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Abstract
Background: Several studies have assessed the association between dietary choline and betaine and
cardiovascular disease (CVD) outcomes but their results are inconsistent. The present study aimed to
determine the association between dietary intake of choline and betaine and risk of CVD events and
mortality in the general population over a 10.6-year of follow-up.

Methods: The present cohort study was conducted on participation in the third wave of the Tehran Lipid
and Glucose Study (2006-2008) and was followed-up until March 2018. Dietary intake of choline and
betaine was calculated using the United States Department of Agriculture (USDA) database. Data about
CVD events and mortality were collected using patients’ medical records or death certi�cation.

Results: In this study, 2606 subjects with no previous CVD were participated and followed-up for a
median of 10.6 years. During the follow-up periods, 183 incidences of CVD and 17 deaths were detected.
Results of the multivariate analysis indicated neither per one standard deviation (SD) increase in dietary
choline nor betaine associated with the incidence of CVD, CHD, stroke, and CVD mortality. There was no
signi�cant association between food sources of choline and CVD outcomes and mortality. When we
assessed the relationship between dietary contributors betaine, per one SD increase in betaine content of
fruit and vegetables and oils and fats signi�cantly associated with increased risk of CVD mortality.

Conclusion: Our investigation indicates no association between per one SD increase in choline and
betaine and a 10.6-year risk of CVD events and mortality among adults. Besides, we found no
relationship between signi�cant food sources of choline and betaine and outcomes of interest. 

Introduction
Cardiovascular disease (CVD) is a global major concern and is the �rst cause of death in most countries.
According to a large study, CVD had affected 422.7 million subjects in the world in 2015 (1) and leads to
17.9 million deaths (one-third of total mortality) every year (2). CVD is comprised of coronary heart
disease (CHD), cerebrovascular accident (CVA), peripheral artery disease (PAD), and atrial �brillation; of
those ischemic heart disease and then stroke are the main causes of death worldwide (3) including Iran
(4). Important risk factors for CVD are obesity, metabolic disorders, and unhealthy diet, and improvement
of these risk factors could reduce the risk of CVD events (5).

Choline is an essential nutrient that is involved in one-carbon metabolism, synthesis of neurotransmitters,
and some other functions (6). Choline is synthesized by humans in low values; thus intake of choline
from dietary sources including eggs, meat, dairy products, whole grains, and vegetables is important to
provide su�cient values of choline and maintenance optimal body functions (7, 8). Recently, some
studies have reported that a gut microbiota-related metabolite of choline i.e., trimethylamine N-oxide
(TMAO), is associated with increased risk of CVD incident and mortality (9–11). Several studies have
indicated an inverse association between dietary choline and betaine, a metabolite of choline, with some
risk factors of CVD such as in�ammatory markers (12) and hyperhomocysteinemia (13); but their results
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on prevention of CVD events are con�icting (14–16). Besides, whether there is a signi�cant association
between dietary sources of TMAO i.e., choline and betaine, and risk of CVD and mortality is unclear.
Therefore, the present study aimed to determine the association between dietary intake of choline and
betaine and risk of CVD events and mortality in the general population over a 10.6-year of follow-up.

Material And Methods
The present cohort study was conducted using data from subjects who had participated in the cohort of
Tehran Lipid and Glucose Study (TLGS). The design and aims of TLGS had been reported previously. In
short, 150059 males and females residing district no. 13 of Tehran were enrolled and followed-up once
every three years. For the current study, a total of 10091 subjects, aged ≥ 19 years, who had participated
in the third wave of TLGS (2006–2008), were recruited. Eligibility criteria for inclusion were complete data
on dietary intakes and demographic characteristics, no history of CVD events at baseline, energy intake
between ≥ 2 Z-scores ≤, and complete follow-up. After removing ineligible subjects, our �nal sample size
was included 2606 subjects that were followed-up until March 2018.

