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Research Paper

Systemic oxidative stress is increased to a greater degree in young,
obese women following consumption of a high fat meal
Richard J. Bloomer* and Kelsey H. Fisher-Wellman
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High fat meals induce oxidative stress, which is associated
with the pathogenesis of disease. Obese individuals have elevated
resting biomarkers of oxidative stress compared to non-obese. We
compared blood oxidative stress biomarkers in obese (n = 14; 30
± 2 years; BMI 35 ± 1 kg•m-2) and non-obese (n = 16; 24 ± 2
years; BMI 23 ± 1 kg•m-2) women, in response to a high fat meal.
Blood samples were collected pre-meal (fasted), and at 1, 2, 4
and 6 hours post meal, and assayed for trolox equivalent antioxidant capacity (TEAC), xanthine oxidase activity (XO), hydrogen
peroxide (H2O2), malondialdehyde (MDA), triglycerides (TAG),
and glucose. An obesity status effect was noted for all variables (p
< 0.001; MDA p = 0.05), with obese women having higher values
than non-obese, except for TEAC, for which values were lower.
Time main effects were noted for all variables (p ≤ 0.01) except for
TEAC and glucose, with XO, H2O2, MDA and TAG increasing
following feeding with a peak response at the four or six hour post
feeding time point. While values tended to decline by six hours post
feeding in the non-obese women (agreeing with previous studies),
they were maintained (MDA) or continued to increase (XO, H2O2
and TAG) in the obese women. While no interaction effects were
noted (p > 0.05), contrasts revealed greater values in obese compared
to non-obese women for XO, H2O2, MDA, TAG and glucose, and
lower values for TEAC at times from 1–6 hours post feeding (p ≤
0.03). We conclude that young, obese women experience a similar
pattern of increase in blood oxidative stress biomarkers in response
to a high fat meal, as compared to non-obese women. However, the
overall oxidative stress is greater in obese women, and values appear
to remain elevated for longer periods of time post feeding. These
data provide insight into another potential mechanism related to
obesity-mediated morbidity.

Introduction
Reactive oxygen and nitrogen species (RONS) are produced
in the body via the activity of radical generating enzymes and
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inflammatory cells,16 as well as through cellular metabolism involving
the processing of macronutrients.42 RONS produced in vivo exert
both positive and negative effects on physiological function.46 The
positive effects refer to the known role of RONS in promoting
cellular signaling, aiding in phagocytic immune defense, as well as
promoting apoptosis.46 The negative effects refer to the RONSinduced oxidative damage to various biomolecules, which occurs
under conditions of accelerated RONS production, often coupled
with impaired antioxidant defense.16 Such a condition is referred
to as oxidative stress16 and has been shown to result in oxidative
damage to nucleic acids, lipids and proteins, which over time has
the potential to contribute to the development of disease.11 In fact,
oxidative stress has been suggested to play a primary or secondary
role in the pathophysiological mechanisms of multiple (>100) acute
and chronic human illnesses/diseases.11
Overproduction of RONS can indeed result from exposure to
a variety of stimuli, including environmental pollutants such as
ozone15 and cigarette smoke,32 physical stress such as acute aerobic51
and anaerobic6 exercise as well as consumption and processing of
dietary energy.34,42 In relation to the latter, several reports indicate an increase in oxidative stress biomarkers following both high
fat27,30,45 and high carbohydrate10,28,39,41 feedings. This “postprandial oxidative stress” has been shown to be exacerbated in diseased
(diabetes, cardiovascular disease) individuals, as compared to healthy
controls.10,26,41
Obesity, a condition with strong associations to both type II
diabetes and cardiovascular disease,14 may contribute to further
increases in the oxidative stress response to feeding. This is because
obese individuals are known to present with higher resting/fasting
levels of oxidative stress biomarkers compared to those who are nonobese (reviewed in ref. 47), as well as experience a greater magnitude
of exercise-induced oxidative stress compared to their non-obese
counterparts.48,50 Moreover, such individuals are also known to
have impaired glucose38 and lipid23 metabolism, likely mediated
by problems with GLUT 4 translocation,31 insulin-insulin receptor
binding17 and post-receptor signaling,36 in addition to decreased
lipoprotein lipase activity,9 respectively. The finding of metabolic
dysfunction appears important with regards to postprandial oxidative stress, as RONS production is dependent on the extent of both
postprandial glycemia29 and lipemia.2,3,45 Hence, any condition
that results in delayed clearance of glucose and/or TAG during the
postprandial period would be expected to result in an exacerbated
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Figure 2. Plasma xanthine oxidase activity in obese and non-obese women
before and following intake of a high fat meal. Note: Obesity status (p <
0.0001) and time (p < 0.0001) main effects; †Significant difference from
pre meal value (p < 0.05). *Significant difference between obese and
non-obese.

