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ABSTRACT
This review focuses on racial differences in systemic levels
of lipid peroxidation markers F2-isoprostanes as metabolic
characteristics predisposing to obesity and type 2 diabetes.
Elevated levels F2-isoprostanes were found in obesity, type
2 diabetes and their comorbidities. It was hypothesized that
increased F2-isoprostane levels reflect the obesity-induced
oxidative stress that promotes the development of type 2
diabetes. However, African Americans have lower levels of
systemic F2-isoprostane levels despite their predisposition
to obesity and type 2 diabetes. The review summarizes new
findings from epidemiological studies and a novel interpretation
of metabolic determinants of systemic F2-isoprostane levels
as a favorable phenotype. Multiple observations indicate that

Introduction
F2-isoprostanes are formed during non-enzymatic oxidation
of polyunsaturated fatty acids by different types of free radicals,
including reactive oxygen species [1]. In these spontaneous
reactions, the oxygen molecule is added to different positions
within the fatty acid molecule, producing various isomers [1].
As such, F2-isoprostanes present stable “footprints” of unstable
free radicals that can be measured in human tissues and bodily
fluids. Importantly for population studies and specifically, for
interventions, F2-isoprostanes are detectable in human blood and
urine in the generally healthy population as well as in patients
with pathological conditions [2-4]. Urinary F2-isoprostane
levels have been validated as sensitive biomarkers of oxidative
status in animal and clinical models [2,5]. Conventionally, these
biomarkers are perceived as indicators of harmful oxidative
stress. However, the emerging evidence supports a different
interpretation of systemic F2-isoprostane levels – as markers of
intensive metabolism. In this review, we summarize the novel
findings from human studies and their relevance to race-specific
metabolic predisposition to obesity and type 2 diabetes. Our key
objectives are the following: (1) review different factors and
specifically, the role of race-specific metabolic predisposition
in the existing health disparities; (2) present evidence for a
need of race-specific interventions to address this metabolic
component as substantiated by the findings from weight loss
and physical activity/exercise interventions; (3) present the
central idea of this review that systemic F2-isoprostanes levels
can serve as race-specific biomarkers of metabolic health; (4)
describe relationships between systemic F2-isoprostane levels

systemic F2-isoprostane levels reflect intensity of oxidative
metabolism, a major endogenous source of reactive oxygen
species, and specifically, the intensity of fat utilization.
Evidence from multiple human studies proposes that targeting
fat metabolism can be a productive race-specific strategy to
address the existing racial health disparities. Urinary F2isoprostanes may provide the basis for targeted interventions
to prevent obesity and type 2 diabetes among populations of
African descent.
Keywords: Racial disparities; Obesity; Type 2 diabetes;
Public health; Lipid peroxidation markers; Obesity-induced
oxidative stress
and metabolic determinants of racial predisposition to obesity
and type 2 diabetes; (5) describe the potential of interventions
addressing the metabolic predisposition among African
Americans, where F2-isoprostanes can serve as a target and
means to monitor the effects of such interventions.

Racial disparities in obesity and type 2 diabetes as a
public health problem
It is well-known that African Americans are at increased
risk of obesity and type 2 diabetes as compared to European
Americans and suffer disproportionate morbidity and mortality
due to these health problems [6-9]. Addressing this public health
problem requires the understanding of its roots. Accordingly,
the “Diabetes Research Strategic Plan 2011” accepted by the
National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK) specifies “Ethnic and Racial Disparities” (Special
Needs for Special Populations) as one of its research priorities.
It has been hypothesized that socioeconomic and obesogenic
environment drives this racial health disparity [10-14]. This
hypothesis postulates that readily available foods together with
environmental quest discouraging physical activity contribute
to the obesity trends in socially disadvantaged minority
populations, including African American communities [15].
Ecological studies do not uniformly presented evidence for this
environmental hypothesis; although the connection of obesity
with the socioeconomic, built environment and food availability
seems very intuitive. Indeed, the prevalence of obesity has
increased in the U.S. over relatively a short period of the last
several decades, suggesting that obesity is a predominantly
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environmental disease [10,16-18]. Yet, some individuals
maintain normal body weight despite obesogenic environment
and vice versa, which implies differential susceptibility
to obesogenic factors [19-21]. At the same time, multiple
converging lines of evidence support the significance of the
metabolic predisposition to obesity and type 2 diabetes among
African Americans [22-27]. Such metabolic predisposition is
most clearly manifested by an increased risk of type 2 diabetes
among African
Americans at any level of BMI [28-30]. The question
unanswered is: What are the practical approaches to reducing
racial disparities in obesity and type 2 diabetes? [7,31]

Racial differences in response to weight loss interventions
and cardiometabolic responses to exercise: A need to
address specific metabolic component
African Americans tend to lose less weight than European
Americans with similar treatments. Fitzgibbon et al. conducted
a review of all behavioral weight loss intervention trials between
1990 and 2010 reporting separate results by ethnicity and sex.
Across 25 studies, African-American women on average lost
less weight via lifestyle interventions such as diet, exercise, and
behavior management [32].
A small retrospective observational study of 41 patients after
Roux-en-Y gastric bypass (RYGB) surgery found significant
discrepancy in percent of excess weight loss (%EWL) between
European and African Americans [33]. Six months post gastric
bypass, patients with European background had a mean
%EWL of 40.6 +/- 17.3, while the African Americans and
Hispanic groups combined had a %EWL of 30.9 +/- 11.5 (p=
0.04). Importantly, that other variables, including age, gender,
pre-surgery BMI, number/type of comorbidities or number
of pre-surgery medications, impacted %EWL. A large study
of 1,684 patients undergoing either RYGB or laparoscopic
gastric banding (LAGB) also found similar racial discrepancies
in %EWL with a longer follow-up, at 1, 2 and 3 years postoperatively [34]. The analysis of data from the ten hospitals in
the Kaiser Permanente Southern California healthcare system
found that African American patients lost 18% of starting body
weight at 3 years post-surgery (including both RYGB and sleeve
gastrectomy) compared to 22% for both European and Hispanic
Americans [35]. Recognizing these disparities, a retrospective
study of 415 patients with African and European backgrounds
attempted to determine the contribution of modifiable and nonmodifiable risk factors to %EWL at 1 year post-RYGB [36].
Whereas age and preoperative BMI were associated with lower
%EWL, European ethnicity clearly predicted greater effects of
treatment as compared to African Americans. Thus, whether
the intervention is lifestyle or surgical African Americans
tend to lose less weight than European Americans with similar
treatments.
A line of possible interventions aimed to reduce racial
disparities in obesity and type 2 diabetes is physical activity/
exercise. Despite the known racial disparities in cardiometabolic
diseases and the integral role of regular exercise in their
prevention, it is noticed that there are only a few studies
focused on determining which exercise protocols can best
address racial differences in the physiological response to

