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Abstract

Non-alcoholic fatty liver disease (NAFLD) is a disease characterized by a steatosis of the liver that 

may progress to more serious pathological conditions including: nonalcoholic steatohepatitis 

(NASH), fibrosis, and cirrhosis. As the prevalence of NAFLD has increased worldwide in recent 

years, pathophysiology and risk factors associated with disease progression of NAFLD are at the 

focus of many studies. NAFLD is related to and shares common serum biomarkers with 

cardiovascular disease (CVD), type 2 diabetes mellitus (T2DM), obesity, and metabolic syndrome 

(MetS). West Virginia (WV) is a state with some of the highest rates of CVD, obesity and diabetes 

mellitus. As NAFLD is closely related to these diseases, it is of particular interest in WV. 

Currently there is no cost-effective, standardized method used clinically to detect NAFLD prior to 

the onset of reversible complications. At this time, the diagnosis of NAFLD is made with costly 

radiologic studies and invasive biopsy. These studies are only diagnostic once changes to hepatic 

tissue have occurred. The diagnosis of NAFLD by traditional methods may not allow for 

successful intervention and may not be readily available in areas with already sparse medical 

resources. In this literature review, we identify a list of biomarkers common among CVD, T2DM, 

obesity, MetS and NAFLD. From this research we propose the following biomarkers are good 

candidates for inclusion in a panel of biomarkers for the early detection of NAFLD: adiponectin, 

AST, ALT, apo-B, CK18, CPS1, CRP, FABP-1, ferritin, GGT, GRP78, HDL-C, IGF-1, IL-1β, 6, 8, 

10, IRS-2PAI-1, leptin, lumican, MDA SREBP-1c and TNF-α. Creating and implementing a 

biomarker panel for the early detection and attenuation of NAFLD, prior to the onset of 

irreversible complication would provide maximum benefit and decrease the disease burden on the 

patients and healthcare system of WV.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a growing international health problem. 

NAFLD is a broad diagnosis that includes: steatosis, nonalcoholic steatohepatitis (NASH), 

fibrosis, and cirrhosis [1]. Steatosis, characterized by an accumulation of hepatic 

triglycerides, is considered a benign condition [2]. As NAFLD progresses to a more serious 

disease, histopathologic changes like lobular inflammation (ballooning), hepatocellular 

damage, and fibrosis is seen. Approximately 30% of benign NAFLD diagnoses progress to 

NASH [2–4]. Furthermore, around 20% of NASH cases progress to liver cirrhosis and 

permanent end-organ disease [4]. Over the past two decades, studies have shown a 

substantial increase in the prevalence of NAFLD [5,6].

NAFLD/NASH has been associated with comorbidities such as type 2 diabetes mellitus 

(T2DM), obesity, metabolic syndrome (MetS) and cardiovascular disease (CVD). Among 

developed nations, the prevalence rate for NAFLD is approximately 20–40%, among these 

cases 70% of T2DM and as much as 95% are obese [7–10]. In addition, patients with T2DM 

have a prevalence rate of NAFLD 80% higher than controls [11,12]. Rates of NAFLD have 

increased in parallel with the obesity epidemic among both children and adults [13,14]. 

Wong et al. showed that since 2004, NASH has become the second leading etiology for 

patients awaiting liver transplants [15]. Also, NASH has been established to be a factor in 

increased CVD mortality rates [16–18]. In relation to MetS, NAFLD shares common risk 

factors, including central obesity, hypertension, insulin resistance, hyperglycemia and 

dyslipidemia [19,20]. It has been found that 17% of patients without MetS conditions had 

NAFLD, while 91% patients with all five MetS criteria had NAFLD [21].

Another related comorbidity associated with NAFLD/NASH is viral hepatitis. This disease 

is characterized by acute and chronic inflammation of the liver [22]. In our state of WV, viral 

hepatitis has placed an increasingly large burden on the population in recent years. In 2015, 

WV reported the highest incidence of acute hepatitis B infection and the second highest rate 

of acute hepatitis C infection in the United States. Further, since 2010 the rate of hepatitis B 

has increased by 213% and the rate of hepatitis C has increased by 209% in WV [23]. It has 

been observed that viral hepatitis contributes to the disease progression of NAFLD/NASH in 

affected patients, especially when in combination with obesity and insulin resistance [24]. In 

the general population, it has been observed that the prevalence of NAFLD in patients 

suffering from chronic hepatitis C infection is about 50% and ranges from 40% to 86% 

[25,26]. In turn, there is concern for the development of NAFLD/NASH due to viral 

hepatitis in WV. However, although this disease has been linked to the development of 

