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Objective: To examine the interaction of

oxidative stress biomarkers with age, and also

factors that influence oxidative stress such as

body mass index (BMI) and fitness in a

population of individuals with established

higher risk of cardiovascular disease, African

Americans.

Methods: Blood samples were obtained from

healthy college-age and middle-age to older

African Americans. Participants underwent a

graded exercise test. Superoxide dismutase

(SOD) activity, total antioxidant capacity and

thiobarbituric acid reactive substances (TBARS)

levels were measured.

Results: TBARS levels were significantly

(P5.001) lower in young participants relative

to middle-age to older participants. SOD

activity was significantly (P5.001) lower in

middle-age to older participants with low

fitness relative to participants with normal

fitness, and lower (P5.04) in middle-age to

older participants that were overweight relative

to normal weight participants.

Discussion: In a healthy middle-age to older

population of African Americans, BMI and

fitness are crucial for maintaining a healthy

endothelium. (Ethn Dis. 2010;20:403–408)
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INTRODUCTION

Many of the factors that underlie

age-related changes in the vasculature

are also implicated in the development

of cardiovascular disease (CVD). Endo-

thelial dysfunction as a pathological

state due to chronic oxidative stress has

been associated with both aging and

CVD, and evidence suggests these two

separate processes are highly inter-

twined.1–3 Clinical observations involv-

ing the epidemiology of CVD also point

toward an unequal ethnic distribution

of the disease.4 In 2010, African

Americans had statistically higher levels

of total CVD than Caucasians or

Mexican Americans.5 The mechanisms

underlying these racial disparities are

multifactorial and involve genetic fac-

tors, socioeconomic status, psychosocial

issues, and other environmental factors.

However, all of these factors have the

ability to influence oxidative stress.

The ability of cellular antioxidant

enzymes to process and remove reactive

oxygen species (ROS) is critical to

maintaining a healthy endothelium

and nitric oxide (NO) bioavailability.

If ROS such as superoxide anion (O2
2),

hydroxyl radical (OH2), hydrogen per-

oxide (H2O2), or hydroperoxides

(ROOH) overwhelm the antioxidant

system, the redox state of the cell will

shift and the cell will be placed under

oxidative stress. Interestingly, in a basal

in vitro experiment, Kalinowski et al

observed that NO bioavailability was

diminished by higher levels of O2
2 in

African American endothelial cells com-

pared to Caucasian endothelial cells.6

The researchers suggested there are

underlying racial differences in the

redox state of endothelial cells between

African Americans and Caucasians.

The pathophysiology of essential

hypertension is still uncertain and there

are many factors that contribute to

chronically raised blood pressure (BP).

Lifestyle modifications such as exercise,

healthy diet, and weight management are

critical for the prevention of high blood

pressure and also the progression of

CVD.7 Exercise has been implicated in

the preservation of endothelial function

with advancing age in the face of adverse

effects of conventional risk factors for

CVD.8 Weight gain into overweight and

obese body mass index (BMI) categories

is powerfully associated with overall

mortality and is a principal causative

factor in the development of metabolic

syndrome. It is also directly correlated to

increased production of ROS and sys-

temic markers of oxidative stress.9,10

The purpose of our study was to

examine the interaction of oxidative

stress biomarkers with age, and also

factors that influence oxidative stress

within younger and middle-age to older

age groups of normotensive and pre-

From Hypertension, Molecular and Ap-
plied Physiology Laboratory, Department of
Kinesiology (KS, DF, KD, SW, PV, MB); and
Cardiovascular Research Center, School of
Medicine, Temple University, Philadelphia,
Pennsylvania (MB).

Author correspondence to Kathleen M.
Sturgeon; Department of Kinesiology; Tem-
ple University; 1800 N. Broad Street;
Philadelphia, PA 19122; 215-204-0084;
215-204-4414 (fax); katie.sturgeon@temple.
edu

The purpose of our study was

to examine the interaction of

oxidative stress biomarkers

with age, and also factors that

influence oxidative stress

within younger and middle-

age to older age groups of

normotensive and

pre-hypertensive African

Americans.
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hypertensive African Americans. To our

knowledge, no study to date has inves-

tigated oxidative stress biomarkers in

pre-hypertensive African Americans as

they relate to aging and clinically relevant

measures of fitness and body weight.

