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To investigate the direct relationship of oxidative stress with
obesity and insulin resistance in men, we measured the
plasma levels of 8-epi-prostaglandin F2� (PGF2�) in 14 obese
and 17 nonobese men and evaluated their relationship with
body mass index; body fat weight; visceral, sc, and total fat
areas, measured by computed tomography; and glucose infu-
sion rate during a euglycemic hyperinsulinemic clamp study.

Obese men had significantly higher plasma concentrations
of 8-epi-PGF2� than nonobese men (P < 0.05). The plasma
levels of 8-epi-PGF2� were significantly correlated with body
mass index (r � 0.408; P < 0.05), body fat weight (r � 0.467; P <
0.05), visceral (r � 0.387; P < 0.05) and total fat area (r � 0.359;
P < 0.05) in all (obese and nonobese) men. There was also a

significant correlation between the plasma levels of 8-epi-
PGF2� and glucose infusion rate in obese men (r � �0.552; P <
0.05) and all men (r � �0.668; P < 0.01). In all subjects, the
plasma levels of 8-epi-PGF2� were significantly correlated
with fasting serum levels of insulin (r � 0.487; P < 0.01).

In brief, these findings showed that the circulating levels of
8-epi-PGF2� are related to adiposity and insulin resistance in
men. Although correlation does not prove causation, the re-
sults of this study suggest that obesity is an important factor
for enhanced oxidative stress and that this oxidative stress
triggers the development of insulin resistance in men. (J Clin
Endocrinol Metab 88: 4673–4676, 2003)

CHANGES IN LIFESTYLE and diet have resulted in an
increased number of obese subjects, and obesity is

currently an important causative factor of health-related
problems in Japan (1, 2).

It has been recently reported that F2-isoprostanes are the
most reliable index of lipid peroxidation in humans (3–6);
Davi et al. (7) reported increased urinary levels of 8-iso pros-
taglandin F2� (8-iso PGF2�) in android obese women. How-
ever, there is no report showing a direct relationship of
F2-isoprostane levels with adiposity in men (8).

Oxidative stress has been linked to insulin resistance,
and several clinical trials have demonstrated improve-
ment of insulin sensitivity in insulin-resistant and diabetic
patients treated with antioxidants (9 –12). Gopaul et al. (13)
have previously reported correlation of plasma levels
of 8-epi-PGF2� with insulin resistance evaluated by
homeostasis model assessment (14) in normal, impaired
glucose-tolerant, and type 2 diabetic subjects. However,
the relationship of oxidative stress with insulin resistance
assessed during a euglycemic hyperinsulinemic clamp
study (the clamp study) has not as yet been reported in
men.

In the present study, we measured the plasma levels of
8-epi-PGF2� in obese and nonobese men to investigate the
relationship of oxidative stress with adiposity and insulin
resistance.

Subjects and Methods
Subjects

This study comprised 14 men with obesity [body mass index (BMI) �
25.0] and 17 age-matched nonobese (BMI � 25.0) men (Table 1) (Ref. 1).

BMI was calculated as the body weight (in kilograms) divided by the
square of the height (in meters).

None of the subjects had diabetes mellitus according to the diagnostic
criteria of the American Diabetes Association on the 75-g oral glucose
tolerance test (OGTT) (Trelan G 75, Shimizu, Shimizu, Japan) (15).

There were no subjects with hyperlipidemia (total cholesterol � 5.69,
triglyceride � 1.69), hypertension (blood pressure � 140/90 mm Hg),
hyperuricemia, or smoking history.

None of the subjects were receiving any medication that could affect
insulin levels, insulin sensitivity, or oxidative stress, and they were not
under any regular exercise or dietary therapy before the beginning of
this study.

Informed consent was obtained from all subjects before the beginning
of the study.

Study protocol and methods

Several variables in blood samples, insulin resistance, body fat
weight, body fat distribution, and blood pressure were evaluated in all
subjects. Venous blood was collected at 0800 h after overnight bed rest.
After centrifugation, the plasma and serum samples were separated in
small aliquots and then frozen at �80 C until use.

