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Abstract
Background: Obesity is among the well-established risk factors

for cardiovascular morbidity and mortality. However, the exact
mechanisms are not well understood. Low concentrations of vitamins
(fat soluble antioxidants and B vitamins) are linked to accelerated
atherosclerosis through increased oxidative stress and homocysteine.

Objective: To compare plasma antioxidant vitamins (carotenoids
and vitamin E), B vitamins (folic acid and B12) and homocysteine ± all
linked to increased cardiovascular morbidity ± between patients with
severe obesity and lean control subjects.

Methods: We investigated plasma carotenoids, vitamin E, folic
acid, B12, and homocysteine in 25 obese patients and their age-
matched controls (body mass index 38 + 3 vs. 21 + 2 kg/m2),
respectively), related to BMI and plasma insulin.

Results: Patients with obesity had normal B vitamins and a non-
significant decrease in plasma homocysteine as compared to controls
(9.4 + 2.6 vs. 11.4 + 4.8 mmol/L, P = 0.07). There was a significant
decrease in both plasma carotenoids and vitamin E (0.69 + 0.32 vs.
1.25 + 0.72 and 24 + 10 vs. 33 + 14 mg/ml, respectively; P < 0.01).
Both vitamins were inversely related to BMI and plasma insulin, which
was significantly increased in patients with obesity (22 + 21 vs. 6 + 2
mU/ml, P < 0.01).

Conclusions: Obese patients with BMI above 35 kg/m2 show low
plasma antioxidants (carotenoids and vitamin E). This may result in
increased oxidative stress and consequently enhanced atherosclerosis
in these patients.
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Recent epidemiologic studies have confirmed the well-known

positive relationship between body mass index above 27 kg/m2

(BMI in kg/m2 body surface) and cardiovascular morbidity.

Obesity behaves as an independent and strong risk factor

especially above BMI 35 kg/m2 [1]. Traditional risk factors

explaining excess cardiovascular mortality in obesity include:

hypertension, dyslipidemia with high triglycerides and low high

density lipoprotein-cholesterol related to central adiposity,

insulin resistance and hyperinsulinemia, which affect blood

vessels and contribute to hypertension and coronary artery

disease [2]. There is ample evidence linking increased concentra-

tion of plasma homocysteine to premature coronary and carotid

atherosclerosis. Homocysteine is controlled both by mutations in

its regulating enzymes and by the B vitamins, folic acid, B12 and

B6 (pyridoxine) [3,4]. The relationship between homocysteine and

obesity has not been investigated before. Some evidence

suggests an increase in plasma homocysteine concomitant to

weight loss, apparently due to a decrease in the regulatory B

vitamins [5,6]. Low plasma antioxidants have been linked to

oxidative modification of LDL, a process necessary for the

generation of atherosclerotic plaque [7]. There is an inverse

relationship between plasma antioxidant vitamin carotenoids and

vitamin E and cardiovascular diseases [8,9]. Indeed, some studies

have shown enhanced oxidative stress and low concentrations of

plasma antioxidants in patients with obesity [10,11].

We therefore measured plasma carotenoids, vitamins E and B12,

folic acid, and plasma homocysteine in patients with severe obesity,

compared the results with a normal weight control group and then

related them to plasma insulin and BMI.

Patients and Methods

We investigated 25 obese patients, 4 men and 21 women aged 26±

52 (mean 44 + 8 years), with BMI 35±45 (mean 38 + 3 kg/m2).

None of the patients had cardiac or renal disease, diabetes or

hypothyroidism. No patient was taking any vitamin or food

supplements, nor was any patient on a weight reducing diet at

the time of the study. The obese patients were compared with a

control group of 25 (4 men and 21 women) age-matched normal

weight subjects with BMI 19.5±24.5 (mean 21 + 2 kg/m2). All

subjects signed an informed consent approved by the Helsinki

Committee of HaEmek Medical Center.