MATERIALS AND METHODS

Participants
College-aged African Americans,

aged 18–25 yrs, were recruited through

advertisements and word of mouth.

Middle-age to older African Americans,

aged 40–75 yrs, were recruited through

advertisements and mailings. All partic-

ipants were apparently healthy. This was

assessed by completion of an extensive

health history form for college-aged

participants, and by more extensive

screening in the middle-age to older

African American participants. Demo-

graphic and health history information

were collected during an initial labora-

tory visit and qualified participants

provided their written, informed con-

sent. The study was approved by the

institutional review board of Temple

University, Philadelphia, Pa.

Middle-age to older African Amer-

icans were non-smoking, not on lipid-

lowering medication, and had no histo-

ry of CVD, diabetes, hypercholesterol-

emia, liver disease, renal disease, or lung

disease. Middle-age to older African

Americans were also screened for cho-

lesterol level and fasting blood glucose

level. Exclusion criteria included cho-

lesterol level .240 mg/dL and fasting

blood glucose .126 mg/dL. In addi-

tion, middle-age to older African Amer-

ican participants underwent a physician

administered physical examination and

echocardiogram bicycle stress test to

confirm that participants displayed no

evidence of cardiovascular, pulmonary,

or other chronic diseases.

Experimental Design
For each participant, the average of

three BP values measured in accordance

with JNC-7 guidelines was considered

the study BP. Fasting blood samples

were obtained via venipuncture at an

antecubital vein. Participants were asked

to refrain from vitamins, caffeine,

alcohol, or exercise training for 24 hrs

prior to the acute exercise test. A

modified Bruce sub-max treadmill

(TM) exercise test was performed. The

TM test was terminated when the

participant reached 75–80% of their

estimated heart rate reserve. Regression

analysis using data collected by indirect

calorimetry was used to predict VO2max

levels (pVO2max).

Assessment of Oxidative
Stress Biomarkers

Superoxide dismutase (SOD) is the

primary enzyme responsible for remov-

ing O2
2 and total antioxidant capacity

(TAC) is a biomarker indicative of

activity of all antioxidants found in

peripheral blood plasma.11 Superoxide

dismutase activity and TAC levels were

determined using commercially avail-

able kits (Cayman Chemical, Ann

Arbor, MI); SOD inter-assay and in-

tra-assay coefficients of variation were

5.9% and 12.4%, respectively; TAC

inter-assay and intra-assay coefficients of

variation were 6.7% and 9.2%, respec-

tively.

A commonly used indicator of

oxidative stress via lipid peroxidation is

thiobarbituric acid reactive substances

(TBARS).12 This indicator was color-

metrically quantified following the re-

action of malondialdehyde (MDA),

contained in the sample, with thiobar-

bituric acid (TBA). All reagents were

obtained from Cayman Chemical (Ann

Arbor, MI). Inter-assay and intra-assay

coefficients of variation for TBARS

were 12.9% and 15.1%, respectively.

Blood samples were collected in Sodi-

um-Heparin and EDTA tubes, centri-

fuged at 2000g for 20 minutes at 4uC,

and plasma was frozen at 280uC until

assayed. Absorbencies were read using a

SpectraMax Microplate Reader (Molec-

ular Devices, Sunnyvale, CA).

Statistics
Data are presented as means 6 SEM

and significance was set at P,.05. The

distribution of all variables was exam-

ined using the Shapiro-Wilk test of

normality, and homogeneity of varianc-

es was determined using Levene’s test.

All data were normal. Independent t
tests were used to determine if there

were significant differences between age

groups, young groups divided by BMI,

young groups divided by fitness level,

middle-age to older groups divided by

BMI, and middle-age to older groups

divided by fitness level. Statistical anal-

yses were performed using SPSS version

17.0 (SPSS Inc., Chicago, IL).

RESULTS

Whole Population
Nine college-aged males (n56) and

females (n53) aged 21.3 6 0.5 years

participated in this study along with 15

middle-age to older males (n53) and

females (n512), aged 52.7 6 1.4 years.