Figure 3. Plasma hydrogen peroxide in obese and non-obese women before
and following intake of a high fat meal. Note: Obesity status (p = 0.009) and
time (p < 0.0001) main effects; †Significant difference from pre meal value (p
< 0.05). *Significant difference between obese and non-obese (p = 0.03).

glucose was also utilized to assess the overall metabolic load of the
test meal. Similar to XO, H2O2 and MDA, both a time (p = 0.0006)
and obesity status (p < 0.0001) main effect were noted for TAG.
Values increased in response to the test meal, peaking at 4–6 hours
post and higher overall in the obese women. A time main effect
was not observed for glucose (p = 0.07); however, an obesity status
main effect was noted (p < 0.0001), indicating higher glucose levels
for obese women throughout all time points. Results for TAG and
glucose can be viewed in Figures 5 and 6, respectively. Due to the
similar pattern of response for obese and non-obese women, no interaction effects were noted for any variable (p > 0.05).

Discussion

Figure 4. Plasma malondialdehyde in obese and non-obese women before
and following intake of a high fat meal. Note: Obesity status (p =0.05) and
time (p < 0.0001) main effects; †Significant difference from pre meal value (p
< 0.05). *Significant difference between obese and non-obese (p = 0.03).

similar pattern for both obese and non-obese women was observed
[indicating no interaction effect (p > 0.05)], overall values were
greater for obese women compared to non-obese women. Date for
H2O2 can be viewed in Figure 3.
MDA is a three carbon chain aldehyde produced during the
decomposition of a lipid hydroperoxide and is commonly used as an
indicator of lipid peroxidation.11 As with XO and H2O2, both a time
(p < 0.0001) and obesity status (p = 0.05) main effect were noted for
MDA, as values increased in response to the test meal, with a greater
overall increase being observed in obese women. Date for MDA can
be viewed in Figure 4.
In addition to the above biomarkers used to assess the degree
of feeding-induced oxidative stress, the measurement of TAG and
20

Data from the present investigation indicate that obese women
experience an exaggerated oxidative stress and TAG response to a high
fat meal when compared to non-obese women of similar age, dietary
intake and activity profile. This is the first study to our knowledge to
report postprandial oxidative stress and TAG data in reference to a
sample of obese women. Our findings provide additional insight into
another possible mechanism related to obesity-mediated morbidity.
It should be noted that these data were obtained using a young
population of women. It is possible that older obese women, or
obese men for that matter, may experience a more robust oxidative
stress response to feeding. This is because aging is associated with
increased oxidative stress,13 and men have been reported to have
higher oxidative stress levels as compared to women.5 Related to the
age associated increase in oxidative stress, it should be understood
that this appears present only when large disparities exists between
groups in terms of age [e.g., young (8 month) vs. old (24 month)
animals or young (~20 years) vs. old (~65 years) humans].4 With
respect to humans, trials using participants of similar age (e.g., range
of 20–40 years or 40–60 years) demonstrate little or no difference in
oxidative stress biomarkers and have shown no independent effect of
age on oxidative stress biomarkers.20 Therefore, our moderate group
age difference, despite being statistically significant, would not be
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oxidative stress response. Considering the above, it is certainly
possible that obese individuals may experience a greater rise in postprandial oxidative stress than those of normal weight.
To our knowledge, no investigation has been conducted focused
on postprandial oxidative stress in a homogenous sample of obese
individuals. Therefore, in the present investigation we compared
blood oxidative stress biomarkers, as well as glucose and TAG, in
obese and non-obese women in response to a high fat test meal
standardized to body mass. We hypothesized that obese individuals
would experience a heightened oxidative stress response to feeding as
compared to non-obese women.

