0 (Stata Corp.) and
Review Manager (RevMan, version 5.3; The Cochrane
Collaboration).

Results

We searched 943 articles from the PubMed, EMBASE, and
Cochrane databases and ten articles from other resources.
After removing duplications and title/abstract selections, 87
full texts of potentially relevant articles were considered for
further evaluation. Of these, 79 reports lacked relevant data,
and two articles were excluded because of data duplication.
Ultimately, four cohort studies (21,25-27), one nested case-
control study (22), and one cross-sectional study (28) were
included in our meta-analysis, with a total of 8,837 patients,
including 1,668 patients with AF. The flow chart for the
study selection is shown in Figure 1.

Study characteristics and qualitative evaluation

The general characteristics of the included studies in this
review are illustrated in Table 1.

Reports in the current meta-analysis mainly investigated
the role of TMAO in the bloodstream of patients who had
different diseases, including kidney disease (28), acute and
chronic heart failure (CHF) (25-27), and suspected stable
angina pectoris (21). Two studies did not directly give
the average circulating TMAO concentration of patients
(21,22). Three studies were conducted in Europe (21,22,25),
two in Asia (26,27), and one study involved 22 countries (28).
In four studies, plasma TMAO was estimated (21,22,25,26),
while in one study, serum TMAO was investigated (28),
and one study did not specify whether the TMAO was from
plasma or serum (27). The sample sizes of the individual
studies ranged from 146 to 4,141. Three studies had a
relatively small sample size (<1,200) (22,25,27), while the
remaining three studies had a relatively large sample size
(>1,200) (21,26,28). The NOS was applied to the cohort
and case-control studies to further evaluate the quality
of included studies considered to be of medium to high
quality. The individual NOS scores ranged from 6 to 9
(Tables S1,S2). The AHRQ checklist was used to assess the
quality of the cross-sectional studies, and the one cross-
sectional study included in the meta-analysis scored 8
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Figure 1 Flow chart of the study selection for the meta-analysis.

points, indicating high quality (28) (Table S3).

Results from the two-class meta-analysis

The two-class meta-analysis was implemented to explore
the correlation between the OR of AF and the TMAO
levels in the 1,668 AF cases out of 8,837 participants.
The outcomes revealed that increased TMAO levels were
correlated with a higher occurrence rate of AF. The pooled
OR of the number of AF patients with high TMAO levels
compared with low TMAO levels was 1.40 (95% CI: 1.23,
1.59; I’=19.8%; P-heterogeneity =0.284; fixed-effects
model; Figure 2). These results were consistent across
subgroups stratified by age, sex, and diabetes (7able 2).
Moreover, our results suggest that the higher levels of
TMAO in the bloodstream were correlated with a higher
prevalence of AF in the European group, HF group, lower
prevalence of HTN group, and higher smoking group.

Findings from the dose-response meta-analysis

Two articles (21,26) with a total of 5,349 participants were
used to investigate if there was a dose-response relationship
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between TMAQO bloodstream levels and AF occurrence
rates (21,26). The outcomes revealed a pooled OR of 1.06
(95% CI: 1.00, 1.11; Figure 3A4) per 1-umol/L increase, an
OR of 1.32 (95% CI: 1.03, 1.70; Figure 3B) per 5-umol/L
increase, and an OR of 1.73 (95% CI: 1.0; 2.86, Figure 3C)
per 10-umol/L increase in TMAO levels in plasma, which
demonstrates that the AF risk rose by 32% per 5-umol/L
increase and by 73% per 10-pmol/L increase in TMAO
levels in plasma. A non-linear dose-response is presented in
Figure 4.

Publication bias and sensitivity analysis

The Egger test (P=0.417) indicated no statistically
significant publication bias in this meta-analysis. The funnel
plot is presented in Figure 5. The sensitivity analysis showed
that all of the consolidated results were stable (Figure 6).

Discussion

"To the best of our knowledge, this report is the first meta-
analysis to investigate the association between TMAO
levels in the bloodstream and AF occurrence rates in a large
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%

Study Year OR (95% Cl) Weight
Suzuki et al. 2016 —=— 1.38 (1.07, 1.78) 25.27
Svingen et al. (WECAC) 2018 —— 1.49 (1.19, 1.86) 32.81

Stubbs et al. 2019

Zhou et al. 2020
Papandreou et al. 2021

2021

< 1.61(0.94, 2.76) 5.64

. 1.02 (0.72, 1.44) 13.62
0.95 (0.49, 1.81) 3.83

Kinugasa et al.