Demographic information is presented

in Table 1. There was no significant

difference in systolic BP (SBP) or

diastolic BP (DBP). Participants were

matched for BMI; therefore there was

no significant difference between the

young and middle-age to older groups.

It was observed that the young group

had a significantly higher (P5.001)

average predicted VO2max (44.9 6

3.41 ml/kg/min) compared to the

middle-age to older group (26.2 6

1.42 ml/kg/min).

Subgroup Analysis
For analysis, young and middle-age

to older participants were assigned

within their age groups to normal

weight or overweight categories, and

normal fitness or low fitness categories

(Table 2). Both young and middle-age

to older groups were composed of

normotensive (BP,120/80mm Hg)

and pre-hypertensive (BP 120–139/

80–89 mm Hg) participants. Normal
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weight and overweight were defined

using BMI criteria (normal weight 5

BMI,25, overweight 5 BMI$25).

Fitness was categorized by age and sex

specific VO2max ranges for healthy non-

athletes.13

In order to elucidate any potential

differences in oxidative stress variables

due to weight or fitness that may be

age-specific, these categories were an-

alyzed within age groups (young and

middle-age to older). Superoxide dis-

mutase activity levels in the younger

and middle-age to older groups strat-

ified by weight and fitness levels are

illustrated in Figure 1. While BMI or

fitness did not significantly affect

SOD activity in the young group,

there were significant differences in

the middle-age to older group. Mid-

dle-age to older participants with

normal fitness (5.58 6 .74 U/ml)

had significantly (P5.001) greater

SOD activity than middle-age to older

participants with low fitness (2.08 6

.40 U/ml). Normal weight middle-age

to older participants (6.09 6 .63 U/

ml) had significantly (P5.04) greater

SOD activity than overweight middle-

age to older participants (3.21 6

.76 U/ml). Also, SOD activity re-

mained significantly different between

fitness groups in middle-age to older

participants when BMI was used as a

covariate (P5.01).

Total antioxidant capacity levels also

exhibited the same trend as SOD

activity levels. Higher values were

observed in middle-age to older partic-

ipants with normal fitness (2.94 6

.78 mM) or normal weight (3.14 6

.99 mM) compared to middle-age to

older participants with low fitness (1.63

6 .41 mM) or overweight (2.17 6

.52 mM). However, these values did not

reach statistical significance (Figure 2).

Levels of TBARS were significantly

lower in young participants compared

to middle-age to older participants

(P5.02). Though non-significant,

TBARS levels were observed to be

higher in overweight middle-age to

older participants (8.24 6 1.32 mmol/

L) relative to middle-age to older

normal weight participants (6.51 6

2.00 mmol/L) (Figure 3).

DISCUSSION

The incidence of CVD increases

exponentially with age and may share

a common mechanism of progression

such as oxidative stress. In order to

understand how clinical observations

such as BMI and fitness are related to

molecular biomarkers of endothelial

health, we assessed these relationships

in a population of young and middle-

age to older healthy normotensives and

pre-hypertensives. In addition, these

relationships were assessed in African

Americans. African Americans have an

established higher incidence of hyper-

tension, and a greater age-adjusted heart

disease death rate compared to Cauca-

sians.14,15

In our study, TBARS levels were

observed to be the only significantly

different oxidative stress biomarker

between age groups in normotensive

and pre-hypertensive African Ameri-

cans. This finding is in agreement with

previous studies which have reported

elevated TBARS in healthy older pop-

ulations.16,17

Markers of antioxidant capacity,

SOD activity and TAC levels, were

lower in middle-age to older African

Americans with compromised fitness

relative to middle-age to older African

Americans with normal fitness. This

relationship was also true for SOD

activity and TAC levels in middle-age

to older overweight African Americans

relative to middle-age to older normal

weight African Americans. The signifi-

cantly lower SOD activity may indicate

a compromised ability to handle O2
2,

or that SOD capacity is saturated. In

either situation, an excess of O2
2 may

be present which may cause increased

lipid peroxidation as seen in the middle-

age to older population.

