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ABSTRACT: OBJECTIVE: To evaluate the prevalence of non-alcoholic fatty infiltration in women 

with PCOS. MATERIALS AND METHODS: A prospective study in which 162 women with 

Polycystic ovarian syndrome (PCOS) and 165 healthy controls who were age and weight matched 

were included. Anthropometric parameters evaluation, biochemical and hormonal investigations 

were done in all the patients with PCOS and controls. Insulin resistance was calculated by 

Homeostasis model assessment (HOMA). Per abdominal sonography and biochemical 

investigations were used to determine the presence of hepatic steatosis. Other causes for liver 

disease were also excluded. RESULTS: Women with PCOS had a higher prevalence of hepatic 

steatosis (68% vs 26%, P =0.001), MS (37% vs. 6%, P <0.01) and elevated transaminases 

(32% vs. 8%, P =0.03) than controls. All patients with PCOS and controls with Metabolic 

Syndrome (MS) had presence of hepatic steatosis. CONCLUSION: Non-alcoholic fatty infiltration 

is significantly seen in women with PCOS in combination with other metabolic derangements. 

Liver disease should be excluded by various investigations at an earlier age in women with PCOS, 

particularly those who have an evidence of MS. 

KEYWORDS: Insulin resistance, metabolic syndrome, non-alcoholic fatty liver disease, polycystic 

ovary syndrome. 

 

INTRODUCTION: Polycystic ovary syndrome (PCOS) is one of the common endocrine diseases 

of reproductive age group women affecting nearly 10% of the population.[1, 2] It is associated with 

significant morbidity in terms of both reproductive and metabolic abnormalities. Women with 

PCOS demonstrate multiple metabolic derangements that lead to increased cardiovascular risk. 

Insulin resistance has been demonstrated in both obese and non-obese women with PCOS.[3] 

Insulin resistance possibly plays central role in the pathogenesis of PCOS. Nonalcoholic hepatic 

fatty infiltration is often called as hepatic manifestation of metabolic syndrome (MS) and is 

characterized by the accumulation of fat in the liver in the absence of excessive alcohol 

consumption. Non-alcoholic hepatic fatty infiltration demonstrates a spectrum of histological 

changes extending from benign simple steatosis to steatohepatitis, progressive fibrosis and 

cirrhosis.[4,5] Natural history of non-alcoholic hepatic fatty infiltration is not clear. But its 

recognition is important since it has potential to evolve into end-stage liver disease and its 

association with cardiovascular risk factors.[6, 7] Both non-alcoholic hepatic fatty infiltration and 

central obesity[8, 9, 10, 11] are associated with PCOS given that insulin resistance is the common 

feature, both disorders can be linked with MS. Association of Non-alcoholic hepatic fatty 

infiltration and PCOS was first reported by Brown et al.[12] 
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 Many studies have demonstrated high prevalence of PCOS in Indian population [13] having 

higher fasting insulin levels.[14,15] Recently there is increasing incidence of MS in general 

population and in young women with PCOS. We intended to do this study to identify the factors 

that are associated with Non-alcoholic hepatic fatty infiltration in this subset of patients. 

Abdominal sonography was performed in patients with PCOS along biochemical testing in order to 

assess the presence of non-alcoholic fatty infiltration and its association with various metabolic 

and hormonal factors. 

 

MATERIALS AND METHODS: The study was a prospective study conducted for a period of one 

year from 01/07/13 to 30/06/14 in MVJ Medical college and research hospital. All female patients 

with clinical and sonological diagnosis of PCOS were included in the study. Rotterdam criteria 

were used for sonological diagnosis of PCOS. Total PCOS patients included were 162 and controls 

were 165. All the participants were included in the study after obtaining written informed 

consent. Included controls were age and weight-matched with normal menstrual cycles with no 

clinical evidence of hyperandrogenism and with normal ovarian morphology in pelvic 

ultrasonography. 

