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3. Timeline:

We plan to submit an abstract to the AHA Annual Conference for 2006 (deadline, October
2005). It is anticipated that a draft of a manuscript would be completed by the end of Fall 2005.

4. Background and Rationale:

Myocardial infarction often occurs among persons without traditional risk factors (reviewed
in 1). The 1996 Bethesda Conference acknowledged elevated blood levels of homocysteine as a
possible new cardiac risk factor (reviewed in 2). A series of recent meta-analyses suggests that
elevated blood level of homocysteine is an independent risk factor for occlusive vascular events,
with and without taking in consideration the interaction potential of methylenetetrahydrofolate
(MTHFR) genotype. A meta-analysis by Ueland et al. (3), using 14 prospective studies including
the ARIC study, yielded a pooled odds ratio (OR) of 1.20 (95% C.I. of 1.14-1.25). In the ARIC
study (4), the OR (with the 95% C.I.) was 1.15 (0.68-1.92). These odds ratio estimates are lower
compared with the pooled OR of another meta-analysis (5), using mainly case-control studies. In
this study the odds ratio for coronary artery disease of a 5 pmol/L homocysteine increment was
1.6 (95% ClI, 1.4 to 1.7) for men and 1.8 (95% CI, 1.3 to 1.9) for women. In another meta-
analysis (6), a 25% lower homocysteine level was associated with an 11% (OR, 0.89; 95% Cl,
0.89-0.96) lower ischemic heart disease risk.

The experimental studies that took into consideration the mechanisms by which
homocysteine exerts its toxicity showed that this compound acts in several ways (reviewed in 7).
Homocysteine has a direct cytotoxicity on vascular endothelium. It produces peroxydation of



low-density lipoproteins (LDL), and diminishes the production of nitrogen oxide (NO). It has
pro-coagulant activities by acting on platelets and on several coagulability factors. Treatment of
cultured endothelial cells with 0.5-10 mM homocysteine increased Factor V activity and
prothrombin activation by Factor Xa (8). There is also an association between exogenously
applied homocysteine and impaired activation of the natural anticoagulant protein C (9). In a
study on patients with peripheral arterial disease (10), it was shown that plasma concentration of
Von Willebrand factor was decreased in subjects with elevated levels of plasma homocysteine
treated with pyridoxine plus folic acid. Since then, a series of similar studies, also involving
protein C, have been conducted, and have shown similar results. Therefore, there seems to be a
relationship between the above-mentioned coagulability factors and plasma levels of
homocysteine, and, hence, supposedly, dietary betaine.

Homocysteine is a sulfur aminoacid whose metabolism stands at the intersection of two
pathways. One of them is remethylation to methionine, which requires folate and vitamin Bi,. In
an alternative reaction, betaine, a choline derivative, serves as a donor of methyl groups to
homocysteine to form methionine (11). Folate and choline are metabolically interrelated (idem).
When folate availability diminishes there is an increased demand for choline as a methyl donor.
When choline availability is decreased, the demand for folate methyl groups is increased (12).
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In an experimental choline depletion/repletion study (13) it was found that feeding healthy
men a choline deficient diet with adequate methionine and folate for 3 weeks resulted in low
plasma choline and phosphatidylcholine and liver dysfunction, all of which were reversed upon
choline repletion. The authors concluded that choline is an essential nutrient for humans when
sufficient methionine and folate are not available in the diet. At present, the U.S. Institute of
Medicine’s Food and Nutrition Board established choline as an essential nutrient for humans
(14). Foods that are especially rich in choline compounds are milk, liver, eggs and peanuts.

