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Abstract

Obesity (Ob) and type 1 diabetes (T1DM) are associated with increased inflammation and

oxidative stress, which are major pathogenetic pathways toward higher cardiovascular risks. While

long-term exercise protects against systemic inflammation and oxidation, acute exercise actually

exerts pro-inflammatory and oxidative effects, prompting the necessity for better defining these

molecular processes in at-risk patients; in particular, very little is known regarding obese and

T1DM children. We therefore examined key inflammatory and oxidative stress variables during

exercise in 138 peripubertal children (47 Ob, 12.7±0.4 yr, 22F, BMI% 97.6±0.2; 49 T1DM,

13.9±0.2 yr, 20F, BMI% 63.0±3.6; 42 healthy, CL, 13.5±0.5 yr, 24F, BMI% 57.0±3.6), who

performed 10 bouts of 2-min cycling ~80% VO2max, separated by 1-min rest intervals. Blood

samples were drawn at baseline and peak-exercise. Ob displayed elevated baseline interleukin-6

(IL-6, 2.1±0.2 pg/mL, p<0.005) vs. CL (1.5±0.3), while T1DM displayed the greatest maximum

exercise-induced change in IL-6 (1.2±0.3) than in both Ob (0.7±0.1, p< 0.001) and CL (0.6±0.1,

p<0.0167). Myeloperoxidase (MPO) was elevated in T1DM (143±30 ng/mL, p<0.0167) vs. CL

(89±10) and Ob (76±6), while increases in exercise only occurred in Ob and CL. Disparate

baseline and exercise responses were also observed for 8-hydroxy-2′-deoxyguanosine, glutathione,

and F2-isoprostane. This data show distinct patterns of dysregulation in baseline and adaptive

immunologic and oxidative responses to exercise in Ob and T1DM. A full understanding of these

alterations is required so that developing exercise regimens aimed at maximizing health benefits

for specific dysmetabolic states can be achieved based on complete scientific characterization

rather than empirical implementation.
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INTRODUCTION

Obesity (Ob) and type 1 diabetes mellitus (T1DM) are the two most prevalent pediatric

dysmetabolic states in developed countries (1;2), associated with high incidence of long-

term cardiovascular complications and mortality (3) Surprisingly, the precise biochemical

steps linking obesity and T1DM to onset and progression of cardiovascular disease (CVD)

remain relatively undetermined. Growing evidence, however, implicates the increased

systemic inflammation and oxidative stress (4) caused by metabolic alterations such as high

insulin, glucose, cortisol, lipoproteins. Altered leukocyte (WBC) function appears to play a

central role, as activated WBC release pro-inflammatory cytokines (IL-1β, IL-6, TNFα,

affecting platelet aggregation and the clotting cascade) (5;6) and oxidative enzymes (MPO,

NADPH-oxidase, increasing free radicals harmful to the endothelium, DNA, lipids, and the

sub-endothelial vascular tissues) (7;8). The molecular components of inflammatory and

oxidative processes, which are numerous, complex and variably interconnected, likely

display distinct alteration patterns in different dysmetabolic states. These patterns however

remain unknown, especially in children and adolescents. In Ob and T1DM children, early

disease onset means increased vulnerability to disease complications; age-specific

characterization of the underlying mechanisms of CVD progression is therefore imperative

in these subjects, whose physiologic, immunologic, and metabolic adaptation differ

considerably from adults (9;10).