exercise. Multi-racial/multi-ethnic cohorts that assess physical
activity often do not present the results related to physical
activity by race [37-43]. However, multiple cross-sectional
studies strongly suggest racial differences in the physiological
response to exercise. The clear majority of these studies focus
on vascular function. Although vascular health can be assessed
using different methodologies, most frequently used method is
flow-mediated dilation (FMD), which also provides an index
of endothelial nitric oxide (NO)-dependent vasodilation [44].
NO is the principal molecule involved in regulation of vascular
tone and hemodynamics. Several lines of evidence indicate that
general vascular function and, more specifically, endothelial
NO-dependent vasodilation is reduced in African Americans
as compared to European Americans [45-48]. Even healthy
African American participants demonstrate reduced FMD and
NO-dependent vasodilation [45-47]. Consistently, this racial
difference has been demonstrated in the participants with
metabolic syndrome, suggesting that race may be an independent
non-modifiable risk factor for vascular dysfunction. However,
these decrements in FMD can be improved in African Americans
with regular exercise training [48-53]. Six weeks of aerobic
exercise training elicited improvements in vascular function and
blood pressure in middle aged to older hypertensive (excluding
stage II hypertension) African American participants as well as
in pre- and post-menopausal women [50,53,54]. In addition,
resistance training during 6 weeks also produced favorable
effects on the vasculature [52]. Some in vitro data suggest
that beneficial vascular effect produced by exercise might be
enhanced in African Americans. For example, endothelial cells
from African Americans as compared to European Americans,
showed more pronounced increases in NO production in
response to in vitro laminar shear stress (a model of exercise)
[49]. These data collectively suggest that race-specific protocols
may improve weight loss and cardiometabolic effects of lifestyle interventions and/or treatments in African Americans.

Systemic F2-isoprostane levels as race-specific metabolic
phenotype
We propose that race-specific interventions should be
focused on non-invasive biomarkers of racial predisposition
to obesity and type 2 diabetes. Our research identified lower
levels of urinary F2-isoporstaness among African Americans as
an unfavorable metabolic chacteristic [25-27]. Here, we present
evidence that urinary F2-isoprostanes can serve as such noninvasive biomarker.
F2-isoprostanes and risk of type 2 diabetes
In 2005, we published the results of a pilot case-control
study nested in the Insulin Resistance and Atherosclerosis
Study (IRAS), a multi-ethic cohort with approximately equal
number of non-Hispanic Whites, Hispanic Whites and African
Americans [55,56]. The IRAS was a prospective study and
included two physical examinations determining diabetes status,
e.g. in 1992-94 (baseline) and at 5-year follow-up in 1997-99.
It has been hypothesized that elevated F2-isoprostane levels – as
biomarkers of oxidative stress – will predict increased risk of
type 2 diabetes. This hypnosis was based on the overwhelmingly
convincing but solely cross-sectional findings: participants with
type 2 diabetes or its main risk factors showed elevated indices
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of oxidative stress, including F2-isoprostanes, as compared
to unaffected individuals [3,57]. We aimed to determine
whether elevated levels of oxidative stress markers precede
the development of type 2 diabetes. In this pilot study, the
abundant urinary 2,3-dinor-5,6-dihydro metabolite of iPF(2α)III (F2-IsoPM) was used as a biomarker of oxidative stress. We
compared baseline creatinine-corrected 2,3-dinor-5,6-dihydroiPF(2α)-III levels between 26 cases (developed diabetes
during follow-up) and 26 controls (remained free of diabetes).
Surprisingly, elevated levels of urinary F2-isoprostanes were
found among controls. Even after taking into account the major
diabetes risk factors, the adjusted odds ratio for the difference
between the 75th/25th contrast was 0.32 (95% CI: 0.12, 0.81)
[55]. This finding suggested that elevated F2-isoprostanes are
associated with reduced risk of diabetes.
Because our prospective finding contradicted the direction
of the cross-sectional associations, we deemed that two
confirmation studies are needed: first, to validate urinary F2isoprostanes as indices of oxidative stress in humans, and second,
to expand the study to the entire IRAS cohort. We developed
a new method to quantify four urinary F2-isoproatane species
simultaneously. The four isomers were carefully selected to
represent (1) the most frequently measured isomer iPF2α-III, (2)
its beta-oxidation metabolite with high urinary levels 2,3-dinoriPF2α-III and (3.4) two F2-IsoPs from the VI-series, iPF2α-VI
and 8,12-iso-iPF2α-VI, as the most abundant in human urine
[57-59]. In a clinical model of oxidative stress, doxorubicincontaining chemotherapy for newly diagnosed breast cancer
was used as dosage-controlled oxidative assault [2]. In response
to doxorubicin injection, levels of all four measured isomers
of F2-isoprotsanes increased in urine, demonstrating that these
are valid indices of oxidative stress in humans [2]. Note, that
other frequently used biomarkers of oxidative stress, plasma
levels of malondialdehyde and protein carbonyls, showed no
changes in response the systemic oxidative stress produced
by chemotherapy [60]. Then these four F2-isoporstanes, as
validated indices of oxidative status, were used to determine
the association with the risk of type 2 diabetes in the entire
IRAS cohort [61]. Not only the inverse association between F2isoprostanes and incident diabetes was confirmed but new clues
on what can underline this association were found. Specifically,
these associations were especially pronounced among those
with obesity at baseline, suggesting involvement of a metabolic
characteristic underlying obesity-driven pathway to type 2
diabetes.
Urinary F2-isiprostanes and weight change
The next step in searching for the roots of the seemingly
contradicting results from the cross-sectional and prospective
studies was examining the associations between F2-isoprostanes
with BMI and weight changes [62]. As expected based on
previously published results, the cross-sectional analysis of
the baseline data showed direct association between four F2isoprostane isomers and overall obesity (BMI ≥ 30) with the
odds ratios ranging from 1.18 to 1.74 [3,57,63]. Similar,
associations were found with abdominal obesity: the odds
ratios ranged from 1.12 to 1.64. Clearly, 2,3-dinor-iPF(2α)III showed the strongest associations with both definitions of
obesity. Consistent with our results, a large study of Chinese