Overall (I-squared =19.8%, P=0.284)

)
)
)
—= 164(1.22,2.20) 18.83
I )
)
)

1.40 (1.23, 1.59) 100.00

<

0.362

1

T
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Figure 2 Forest plot demonstrating the pooled OR for AF in the high versus low category of TMAO levels. I’ represents the degree of
heterogeneity. OR, odds ratio; AF, atrial fibrillation; TMAO, trimethylamine N-oxide; CI, confidence interval; WECAC, Western Norway

Coronary Angiography Cohort.

population. This study compared individuals with high
and low TMAO bloodstream levels and found that those
with elevated TMAO levels had a 40% greater incidence of
AF. Furthermore, there was a dose-dependent correlation
between TMAO amounts in the bloodstream and AF
incidence. In conclusion, the current work demonstrates
that TMAO bloodstream levels are positively correlated
with an increased incidence of AF.

TMAQO is a gut microbiota-derived metabolite and
is closely related to diet (29,30). Previous meta-analyses
showed that increased TMAO levels were correlated with
an increased risk of several diseases, including HTN (18),
diabetes (19), obesity (31), and inflammation (32), all of
which are known risk factors for AF. The present meta-
analysis showed that individuals with a high concentration
of circulating TMAO at baseline were more likely to
develop AF than those with a low concentration of
circulating TMAO, and the heterogeneity was within
the acceptable range. Further subgroup analysis and
sensitivity analysis showed that the results were stable. To
date, there have only been a few reports on the association
between circulating TMAO concentrations and AF risk.
The main findings are summarized as follows: Yu et al.
indicated that TMAO could induce AF susceptibility by
promoting autonomic nerve remodeling (17). A study of
two cohorts showed that a baseline elevated plasma TMAO
concentration was associated with AF [hazard ratio (HR):
1.16, 95% CI: 1.05, 1.28 and HR: 1.10, 95% CI: 1.004,
1.19] 21). In addition, compared with patients with non-AF,
normal flora and microbial metabolite alterations have been

© Annals of Palliative Medicine. All rights reserved.

found among patients with AF (5), and more enzymes are
involved in driving TMAO precursor TMA formation (33).
The underlying mechanism of the relationship between
increased TMAO concentration and increased risk of AF
is unclear; TMAO has been shown to aggravate cardiac
dysfunction, myocardial fibrosis, and inflammation in mice
with HF (15). Conversely, inhibition of TMAO improves
cardiac function and remodeling in a murine model
of HF (34,35). In addition, TMAO can accelerate the
differentiation of fibroblasts into myofibroblasts and induce
cardiac fibrosis (13). The remodeling of the left atrial
matrix is an important pathophysiological mechanism in
the development of AF. Therefore, we speculate that a high
concentration of TMAO may advance the formation of
the AF-susceptible matrix by promoting inflammation and
fibrosis of the left atrium, but this hypothesis will require
further study.

Our dose-response analysis showed a non-linear dose-
dependent relationship between TMAO bloodstream levels
and AF. Our dose-response meta-analysis indicated that the
OR for AF occurrence was amplified by 32% per 5-pmol/L
increase and by 73% per 10-umol/L increase in the TMAO
bloodstream levels. In addition, in the older subgroup
(=270 years old), an increased TMAO concentration
demonstrated a higher risk of AF, suggesting that more
attention should be paid to the effect of circulating TMAO
concentrations on AF in the elderly population. Indeed,
previous studies suggest that circulating TMAO levels
increase with age (36). As the aging of the worldwide
population increases, the incidence of AF will significantly
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Table 2 Subgroup analyses of high-level TMAO for AF prevalence according to study characteristics

Yang et al. Meta-analysis of TMAO and AF

Overall Heterogeneity
Subgroups
Studies, n OR (95% Cl) P value 1%, % P value

All 6 1.40 (1.23, 1.59) <0.001 19.8 0.284
Location

Europe 3 1.33(1.09, 1.62) 0.005 39.2 0.193

EVOLVE trial 1 1.61(0.94, 2.76) 0.083 - -

Asia 2 1.35(0.81, 2.26) 0.246 55.1 0.135
Sample size (n)