 

Inclusion criteria: Polycystic ovaries on ultrasound-Features include: 

 presence of 10-12 or more follicles 

 individual follicles are generally similar in size and measure 2-9 mm in diameter 

 peripheral distribution of follicles - this can give a "string of pearls" appearance 

 background ovarian enlargement (volume greater than 10 cc 7) 

 central stromal brightness +/- prominence 
 

Oligomenorrhea/oligo-ovulation 

Clinical hyperandrogenism 

 

Exclusion criteria:  

Inherited disorders of insulin resistance 

Type 2 diabetes mellitus, hypertension 

Hyperprolactinemia 

Untreated hypothyroidism 

Congenital adrenal hyperplasia, with an androgen-secreting adrenal/ovarian tumor 

Cushing's syndrome 

 Those taking corticosteroids, antiepileptic or antipsychotic drugs, insulin sensitizers, 

hormonal contraceptives, anti-tuberculosis drugs in past three months. 

 Currently pregnant. 

 Patients with alcohol consumption >20 gm/day 

 History of chronic viral hepatitis, hemochromatosis, autoimmune hepatitis, drug-toxin-

induced liver injury, chronic liver disease. 

 

 Clinical examination, biochemical evaluation and abdomino pelvic ultrasonographic 

assessment were done for all patients and controls. During clinical examination, anthropometric 

http://www.jhrsonline.org/article.asp?issn=0974-1208;year=2013;volume=6;issue=1;spage=9;epage=14;aulast=Karoli#ref21
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measurements (weight, height, hip and waist circumference) and blood pressure were recorded. 

Biochemical investigations include routine hematological profile, creatinine, urea, fasting glucose 

and insulin, serum ceruloplasmin, ferritin, lipid profile, aspartate aminotransferase (AST) and 

alanine aminotransferases (ALT), γ-glutamyltransaminase (γ-GT), total and direct bilirubin, 

alkaline phosphatase (ALP), hepatitis B surface antigen, anti-hepatitis C antibodies and 

antinuclear antibodies. Also included was hormonal assay to evaluate the serum levels of 

thyroxin, prolactin, dehydroepiandrosterone sulfate, total testosterone, follicle stimulating 

hormone, luteinizing hormone, and 17-hydroxy progesterone. Homeostasis model assessment 

(HOMA) method for insulin resistance was calculated by the formula: Fasting serum insulin (micro 

units/ml) × fasting serum glucose (mill moles per liter)/22.5. 

 Sonography was done by the radiologist who was blinded for subject's medical history and 

diagnosis. Machine used was General Electric voluson 730 with a 3.5 Hz convex-array probe. 

Hepatic fatty infiltration was defined as diffuse increase in fine echoes in liver parenchyma with or 

without impaired visualization of intrahepatic vessels and the diaphragm.[16] 

 The following parameters were used to diagnose metabolic syndrome(MS) in patients with 

PCOS and controls (i) waist circumference ≥88 cm (ii) serum triglyceride ≥150 mg/dl (iii) HDL 

cholesterol <50 mg/dl (iv) serum fasting glucose >100 mg/dl (v) blood pressure ≥130/85 mmHg 

according to NCEP/ATP III, 2001criteria.[17] 

 

STATISTICAL ANALYSIS: Statistical package used for all statistical analysis was Social Sciences 

(SPSS version 13.0, Inc., Chicago, IL, USA). The values of continuous variables were presented as 

mean±SD and of categorical variables as absolute number and percentages. Differences in 

variables between groups (patients with PCOS and controls) and subgroups were tested with 

Mann-Whitney “U” test and χ2 test as appropriate. Univariate regression analysis was used to 

evaluate the effect of age, BMI, waist circumference, HOMA-IR, lipid and hormonal parameters 

along with PCOS diagnosis in all the subjects on the presence of hepatic steatosis. Multivariate 

analysis was performed for each of the independent variables that were significantly related to 

hepatic steatosis by univariate regression analysis. AP <0.05 was considered statistically 

significant. 

 

RESULTS: Table 1 demonstrates the clinical and laboratory parameters of patients with PCOS 

and age and weight-matched healthy controls. Higher central adiposity indicated by higher waist-

hip ratio. Higher levels of total testosterone, fasting insulin, glucose, alanine aminotransferase 

(ALT), aspartate aminotransferase (AST) and γ-glutamyl transaminase (γ-GT) were seen in the 

women with PCOS. They also had lower HDL levels than the controls. 114/162 women with PCOS 

were found to be insulin resistant which was defined as value >75th percentile of HOMA-IR of 

controls, was >1.6. 
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Table 1: Clinical, biochemical and hormonal characteristics of polycystic ovary syndrome patients 

and controls. 