women found that urinary 2,3-dinor-5,6-dihydro-iPF(2α)-III,
also a beta-oxidation metabolite of iPF(2α)-III, showed stronger
cross-sectional associations with obesity as compared to the
parent iPF(2α)-III [63,64]. It was important to confirm that our
cross-sectional results do not contradict the consistent findings
of this cross-sectional association.
The prospective analysis showed and inverse associations
between baseline F2-isoprostane levels and for relative (≥ 5%)
as well as absolute (≥ 5 kg) weight gain [62]. Similarly, to
the cross-sectional analysis, 2,3-dinor-iPF(2α)-III showed the
strongest inverse associations with weight gain: the odds ratios
for the relative and absolute weight gain were 0.67 (95% CI:
0.47, 0.96) and 0.57 (95%CI, 0.37, 0.87), respectively. Thus,
urinary excretion of beta-oxidation metabolites of iPF(2α)-III
emerged as most sensitive F2-isoprostane specie for the obesityrelated metabolism. An independent study later confirmed the
results demonstrating in a cohort of older adults demonstrating
that higher levels of plasma F2-isoprotanes were associated with
weight loss [65].
Compensatory mechanisms can explain opposite
direction of the cross-sectional and prospective associations
between F2-isoprostanes and obesity
The prospective findings of the inverse association between
F2-isoprostanes and weight gain and with the risk of type 2
diabetes are in direct contradiction to the epidemiological
literature interpreting the cross-sectional association with
BMI as obesity-induced oxidative stress [3,57,61,62,65].
This led us to hypothesize that systemic F2-isoprostane levels
reflect a compensatory mechanism [55]. We postulated that
a compensatory mechanism involved in the maintenance of
energy balance can explain the opposite direction of the crosssectional and prospective associations between F2-isoporstanes
levels and the risks of obesity and type 2 diabetes [55].
Negative energy balance (weight loss) leads to a decrease in
energy expenditure, whereas positive energy balance (weight
gain) leads to an increase in energy expenditure [66]. With fat
mass being the predominant element of body mass changes,
fat oxidation plays an essential role in physiological control
of energy balance [67-69]. Clearly, efficient fat oxidation in a
non-obese person lowers the risk of weight gain and thereby,
the risk of obesity and type 2 diabetes [70,71] (Figure 1). We
hypothesized that urinary F2-isoprostanes reflect the intensity
of oxidative.
Mitochondrial Metabolism  ROS  F2-isoprostanes:
F2-isoprotanes are produced by a non-enzymatic reaction
between polyunsaturated fatty acids, mostly arachidonic
acid, which is a ubiquitous part of biological membranes, and
reactive oxygen species (ROS) [1,72]. Urinary F2-isoprotanes
reflect the overall ROS levels [2,5,72]. Mitochondrial oxidative
metabolism – as the major endogenous source of ROS- is likely
to be a significant contributor to systemic F2-isoprotane levels.
Given that skeletal muscles comprise the bulk of oxidative
tissues, it is likely that skeletal muscles contribute significantly
to systemic ROS levels and therefore, to systemic F2-isoprotane
levels [73-77].
Fat Utilization  ROS  F2-isoprostanes: Fatty acid
oxidation largely contributes to skeletal muscle metabolism
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Figure 1: Proposed relationships between urinary F2-isoprostanes and fatty acid oxidation rates.
in the post-absorptive state and during physical activity [7880]. Also, fatty acid oxidation generates (as compared to other
substrates) enhanced ROS levels [81-84]. Thus, individual
differences in urinary F2-isoprostanes levels may reflect
variability in fatty acid oxidation.
Several observations support these relationships. In the
IRAS cohort, we found that urinary F2-isoprostanes are directly
associated with circulating fasting free fatty acids, which are
known to intensify muscle fat oxidation [62]. Mean levels of
four F2-isoprotanes increase across the tertiles of free fatty
acids distribution: at the highest tertile of free fatty acids (T3)
F2-isoprotane levels are 30%-36% greater as compared to the
lowest tertile (T1), with p-values for the trend <0.05 [85]. In
addition, we obtained evidence confirming the hypothesis that
factors intensifying muscle fat oxidation reduce the risk of type
2 diabetes. We showed that fasting free fatty acids predict lower
type 2 diabetes risk: OR=0.47, 95% CI, 0.27-0.81 in the IRAS
cohort [85].
Metabolomics studies demonstrated shifts in circulating
acylcarnitine levels associated with intensified fat oxidation,
namely during fasting and moderate intensity exercise [86,87].
The fasting study demonstrated decline in circulating levels of
C3, C4 and C5 (derivatives of amino acid oxidation), whereas
C2 levels increased [86]. The moderate intensity exercise
resulted in a transient increase of C8, C10 and C12 levels [87].
We developed a composite index of four urinary F2-isoprostanes
and examined the relationships between F2-isoprostanes index
and the above mentioned acylcarnitine. We found direct
associations with C2 and C12 and inverse association with C5,
which was consistent with our hypothesis [88].
Exercise  Protective Effect  Fat Utilization 
F2-isoprostanes: The most convincing evidence for our
hypothesis is the well-accepted role of physical activity in
protecting against obesity and type 2 diabetes [89,90]. Physical
exercise undeniably increases mitochondrial metabolism, fatty
acid oxidation, and concurrently, the levels of ROS and F2isoprostanes [74,77,78,91-93]. In our study, patients with nonsmall cell lung cancer were trained on an exercise bicycle for 14
weeks. Exercise training consisted of aerobic cycle ergometry
sessions at 60 to ≥ 70% of baseline peak workload for 20–45 min

three days per week. Rest-time urinary samples were collected
before the first exercise session (baseline) and at the end of the
14 weeks of training. In agreement with our hypothesis, urinary
F2-isoprostane levels increased with exercise training [94].
African ancestry is associated with low systemic F2isoprostane levels
Low mitochondrial metabolism and fat utilization have
been found in African Americans and is thought as one of the
metabolic factors underlying racial predisposition to obesity and
type 2 diabetes [30,67,95-101]. We hypothesized that systemic
F2-isoprostane levels would be lower in African Americans as
compared to non-Hispanic and Hispanic Whites [102]. Our
results clearly indicated that urinary F2-isoprostane levels are
similar among the participants with normal BMI, but among
the overweight and obese participants, African Americans
had lower F2-isoprostane levels. Based on our hypothesis, this
finding suggests that increased adiposity in African Americans
is associated with a weaker metabolic adaptation, i.e. smaller
increases in fat oxidation in response to positive energy balance
(Figure 1).
The most direct test of the hypothesized link between
continent of ancestry (“race”) and systemic F2-isoprostane
levels is a comparison of these biomarkers among three groups
with a priory different proportion of African ancestry: nonHispanic whites, US-born African Americans and African-born
immigrants from West Africa. Self-reported African American
race is associated with lower percentage of West African (83%)
and a higher percentage of European ancestry (15%) as compared
to West African immigrants (95% and 4%, respectively) [103].
We hypothesized that the metabolic characteristic determining
low systemic F2-isoprostane levels are more prevalent among
West African immigrants as compared to African Americans
and/or non-Hispanic Whites. The Study on Race, Stress and
Hypertension (SRSH) included individuals 25-74 years old,
self-identified as non-Hispanic Whites, African Americans or
West African immigrants residing in Georgia and presented a
unique opportunity to test this hypothesis [104]. In this study
population, the most educated ethnic group was West African
immigrants. Yet, the levels of plasma F2-isoprostanes were
lowest in West African immigrants (33.8 pg/ml), followed by
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African Americans (51.1 pg/ml), and non-Hispanic Whites
(80.1 pg/ml) [105]. When the study population was stratified by
obesity status and morbidity, healthy non-obese West African
immigrants had on approximately half as much mean levels of
plasma F2-isoprostanes as compared to non-Hispanic Whites
(32.8 vs. 67.6 pg/ml). Healthy non-obese African Americans had
1.2-fold greater levels of plasma F2-isoprostanes as compared to
West African immigrants (40.6 vs. 32.8 pg/ml). Consistent with
previously published studies, plasma F2-isoprostane levels were
greater among obese and increased with the number of chronic
conditions, which presents the main basis for the argument that
oxidative stress presents a mechanistic link between obesity
and CVD risk [3,106,107]. In contrast, African ancestry, which
is known to be associated with predisposition to obesity and
type 2 diabetes, regardless of obesity and morbidity status was
presented with lower plasma of F2-isoprostane levels [105].
Based on these findings, we hypothesize that lower systemic
levels of F2-isoprostane among African Americans reflect an
unfavorable metabolic phenotype (Figure 2). The importance
of understanding the metabolic determinants of this phenotype
is emphasized by a significant effort within the scientific
community aimed to decrease systemic F2-isoprostane levels via
various interventions [108]. Our research suggests that systemic
F2-isoprostane levels present a modifiable favorable phenotype
and can be used as non-invasive markers for the development of
race-specific interventions targeting predisposition to metabolic
conditions among African Americans.
To review published findings from other studies, we
conducted a literature search using PubMed database and the
following Medical Subject Headings 2017 (MeSH) terms:
[(African Americans) AND F2 Isoprostanes]. This search
identifies six studies, three of which describe the IRAS and the
Study of Race, Stress and Hypertension (SRSH), the findings
of which are summarized above. Additional three studies
include pediatric population, a prospective multiethnic cohort
of men followed for the risk of prostate cancer, and a small
study that experimentally induced hyperlipidemia in 15 African
Americans and 15 White Americans [102,104,105,109-111].

