
1

ORIGINAL WORKS   •   Peripheral artery disease and oxidative stress in diabetes mellitus and dyslipidemias

Acta Med Colomb 2019; 44
DOI: https://doi.org/10.36104/amc.2019.1257
ActA MédicA coloMbiAnA Vol. 44  n°3  ~  July-SepteMber 2019

originAl WorkS

Abstract
Introduction: Peripheral artery disease (PAD) is mainly caused by atherosclerosis but also in-

volves hyperglycemia and dyslipidemia, which trigger oxidative stress and lead to vascular damage.
Objectives: To determine the prevalence of PAD in patients with type 2 diabetes mellitus (DM2) 

and/or prediabetes and/or dyslipidemia, to identify some risk factors and to establish whether urinary 
levels of 8-isoprostane-f2α (an oxidative stress marker) are elevated in patients with PAD.

Design: A cross-sectional, nonprobabilistic, convenience sampling study.
Materials and methods: The sample included 146 patients with DM2 and/or prediabetes and/

or dyslipidemias from the Universidad Nacional de Colombia.
Risk factors, symptoms related to PAD, ankle-brachial index measurement and biochemical 

variables (HbA1c%, fasting blood glucose, lipid profile, creatinine and albuminuria) were recorded. 
Urine levels of 8-isoprostane-f2α were determined by ELISA. The 8-iso-PGF2α/creatine concen-
tration were analyzed using the statistical package R. Risk factors were compared using ANOVA/
Kruskal-Wallis. ROC curves were generated to analyze the discriminant power of the biomarkers. 
The joint analysis of laboratory results and risk factors was performed using multivariate logistic 
regressions.

Results: PAD was identified in 10 diabetic patients. Risk factors were smoking, dyslipid-
emia, poor metabolic control, overweight or obesity. There was no evidence of increased urinary 
8-isoprostane-f2α in these subjects.

Conclusions: A low prevalence of PAD was found in subjects with DM2. There was no evidence 
of increased 8-isoprostane-f2α measured by ELISA in patients with PAD. The extension of the study 
with different markers of oxidative stress and the use of other techniques is recommended (Acta 
Med Colomb 2019; 44. DOI: https://doi.org/ 10.36104/amc.2019.1257).
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Background
Peripheral artery disease (PAD) affects approximately 12 

million people in the United States (1). The most important 
risk factors for developing the disease are type 2 diabetes 
mellitus (T2D) and smoking (2-4). The clinical picture 
of PAD varies from the absence of symptoms to classic 
claudication (5-7). The diagnosis can be made by multiple 
methods; the most cost-effective index is the ankle-brachial 
index (ABI) (8, 9). PAD is mainly caused by atherosclerosis, 
the pathogenesis of which is mediated by multiple molecules 
and signaling pathways (10-12). Hyperglycemia causes an 

overproduction of free radicals and reactive oxygen species 
(ROS) and the formation of advanced end-glycation products 
that cause endothelial damage (13-15). ROS also interact 
with cell membrane lipids, leading to lipid peroxidation 
and increasing the formation of 8-isoprostane-f2α (8-iso-
PGF2α). Elevated concentrations of LDL cholesterol 
(LDL-c) favor the development of atherosclerotic plaques 
via the oxidation of LDL (LDLox), which is involved 
in processes related to the production of ROS and the 
expression of pro-inflammatory genes (16). Efforts have 
been made to measure oxidative stress using biomarkers; 
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8-isoprostane-f2α has the advantage of being quantifiable 
in casual urine (17).