Recently, a betaine supplementation trial with doses in the range of habitual dietary intake
on fasting and post-methionine loading plasma homocysteine concentrations in healthy adults
(15) showed that supplementation of betaine at doses as low as 1.5 g/day lowers plasma
homocysteine concentration in healthy adults. It has been shown that not only betaine
supplementation lowers mildly elevated plasma homocysteine (16) but there seems to be an
apparent dose-response relationship between betaine supplementation, at doses in the range of
dietary intake, and plasma homocysteine concentrations (15). Meanwhile new studies show that,



in a population possibly deficient in serum choline (betaine), supplementation with folate
(vitamins B) may not be efficient in reducing blood homocysteine levels (17,18). Because folate
and choline methyl donation metabolic pathways can be interchangeable, it has been suggested
that both folate and choline be considered in epidemiological studies assessing the relationship
between dietary intake of these compounds and cardiovascular diseases. Thus far,
epidemiological studies assessing the relationship between intake of folate and/or vitamin Bg, B12
and CVD outcomes do not include dietary choline (betaine) intake as a covariate, because data
were not available on the choline concentration of common foods. Nevertheless, choline or
betaine treatment has been used to lower high plasma homocysteine concentrations (19, 20). It is
now possible to conduct studies for normal range values because the concentrations of choline,
betaine and choline-containing compounds in common foods have been characterized to some
degree (21,22).

The content of betaine in wine and the high average consumption of wine in France has
been proposed as one possible explanation of the “French paradox”, namely the lower than
predicted coronary heart disease mortality in that country (23). In the U.S., dietary intake of
betaine is estimated at 0.5-2 g/day. The main food sources of betaine are spinach, beets and
wheat products (21).

Very recently, periconceptional dietary intake of choline and betaine in relationship with
neural tube defects in offspring was assessed by a group of researchers from California (24).
They investigated, in a case-control setting, whether maternal periconceptional dietary intake of
choline and its metabolite betaine influenced neural tube defects (NTD) risk. Dietary intakes of
choline were associated with reduced NTD risks. Controlling for intake of supplemental folic
acid, dietary folate, dietary methionine, and other covariates did not substantially influence risk
estimated for choline.

If elevated blood level of homocysteine (including related compounds) is a risk factor this
could and must be borne out by future research due to its modifiable nature. It is estimated that
almost half of US women have low intakes of folate, a nutrient that reduces (by metabolic
methylation) the blood levels of homocysteine. Populations vulnerable to choline deficiency
exist, including growing infants, pregnant or lactating women and patients fed by total parenteral
nutrition (25). Therefore, providing evidence for a correlation between choline intake and CHD
risk would have practical implications for the public health arena. This could represent a starting
point for dietary strategy for prevention and/or food fortification especially for the segments of
the population mentioned above.

Considering that only a recent case-control study of the dietary intake of choline has been
reported, this proposed study represents the first to address this issue in a cohort setting. The
participation and support of the UNC Department of Nutrition represents one of the keys for the
success of this proposed study. Also, access to an ongoing cohort such as the ARIC study will
introduce considerable cost efficiencies.

5. Main Hypothesis/Study Questions:

We will test the hypothesis that dietary total choline intake (including betaine, its oxidized
form) - as established from the semi-quantitative Food Frequency Questionnaire (FFQ) used in
ARIC - is inversely related to the risk of coronary occlusive events. We will take into account the
potential interaction between choline, folate, and vitamins B (Bs and B1y), respectively.

Another hypothesis tested will be that Von Wilebrand factor level (one of the coagulability
factors measured in ARIC participants) is directly related to the risk of incident CHD, by level of
dietary choline intake, adjusting by blood folate level.



6. Data (variables, time window, source, inclusions/exclusions):

The following variables will be needed for the analysis. Regarding the outcome, in ARIC
there are more than 650 incident CHD events, up to the year 2001 — the variable INC_BYO01, in
inc_by01.sd2 events dataset. Concerning confounding factors, the regression models will be
adjusted for age, gender (8,710 women), race (4,266 blacks), ARIC center, smoking (status,
4,132 active smokers, and pack-years), drinking (8,768 current drinkers), BMI, education level
(3,767 with less than high school) as a measure of SES, diabetes (1,870 participants), and
hypertension (5,504 study subjects). In terms of the second hypothesis, Von Wilebrand factor
level, the dataset hema.sd2 from Visit 1 will be used for the analysis. In this dataset, the variable
HEMAL17, the Von Wilebrand value, was measured in 15,519 participants. We will use SAS in
our analysis.