Physical activity can effectively prevent CVD in both Ob and T1DM (11). While the

molecular mechanisms underlying this effect are sill unclear, modulation of immunologic,

inflammatory, and oxidative molecules is likely involved. Weeks to months of exercise

training can reduce plasma C-reactive protein, IL-6 (12), F2-isoprostane (F2-isoP, regarded

as the most accurate marker of systemic lipid peroxidation) (13), improve lipid and glycemic

profiles (14), and endogenous antioxidants (15). These long-term effects occur despite

opposite, acute effects of exercise, during which pro-inflammatory (16;17) and oxidative

markers (18) transiently increase, and antioxidants are depleted (18). This paradoxical

dichotomy of acute and chronic exercise effects underscores the complexity of these

processes, in which fine synchronization of diverse molecular interactions is responsible for

cardio-protective effects. If such a delicate equilibrium is altered, as may occur in

dysmetabolic states, the overall health benefits of exercise may be reduced. Also of

importance is intensity and duration of exercise, as moderate intensity is less likely to illicit

an inflammatory response compared to an intense exercise challenge (19). To date, in

pediatric Ob and T1DM, adaptive immuno-modulatory and oxidative responses to exercise

are largely unknown.

We therefore designed this study to identify condition-specific alterations of inflammatory

and oxidative mechanisms during exercise in 47 Ob and 49 T1DM children, as compared to

42 healthy, age-matched controls. Variables highly responsive to exercise were measured

(IL-6, neutrophil counts, MPO) as well as nitrotyrosine (biomarker of nitric oxide

oxidation); 8-hydroxy-2′-deoxyguanosine (8-OHdG) (by-product of DNA oxidation); and

glutathione (GSH-420) (a major endogenous antioxidant).
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METHODS

Subjects and Preliminary Visit

The study was approved by the UCI Institutional Review Board. Prior to enrollment,

subjects and guardians were informed of all procedures and risks and signed consent and

assent forms. In T1DM children, duration of diabetes was 5.2±0.6 years. Exclusion criteria

included presence of acute or chronic illness (except diabetes in T1DM), known

dysmetabolic or immunologic conditions (except obesity in Ob), recent physical injury or

disability, medications (other than insulin in T1DM), and abnormal vital signs. To ensure

balanced group composition, all participants completed a standard questionnaire assessing

pubertal developmental (20).

Children with gender- and age-adjusted BMI (body mass index) ≥95th percentile, but

otherwise healthy, were recruited as Ob (as per definition by the Centers for Disease Control

and Prevention) (21); the control group (CL) included age-matched healthy children BMI 5th

- 85th percentile. Skinfold thickness (using Slaughter et al equations for age<16 yr and Siri

equation for ≥16 yr) (22) were performed to confirm all Ob children were presenting with

excess % body fat rather than heavy skeletal muscles, bone, or visceral tissue.

All subjects, completed an incremental cycling test (Ergoline 800S, SensorMedics, Yorba

Linda, CA): the workload was increased by 10-20 watts/min (~10% of predicted maximal

work-rate/min based on age, gender, and body size) (23) until maximum exercise tolerance.

Breath-by-breath gas exchange was collected via a standard metabolic cart (SensorMedics,

Yorba Linda, CA) to calculate anaerobic threshold (AT) and maximal aerobic capacity

(VO2max, the gold standard for cardiovascular fitness in both adults and children).

Main Exercise Study

At least 48 h after the preliminary visit, subjects arrived at the UCI ICTS ~7:30 am. Vital

signs were recorded, and intravenous catheters were started on the median cubital veins of

both forearms for blood draws and infusions of saline, insulin, and glucose (for T1DM).

Euglycemia (4.4-6.1 mM) was verified for all subjects using a Beckman Glucose Analyzer

II (Beckman Coulter, Fullerton, CA), and maintained for 90 min. In T1DM subjects not

euglycemic at this time, euglycemia was first restored via i.v. insulin (9.0 nmol/hr insulin for

every 5.6 mM glycemia above 8.3 mM), an then maintained for 90 min with an insulin

infusion rate of ~6.0 nmol/hr or 110% of insulin pump basal rate was set to mimic

physiologic conditions. I.V. dextrose was infused as needed to prevent plasma glucose

concentration from falling below 4.4 mM.