Justification
Patients with DM2 have a two to three times greater risk 

of suffering from PAD (2), and this risk can lead to severe 
complications such as pressure ulcers and amputation (18), 
which is why early diagnosis is important. In Colombia, to 
our knowledge, there is no study on the prevalence of PAD in 
the diabetic and/or dyslipidemic populations. Multiple stud-
ies have associated DM2 and dyslipidemia with increased 
oxidative stress (19) and PAD (20, 21). Several biomarkers 
have been used to measure oxidative stress, one of which is 
quantifiable 8-iso-PGF2α (17) in urine. It is of great interest 
to establish the prevalence of PAD and its relationship with 
metabolic control, body mass index (BMI) and oxidative 
stress, determined by urinary measurement of 8-iso-PGF2α, 
in patients in a program for the prevention of complications 
of diabetes mellitus and dyslipidemia offered by the Faculty 
of Medicine of the National University of Colombia (inter-
disciplinary team consisting of a physician, nutritionist and 
physiotherapist). Efforts to identify possible risk factors 
and events associated with the presence of PAD are also 
being made. The understanding of these relationships could 
advance the prevention and treatment of complications in 
diabetic patients and/or patients with dyslipidemia.

Materials and Methods
After the patients signed the informed consent form, the 

following measurements were recorded: body mass index 
(BMI kg/m2), waist circumference (cm) and blood pressure 
(mmHg). An OMRON® scale, Health o Meter® height 
rod, 3M Littman® stethoscope, Welchallyn® tensiometer 
and Huntleigh® Doppler system were used. An instrument 
designed to detect PAD risk factors was administered; the 
instrument included items pertaining to pathology and family 
history, habits (consumption of alcohol and cigarettes and 
physical activity levels), symptoms related to PAD (pain in 
the lower limbs while walking, standing or sitting; pain or 
the absence of it when stopping walking), atypical symptoms 
(pain in the thigh or buttock, erectile dysfunction, paresthe-
sia in the extremities), physical examination (identification 
of ulcers and neurological examination with a tuning fork, 
monofilament and reflex hammer) and the measurement of 
ABI, for which systolic blood pressure was determined with 
a Doppler system and tensiometry in the brachial artery and 
the dorsalis pedis and posterior tibial arteries (22). Glycated 
hemoglobin (HbA1c), fasting blood glucose, triglycerides, 
total cholesterol, high-density cholesterol (HDL-c), LDL-c 
(calculated according to the Friedewald formula), creati-
nine and albuminuria were evaluated at every follow-up in 
the laboratory of the Health Services Unit of the National 
University of Colombia (Unisalud). Before the ABI deter-
mination, urine was collected and separated into 2 aliquots 
that were stored at -80 °C until analysis for subsequent 

determination of creatinuria by the colorimetric method 
and of levels of 8-iso-PGF2α by ELISA according to the 
manufacturers (Cell Biolabs).

Type of study. The study had a cross-sectional, nonproba-
bilistic, convenience sampling design and used descriptive 
tools to explore the behavior of the phenomenon, such as 
the correlation of variables with various demographic and 
thematic domains.

Sample size. The sample studied included 146 patients 
with DM2 and/or prediabetes and/or dyslipidemias who were 
treated at the Health Services Unit of the National University 
of Colombia (Unisalud) and participated in a program for 
the prevention of complications of diabetes mellitus and 
dyslipidemia offered by the Faculty of Medicine of the 
National University of Colombia. Patients attend periodi-
cally (every three months) under medical supervision at the 
School of Medicine.

Inclusion criteria. Users of Unisalud who were men or 
women older than 18 years with DM2 and/or prediabetes 
diagnosed according to the criteria of the American Diabetes 
Association (ADA) and/or dyslipidemia according to the 
criteria of the American Association of Clinical Endocri-
nologists (AACE).

Exclusion criteria. Active autoimmune disease, active 
neoplasia, psychiatric disorders being treated with medica-
tion, pregnancy.

Statistical analysis. Data and concentration results of the 
biomarker (8-iso-PGF2α/creatinuria) were analyzed using 
the statistical package R. The comparison and study of the 
different risk factors were analyzed by ANOVA/Kruskal-
Wallis tests. ROC curves were generated to analyze the 
discriminant power of the biomarker. Multivariate logistic 
regressions were performed for the joint analysis of the 
different laboratory results and risk factors. When the dif-
ferences between variables met the 95% confidence criterion 
(p<0.05), they were considered statistically significant.