NAFLD/NASH and is of concern to the WV population, it is not being included in this study 

because this study focuses on diet-induced comorbidities of NAFLD/NASH.
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NAFLD is of particular interest in our state of West Virginia (WV) since there is a high rate 

of NAFLD risk factors found among our population. Adults in WV have the highest 

prevalence of T2DM and rank second in obesity within the United States [27]. Due to the 

high prevalence of risk factors, we conjecture that the population of WV must also be at a 

great risk for the development of NAFLD. With this in mind, we have conducted this 

literature review for the purpose of creating a panel of biomarkers to correlate with CVD, 

T2DM, obesity, and MetS. This biomarker panel could provide a minimally invasive, cost 

effective method to assess patients for NAFLD/NASH. Furthermore, with this panel, patients 

will have the means for early detection, which provides an opportunity to diminish the 

overall prevalence of NAFLD/NASH. Using a panel of biomarkers allows for the assessment 

of a variety of metabolic pathways. Additionally, a panel could provide a mechanism to 

personalize treatments geared towards particular metabolic derangements defined by the 

panel. We have compiled a list of the most prevalent biomarkers in the literature and if 

applied to our population at risk would provide a way to identify, monitor, and potentially 

treat patients in a minimally invasive, cost-effective way.

Cardiovascular Disease

CVD affects a great number of adult populations worldwide and leads to several life-

threatening conditions including myocardial infarction (MI), congestive heart failure (CHF), 

coronary artery disease (CAD), stroke, peripheral vascular disease, hypertension and atrial 

fibrillation. Around 82.6 million people in United States have at least one form of CVD. 

CVD is the most common cause of death among all adults [28]. Some of the highest rates of 

CVD are observed in the population of WV, since there are high rates of risk factors such as 

diabetes and obesity [29,30]. Evidence is presented that associates NAFLD with CVD. This 

relationship suggests increased risk and progression to CVD in patients who have been 

diagnosed with NAFLD [31]. The pathogenic progression of NAFLD suggests that it 

exasperates the formation of vascular plaque perpetuating CVD [31].

Examination of the link between NAFLD and CVD yielded several inflammatory 

biomarkers common in the progression of both diseases. TNF-α has been suggested as one 

of the pro-inflammatory cytokines aiding in the progression of NAFLD [32]. Up-regulation 

of TNF-α cause’s systematic inflammation of lipids and activation of oxidative stress 

mechanisms involved in the development of CVDs. Furthermore, among obese and patients 

with insulin resistance, dysregulated cytokines, IL-8 and IL-10 contribute to the progression 

of NAFLD. A correlation in the levels of IL-8 and IL-10 exists among patients with CVD 

and NAFLD [33,34]. Several studies illuminate an association of the fibrinolytic marker, 

Plasminogen Activator Inhibitor 1 (PAI-1), in the progression of NAFLD and CVD [32]. 

Studies show that PAI-1 is partially responsible for vascular thrombotic and fibrotic events, 

which contribute to the macro-vascular complications of obesity, diabetes and NAFLD [35–

37]. Multiple studies have closely examined the circulating levels of PAI-1 in patients with 

NAFLD, this data showed a correlation between elevated levels of PAI-1 and CVD [35]. 

Another biomarker, Sterol Regulatory Element Binding Protein-1c (SREBP-1c), has been 

measured at levels almost 5 times greater in patients with NAFLD than the control samples. 

SREBP-1c advances NAFLD by contributing to the up-regulation of fatty acid synthesis 

[38]. Furthermore, as hyperlipidemia is a risk factor for NAFLD, those with NAFLD have 
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elevated levels of specific lipoproteins like apoB, compared to populations without this liver 

disease. The aberrant pathophysiological activity of lipoprotein metabolism aggravates the 

development of atherogenesis in this population [32]. From the literature, several biomarkers 

that patients with NAFLD and CVD share in common include: TNF-α, IL-8, IL-10, PAI-1, 

SREBP-1c and apoB. Finding common biomarkers highlights the interconnections between 

the two disease states.

Diabetes Mellitus

Diabetes mellitus (DM) is a disease rising to epidemic proportions [39]. In 2012 alone, 

diabetes mortality figures were equal to those of AIDS/HIV and the World Health 

Organization predicts diabetes will be the seventh leading cause of death in the world by 

2030 [40]. The connection between DM and NAFLD/NASH is based on the 

pathophysiology of insulin resistance, specifically in relation to T2DM. Insulin resistance in 

NALFD/NASH patients increases a patient’s risk of developing T2DM and vice versa [41].

