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Several lines of evidence support an atherogenic role for oxidized low-density lipoprotein (LDL). Previous studies have 
suggested that although Mexican-Americans have an increased rate of diabetes, obesity, elevated triglyceride levels, and low 
high-density liPoprotein (HDL) cholesterol levels, their rates of coronary heart disease (CHD) are similar or possibly lower than 
in non-Hispanic whites. Mexican-Americans have smaller, denser LDL than non-Hispanic whites. On the basis of this latter 
observation, we postulated that lipid peroxide (LPO) levels would be increased in Mexican-Americans. We examined the 
oxidizability of plasma in 50 Mexican-Americans and 50 non-Hispanic whites from the San Antonio Heart Study, a 

population-based study of diabetes and cardiovascular disease, at baseline and after coincubation with a metal-independent 
system (2'2'-az0bis-2-amidinopropane hydrochloride [AAPH]) and a metal-dependent system (Fe2+/H202) of oxidation. LPO 

levels were measured by a modified fluorimetric assay. Vitamin E and plasma fatty acid composition were also determined. We 
found significantly higher LPO levels at baseline and after AAPH coincubation in Mexican-Americans than in non-Hispanic 
whites (baseline, 2.75 -+ .09 v 2.07 -+ .09 ~mol/L, P < .001; post-AAPH, 5.49 -+ .14 v 5.07 -+ .04 i~mol/L, P = .037). However, no 
significant ethnic differences were seen after coincubation with Fe2+/HzO2. Diabetes and cigarette-smoking were also 
associated with higher LPO levels. Mexican-Americans also had lower levels of vitamin E (the predominant lipid-soluble 
antioxidant in plasma) than non-Hispan!c whites, although these differences only partially explained the differences in 
susceptibility to oxidation. Plasma fatty acids were similar in Mexican-Americans and non-Hispanic whites, suggesting only 
small differences in diet composition. We conclude that LPO levels are higher in Mexican-Americans than in non-Hispanic 
whites, and that these results are only partially related to differences in vitamin E levels. 
Copyright © !996 by W.B. Saunders Company 

M EXICAN-AMERICANS differ from non-Hispanic 
whites in a number of cardiovascular risk factors. 

Mexican-Americans have a higher incidence of non-insulin- 
dependent diabetes mellitus (NIDDM), 1 obesity, 2 unfavor- 
able body fat distribution? hyperinsulinemia, 4 and insulin 
resistance 5 relative to non-Hispanic white s. They also have 
higher triglycer!de and lower high-density lipoprotein (HDL) 
cholesterol levels than non-Hispanic whites? but a lower 
prevalence of hypertension. 7 Using logistic regression coef- 
ficients from the Framingham Heart Study, Mexican- 
Americans show a higher predicted risk of coronary heart 
disease (CHD) than non-Hispanic whites) However, in 
most studies, Mexican-American men have lower cardiovas- 
cular mortality 9 and a lower prevalence of myocardial 
infarction than non-Hispanic white men) TM In survivors of 
myocardial infarction, Mexican-Americans may have a 
higher mortality than non-Hispanic whites. 12 The discre p- 
ancy between estimated CHD risk and actual CHD rates 
suggests that "nontraditional" risk factors for CHD may 
differ between Mexican-Americans and non-Hispanic 
whites. We have shown that lipoprotein(a) concentrations 
are lower in Mexican-Americans than in non-Hispanic 
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whites. 13 In contrast, Mexican-Americans have a preponder- 
ance of small, dense low-density lipoprotein (LDL) relative 
to non-Hispanic whites. 14 However, the increase in small, 
dense LDL in Mexican-Americans is due to the higher 
triglyceride levels in this ethnic group. 14 Since smaller, 
denser LDL is more susceptible to lipid oxidation, 15,i6 it is 
possible that the plasma of Mexican-Americans may be 
more susceptibl e to lipid peroxidation. 