The plasma levels of free 8-epi-PGF2� were measured using a com-
mercially available enzyme immunoassay kit (Cayman Chemical, Ann
Arbor, MI). Briefly, 50 �l of standard or plasma samples were placed in
a 96-well plate that was precoated with mouse monoclonal antibody
after purification using a C-18 solid phase extraction cartridge. There-
after, 50 �l of 8-isoprostane tracer and 8-isoprostane antiserum were
added to each well and incubated for 18 h at room temperature. After
washing with wash buffer, 200 �l of Ellman’s reagent containing the
substrate of acetylcholinesterase was added. The plates were read at 412
nm, and the values of plasma 8-epi-PGF2� levels were calculated from
a curve drawn using standard concentrations of 8-epi-PGF2�. This assay

Abbreviations: BMI, Body mass index; FFA, free fatty acid(s); GIR,
glucose infusion rate; OGTT, oral glucose tolerance test; PGF2�, pros-
taglandin F2�; ROS, reactive oxygen species.
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showed no significant cross-reactivity with or interference by other
factors (8-iso-PGE2, 2,3-dinor-8-iso-PGF2�, 8-iso-PGE1, PGF1�, PGF3�,
PGE1, PGD2, and PGF2�). The intra- and interassay coefficients of
variation were 7.5 and 9.2%, respectively. The lower detection limit of
the assay was 1.5 pg/ml.

The plasma levels of glucose, and serum levels of total cholesterol,
triglyceride, and high-density lipoprotein cholesterol, and free fatty acid
(FFA) levels were measured by an automated enzymatic method. The
serum levels of vitamin E (�- and �-tocopherol) were measured by
HPLC. Serum insulin was measured using an immunoradiometric assay
kit (Insulin Riabead II kit, Dainabot, Tokyo, Japan). The intra- and
interassay coefficients of variation of the assay were 1.9 and 2.0%, re-
spectively. No significant cross-reactivity or interference was observed
between insulin and proinsulin, C-peptide, glucagon, secretin, and
gastrin-I.

Insulin resistance was evaluated by the euglycemic hyperinsulinemic
clamp technique using an artificial pancreas (Nikkiso STG-22, Tokyo,
Japan) (16–19). At 0800 h, a priming dose of insulin (Humulin R,
Shionogi, Osaka, Japan) was administered during the initial 10 min in
a logarithmically decreasing manner to rapidly raise serum insulin to the
desired level (1200 pmol/liter); this level was then maintained by con-
tinuous infusion of insulin at a rate of 13.44 pmol/kg�min for 120 min.
The mean insulin level from 90–120 min after starting the clamp study
was stable (obese men, 1144.8 � 36.0 pmol/liter; nonobese men, 1089.0 �
53.4 pmol/liter). Blood glucose was monitored continuously and main-
tained at the target clamp level (5.24 mmol/liter) by infusing 10% glu-
cose. The mean amount of glucose given during the last 30 min was
defined as the glucose infusion rate (GIR) and was used as a measure
of peripheral insulin sensitivity.

Body fat weight was measured by bioelectric impedance using a
TBF-101 (Tanita, Tokyo, Japan).

Body fat area was evaluated by a previously described method (20).
At 0800 h, after an overnight fast of 12 h, all patients underwent single
abdominal computed tomography scanning at the umbilical level. Any
intraperitoneal region having the same density as the sc fat layer was
defined as a visceral fat area; this area was measured by tracing object
contours on films using a computerized planimetric method.

In addition, we measured blood pressure in the supine position after
a rest of 5 min.

Statistical methods

Data were expressed as the mean � se. Comparisons between obese
and nonobese subjects were done using the Mann-Whitney U test. Cor-
relations were evaluated by Spearman’s rank correlation. All statistical
analyses were performed with the StatView 4.0 software program (Aba-

cus Concepts, Berkeley, CA) for the Macintosh. P � 0.05 was taken as
statistically significant.

Results

The plasma concentrations of 8-epi-PGF2� were signifi-
cantly increased in obese men compared with nonobese men
(P � 0.05) (Fig. 1).

Obese men showed significant increased values of the
ratio between plasma 8-epi-PGF2� and serum total choles-
terol levels (9.00 � 2.80; P � 0.05) compared with nonobese
men (1.90 � 0.35). No significant differences in the serum
levels of vitamin E were observed between obese and nono-
bese men (Table 1).