Ethical considerations. The present project complied 
with the ethical principles for medical research on humans 
established by the World Medical Association in its Declara-
tion of Helsinki. Furthermore, it was evaluated and approved 
by the Ethics Committee of the School of Medicine of the 
National University of Colombia.

Results. The general characteristics of the 146 subjects 
are shown in Table 1.

After the ABI analysis, 10 subjects with ABI less than 0.9 
were found. These patients had DM2; therefore, the preva-
lence of PAD in subjects with DM2 was 8.7%. Thirty-three 
percent of the 115 subjects with DM2 had poor metabolic 
control, with an HbA1c>7%; regarding LDL-c, 46% of the 
diabetic subjects had good control of dyslipidemia. Of the 
subjects with coronary artery disease, 21% had poor meta-
bolic control (HbA1c>7%), and 17% had LDL-c within the 
recommended target (<70 mg/dL). Of the 146 subjects, 47% 
were overweight, and 21% were obese. The 10 patients with 
PAD, three women and seven men aged between 69 and 85 
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years, presented with T2DM and dyslipidemia. One of the 
10 subjects smoked, three showed intermittent claudica-
tion, and three showed poor metabolic control. Nine of the 
subjects with PAD had a BMI>25 kg/m2. Risk factors for 
PAD were smoking, OR 1.51 (CI 0.18, 13); dyslipidemia, 
OR 1.62 (CI 0.2, 13.42), and poor metabolic control, OR 
1.04 (CI 0.26, 4.22); having a BMI>25 kg/m2 increased the 
risk of PAD by four times. Finally, physical activity was 
found to be a protective factor against PAD, with an OR of 
0.41 (CI 0.1, 1.73).

8-iso-PGF2α was measured in the 10 patients with PAD 
(diagnosed according to an ABI<0.9) and in 30 selected 
patients from the initial sample who were classified into 
four groups according to metabolic control, age and history 
of coronary artery disease (23; 29). The results are shown 
in Table 2.

None of the subjects showed an abnormal 8-iso-PGF2α/
creatinine ratio, i.e., greater than 0.86 pg/mg. When the 
different groups were compared, no statistically significant 
difference was found (p=0.759).

The results for group 4 (subjects with good metabolic 
control, without coronary heart disease and without PAD) 
were compared with those of the other groups, and no sig-
nificant differences were found (Table 3).

Discussion
The prevalence of peripheral artery disease found in the 

present study was lower than that described in the North 
American, Australian, Belgian, Costa Rican and Mexican 
populations (1, 25-28). There are no prevalence data in Co-
lombia; however, this can be considered a pilot study (29). 
The patients in the study received regular medical check-ups, 
which facilitated the identification of limitations that hinder 
adherence to management and metabolic control; therefore, 
the prevalence of PAD in this group could be lower than that 
of other groups without regular follow-up. In this study, 67% 
of the diabetic patients were within HbA1c targets. This is 

Table 1. General characteristics of the study population.

General characteristics Number of patients (%)

Total 146 (100)

Females 72 (49)

Males 74 (50)

Age 40-60 years 15 (10)

Age 60-70 years 51 (35)

Age 70-90 years 79 (54)

Age 90-100 years 1 (0.6)

Type 2 diabetes mellitus 115 (78)

Prediabetes 29 (19)

Dyslipidemia 127 (86)

Systemic hypertension 85 (60)

Heart disease 23 (15)

BMI 20-24.9 kg/m² 38 (26)

BMI 25-29.9 kg/m² 69 (47)

BMI 30-34.9 kg/m² 31 (21)

BMI 35-39.9 kg/m² 7 (4)

LDL-c less than 100 mg/dL 81 (55)

LDL-c 100 -159 mg/dL 53 (36)

LDL-c 160 -189 mg/dL 10 (6)

BMI: body mass index (kg/m2); LDL-c  (low-density cholesterol)

Table 2. F2-ISoPs/creatinine ratios (pg/mg) by group.