After 90 min of euglycemia, in all subjects baseline blood samples were drawn. Thereafter,

subjects began pedaling on a stationary cycle ergometer at a work-rate between their AT and

VO2max (~80% VO2max) for 2 min and then rested for 1 min; this was repeated 10 times

(Fig. 1). This intermittent, intense cycling paradigm was chosen as it has previously been

demonstrated to elevate inflammatory, immunologic, and metabolic responses to exercise in

children (24;25), while simulating a real-life pattern of physical activity. Additional blood

draws were taken during, peak-exericse, and 30 min after exercise (Fig. 1).
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Laboratory Procedures

Neutrophil counts were quantified from peripheral whole blood using a Beckman Coulter

LH750 System (Beckman Coulter, Fullerton, CA). Plasma samples were frozen at −80° C,

and each tube was thawed only once on assay day. F2-IsoP concentrations were measured by

gas chromatographic/negative ion chemical ionization mass spectrometry (GC/NICI-MS)

with stable isotope dilution (26) at the Vanderbilt University Eicosanoid Core Laboratory.

High sensitivity ELISA was used for IL-6 (R&D Systems, Minneapolis, MN), insulin

(LINCO Research, St. Charles, MO), and 8-OHdG (preceded by standard ultrafiltration

pretreatment) (Northwest Life Science Specialties, Vancouver, WA). MPO and nitrotyrosine

were measured by ELISA, and GSH-420 by a kinetic, rate based high-sensitivity

colorimetric technique (Northwest Life Science Specialties). A standard colorimetric

method was used for free fatty acid (Zen-Bio, Research Triangle Park, NC) and glycerol

(Sigma-Aldrich, St. Louis, MO). L-lactate concentrations were quantified using the YSI

2300 STAT PLUS Glucose and Lactate Analyzer (YSI, Yellow Springs, OH).

Statistical Analysis

Demographic information and results are presented as group mean±standard error (SE). For

IL-6, logarithmic transformation was required to normalize the distribution of data prior to

analyses; the mixed model, a statistical method for evaluating longitudinal data, was used

across the 4 exercise time-points for each group and then between groups. For all other data,

overall differences were first detected using ANOVA with the significance level at 0.05,

followed by pairwise two-tailed Student’s t test with Bonferroni adjustment for multiple

comparisons; paired, two-tailed Student’s t test was used to assess changes due to exercise

within each group; differences in response to exercise between groups was performed with

comparisons of absolute deltas. Statistical procedures were verified by UCI ICTS

biostatisticians and completed using SAS 9 and JMP software (SAS Institute, Cary, NC).

RESULTS

Demographics and metabolic responses to exercise

The characteristics of the 3 groups are listed in Table 1. Fasting plasma glucose (mM) in CL

was 4.9±0.1, 5.2±0.1 in T1DM, and 5.3±0.1 in Ob; while all within normal glycemia, values

in T1DM and Ob were significantly greater than CL (p<0.0167). Pre-exercise plasma insulin

(pM) was significantly higher in T1DM (202±40, p<0.005) and Ob (90±6, p<0.005) than CL

(40±3). In all groups, exercise induced quantitatively small changes in these variables which

however reached statistical significance in the CL and Ob groups (Fig. 2).

Documenting that the relative intensity of exercise was similar across groups, the overall

pattern of exercise-induced plasma lactate (mM) increase was similar across groups (T1DM,

1.5±0.1 to 7.4±0.4; Ob, 2.3±0.1 to 6.3±0.3; CL, 1.6±0.1 to 6.2±0.5; all p<0.005) (Fig. 2).

The quantitatively small, albeit statistically greater increase observed in TIDM was probably

related to greater reliance of this group on carbohydrate energy sources.