The plasma levels of 8-epi-PGF2� were proportionally
correlated with BMI in all (obese and nonobese) subjects (r �
0.408; P � 0.05) (Fig. 2). The plasma levels of 8-epi-PGF2�
were significantly correlated with body fat weight (r � 0.467;
P � 0.05), visceral fat area (r � 0.387; P � 0.05), and total fat
area (r � 0.359; P � 0.05) in all men. There was a significant
correlation between the plasma levels of 8-epi-PGF2� and
GIR in obese subjects (r � �0.552; P � 0.05) and all subjects
(r � �0.668; P � 0.01) (Fig. 3). Significant positive correla-
tions were observed between the plasma levels of 8-epi-
PGF2� (r � 0.487; P � 0.01) or visceral fat area (r � 0.534; P �
0.01) and the serum levels of insulin in all men. No significant
correlations were observed between the plasma levels of
8-epi-PGF2� and serum levels of FFA (r � 0.221; P � 0.23)
or vitamin E (�-tocopherol, r � 0.190, P � 0.30; �-tocopherol,
r � �0.03, P � 0.85) in all men. There was a significant
correlation between the visceral fat area and serum levels of
FFA in all men (r � 0.386; P � 0.05).

Discussion

The present study showed that the plasma levels of 8-epi-
PGF2� are significantly related to adiposity and insulin re-
sistance in men.

Recently, Dandona et al. (21) reported that the ratio of
oxidative damage to lipids, proteins, and amino acids is
increased in obese subjects. Significant decrease in oxidative
stress after dietary restriction and weight loss has also been
reported in obese subjects (7, 21). However, whether the

FIG. 1. Plasma levels of 8-epi-PGF2� in obese (F) and nonobese (E)
men. Plasma levels of 8-epi-PGF2� in obese men were significantly
increased compared with those in nonobese men (P � 0.05).

TABLE 1. Clinical characteristics of the subjects

Nonobese men
(n � 17)

Obese men
(n � 14)

Age (yr) 31.1 � 1.5 35.5 � 1.7
BMI (kg/m2) 21.4 � 0.4 26.9 � 0.6a

Body fat weight (kg) 12.4 � 0.8 22.2 � 1.6a

Visceral fat area (cm2) 72.3 � 9.8 156.9 � 10.4a

Subcutaneous fat area (cm2) 104.7 � 9.0 187.6 � 13.8a

Fasting plasma glucose
(mmol/liter)

5.1 � 0.1 5.1 � 0.2

Fasting serum insulin
(pmol/liter)

25.1 � 2.1 35.3 � 3.8a

GIR (�mol/kg�min) 58.9 � 4.3 45.9 � 2.9a

Total cholesterol (mmol/liter) 4.72 � 0.19 4.92 � 0.14
Triglyceride (mmol/liter) 0.84 � 0.09 1.11 � 0.08
HDL cholesterol (mmol/liter) 1.31 � 0.08 1.19 � 0.07
Serum FFA (mmol/liter) 0.46 � 0.06 0.47 � 0.05
Serum Vitamin E

�-tocopherol (�mol/liter) 25.7 � 1.5 26.2 � 1.2
�-tocopherol (�mol/liter) 3.2 � 0.2 3.7 � 0.5

Systolic blood pressure (mm Hg) 121.1 � 2.1 130.9 � 2.5a

Diastolic blood pressure (mm Hg) 74.0 � 1.6 81.4 � 1.3a

Data are mean � SE. HDL, High-density lipoprotein.
a P � 0.05, nonobese vs. obese men.
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main cause of oxidative stress is overnutrition or adiposity
remains unknown. Nutritional intake may be a major caus-
ative factor of oxidative stress because reactive oxygen spe-
cies (ROS) generation from leukocytes is increased during
OGTT in normal and obese subjects, and it is decreased after
48-h fasting in normal subjects (21–23). Plasma levels of
8-epi-PGF2� are also elevated during OGTT in type 2 dia-
betic patients (5). Measurement of plasma 8-epi-PGF2� levels
in obese subjects before and after dietary restriction or sev-
eral days of fasting and during OGTT may provide infor-
mation to answer the above question.

Oxidative stress has been considered the major mechanism
responsible for endothelial dysfunction in human obesity,
endothelial dysfunction being the early event in the patho-
genesis of atherosclerosis (24, 25). Endothelial dysfunction
may occur by reduced bioavailability of nitric oxide, and this
mainly depends on the balance between nitric oxide pro-
duction and its reaction with ROS. Cytokines released from
adipose tissue and low-density lipoprotein, as well as ab-
normalities in the renin-angiotensin system, may be the po-
tential causative factors of ROS-mediated endothelial dys-
function in obese subjects. However, the direct relationship

between adiposity and oxidative stress has not been evalu-
ated as yet in the previous studies (24, 25). Regarding this
point, the results of our present study are clinically relevant
because a clear and direct correlation between oxidative
stress and obesity was observed.

