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Abstract
We examined whether a systemic marker of oxidative stress, F2-isoprostanes (F2-IP), was
associated with total and regional adiposity, adipocytokines, and change in adiposity. Using data
from 726 participants enrolled in the Health, Aging, and Body Composition study, F2-IP and
adipocytokines were measured from baseline plasma samples. Total adiposity was measured by
whole body DXA and regional adiposity by abdominal and thigh CT scans at baseline and 5-year
follow-up. ANOVA models were estimated to examine associations between F2-IP tertiles and
baseline adiposity and changes in body composition. Median F2-IP was 54.3 pg/ml; women had
significantly higher levels than men (61.5 vs. 48.9 pg/ml, p<0.001). F2-IP was associated with
higher levels of adiponectin, leptin, and TNF-α. Men in the highest F2-IP tertile had significantly
higher total percent body fat than those in the lowest tertile. Positive associations were found
between F2-IP and all measures of total and regional adiposity among women. In linear regression
models, adipocytokines mediated associations among women. Over 5 years of follow up, women
in the highest versus lowest F2-IP tertile exhibited significant loss of weight (lowest tertile: −1.1
kg, highest tertile: −2.7 kg, p<0.05). In conclusion, F2-isoprostanes were associated with measures
of total and regional adiposity in women and with total body fat in men; associations for women
were partially explained by adipocytokines. F2-isoprostanes predicted loss of total adiposity over
time among women.
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Introduction
Oxidative stress, a persistent imbalance between the production of highly reactive molecular
species and antioxidant defenses, has been found to be associated with several inflammatory
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conditions.(1; 2) Highly reactive molecules, or free radicals, are essential for host defense
mechanisms in cells of the immune system, but in excess quantities can cause tissue injury
and cell death.(3) Obesity has been recognized as an inflammatory condition(4) with adipose
tissue secreting several proinflammatory cytokines and hormones.(5; 6) These
“adipocytokines” have been found to be associated with risk of metabolic and
cardiovascular disease.(7–9) As a chronic inflammatory condition,(4) adiposity may be
associated with oxidative stress either independently or through secretion of these
adipocytokines.

A reliable marker of lipid peroxidation is 8-epi-prostaglandin F2α, also known as F2-
isoprostanes,(10) which are prostaglandin-like products formed by free radical oxidation of
phospholipids that contain arachidonic acid.(11) F2-isoprostanes are released from
membrane phospholipids in response to cellular activation and circulate in plasma and are
excreted in urine. Recent studies have found that F2-isoprostanes are the best index of
oxidative injury in an animal model of oxidant stress.(12) High isoprostane levels have been
associated with hypercholesterolemia,(13) diabetes,(14; 15) coronary artery disease,(16) and
more recently with obesity(17–19) and other measures of body fat distribution(20; 21) in
cross-sectional studies. However, few studies have examined associations between total and
regional adiposity and adipocytokines with oxidative stress.(22) No studies have examined
the association between oxidative stress and prospective change in adiposity.

We examined the relationship between total and regional adiposity and F2-isoprostane levels
in a cohort of older adults. We further determined whether adipocytokines explained these
associations. We also investigated the association between baseline F2-isoprostane levels
and change in adipose tissue mass and area over 5 years of follow-up.

Methods and Procedures
Study Sample

Participants enrolled in the Health, Aging, and Body Composition (Health ABC) study were
well-functioning White and Black men and women between the ages of 70 and 79 years who
were recruited at two clinical sites, Pittsburgh, PA and Memphis, TN. To be eligible,
participants had to report no difficulty in walking ¼ mile, climbing 10 steps, or performing
basic activities of daily living.

We performed a nested subcohort study using stored plasma specimens, physical exam
measurements, radiographic tests, and questionnaire data gathered at baseline (1997–1998)
and repeat measures of adiposity measured at the sixth annual exam (2002–2003). We
randomly sampled 740 participants (24% of the parent study sample) from the baseline
examination, stratifying by race and sex (185 individuals from each of four race/sex
subgroups). Fourteen participants with missing data on F2-isoprostanes were excluded,
leaving a final sample of 726 individuals.