 
 

 Hepatic steatosis was detected in 106/162 patients with PCOS and in 38/165 controls. 

  

 High transaminase levels (>45U/L) were detected in 51/162 women with PCOS and in 

12/165 controls. Elevated transaminases were present in 60/108 patients and 36/126 controls of 

all women with hepatic steatosis (n = 150) whereas hepatic steatosis was detected in all women 

who had elevated transaminases. Hepatic fatty infiltration was seen in all patients and controls 

who had MS. 

 

 Table 2 demonstrates patients with PCOS who had hepatic steatosis had a greater waist-

hip ratio, higher fasting glucose and insulin and lower HDL levels and also had high testosterone 

and HOMA-IR values than controls. Patients with PCOS who had elevated transaminases had 

higher BMI, HOMA-IR and fasting insulin levels than PCOS patients with normal transaminases. 
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 PCOS patients with hepatic steatosis were significantly older, had higher BMI, waist-hip 

ratio, fasting insulin, HOMA-IR, LDL, ALT and AST than PCOS patients without hepatic steatosis. 

Patients with PCOS who had elevated transaminases had higher BMI, waist-hip ratio, fasting 

insulin, HOMA-IR and lower HDL levels than those with normal transaminases. 

 The controls with hepatic steatosis were older, had higher BMI, waist-hip ratio, HOMA-IR, 

fasting insulin and glucose, triglycerides and LDL cholesterol. They also had high amino 

transaminase and γ-GT levels and non-significantly lower HDL levels. 

 In Univariate regression analysis age, BMI, waist-hip ratio, HOMA-IR, HDL and PCOS 

diagnosis were the factors significantly related to the presence of hepatic steatosis. 

 

Table 3: Multivariate regression model showed only HOMA-IR, HDL and PCOS diagnosis remained 

significantly related to the hepatic steatosis after adjustment for age, BMI and waist-hip ratio. 
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Table 3: Multivariate logistic regression analysis for hepatic steatosis as dependent variable 

(n=109). 

 

DISCUSSION: There is significant increase in the prevalence of fatty liver in general population 

of India and has been shown to be similar to the estimates reported from the western countries. 

PCOS is the most common endocrinopathy affecting women of reproductive age. Women with 

PCOS are at substantial risk for developing metabolic abnormalities such as glucose intolerance, 

dyslipidemia and MS.[18, 19] Many studies have proved that the prevalence of MS in women with 

PCOS appears to be significantly higher than the one estimated in their age-matched counterparts 

from the general population. High degree association of PCOS and MS has been documented in 

Brazilian, Chinese, Korean, Indian and in multiracial PCOS populations.[20, 21, 22, 23, 24] Increasing 

evidence suggests that PCOS is also associated with certain nontraditional markers of 

cardiovascular risk, such as low grade inflammation, oxidative stress, endothelial dysfunction and 

arterial stiffness. More recently, a link between PCOS and Non-alcoholic hepatic fatty infiltration 

has been demonstrated.[12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 26, 27, 28, 29, 30] The prevalence of Non-alcoholic 

hepatic fatty infiltration in women with PCOS may be as high as 40-55%,[24, 25] whereas a recent 

study found that the majority of women with Non-alcoholic hepatic fatty infiltration had evidence 

of PCOS.[17] Like PCOS, Non-alcoholic hepatic fatty infiltration has a strong association with insulin 

resistance, MS and obesity. Non-alcoholic hepatic fatty infiltration is also a powerful independent 

predictor of cardiovascular disease. There is strong association between non-alcoholic fatty 

infiltration and PCOS consistent with the central role of insulin resistance in the pathogenesis of 

both conditions. Presence of PCOS with non-alcoholic fatty infiltration has been diagnosed by 

aspartate AST elevation and/or ultrasound in most of the studies. Conversely, 10 of 14 (71%) 

female patients in childbearing years with histologically diagnosed non-alcoholic fatty infiltration 

also had revealed PCOS,[17] indicating a close relationship between these two entities. 