Recent data have suggested the possibility that oxidized 
LDL is more atherogenic than ordinary LDL. 17 Oxidized 
LDL occurs in atherosclerotic lesions in experimental 
animals, TM and antibodies to oxidized LDL have been found 
to correlate with the progression of carotid atherosclero- 
sis. 19 Antioxidant supplementation inhibits the progression 
of atherosclerosis in experimental animals, 2° and a high 
intake of vitamin E (an antioxidant) is associated with a 
lower risk of CHD in both men and women. 21,22 

In this study, we examined plasma lipid peroxide (LPO) 
concentrations among Mexican-Americans and non-His- 
panic whites from the San Antonio Heart Study, a popula- 
tion-based study of diabetes and cardiovascular disease. We 
also examined the oxidizability of plasma using two model 
systems (with and without a metal ion). With the first 
method, plasma was incubated with a free-radical initiator, 
2'2'-azobis-2-amidinopropane hydrochloride (AAPH), with- 
out a transition metal. In the second system, plasma was 
incubated with iron (Fe 2+) and hydrogen peroxide (H202) 
to induce the Fenton reaction. 23 No study has previously 
examined plasma oxidizability between different ethnic 
groups. In previous studies, increased plasma oxidizability 
has been associated with CHD in humans. 24,25 We also 
examined whether there are ethnic differences in the major 
lipid-soluble antioxidant in plasma (vitamin E) and plasma 
polyunsaturated fatty acids ([PUFA] a substrate for lipid 
oxidation ). The rationale for measuring plasma oxidizabil- 
ity is that it offers an evaluation of both prooxidant stress 

876 Metabolism, Vol 45, No 7 (July), 1996: pp 876-881 



LIPID PEROXIDATION IN MEXICAN-AMERICANS 877 

and  an t iox idant  defense.  This  ba l ance  could be  crucial in 
de t e rmin ing  lipid oxidation.  

SUBJECTS AND METHODS 

The San Antonio Heart Study is a population-based study of 
diabetes and cardiovascular disease in Mexican-Americans and 
non-Hispanic whites that was designed to evaluate the effects of 
ethnicity and socioeconomic status. From 1979 to 1982 (phase I) 
and from 1984 to 1988 (phase II), we randomly selected households 
from several San Antonio, TX, census tracts including low-income 
(barrio), middle-income (transitional), and high-income (subur- 
ban) census tracts. 2,4 All men and nonpregnant women aged 25 to 
64 years who resided in the randomly selected households were 
eligible to participate. Mexican-Americans were defined as individu- 
als whose ancestry and cultural traditions derived from a Mexican 
national origin. 26 Detailed descriptions of the 1979 to 1982 survey 
(phase I) 2 and the 1984 to 1988 survey (phase II) 4 have been 
previously published. This project was approved by the Institu- 
tional Review Board of the University of Texas Health Science 
Center at San Antonio. All subjects provided informed consent. 

The waist to hip ratio (WHR) was used as a measure of body fat 
distribution. Body mass index (BMI) was calculated as weight 
divided by height (in meters) squared. Smoking was assessed by 
self-report, and subjects were classified as smokers or nonsmokers. 
CHD was determined by a clinical assessment with an electrocar- 
diogram and by a clinical history of myocardial infarction, cerebro- 
vascular disease, and peripheral vascular disease. None of the 
subjects were on oral antioxidant supplementation. 

At the follow-up examination, blood specimens were obtained 
after a 12- to 14-hour fast, and a second specimen was obtained 2 
hours after administration of a 75-g glucose-equivalent load (Or- 
angedex; Custom Laboratories, Baltimore, MD). Lipid, lipopro- 
tein, and glucose levels were measured using methods previously 
described. 2,4 These measurements were made in the laboratory of 
the Division of Clinical Epidemiology, San Antonio, TX. Diabetes 
mellitus (fasting plasma glucose >_7.8 mmol/L and/or 2-hour 
post-glucose load plasma glucose > 11.1 mmol/L) was diagnosed 
according to World Health Organization criteria. 27 