<1,200 3 1.19 (0.94, 1.50) 0.139 19.5 0.289

>1,200 3 1.55(1.31, 1.83) <0.001 0 0.869
Study quality

High 5 1.47 (1.28, 1.68) <0.001 0 0.626

Moderate 1 1.02 (0.72, 1.44) 0.911 - -
Sample

Plasma 4 1.39(1.18, 1.65) <0.001 35.1 0.202

Serum 1 1.61(0.94, 2.76) 0.083 - -

N/A 1 0.95 (0.49, 1.83) 0.878 - -
Disease status

ESKD 1 1.61(0.94, 2.76) 0.083 - -

HF 3 1.43 (1.15,1.76) 0.001 17.0 0.300

AF 1 1.02 (0.72, 1.44) 0.911 - -

Suspected stable angina pectoris 1 1.49 (1.19, 1.86) <0.001 - -
Age (y)

<70 3 1.33(1.02, 1.75) 0.036 45.4 0.160

=70 3 1.43 (1.15,1.76) 0.001 17.0 0.300
Male (%)

<65% 4 1.24 (1.01, 1.53) 0.036 12.5 0.330

>65% 2 1.54 (1.29, 1.84) <0.001 0 0.611
HTN (%)

<80% 3 1.49 (1.29,1.72) <0.001 0 0.686

>80% 3 1.13(0.85, 1.52) 0.395 1.7 0.322
Diabetes (%)

>30% 4 1.24 (1.01, 1.53) 0.036 12.5 0.330

<30% 2 1.54 (1.29, 1.84) <0.001 0 0.611

Table 2 (continued)

© Annals of Palliative Medicine. All rights reserved.
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Table 2 (continued)
Overall Heterogeneity
Subgroups
Studies, n OR (95% CI) P value I, % P value

Current smoking (%)

<20% 2 1.22 (0.91, 1.63) 0.192 47.3 0.168

>20% 2 1.51 (1.23, 1.85) <0.001 0 0.795

N/A 2 1.35(0.81, 2.26) 0.246 55.1 0.135

TMAO, trimethylamine N-oxide; AF, atrial fibrillation; OR, odds ratio; Cl, confidence interval; EVOLVE, Evaluation of Cinacalcet Hydrochloride
Therapy to Lower Cardiovascular Events; ESKD, end-stage kidney disease; HF, heart failure; HTN, hypertension; N/A, not applicable.

%
Study Year OR (95% Cl) Weight
Svingen et al. 2018 — 1.03 (1.01, 1.05) 57.02
Zhou et al. 2020 ——————— 1.09(1.04, 1.14) 42.98
Overall (I-squared =79.8%, P=0.026) 1.06 (1.00, 1.11) 100.00
NOTE: Weights are from random effects analysis
T . T
0.95 1 1.15
B %
Study Year OR (95% Cl) Weight
Svingen et al. 2018 R 1.18 (1.07, 1.30) 57.07
Zhou et al. 2020 ————— 1.53(1.23,1.89) 42.93
Overall (--squared =78.5%, P=0.031) 1.32 (1.03, 1.70) 100.00
NOTE: Weights are from random effects analysis
T T
0.951 2
%
Study Year OR (95% Cl) Weight
Svingen et al. 2018 —— 1.39 (1.15,1.69) 57.20
Zhou et al. 2020 — 233 (1.52,3.59) 42.80

Overall (I-squared =78.4%, P=0.032) 100.00

1.73 (1.05, 2.86)
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NOTE: Weights are from random effects analysis

Figure 3 Forest plots of the non-linear dose-response meta-analysis on the relationship between TMAO levels in the bloodstream and AF
prevalence. (A) OR per 1-pmol/L augmentation, (B) OR per 5-pmol/L increment, and (C) OR per 10-pmol/L rise. TMAO, trimethylamine
N-oxide; AF, atrial fibrillation; OR, odds ratio; CI, confidence interval.
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Figure 4 The dose-response analysis: increased TMAO levels
increase the occurrence of AF. TMAO, trimethylamine N-oxide;
AF, atrial fibrillation.
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Yang et al. Meta-analysis of TMAO and AF

increase and become a serious public health problem (37).
Our meta-analysis findings are of great significance,
highlighting the role of TMAO in the pathogenesis of
AF. The current results encourage us to investigate more
effective ways to reduce circulating TMAO levels in future
studies in the hope of reducing the future prevalence
of AF. TMAO is closely related to diets rich in choline,
phosphatidylcholine, betaine, and L-carnitine, and red
meat (38), eggs (39), and fish (40) are the most common
dietary sources of TMAO. This can provide a reference for
nutritionists when prescribing a diet to patients. Nutritionists
need to be aware that the advantage of the nutrients in these
foods is offset by the disadvantage of the metabolites (e.g.,
TMAO) they contain, especially for those elderly patients
with comorbidities such as HTN, diabetes, and HF because
these comorbidities themselves increase the risk of AF.
Previous studies have suggested that TMAO affects
platelet activation and induces platelet hyperreactivity,
which leads to a prothrombotic effect and promotes
thrombus formation (41,42). Additionally, TMAO has been
linked to thrombus development and identified as a risk
marker for ischemic stroke in AF patients (43). Future large-
scale prospective cohort studies are needed to establish the
function of TMAO in the prognosis of patients with AF.