Table 1. Demographic characteristics of young and middle-age to older African Americans

Group Age (yrs) SBP (mm Hg) DBP (mm Hg) BMI (kg/m2) pVO2max (ml/kg/min)

Young (n59) *21.3 6 0.50 122.6 6 4.31 79.0 6 3.82 25.8 6 1.15 *44.9 6 3.41
Middle-age to old (n515) 52.7 6 1.40 123.9 6 3.86 77.4 6 2.19 26.6 6 0.63 26.2 6 1.42

* P,.01 Young vs middle-age to older. Systolic blood pressure, SBP; diastolic blood pressure, DBP; body mass index, BMI; predicted VO2max, pVO2max.

Table 2. Weight and fitness categories for young and middle-age to older African Americans

Group

BMI (kg/m2) pVO2max (ml/kg/min)

Normal Weight Overweight Normal Low

Young *23.0 6 0.78 (n54) 28.0 6 1.31 (n55) *49.8 6 8.59 (n56) 35.1 6 2.34 (n53)
Middle-age to old *23.6 6 0.51 (n55) 28.0 6 0.40 (n510) 27.8 6 1.73 (n57) 24.5 6 2.21 (n57)

* P,.01 between BMI group or fitness for each age group. Body mass index, BMI; predicted VO2max, pVO2max.
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Epidemiological studies have dem-

onstrated that chronic diseases and all-

cause mortality are increased in seden-

tary adults relative to physically active

adults.18–22 Taddei et al speculated

based on their findings in younger and

older participants that aerobic exercise

training increases protection of the

vascular endothelium from cardiovascu-

lar risk during aging.23 Decreased SOD

activity has been closely linked to

impaired endothelial-dependent vasodi-

lation, and may contribute to endothe-

lial dysfunction.24 In addition, Durrant

et al recently demonstrated that SOD

activity in the aorta of old mice that

performed voluntary wheel running was

significantly greater than SOD activity

in old sedentary mice.25 Taken together,

these studies lend support to the

hypothesis proposed by Taddei et al

that aerobic exercise training may confer

protective effects against the age-in-

duced decline in vascular function via

the maintenance of redox status.

Franzoni et al found less oxidative

stress in older athletes compared to

older sedentary participants.26 They

observed that total oxyradical scaveng-

ing capacity was significantly lower in

older sedentary participants relative to

older athletes while MDA was signifi-

cantly higher in older sedentary partic-

ipants relative to older athletes. In the

current study, middle-age to older

participants were overall sedentary.

Yet, it was observed that normal fitness

was significantly related to SOD activ-

ity. Mejer et al found that higher

physical activity levels, as measured by

average daily metabolic rate, were

related to reduced exercise-induced

oxidative stress.27 Perhaps differences

in fitness generated by physical activities

of daily living may be important in the

middle-age to older healthy population

for prevention of lipid peroxidation and

oxidative stress via maintenance of the

antioxidant system.

Body mass index is another essential

clinical tool for assessing overall health.

In the current study, it was observed

that body weight deviation above a BMI

of 25 kg/m2 into the overweight

category was significantly associated

with reduced SOD activity. This is in

opposition to the results of Brown et al

as they did not observe significant

differences in SOD activity between

normal weight, overweight, and obese

participants.28 However, participants in

the Brown et al study ranged from 18–

50 years of age, and a possible age-

dependent difference in SOD activity

was not analyzed.

In a recent study by Collins et al,

young and old mice were fed high fat

diets. The researchers observed a decline
Fig 2. Total antioxidant capacity levels by fitness and weight for young and middle-
age to older African Americans

Fig 1. Superoxide dismutase activity by fitness and weight for young and middle-age
to older African Americans. *P,.01 Normal fitness vs low fitness in middle-age to
older adults. *P,.05 Normal weight vs overweight in middle-age to older adults
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in SOD gene expression along with

other antioxidant enzymes only in older

mice.29 Thus, aging is a factor in the

ability of the vasculature to respond to

oxidative stress in the face of pro-

atherosclerotic conditions. While the

current study did not detect an age-

dependent difference in SOD activity,

we did observe significant differences in

SOD activity based on BMI in a

clinically healthy middle-age to older

population. Therefore, the complex

juxtaposition of aging, elevated weight,

and physical inactivity that is clinically

central to many chronic diseases may

also influence age-dependent SOD ac-

tivity.