Blood was taken after a 14 hour fast. Plasma was separated and

kept at ±208C until analyzed. The following tests were done: plasma

lipids (cholesterol, triglycerides and high density lipoprotein-

cholesterol), glucose, albumin, renal and liver function, by a

Hitachi 747 (Japan) autoanalyzer. Plasma vitamin B12, thyroid-

stimulating hormone and insulin were analyzed in the AXSYM

system by microparticle enzyme immunoassay. Folic acid was

analyzed in the red blood cells by the AXSYM system. Plasma

homocysteine was analyzed in an Abbott IMX system (USA)

according to fluorescence polarization immunoassay technology

[12]. The biochemical tests were determined in the clinical

biochemistry laboratories of HaEmek Medical Center, which are

operated under strict quality control standards. The antioxidants,

vitamins A, E and carotenoids were determined by high perfor-

mance liquid chromatography analysis in the National Oceano-

graphic Research Institute, as previously described [13].
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Statistical analysis

All measurements are presented as mean + SD. Student's t-test

was used for non-paired group analysis. Pearson's correlation

coefficients were used as well as bivariant analysis. P less than 0.05

represents statistical significance. The SPSS/PS statistical package

was used by a biostatistician from the Faculty of Medicine.

Results

Table 1, illustrating the metabolic characteristics of the two groups,

shows that the obese patients had significantly higher plasma

glucose, hemoglobulin A1C, insulin and triglyceride concentrations

with lower HDL-cholesterol concentrations. Also, there was a

significant increase in plasma TSH, although within normal values.

Regarding routine blood tests, plasma urea, calcium, phosphate,

protein, albumin, alkaline phosphatase, aspartate aminotransfer-

ase, lactate dehydrogenase hormone, Na, K, Cl, Hb and platelets

were not different and were within normal range in all subjects.

There was a significant decrease in plasma creatinine (0.84 + 0.13

vs. 0.91+ 0.11 mg/dl, P < 0.05), a significant increase in plasma uric

acid (6.4 + 1.0 vs. 4.3 + 0.1 mg/dl, P < 0.01) and alanine

aminotransferase (24 + 13 vs. 16 + 8 U/L, P < 0.05), and an

increase in white blood cells (7.888 + 2.012 vs. 6.304 + 1.334, P <

0.01) in the obese patients compared to the controls, respectively.

Table 2 shows B vitamin and plasma homocysteine levels. There

were no differences between the groups, with normal range of B

vitamins. There was a decrease in plasma homocysteine, which was

21% lower in the obese patients though it did not reach significance

(P = 0.07).

Table 3 shows the levels of plasma antioxidant vitamins in

patients with obesity compared to controls. There was a significant

drop in plasma carotenoids and vitamin E in the obese patients

whereas vitamin A was not changed. As both carotenoids and

vitamin E are fat soluble and transported by plasma lipids (mainly

LDL), repeated measurements were done by the correction of

carotenoids and vitamin E against plasma lipids (cholesterol plus

triglycerides). These equations showed the same significance

(P < 0.01) as the uncorrected values [Table 4].

Correlation tests revealed a significant correlation between

plasma vitamin E and carotenoids (r = 0.72, P < 0.01). Also, there

was a significant correlation between BMI and plasma insulin

(r = 0.44, P < 0.01). There was a significant inverse correlation

between BMI and plasma carotenoids (r = ±0.43, P < 0.01) and

vitamin E (r = ±0.32, P < 0.05), and between plasma insulin and

carotenoid concentrations (r = ±0.31, P < 0.05).

Discussion

This study demonstrated that levels of the fat-soluble antioxidants,

vitamin E and carotenoids were significantly lower in patients with

severe obesity as compared to normal weight subjects, whereas no

differences were observed in the concentrations of the B vitamins,

folic acid and B12. We excluded patients with metabolic disorders

(hypothyroidism, diabetes mellitus and nephropathy), which could

have influenced the results. Also, patients were eating their

ordinary diet without any food supplements. Consequently, our

results are suggestive of true differences in antioxidant vitamins,

which are not simply explained by confounding factors related to

obesity.

There is a growing amount of clinical evidence indicating that

mild to moderate fasting hyperhomocysteinemia is an independent

risk factor for atherosclerosis [14]. Our review of the literature

relating plasma homocysteine, a non-traditional coronary risk

factor, to obesity revealed some interesting findings. Hyperhomo-

cysteinemia occurred 1 year after gastroplasty for severe obesity [5].