Rosa et al. Page 4

Pediatr Diabetes. Author manuscript; available in PMC 2010 September 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



IL-6

Baseline plasma IL-6 (pg/mL) was 1.5±0.3 in CL, 2.0±0.3 in T1DM, and 2.2±0.2 in Ob

(p<0.005 vs CL) (Fig. 3). In all groups, IL-6 started to show slight increases at peak-

exercise, and was significantly elevated at 30 min post exercise (T1DM 3.2±0.5, Ob

2.8±0.2, CL 2.1±0.3) (Fig. 3). The maximum exercise-induced change in IL-6 (30 min post

vs baseline) was significantly greater in T1DM (1.2±0.3) than in both Ob (0.65±0.1, p<

0.001) and CL (0.62±0.13, p<0.0167).

MPO and neutrophil counts

Baseline MPO (ng/mL) was markedly elevated in T1DM (143±23) as compared to CL

(89±10, p<0.0167) and Ob (76±6, p<0.005) (Fig. 4). Following exercise, MPO increased

significantly in Ob (111±10, p<0.005), and CL (123±14, p<0.005), but remained unchanged

in T1DM (147±16) who, however, still displayed the highest peak-exercise absolute MPO

concentration.

Baseline and exercise-induced changes in neutrophil counts (×103/μL) did not parallel MPO

results. Baseline neutrophil counts in T1DM (2.8±0.2) were not different from CL (3.1±0.2),

and lower than Ob (3.6±0.2, p<0.005) (Fig. 4), with comparable exercise-induced increases

in all groups (p<0.005 vs baseline).

Other indices of oxidation

No significant difference in baseline or exercise-induced concentrations of nitrotyrosine was

detected across experimental groups (Fig. 5). Plasma 8-OHdG (pM), however, was

significantly lower both at baseline and following exercise in T1DM (0.42±0.03; 0.47±0.03,

p<0.005) and Ob (0.54±0.03; 0.54±0.03, p<0.005) than CL (0.71±0.05; 0.70±0.04) (Fig. 5).

The level of the endogenous antioxidant, GSH-420 (μM), was lower in T1DM (1.27±0.05,

p<0.005) than CL (1.54±0.08) (Fig. 5); mean GSH-420 of Ob was intermediate (1.45±0.05),

with no difference compared to the other 2 groups; no exercise effect was observed for any

of the groups for GSH-420 (Fig. 5).

Systemic lipid concentrations and peroxidation (Ob vs Control)

FFA concentrations (μM) were higher in Ob both at baseline (564±46 vs. 372±34, p<0.005)

and at peak-exercise (464±35 vs. 352±34), despite a greater exercise-induced reduction in

the Ob group (−101±21 vs. −21±23, p<0.05). Baseline glycerol (mM) was similar between

Ob and CL (1.2±0.1 and 1.2±0.1, respectively), and a similarly significant exercise-induced

increase (p<0.005) was observed for both groups.

The higher plasma FFA in the Ob group was paralleled by proportionally greater levels of

systemic lipid peroxidation vs CL: F2-IsoP (pg/mL) at baseline were 99±7 vs. 75±4,

p<0.005, and at peak-exercise 96±7 vs 80±4; in neither group did exercise induce significant

changes in this variable.
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DISCUSSION

In this study of 138 children, pediatric obesity and T1DM were clearly associated with

altered inflammatory and oxidative responses to exercise. In both conditions, IL-6 was

higher before, during, and after exercise; in addition, we observed widespread alterations of

multiple indices of oxidative stress and metabolic control. To our knowledge, this is the first

report simultaneously characterizing, with identical experimental procedures, adaptive

responses to exercise in pediatric obesity and T1DM, together account for the large majority

of dysmetabolic cases in pediatric populations.