Study strengths

This meta-analysis is the first to clarify the potential
relationship between the gut microbiota-dependent

Meta-analysis random-effects estimates (exponential form)

Study omitted

Suzukietal. | |

Svingen et al. (WECAC)

Stubbs et al. |

Zhou et al. |

Papandreou et al.

Kinugasa et al. |

1.10 1.19

1.38 1.61 1.68

Figure 6 The sensitivity analysis of the consolidated results. WECAC, Western Norway Coronary Angiography Cohort.
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metabolite TMAO and the prevalence of AF. The majority
of the original reports in our meta-analysis were of
excellent quality and included extensive baseline participant
information. In our meta-analysis of binary variables, small
heterogeneity was an advantage, and reliable outcomes were
achieved in the sensitivity analysis. In particular, a dose-
response analysis was used to determine the risk of AF
associated with specific quantitative TMAO levels.

Study limitations

Numerous potential restrictions of our study must be
considered when interpreting the results. First, all the
reports included in this meta-analysis recruited participants
with existing cardiovascular conditions, which may have
potential bias. Therefore, our conclusions cannot be
extrapolated to the general population. Second, because
the studies included in the meta-analysis are observational,
we cannot draw a causal relationship between TMAO and
AF. Third, the most important limitation is that the effect
values obtained in our study are calculated based on the
four-grid table and not adjusted by the model, so the effect
values cannot reflect the actual association between TMAO
and AF; further high-quality randomized controlled trials
or prospective studies that can provide adjusted effect
values should be conducted to verify the conclusions of this
study. Fourth, few studies have investigated the relationship
between circulating TMAO levels and AF, especially
for dose-response analysis, which may be a limitation.
Uncontrolled confounding variables, such as dietary habits
and genetic variations, can also significantly impact TMAO
levels. Given these limitations, more research is needed to
validate our finding of an association between TMAO levels
and AF incidence and investigate its relationship with other
clinically relevant outcomes, such as the prevalence of AF in
the overall population.

Conclusions

The current meta-analysis found a significant and positive
correlation between TMAO blood levels and AF by
conducting dose-response and two-class meta-analyses.
More research is needed to determine the causality of
the correlations and to assess the impact of TMAO
level manipulation on AF prognosis. To the best of our
knowledge, this study is the first to analyze the correlation
between TMAO levels and AF, and it may provide an
informative and comprehensive basis for further evaluations.

© Annals of Palliative Medicine. All rights reserved.
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Table S3 AHRQ checklist to assess the quality of the cross-sectional studies included in the meta-analysis of the association between TMAO and AF

L ) Stubbs,
ARHQ methodology checklist items for cross-sectional study 2019 (28)
(I) Define the source of information (survey, record review) 1

() List inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls) or refer to previous publications 1

(1) Indicate time period used for identifying patients 0
(IV) Indicate whether or not subjects were consecutive if not population-based 1
(V) Indicate if evaluators of subjective components of study were masked to other aspects of the status of the participants 1
(V1) Describe any assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome measurements) 1
(VIl) Explain any patient exclusions from the analysis 1
(VIIl) Describe how confounding was assessed and/or controlled. 1
(IX) If applicable, explain how missing data were handled in the analysis 1
(X) Summarize patient response rates and completeness of data collection 0
(XI) Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up was 0
obtained

Final score 8

If the answer was “no” or “unclear”, the item was scored “0”; otherwise, the item was scored “1”. The maximum score for the scale is
11 points. The final quality scores were as follows: 0 to 3 was considered low quality, 4 to 7 moderate quality, and 8 to 11 high quality.
AHRQ, Agency for Healthcare Research and Quality (available online: https://www.ncbi.nlm.nih.gov/books/NBK35156/); TMAO,
trimethylamine N-oxide; AF, atrial fibrillation.
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