Several studies have shown correlation between hyperin-
sulinemia and free radical production in human fat cells and
rats (26–28). In the present study, there was a significant
correlation between fasting insulin concentration and 8-epi-
PGF2�. This suggests that hyperinsulinemia and insulin re-
sistance may play a role in the pathogenesis of oxidative
stress. On the other hand, it was previously reported that
insulin exerts a potent antiinflammatory effect and that it
reduces ROS generation by mononuclear cells in obese sub-
jects (29). Shamir et al. (30) reported insulin-mediated reduc-
tion of oxidative stress in apolipoprotein E-deficient mice.
These observations suggest that insulin may have a protec-
tive role against increased oxidative stress.

Previous studies have demonstrated that FFA induces in-
creased oxidative stress (2, 31–33). In muscles, it is believed
that increased FFA enhances diacylglycerol synthesis and
activates protein kinase C by enhancing generation of long-
chain fatty acyl CoA; activation of these signal pathways
leads to ROS generation and activation of nuclear factor-�B
(31). In the present study, the serum levels of FFA were not
correlated with the plasma levels of 8-epi-PGF2�. We found
that both obese and nonobese have similar circulating levels
of FFA, which is not usual (34). Measurement of circulating
levels of FFA may be a very crude marker of FFA generation,
and this may explain these discordant results.

Recently, a great body of studies has reported that oxida-
tive stress is linked to insulin resistance (3, 9, 12, 35–37). The
results of our present study support these previous findings.
The results of our present study are of clinical significance
because a reliable marker of oxidative stress was measured
and insulin resistance was evaluated by the clamp study,
which is the gold standard method. However, correlation
does not prove causation. Administration of antioxidants to
obese subjects may be useful for clarifying the cause and
effect relationship.

In brief, the present study showed for the first time that the
circulating level of 8-epi-PGF2� is associated with adiposity
and insulin resistance in men. These findings suggest that
obesity is an important factor for enhanced oxidative stress
and that this oxidative stress triggers the development of
insulin resistance in men.

Acknowledgments

Received February 7, 2003. Accepted July 22, 2003.
Address all correspondence and requests for reprints to: Yasuhiro

Sumida, M.D., Third Department of Internal Medicine, Mie University
School of Medicine, 2-174 Edobashi, Tsu, Mie 514-8507, Japan. E-mail:
sumidaya@clin.medic.mie-u.ac.jp.

H.U. and A.K. contributed equally to the completion of this
investigation.

References

1. Examination Committee of Criteria for Obesity Disease in Japan, Japan
Society for the Study of Obesity 2002 New criteria for obesity disease in Japan.
Circ J 66:987–992

FIG. 2. Correlation between the plasma levels of 8-epi-PGF2� and
BMI in all (obese and nonobese) men. A significant positive correla-
tion was observed between the plasma levels of 8-epi-PGF2� and BMI
(r � 0.408; P � 0.05). Nonobese men, E; obese men, F.

FIG. 3. Correlation between the plasma levels of 8-epi-PGF2� and
GIR in all (obese and nonobese) men. A significant negative correla-
tion was observed between the plasma levels of 8-epi-PGF2� and GIR
(r � �0.668; P � 0.01). Nonobese men, E; obese men, F.

Urakawa et al. • Oxidative Stress, Adiposity, and Insulin Resistance in Men J Clin Endocrinol Metab, October 2003, 88(10):4673–4676 4675

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/10/4673/2845741 by guest on 16 August 2022



2. Evans JL, Goldfine ID, Maddux BA, Grodsky GM 2002 Oxidative stress and
stress-activated signaling pathways: a unifying hypothesis of type 2 diabetes.
Endocr Rev 23:599–622

3. Gopaul NK, Anggard EE, Mallet AI, Betteridge DJ, Wolff SP, Nourooz-
Zadeh J 1995 Plasma 8-epi-PGF2� levels are elevated in individuals with
non-insulin dependent diabetes mellitus. FEBS Lett 368:225–229

4. Morrow JD, Frei B, Longmire AW, Gaziano JM, Lynch SM, Shyr Y, Strauss
WE, Oates JA, Roberts 2nd LJ 1995 Increase in circulating products of lipid
peroxidation (F2-isoprostanes) in smokers: smoking as a cause of oxidative
damage. N Engl J Med 332:1198–1203

5. Sampson MJ, Hughes DA, Gopaul N, Carrier MJ, Davies IR 2002 Plasma F2
isoprostanes: direct evidence of increased free radical damage during acute
hyperglycemia in type 2 diabetes. Diabetes Care 25:537–541