The study was approved by the institutional review boards of the University of California,
San Francisco, University of Pittsburgh, and University of Tennessee. All of the study
participants provided written informed consent to participate in the study.

F2-isoprostane measurement
Venous blood specimens were collected after an overnight fast. Plasma was separated by
centrifugation and stored at −80°C at the Health ABC core laboratory. Specimens were
shipped to the Molecular Epidemiology and Biomarker Research Laboratory (MEBRL) at
the University of Minnesota, Minneapolis for F2-isoprostane analysis. In prior studies, F2-
isoprostanes have been found to be completely stable under these conditions with no
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artifactual F2-isoprostanes formed during collection and handling. Plasma-free F2-
isoprostanes were measured by a gas chromatography-mass spectrometry-based method.(23)
The assay has an analytical variation of less than 10%. Blind duplicates were measured from
5% of subjects with a coefficient of variation (CV) of 6.96%.

Adiposity Measurements
The analysis included multiple measures of total adiposity, including total body fat (kg),
total percent body fat, body mass index (BMI), and weight (kg). Total fat mass was
measured by a whole body Dual X-ray Absorptiometry (DXA) scan (QDR 4500A, Hologic,
Waltham, MA). Arm, leg, trunk, and total body fat were measured by DXA and total percent
body fat was calculated. Body mass index (BMI) was calculated as weight in kg divided by
height in meters squared. Weight was measured on a standard balance beam scale to the
nearest 0.1 kg and height by a stadiometer to the nearest 0.1 cm.

Regional adiposity was measured by abdominal visceral and subcutaneous fat and thigh
intramuscular and subcutaneous fat in centimeters squared. These measures were based on
computed tomography (CT) scans using Somatom Plus 4 (Siemens, Erlangen, Germany),
Picker PQ 2000S (Marconi Medical Systems, Cleveland, OH), or a 9800 Advantage scanner
(General Electric, Milwaukee, WI) with standardized protocols. Visceral and subcutaneous
abdominal fat were measured at the L4–L5 level. Visceral fat was manually distinguished
from subcutaneous fat using the internal abdominal wall fascial plane. Fat areas were
calculated with ILD software (RSI Systems, Boulder, CO). We also estimated abdominal fat
by measuring waist circumference (cm2). Thigh intermuscular and subcutaneous fat area
were measured by CT scan taken at mid-thigh level between the greater trochanter and the
intercondyloid fossa. Intermuscular adipose tissue was distinguished from the subcutaneous
adipose tissue by manual drawing of a line along the deep fascial plane surrounding the
thigh muscles.(24)

The adiposity measures were collected at the sixth annual follow-up exam (2002–2003)
using similar methods. For longitudinal analysis, variables were defined as the difference
between total or regional adiposity at baseline and follow-up.

Covariates
Covariates included self-identified race, age, sex, clinical site, and use of aspirin or statin
medications at baseline. Fasting lipoproteins (Johnson & Johnson, Vitros chemical
methodology) and fasting and 2-hour post-challenge plasma glucose were measured (by
automated glucose oxidase reaction, YSI 2300 Glucose Analyzer, Yellow Springs, OH).
Baseline fasting serum insulin levels were measured by radioimmunoassay (Pharmacia,
Uppsala, Sweden) among participants without known diabetes, and homeostatic assessment
of insulin-resistance (HOMA-IR) was calculated as a surrogate measure of insulin
resistance.(25) Adiponectin and leptin levels at baseline were measured in duplicate by
radioimmunoassay (Linco Research, St. Charles, MO). The intra-assay CV was 1.78–3.59%
for adiponectin and 3.7–7.5% for leptin. IL-6 and TNF-α were measured in duplicate by
ELISA (R&D Systems, Minneapolis, MN). The lower limit of detection was <0.10 pg/ml for
IL-6 and 0.18 pg/ml for TNF-α, with CV of 6.3% and 16%, respectively. PAI-1 was
measured by a two-site ELISA (Collen laboratory) with a CV of 3.47%.