 In our study increased prevalence of hepatic steatosic, elevated liver transaminase and 

MS was observed in women with PCOS compared to their age and weight-matched healthy 

counterparts indicating that Non-alcoholic hepatic fatty infiltration is relatively common in these 

patients. The factors that might have contributed to the increased prevalence are increased 

central adiposity, insulin resistance, dyslipidemia and higher levels of testosterone. In our study, 

subgroup analysis between PCOS patients with and without hepatic steatosis as well as controls 

with and without hepatic steatosis showed that age, obesity waist-hip ratio, insulin resistance and 

dyslipidemia were the factors associated with the presence of hepatic steatosis, as described by 

in other studies. 

 All women with PCOS and controls who had MS were also detected to have hepatic 

steatosis. This finding is in agreement with data that confers Non-alcoholic hepatic fatty 

infiltration to be considered as a feature of MS, a cluster of cardiovascular risk factors known to 

predict long-term cardiovascular events, and may be seen as an additional marker of 

cardiometabolic risk. One study has linked long-term risk of adverse cardiovascular outcomes with 

Non-alcoholic hepatic fatty infiltration. 

 Many studies observed that insulin resistance, a hallmark of MS is observed in 50-80% of 

women with PCOS and patients with non-alcoholic fatty infiltration. In most studies, the 
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prevalence of both PCOS and Non-alcoholic hepatic fatty infiltration increases proportionally to 

the degree of insulin resistance. Non-alcoholic hepatic fatty infiltration is considered as the 

hepatic manifestation of MS since it worsens insulin resistance, predicts emergence of metabolic 

complications and increases the risk of cardiovascular events.[30] Similarly, it seems appropriate to 

consider PCOS as the ovarian manifestation of MS. Both these conditions can coexist and may 

respond to similar therapeutic strategies. Natural history studies have shown its potential to 

cause serious liver damage in form of cirrhosis and hepatocellular carcinoma and ultimately 

increased liver related morbidity and mortality.[31, 32] The recognition of insulin resistance as an 

underlying pathogenesis of steatosis contributed to the identification of cause which is amenable 

to treatment. So, screening for liver injury in patients with metabolic risk factors should be 

mandatory. 

 The limitation of the study was use of ultrasonography and not the liver biopsy which is 

thought to be the gold standard for diagnosis of non-alcoholic fatty infiltration. We also suggests 

further studies to establish the hepatic fatty infiltration as the additional sonographic marker 

along with the ovarian findings for sonographic diagnosis of PCOS. 

 

CONCLUSIONS: Our study demonstrated that Non-alcoholic hepatic fatty infiltration is 

significantly common in patients with PCOS in combination with other metabolic abnormalities. 

Non-alcoholic hepatic fatty infiltration and PCOS are the independent manifestations of MS and 

indicates the increased risk for future cardiovascular events. So, early detection of Non-alcoholic 

hepatic fatty infiltration in PCOS is important to undertake early intervention.[33] 

 

REFERENCES: 

1. Ehrmann DA. Polycystic ovary syndrome. N Engl J Med. 2005; 352: 1223–36. 

2. Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO. The prevalence and 

features of the polycystic ovary syndrome in an unselected population. J Clin Endocrinol 

Metab. 2004; 89: 2745–9. 

3. Dunaif A, Segal KR, Futterweit W, Dobrjansky A. Profound Peripheral insulin resistance, 

Independent of obesity, in polycystic ovary syndrome. Diabetes. 1989; 38: 1165–74. 

4. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: From steatosis to cirrhosis. 

Hepatology. 2006; 43: S99–112. 

5. Clark JM, Diehl AM. Nonalcoholic fatty liver disease: An underrecognized cause of 

cryptogenic cirrhosis. JAMA. 2003; 289: 3000–4. 

6. Targher G. Non-alcoholic fatty liver disease, the metabolic syndrome and the risk of 

cardiovascular disease: The plot thickens. Diabet Med. 2007; 24: 1–6. 

7. Bellentani S, Bedogni G, Tiribelli C. Liver and heart: A new link? J Hepatol. 2008; 49: 300–2. 

8. Agarwal N, Sharma BC. Insulin resistance and clinical aspects of non-alcoholic 

steatohepatitis (NASH) Hepatol Res. 2005; 33: 92–6. 