Fasting plasma specimens (collected with EDTA as an anticoagu- 
lant) were stored at -70°C for approximately 15 months in San 
Antonio. They were shipped on dry ice to the laboratory of I. Jialal, 
MD, in Dallas, TX, for assay of plasma LPO. These samples were 
not thawed until determinations of plasma LPO were performed. 
Mexican-Americans (15.0 months) and non-Hispanic whites (14.9 
months) were matched for duration of storage of samples. Plasma 
LPO levels were measured in duplicate in the basal state and after 
coincubation of plasma in the presence of an aqueous free-radical 
initiator (50 mmol/L AAPH) that thermally decomposes to pro- 
duce peroxyl radicals at a constant rate. 23,28 A second model system 
of coincubation with Fe 2+ and H2Oz was also used to produce 
LPO. 23 The assay was modified to improve specificity for LPO in 
the plasma and to prevent interference from bilirubin and sialic 
acid. 23 The Yagi method has been shown to correlate strong- 
ly with high-pressure liquid chromatography methods for determi- 
nation of LPO levels (r = .85). 29 We have shown previously that the 
increased plasma oxidation is paralleled by an increase in LDL 
electrophoretic mobility and a decrease in plasma PUFA, suggest- 
ing that lipid peroxidation is being assayed. 23 Furthermore, addi- 
tion of glucose during the plasma oxidation did not enhance 
oxidizability. Plasma samples for a-tocopherol were purged with 
nitrogen and frozen at -80°C until analysis. The measurements 
were made by reversed-phase high-performance liquid chromatog- 
raphy after extraction with hexane. 3°,31 Plasma c~-tocopherol was 
standardized to total plasma lipids. 32 Plasma fatty acids were 

determined by gas-liquid chromatography after extraction and 
transmethylation as previously reported. 31,33 An internal standard 
of C17:0 (NuChek Prep, Elysian, MN) was added to all samples. 
Total PUFA were calculated as the sum of 18:2, 18:3, and 20.4 fatty 
acids. 

ANCOVA and chi-squared test were performed using SAS 
statistical software (SAS Institute, Cary, NC). Triglyceride concen- 
trations were log-transformed to improve normality, and were 
subsequently back-transformed for presentation in tables. Since 
Mexican-Americans may have increased cholesterol and triglycer- 
ide levels relative to non-Hispanic whites and since other studies 
have indicated that LPO levels are correlated with the total 
amount of lipid in plasma, 34,3s we computed LPO both per unit 
volume (micromoles per liter) and also as millimoles per liter of 
total cholesterol and triglyceride (standardized LPO). Lipid concen- 
trations were not different by ethnicity (Table 1). Since the 
standardized LPO results were similar to the LPO results per unit 
volume, we present only the LPO results per unit volume. We 
present both the unadjusted vitamin E and lipid-standardized 
vitamin E in this report. 

RESULTS 

Table  1 shows clinical character is t ics  of the  Mexican-  
Amer i cans  and  non-Hispan ic  whi tes  in this study. Mexican-  
Amer i cans  were  significantly more  likely to have diabetes  
t han  non-Hispan ic  whites. The  pe rcen tage  of smokers,  
pe rcen tage  with CHD,  and  lipid and  l ipoprote in  levels did 

Table 1. Clinical and Metabolic Characteristics (mean -+ SE) 

Mexican- Non-Hispanic 
Characteristic Americans Whites P 

No. of subjects 50 50 

Men (%) 32 44 .216 

Smokers (%) 26 24 .817 

Diabetics (%) 40 20 .013 

CHD (n) 7 6 .570 

Age (yr) 56.8 -+ 1.4 52.6 -+ 1.8 .068 

BMI (kg/m 2) 31.2 -+ 1.0 29,7 -+ 5.8 .218 

WHR 0,932 -+ .014 0.932 + .013 .956 

Triglyceride (mmol/L) 2.13 - 0.09 2.05 + 1.30 .732 

Total cholesterol (mmol/L) 6.04 -+ 0.21 5.74 -+ 0.18 .290 

HDL cholesterol (mmol/L) 1.16 -+ 0.02 1.21 -+ 0.02 .522 

LDL cholesterol (mmol/L) 4.45 + 0.48 4.11 _+ 0.16 .422 

Plasma LPO (l~mol/L) 

Baseline 2.79 -+ 0.08 2.03 + 0.08 <.001 

AAPH 5.51 -+ 0.14 5.05 -+ 0.14 .019 

Fe2+/H202 7.77 -+ 0.31 7.26 -+ 0.31 .254 

Saturated fatty acids (mmol/L) 

14:0 0,085 + 0.080 0.760 _+ 0.006 .405 

16:0 1.826 - 0,601 1.664 -+ 0.457 .142 

18:0 0.513 -+ 0,019 0.502 -+ 0.18 .682 
Monounsaturated fatty acids 

(mmol/L) 

18:4 1.680 _+ 0.091 1.510 -+ 0.069 .144 

PUFA (mmol/L) 