Statistical Analysis
Associations of baseline characteristics with F2-isoprostanes in tertiles were assessed using
Kruskal-Wallis test, chi-square test or ANOVA as appropriate. Race and sex interactions
were tested for F2-isoprostanes and each adiposity measure. The linearity of the association
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between F2-isoprostanes and adiposity was examined using splines from generalized
additive models.

Sex-specific means and standard errors of each adiposity variable by F2-isoprostane tertiles
were obtained using adjusted least squares means from ANOVA models. Models were
adjusted for covariates found to be significantly associated with F2-isoprostanes for men or
women in bivariate analysis (age, race, hypertension, and coronary heart disease (CHD)).
We did not adjust for aspirin use because it was not associated with any measure of
adiposity. To determine whether adipocytokines were mediators of F2-isoprostane-adiposity
relationships, adipocytokines were sequentially added to linear regression models of these
associations.

Finally, the association of baseline F2-isoprostane with change in adiposity over
approximately 5 years was examined using ANOVA models adjusting for baseline
adiposity, age, race, hypertension, CHD, and intentional weight loss.

Results
The median level of F2-isoprostanes in the sample was 54.3 pg/ml (interquartile range 41.6
to 72.8 pg/ml); women had significantly higher levels than men (61.5 vs. 48.9 pg/ml,
p<0.001), and Whites had higher levels than Blacks (58.9 vs. 50.8 pg/ml, p<0.001). F2-
isoprostanes were positively associated with HDL-cholesterol, adipocytokines (adiponectin,
leptin, and TNF-α), and measures of adiposity (total body fat and abdominal subcutaneous
fat). There was no significant association between F2-isoprostanes and any measure of
glucose homeostasis. Because spline analysis suggested non-linearity between isoprostanes
and adiposity measures, F2-isoprostanes were defined in tertiles. Based on adjusted models
pooling men and women, interactions between F2-isoprostanes and sex were significant for
most adiposity measures at p<0.05; exceptions were abdominal visceral fat (p for-
interaction=0.09) and thigh intermuscular fat (p for-interaction=0.84). We thus proceeded
with sex-stratified analysis. No significant interactions were found by race for men or
women.

Table 1 presents sex-specific tertiles of F2-isoprostanes by demographic and health-related
characteristics. Race differences in F2-isoprostane levels were evident among women only
with a larger proportion of White women and a smaller proportion of Black women in
higher tertiles. Among women, but not men, aspirin use was significantly more likely among
those in higher tertiles of F2-isoprostanes. F2-isoprostanes were positively associated with
adiponectin, leptin, and TNF-α in both men and women. Among men only, those in higher
tertiles had significantly higher HDL-cholesterol and higher prevalence of hypertension and
CHD. (F2-isoprostanes tertiles by glycemia traits are shown in supplemental table 1 online.)

Table 2 presents adjusted associations between tertiles of F2-isoprostanes and adiposity
measures by sex (unadjusted associations are available in a supplemental table 2 online).
Models adjust for age, race, prevalent hypertension, and prevalent coronary heart disease.
Among men, there was a positive association only for total percent body fat for those in T3
versus T1. In contrast, F2-isoprostanes were positively associated with all adjusted baseline
measures of adiposity for women in T3 versus T1, and for those in T2 versus T1 for total
percent body fat, abdominal subcutaneous fat, and thigh intermuscular fat. Next we
examined whether baseline associations between F2-isoprostanes and selected measures of
adiposity were explained by adipocytokines (leptin, adiponectin and TNF-α) considered
separately (Table 3). We investigated these patterns among women only, given the general
lack of association between F2-isoprostanes and adiposity among men. The coefficients in
the table represent the amount of change in each measure for each standard deviation
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increase in F2-isoprostanes. Leptin explained a substantial proportion (more than 50%) of
the association between F2-isoprostanes and each adiposity measure, although the
relationship remained significant in each case. TNF-α also attenuated the association,
although its effect was negligible in comparison to leptin. In contrast, adiponectin
strengthened associations suggesting negative confounding. As a result, attenuation by all
three adipocytokines taken together (model 2) was somewhat less than that of leptin alone
for each association.