9. Ahima RS. Insulin resistance: Cause or consequence of nonalcoholic steatohepatitis? 

Gastroenterology. 2007; 132: 444–6. 

10. Bloomgarden ZT. Nonalcoholic fatty liver disease and insulin resistance in youth. Diabetes 

Care. 2007; 30: 1663–9. 



 

ORIGINAL ARTICLE 

J of Evidence Based Med & Hlthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 1/ Issue 8 / Oct 15, 2014.    Page 874 

 

11. Angelico F, Del BM, Conti R, Francioso S, Feole K, Fiorello S, et al. Insulin resistance, the 

metabolic syndrome, and nonalcoholic fatty liver disease. J Clin Endocrinol Metab. 2005; 90: 

1578–82. 

12. Brown AJ, Tendler DA, McMurray RG, Setji TL. Polycystic ovary syndrome and severe 

nonalcoholic steatohepatitis: Beneficial effect of modest weight loss and exercise on liver 

biopsy findings. Endocr Pract. 2005; 11: 319–24. 

13. Rodin DA, Bano G, Bland JM, Taylor K, Nussey SS. Polycystic ovaries and associated 

metabolic abnormalities in Indian subcontinent Asian women. Clin Endocrinol (Oxf) 1998; 

49: 91–9. 

14. Norman RJ, Mahabeer S, Master S. Ethnic differences in insulin and glucose response to 

glucose between white and Indian women with polycystic syndrome. Fertil Steril. 1995; 63: 

58–62. 

15. Wijeyaratne CN, Balen AH, Barth JH, Belchetz PE. Clinical manifestations and insulin 

resistance (IR) in polycystic ovary syndrome (PCOS) among South Asians and Caucasians: 

Is there a difference? Clin Endocrinol (Oxf) 2002; 57: 343–50. 

16. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, et al. The utility of 

radiological imaging in non-alcoholic hepatic disease. Gasteroenterology. 2002; 123: 745–

50. 

17. Executive summary of the Third Report of the National Cholesterol Education Program 

(NCEP) Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in 

Adults (Adult Treatment Panel III) J Am Med Assoc. 2001; 285: 2486–97. 

18. Moran LJ, Misso ML, Wild RA, Norman RJ. Impaired glucose tolerance, type 2 diabetes and 

metabolic syndrome in polycystic ovary syndrome: A systematic review and meta-

analysis. Hum Reprod Update. 2010; 16: 347–63. 

19. Cussons AJ, Stuckey BG, Watts GF. Cardiovascular disease in the polycystic ovary 

syndrome: New insights and perspectives. Atherosclerosis. 2006; 185: 227–39. 

20. Soares EM, Azevedo GD, Gadelha RG, Lemos TM, Maranhão TM. Prevalence of the 

metabolic syndrome and its components in Brazilian women with polycystic ovary syndrome. 

Fertil Steril. 2008; 89: 649–55. 

21. Cheung LP, Ma RC, Lam PM, Lok IH, Haines CJ, So WY, et al. Cardiovascular risks and 

metabolic syndrome in Hong Kong Chinese women with polycystic ovary syndrome. Hum 

Reprod. 2008; 23: 1431–8. 

22. Park HR, Choi Y, Lee HJ, Oh JY, Hong YS, Sung YA. The metabolic syndrome in young 

Korean women with polycystic ovary syndrome. Diabetes Res Clin Pract.2007; 77: S243–6. 

23. Bhattacharya SM. Prevalence of metabolic syndrome in women with polycystic ovary 

syndrome, using two proposed definitions. Gynaecol Endocrinol. 2010; 26: 516–20. 

24. Glueck CJ, Papanna R, Wang P, Goldenberg N, Sieve-Smith L. Incidence and treatment of 

metabolic syndrome in newly referred women with confirmed polycystic ovarian 

syndrome.Metabolism. 2003; 52: 908–15. 

25. Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J, Hui JM, Fung C, et al. NASH and 

insulin resistance: Insulin hyper secretion and specific association with the insulin resistance 

syndrome. Hepatology. 2002; 35: 373–9. 