Results

Table 1 Descriptive characteristics of obese and
non-obese women
Variable

Obese
(n = 14)

p value*

Age (yrs)*

30 ± 2

24 ± 2

0.017

Height (cm)

167 ± 2

164 ± 2

0.210

Weight (kg)*

97 ± 3

60 ± 3

<0.0001

BMI (kg·m-2)*

35 ± 1

23 ± 1

<0.0001

30 ± 1

22 ± 1

<0.0001

108 ± 3

68 ± 2

<0.0001

Body fat (%)*
Waist (cm)*
Hip (cm)*

As expected, several differences were apparent between the two
groups with regards to descriptive characteristics (p < 0.05; Table 1).
With regards to dietary intake, no differences were noted for
total kcal, macro or micronutrient intake between the two groups
(p > 0.05), with the exception of a higher percentage of protein
being consumed by non-obese women (p = 0.026; Table 2). The
total amount of self reported light (1.1 ± 0.6 vs. 0.5 ± 0.5 hrs; p =
0.71), moderate (0.5 ± 0.4 vs. 0.8 ± 0.5 hrs; p = 0.42), and strenuous
(0.4 ± 0.5 vs. 0.9 ± 0.5 hrs; p = 0.32) physical activity performed by
obese and non-obese women did not differ during the week prior
to the test meal.
With regards to the biochemical variables, results are discussed
herein relative to each biomarker. TEAC is a commonly used
biomarker utilized to estimate the body’s antioxidant capacity, in
which trolox is used as a standard. In general, it provides an estimation of the lipid soluble antioxidants present within the circulation
and/or tissue sampled.52 In the present study, no time main effects
were noted for TEAC (p = 0.17), meaning that values did not
change in response to the test meal; however, an obesity status main
(p < 0.0001) was observed. This is evident by lower levels in the
obese women, and can be viewed in Figure 1.
XO generates superoxide (O2-•), primarily in response to conditions of ischemia followed by reperfusion, by catalyzing the oxidation
of hypoxanthine to xanthine and xanthine to uric acid.12 Both a time
(p < 0.0001) and obesity status (p < 0.0001) main effect were noted
for XO, meaning that the activity of XO increased in response to the
test meal, with values peaking at 4 or 6 hours post ingestion for nonobese and obese women, respectively. Although a similar pattern of
increase occurred for both obese and non-obese women [no interaction effect (p > 0.05)], contrast revealed a greater overall increase in
the obese women (i.e., exacerbated XO-mediated superoxide production). Data for XO can be viewed in Figure 2.
H2O2 is a non-radical species primarily produced during the
dismutation of superoxide anion via superoxide dismutase; however,
direct production of H2O2 can also occur by way of several oxidase
enzymes (e.g., glycolate oxidase, xanthine oxidase).16 Similar to XO,
both a time (p < 0.0001) and obesity status (p = 0.009) main effect
were noted for H2O2, meaning that values increased in response
to the test meal (peaking at 4–6 hours post ingestion). Although a

Non-obese
(n = 16)

Waist:Hip*

124 ± 2

97 ± 2

<0.0001

0.87 ± 0.01

0.70 ± 0.01

<0.0001

76 ± 3

71 ± 3

0.251

118 ± 3

112 ± 3

0.171
0.001

Resting HR (bpm)
Resting SBP (mmHg)
Resting DBP (mmHg)*

81 ± 2

71 ± 2

189 ± 15

166 ± 8

0.171

HDL-C (mg∙dL-1)

51 ± 7

57 ± 4

0.320

LDL-C (mg∙dL-1)*

127 ± 11

99 ± 8

0.041

Total Cholesterol (mg∙dL-1)

Data are mean ± SEM.

Table 2 Dietary data of obese and non-obese women
during 7 days preceding a test meal
Variable
Kcal

Obese
(n = 14)

Non-obese
(n = 16)

p value*

2101 ± 185

2084 ± 172

0.744

Protein (g)

72 ± 7

89 ± 6

0.123

% Protein*

14 ± 1

17 ± 1

0.026

253 ± 22

249 ± 21

0.893

CHO (g)
% CHO

49 ± 3

49 ± 4

0.891

Fat (g)

87 ± 10

77 ± 9

0.588

% Fat

37 ± 3

34 ± 2

0.222

62 ± 11

79 ± 10

0.257

Vitamin C (mg)
Vitamin E (mg)

6±2

11 ± 2

0.107

Vitamin A (RE)

3700 ± 1254

6077 ± 1173

0.177

Data are mean ± SEM.