The small experimental study did not find differences baseline
levels of plasma F2-isoprostanes, the pediatric study included 82
African American children and 76 White American children and
found no racial differences urinary F2-isprostane levels [109].
This study also has not found the most consistent differences
in urinary F2-isprostane levels that have been confirmed in
multiple study populations [1,3,4,62]. This discrepancy and
the established changes in fat metabolism with age, and
specifically, during puberty, complicate the comparison of
pediatric and adults populations [112-114]. The cohort study
of prostate cancer and the small experimental study did not
report baseline levels of F2-isoprotanes by race [110,111]. Thus,
racial differences in systemic F2-isoprostane levels present a
potentially productive area of research, especially in relation to
racial metabolic differences.
Potential for targeting F2-isoprostanes by race-specific
interventions
Similarly, to metabolic phenotype, systemic F2-isoprostane
levels are defined by both the genetic background and lifelong exposures. Children with sickle cell disease are known to
have hyperactive metabolism and have greater F2-isoprostane
levels [115,116]. Another well studied genetic condition Down
syndrome presents with lower metabolic rate with a known
predisposition to obesity [117]. We found that Down syndrome
patients tend to have lower oxidative status, assessed by urinary
allantoin (an oxidative modification of urate) and F2-isoprostane
levels [118]. At the same time, phenotypic plasticity of F2isoprostane levels can be most clearly presented by comparisons
within genetically homogeneous populations. For example, the
Danish study of monozygotic and dizygotic twins comprises in
a relatively homogenous ethnic population [119]. Examining
the heritability of urinary F2-isoprostane levels, the Danish
twin study found that only ~22% are defined by the genetic
background [119]. Thus, systemic F2-isoprostane levels reflect
a metabolic characteristic that is flexible and can be targeted by
lifestyle and/or pharmacological interventions.
The plasticity of mitochondrial metabolism and muscle fat
utilization has been demonstrated by small studies showing

Figure 2: Physiological determinants of elevated metabolic risk associated with low F2-isoprostane levels. (A) Hypothesized
relationship between systemic F2-isoprostane levels and skeletal muscle mitochondrial fatty acid oxidation; (B) Hypothesized
relationship between skeletal muscle mitochondrial metabolism, systemic F2-isoprostane levels and metabolic predisposition to
obesity and type 2 diabetes in African Americans.
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that these metabolic characteristics can be improved [30,120122].Cortright et al. demonstrated that lean African American
women have lower levels of muscle fat oxidation as compared
to White women; yet the developed protocol of exercise
training had a stronger effect on improving fat oxidation in the
African American participants [30]. Pharmacological targeting
fat utilization also may produce greater effects in African
Americans. For example, metformin is known to increase fat
oxidation [123-126]. Wlliams et al. demonstrated that metformin
treatment produced a two times greater reduction in HbA1c in
diabetic African American compared to White patients [127].
Thus, targeting fat utilization can be a productive basis for racespecific interventions aiming to reduce racial health disparities.
Our research strongly suggests that systemic F2-isoprostane
levels, and specifically urinary F2-isoprostanes, can serve
as a simple, noninvasive means of assessing this metabolic
characteristic over time and would be widely applicable in both
the research and clinical setting.
The compensatory nature of the associations between F2isoprostanes and BMI predicts that weight loss will lead to
reduction of F2-isoprostane levels, which was demonstrated by
Davi et al. [128] (Figure 1). This is in parallel with adaptive
thermogenesis, that is, compensatory changes in energy
expenditure and fat oxidation that favor fat mass homeostasis
[129,130]. It is also known that metabolic response to weight
perturbations differs between the individuals and is influenced
by genetic background [131]. Such metabolic adaptation
favoring homeostasis of fat mass is one of the central problems
in maintenance of weight loss [132]. Based on the phenomenon
of metabolic adaptation, greater F2-isoprostanes levels should
be interpreted as a favorable phenotype only in relation to body
fat mass or BMI. Thus, F2-isoprostanes in relation to BMI may
provide the basis for targeted interventions to prevent obesity
and type 2 diabetes among populations of African descent.

Conclusion

References
1. Milne GL, Dai Q, Roberts LJ 2nd. (2015) The
isoprostanes--25 years later. Biochim Biophys Acta. 1851:
433-445.
2. Il'yasova D, Spasojevic I, Wang F (2010) Urinary biomarkers
of oxidative status in a clinical model of oxidative assault.
Cancer Epidemiol Biomarkers Prev. 19: 1506-1510.
3. Keaney JF, Larson MG, Vasan RS (2003) Obesity and
systemic oxidative stress: Clinical correlates of oxidative
stress in the Framingham Study. Arterioscler Thromb Vasc
Biol. 23: 434-439.
4. Block G, Dietrich M, Norkus EP (2002) Factors associated
with oxidative stress in human populations. Am J Epidemiol.
156: 274-285.
5. Kadiiska MB, Gladen BC, Baird DD (2005) Biomarkers of
oxidative stress study II: Are oxidation products of lipids,
proteins, and DNA markers of CCl4 poisoning? Free Radic
Biol Med. 38: 698-710.
6. Fowler BA (2015) Obesity in African-American women The time bomb is ticking: An urgent call for change. J Natl
Black Nurses Assoc. 26: 42-50.
7. Kumanyika SK, Whitt-Glover MC, Haire-Joshu D (2014)
What works for obesity prevention and treatment in black
Americans? Research directions. Obes Rev. 15: 204-212.
8. Flegal KM, Carroll MD, Kit BK, Ogden CL (2012) Prevalence
of obesity and trends in the distribution of body mass index
among US adults, 1999-2010. JAMA. 307: 491-497.
9. Flegal KM, Carroll MD, Ogden CL, Curtin LR (2010)
Prevalence and trends in obesity among US adults, 19992008. JAMA. 303: 235-241.
10. Jia P, Cheng X, Xue H, Wang Y (2017) Applications of
geographic information systems (GIS) data and methods in
obesity-related research. Obes Rev. 18: 400-411.