This study was conducted according to the Helsinki declaration ethics, written consent was obtained
from all participants and the ethical committee of Shahid Beheshti University of Medical Sciences
approved the study.

Assessment of covariates
Routinely, all covariates were measured at baseline and once every three years. Trained interviewers were
collected participants’ data including age, sex, history of medications, and smoking using a prede�ned
questionnaire. By the same protocol, the level of physical activity was estimated basis on a modi�able
activity questionnaire (MAQ) (17) and anthropometric examinations were measured using digital scale
(Seca 707, Germany) and tape measure.

Lipid pro�le and fasting blood glucose (FBG) were measured using fasting blood samples and enzymatic
colorimetric tests. Systolic and diastolic blood pressure was determined following 15 minutes rest, in a
seated position on the right arm using a mercury sphygmomanometer (Riester, Germany).

Assessment of dietary intake and dietary choline and
betaine
The dietary intake of participants was collected using a validated 168-item food frequency questionnaire
(FFQ) (18). For this, the frequency and portion size of each consumed food item during the last 12
months were asked by trained interviewers at baseline. Then foods’ portion size was converted to gram
and participants’ daily intake was calculated.

In the current study, the total amount of dietary choline and betaine from each food item was estimated
using the United States Department of Agriculture (USDA) database (19).
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Ascertainment of cardiovascular events and CVD-mortality
Information about cardiovascular events, mortality, and speci�c causes of mortality were updated
annually by a trained nurse. Then a physician collected patients’ medical records or death certi�cation for
more evaluation. In the end, the outcome committee of TLGS assessed the outcome data and judged
events. CVD events included CHD and stroke.

Statistical analysis
In the present study dietary choline and betaine were adjusted by the residual model, and their values
were categorized as standard deviation (SD). Cox proportional hazards models were applied to explore
the relationship between dietary choline and betaine intake and the risk of cardiovascular incidence and
CVD mortality. The person-years for each participant were calculated from baseline to the date of �rst
cardiovascular incidence reported, or date of death, or the end of follow-up. Hazard ratio (HR) and 95%
con�dence interval (95% CI) were reported for each one SD increase in dietary choline and betaine intake
and also food sources of choline and betaine. The �rst model was adjusted for age and sex. The second
model was adjusted for age, sex, total energy intake, smoking, physical activity, obesity (BMI ≥ 30
kg/m2), diabetes (FBG ≥ 126 mg/dl or medications), dyslipidemia (TG ≥ 150 mg/dl, or HDL < 40 mg/dl in
male, < 50 mg/dl in female, or medications), hypertension (SBP ≥ 140 mmHg, or DBP ≥ 90 mmHg, or
mediations). We also conducted sensitivity analysis by removing high-risk participants to investigate the
relationship between per one SD increase in choline and betaine in healthy adults. Data were analyzed
using SPSS software (version 20.0; IBM Corporation, Armonk, NY USA). Signi�cant level was de�ned as P
value < 0.05.

Results
In the present cohort study, 2606 subjects without CVD history were participants (Fig. 1). The median
follow-up period was 10.6 years (IQR: 10.1 to 11.1 years). The median baseline age was 39.0 years and
54.9% of participants were females. A total of 6.6% of participants suffered from diabetes, 25.0% from
obesity, 53.1% from dyslipidemia, and 12.9% from hypertension. General characteristics of participants
are presented in Table 1.
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Table 1
General characteristics of participants

Characteristics Total cohort (n = 2606)

Age (year) 39.0 (28.0–49.0)

Male (%) 1176 (45.1)

Body mass index (kg/m2) 26.7 (23.7–29.9)

Fasting blood glucose (mg/dl) 87.0 (81.0–93.0)

Total cholesterol (mg/dl) 184.0 (160.0-212.0)

Triglyceride (mg/dl) 122.0 (84.0-178.0)

High-density cholesterol (mg/dl) 41.0 (35.0–49.0)

Low-density cholesterol (mg/dl) 113.0 (93.2-136.6)