6. Katsuki A, Sumida Y, Urakawa H, Gabazza EC, Maruyama N, Morioka K,
Kitagawa N, Hori Y, Nakatani K, Yano Y, Adachi Y 2003 Increased oxidative
stress is associated with elevated plasma levels of adrenomedullin in hyper-
tensive patients with type 2 diabetes mellitus. Diabetes Care 26:1642–1643

7. Davi G, Guagnano MT, Ciabattoni G, Basili S, Falco A, Marinopiccoli M,
Nutini M, Sensi S, Patrono C 2002 Platelet activation in obese women: role of
inflammation and oxidant stress. JAMA 288:2008–2014

8. Ozata M, Mergen M, Oktenli C, Aydin A, Sanisoglu SY, Bolu E, Yilmaz MI,
Sayal A, Isimer A, Ozdemir IC 2002 Increased oxidative stress and hypozin-
cemia in male obesity. Clin Biochem 35:627–631

9. Evans JL, Goldfine ID, Maddux BA, Grodsky GM 2003 Are oxidative stress-
activated signaling pathways mediators of insulin resistance and �-cell dys-
function? Diabetes 52:1–8

10. Jacob S, Ruus P, Hermann R, Tritschler HJ, Maerker E, Renn W, Augustin
HJ, Dietze GJ, Rett K 1999 Oral administration of RAC-�-lipoic acid modulates
insulin sensitivity in patients with type 2 diabetes mellitus: a placebo-
controlled pilot trial. Free Radic Biol Med 27:309–314

11. Hirai N, Kawano H, Hirashima O, Motoyama T, Moriyama Y, Sakamoto T,
Kugiyama K, Ogawa H, Nakao K, Yasue H 2000 Insulin resistance and
endothelial dysfunction in smokers: effects of vitamin C. Am J Physiol Heart
Circ Physiol 279:H1172–H1178

12. Hirashima O, Kawano H, Motoyama T, Hirai N, Ohgushi M, Kugiyama K,
Ogawa H, Yasue H 2000 Improvement of endothelial function and insulin
sensitivity with vitamin C in patients with coronary spastic angina: possible
role of reactive oxygen species. J Am Coll Cardiol 35:1860–1866

13. Gopaul NK, Manraj MD, Hebe A, Lee Kwai Yan S, Johnston A, Carrier MJ,
Anggard EE 2001 Oxidative stress could precede endothelial dysfunction and
insulin resistance in Indian Mauritians with impaired glucose metabolism.
Diabetologia 44:706–712

14. Matthews D, Hosker J, Rudenski A, Naylor B, Treacher D, Turner R 1985
Homeostasis model assessment: insulin resistance and �-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia 28:
412–419

15. The Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus 1997 Report of the Expert Committee on the Diagnosis and Classi-
fication of Diabetes Mellitus. Diabetes Care 20:1183–1197

16. DeFronzo RA, Tobin JD, Andres R 1979 Glucose clamp technique: a method
for quantifying insulin secretion and resistance. Am J Physiol 237:E214–E223

17. Kawamori R, Morishima T, Ikeda M, Kubota M, Kubota M, Kishimoto M,
Shiba Y, Matsuhisa M, Kodama M, Watarai T, Kamada T 1994 Effect of strict
metabolic control on glucose handling by the liver and peripheral tissues in
non-insulin-dependent diabetes mellitus. Diabetes Res Clin Pract 23:155–161

18. Katsuki A, Sumida Y, Gabazza EC, Murashima S, Furuta M, Araki-Sasaki
R, Hori Y, Yano Y, Adachi Y 2001 Homeostasis model assessment is a reliable
indicator of insulin resistance during follow-up of patients with type 2 dia-
betes. Diabetes Care 24:362–365

19. Katsuki A, Sumida Y, Urakawa H, Gabazza EC, Murashima S, Morioka K,

Kitagawa N, Takashi T, Araki-Sasaki R, Hori Y, Nakatani K, Yano Y, Adachi
Y 2002 Neither homeostasis model assessment nor quantitative insulin sen-
sitivity check index can predict insulin resistance in elderly patients with
poorly controlled type 2 diabetes mellitus. J Clin Endocrinol Metab 87:5332–
5335

20. Tokunaga K, Matsuzawa Y, Ishikawa K, Tarui S 1983 A novel technique for
the determination of body fat by computed tomography. Int J Obes 7:437–445