18:2 2,096 _+ 0.067 2.018 _+ 0.070 .426 

18:3 0,461 -+ 0.003 0,574 _+ 0.003 .012 

20:4 0,438 _+ 0.018 0.487 -+ 0,020 .070 
Total (18:2 + 18:3 + 20:4) 2.995 -+ 0.077 2,979 _+ 0,086 .881 

Vitamin E (t~mol/L) 21.5 -+ 1.0 25.5 -+ 1.5 .024 

Vitamin E (l~mol/mmol/L)* 2.67 _+ 0.09 3.39 -+ 0.20 .002 

PUFA/vitamin E* 0,126 -+ 0,004 0.109 -+ 0.004 .008 

*Lipid-standardized. 
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not differ between Mexican-Americans and non-Hispanic 
whites. LPO levels at baseline were significantly higher in 
Mexican-Americans than in non-Hispanic whites. Whereas 
lipid peroxidation after A_APH coincubation was signifi- 
cantly higher in the Mexican-American group, after stimu- 
lation with Fe2+/H202, there were not significant differ- 
ences in Mexican-Americans and non-Hispanic whites. 
Mexican-Americans had significantly lower vitamin E con- 
centrations and lipid-standardized vitamin E than non- 
Hispanic whites. There was no significant difference in fatty 
acids except for lower 18:3 levels in Mexican-Americans. 
However, the total amount of PUFA (18:2 + 18:3 + 20:4) 
was not significantly different by ethnic group. The ratio of 
plasma PUFA to a-tocopherol, an estimate of oxidant stress 
(substrate) to antioxidant defense, was significantly higher 
in Mexican-Americans. 

Table 2 shows ANOVAs for LPO stratified by ethnicity, 
gender, smoking status, diabetes, and history of MI. 

Table 2. ANCOVA by Ethnicity, Diabetes, Smoking Status, Gender, 
and Previous Myocardial Infarction (mean _+ SE) 

LPO (ixmol/L) 

Parameter Baseline AAPH Fe2+/H202 

NIDDM 

MA 2.94 2 0.12 6.21 -+ 0.10 8.21 -+ 0.31 

NHW 2.16 -+ 0.16 5.60 + 0.12 7.75 ± 0.25 

Nondiabet ic 

MA 2.64 ± 0.18 5.40 ± 0.12 7.52 ± 0.28 

NHW 1.99 ± 0.10 5.00 _+ .009 6.81 ± 0.22 

P 

NIDDM .032 .042 .110 

Ethnicity < .001 .032 .242 

Smokers 

MA 2.85 ± 0.40 6.01 _+ 0.32 8.31 _+ 0.31 

NHW 2.10 ± 0.32 5.30 -+ 0.27 7.19 ± 0.25 

Nonsmokers 

MA 1.85 ± 0.20 5.25 ± 0.24 7.20 _+ 0.25 

NHW 1.20 ± 0.22 4.92 +_ 0.19 6.90 -+ 0.70 

P 

Smoking .022 .032 .002 

Ethnicity < .001 .042 .240 

Men 
MA 2.85 ± 0.14 6.01 +- 0.10 7.71 -+ 0.46 

NHW 2.35 ± 0.16 5.41 -+ 0.12 7.60 -4- 0.41 

Women 

MA 3.11 ± 0.13 6.11 -+ 0.08 8.18 -+ 0.37 

NHW 2.51 ± 0.16 5.50 -+ 0.06 7.50 -+ 0.40 

P 

Gender .032 .595 .012 

Ethnicity < .001 .001 .395 

Previous MI 

MA 2.93 *- 0.23 5.53 -+ 0.15 7.85 -+ 0.34 

NHW 2.03 -+ 0.09 5.22 -+ 0.40 7.37 ± 0.90 

NoMI 
MA 2.77 -+ 0.09 5.28 -+ 0.37 6.95 -+ 0.84 

NHW 2.00 ± 0.25 5.03 ± 0.15 7.27 +- 0.34 

P 

MI .681 .872 .509 

Ethnicity < .001 .025 .325 

Abbreviat ions:  MA, Mexican-American;  NHW, non-Hispanic white; 

MI, myocardial  infarction. 