Conventionally, elevated F2-isoprostanes levels are
interpreted as indicators of harmful oxidative stress; and
elevated F2-isoprostanes in obesity are proposed as a
mechanistic link between obesity and CVD risk [3,106,107].
Accordingly, significant effort is currently directed toward
reduction of systemic F2-isoprostanes levels via dietary
changes and supplements [108]. However, an increasing body
of evidence suggest a change the conceptual understanding
of the role systemic F2-isoprostanes play in human health,
which may result in a shift opposite to the current direction
– toward interventions aimed to increase systemic F2isoprostanes levels. As African Americans show lower
systemic levels of F2-isoprostanes, using these non-invasive
biomarkers can enable the development of pharmacological
and/or life style interventions targeted to the reduction of
metabolic risks among African Americans.

11. Winkler MR, Bennett GG, Brandon DH (2017) Factors
related to obesity and overweight among Black adolescent
girls in the United States. Women Health. 57: 208-248.

Funding

16. Fraser LK, Edwards KL, Tominitz M, Clarke GP, Hill AJ, et
al. (2012) Food outlet availability, deprivation and obesity in
a multi-ethnic sample of pregnant women in Bradford, UK.
Soc Sci Med. 75:1048-1056.

This study was supported by the National Institutes of Health
Grant R01DK081028.

12. Egger G, Swinburn B (1997) An "ecological" approach to
the obesity pandemic. BMJ. 315: 477-480.
13. Egger G, Swinburn B, Rossner S (2003) Dusting off the
epidemiological triad: could it work with obesity? Obes Rev.
4:115-119.
14. French SA, Story M, Jeffery RW (2001) Environmental
influences on eating and physical activity. Annu Rev Public
Health. 22: 309-335.
15. Casagrande SS, Whitt-Glover MC, Lancaster KJ, OdomsYoung AM, Gary TL, et al. (2009) Built environment and
health behaviors among African Americans: A systematic
review. Am J Prev Med. 36:174-181.

Nursing and Health Care Diversity

Systemic F2-Isoprostane Levels in Predisposition to Obesity and Type 2 Diabetes: Emphasis on Racial Differences 97
17. Jeffery RW, Baxter J, McGuire M, Linde J (2006) Are fast
food restaurants an environmental risk factor for obesity? Int
J Behav Nutr Phys Act. 3: 2.
18. Jennings A, Welch A, Jones AP (2011) Local food outlets,
weight status and dietary intake: Associations in children
aged 9-10 years. Am J Prev Med. 40: 405-410.
19. Brogan K, Idalski Carcone A, Jen KL, Ellis D, Marshall
S, et al. (2012) Factors associated with weight resilience
in obesogenic environments in female African-American
adolescents. J Acad Nutr Diet. 112: 718-724.
20. Graff M, Richardson AS, Young KL, et al. (2016) The
interaction between physical activity and obesity gene
variants in association with BMI: Does the obesogenic
environment matter? Health Place. 42:159-165.
21. Silveira PP, Gaudreau H, Atkinson L (2016) Genetic
differential susceptibility to socioeconomic status and
childhood obesogenic behavior: Why targeted prevention
may be the best societal investment. JAMA Pediatrics. 170:
359-364.
22. Ng MC, Shriner D, Chen BH (2014) Meta-analysis of
genome-wide association studies in African Americans
provides insights into the genetic architecture of type 2
diabetes. PLoS Genet. 10: e1004517.
23. Azrad M, Gower BA, Hunter GR, Nagy TR (2013)
Racial differences in adiponectin and leptin in healthy
premenopausal women. Endocrine. 43: 586-592.
24. Keaton JM, Cooke Bailey JN, Palmer ND (2014) A
comparison of type 2 diabetes risk allele load between
African Americans and European Americans. Hum Genet.
133: 1487-1495.
25. Khan RJ, Gebreab SY, Sims M, Riestra P, Xu R, et al.
(2015) Prevalence, associated factors and heritabilities
of metabolic syndrome and its individual components in
African Americans: The Jackson Heart Study. BMJ Open.
5: e008675.
26. Meis SB, Schuster D, Gaillard T, Osei K (2006) Metabolic
syndrome in non-diabetic, obese, first-degree relatives of
African American patients with type 2 diabetes: African
American triglycerides-HDL-C and insulin resistance
paradox. Ethn Dis. 16: 830-836.
27. Casazza K, Willig AL, Gower BA (2010) The role of
European genetic admixture in the etiology of the insulin
resistance syndrome in children: Are the effects mediated by
fat accumulation? J Pediatr.157: 50-56.e51.
28. Lutsey PL, Pereira MA, Bertoni AG, Kandula NR, Jacobs
DR, et al. (2010) Interactions between race/ethnicity and
anthropometry in risk of incident diabetes: The multi-ethnic
study of atherosclerosis. Am J Epidemiol. 172: 197-204.
29. Stevens J, Juhaeri, Cai J, Jones DW (2002) The effect of
decision rules on the choice of a body mass index cut-off
for obesity: Examples from African American and white
women. Am J Clin Nutr. 75: 986-992.

30. Cortright RN, Sandhoff KM, Basilio JL (2006) Skeletal
muscle fat oxidation is increased in African-American and
white women after 10 days of endurance exercise training.
Obesity (Silver Spring). 14: 1201-1210.
31. Whitt-Glover MC, Kumanyika SK, Haire-Joshu D (2014)
Introduction to the special issue on achieving healthy weight
in black American communities. Obes Rev. 15: 1-4.
32. Fitzgibbon ML, Tussing-Humphreys LM, Porter JS, Martin
IK, Odoms-Young A, et al. (2012) Weight loss and AfricanAmerican women: A systematic review of the behavioural
weight loss intervention literature. Obes Rev. 13: 193-213.
33. Cheung LK, Lal LS, Chow DS, Sherman V (2013) Racial
disparity in short-term outcomes after gastric bypass surgery.
Obes Surg. 23: 2096-2103.
34. Ng J, Seip R, Stone A, Ruano G, Tishler D, et al. (2015)
Ethnic variation in weight loss, but not co-morbidity
remission, after laparoscopic gastric banding and Rouxen-Y gastric bypass. Surg Obes Relat Dis. 11: 94-100.
35. Coleman KJ, Huang YC, Hendee F, Watson HL, Casillas RA,
et al. (2014) Three-year weight outcomes from a bariatric
surgery registry in a large integrated healthcare system. Surg
Obes Relat Dis. 10: 396-403.
36. Limbach KE, Ashton K, Merrell J, Heinberg LJ (2014)
Relative contribution of modifiable versus non-modifiable
factors as predictors of racial variance in roux-en-Y gastric
bypass weight loss outcomes. Obes Surg. 24: 1379-1385.
37. Mozaffarian D, Benjamin EJ, Go AS (2016) Heart disease
and stroke statistics-2016 update: A report from the American
Heart Association. Circulation. 133: e38-e360.
38. Young DR, Hivert M-F, Alhassan S (2016) Sedentary
behavior and cardiovascular morbidity and mortality: A
science advisory from the American Heart Association.
Circulation. 134: e262-e279.
39. Eaglehouse YL, Kramer MK, Rockette-Wagner B, Arena
VC, Kriska AM, et al. (2015) Evaluation of physical activity
reporting in community Diabetes Prevention Program
lifestyle intervention efforts: A systematic review. Prev Med.
77: 191-199.
40. Group DPPR (2002) Reduction in the Incidence of type 2
diabetes with lifestyle intervention or metformin. N Engl J
Med. 346: 393-403.
41. Hairston KG, Vitolins MZ, Norris JM, Anderson AM,
et al. (2012) Lifestyle factors and 5 year abdominal fat
accumulation in a minority cohort: the IRAS Family Study.
Obesity (Silver Spring, Md). 20: 421-427.
42. Mayer-Davis EJ, D'Antonio AM, Smith SM (2004) Pounds
off with empowerment (POWER): A clinical trial of
weight management strategies for black and white adults
with diabetes who live in medically underserved rural
communities. Am J Public Health. 94: 1736-1742.
43. Schulz AJ, Israel BA, Mentz GB (2015) Effectiveness of a
walking group intervention to promote physical activity and
cardiovascular health in predominantly non-Hispanic Black