Group

Group 1
with PAD

Group 2
Poor 

metabolic 
control,
no heart 

disease, >65 
years

Group 3
Poor 

metabolic 
control,
no heart 

disease, <65 
years

Group 
4 Good 

metabolic 
control,
no heart 

disease, >65 
years

Group 5 Good 
metabolic control, 
heart disease, >65 

years

Subtotal

F2-ISoPs/
creatinine 
ratio
(pg/mg)

Mean 0.0102 0.0241 0.0159 0.0209 0.0029 0.0148

Standard deviation 0.0273 0.0579 0.0351 0.0497 0.0033 0.0383

Maximum 0.088 0.1671 0.0953 0.1434 0.0098 0.1671

95th percentile 0.088 0.1671 0.0953 0.1434 0.0098 0.1193

Median 0.0013 0.0023 0.0022 0.0017 0.0013 0.0018

5th percentile 0.0005 0.0009 0.001 0.0009 0.0007 0.0007

Minimum 0.0005 0.0009 0.001 0.0009 0.0007 0.0005

in agreement with the UKPDS study (30), in which good 
glycemic control was associated with a decreased risk of 
macrovascular complications. Likewise, a systematic re-
view and meta-analysis of the University of Bern found that 
better glycemic control in patients with DM1 and DM2 is 
associated with a decrease in the incidence of macrovascu-
lar events, especially PAD and stroke (31). Smoking habits 
were noted in the patients with PAD; although the intensity 
and duration of smoking were not investigated, it has been 
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Table 3. Statistical significance of the comparison of the F2-ISoPs/creatinine ratio (pg/
mg) between the groups.

Comparison groups P value

Group 4 Group 1 0.3

Group 4 Group 2 0.453

Group 4 Group 3 0.412

Group 4 Group 5 0.171

found that the prevalence and incidence of PAD is higher 
in patients with high tobacco consumption and prolonged 
exposure time (32-35). The majority of the patients with 
PAD had a BMI>25. A study with a Chinese population 
observed that the increase in BMI was directly related to the 
presence of PAD (35). Obese patients show elevated levels 
of triglycerides and circulating free fatty acids, which have 
been associated with increased production of free radicals 
(37). In a group of obese diabetic patients from Iran, an in-
crease in the plasma concentration of 8-iso-PGF2α measured 
by ELISA was observed (38). All patients with PAD in this 
study had DM2 and dyslipidemia. T2DM and dyslipidemia 
increase oxidative stress and increase the risk of PAD (11, 
12, 39). 8-iso-PGF2α, the most abundant marker of its class 
and a good biological marker of oxidative stress, also has 
the advantage of being quantifiable in a urine sample. No 
increase in 8-iso-PGF2α was found in the patients with 
PAD, and no statistically significant differences between 
the patients with PAD and the other groups. Several factors 
could explain this result: ELISA was used for its quantifica-
tion, while other studies used liquid or gas chromatography 
coupled with mass spectrometry (40, 41). In addition, urinary 
concentrations may be different than plasma concentrations 
because in urine, only free forms are measured (42).

Conclusions
A low prevalence of PAD was found in patients with 

DM2 from a program for the prevention of complications of 
DM2 and dyslipidemia offered by the School of Medicine of 
a Colombian university. This low prevalence may be due to 
the periodic monitoring of patients. Regular monitoring by 
an interdisciplinary group composed of a doctor, nutrition-
ist and physiotherapist seems to have a favorable effect on 
modifiable risk factors. There was no evidence of increased 
urinary levels of an oxidative stress marker, 8-iso-PGF2α, 
as measured by ELISA in patients with PAD. Extension of 
the study with other markers of oxidative stress and the use 
of techniques such as liquid or gas chromatography coupled 
with mass spectrometry is recommended.