Recent research into the relationship between NAFLD/NASH and DM has led to the 

discovery of a variety of biomarkers consistent between the diseases. Adiponectin is a 

hormone produced by adipocytes; serum levels of this hormone are reduced in insulin 

resistance. Normally this hormone acts to promote insulin sensitivity by fatty acid oxidation 

and hepatic glucose production. Adiponectin levels are decreased during states of 

inflammation, especially by cytokines like tumor necrosis factor-alpha (TNF-α) [42]. As 

insulin resistance is a major factor for T2DM and NAFLD/NASH development, adiponectin 

is decreased in both diseases. Additionally, adipocyte dysregulation is directly related to the 

development of steatohepatitis; this provides evidence to suggest that adiponectin is a good 

choice as a biomarker for both T2DM and NAFLD [43,44]. Another molecule, C-reactive 

protein (CRP) is released acutely during the-inflammatory response [43]. Consistent CRP 

elevation positively correlates with the development of diabetes later in life. Chronic 

inflammation is marked by insulin resistance and henceforth, over time this results in the 

development of T2DM. Higher HbA1c levels were associated with higher CRP levels, pre-

diabetes and T2DM [45,46]. Reduced glucose tolerance and the presence of NAFLD/NASH 

were associated with increased CRP levels [43,47,48]. Additionally, TNF-α is an acute 

phase pro-inflammatory protein, perpetuating insulin resistance, hepatic lipogenesis, and 

serum triglyceride levels [43]. Increased hepatic lipogenesis and serum triglyceride levels 

are main causes of NAFLD/NASH [49]. Studies have also found that interleukin-1 beta 

(IL-1β), released during inflammatory responses, aggravates chronic disease causing acute 

tissue damage [50]. Elevated levels of IL-1β serve as a predictor of future T2DM 

development [51]. Interleukin-6 (IL-6) is a pro-and anti-inflammatory cytokine. Both IL-1β 
and IL-6 are found at higher levels in patients with diabetes and NAFLD/NASH than in 

control groups [51–54]. Interleukin-10 (IL-10) is an anti-inflammatory cytokine, these levels 

appear decreased in patients with T2DM and NALFD/NASH; this is fitting as both diseases 

involve a steady undercurrent of inflammation [52,55]. In addition, insulin receptor 

substrate-2 (IRS-2) expression impacts the effects of insulin in the bloodstream. DM and 

NAFLD/NASH have reduced levels of IRS-2 expression. Lower levels of IRS-2 expression 

cause decreased lipid metabolism, increased insulin resistance, and alters hepatic nutrient 

homeostasis [38,56–58]. Studies have also shown that alanine aminotransferase (ALT) and 
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gamma-glutamyl transferase (GGT), enzymes produced mostly in the liver, are elevated in 

cases of T2DM and NAFLD/NASH [46,59,60]. Recent research also finds a direct 

relationship between ferritin levels, an iron storing protein, HbA1c and serum insulin levels. 

Elevated ferritin levels are considered indicative of future development of T2DM [61]. Since 

ferritin is stored in hepatic cells, liver damage causes a release of ferritin into the 

bloodstream. Therefore, elevated serum ferritin could be characteristic of liver necrosis [62]. 

Ferritin is associated with inflammation and is increased in T2DM as well as in NAFLD/

NASH [63].

Obesity

Obesity is the most common metabolic disease in the world [64]. It occurs due to a variety 

of lifestyle/genetic factors which cause an imbalance in the amount of energy consumed as 

compared to the amount of energy expended [65]. It is a chronic disease, characterized by 

the presence of excess adipose tissue and overproduction and secretion of inflammatory 

factors or coagulation molecules from adipocytes [65,66]. Of particular interest is the health 

risks associated with obesity. These include the development of insulin resistance and 

T2DM, hypertension, CVD, hypertriglyceridemia, and dyslipidemia [64–67]. Notably, there 

is also a significant correlation between obesity and NAFLD. The reported prevalence of 

NAFLD is around 80% in obese patients [68,69].

Common biomarkers between obesity and NAFLD/NASH have been recently identified. 

Studies have shown that lowered levels of plasma adiponectin are closely associated with 

obesity and the development of NASH [42,70]. Furthermore, increased serum levels of 

alanine aminotransferase (ALT) and cytokeratin-18 (CK18) fragments, two markers 

associated with liver damage as well as NAFLD/NASH, are applicable to predict NASH 

progression in morbidly obese patients [71–75]. Low serum concentrations of interleukin-6 

(IL-6), a cytokine involved in the immune response and insulin-like growth factor 1 (IGF-1), 

a peptide involved in carbohydrate metabolism, are correlated with progression to NASH in 

obese patients [76,77]. Additionally, carbamoyl phosphate synthetase I (CPS1), glucose 

regulated protein 78 (GRP78), and fatty acid binding protein-1 (FABP-1) are all under-

expressed in obese NASH patients as compared to obese patients without NASH [78,79]. 