Mexican-Americans continued to have significantly higher 
LPO levels at baseline and after stimulation by AAPH than 
non-Hispanic whites even after stratification by NIDDM, 
gender, smoking status, or previous history of MI. There 
were no significant ethnic differences in LPO after Fe2+/ 
H202 stimulation. Subjects with NIDDM had significantly 
higher LPO levels at baseline and after AAPH stimulation. 
Women had higher baseline LPO levels than men. Smokers 
had higher LPO levels than nonsmokers for all three 
measures of LPO. LPO levels were higher in subjects with a 
previous myocardial infarction, but these differences were 
not statistically significant. 

Table 3 shows the results of ANCOVA with LPO as the 
dependent variable. Female gender, Mexican-American 
ethnicity, cigarette-smoking, and NIDDM significantly pre- 
dicted higher levels of LPO at baseline. Mexican-American 
ethnicity, cigarette-smoking, and diabetes were significant 
predictors of LPO levels after stimulation with AAPH. 
Cigarette-smoking and female gender were significantly 
related to higher levels of LPO after stimulation by Fe z+ / 
H202. We also adjusted further for lipid-standardized 
vitamin E levels. After these further adjustments, baseline 
susceptibility to lipid oxidation remained significantly higher 
in Mexican-Americans than in non-Hispanic whites 
(2.76 - 0.9 v 2.06 ± 0.9, P < .001), but the ethnic differ- 
ence in lipid susceptibility to oxidation after AAPH stimula- 
tion was no longer statistically significant (5.46 ± 0.14 v 
5.10 +_ 0.14,P = .465). 

D I S C U S S I O N  

We have shown in this report that baseline LPO and after 
stimulation by AAPH were significantly higher in Mexican- 
Americans than in non-Hispanic whites. These results were 
unchanged after adjustment for factors such as cigarette- 
smoking, history of MI, and diabetes. LPO levels after 
stimulation by Fe2+/H2Oz were slightly higher in Mexican- 
Americans than in non-Hispanic whites, but these differ- 
ences were not statistically significant. (The variability of 
LPO levels after Fe>/H202 was greater than with the 
AAPH method [Table 1] and might explain the lack of 
significance for the ethnic comparison for the former 
method.) The susceptibility of LDL to oxidizability is 
governed by three major factors: the amount of oxidizable 
substrate (principally fatty acids, and especially PUFA), the 
concentrations of endogenous antioxidants (a-tocopheral, 
13-carotene, and ascorbate), and the presence of oxidative 
stress. The PUFA/lipid-standardized c~-tocopheral ratio 
represents the degree of protection afforded by c~-to- 
copheral against oxidative attack. After adjustment for the 
difference in the antioxidant vitamin E, Mexican-Ameri- 
cans continue to have significantly higher baseline LPO, but 
the magnitude of the ethnic difference is reduced by 
approximately 10%. In contrast, the ethnic difference in 
LPO after AAPH stimulation is no longer statistically 
significant after adjustment for vitamin E concentrations, 
suggesting that the ethnic difference in LPO is at least 
partially due to differences in antioxidant intake. Although 
we had no dietary questionnaire data, we did measure 
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Table 3. ANOVA for LPO (mean -+ SE) 
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LPO (p.mol/L) 

Parameter Baseline AAPH H202 

Covariates for LPO 

Baseline AAPH Fe2+/H202 

P Sign P Sign P Sign 

Mexican-Americans 
Non-Hispanic whites 
P 
Gender (F/M) 
Age 
Smoking status (yes/no) 
BMI 
WHR 
Diabetes (yes/no) 
Previous MI (yes/no) 

2.75 _+ 0.09 5.49 _+ 0.14 7.74 _+ .030 
2.07 _+ 0.09 5.07 _+ 0.04 7.29 _+ 0.30 

<.001 .037 .290 
.035 (+) .903 (+) .032 (+) 
.605 (+) .511 (+) .612 (+) 
.017 (+) .022 (+) .001 (+) 
.825 (+) .919 (+) .240 (+) 
.097 (+) .566 (+) .424 (+) 
.046 (+) .021 (+) .108 (+) 
.662 (+) .873 (+) .311 (+) 

Abbreviations: F, female; M, male. 