Nursing and Health Care Diversity

98

Dora Il’yasova

and Hispanic urban neighborhoods: Findings from the Walk
Your Heart to Health Intervention. Health Educ Behav. 42:
380-392.
44. Green DJ, Dawson EA, Groenewoud HM, Jones H, Thijssen
DH, et al. (2014) Is flow-mediated dilation nitric oxide
mediated? A meta-analysis. Hypertension. 63: 376-382.
45. Campia U, Choucair WK, Bryant MB, Waclawiw MA,
Cardillo C, et al. (2002) Reduced endothelium-dependent
and -independent dilation of conductance arteries in African
Americans. J Am Coll Cardiol. 40: 754-760.
46. Cardillo C, Kilcoyne CM, Cannon RO, Panza JA (1998)
Racial differences in nitric oxide–mediated vasodilator
response to mental stress in the forearm circulation.
Hypertension. 31: 1235-1239.
47. Ozkor MA, Rahman AM, Murrow JR (2014) Differences
in vascular nitric oxide and endothelium-derived
hyperpolarizing factor bioavailability in blacks and whites.
Arteriosler Throm Vasc Biol. 34: 1320-1327.
48. Shen J, Poole JC, Topel ML (2015) Subclinical vascular
dysfunction associated with metabolic syndrome in African
Americans and whites. J Clin Endocrinol Metab. 100: 42314239.
49. Brown MD, Feairheller DL (2013) Are there race-dependent
endothelial cell responses to exercise? Exerc Sport Sci Rev.
41: 44-54.
50. Feairheller DL, Diaz KM, Kashem MA (2014) Effects of
moderate aerobic exercise training on vascular health and
blood pressure in African Americans. J Clin Hypertension.
16: 504-510.
51. Feairheller DL, Park JY, Rizzo V, Kim B, Brown MD, et
al. (2011) Racial differences in the responses to shear stress
in human umbilical vein endothelial cells. Vasc Health Risk
Management. 7: 425-431.
52. Heffernan KS, Fahs CA, Iwamoto GA (2009) Resistance
exercise training reduces central blood pressure and
improves microvascular function in African American and
white men. Atherosclerosis. 207: 220-226.
53. Babbitt DM, Diaz KM, Feairheller DL (2013) Endothelial
activation microparticles and inflammation status improve
with exercise training in African Americans. Int J
Hypertension.
54. Kretzschmar J, Babbitt DM, Diaz KM (2014) A standardized
exercise intervention differentially affects pre- and postmenopausal African American women. Menopause (New
York, NY). 21: 579-584.
55. Il'yasova D, Morrow JD, Wagenknecht LE (2005) Urinary
F2-isoprostanes are not associated with increased risk of
type 2 diabetes. Obes Res. 13: 1638-1644.
56. Wagenknecht LE, Mayer EJ, Rewers M (1995) The insulin
resistance atherosclerosis study (IRAS) objectives, design
and recruitment results. Ann Epidemiol. 5: 464-472.
57. Basu S (2008) F2-isoprostanes in human health and diseases:

From molecular mechanisms to clinical implications.
Antioxid Redox Signal. 10: 1405-1434.
58. Dentchev T, Yao Y, Pratico D, Dunaief J (2007) Isoprostane
F2 alpha-VI, a new marker of oxidative stress, increases
following light damage to the mouse retina. Mol Vis. 13:
190-195.
59. Pratico D, Lawson JA, Rokach J, FitzGerald GA (2001) The
isoprostanes in biology and medicine. Trends Endocrinol
Metab. 12: 243-247.
60. Il'yasova D, Mixon G, Wang F (2009) Markers of oxidative
status in a clinical model of oxidative assault: A pilot study
in human blood following doxorubicin administration.
Biomarkers. 14: 321-325.
61. Il'yasova D, Spasojevic I, Base K (2012) Urinary F2isoprostanes as a biomarker of reduced risk of type 2
diabetes. Diabetes Care. 35: 173-174.
62. Il'yasova D, Wang F, Spasojevic I, Base K, D'Agostino RB
Jr., et al. (2012) Urinary F2-isoprostanes, obesity and weight
gain in the IRAS cohort. Obesity (Silver Spring). 20: 19151921.
63. Dorjgochoo T, Gao YT, Chow WH (2011) Obesity, age, and
oxidative stress in middle-aged and older women. Antioxid
Redox Signal. 14: 2453-2460.
64. Dorjgochoo T, Gao YT, Chow WH (2012) Major metabolite
of F2-isoprostane in urine may be a more sensitive biomarker
of oxidative stress than isoprostane itself. Am J Clin Nutr.
96: 405-414.
65. Kanaya AM, Wassel CL, Stoddard PJ (2011) F2-isoprostanes
and adiposity in older adults. Obesity (Silver Spring). 19:
861-867.
66. Leibel RL, Rosenbaum M, Hirsch J (1995) Changes in
energy expenditure resulting from altered body weight. N
Engl J Med. 332: 621-628.
67. Weyer C, Pratley RE, Salbe AD, Bogardus C, Ravussin E,
et al. (2000) Energy expenditure, fat oxidation, and body
weight regulation: A study of metabolic adaptation to longterm weight change. J Clin Endocrinol Metab. 85: 10871094.
68. Heilbronn L, Smith SR, Ravussin E (2004) Failure of fat
cell proliferation, mitochondrial function and fat oxidation
results in ectopic fat storage, insulin resistance and type II
diabetes mellitus. Int J Obes Relat Metab Disord. 28: S1221.
69. Crescenzo R, Bianco F, Mazzoli A, Giacco A, Liverini G, et
al. (2014) Mitochondrial efficiency and insulin resistance.
Front Physiol. 5: 512.
70. Ravussin E, Lillioja S, Knowler WC (1988) Reduced rate of
energy expenditure as a risk factor for body-weight gain. N
Engl J Med. 318: 467-472.
71. Zurlo F, Lillioja S, Esposito-Del Puente A (1990) Low ratio
of fat to carbohydrate oxidation as predictor of weight gain:
Study of 24 h RQ. Am J Physiol. 259: E650-657.