IL-6 is an immuno-modulatory cytokine with documented pro- and anti-inflammatory

(27;28), as well as metabolic effects (5). Chronic subclinical elevations of IL-6 and other

pro-inflammatory markers are firmly associated with future cardiovascular morbidity and

mortality (29;30). IL-6 is among the cytokines displaying the most robust and consistent

increases after exercise, largely through mobilization from the skeletal muscle; IL-6

signaling is believed to stimulate hepatic glucose production and modulate exercise–induced

leukocytosis (31;32), priming immune defenses against pathogens, while simultaneously

shunting leukocytes and platelets away from atherosclerotic lesions (12). In contrast to acute

exercise, long-term exercise training reduces resting levels of pro-inflammatory markers (C-

reactive protein, IL-6, and TNF-α) (33). This dichotomy of seemingly contrasting effects

underscores the complexity of inflammatory adaptation, requiring a delicate balance

between opposing stimuli to produce physiological health effects. IL-6 fully embodies this

equilibrium, apparently exerting both pro- and anti-inflammatory actions; elevated IL-6

levels, whatever its predominant effect in a given context, remain however clearly

associated with the presence of inflammation, and this role as an inflammatory marker,

rather than necessarily as an inflammatory promoter, render it very useful in identifying, and

quantifying perturbations in inflammatory homeostasis.

Observations regarding IL-6 are less well defined in children, whose physiologic and

immunologic regulatory pathways may differ drastically from adults (10;34). Timmons et

al., for instance, recently showed that exercise IL-6, TNF-α, and leukocytes response differ

between men and boys, and between late- versus early-pubertal children; in general,

increasing age is associated with higher levels of inflammatory markers (9;35). Elevated

IL-6 in obese and T1DM children, as compared to controls, have been previously reported

separately (36;37); however, this is the first time these populations are directly compared

under identical experimental conditions, allowing both a qualitative and quantitative

comparison. This is also the first time both inflammatory and oxidative responses are

measured in parallel in these populations. While peak IL-6 values during our procedures

shifted across groups (greatest in obese at baseline and during exercise, in T1DM 30 min

post-exercise), control subjects consistently displayed lowest levels. Interestingly, all 3

groups exhibited similar increases immediately after exercise, indicating that obesity or

T1DM per se does not induce greater IL-6 responses. Differences, however, existed. As

baseline values were significantly higher in obese children, it could be argued that in this

group the exercise-induced increase in IL-6, while quantitatively similar to the other groups,

was proportionally smaller. Further, in T1DM a greater, late increase was noted 30 min post-

exercise, consistent with prior observations (36). At this late time point, however, IL-6
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displayed greater inter-individual variability in T1DM than in the other groups, consistent

with the notion that in T1DM recurrent inflammatory exacerbations are controlled by the

pattern of hyperglycemic fluctuations (37), which can be very variable across subjects or

within the same subjects over time. Further, in T1DM the effect of exogenous insulin

administration must be considered (good glycemic control in fact often results in quite high

plasma insulin, as was the case in our study, see figure 2). As insulin has anti-inflammatory

properties (38), if glycemic correction was not implemented, our T1DM subjects may have

displayed even greater IL-6 elevations. Finally, as IL-6 is now also known to regulate

substrate metabolism, (representing a potential signaling link between skeletal muscle, the

central nervous system, and energy storage organs like the liver and adipose tissue) (39), a

possible intriguing possibility is that IL-6 may be inappropriately secreted in T1DM during

acute perturbations of carbohydrate metabolism, such as states of relative insulinopenia

and/or hyperglycemia.

MPO is a heme catalytic protein emerged in recent years as a major biomarker of

cardiovascular risk. It catalyzes production from hydrogen peroxide (H2O2) of the potent

oxidant hypochlorous acid (HOCl), a bactericidal agent whose dysregulated secretion causes

adjacent cellular damage (7). Chronic elevation of circulating MPO are associated with

future development of cardiovascular diseases and mortality (8), and higher MPO during

myocardial infarction or early stages of coronary artery disease (CAD) increase the risk of

death. Through still undefined mechanisms, severe endothelial impairment in diabetic

animals displayed leukocytes infiltration, exaggerated MPO activity and overproduction of

HOCl (40). The MPO alterations reported in this study indicate that already at a very early

stage in the progress of these conditions, underlying biochemical mechanisms leading to

endothelial dysfunction and ultimately atherosclerosis may be at work.