Figure 1. Serum trolox equivalent antioxidant capacity in obese and nonobese women before and following intake of a high fat meal. Note: Obesity
status (p < 0.0001) main effect; †Significant difference from pre meal
value (p < 0.05). *Significant difference between obese and non-obese
(p < 0.0001).
www.landesbioscience.com
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Figure 5. Serum TAG in obese and non-obese women before and following
intake of a high fat meal. Note: Obesity status (p < 0.0001) and time (p =
0.0006) main effects; †Significant difference from pre meal value (p < 0.05).
*Significant difference between obese and non-obese.

Figure 6. Serum glucose in obese and non-obese women before and following intake of a high fat meal. Note: Obesity status (p < 0.0001) main effect;
*Significant difference between obese and non-obese.

expected to impact our outcome measures, as all women in both
groups were relatively young (range: 20–42 years).
Antioxidant capacity, which was far lower in obese compared to
non-obese women (Fig. 1), declined slightly during the postprandial
period, likely due to the consumption of serum antioxidants in an
attempt to counteract the increased RONS production resulting
from nutrient metabolism. We measured xanthine oxidase activity as
a marker of RONS production, as well as hydrogen peroxide. These
biomarkers are highly related and provide an overall representation of biological oxidative stress. Xanthine oxidase is a ubiquitous
generator of radical species, ultimately leading to superoxide radical.
Although in aqueous solutions the superoxide radical is poorly
reactive, it can be converted into hydrogen peroxide through the
activity of superoxide dismutase.25 As with superoxide radical, much
of the cytotoxic effects of hydrogen peroxide are due to its conversion into the hydroxyl radical via either the Fenton reaction53 or
the Haber-Weiss reaction.21 A rise in hydroxyl radical increases the
potential for damage to various cellular structures, including lipids.1
Malondialdehyde is a representation of RONS-induced lipid peroxidation, involving degradation of polyunsaturated fatty acids and
phospholipids through a chain reaction sequence,1 typically initiated
by hydroxyl radical.
Our findings of increased TAG and oxidative stress biomarkers
in response to the high fat meal agree with previous work, noting a
peak in these variables at four hours following feeding.40,43 While the
pattern of response for these variables was relatively similar between
obese and non-obese women, the overall oxidative stress was greater
for obese women (Figs. 2–5). Moreover, while values peaked at four
hours post feeding for non-obese women, values continued to rise
(for XO, H2O2 and TAG) at the six hour post feeding time point. It
is unknown whether or not values would have continued to increase
beyond this period, due to our cessation of sample collection at the
six hour postprandial time. This is a limitation of the study.
Obesity induces oxidative stress through a variety of mechanisms,
including hyperglycemia, increased energy expenditure resulting from