Our study used BMI matched

young and middle-age to older African

Americans; therefore a limitation of the

study was a restricted sample size.

However, the significant associations

that were found in this study were well

powered variables that ranged in power

from .66 to .95.

Middle-age to older participants

were selected carefully and were dis-

ease-free, non-smoking, and not on any

medication. This homogenous popula-

tion of middle-age to older participants

was clinically healthy. However, our

study suggests a compromised endothe-

lium in overweight, sedentary, CVD-

free African Americans. While the

young group also demonstrated indi-

viduals that were pre-hypertensive, over-

weight, and of low fitness, none of these

criteria were significantly associated

with differences in oxidative stress

biomarkers relative to young normoten-

sive, normal weight, and normal fitness

individuals.

ACKNOWLEDGMENTS

This research was supported by NIH/

NHLBI Grant RO1 HL085497 and by
NIH/NIA Grant KO1 AG019640 (PI,
Michael Brown).

REFERENCES

1. Lakatta EG, Levy D. Arterial and cardiac

aging: major shareholders in cardiovascular

disease enterprises: Part II: the aging heart in

health: links to heart disease. Circulation.

2003;107:346–354.

2. Lakatta EG, Levy D. Arterial and cardiac

aging: major shareholders in cardiovascular

disease enterprises: Part I: aging arteries: a ‘‘set

up’’ for vascular disease. Circulation. 2003;107:

139–146.

3. Kregel KC, Zhang HJ. An integrated view of

oxidative stress in aging: basic mechanisms,

functional effects, and pathological consider-

ations. Am J Physiol Regul Integr Comp Physiol.

2007;292:R18–R36.

4. Gillum RF. The epidemiology of cardiovascu-

lar disease in Black Americans. N Engl J Med.

1996;335:1597–1599.

5. Lloyd-Jones D, Adams RJ, Brown TM, et al.

Heart disease and stroke statistics–2010 up-

date: a report from the American Heart

Association. Circulation. 2010;121:e46–e215.

6. Kalinowski L, Dobrucki IT, Malinski T. Race-

specific differences in endothelial function -

predisposition of African Americans to vascu-

lar diseases. Circulation. 2004;109:2511–

2517.

7. Chobanian AV, Bakris GL, Black HR, et al.

The Seventh Report of the Joint National

Committee on Prevention, Detection, Evalu-

ation, and Treatment of High Blood Pressure:

the JNC 7 report. JAMA. 2003;289:2560–

2572.

8. Walker AE, Eskurza I, Pierce GL, Gates PE,

Seals DR. Modulation of vascular endothelial

function by low-density lipoprotein cholesterol

with aging: influence of habitual exercise.

Am J Hypertens. 2009;22:250–256.

9. Keaney JF Jr, Larson MG, Vasan RS, et al.

Obesity and systemic oxidative stress: clinical

correlates of oxidative stress in the Framing-

ham Study. Arterioscler Thromb Vasc Biol.

2003;23:434–439.

10. Furukawa S, Fujita T, Shimabukuro M, et al.

Increased oxidative stress in obesity and its

impact on metabolic syndrome. J Clin Invest.

2004;114:1752–1761.

11. McCord JM, Fridovich I. Superoxide dismu-

tase. An enzymic function for erythrocuprein

(hemocuprein). J Biol Chem. 1969;244:

6049–6055.

12. Schisterman EF, Faraggi D, Browne R, et al.

TBARS and cardiovascular disease in a

population-based sample. J Cardiovasc Risk.

2001;8:219–225.

13. Wilmore JH, Costill DL, Kenney LW.

Physiology of Sport and Exercise. 4th ed.

Champaign, Ill: Human Kinetics; 2008.

14. Centers for Disease Control and Prevention.

Health, United States. 2008.

Fig 3. Thiobarbituric acid reactive substances levels by fitness and weight for young
and middle-age to older African Americans. ;P,.01 Young vs middle-age to
older adults

…our study suggests a

compromised endothelium in

overweight, sedentary, CVD-

free African Americans.