Lastly, we examined whether baseline F2-isoprostane levels were associated with change in
adiposity over a 5-year period. Women in the highest F2-isoprostane tertile experienced a
significantly greater loss of weight over time than those in the lowest tertile, and a marginal
association was evident for total body fat (kg) (Figure 1). There was a marginally significant
association for abdominal subcutaneous fat in T3 vs. T1 (p=0.07), but no significant
associations were found for other regional adiposity measures. Among men (data not
shown), higher baseline F2-isoprostanes were also associated with loss of BMI and weight,
as well as for thigh subcutaneous fat; however, these associations were significant only for
men in T2 versus T1, indicating a non-linear relationship. Based on pooled models, sex
interactions were found for BMI only at p<0.05.

Discussion
In a diverse community-dwelling sample of older adults, a systematic marker of oxidative
stress, F2-isoprostanes, was found to be positively associated with total and regional
adiposity in women. Among men, a more limited pattern was evident, with significant
relationships found only for total percent body fat. Significant sex interactions between F2-
isoprostanes and most measures of adiposity confirmed that adiposity is more strongly
associated with oxidative stress for older women than older men. Further, adipocytokines lie
in the causal pathway between adiposity and F2-isoprostanes among women, given that a
substantial proportion of associations were mediated by these adipose tissue hormones for
both total and regional measures. Finally, higher baseline F2-isoprostane levels were
associated with a loss of total adiposity over time among women.

In previous studies, oxidative stress, as measured either by isoprostanes or myeloperoxidase
(an oxidative enzyme produced by macrophages), has been found to be positively associated
with measures of total adiposity as well as regional adipose tissue deposits.(17; 18; 21; 22)
This study confirms and extends these findings by examining a wide range of measures of
both total and regional adiposity in men and women using a more sensitive measure of
oxidative stress, plasma F2-isoprostanes. In addition, although some previous studies have
found no sex differences in the association between oxidative stress and measures of
adiposity,(18; 22) we found a significant sex interaction with stronger associations among
women than men for most total and regional adiposity measures included in the analysis.
Differences between the present and prior research may be due to our measurement of
plasma, versus urinary, F2-isoprostanes or to age differences in study samples.

Sex differences found here may be due to greater adipose tissue volume in women than men.
Women in the highest F2-isoprostane tertile had higher mean adiposity than their male
counterparts for BMI and waist circumference, total body fat, and abdominal and thigh
subcutaneous fat. This may indicate a threshold effect, with oxidative stress occurring only
at the higher levels of adiposity found more commonly among women. However, a sex
interaction was also found for weight and for abdominal visceral fat, both of which were
lower on average among women than men by F2-isoprostanes tertile. More research is
needed to identify the sources of sex differences in F2-isoprostane-adiposity associations.
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Although there has been little consideration of mechanistic links between adiposity and
oxidative stress, prior research has established associations between adipose tissue and both
circulating inflammatory biomarkers and urinary isoprostane concentrations.(22) In the
present analysis, leptin, a weight-regulatory hormone, was determined to play a significant
explanatory role in relation to oxidative stress and both total and regional adiposity among
women; we found a nominal mediating effect for TNF-α. Leptin is released into the
circulatory system by adipose tissue, signaling the brain to decrease food intake and increase
energy expenditure to maintain the size of the body fat stores.(26–28) Although leptin
elevation may play an important role in energy balance at leaner weight levels, leptin
insensitivity at higher levels of adiposity,(29) and subsequent excess leptin production, may
have a detrimental effect on oxidative stress among women. Additionally, women have been
found to have markedly higher leptin concentrations than men for any given degree of fat
mass;(30) leptin may thus contribute to sex differences in associations between total and
regional adiposity and F2-isoprostane levels.