excessive weight, elevated tissue lipid levels, inadequate antioxidant
defenses (either from inadequate dietary intake and/or a sedentary
lifestyle), chronic inflammation, endothelial RONS production, and
hyperleptinemia (reviewed in ref. 49). It should be understood that
the factors above may not be indicative of every obese individual
and other contributing pathways may also exist. However, related
to the issue of postprandial oxidative stress, it would appear that
insulin insensitivity, resulting from chronic low grade inflammation,
commonly observed in obese individuals is a significant contributor to RONS production both at rest and following feeding.33
Adipocytes express pro-inflammatory cytokines, including tumor
necrosis factor-α (TNFα) and interleukin-6 (IL-6),14 both of which
have been shown to promote insulin resistance via disruption of
insulin receptor signaling through the insulin receptor substrate-1
pathway,17 and alterations of the expression/function of several key
proteins involved in insulin signaling,36 respectively. Insulin resistance can then promote hyperglycemic conditions, as well as alter
lipid metabolism and blood lipid levels, thus further promoting
RONS production. This, along with other contributing factors, has
lead to the finding of higher oxidative stress biomarkers in obese
compared to non-obese individuals.47 Additionally, obese individuals
have been reported to experience an exaggerated oxidative stress
response to physical work.48,50 Based on these findings, it follows
that obese individuals may experience a more pronounced increase
in oxidative stress following feeding.
Following the consumption of an energy dense carbohydrate
or lipid rich meal, an acute period of glycemia or lipemia occurs,
evident by postprandial increases in blood glucose or triglycerides,
respectively.42 This large influx of substrate (either glucose and/
or TAG) in systemic circulation and subsequent processing via the
electron transport chain appears to result in the increase in mitochondrial superoxide production from vascular endothelial cells.8
In support of this notion, increased superoxide production has been
noted following both a carbohydrate (glucose)28 and lipid (whipping
cream)27 rich meal. This initial accelerated production of superoxide
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anions appear to lay the foundation for the secondary activation of
several other RONS generating pathways such as increased polyol
pathway flux, activation of protein kinase C (PKC) and formation
of advanced glycation end products (AGEs), apparently mediated
by a reduction in the activity of a key glycolytic enzyme [glyceraldehyde-3 phosphate dehydrogenase (GAPDH)], thereby resulting in
cellular oxidative damage and dysfunction.8 Because the production
of RONS is strongly dependent both on the magnitude and rate of
postprandial glycemia/lipemia,2,3,29,45 coupled with the fact that
obesity is known to negatively impact both glucose38 and lipid23
metabolism, our findings appear well supported.
The effects of obesity on blood glucose, although complex, are
likely mediated by impaired GLUT 4 translocation,31 insulin-insulin
receptor binding17 and post-receptor signaling.36 Pertaining to lipids,
these effects appear mediated by the presence of fasting hypertriglyceridemia and insulin insensitivity,22 as well as decreased lipoprotein
lipase activity.9 Although these aspects were not studied in the
present investigation, it is possible that these may have contributed to
our findings of elevated oxidative stress in our obese women.
It should be noted that although fasting/pre-meal TAG values
were not statistically different between the obese and non-obese
women (and surprisingly low for both groups), values were higher
in obese women (Fig. 5). This may be important to consider, as
fasting TAG is strongly correlated to the TAG response to feeding.22
Therefore, attempts to decrease fasting TAG may improve the oxidative stress response to feeding in such individuals. Likewise, fasting/
pre-meal glucose was higher in obese compared to non-obese women
(Fig. 6), which could help to explain the results for our oxidative
stress biomarkers. Although no subject was a diabetic, obese women
presented with fasting blood glucose values which would classify
them as pre-diabetic (100–125 mg•dL-1) based on recent guidelines.37 As with TAG, strategies to reduce fasting blood glucose may
prove effective in minimizing postprandial oxidative stress in obese
individuals with elevated blood glucose.44 Future studies are indeed
needed in this area of research.
In conclusion, we report for the first time that obese women
experience an exaggerated oxidative stress and TAG response to a
high fat meal standardized to body mass, when compared to nonobese controls. These findings add to the already apparent elevation
in fasting and physical work-induced oxidative stress biomarkers in
those who are obese, possibly providing additional mechanistic information related to obesity-mediated ill-health and disease. Treatment
options, possibly involving chronic exercise, and/or the administration of antioxidant, lipid and glucose regulating agents, may prove
effective in this regard.

Experimental Methods
Participants. Obese (n = 14; BMI = 30–40 kg•m-2) and nonobese (n = 16; BMI < 25 kg•m-2) women met all enrollment criteria
and volunteered to participate in this study. It should be noted that
during the early phase of participant recruitment, we could not
identify men who were interested in participating. Therefore, rather
than risk having a very small percentage of men in our sample, we
decided early on to recruit women exclusively, in attempt to keep
our sample homogeneous. The women completed a health history
and physical activity questionnaire and underwent a physical examination, including anthropometric testing. Body fat was assessed
www.landesbioscience.com