Systolic blood pressure (mmHg) 110.0 (100.0-120.0)

Diastolic blood pressure (mmHg) 73.0 (67.0–80.0)

Smoking (%) 242 (9.3)

Physical activity (Met-min/wk) 1000 (241–2501)

Data presented as median (interquartile range) for continuous and number (%) for non-continuous
variables

The median dietary intake of choline was 238.5 mg/d and betaine was 64.9 mg/d. The most important
food sources of dietary choline were meat, eggs, and dairy products and for betaine were grains and
bakery products (Table 2).
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Table 2
Total dietary intake of choline and betaine and their intakes from

each food item
Dietary intake Total cohort (n = 2606)

Dietary energy (kcal/d) 2279 (1721–2732)

Energy-adjusted choline (mg/d) 238.5 (202.0-277.4)

Energy-adjusted betaine (mg/d) 82.1 (65.0-102.2)

Choline-grains and bakery (mg/d) 40.7 (31.4–51.4)

Choline-legumes and nuts (mg/d) 6.4 (3.8–10.1)

Choline-meat and eggs (mg/d) 81.4 (58.3-111.9)

Choline-dairy products (mg/d) 43.2 (26.3–63.2)

Choline-fruits and vegetables (mg/d) 35.7 (25.0-49.7)

Choline-fats and oils (mg/d) 1.8 (0.8–2.9)

Betaine-grains and bakery (mg/d) 61.5 (43.9–81.8)

Betaine-legumes and nuts (mg/d) 0.3 (0.3–0.6)

Betaine-meat and eggs (mg/d) 3.3 (2.2–4.7)

Betaine-dairy products (mg/d) 4.8 (3.3–6.7)

Betaine-fruits and vegetables (mg/d) 6.7 (4.0-10.6)

Betaine-fats and oils (mg/d) 0.005 (0.001–0.01)

Data presented as median (interquartile range)

Over the follow-up periods, there were 183 incidence of CVD (164 CHD and 22 stroke) and 17 deaths
incident. Results of multivariate analysis indicated neither per one SD increase in dietary choline nor
betaine associated with incidence of CVD (HR: 0.95; 95% CI: 0.79 to 1.14 and HR: 0.94; 95% CI: 0.81 to
1.09), CHD (HR: 0.95; 95% CI: 0.81 to 1.10 and HR: 0.95; 95% CI: 0.81 to 1.11), stroke (HR: 0.82; 95% CI:
0.53 to 1.13 and HR: 0.84; 95% CI: 0.56 to 1.26) and mortality (HR: 1.15; 95% CI: 0.76 to 1.74 and HR:
1.16; 95% CI: 0.76 to 1.78) (Table 3).
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Table 3
Hazard ratios (95% CI) for developing cardiovascular diseases and related mortality per one SD increase

in dietary choline and betaine intake
Dietary intake CVD CHD Stroke CVD-mortality

Person years 28909 28994 29760 29863

No. of cases 183 164 22 17

Choline intake (SD = 94.14 mg/d)

Age and sex-adjusted
model

0.96 (0.80–
1.16)

0.98 (0.81–
1.19)

1.04 (0.63–
1.72)

0.94 (0.51–
1.75)

Multivariate-adjusted
model

0.95 (0.79–
1.14)

0.97 (0.80–
1.18)

1.01 (0.66–
1.56)

0.93 (0.51–
1.69)

Betaine intake (SD = 36.82 mg/d)

Age and sex-adjusted
model

0.94 (0.81–
1.09)

0.95 (0.81–
1.10)

0.82 (0.53–
1.13)

1.15 (0.76–
1.74)

Multivariate-adjusted
model

0.94 (0.81–
1.09)

0.95 (0.81–
1.11)

0.84 (0.56–
1.26)

1.16 (0.76–
1.78)

Multivariate-adjusted model adjusted for sex and age, smoking, physical activity, energy intake,
obesity, diabetes, dyslipidemia, hypertension.