As MPO is mostly neutrophil-derived, elevated systemic MPO should be paralleled by

proportional increases in neutrophil counts. However, in this study, T1DM had the highest

resting MPO concentrations, despite higher neutrophil counts in Ob children. This may

reflect hyper-activation of T1DM neutrophils with exaggerated basal MPO secretion,

possibly triggered by recurrent hyperglycemia. Indeed, increased systemic MPO levels have

been reported in adult T1DM patients; and in culture of isolated neutrophils in

hyperglycemic medium has been shown to induce a drop in intracellular MPO at glucose

concentrations > 20 mMol/L (8;41). Consistent with this hypothesis, in our study, exercise

induced a ~50% increase in both neutrophil counts and plasma MPO only in the CL and Ob

groups. Conversely, MPO was unchanged in T1DM after exercise, suggesting that MPO

secretion may have already been maximized to the point of being unresponsive to a

strenuous exercise challenge (still, both pre- and peak-exercise MPO levels were higher in

T1DM than peak-exercise levels of both Ob and CL).

As altered MPO signaling is related to broader systemic pro-oxidant effects, we performed

an exploratory investigation of additional key biomarkers of oxidative stress. Levels of

nitrotyrosine, both at rest and in response to exercise, reflecting the interaction of reactive

oxygen species with nitric oxide, were not significantly different across groups, although

lower levels were measured in the Ob group, consistent with previous reports (42;43).

Similarly, GSH-420 displayed a fundamentally comparable pattern across groups, with only
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a moderate (albeit significant) reduction in basal levels in the T1DM group, possibly

reflecting overconsumption of antioxidants, as previously reported in similar conditions

(44). Interestingly, circulating 8-OHdG was found to be significantly lower in both T1DM

and Ob children, as compared to controls; which appears counterintuitive in the presence of

an overall increase in inflammatory and oxidative status. It should be noted, however, that

children may differ significantly from adult obese or diabetic subjects, in which prior studies

were conducted (45). As 8-OHdG reflects DNA oxidation, protection against these

processes may become an absolute priority in a growing organism, eliciting tissue-specific

increases in anti-oxidant efficacy. Confirmation of this speculation will obviously require

additional work.

An important observation resulting form our study is that, while in general inflammatory

and oxidative processes were increased in both pediatric obesity and T1DM, different

components appeared to be altered in each condition. While a marked MPO elevation

predominated in T1DM, we hypothesized that greater levels of systemic lipid peroxidation

would be a dominant feature in Ob. Indeed, in the latter group, marked metabolic alteration

(FFA, glucose, insulin) were paralleled by a significant increase in plasma F2-IsoP, currently

considered the gold-standard biomarker of systemic oxidation of lipids (46) (unfortunately,

due to sample volume constraints, this could not be measured in T1DM). Interestingly,

within our Ob study group no clear association was observed between levels of

inflammatory/oxidative markers and severity of central adiposity, as opposed to simple

whole body fat mass. While apparently in contrast with prior reports indicating the

importance of central vs peripheral fat mass distribution in the pathogenesis of obesity-

related complications (47), this finding probably simply reflects the substantial homogeneity

of our obese population, in which central adiposity was predominant.

A message that should transpire clearly from our work, is that physical exercise remains a

critically useful tool exerting multiple beneficial health effects in healthy subjects and

patients with a broad range of clinical conditions, including obese and diabetic children. The

reported alterations in oxidative and inflammatory processes may somewhat reduce these

effects, but a considerable preventive action against vascular complication is retained.

Regular exercise should therefore be encouraged as an integral part of the management of

these conditions; future studies, further clarifying the characteristics of altered response in

specific groups of patients, can help identify appropriate format, type and duration of

exercise paradigms.