References
1. Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral arterial 

disease in the United States: Results from the National Health and Nutrition 
Examination Survey, 1999-2000. Circulation [Internet]. 2004 [citado el 15 
de mayo de 2018] ;110(6):738-743. Disponible en: https://www.ahajournals.

org/doi/10.1161/01.CIR.0000137913.26087.F0?url_ver=Z39.88-2003&rfr_
id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&

2. Thiruvoipati T, Kielhorn CE, Armstrong EJ. Peripheral artery disease in pa-
tients with diabetes: Epidemiology, mechanisms, and outcomes. World J Diabetes. 
2015;6(7):961-969

3. Criqui MH, Aboyans V. Epidemiology of Peripheral Artery Disease. Circ Res 
[Internet]. 2015 [citado el 17 de mayo de 2018];116(9):1509-1526. Disponible 
en: https://www.ahajournals.org/doi/abs/10.1161/circresaha.116.303849

4. Malone M, Lau NS, White J, et al. The effect of diabetes mellitus on costs and 
length of stay in patients with peripheral arterial disease undergoing vascular 
surgery. Eur J Vasc Endovasc Surg. 2014;48(4):447-451

5.	 Bailey	MA,	Griffin	KJ,	Scott	DJA. Clinical Assessment of Patients with Pe-
ripheral Arterial Disease. Seminars in Interventional Radiology [Internet]. 2014 
[citado el 2 de junio de 2018]; 31(4):292-299. Disponible en: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4232424/

6. Khawaja FJ, Kullo IJ. Novel markers of peripheral arterial disease. Vasc Med. 
2009;14(4):381-392

7. Mohler ER. Therapy insight: peripheral arterial disease and diabetes—frompatho-
genesis to treatment guidelines. Nat Clin Pract Cardiovasc Med. 2007;4(3):151-
162.

8. Solomon CG, Kullo IJ, Rooke TW. Peripheral Artery Disease. N Engl J Med. 
2016;374(9):861-87. 

9. Bluro, Ignacio M.Consenso de enfermedad vascular periférica: Versión resumida. 
Rev. argent. Cardiol [Internet].2015 [citado el 14 de julio de 2018]; 83(5), 461-486. 
Disponible en: http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1850-
37482015000500021&lng=es&tlng=es.

10. Krishna S, Moxon J, Golledge J. A review of the pathophysiology and potential 
biomarkers for peripheral artery disease. Int J Mol Sci [Internet]. 2015 [citado el 
10 de junio de 2018];16(5):11294-11322. Disponible en: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4463701/

11. Sena CM, Pereira AM, Seia R. Endothelial dysfunction - A major mediator of 
Diabetic vascular disease. Biochim Biophys Acta - Mol Basis Dis [Internet]. 2013 
[citado el 10 de junio de 2018];1832(12):2216-2231. Disponible en: https://www.
sciencedirect.com/science/article/pii/S0925443913002718?via%3Dihub

12. Brownlee M. The pathobiology of diabetic complications: A unifying mecha-
nism. Diabetes [Internet]. 2005 [citado el 10 de junio de 2018];54(6):1615-1625. 
Disponible en: http://diabetes.diabetesjournals.org/content/54/6/1615.long

13. Chilelli NC, Burlina S, Lapolla A. AGEs, rather than hyperglycemia, are respon-
sible for microvascular complications in diabetes: A “glycoxidation-centric” point 
of view. Nutr. Metab. Cardiovasc. Dis. 2013;23(10):913–919.

14. Lubrano V, Balzan S. LOX-1 and ROS, inseparable factors in the process of 
endothelial damage. Free Radic Res. 2014;48(8):841-848

15. Nowotny K, Jung T, Höhn A, Weber D, Grune T. Advanced glycation end 
products and oxidative stress in type 2 diabetes mellitus. Biomolecules [Internet]. 
2015 [citado el 11 de junio de 2018];5(1):194–222. Disponible en: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4384119/ 

16. Perrotta I, Aquila S. The role of oxidative stress and autophagy in atherosclero-
sis. Oxid Med Cell Longev [Internet]. 2015 [citado el 12 de junio de 2018]; 1-10. 
Disponible en: https://www.hindawi.com/journals/omcl/2015/130315/

17. Basu, S. F2-Isoprostanes in Human Health and Diseases: From Molecular 
Mechanisms to Clinical Implications. Antioxidants & Redox Signaling.2008; 
10(8), 1405–1434.