BMI: body mass index; CHD: coronary heart disease; CVD: cardiovascular disease

Results of sensitivity analysis with choline, neither show statistically signi�cant association with
cardiovascular events nor death were detected among healthy adults. In addition, individual analyses for
betaine were not signi�cant (Table 4).
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Table 4
Hazard ratios (95% CI) for developing cardiovascular diseases and related mortality per one SD increase

in dietary choline and betaine intake among healthy subjects and high-risk patients
Dietary intake CVD CHD Stroke CVD-mortality

Healthy subjects (n = 909)

Choline intake (SD = 89.12 mg/d)

Age and sex-adjusted
model

0.93 (0.51–
1.68)

0.90 (0.64–
1.75)

1.11 (0.30–
4.03)

-

Multivariate-adjusted
model†

0.88 (0.47–
1.64)

0.85 (0.40–
1.77)

1.01 (0.33–
3.02)

-

Betaine intake (SD = 44.89 mg/d)

Age and sex-adjusted
model

0.98 (0.57–
1.67)

0.81 (0.42–
1.53)

1.69 (0.73–
3.91)

-

Multivariate-adjusted
model†

0.92 (0.51–
1.68)

0.79 (0.39–
1.61)

1.27 (0.47–
3.42)

-

High-risk patients (n = 1697)

Choline intake (SD = 96.69 mg/d)

Age and sex-adjusted
model

0.98 (0.80–
1.18)

1.00 (0.82–
1.22)

1.07 (0.66–
1.73)

0.96 (0.51–
1.78)

Multivariate-adjusted
model‡

0.99 (0.82–
1.20)

1.02 (0.84–
1.23)

1.03 (0.66–
1.61)

0.99 (0.55–
1.78)

Betaine intake (SD = 49.26 mg/d)

Age and sex-adjusted
model

0.96 (0.82–
1.13)

0.96 (0.81–
1.14)

0.99 (0.63–
1.58)

1.19 (0.80–
1.78)

Multivariate-adjusted
model‡

0.91 (0.75–
1.12)

0.93 (0.79–
1.15)

0.74 (0.40–
1.36)

1.20 (0.69-
2.00)

†Multivariate-adjusted model adjusted for sex and age, smoking, physical activity, energy intake.

‡ Multivariate-adjusted model adjusted for sex and age, smoking, physical activity, energy intake, BMI,
FBG, lipid pro�le, blood pressure.

BMI: body mass index; CHD: coronary heart disease; CVD: cardiovascular disease

Association between dietary contributors of choline and betaine with the outcome of interest is presented
in Tables 5 and 6. There was no signi�cant association between food sources of choline and CVD
outcomes and mortality. When we assessed the relationship between dietary contributors betaine, per one
SD increase in betaine content of fruit and vegetables (HR: 1.44; 95% CI: 1.07 to 1.93) and oils and fats
(HR: 1.31; 95% CI: 1.11 to 1.54) signi�cantly associated with increased risk of CVD-mortality.
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Table 5
Hazard ratios (95% CI) for developing cardiovascular diseases and related mortality per one SD increase

in choline food sources

  CVD CHD Stroke CVD-mortality

Dairy products (SD = 31.30 mg/d)

Age and sex-adjusted
model

0.94 (0.80–
1.10)

0.95 (0.80–
1.13)

0.67 (0.39–
1.15)

0.93 (0.54–
1.57)

Multivariate-adjusted
model

0.93 (0.79–
1.08)

0.94 (0.80–
1.11)

0.69 (0.41–
1.13)

0.89 (0.54–
1.48)

Meats and eggs (SD = 57.77 mg/d)

Age and sex-adjusted
model

0.98 (0.83–
1.15)

0.97 (0.82–
1.15)

1.01 (0.63–
1.60)

1.07 (0.67–
1.73)

Multivariate-adjusted
model

0.98 (0.84–
1.15)

0.97 (0.82–
1.15)