 

ORIGINAL ARTICLE 

J of Evidence Based Med & Hlthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 1/ Issue 8 / Oct 15, 2014.    Page 875 

 

26. Zheng RH, Ding CF. Prevalence of nonalcoholic fatty liver disease in patients with polycystic 

ovary syndrome: A case-control study. Zhonghua Fu Chan Ke Za Zhi.2008; 43: 98–101. 

27. Economou F, Xyrafis X, Livadas S, Androulakis II, Argyrakopoulou G, Christakou CD, et al. 

In overweight/obese but not in normal-weight women, polycystic ovary syndrome is 

associated with elevated liver enzymes compared to controls. Hormones (Athens)2009; 8: 

199–206. 

28. Targher G, Marra F, Marchesini G. Increased risk of cardiovascular disease in non-alcoholic 

fatty liver disease: Causal effect or epiphenomenon? Diabetologia. 2008; 51: 1947–53. 

29. Baranova A, Tran TP, Birerdinc A, Younossi ZM. Systematic review: Association of polycystic 

ovary syndrome with metabolic syndrome and non-alcoholic fatty liver disease.Aliment 

Pharmacol Ther. 2011; 33: 801–14. 

30. Schmidt J1, Landin-Wilhelmsen K, Brännström M, Dahlgren E. Cardiovascular disease and 

risk factors in PCOS women of postmenopausal age: a 21-year controlled follow-up study. J 

Clin Endocrinol Metab. 2011 Dec; 96(12): 1677-1698. 

31. Geoffrey C. Farrell and Claire Z. Larter. Nonalcoholic Fatty Liver Disease: From Steatosis to 

Cirrhosis. Hepatology. JAN 2006; 43: S99-S111. 

32. Patrizia Burra. Liver abnormalities and endocrine diseases. Best Practice & Research Clinical 

Gastroenterology. 2013; 27: 553-563. 

33. Angela Mazza, Barbara Fruci, Giorgia Anna Garinis, Stefania Giuliano, Roberta Malaguarnera, 

and Antonino Belfiore: The Role of Metformin in the Management of NAFLD Experimental 

Diabetes Research. Volume 2012 (2012); 13 pages. 

 

AUTHORS:  

1. Srinivas Prasad R. H. 

2. B. V. Balakrishna 

3. Narendranath Kudva 

4. Sandhya H. 

5. Ramakrishna P. 

 

PARTICULARS OF CONTRIBUTORS: 

1. Associate Professor, Department of Radio-

diagnosis and Imaging, MVJ Medical College 

and Research Hospital. 

2. Professor and HOD, Department of Radio-

diagnosis and Imaging, MVJ Medical College 

and Research Hospital. 

3. Professor, Department of Radio-diagnosis 

and Imaging, MVJ Medical College and 

Research Hospital. 

4. Assistant Professor, Department of Radio-

diagnosis and Imaging, MVJ Medical College 

and Research Hospital. 

 

 

 

5. Assistant Professor, Department of Radio-

diagnosis and Imaging, MVJ Medical College 

and Research Hospital. 

 

 

NAME ADDRESS EMAIL ID OF THE 

CORRESPONDING AUTHOR: 

Dr. Srinivas Prasad R. H, 

Flat B1, Prakruthi Apartment,  

L. G. Halli, RMV 2nd Stage,  

Bangalore-94. 

E-mail: drsrinivasprasad@gmail.com 

  

 Date of Submission: 02/09/2014. 

 Date of Peer Review: 03/09/2014. 

 Date of Acceptance:  15/09/2014. 

 Date of Publishing: 06/10/2014. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Schmidt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21956415
http://www.ncbi.nlm.nih.gov/pubmed?term=Landin-Wilhelmsen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21956415
http://www.ncbi.nlm.nih.gov/pubmed?term=Br%C3%A4nnstr%C3%B6m%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21956415
http://www.ncbi.nlm.nih.gov/pubmed?term=Dahlgren%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21956415
http://www.ncbi.nlm.nih.gov/pubmed/21956415
http://www.ncbi.nlm.nih.gov/pubmed/21956415
javascript:void(0);
http://www.hindawi.com/13871080/
http://www.hindawi.com/90479120/
http://www.hindawi.com/36839407/
http://www.hindawi.com/20480536/
http://www.hindawi.com/15947485/
http://www.hindawi.com/93248516/