In summary, this is the first study, to our knowledge, to comprehensively characterize the

differences in the inflammatory and oxidative stress responses to exercise, between the two

most common pediatric dysmetabolic conditions, Ob and T1DM. While both groups

exhibited overall increases in inflammatory and oxidative status, alterations in several

molecular components of these processes appeared to be condition-specific. Future

clarification of these biochemical alterations is imperative so to develop exercise regimens

able to maximize the cardio-protective effects of physical activity in specific populations of

pediatric patients.
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Fig. 1. Experimental design
All groups rested for 90 min in euglycemic range (T1DM required insulin/glucose infusions

to achieve euglycemia prior to the 90 min period and euglycemic clamp throughout the

remainder of the study). Exercise consisted of 2-min cycling at ~80% VO2max followed by

1-min rest, completed 10 times. Blood samples were drawn before, during (at 18 min),

peak-, and 30-min post-exercise. White bar, resting period; grey bar, cycling; large black

arrow, blood draw for all analytes; small black arrow, additional small blood draws for

quantification of IL-6.
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Fig. 2. Plasma glucose, insulin, and lactate
Baseline glucose and insulin were higher in T1DM (black bar) and Ob (grey bar) than CL

(white bar). Exercise-induced changes in plasma glucose and insulin in Ob and CL, but not

T1DM. All groups had an increase in lactate due to exercise. Data are mean±SE. *

(p<0.0167), T1DM and Ob vs. CL at baseline; ‡ (p<0.005), Ob vs. CL and T1DM at

baseline; † (p<0.05), exercise-induced changes within groups; ** (p<0.0167), exercise-

induced patterns T1DM vs. CL; *** (p<0.005), exercise-induced increase T1DM vs. Ob.
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Fig. 3. Baseline and exercise-induced increases in IL-6
IL-6 was significantly elevated at baseline for Ob (grey circle) than CL (white circle),

whereas T1DM (black circle) was intermediate. IL-6 increased significantly after exercise;

IL-6 was higher in Ob than CL throughout the protocol, while T1DM displayed the greatest

post exercise-induced change. Data are mean±SE. * (p<0.005), Ob vs. CL at baseline; †

(p<0.005), exercise-induced increases within groups; ** (p<0.0167), exercise-induced

patterns T1DM vs. CL and Ob.
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Fig. 4. Altered levels of MPO and neutrophils in T1DM
Baseline MPO was significantly higher in T1DM (black bar) than CL (white bar) and Ob

(grey bar), yet neutrophil counts were reduced compared to Ob. MPO increased following

exercise in Ob and CL but not in T1DM, even when there was an increase in neutrophil

counts for all 3 groups. Data are mean±SE. * (p<0.0167), T1DM vs. CL and Ob at baseline;

‡ (p<0.005), T1DM vs. Ob at baseline; † (p<0.005), exercise-induced increases within

groups.
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Fig. 5. Nitrotyrosine, 8-OHdG, and GSH-420
Baseline and peak exercise 8-OHdG was significantly lower in T1DM (black bar) and Ob

(grey bar) than CL (white bar). GSH-420 was reduced in T1DM vs. CL and Ob. No

exercise-induced changes occurred for these oxidative molecules in all groups. Data are

mean±SE. * (p<0.005), T1DM and Ob vs. CL. † (p<0.005), T1DM vs. Ob and CL.
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Fig. 6. Elevated baseline F2-IsoP and FFA, and altered FFA response to exercise in Ob
Ob (grey bar) had elevated F2-IsoP and FFA compared to CL (white bar) at baseline. FFA

decreased in Ob, while glycerol increased for both groups at end-exercise. Data are mean

±SE. * (p<0.005), Ob vs. CL at baseline; † (p<0.005), exercise-induced changes within each

group; ** (p<0.05), exercise-induced patterns Ob vs. CL.
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