plasma fatty acid composition, which was similar in both 
ethnic groups. Increasing vitamin E intake may thus de- 
crease CHD in Mexican-Americans. We have previously 
reported that Mexican-Americans have a preponderance of 
small, dense LDL relative to non-Hispanic whites, 14 which 
is compatible with the present observation, since smaller, 
denser LDL is more susceptible to oxidation, ls,16 

We also showed increased LPO at baseline and after 
stimulation with AAPH in diabetic subjects versus nondia- 
betic subjects. LPO levels after incubation with Fe z+/H202 
were higher in diabetic subjects than in nondiabetic sub- 
jects, but the results were not statistically significant. We 
have previously shown in a separate population that LPO 
levels after stimulation with AAPH and FeZ+/H202 were 
higher in Mexican-American NIDDM subjects than in 
nondiabetic Mexican-Americans. 36 The difference in the 
significance of the results after FeZ+/H202 stimulation 
between the current study and the previous report  36 may 
have been due to different populations. However, in each 
case, LPO levels were higher in diabetic subjects. A number 
of other studies have shown increases in basal LPO levels in 
subjects with diabetes. 24,34,35,37-42 Several recent reviews 43,44 
have examined possible mechanisms for the increased 
peroxide levels in diabetic subjects. 

We also found significantly higher LPO levels in cigarette 
smokers than in nonsmokers. LPO levels were higher in 
subjects with a previous myocardial infarction, as deter- 
mined by resting electrocardiogram, than in subjects with- 
out a myocardial infarction, but these results were not 
statistically significant. The absence of a relationship to 
vascular disease as assessed by resting electrocardiogram or 
clinical history may be due to the low number of subjects 
and the low sensitivity of this test, leading to low predictive 
power. We also found higher levels of LPO in women than 
in men, and also after stimulation with Fe2+/H202. (No 
gender difference was observed after AAPH stimulation.) 
Evans and Orchard 45 had found higher unstimulated LPO 
levels in women with insulin-dependent diabetes mellitus 
(IDDM) than in men with IDDM, but found no gender 
difference in normoglycemic subjects. 45 

One limitation of the present report  is that there may be 
an inconsistency between plasma oxidizability and suscepti- 

bility to CHD. Shaish et a146 showed that ex vivo susceptibil- 
ity of LDL to AAPH oxidation was not correlated with the 
extent of lesions in a cholesterol-fed rabbit model of 
atherosclerosis. In that report, dietary vitamin E supplemen- 
tation reduced ex vivo LDL oxidizability without a signifi- 
cant effect on the development of atherosclerosis; in con- 
trast, [3-carotene did not significantly improve the 
oxidizability but did reduce atherosclerotic lesions. 

In this study, we had hypothesized that Mexican- 
Americans might have increased susceptibility to oxidation, 
since they have a larger proportion of small, dense LDL 
particles 14 and since smaller, denser LDL particles are 
more susceptible to oxidation. 15,16 However, Bowry et a147 
have shown that HDL is the principal vehicle for circulating 
plasma lipid hydroperoxides and suggested that HDL lipids 
may be more rapidly oxidized than those in LDL in vivo. 
Thus, the higher LPO concentrations reside in the HDL 
fraction in Mexican-Americans. Although Mexican-Ameri- 
cans have a tendency for lower HDL concentrations than 
non-Hispanic whites, it is possible that the higher LPO 
levels in Mexican-Americans are a reflection of a more 
efficient removal of oxidized lipids by a subclass of HDL 
rather than an induction of oxidized-particle transport to 
the arterial wall. If this speculation is correct, then the 
relative protection from CHD in Mexican-Americans could 
be explained. 

In conclusion, we found significantly higher LPO levels in 
Mexican-Americans than in non-Hispanic whites. These 
results are unexplained by differences in cigarette-smoking, 
MI, diabetes, or diet composition as assessed by free fatty 
composition. Our results are consistent with previously 
published data showing increased small, dense LDL in this 
ethnic group, but do not contribute to explaining the 
paradoxical lower rate of cardiovascular disease in Mexican- 
Americans versus non-Hispanic whites. We also observed 
decreased vitamin E in Mexican-Americans, which is com- 
patible with their susceptibility to oxidation. However, 
statistical adjustment for vitamin E only partially explained 
ethnic differences in lipid oxidation. These data suggest 
that supplementation with vitamin E may reduce the 
susceptibility to oxidation in this ethnic group. 
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