OXIDATIVE STRESS IN AFRICAN AMERICANS - Sturgeon et al

Ethnicity & Disease, Volume 20, Autumn 2010 407



15. Centers for Disease Control and Prevention.

National Vital Statistic Report. 2009;58(14).

16. Di Massimo C, Scarpelli P, Di Lorenzo N,

Caimi G, di Orio F, Ciancarelli MGT.

Impaired plasma nitric oxide availability and

extracellular superoxide dismutase activity in

healthy humans with advancing age. Life

Sciences. 2006;78:1163–1167.

17. Junqueira VBC, Barros SBM, Chan SS, et al.

Aging and oxidative stress. Mol Aspects Med.

2002;25:5–16.

18. Paffenbarger RS Jr, Wing AL, Hyde RT, Jung

DL. Physical activity and incidence of hyper-

tension in college alumni. Am J Epidemiol.

1983;117:245–257.

19. Lee IM, Manson JE, Ajani U, Paffenbarger RS

Jr, Hennekens CH, Buring JE. Physical

activity and risk of colon cancer: the Physi-

cians’ Health Study (United States). Cancer

Causes Control. 1997;8:568–574.

20. Lee IM, Paffenbarger RS Jr. Physical activity

and stroke incidence: the Harvard Alumni

Health Study. Stroke. 1998;29:2049–2054.

21. Paffenbarger RS Jr, Lee IM, Kampert JB.

Physical activity in the prevention of non-

insulin-dependent diabetes mellitus. World Rev

Nutr Diet. 1997;82:210–218.

22. Felmeden DC, Spencer CGC, Blann AD,

Beevers DG, Lip GYH. Physical activity in

relation to indices of endothelial function and

angiogenesis factors in hypertension: a sub-

study of the Anglo-Scandinavian Cardiac

Outcomes Trial (ASCOT). J Intern Med.

2003;253:81–91.

23. Taddei S, Galetta F, Virdis A, et al. Physical

activity prevents age-related impairment in

nitric oxide availability in elderly athletes.

Circulation. 2000;101:2896–2901.

24. Landmesser U, Drexler H. Allopurinol and

endothelial function in heart - failure future

or fantasy? Circulation. 2002;106:173–

175.

25. Durrant JR, Seals DR, Connell ML, et al.

Voluntary wheel running restores endothelial

function in conduit arteries of old mice: direct

evidence for reduced oxidative stress, increased

superoxide dismutase activity and down-regu-

lation of NADPH oxidase. J Physiol. 2009;

587:3271–3285.

26. Franzoni F, Ghiadoni L, Galetta F, et al.

Physical activity, plasma antioxidant capacity,

and endothelium-dependent vasodilation in

young and older men. Am J Hypertens. 2005;

18:510–516.

27. Meijer EP, Goris AHC, van Dongen JLJ, Bast

A, Westerterp KR. Exercise-induced oxidative

stress in older adults as a function of habitual

activity level. J Am Geriatr Soc. 2002;50:

349–353.

28. Brown LA, Kerr CJ, Whiting P, Finer N,

McEneny J, Ashton T. Oxidant stress in

healthy normal-weight, overweight, and obese

individuals. Obesity. 2009;17:460–466.

29. Collins AR, Lyon CJ, Xia XF, et al. Age-

accelerated atherosclerosis correlates with fail-

ure to upregulate antioxidant genes. Circ Res.

2009;104:e42–e54.

AUTHOR CONTRIBUTIONS

Design concept of study: Sturgeon, Feairheller,
Diaz, Williamson, Brown

Acquisition of data: Sturgeon, Feairheller,
Diaz, Williamson, Veerabhadrappa

Data analysis and interpretation: Sturgeon
Manuscript draft: Sturgeon, Diaz, Veerabha-

drappa
Statistical expertise: Sturgeon, Brown
Acquisition of funding: Sturgeon, Brown
Administrative: Feairheller, Williamson,

Brown
Supervision: Sturgeon, Brown

OXIDATIVE STRESS IN AFRICAN AMERICANS - Sturgeon et al

408 Ethnicity & Disease, Volume 20, Autumn 2010