Lumican, a keratin sulfate proteoglycan, is overexpressed in obese patients NASH, thus 

indicating its potential as a biomarker for NASH in obese patients [79,80]. Levels of C-

reactive protein (CRP), a peptide involved in the inflammatory response, has a direct 

relationship to the degree of steatosis in obese patients, indicating its usefulness as a 

biomarker [81]. Additionally, although they are not serum biomarkers, abnormal glucose 

metabolism and systemic hypertension have also been identified as effective predictors of 

the development of NASH in obese patients [75].

Metabolic Syndrome

Metabolic irregularities: dyslipidemia, hyperglycemia, insulin resistance, hypertension and 

obesity are components of MetS; this is a progressive condition that encompasses a variety 

of pathologies [29]. With a prevalence of 34%, MetS is one of the most common diseases in 

the United States; however, the mechanisms of MetS pathogenesis are still unclear and 
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require further research [82,83]. A strong correlation between MetS and NAFLD/NASH has 

been established and MetS has already been identified as a strong predictor of the 

development of NAFLD [84–87]. Based on this correlation, research has been conducted 

concerning MetS and NAFLD/NASH in an attempt to gain more knowledge on the 

relationship between these two diseases.

Previous research defined a relationship between MetS and NAFLD/NASH, and identified a 

variety of biomarkers that may detect NAFLD/NASH. One study conducted found a positive 

correlation between the presence of MetS, increased levels of certain biomarkers, 

steatohepatitis and NAFLD. These markers include high-sensitivity C-reactive protein (hs-

CRP), malondialdehyde (MDA), AST, ALT, circulating triglyceride levels and inverse high-

density cholesterol (HDL-C) [88]. Other biomarkers identified in the literature correlating 

MetS and NAFLD/NASH include: increased levels of IL-6, leptin, and TNF-α as well as 

decreased levels of adiponectin [89–91]. These markers have also been identified with 

similar trends that correlate with disease progression of MetS [29,92–96]. These trends in 

biomarkers between these two diseases outlines the value of noninvasive tests to identify 

disease progression MetS leading to NAFLD/NASH.

Discussion

In this paper we examined biomarkers, from existing literature, that could be considered for 

a panel of biomarkers for the early detection of NAFLD. The biomarkers that we examined, 

exhibit overlap between NAFLD and other metabolic diseases that are known risk factors for 

NAFLD: CVD, T2DM, obesity and MetS. As WV is home to a population with the highest 

rates of these risk factors, NAFLD is of great concern to the health of our population. 

Unfortunately, NAFLD cannot be diagnosed with current methods, prior to the onset of 

permanent tissue damage.

Developing a blood test that promotes an early diagnosis and disease monitoring of NAFLD 

would be immensely valuable to the health of the populations with high rates of obesity and 

other metabolic diseases. As NAFLD, CVD, Obesity, T2DM and MetS are multifactorial, 

having a panel of several biomarkers is a valuable tool to monitor the onset and progression 

of this disease. Further studies are needed to delineate the best biomarkers for early stage 

diagnosis of NAFLD among our population. The biomarkers examined include hormones, 

inflammatory cytokines and other molecular active proteins: adiponectin, AST, ALT, apo-B, 

CK18, CPS1, CRP, FABP-1, ferritin, GGT, GRP78, HDL-C, IGF-1, IL-1β, 6, 8, 10, 

IRS-2PAI-1, leptin, lumican, MDA SREBP-1c and TNF-α (Figure 1). Clinical application 

of such a panel would provide ample time for clinicians to properly treat their patients and 

provide the potential for disease prevention. Access to this blood test for early diagnosis of 

NAFLD would be of great benefit to areas with decreased access to healthcare resources and 

it would be less expensive than current methods.

Conclusion

NAFLD is a condition closely associated with CVD, T2DM, obesity and MetS with an 

increasing prevalence in populations worldwide, especially in WV. High rates of related 
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conditions such as T2DM and obesity have lead NAFLD to become a rising concern across 

the state. This panel of biomarkers demonstrates the progression from associated diseases to 

NAFLD and may provide a way to detect this disease prior to the onset of irreversible 

complications. This would provide time for interventions such as: lifestyle modifications, 

medications and further screening and in turn, decrease the disease burden on the patients, 

healthcare system and resources available in WV.

Acknowledgments

This work was supported by National Institutes of Health Grants HL109015, HL071556 and HL105649 (to JIS).