Nursing and Health Care Diversity

Systemic F2-Isoprostane Levels in Predisposition to Obesity and Type 2 Diabetes: Emphasis on Racial Differences 99
72. Milne GL, Musiek ES, Morrow JD (2005) F2-isoprostanes
as markers of oxidative stress in vivo: An overview.
Biomarkers. Suppl 1: S10-23.
73. Figueira TR, Barros MH, Camargo AA (2013) Mitochondria
as a source of reactive oxygen and nitrogen species: From
molecular mechanisms to human health. Antioxid Redox
Signal. 18: 2029-2074.
74. Dillard CJ, Litov RE, Savin WM, Dumelin EE, Tappel AL,
et al. (1978) Effects of exercise, vitamin E and ozone on
pulmonary function and lipid peroxidation. J Appl Physiol
Respir Environ Exerc Physiol. 145: 927-932.
75. Davies KJ, Quintanilha AT, Brooks GA, Packer L (1982)
Free radicals and tissue damage produced by exercise.
Biochem Biophys Res Commun. 107: 1198-1205.
76. Sahlin K, Shabalina IG, Mattsson CM (1985) Ultra endurance
exercise increases the production of reactive oxygen species
in isolated mitochondria from human skeletal muscle. J Appl
Physiol. 108: 780-787.
77. Hey-Mogensen M, Hojlund K, Vind BF (2010) Effect of
physical training on mitochondrial respiration and reactive
oxygen species release in skeletal muscle in patients with
obesity and type 2 diabetes. Diabetologia. 53: 1976-1985.
78. Rasmussen BB, Wolfe RR (1999) Regulation of fatty acid
oxidation in skeletal muscle. Annu Rev Nutr. 19: 463-484.
79. Jackson RA, Hamling JB, Blix PM, Nabarro JD (1984)
Relationship among peripheral glucose uptake, oxygen
consumption and glucose turnover in postabsorptive man. J
Clin Endocrinol Metab. 59: 857-860.
80. Andres R, Cader G, Zierler KL (1956) The quantitatively
minor role of carbohydrate in oxidative metabolism by
skeletal muscle in intact man in the basal state. Measurement
of oxygen and glucose uptake and carbon dioxide and lactate
production in the forearm. J Clin Investig. 35: 671-682.
81. Rosca MG, Vazquez EJ, Chen Q, Kerner J, Kern TS, et al.
(2012) Oxidation of fatty acids is the source of increased
mitochondrial reactive oxygen species production in kidney
cortical tubules in early diabetes. Diabetes. 61: 2074-2083.
82. Schönfeld P, Więckowski MR, Lebiedzińska M, Wojtczak
L (2010) Mitochondrial fatty acid oxidation and oxidative
stress: Lack of reverse electron transfer-associated
production of reactive oxygen species. Biochimica et
Biophysica Acta (BBA) - Bioenergetics. 1797: 929-938.
83. Quinlan CL, Perevoshchikova IV, Hey-Mogensen M, Orr
AL, Brand MD, et al. (2013) Sites of reactive oxygen species
generation by mitochondria oxidizing different substrates.
Redox Biol. 1: 304-312.
84. St-Pierre J, Buckingham JA, Roebuck SJ, Brand MD (2002)
Topology of superoxide production from different sites in
the mitochondrial electron transport chain. J Biol Chem.
277: 44784-44790.
85. Il'yasova D, Wang F, D'Agostino RB, Hanley A, Wagenknecht
LE, et al. (2010) Prospective association between fasting

NEFA and type 2 diabetes: Impact of post-load glucose.
Diabetologia. 53: 866-874.
86. Krug S, Kastenmuller G, Stuckler F (2012) The dynamic
range of the human metabolome revealed by challenges.
FASEB J. 26: 2607-2619.
87. Lehmann R, Zhao X, Weigert C (2010) Medium chain
acylcarnitines dominate the metabolite pattern in humans
under moderate intensity exercise and support lipid
oxidation. PLoS ONE. 5: e11519.
88. Il'yasova D, Wagenknecht LE, Spasojevic I (2015) Urinary
F2-isoprostanes and metabolic markers of fat oxidation.
Oxid Med Cell Longev. 2015: 729-191.
89. Sanz C, Gautier JF, Hanaire H (2010) Physical exercise for
the prevention and treatment of type 2 diabetes. Diabetes
Metab. 36: 346-351.
90. Colberg SR, Sigal RJ, Fernhall B (2010) Exercise and type 2
diabetes: The American College of Sports Medicine and the
American Diabetes Association: Joint position statement.
Diabetes Care. 33: e147-e167.
91. Mullins AL, van Rosendal SP, Briskey DR, Fassett RG,
Wilson GR, et al. (2013) Variability in oxidative stress
biomarkers following a maximal exercise test. Biomarkers.
18: 446-454.
92. Nikolaidis MG, Kyparos A, Vrabas IS (2011) F(2)isoprostane formation, measurement and interpretation: The
role of exercise. Prog Lipid Res.50:89-103.
93. Powers SK, Jackson MJ (2008) Exercise-induced oxidative
stress: Cellular mechanisms and impact on muscle force
production. Physiol Rev. 88: 1243-1276.
94. Jones LW, Eves ND, Spasojevic I, Wang F, Il'yasova D, et
al. (2011) Effects of aerobic training on oxidative status
in postsurgical non-small cell lung cancer patients: a pilot
study. Lung Cancer. 72: 45-51.
95. DeLany JP, Dube JJ, Standley RA (2014) Racial differences
in peripheral insulin sensitivity and mitochondrial capacity
in the absence of obesity. J Clin Endocrinol Metab. 99:
4307-4314.
96. Tranah GJ, Manini TM, Lohman KK (2011) Mitochondrial
DNA variation in human metabolic rate and energy
expenditure. Mitochondrion. 11: 855-861.
97. Sirikul B, Gower BA, Hunter GR, Larson-Meyer DE,
Newcomer BR, et al. (2006) Relationship between insulin
sensitivity and in vivo mitochondrial function in skeletal
muscle. Am J Physiol Endocrinol Metab. 291: E724-728.
98. Hunter GR, Weinsier RL, McCarthy JP, Enette LarsonMeyer D, Newcomer BR, et al. (2001) Hemoglobin, muscle
oxidative capacity, and VO2max in African-American and
Caucasian women. Med Sci Sports Exerc. 33: 1739-1743.
99. Privette JD, Hickner RC, Macdonald KG, Pories WJ, et al.
(2003) Fatty acid oxidation by skeletal muscle homogenates
from morbidly obese black and white American women.
Metabolism. 52: 735-738.

Nursing and Health Care Diversity

100

Dora Il’yasova

100. Manini TM, Patel KV, Bauer DC (2011) European ancestry
and resting metabolic rate in older African Americans. Eur
J Clin Nutr. 65: 663-667.

Decreased ratio of fat to carbohydrate oxidation with
increasing age in Pima Indians. J Am Coll Nutr. 15: 309312.