1.01 (0.68–
1.52)

1.06 (0.68–
1.64)

Grains and bakery products (SD = 20.58 mg/d)

Age and sex-adjusted
model

0.94 (0.82–
1.07)

0.95 (0.82–
1.09)

0.80 (0.52–
1.23)

0.97 (0.63–
1.49)

Multivariate-adjusted
model

0.93 (0.81–
1.07)

0.94 (0.81–
1.09)

0.82 (0.55–
1.22)

0.97 (0.63–
1.48)

Fruits and vegetables (SD = 22.13 mg/d)

Age and sex-adjusted
model

1.05 (0.90–
1.22)

1.03 (0.88–
1.22)

1.22 (0.83–
1.80)

1.15 (0.71–
1.84)

Multivariate-adjusted
model

1.03 (0.88–
1.20)

1.02 (0.86–
1.20)

1.25 (0.76–
1.65)

1.14 (0.73–
1.80)

Nuts and legumes (SD = 9.77 mg/d)

Age and sex-adjusted
model

1.03 (0.88–
1.21)

1.06 (0.90–
1.24)

1.14 (0.77–
1.68)

0.88 (0.45–
1.71)

Multivariate-adjusted
model

1.03 (0.86–
1.22)

1.05 (0.88–
1.26)

1.12 (0.78–
1.61)

0.85 (0.43–
1.67)

Fats and oils (SD = 1.88 mg/d)

Age and sex-adjusted
model

1.03 (0.89–
1.19)

1.07 (0.92–
1.24)

0.78 (0.47–
1.32)

1.26 (0.87–
1.81)

Multivariate-adjusted
model

1.06 (0.92–
1.23)

1.10 (0.95–
1.29)

0.85 (0.53–
1.37)

1.34 (0.91–
1.97)
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  CVD CHD Stroke CVD-mortality

Multivariate-adjusted model adjusted for sex and age, smoking, physical activity, energy intake,
obesity (BMI ≥ 30 kg/m2), diabetes (FBG ≥ 126 mg/dl or take medications), dyslipidemia (TG ≥ 150
mg/dl, or HDL < 40 mg/dl (male), 50 mg/dl (female), or medications), hypertension (SBP ≥ 14 mmHg,
or DBP ≥ 9 mmHg, or mediations)

BMI: body mass index; CHD: coronary heart disease; CVD: cardiovascular disease; DBP: diastolic
blood pressure; FBG: fasting blood glucose; HDL: high-density cholesterol; SBP: systolic blood
pressure; SD: standard deviation; TG: triglyceride.
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Table 6
Hazard ratios (95% CI) for developing cardiovascular diseases and related mortality per one SD increase

in betaine food sources

  CVD CHD Stroke CVD-mortality

Dairy products (SD = 4.39 mg/d)

Age and sex-adjusted
model

1.03 (0.88–
1.21)

1.03 (0.88–
1.22)

0.95 (0.55–
1.63)

0.87 (0.45–
1.68)

Multivariate-adjusted
model

1.07 (0.93–
1.22)

1.07 (0.93–
1.24)

1.02 (0.66–
1.57)

0.92 (0.50–
1.71)

Meats and eggs (SD = 2.96 mg/d)

Age and sex-adjusted
model

0.96 (0.82–
1.12)

0.97 (0.82–
1.14)

0.83 (0.49–
1.41)

0.95 (0.56–
1.60)

Multivariate-adjusted
model

0.94 (0.80–
1.10)

0.95 (0.80–
1.13)

0.83 (0.52–
1.32)

0.98 (0.59–
1.62)

Grains and bakery products (SD = 37.64 mg/d)

Age and sex-adjusted
model

0.93 (0.80–
1.08)

0.93 (0.80–
1.09)

0.85 (0.54–
1.32)

1.06 (0.68–
1.64)

Multivariate-adjusted
model

0.93 (0.80–
1.08)

0.93 (0.79–
1.09)