References

1. Lou, Yi, GuoYan, T., Song, Yu, YinL, L., Yi Dan, C., et al. Characterization of transcriptional 
modules related to fibrosing-NAFLD progression. Sci Rep. 2017; 7:4748. [PubMed: 28684781] 

2. Haas JT, Francque S, Staels B. Pathophysiology and Mechanisms of Nonalcoholic Fatty Liver 
Disease. Annu Rev Physiol. 2016; 78:181–205. [PubMed: 26667070] 

3. Wei C, Caiyan Z, Chuan S, Yadong W. Cytokeratin 18, alanine aminotransferase, platelets and 
triglycerides predict the presence of nonalcoholic steatohepatitis. PLoS One. 2013; 8:e82092. 
[PubMed: 24324749] 

4. Babu K, Shithu B, Jessica W, Adrian BW, Joseph MP. Gastrointestinal complications of diabetes 
mellitus. World J Diabetes. 2013; 4:51–63. [PubMed: 23772273] 

5. Kojima S, Watanabe N, Numata M, Ogawa T, Matsuzaki S. Increase in the prevalence of fatty liver 
in Japan over the past 12 years: analysis of clinical background. J Gastroenterol. 2003; 38:954–961. 
[PubMed: 14614602] 

6. Ruhl CE, Everhart JE. Fatty liver indices in the multiethnic United States National Health and 
Nutrition Examination Survey. Aliment Pharmacol Ther. 2015; 41:65–76. [PubMed: 25376360] 

7. Pappachan JM, Antonio FA, Edavalath M, Mukherjee A. Non-alcoholic fatty liver disease: a 
diabetologist’s perspective. Endocrine. 2014; 45:344–353. [PubMed: 24287794] 

8. Abd El-Kader SM, El-Den Ashmawy EM. Non-alcoholic fatty liver disease: The diagnosis and 
management. World J Hepatol. 2015; 7:846–858. [PubMed: 25937862] 

9. Loomba R, Sirlin CB, Schwimmer JB, Lavine JE. Advances in pediatric nonalcoholic fatty liver 
disease. Hepatology. 2009; 50:1282–1293. [PubMed: 19637286] 

10. Yoshio S, Atsushi N, Yoshito I. Limitations of liver biopsy and noninvasive diagnostic tests for the 
diagnosis of nonalcoholic fatty liver disease/non-alcoholic steatohepatitis. World J Gastroenterol. 
2014; 20:475–485. [PubMed: 24574716] 

11. Cortez PH, Grieco A, Machado MV, Miele L, Targher G, et al. Epidemiological modifiers of non-
alcoholic fatty liver disease: Focus on high-risk groups. Dig Liver Dis. 2015; 47:997–1006. 
[PubMed: 26454786] 

12. Sung KC, Wild SH, Byrne CD. Development of new fatty liver, or resolution of existing fatty liver, 
over five years of follow-up, and risk of incident hypertension. J Hepatol. 2014; 60:1040–1045. 
[PubMed: 24445219] 

13. Marzuillo P, Grandone A, Perrone L, Miraglia DGE. Controversy in the diagnosis of pediatric non-
alcoholic fatty liver disease. World J Gastroenterol. 2015; 21:6444–6450. [PubMed: 26074683] 

14. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, et al. National, regional, and global 
trends in body-mass index since 1980: systematic analysis of health examination surveys and 
epidemiological studies with 960 country-years and 9.1 million participants. Lancet. 2011; 
377:557–567. [PubMed: 21295846] 

15. Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, et al. Nonalcoholic steatohepatitis is 
the second leading etiology of liver disease among adults awaiting liver transplantation in the 
United States. Gastroenterology. 2015; 148(3):547–555. [PubMed: 25461851] 

Sharma et al. Page 7

J Clin Cell Immunol. Author manuscript; available in PMC 2017 November 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Kim D, Kim WR, Kim HJ, Therneau TM. Association between noninvasive fibrosis markers and 
mortality among adults with nonalcoholic fatty liver disease in the United States. Hepatology. 
2013; 57:1357–1365. [PubMed: 23175136] 

17. Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, Kechagias S, et al. Long-term follow-up of 
patients with NAFLD and elevated liver enzymes. Hepatology. 2006; 44:865–873. [PubMed: 
17006923] 

18. Askling J, Glaumann H, Lindberg G, Marmur J, Hultcrantz R, et al. Decreased survival of subjects 
with elevated liver function tests during a 28-year follow-up. Hepatology. 2010; 51:595–602. 
[PubMed: 20014114] 

19. Sari E, Akçay A, Taşkın N, Ulucan K, Akçay T, et al. Non-alcoholic fatty liver disease in obese 
children and the relationship between metabolic syndrome criteria. Obes Res Clin Pract. 2014; 
8:e356–363. [PubMed: 25091357] 