101. 101.Weyer C, Snitker S, Bogardus C, Ravussin E (1999)
Energy metabolism in African Americans: Potential risk
factors for obesity. Am J Clin Nutr. 70: 13-20.

115. Akohoue SA, Shankar S, Milne GL (2007) Energy
expenditure, inflammation and oxidative stress in steadystate adolescents with sickle cell anemia. Pediatr Res. 61:
233-238.

102. Il'yasova D, Wang F, Spasojevic I, Base K, D'Agostino RB,
et al. (2012) Racial differences in urinary F2-isoprostane
levels and the cross-sectional association with BMI.
Obesity (Silver Spring). 20: 2147-2150.
103. 103.Yaeger R, Avila-Bront A, Abdul K (2008) Comparing
genetic ancestry and self-described race in African
Americans born in the United States and in Africa. Cancer
Epidemiol Biomarkers Prev. 17: 1329-1338.
104. Lakkur S, Bostick RM, Roblin D (2014) Oxidative balance
score and oxidative stress biomarkers in a study of Whites,
African Americans and African immigrants. Biomarkers.
19: 471-480.
105. Annor F, Goodman M, Thyagarajan B (2017) African
ancestry gradient is associated with lower systemic F2Isoprostane levels. Oxid Med Cell Longev. 2017: 7.
106. Spahis S, Borys JM, Levy E (2016) Metabolic syndrome
as a multifaceted risk factor for oxidative stress. Antioxid
Redox Signal.

116. Hibbert JM, Hsu LL, Bhathena SJ (2005) Proinflammatory
cytokines and the hypermetabolism of children with sickle
cell disease. Exp Biol Med (Maywood). 230: 68-74.
117. Allison DB, Gomez JE, Heshka S (1995) Decreased resting
metabolic rate among persons with Down Syndrome. Int J
Obes Relat Metab Disord. 19: 858-861.
118. Tolun AA, Scarbrough PM, Zhang H (2012) Systemic
oxidative stress, as measured by urinary allantoin and F(2)isoprostanes, is not increased in Down syndrome. Ann
Epidemiol. 22: 892-894.
119. Broedbaek K, Ribel-Madsen R, Henriksen T (2011)
Genetic and environmental influences on oxidative damage
assessed in elderly Danish twins. Free Radic Biol Med. 50:
1488-1491.
120. Achten J, Jeukendrup AE (2004) Optimizing fat oxidation
through exercise and diet. Nutrition. 20: 716-727.

107. Otani H (2011) Oxidative stress as pathogenesis of
cardiovascular risk associated with metabolic syndrome.
Antioxid Redox Signal. 15: 1911-1926.

121. Berggren JR, Boyle KE, Chapman WH, Houmard JA (2008)
Skeletal muscle lipid oxidation and obesity: influence of
weight loss and exercise. Am J Physiol Endocrinol Metab.
294: E726-732

108. Petrosino T, Serafini M (2014) Antioxidant modulation of
F2-isoprostanes in humans: A systematic review. Crit Rev
Food Sci Nutr. 54: 1202-1221.

122. Stinkens R, Goossens GH, Jocken JW, Blaak EE (2015)
Targeting fatty acid metabolism to improve glucose
metabolism. Obes Rev. 16: 715-757.

109. Warolin J, Coenen KR, Kantor JL (2014) The relationship
of oxidative stress, adiposity and metabolic risk factors in
healthy Black and White American youth. Pediatr Obes.
9: 43-52.

123. Fulgencio JP, Kohl C, Girard J, Pegorier JP (2001) Effect of
metformin on fatty acid and glucose metabolism in freshly
isolated hepatocytes and on specific gene expression in
cultured hepatocytes. Biochem Pharmacol. 62: 439-446.

110. Gill JK, Franke AA, Steven Morris J (2009) Association
of selenium, tocopherols, carotenoids, retinol and
15-isoprostane F(2t) in serum or urine with prostate cancer
risk: The multiethnic cohort. Cancer Causes Control. 20:
1161-1171.

124. Smith AC, Mullen KL, Junkin KA (2007) Metformin and
exercise reduce muscle FAT/CD36 and lipid accumulation
and blunt the progression of high-fat diet-induced
hyperglycemia. Am J Physiol Endocrinol Metab. 293:
E172-181.

111. Lopes HF, Morrow JD, Stojiljkovic MP, Goodfriend TL,
Egan BM, et al. (2003) Acute hyperlipidemia increases
oxidative stress more in African Americans than in white
Americans. Am J Hypertens. 16: 331-336.

125. Tokubuchi I, Tajiri Y, Iwata S (2017) Beneficial effects of
metformin on energy metabolism and visceral fat volume
through a possible mechanism of fatty acid oxidation in
human subjects and rats. PLoS ONE. 12: e0171293.

112. Riddell MC, Jamnik VK, Iscoe KE, Timmons BW, Gledhill
N, et al. (2008) Fat oxidation rate and the exercise intensity
that elicits maximal fat oxidation decreases with pubertal
status in young male subjects. J Appl Physiol (1985). 105:
742-748.

126. Wang C, Liu F, Yuan Y (2014) Metformin suppresses lipid
accumulation in skeletal muscle by promoting fatty acid
oxidation. Clin Lab. 60: 887-896.

113. Kostyak JC, Kris-Etherton P, Bagshaw D, DeLany JP,
Farrell PA, et al. (2007) Relative fat oxidation is higher in
children than adults. Nutr J. 6: 19.
114. Rising R, Tataranni PA, Snitker S, Ravussin E (1996)

127. Williams LK, Padhukasahasram B, Ahmedani BK (2014)
Differing effects of metformin on glycemic control by
race-ethnicity. J Clin Endocrinol Metab. 99: 3160-3168.
128. Davi G, Guagnano MT, Ciabattoni G (2002) Platelet
activation in obese women: Role of inflammation and
oxidant stress. JAMA. 288: 2008-2014.

Nursing and Health Care Diversity

101

Dora Il’yasova

129. Rosenbaum M, Leibel RL (2016) Models of energy
homeostasis in response to maintenance of reduced body
weight. Obesity (Silver Spring). 24: 1620-1629.

response of body fat and fat distribution to positive and
negative energy balances in human identical twins. J Nutr.
127: 943s-947s.

130. Rosenbaum M, Leibel RL, Hirsch J (1997) Obesity. N Engl
J Med. 337: 396-407.

132. MacLean PS, Wing RR, Davidson T (2015) NIH working
group report: Innovative research to improve maintenance
of weight loss. Obesity (Silver Spring). 23: 7-15.

131. Bouchard C, Tremblay A (1997) Genetic influences on the

Address of Correspondence: Dora Il’yasova, PhD, School of
Public Health, Georgia State University, 1 Park Place, Suit
630B, Atlanta, GA 30303, USA, Tel: 404-413-1135; E-mail:
dilyasova@gsu.edu
Submitted: March 22, 2017; Accepted: April 06, 2017; Published: April 13,
2017

Special issue title: Nursing and Health Care Diversity
Handled by Editor(s): Dr. Andrew Ashim Roy, Assistant Professor
of Community Health Institute of Health Science, Bangladesh

Nursing and Health Care Diversity