0.84 (0.56–
1.26)

1.13 (0.71–
1.81)

Fruits and vegetables (SD = 8.73 mg/d)

Age and sex-adjusted
model

1.05 (0.91–
1.21)

1.07 (0.92–
1.23)

0.83 (0.49–
1.41)

1.39 (1.06–
1.82)

Multivariate-adjusted
model

1.07 (0.93–
1.24)

1.10 (0.95–
1.28)

0.84 (0.52–
1.37)

1.44 (1.07–
1.93)

Nuts and legumes (SD = 1.35 mg/d)

Age and sex-adjusted
model

1.03 (0.92–
1.14)

1.04 (0.93–
1.16)

1.19 (1.00-
1.41)

0.32 (0.07–
1.38)

Multivariate-adjusted
model

1.04 (0.93–
1.16)

1.05 (0.94–
1.17)

1.15 (0.97–
1.37)

0.23 (0.02–
2.11)

Fats and oils (SD = 0.03 mg/d)

Age and sex-adjusted
model

1.03 (0.89–
1.20)

1.06 (0.92–
1.22)

0.58 (0.17–
1.94)

1.28 (1.10–
1.49)

Multivariate-adjusted
model

1.03 (0.89–
1.20)

1.06 (0.92–
1.23)

0.68 (0.27–
1.70)

1.31 (1.11–
1.54)
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  CVD CHD Stroke CVD-mortality

Multivariate-adjusted model adjusted for sex and age, smoking, physical activity, energy intake,
obesity (BMI ≥ 30 kg/m2), diabetes (FBG ≥ 126 mg/dl or take medications), dyslipidemia (TG ≥ 150
mg/dl, or HDL < 40 mg/dl (male), 50 mg/dl (female), or medications), hypertension (SBP ≥ 14 mmHg,
or DBP ≥ 9 mmHg, or mediations)

BMI: body mass index; CHD: coronary heart disease; CVD: cardiovascular disease; DBP: diastolic
blood pressure; FBG: fasting blood glucose; HDL: high-density cholesterol; SBP: systolic blood
pressure; SD: standard deviation; TG: triglyceride.

Discussion
In the present study, dietary choline and betaine intake did not associate with the risk of CVD events and
mortality in the general population. After sensitivity analysis, no signi�cant association between per one
SD increased in choline and betaine and cardiovascular events and death was found among healthy
adults and high-risk patients of CVD. Besides, there was no relationship between food sources of choline
and betaine and outcomes of interest.

This study was not the �rst to report that there is no signi�cant link between dietary choline and betaine
and CVD outcomes in the general population. Data of 16165 women free from CVD who participated in
the PROSPECT-EPIC cohort, revealed no signi�cant relationship between dietary choline and betaine and
risk of total CVD, CHD, and CAD over eight years of follow-up (20). Results of the Atherosclerosis Risk in
Communities (ARIC) study, in 14430 adults with no CHD at baseline, indicated that 14-year CHD incident
in the highest quartile of choline (HR: 1.22, 95% CI: 0.91 to 1.64) and choline with betaine (HR: 1.14, 95%
CI: 0.85 to 1.53) is comparable with the lowest quartile of intake (16). In the Jackson Heart Study, choline
consumption is inversely associated with stroke incidents (β=-0.33). But after post hoc analysis, the
incidence of stroke across quartiles of dietary choline was not signi�cant (14). In another related study
conducted by Nagata et al. (21), there was no signi�cant relationship between choline and CVD mortality
among Japanese males and females.

On contrary, Mazidi et al. (22) in a prospective study (6.5-year of follow-up) reported that subject in the
quartile of choline had 23% (95% CI: 1.09 to 1.38) higher risk of all cause-mortality, 33% (95% CI: 1.19 to
1.48) CVD mortality and 30% (95% CI: 1.02 to 1.66) stroke mortality than those in the �rst quartile. Millar
et al. (14) also showed betaine intake increased the risk of CHD by 89% in the third quartile of intake
compared with the lowest quartile. While in the Takayama study, dietary intake of betaine was inversely
linked to the CHD mortality among Japanese males (21).