via 7-site skinfold determination.18 The women were sedentary to
moderately active, normolipidemic (fasting TAG < 150 mg•dL-1),
and did not have diagnosed cardiovascular, metabolic or pulmonary
disease as defined by the American College of Sports Medicine.54
All women were non-smokers and reported no use of medications
(e.g., anti-inflammatory or cardiovascular drugs), including oral
contraceptives or nutritional supplements (e.g., antioxidants), all
of which may have impacted our outcome measures. Following the
screening procedures, women were scheduled for the test meal and
given detailed instructions and data forms related to the recording of
both dietary and physical activity data during the seven days before
the test meal. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers
were followed during this research. All experimental procedures were
approved by the University Human Participants Review Board and
women provided verbal and written consent. Participant characteristics are presented in Table 1.
Test meal. The women reported to the laboratory in the morning
(0600–1000 hours) following a minimum ten-hour overnight fast. In
addition, women reported for testing during the early follicular phase
of their menstrual cycle in order to avoid any potential antioxidant
effect of estrogen, as circulating estrogen is low during this time. A
pre-meal blood sample was collected following a ten minute quiet rest
period. The women then consumed the test meal (within 15 minutes).
The meal consisted of a milkshake made with a combination of whole
milk, ice cream and whipping cream. The size (dietary energy) of the
milkshake was dependent on each woman’s body mass, and equal to
1.2 grams of fat and carbohydrate, and 0.25 grams of protein per
kilogram. The milkshake provided approximately 17 kilocalories (71
kilojoules) per kilogram. This was based on our previous work noting
significant increases in our chosen biomarkers following consumption
of such a meal,7 as well as other studies including fat content between
1–1.4 grams per kilogram of body mass, carbohydrate content between
0.9–1.3 grams per kilogram of body mass and protein content between
0.2–0.4 grams per kilogram of body mass. The postprandial blood
collection period lasted six hours from the start of meal intake, during
which time four additional blood samples were collected (1, 2, 4 and 6
hours post meal). The women remained in the laboratory during this
period and expended little energy (i.e., watched movies, worked on
the computer; completed class work). No additional meals or calorie
containing beverages were allowed during this period. However, water
was allowed ad libitum, with an average intake between 16 and 24
ounces during the six hour postprandial period.
Blood sampling and biochemistry. Venous blood samples (~20
mL per draw) were taken from each woman’s forearm veins via
needle and vacutainer pre-meal (resting and fasting; 0 hour), and
at 1, 2, 4 and 6 hours post meal. Blood was immediately processed
and stored in several aliquots at -80°C until analyzed. Assays were
performed in duplicate on first thaw. Antioxidant capacity was
measured in serum using the Trolox-equivalent antioxidant capacity
(TEAC) assay using procedures outlined by the reagent provider
(Sigma Chemical, St. Louis, MO) and as previously described.35 The
coefficient of variation (CV) for this assay was 5.6% Both xanthine
oxidase activity (a radical generating enzyme) and hydrogen peroxide
were measured in plasma using the Amplex Red reagent method
as described by the manufacturer (Molecular Probes, Invitrogen
Detection Technologies, Eugene, OR). The CV was 4.6% and
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4.3%, respectively. Malondiadehyde was measured in plasma using
commercially available reagents (Northwest Life Science Specialties,
Vancouver, WA) using the method described by Jentzsch et al.19 The
CV was 5.1%. Assays for TAG, glucose, total cholesterol and HDL
cholesterol were performed using serum following standard enzymatic procedures as described by the reagent manufacturer (Thermo
Electron Clinical Chemistry). For HDL cholesterol analysis, precipitation of apolipoprotein B containing lipoproteins [VLDL, LDL
and Lp(a)] was performed using phosphotungstic acid, coupled with
centrifugation and HDL cholesterol was measured in the supernatant. LDL cholesterol was calculated using the Friedwald equation as
follows: LDL cholesterol = TC - HDL cholesterol - (TAG/5). Total,
HDL and LDL cholesterol was measured in pre-meal samples only,
and used simply for descriptive purposes. The CV for the lipid and
glucose assays was <5%.
Dietary and physical activity records. The women were asked to
maintain their normal diet and activity, and to record these variables
on data forms during the seven days prior to the test meal. Dietary
records were analyzed for total dietary energy, protein, carbohydrate,
fat and a variety of antioxidant micronutrients (Food Processor SQL,
version 9.9, ESHA Research, Salem, OR). Activity records were
reviewed to determine the amount of activity done during the week
prior to the test day. Activity was classified as light, moderate or
hard. Light activity (e.g., walking the dog) required some effort but
maintained normal breathing. Moderate activity (e.g., housework
or gardening) was somewhat difficult with an increase in breathing
and heart rate. Hard activity (e.g., strenuous manual labor) involved
labored breathing and difficulty holding a conversation during the
activity. Both diet and activity records were reviewed in detail with
women upon acceptance, in an attempt to ensure accuracy. The
women were given specific instructions to avoid physically stressful
tasks (including exercise) during the 24 hour period preceding the
test meal. This was important in order to control for any acute effects
of physical activity on postprandial oxidative stress, as a recent study
has demonstrated that acute strenuous exercise may attenuate the rise
in oxidative stress observed following feeding.24
Statistical analysis. Outcome measures were analyzed using a 2
(obesity status) x 5 (time) repeated measures analysis of variance
(ANOVA). Tukey’s post hoc test was used for analysis of the time
main effect. Contrasts were performed for comparison of obese and
non-obese women within the interaction. Dietary, physical activity
and descriptive data were analyzed using a one way ANOVA. Data
are presented as mean ± standard error of the mean. All analyses
were performed using JMP statistical software (version 4.0.3, SAS
Institute, Cary, NC). Statistical significance was set at p ≤ 0.05.
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