20. Atabek ME, Selver EB, Akyürek N. Which metabolic syndrome criteria best predict non-alcoholic 
fatty liver disease in children? Eat Weight Disord. 2014; 19:495–501. [PubMed: 24844310] 

21. Kanwar P, Kowdley KV. The Metabolic Syndrome and Its Influence on Nonalcoholic 
Steatohepatitis. Clin Liver Dis. 2016; 20:225–243. [PubMed: 27063266] 

22. Adinolfi LE, Durante ME, Zampino R, Ruggiero G. Review article: hepatitis C virus-associated 
steatosis--pathogenic mechanisms and clinical implications. Aliment Pharmacol Ther. 2005; 2:52–
55.

23. Leena Anil, AS. West Virginia Viral Hepatitis B and C Surveillance 2012–2015. West Virginia 
Department of Health and Human Resources: Bureau for Public Health; 2016. 

24. Anish P, Stephen AH. Hepatitis C virus infection and nonalcoholic steatohepatitis. Gastroenterol 
Hepatol (N Y). 2012; 8:305–312. [PubMed: 22933860] 

25. Itoh Y, Zen Y, Nakanuma Y, Yoshikawa T, Okanoue T, et al. Steatosis and hepatic expression of 
genes regulating lipid metabolism in Japanese patients infected with hepatitis C virus. J 
Gastroenterol. 2010; 45:95–104. [PubMed: 19789836] 

26. Guerrera B, Restivo L, Marrone A, Giordano M, Zampino R, et al. NAFLD and NASH in HCV 
Infection: Prevalence and Significance in Hepatic and Extrahepatic Manifestations. Int J Mol Sci. 
2016; 17:E803. [PubMed: 27231906] 

27. Laura, MS., Martin, JRA. The State of Obesity: Better Policies for a Healthier America 2016. 
Robert Wood Johnson Foundation; 2016. 

28. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, et al. Heart disease and stroke 
statistics--2011 update: a report from the American Heart Association. Circulation. 2011; 
123:e18–e209. [PubMed: 21160056] 

29. Srikanthan K, Feyh A, Visweshwar H, Shapiro JI, Sodhi K. Systematic Review of Metabolic 
Syndrome Biomarkers: A Panel for Early Detection, Management, and Risk Stratification in the 
West Virginian Population. Int J Med Sci. 2016; 13:25–38. [PubMed: 26816492] 

30. Mallick A, Payne K, Jones C, Manne ND, Sundaram S, et al. Role of Serum Biomarkers in Early 
Detection of Diabetic Cardiomyopathy in the West Virginian Population. Int J Med Sci. 2016; 
13:161–168. [PubMed: 26941576] 

31. Xu X, Lu L, Dong Q, Li X, Zhang N, et al. Research advances in the relationship between 
nonalcoholic fatty liver disease and atherosclerosis. Lipids Health Dis. 2015; 14:158. [PubMed: 
26631018] 

32. Hong L, Hong-Yun L. Nonalcoholic fatty liver disease and cardiovascular disease. World J 
Gastroenterol. 2014; 20:8407–8415. [PubMed: 25024598] 

33. Baranova A, Collantes R, Ranard B, Stepanova M, Bennett C, et al. Adipokines and cytokines in 
non-alcoholic fatty liver disease. Aliment Pharmacol Ther. 2008; 27:412–421. [PubMed: 
18081738] 

34. Mirza MS. Obesity, Visceral Fat and NAFLD: Querying the Role of Adipokines in the Progression 
of Nonalcoholic Fatty Liver Disease. ISRN Gastroenterol. 2011; 2011:592404. [PubMed: 
21991518] 

35. Lyon CJ, Hsueh WA. Effect of plasminogen activator inhibitor-1 in diabetes mellitus and 
cardiovascular disease. Am J Med. 2003; 115:62S–68S. [PubMed: 14678868] 

Sharma et al. Page 8

J Clin Cell Immunol. Author manuscript; available in PMC 2017 November 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



36. Pastore A, Alisi A, Giovamberardino G, Crudele A, Ceccarelli S, et al. Plasma levels of 
homocysteine and cysteine increased in pediatric NAFLD and strongly correlated with severity of 
liver damage. Int J Mol Sci. 2014; 15:21202–21214. [PubMed: 25407526] 

37. Chang ML, Hsu CM, Tseng JH, Tsou YK, et al. Plasminogen activator inhibitor-1 is independently 
associated with non-alcoholic fatty liver disease whereas leptin and adiponectin vary between 
genders. J Gastroenterol Hepatol. 2015; 30:329–336. [PubMed: 25091195] 