Although all these studies had prospective designs; but their con�icting results may be related to different
sample sizes, various follow-up periods, and disparity in subjects’ geographical location and race or
residual confounders. Besides, inconsistency in �ndings may be attributed to diversity in food sources of
choline and betaine among various populations and distinct bioavailability of choline and betaine from
separate foods. In the present study, the same as Bidulescu et al. (16) who reported no link between
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choline and betaine and CVD events, meat and eggs were major food sources of choline, and grains and
bakery products were for betaine. In Nagata et al. (21) also eggs were the most contributor of choline. But
the seafood was the main food supplying betaine that may explain an inverse association between
betaine and mortality from CHD. Seafood is the major source of omega-3 polyunsaturated fatty acid
(PUFA), which has been shown to protect against CVD in many studies (23–25). A recent meta-analysis
reported an inverse association between �sh consumption and risk of CHD mortality (RR: 0.85, 95% CI:
0.77 to 0.94), results of this study revealed each 20 g of �sh consumed per day reducing CHD mortality
by 4% (RR: 0.96, 95% CI: 0.95 to 0.97) (26).

In addition, we evaluated the association between each food source of choline with the risk of CVD
events and mortality, with null �ndings. As motioned above, in our study, meat and eggs were major food
sources of choline. In the past studies, the link between food sources of choline and outcomes of interest
did not investigate. Mei et al. (27) in a cross-sectional study on 3973 adults indicated �sh, red meat and
eggs were the most dietary factors that signi�cantly increased TMAO production. However, they noted
that the association between red meat and TMAO is due to TMA production from carnitine. Their �ndings
were in agreement with the results of a clinical trial that showed carnitine content of red meat increased
production of TMAO but not choline (28). These surveys supported a null association between meat and
eggs with CVD in the current study.

Among dietary contributors betaine, we observed a positive link between fruits and vegetables and oils
and fats intake and death from CVD. It is unclear why the betaine content of fruits and vegetables is
responsible for the increased CVD mortality, but in our study fruits and vegetables and oils and fats are
insigni�cant food sources of betaine.

Furthermore, differences in results of studies may be due to variations in gut microbiota composition
across populations. TMAO is formed by the gut microbiota and is positively associated with CVD. Results
of a new study indicated a signi�cant relationship between nine gut bacterial species and TMAO (27).
Therefore, differences in the gut microbiota of subjects may have an impact on TMAO development.
Several factors such as dietary habits, lifestyle, and health status have an impact on gut microbiota
composition. In the present study, we strati�ed subjects into two groups: healthy subjects and patients at
high-risk of CVD then re-analyzed data, but the results of the study remained unchanged. Previous studies
did not evaluate the relationship between dietary choline and betaine and CVD outcomes among high-risk
patients. Hence further investigations to assess whether gut microbiota plays a role in the association
between dietary choline and CVD events are warranted.

There are several strengths and limitations. The follow-up period was extended. Outcomes were not self-
reported and collected based on medical records. FFQ applied in our study was also validated to assess
dietary intake of foods that are the source of choline and betaine. In addition, we assessed the
association between each food source of choline and betaine with outcomes of interest. However, the
main limitation was that dietary intake of choline and betaine were collected at baseline and they might
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be changed over the follow-up. Furthermore, residual confounders cannot be ruled out even after
adjusting for possible confounders in the studies.

Conclusion
In conclusion, our investigation indicates no signi�cant association between per one SD increase in
dietary intake of choline and betaine and a 10.6-year risk of CVD events and mortality among adults.
Results of sensitivity analysis reveal the observed relationship did not differ between healthy adults and
high-risk patients of CVD. Besides, we found no relationship between signi�cant food sources of choline
and betaine and outcomes of interest.
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