Also, vitamin B12 deficiency was observed after gastric surgery for

Original Articles

HDL = high density lipoprotein

TSH = thyroid-stimulating hormone

Table 1. Metabolic tests in patients with obesity

Obesity

(n=25)

Control

(n=25)

P

BMI (kg/m2) 38+3 ** 21+2 <0.0001

Glucose (mg/dl) 97+11 ** 85+7 <0.0001

HbA1C (%) 5.6 +0.4 * 5.4 +0.3 0.01

Insulin (mU/ml) 22+21 ** 6+2 <0.0001

TSH (mU/ml) 2.1 +1.1 * 1.5 +0.7 0.035

Cholesterol (mg/dl) 209+35 203+28 0.64

Triglycerides (mg/dl) 158+72 ** 90+71 0.001

LDL-C (mg/dl) 124+34 120+23 0.50

HDL-C (mg/dl) 51+12 ** 63+13 0.001

All results are mean +SD

* P < 0.05, ** P < 0.01

Table 2. Plasma homocysteine and B vitamins in patients with obesity

Obesity

(n=25)

Control

(n=25)

P

Plasma B12 (mg/ml) 294+101 331+131 0.27

RBC-FA (mg/ml) 357+151 309+110 0.21

Plasma homocysteine (mmol/L) 9.4+2.6 11.4+4.8 0.07

All results are mean +SD.

RBC-FA = folic acid in red blood cells

Table 3. Plasma antioxidant vitamins in patients with obesity

Obesity

(n=25)

Control

(n=25)

P

Vitamin A (mg/ml) 0.30+0.11 0.34+0.20 0.30

Carotenoids (mg/ml) 0.69+0.32 ** 1.25+0.72 0.001

Vitamin E (mg/ml) 24+10 ** 33+14 0.001

** P < 0.01

All results are mean +SD.

Table 4. Corrected plasma antioxidant vitamins in patients with obesity

Obesity

(n=25)

Control

(n=25)

P

Vitamin A 0.08+0.03 0.11+0.07 0.20

Carotenoids 0.19+0.08 0.43+0.25 <0.001

Vitamin E 6.5+2.7 11.3+4.8 <0.001

All results are mean +SD (mg/mg)

Corrected values represent plasma antioxidants divided into cholesterol +

triglycerides
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obesity [6]. An adequate oral vitamin supplementation protected

against hyperhomocysteinemia during weight reduction [15]. Thus,

low B vitamins may follow weight-reducing regimes. Consequently,

an increase in plasma homocysteine is anticipated and can be

prevented by vitamin supplementation

Epidemiologic studies have demonstrated an association

between increased intake of antioxidant vitamins such as vitamin

E, carotenoids and vitamin C and reduced morbidity and mortality

from coronary artery disease. This association has been explained

on the basis of the LDL-oxidative modification process, which

involves the initiation of atherogenesis and its protection by

oxidation of the LDL lipids [16]. Extensive studies have shown an

inverse association between CAD events and vitamin E and

carotenoid intake [8,9]. Based on these data, high intake of fruits

and vegetables has been included in guidelines against CAD [17].

While recent studies fail to show such an association between

carotenoids and CAD [7], we and others demonstrated the ability of

b-carotene to protect LDL against oxidation both in healthy

subjects and in diabetic patients, with an emphasis on b-carotene

derived from natural sources [13,18,19]. Thus, our observation

showing a significant reduction in plasma antioxidants in obese

patients suggests a so far unrecognized CAD risk factor in these

patients. Only a limited number of studies have dealt with

antioxidants and obesity. Lower serum levels of vitamin E were

demonstrated in subjects with abdominal obesity [11]. Vitamin E

and b-carotene were significantly lower in plasma of obese boys

[20] and LDL of obese girls [21]. In a recent study comparing

vitamin E and b-carotene in 6,139 children aged 6±10 years old,

both vitamins were significantly lower in obese children, while no

differences were observed in the intake of these antioxidants from

the diet [22]. Furthermore, few studies have shown enhanced

oxidation, as reflected by increased oxidation of end-products in

the plasma of obese patients [10,23].