21. Dandona P, Mohanty P, Ghanim H, Aljada A, Browne R, Hamouda W,
Prabhara A, Afzal A, Garg R 2001 The suppressive effect of dietary restriction
and weight loss in the obese on the generation of reactive oxygen species by
leukocytes, lipid peroxidation, and protein carbonylation. J Clin Endocrinol
Metab 86:355–362

22. Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona P 2000
Glucose challenge stimulates reactive oxygen species (ROS) generation by
leucocytes. J Clin Endocrinol Metab 85:2970–2973

23. Dandona P, Mohanty P, Hamouda W, Ghanim H, Aljada A, Garg R, Kumar
V 2001 Inhibitory effect of a two day fast on reactive oxygen species (ROS)
generation by leucocytes and plasma ortho-tyrosine and meta-tyrosine con-
centrations. J Clin Endocrinol Metab 86:2899–2902

24. Williams IL, Wheatcroft SB, Shah AM, Kearney MT 2002 Obesity, athero-
sclerosis and the vascular endothelium: mechanisms of reduced nitric oxide
bioavailability in obese humans. Int J Obes Relat Metab Disord 26:754–764

25. Perticone F, Ceravolo R, Candigliota M, Ventura G, Iacopino S, Sinopoli F,
Mattioli PL 2001 Obesity and body fat distribution induce endothelial dys-
function by oxidative stress: protective effect of vitamin C. Diabetes 50:159–165

26. Krieger-Brauer HI, Kather H 1992 Human fat cells possess a plasma mem-
brane-bound H2O2-generating system that is activated by insulin via a mech-
anism bypassing the receptor kinase. J Clin Invest 89:1006–1013

27. DeFronzo RA, Ferrannini E 1991 Insulin resistance: a multifaceted syndrome
responsible for NIDDM, obesity, hypertension and atherosclerotic cardiovas-
cular disease. Diabetes Care 14:173–194

28. Habib MP, Dickerson FD, Mooradian AD 1994 Effect of diabetes, insulin and
glucose load on lipid peroxidation in the rat. Metabolism 43:1442–1445

29. Dandona P, Aljada A, Mohanty P, Ghanim H, Hamouda W, Assian E, Ahmad
S 2001 Insulin inhibits intranuclear nuclear factor �B and stimulates I�B in
mononuclear cells in obese subjects: evidence for an anti-inflammatory effect?
J Clin Endocrinol Metab 86:3257–3265

30. Shamir R, Shehadeh N, Rosenblat M, Eshach-Adiv O, Coleman R, Kaplan
M, Hamoud S, Lischinsky S, Hayek T 2003 Oral insulin supplementation
attenuates atherosclerosis progression in apolipoprotein E-deficient mice. Ar-
terioscler Thromb Vasc Biol 23:104–110

31. Itani SI, Ruderman NB, Schmieder F, Boden G 2002 Lipid-induced insulin
resistance in human muscle is associated with changes in diacylglycerol, pro-
tein kinase C, and I�B-�. Diabetes 51:2005–2011

32. Pleiner J, Schaller G, Mittermayer F, Bayerle-Eder M, Roden M, Wolzt M
2002 FFA-induced endothelial dysfunction can be corrected by vitamin C.
J Clin Endocrinol Metab 87:2913–2917

33. Paolisso G, Giugliano D 1996 Oxidative stress and insulin action: is there a
relationship? Diabetologia 39:357–363

34. Reaven GM, Hollenbeck C, Jeng CY, Wu MS, Chen YD 1988 Measurement
of plasma glucose, free fatty acid, lactate, and insulin for 24 h in patients with
NIDDM. Diabetes 37:1020–1024

35. Paolisso G, D’Amore A, Volpe C, Balbi V, Saccomanno F, Galzerano D,
Giugliano D, Varricchio M, D’Onofrio F 1994 Evidence for a relationship
between oxidative stress and insulin action in non-insulin-dependent (type 2)
diabetic patients. Metabolism 43:1426–1429

36. Kyriakis JM, Avruch J 1996 Sounding the alarm: protein kinase cascades
activated by stress and inflammation. J Biol Chem 271:24313–24316

37. Adler V, Yin Z, Tew KD, Ronai Z 1999 Role of redox potential and reactive
oxygen species in stress signaling. Oncogene 18:6104–6111

4676 J Clin Endocrinol Metab, October 2003, 88(10):4673–4676 Urakawa et al. • Oxidative Stress, Adiposity, and Insulin Resistance in Men

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/88/10/4673/2845741 by guest on 16 August 2022