We found that adiponectin, an anti-inflammatory adipocytokine, was positively associated
with F2-isoprostanes in both men and women, a novel finding. Despite this positive
association, adiponectin strengthened the association between total and regional adiposity
and F2-isoprostane levels, implying negative confounding. The relationship between
adiponectin and oxidative stress is less studied and more controversial. Some studies have
found no association,(21; 31) and two studies observed an inverse correlation between
adiponectin and urinary isoprostane levels.(20; 32) Interestingly, these latter studies were
both conducted in middle-aged Japanese populations, and one showed significant inverse
associations primarily among those with normal glucose tolerance.(32) Older age is
associated with increased adiponectin levels, and studies in older populations have found a
positive association between adiponectin and heart disease (9; 33) and mortality.(34). This
finding of a positive association between adiponectin and F2-isoprostanes may be related to
the theorized compensatory mechanism that may increase adiponectin levels as a response to
age-related comorbidities such as insulin resistance and heart disease.

Because repeated measures of F2-isoprostanes were unavailable in the survey, we were
unable to assess whether F2-isoprostane levels change over time relative to higher initial
adiposity. However, the analysis found that higher F2-isoprostane levels among women at
baseline were associated with loss of total adiposity over a 5-year period. This finding
suggests a more complex relationship between the two factors than has previously been
established, given that prior studies have been cross-sectional. This negative association may
signal a physiological response to address excess adiposity, and/or a catabolic response to
inflammation that causes adiposity to slowly diminish in older individuals. It is also possible
that the pattern is due to unmeasured confounders, such as comorbidities that cause
unintended loss of adipose tissue in individuals with elevated levels of oxidative stress,
particularly among women in this age group.

Strengths of the study included a diverse, community-based sample; previous studies have
focused mainly on Whites. The data included a wide range of measures of both total and
regional adiposity, which enabled us to establish a consistent association between F2-
isoprostanes and adiposity among women. However, this study was subject to important
limitations. As stated earlier, measures of F2-ispoprostanes were available at baseline only,
which restricted our ability to infer that adiposity results in greater oxidative stress over
time. Given that the sample was limited to older adults, results may not generalize to the
overall adult population or to younger age groups. The sample included only Whites and
Blacks, so findings may not apply to other racial or ethnic populations.
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In conclusion, F2-isoprostanes were associated with measures of total and regional adiposity
in women, and with total percent body fat in men. Associations among women were
partially explained by adipocytokines. F2-isoprostanes predicted loss of total adiposity over
time among women. Higher adipose tissue volume in women may explain sex differences.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Adjusted longitudinal changes in adiposity: higher F2-isoprostanes tertile is associated with
significant loss of weight and total body fat in women.
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Table 1

Baseline associations between F2-isoprostanes tertiles and covariates by sex. Health ABC study (1997–98),
N=726.

MEN:

Tertile 1
n=119

<41.0 pg/ml

Tertile 2
n=122

41.0–57.8 pg/ml

Tertile 3
n=119

>57.8 pg/ml p-value

Demographics:

Age, years b 73.3 (72.8, 73.8) 74.2 (73.7, 74.7) 73.8 (73.3, 74.3) 0.04

Race, n (%):

 White 57 (47.9) 58 (47.5) 64 (53.8) 0.56

 Black 62 (52.1) 64 (52.5) 55 (46.2)

Clinic Site:

 Memphis 59 (49.6) 55 (45.1) 65 (54.6) 0.33

 Pittsburgh 60 (50.4) 67 (54.9) 54 (45.4)

Medication use:

Statin use, n(%) 10 (8.4) 16 (13.1) 17 (14.3) 0.32

Aspirin use, n(%) 47 (39.5) 58 (47.5) 52 (43.7) 0.45

Laboratory measures:

Total cholesterol, mg/dl b 192.1 (186.2, 198.0) 195.5 (189.5, 201.6) 195.1 (189.0, 201.3) 0.68

HDL, mg/dl b 44.5 (42.1, 46.8) 49.5 (47.1, 51.9) 50.2 (47.7, 52.6) 0.002

Triglycerides, mg/dla 120.1 (110.6, 130.3) 117.6 (108.1, 127.8) 128.8 (118.3, 140.2) 0.27