18. Lau JF, Weinberg MD, Olin JW. Peripheral artery disease. Part 1: clinical 
evaluation and noninvasive diagnosis. Nat Rev Cardiol. 2011;8(7):405-418.

19. Roberts CK, Won D, Pruthi S, Lin SS, Barnard RJ. Effect of a diet and exercise 
intervention on oxidative stress, inflammation and monocyte adhesion in diabetic 
men. Diabetes Res Clin Pract. 2006;73(3):249-259

20. Dichi I, Wadner J, Colado Simao AN. Dyslipidemia and atherosclerosis. In: Role 
of Oxidative Stress and Chronic Diseases. Primera edición. CRC Press; 2014. p. 
139-141

21. Dichi I, Wadner J, Colado Simao AN. Dyslipidemia and atherosclerosis. In: Role 
of Oxidative Stress and Chronic Diseases. First. CRC Press; 2014. p. 137-139

22. Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, 
Drachman DE, et al. AHA/ACC guideline on the management of patients with 
lower extremity peripheral artery disease: executive summary: a report of the 
american college of cardiology/american heart association task force on clinical 
practice guidelines. In: Circulation. 2016; 135:e686–e725.

23. Perrone P, Chiariello M. Coronary artery disease and intermittent claudication: 
how to manage the patient. European Heart Journal Supplements [Internet]. 2002 
[citado el 20 de junio de 2018]; 4, 58-62. Disponible en: https://academic.oup.
com/eurheartjsupp/article/4/suppl_B/B58/470623

24. Munzel T,Gori T, Bruno R, Taddei S. Is oxidative stress a therapeutic target in 
cardiovascular disease? European Heart Journal. 2010; 31, 2741–2749.



5

ORIGINAL WORKS   •   Peripheral artery disease and oxidative stress in diabetes mellitus and dyslipidemias

Acta Med Colomb 2019; 44
DOI: https://doi.org/10.36104/amc.2019.1257

25. Norman PE, Eikelboom JW, Hankey GJ. Peripheral arterial disease: Prognos-
tic significance and prevention of atherothrombotic complications. Med J Aust. 
2004;181(3):150-154. 

26. Bergiers S, Vaes B, Degryse J. To screen or not to screen for peripheral arterial 
disease in subjects aged 80 and over in primary health care: a cross-sectional 
analysis from the BELFRAIL study. BMC Fam Pract. 2011;12(39):39.

27. Quiróz Meza G, Salazar Nassar J, Castillo Rivas J. Atención de los pacientes 
con enfermedad arterial periférica en los hospitales de la Caja Costarricense 
de Seguro Social. Acta Médica Costarricense [Internet]. 2011[citado el 10 de 
julio de 2018]; 53 (4): 182-187. Disponible en:<http://www.redalyc.org/articulo.
oa?id=43421508005> ISSN 0001-6002

28. Diaz Cruz G, Velasquez Tlapanco J, Islas Cortés B, Martinez Martinez M, 
Camacho Calderón N, Gallardo Vidal L. Prevalencia de enfermedad arterial 
periférica con base al índice tobillo / brazo en pacientes con diabetes mellitus tipo 2. 
European Scientific Journal [Internet]. 2014 [citado el 6 de julio de 2018];10(30):9-
22. Disponible en: http://eujournal.org/index.php/esj/article/viewFile/4438/4247.

29. Restrepo L, Hernández N, Henao J, Cadavid L, Jaramillo S, Aguirre D. 
Tratamiento de la enfermedad arterial periférica de las extremidades inferiores 
con células mononucleares de médula ósea autólogas reporte de seguimiento a 
un año.Medellín. Iatreia 2012. Vol. 25.p. 323-333.