The mechanisms responsible for altered antioxidant levels in

obesity are obscure. A recent study showed a decreased bioavail-

ability of fat-soluble vitamin D in obesity, apparently due to its

deposition in body fat compartments [24]. We can only speculate

that the mechanism is the same, with redistribution of fat-soluble

vitamins into fatty tissues, thus leaving fewer antioxidants available

for plasma and other essential sites. Such a mechanism may be

supported by studies showing different dose-level responses of lean

and obese subjects to standardized antioxidant supplementation.

Another mechanism that potentially relates obesity to low

antioxidants and enhanced oxidation involves hyperinsulinemia.

Physiologically, severe obesity is characterized by hyperinsulinemia,

as demonstrated in our obese subjects whose insulin level was very

high and just below the upper limit for insulin blood level (still not

defined as diabetes). A recent study in healthy subjects investigated

the relationship between insulin resistance and plasma concentra-

tions (lipid hydroperoxides), carotenoids and tocopherols (vitamin

E). There was a significant direct relationship between plasma

insulin and plasma oxidation (lipid hydroperoxide concentrations).

A significant inverse relationship was found between plasma insulin

and carotenoids and tocopherols [25]. Another study showed an

inverse relationship between plasma vitamin E and insulin in obese

children. Thus, such mechanisms linking hyperinsulinemia to low

plasma antioxidants may operate in patients with severe obesity.

In conclusion, we have shown a significant drop in plasma

antioxidant vitamins, carotenoids and vitamin E in patients with

severe obesity and hyperinsulinemia as compared to lean subjects.

Plasma B vitamins, folic acid and B12 were not different, with a non-

significant drop in plasma homocysteine. Addressing the etiology of

the evident increased cardiovascular morbidity in patients with

severe obesity, we suggest that low antioxidants can be added to

the well-known list of traditional risk factors for CAD in obese

patients. Further studies are required to define the mechanisms

underlying this association. In the meantime, the intake of fruits

and vegetables, which serve as the major source of dietary

antioxidant vitamins, should be strongly advised in patients with

obesity.

References

1. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW. Body-mass index

and mortality in a prospective cohort of U.S. adults. N Engl J Med

1999;341:1097±104.

2. Pi-Sunyer FX. Medical hazards of obesity. Ann Intern Med 1993;119:655±

60.

3. Bostom AG, Selhub J. Homocysteine and arteriosclerosis. Subclinical

and clinical disease associations. Circulation 1999;99:2361±3.

4. Scott JM. Homocysteine and cardiovascular risk. Am J Clin Nutr

2000;72:333±4.

5. Borson-Chazot F, Harthe C, Teboul F, et al. Occurrence of hyperhomo-

cysteinemia 1 year after gastroplasty for severe obesity. J Clin Endocrinol

Metab 1999;84:541±5.

6. Rhode BM, Arseneau P, Cooper BA, Katz M, Gilfix BM, MacLean LD.

Vitamin B-12 deficiency after gastric surgery for obesity. Am J Clin Nutr

1996;63:103±9.

7. Diaz MN, Frei B, Vita JA, Keaney JF. Antioxidants and atherosclerotic

heart disease. N Engl J Med 1997;337:408±15.

8. Riemersma RA, Wood DA, Macintyre CCH, Elton RA, Gey KF, Oliver MF.

Risk of angina pectoris and plasma concentrations of vitamins A, C, and

E, and carotene. Lancet 1991;337:1±5.

9. Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner B, Willett

WC. Vitamin E consumption and the risk of coronary disease in women.

N Engl J Med 1993;328:1444±8.

10. Pipek R, Dankner G, Ben-Amotz A, Aviram M, Levy Y. Increased plasma

oxidizability in subjects with severe obesity. J Nutr Environ Med

1996;6:267±72.

11. Ohrvall M, Tengblad S, Vessby B. Lower tocopherol serum levels in

subjects with abdominal adiposity. J Intern Med 1993;234:53±60.

12. Refsum H, Ueland PM, Svardal AM. Fully automated fluorescence assay

for determining total homocysteine in plasma. Clin Chem 1989;35:1921±7.