Cox proportional hazards regression models will be used to calculate the multivariate
adjusted risk ratio (a HR) of incident CHD in relation to tertiles of dietary total choline and
betaine. Several models for adjustment will be created. Dietary choline intake will be computed
by multiplying the choline content of each food item by the frequency of its daily consumption
and summing over all items. Also Cox proportional hazards regression models will be used to
calculate the multivariate adjusted hazard ratio of incident CHD in relation to tertiles of Von
Willebrand factor, assessing dietary total choline and folate as possible effect modifiers/
confounders. To evaluate the potential effect-measure modification of folate and vitamins B
(Vitamin Bg and Vitamin Bjy) for the dietary choline-CHD association, a test for interaction
(homogeneity) will be used.

In the second part of the proposed project, a random error measurement component, we
will assess the reliability of the dietary instrument by ethnicity and gender, in a random sample
of 443 subjects whose dietary intake was measured during the second visit of ARIC, within each
geographic center. This will be contrasted with the dietary information collected in Visit 1 for the
same participants. Nested random effects models will be used to estimate the between-persons
variance, and within-person variance. With these estimates, we will calculate a reliability
coefficient, as the proportion of total variance attributable to the between-person component.
This coefficient will be used to calculate a weighted dietary choline intake.
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9. The lead author of this manuscript proposal has reviewed the list of existing ARIC
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10. What are the most related manuscript proposals in ARIC (authors are encouraged to
contact lead authors of these proposals for comments on the new proposal or
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11. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date of
the approval, the manuscript proposal will expire.

REFERENCES

1. Ridker PM. Evaluating novel cardiovascular risk factors: can we better predict heart
attacks? Annals of Internal Medicine, 1999; 130: 933-937.

2. Harjai KJ. Potential new cardiovascular risk factors: left ventricular hypertrophy,
homocysteine, lipoprotein (a), triglycerides, oxidative stress, and fibrinogen. Annals of
Internal Medicine, 1999; 131: 376-386.

3. Ueland PM, Refsum H, Beresford SAA, Vollset SE. The controversy over homocysteine
and cardiovascular risk. American Journal of Clinical Nutrition, 2000; 72: 324-32.

4. Folsom AR, Nieto J, McGovern PG, Tsai My, Malinow MR, Eckfeld JH. Prospective
study of coronary heart disease incidence in relation to fasting total homocysteine,
related genetic polymorphism, and B vitamins. Circulation, 1998; 98: 204-21

5. Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG. A quantitative assessment of
plasma homocysteine as a risk factor for vascular disease. Probable benefits of
increasing folic acid intakes. JAMA, 1995; 274: 1049-57.

6. The Homocysteine Studies Collaboration. Homocysteine and risk of ischemic heart
disease and stroke. JAMA, 2002; 288(16): 2015-2023.

7. Medina M, Urdiales JL, Amores-Sanchez MI. Roles of homocysteine in cell
metabolism: old and new functions. European Journal of Biochemistry, 2001; 268:
3871-82.

8. Rodgers GM, Kane WH. Activation of endogeneous factor V by a homocysteine-
induced vascular endothelial cell activator. Journal of Clinical Investigation, 1986;
77(6): 1909-1916.

9. Rodgers GM, Conn MT. Homocysteine, an atherogenic stimulus, reduces protein
activation by arterial and venous endothelial cells. Blood, 1990; 75: 895-901.