30. UK Prospective Diabetes Study Group. Tight blood pressure control and risk 
of macrovascular and microvascular complications in type 2 diabetes: UKPDS 
38. BMJ [Internet]. 1998 [citado el 21 de junio de 2018];317(7160):703-713. 
Disponible en: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC28659/

31. Stletter C, Allemann S, Jüni P, Cull C, Holman R, Egger M, Krähenbühl, 
Diem P. Glycemic control and macrovascular disease in types 1 and 2 diabetes 
mellitus: Meta-analysis of randomized trials. American Heart Journal. 2006; 152 
(1) 27-38.

32. Willigendael E, Joep A, Bartelink M, Barthold K,Boiten J, Moll F, Büller H, 
Prins M.  Influence of smoking on incidence and prevalence of peripheral arte-
rial disease. Journal of vascular surgery [Internet]. 2004 [citado el 30 de junio de 
2018]; 40 (6): 1158-1165. Disponible en: https://www.sciencedirect.com/science/
article/pii/S0741521404011413

33. Ngu N, McEvoy M. Environmental tobacco smoke and peripheral arterial disease: 
A review. Atherosclerosis. 2017; 266: 113-120.

34. Pasupathi1 P, Saravanan G,Farook J,Oxidative Stress Bio Markers and An-
tioxidant Status in Cigarette Smoker Compared to Nonsmokers. J. Pharm. Sci. 
& Res [Internet].2009 [citado el 1 de julio de 2018]; 1(2): 55-62.Disponible en: 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.180.3933&rep=rep1&
type=pdf

35. Lu J, Creager M. The Relationship of Cigarette Smoking to Peripheral Arterial 
Disease. Rev Cardiovasc Med. 2004; 5 (4): 189-192.

36. Huang Y, Min X, Lan X, Tiange W, Huang X, Xiaofei Lv, Chen Y, Ding L, 
Lin L, Wang W, Yufang B, Yimin S, Zhang Y, Guang N. Obesity and peripheral 
arterial disease: A Mendelian Randomization analysis. Atherosclerosis.2016; (247) 
218-224.

37. Vincent H, Taylor A. Biomarkers and potential mechanisms of obesity-induced 
oxidant stress in humans. International Journal of Obesity [Internet]. 2006 [citado 
el 4 de julio de 2018]; 30: 400–418.

38. Zamania E, Djalalia M, Eshraghianb M, Sotoudehc G, Sadrzadeh-Yeganehc 
H, Koohdanid F. Association of body mass index with oxidative stress in patients 
with Type 2 diabetes: do apolipoprotein A-II -265T > C polymorphism alter this 
association?. JNSD. 2015;1 (3): 127-133.

39. Shi Y, Vanhoutte PM. Macro-and Microvascular Endothelial Dysfunction in 
Diabetes. J. Diabetes. 2017;9(5):434–449.

40. Griendling K,Touyz R, Zweier J, Dikalov S, Chilian W, Chen Y, Harrison 
D, Bhatnagar A. Measurement of Reactive Oxygen Species, Reactive Nitrogen 
Species, and Redox-Dependent Signaling in the Cardiovascular System. Circ Res. 
2016; 119(5):39–75.

41. Anderson C, Milne GL, Park YM, Sandler DP, Nichols HB. Dietary Glycemic 
Index and Glycemic Load Are Positively Associated with Oxidative Stress among 
Premenopausal Women. J Nutr. 2018 Jan 1;148(1):125-130. Disponible en: doi: 
10.1093/jn/nxx022.

42. Zhang Z. Systematic review on the association between F2-isoprostanes 
and cardiovascular disease. Ann Clin Biochem [Internet]. 2013 [citado el 4 de 
julio de 2018]; 50: 108–114.Disponible en: http://journals.sagepub.com/doi/
pdf/10.1258/acb.2012.011263