13. Ben-Amotz A, Levy Y. Bioavailability of a natural isomer mixture

compared with synthetic all-trans b-carotene in human serum. Am J Clin

Nutr 1996;63:729±34.

14. Nygard O, Vollset SE, Refsum H, et al. Total plasma homocysteine and

cardiovascular risk profile. The Hordaland Homocysteine Study. JAMA

1995;274:1526±33.

15. Henning BF, Tepel M, Riezler R, Gillessen A, Doberauer C. Vitamin

supplementation during weight reduction ± favourable effect on

homocysteine metabolism. Res Exp Med 1998;198:37±42.

16. Witztum JL, Steinberg D. Role of oxidized low density lipoprotein in

atherogenesis. J Clin Invest 1991;88:1785±92.

Original Articles

CAD = coronary artery disease

592 A. Reitman et al. IMAJ . Vol 4 . August 2002



17. Tribble DL. Further evidence of the cardiovascular benefits of diets

enriched in carotenoids. Am J Clin Nutr 1998;68:521±2.

18. Levy Y, Kaplan M, Ben-Amotz A, Aviram M. The effect of dietary

supplementation of b-carotene on human monocyte-macrophage-

mediated oxidation of low density lipoprotein. Isr J Med Sci

1996;32:473±8.

19. Levy Y, Zaltzberg H, Ben-Amotz A, Kanter Y, Aviram M. Dietary

supplementation of a natural isomer mixture of b-carotene inhibits

LDL oxidation in patients with diabetes mellitus. Ann Nutr Metab

2000;44:54±60.

20. Desci T, Molnar D, Koletzko B. Reduced plasma concentrations of

alpha-tocopherol and beta-carotene in obese boys. J Pediatr 1997;

130:653±5.

21. Kuno T, Hozumi M, Morinobu T, Murata T, Mingci Z, Tamai H.

Antioxidant vitamin levels in plasma and low density lipoprotein of

obese girls. Free Radic Res 1998;28:81±6.

22. Strauss RS. Comparison of serum concentrations of alpha-tocopherol

and beta-carotene in a cross-sectional sample of obese and nonobese

children (NHANES III). National Health and Nutrition Examination

Survey. J Pediatr 1999;134:160±5.

23. Van Gaal LF, Vertommen J, De Leeuw IH. The in vitro oxidizability of

lipoprotein particles in obese and non-obese subjects. Atherosclerosis

1998;137(Suppl):S39±44.

24. Wortsman J, Matsouka LY, Chen TC, Lu Z, Holick MF. Decreased

bioavailability of vitamin D in obesity. Am J Clin Nutr 2000;72:690±3.

25. Facchini FS, Humphreys MH, DoNasciemento CA, Abbasi F, Reaven GM.

Relation between insulin resistance and plasma concentrations of lipid

hydroperoxides, carotenoids, and tocopherols. Am J Clin Nutr

2000;72:776±9.

Correspondence: Dr. Y. Levy Dept. of Medicine D, Rambam Medical

Center, Haifa 31096, Israel.

Phone: (972-4) 854-2263

Fax: (972-4) 854-3286

email: ys_levy@rambam.health.gov.il

Original Articles

My forefathers didn't come over on the Mayflower, but they met the boat

Will Rogers, American Indian

REQUEST FOR PROPOSALS

The US-Israel Science and Technology Foundation (USISTF) announces a Request for Proposals

(RFP) for projects that promote collaboration among U.S. and Israeli entities in the field of

Biotechnology. Programs should benefit broader audiences rather than individual companies.

Creative proposals are sought for initiatives that will foster economic and industrial collaboration

and remove impediments to cooperation between Israel and the U.S. Activities to be considered

include: Strategic Alliances, Technology Transfer, Intellectual Property Management, and

Financing Initiatives. Proposals should be submitted no later than 13 September, 2002. For

details, please visit the Foundation's web site at www.usistf.org or the Commission's web site at

www.usistc.org or contact the Commission's office at 03-511-8101

ISRAEL SCIENCE & TECHNOLOGY COMMISSION

593IMAJ . Vol 4 . August 2002 Plasma Vitamins and Homocysteine in Obesity