10. Van den Berg M, Boers GH, Franken DG, Blom HJ, Van Kamp GJ, Jakobs C,
Rauwerda JA, Kluft C, Stehouwert CD. Hyperhomocysteinemia and endothelial
dysfunction in young patients with peripheral arterial occlusive disease. European
Journal of Clinical Investigation, 1995; 25(3): 176-81.


http://bios.unc.edu/units/cscc/ARIC/stdy/studymem.html

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Finkelstein JD, Harris BJ, Kyle WE. Methionine metabolism in mammals: kinetic
study of betaine-homocysteine methyltransferase. Archives of Biochemistry and
Biophysics, 1972; 153: 320-324.

Kim Y-I, Miller JW, daCosta K-A, Nadeau M, Smith D, Selhub J, Zeisel SH, Mason
JB. Folate deficiency causes secondary depletion of choline and phosphocholine in
liver. Journal of Nutrition, 1995; 124: 2197-2203.

Zeisel SH, daCosta KA, Franklin PD, Alexander EA, LaMont JT, Sheard NF, Beiser
A. Choline, an essential nutrient for humans. FASEB Journal, 1991; 5: 2093-2098.
Institute of Medicine and National Academy of Sciences, USA. Dietary reference
intakes for folate, thiamin, riboflavin, niacin, vitamin B12, panthothenic acid, biotin,
and choline. Vol. 1. 1998, Washington D.C.: National Academy Press.

Olthof MR, van Vliet T, Boelsma E, Verhoef P. Low dose betaine supplementation
leads to immediate and long term lowering of plasma homocysteine in healthy men
and women. Journal of Nutrition, 2003; 133: 4135-4138.

Steenge GR, Verhoef P, Katan MB. Betaine supplementation lowers plasma
homocysteine in healthy men and women. Journal of Nutrition, 2003; 133: 1291-
1295.

Bostom AG, Gohh RY, Beaulieu AJ, Nadeau MR, Hume AL, Jacques PF, Selhub J,
Rosenberg IH. Treatment of hyperhomocysteinemia in renal transplant recipients.
Annals of Internal Medicine, 1997; 127: 1087-1092.

Nelen WLDM, Blom HJ, Thomas CMG, Steegers EAP, Boers GHJ, Eskes TKAB.
Methylenetetrahydrofolate reductase polymorphism affects the change in
homocysteine and folate concentrations resulting from low dose folic acid
supplementation in women with unexplained recurrent miscarriages. Journal of
Nutrition, 1998; 128: 1336-1341.

Wendel U, Bremer HJ. Betaine in the treatment of homocystinuria due to 5,10-
methylenetetrahydrofolate reductase deficiency. European Journal of Pediatrics,
1984:142(2): 147-50.

Dudman NP, Tyrrell PA, Wilcken DE. Homocysteinemia: depressed plasma serine
levels. Metabolism, 1987; 36: 198-201.

USDA Database for the choline content of common foods. Prepared by Howe JC,
Williams JR and Holden JM, Nutrient Data Laboratory, Agricultural Research
Service, U.S. Department of Agriculture, in collaboration with Zeisel SH and Mar M-
H, Department of Nutrition, University of North Carolina at Chapel Hill. March 2004.
www.nal.usda.gov/fnic/foodcomp.

Zeisel SH, Mar M-H, Howe JC, Holden JM. Concentrations of choline-containing
compounds and betaine in common foods. Journal Nutrition, 2003; 133: 1302-1307.
Mar M-H, Zeisel SH. Betaine in wine: answer to the French paradox? Medical
Hypotheses, 1999; 53(5): 383-385.

Shaw GM, Carmichael SL, Yang W, Selvin S, Schaffer DM. Periconceptional dietary
intake of choline and betaine and neural tube defects in offspring. American Journal
of Epidemiology, 2004; 160(2): 102-1009.

Zeisel SH, Niculescu MD. Choline and Phosphatidylcholine. Modern Nutrition in
Health and Disease, 10" edition, 2004. In press.



http://www.nal.usda.gov/fnic/foodcomp

	SC Reviewed: __11/04/04   Status: _A___   Priority: __2__
	Lead:  Aurelian Bidulescu, MD MPH