CRP, mg/La 1.8 (1.6, 2.1) 1.8 (1.5, 2.1) 1.6 (1.4, 1.9) 0.72

Adiponectin, μg/mla 6.7 (6.0, 7.4) 8.0 (7.2, 8.9) 9.2 (8.2, 10.2) <0.001

PAI-1, ng/mla 20.6 (18.2, 23.4) 20.7 (18.1 23.5) 22.1 (19.3, 25.2) 0.71

Leptin, ng/mla 5.1 (4.4, 6.0) 5.4 (4.6, 6.4) 7.0 (5.9, 8.3) 0.02

Interleukin-6, pg/mla 1.9 (1.7, 2.1) 2.1 (1.9, 2.3) 2.2 (2.0. 2.5) 0.09

TNF-α, pg/mla 3.2 (2.9, 3.4) 3.3 (3.0, 3.5) 3.6 (3.4, 3.9) 0.01

Comorbid Conditions:

Diabetes (Type 2) 24 (20.2) 23 (18.9) 20 (16.8) 0.80

Hypertension 65 (54.6) 74 (60.7) 84 (70.6) 0.04

Coronary Heart Disease 16 (13.5) 31 (25.4) 37 (31.1) 0.005

WOMEN:

Tertile 1
n=120

<50.6 pg/ml

Tertile 2
n=125

50.6–75.5 pg/ml

Tertile 3
n=121

>75.5 pg/ml p-value

Demographics:

Age, years b 73.1 (72.6, 73.7) 73.6 (73.1, 74.1) 73.9 (73.4, 74.5) 0.11

Race, n (%):

 White 47 (39.2) 59 (47.2) 77 (63.6) <0.001

 Black 73 (60.8) 66 (52.8) 44 (36.4)

Clinic Site:
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WOMEN:

Tertile 1
n=120

<50.6 pg/ml

Tertile 2
n=125

50.6–75.5 pg/ml

Tertile 3
n=121

>75.5 pg/ml p-value

 Memphis 54 (45.0) 64 (51.2) 64 (52.9) 0.43

 Pittsburgh 66 (55.0) 61 (48.8) 57 (47.1)

Medication use:

Statin use, n(%) 10 (8.3) 17 (13.6) 17 (14.1) 0.32

Aspirin use, n(%) 30 (25.0) 51 (40.8) 51 (42.2) 0.009

Laboratory measures:

Total cholesterol, mg/dl b 213.8 (207.2, 220.5) 212.4 (205.7, 219.1) 210.7 (203.9, 217.4) 0.86

HDL, mg/dl b 60.6 (57.5, 63.8) 59.4 (56.3, 62.5) 61.9 (58.7, 65.1) 0.54

Triglycerides, mg/dla 112.1 (103.3, 121.7) 123.3 (113.6, 133.8) 122.1 (112.4, 132.7) 0.20

CRP, mg/La 1.8 (1.6, 2.1) 2.0 (1.7, 2.3) 2.2 (1.9, 2.6) 0.09

Adiponectin, μg/mla 10.5 (9.6, 11.6) 10.1 (9.1, 11.1) 13.1 (11.9, 14.5) <0.001

PAI-1, ng/mla 20.1 (17.5, 23.1) 23.7 (20.7, 27.2) 21.0 (18.3, 24.2) 0.22

Leptin, ng/mla 12.8 (11.2, 14.7) 17.6 (15.3, 20.2) 20.0 (17.4, 23.1) <0.001

Interleukin-6, pg/mla 1.8 (1.6, 2.0) 1.8 (1.6, 2.0) 2.0 (1.8, 2.3) 0.30

TNF-α, pg/mla 2.8 (2.6, 3.0) 3.1 (2.8, 3.3) 3.3 (3.0, 3.7) 0.01

Comorbid Conditions n (%):

Diabetes (Type 2) 22 (18.3) 30 (24.0) 18 (14.9) 0.18

Hypertension 73 (60.8) 87 (69.6) 79 (65.3) 0.35

Coronary Heart Disease 10 (8.3) 18 (14.4) 15 (12.4) 0.33
a
geometric mean (95% CI) presented due to skewness and resulting log transformation

b
regular mean (95% CI)
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