38. Yada R, Harada N, Enjoji M, Takayanagi R, Nakamuta M, et al. SREBP-1c, regulated by the 
insulin and AMPK signaling pathways, plays a role in nonalcoholic fatty liver disease. Int J Mol 
Med. 2008; 21:507–11. [PubMed: 18360697] 

39. Kharroubi AT, Darwish HM. Diabetes mellitus: The epidemic of the century. World J Diabetes. 
2015; 6:850–67. [PubMed: 26131326] 

40. Kakkar R. Rising burden of Diabetes-Public Health Challenges and way out. Nepal J Epidemiol. 
2016; 6:557–559. [PubMed: 27774342] 

41. Seko Y, Sumida Y, Tanaka S, Mori K, Taketani H, et al. Insulin resistance increases the risk of 
incident type 2 diabetes mellitus in patients with nonalcoholic fatty liver disease. Hepatol Res. 
2017

42. Lihn AS, Pedersen SB. Richelsen B. Adiponectin: action, regulation and association to insulin 
sensitivity. Obes Rev. 2005; 6:13–21. [PubMed: 15655035] 

43. Hadizadeh F, Faghihimani E, Adibi P. Nonalcoholic fatty liver disease: Diagnostic biomarkers. 
World J Gastrointest Pathophysiol. 2017; 8:11–26. [PubMed: 28573064] 

44. Leite NC, Villela-Nogueira CA, Cardoso CR, Salles GF. Non-alcoholic fatty liver disease and 
diabetes: from physiopathological interplay to diagnosis and treatment. World J Gastroenterol. 
2014; 20:8377–92. [PubMed: 25024596] 

45. King DE, Mainous AG 3rd, Buchanan TA, Pearson WS. C-reactive protein and glycemic control in 
adults with diabetes. Diabetes Care. 2003; 26:1535–1539. [PubMed: 12716818] 

46. Gohel MG, Chacko AN. Serum GGT activity and hsCRP level in patients with type 2 diabetes 
mellitus with good and poor glycemic control: An evidence linking oxidative stress, inflammation 
and glycemic control. J Diabetes Metab Disord. 2013; 12:56. [PubMed: 24360326] 

47. Meigs JB. Multiple biomarker prediction of type 2 diabetes. Diabetes Care. 2009; 32:1346–1348. 
[PubMed: 19564478] 

48. Umeno A, Yoshino K, Hashimoto Y, Shichiri M, Kataoka M, et al. Multi-Biomarkers for Early 
Detection of Type 2 Diabetes, Including 10- and 12-(Z,E)-Hydroxyoctadecadienoic Acids, Insulin, 
Leptin, and Adiponectin. PLoS One. 2015; 10:e0130971. [PubMed: 26132231] 

49. Engin A. Non-Alcoholic Fatty Liver Disease. Adv Exp Med Biol. 2017; 960:443–467. [PubMed: 
28585211] 

50. Lopez-Castejon G, Brough D. Understanding the mechanism of IL-1β secretion. Cytokine Growth 
Factor Rev. 2011; 22:189–195. [PubMed: 22019906] 

51. Tilg H, Moschen AR. IL-1 cytokine family members and NAFLD: neglected in metabolic liver 
inflammation. J Hepatol. 2011; 55:960–962. [PubMed: 21742000] 

52. Tong HV, Luu NK, Son HA, et al. Adiponectin and pro-inflammatory cytokines are modulated in 
Vietnamese patients with type 2 diabetes mellitus. J Diabetes Investig. 2017; 8:295–305.

53. Goyal R, Faizy AF, Siddiqui SS, Singhai M. Evaluation of TNF-α and IL-6 Levels in Obese and 
Non-obese Diabetics: Pre- and Postinsulin Effects. N Am J Med Sci. 2012; 4:180–184. [PubMed: 
22536561] 

54. Chen S, Jim B, Ziyadeh FN. Diabetic nephropathy and transforming growth factor-beta: 
transforming our view of glomerulosclerosis and fibrosis build-up. Semin Nephrol. 2003; 23:532–
543. [PubMed: 14631561] 

55. Zahran WE, Salah El-Dien KA, Kamel PG, El-Sawaby AS2. Efficacy of Tumor Necrosis Factor 
and Interleukin-10 Analysis in the Follow-up of Nonalcoholic Fatty Liver Disease Progression. 
Indian J Clin Biochem. 2013; 28:141–6. [PubMed: 24426199] 

56. Boucher J, Kleinridders A, Kahn CR. Insulin receptor signaling in normal and insulin-resistant 
states. Cold Spring Harb Perspect Biol. 2014:6.

57. Withers DJ, Gutierrez JS, Towery H, Burks DJ, Ren JM, et al. Disruption of IRS-2 causes type 2 
diabetes in mice. Nature. 1998; 391:900–904. [PubMed: 9495343] 

Sharma et al. Page 9

J Clin Cell Immunol. Author manuscript; available in PMC 2017 November 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



58. Roncero I, Alvarez E, Acosta C, Sanz C, Barrio P, et al. Insulin-receptor substrate-2 (irs-2) is 
required for maintaining glucokinase and glucokinase regulatory protein expression in mouse liver. 
PLoS One. 2013; 8:e58797. [PubMed: 23560040] 

59. Saligram S, Williams EJ, Masding MG. Raised liver enzymes in newly diagnosed Type 2 diabetes 
are associated with weight and lipids, but not glycaemic control. Indian J Endocrinol Metab. 2012; 
16:1012–4. [PubMed: 23226654] 

60. Jung CH, Lee MJ, Hwang JY, Jang JE, Leem J, et al. Elevated serum ferritin level is associated 
with the incident type 2 diabetes in healthy Korean men: a 4 year longitudinal study. PLoS One. 
2013; 8:e75250. [PubMed: 24098686] 

61. Momeni A, Behradmanesh MS, Kheiri S, Abasi F. Serum ferritin has correlation with HbA1c in 
type 2 diabetic patients. Adv Biomed Res. 2015; 4:74. [PubMed: 25878999] 

62. Adams P. Management of elevated serum ferritin levels. Gastroenterol Hepatol (NY). 2008; 4:333–
334.

63. Kowdley KV, Belt P, Wilson LA, Yeh MM, Neuschwander-Tetri BA, et al. Serum ferritin is an 
independent predictor of histologic severity and advanced fibrosis in patients with nonalcoholic 
fatty liver disease. Hepatology. 2012; 55:77–85. [PubMed: 21953442] 

64. Formiguera X, Cantón A. Obesity: epidemiology and clinical aspects. Best Pract Res Clin 
Gastroenterol. 2004; 18:1125–1146. [PubMed: 15561643] 

65. Bray GA. Risks of obesity. Endocrinol Metab Clin North Am. 2003; 32:787–804. [PubMed: 
14711062] 

66. Bellanger TM, Bray GA. Obesity related morbidity and mortality. J La State Med Soc. 2005; 
157(Spec No 1):S42–49. [PubMed: 15751909] 

67. Pi-Sunyer FX. Health implications of obesity. Am J Clin Nutr. 1991; 53:1595S–1603S. [PubMed: 
2031492] 

68. Milić S, Lulić D, Štimac D. Non-alcoholic fatty liver disease and obesity: biochemical, metabolic 
and clinical presentations. World J Gastroenterol. 2014; 20:9330–7. [PubMed: 25071327] 

69. Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, et al. Prevalence of nonalcoholic fatty liver 
disease and nonalcoholic steatohepatitis among a largely middle-aged population utilizing 
ultrasound and liver biopsy: a prospective study. Gastroenterology. 2011; 140:124–31. [PubMed: 
20858492] 

70. Targher G, Bertolini L, Scala L, Poli F, Zenari L, et al. Decreased plasma adiponectin 
concentrations are closely associated with nonalcoholic hepatic steatosis in obese individuals. Clin 
Endocrinol (Oxf). 2004; 61:700–3. [PubMed: 15579183] 

71. Feldstein AE, Wieckowska A, Lopez AR, Liu YC, Zein NN, et al. Cytokeratin-18 fragment levels 
as noninvasive biomarkers for nonalcoholic steatohepatitis: a multicenter validation study. 
Hepatology. 2009; 50:1072–8. [PubMed: 19585618] 

72. Li M, Kim DH, Tsenovoy PL, Peterson SJ, Rezzani R, et al. Treatment of obese diabetic mice with 
a heme oxygenase inducer reduces visceral and subcutaneous adiposity, increases adiponectin 
levels, and improves insulin sensitivity and glucose tolerance. Diabetes. 2008; 57:1526–35. 
[PubMed: 18375438] 

73. Anty R, Iannelli A, Patouraux S, Bonnafous S, Lavallard VJ, et al. A new composite model 
including metabolic syndrome, alanine aminotransferase and cytokeratin-18 for the diagnosis of 
non-alcoholic steatohepatitis in morbidly obese patients. Aliment Pharmacol Ther. 2010; 32:1315–
22. [PubMed: 21050233] 

74. Kälsch J, Bechmann LP, Kälsch H, Schlattjan M, Erhard J, et al. Evaluation of Biomarkers of 
NAFLD in a Cohort of Morbidly Obese Patients. J Nutr Metab. 2011; 2011:369168. [PubMed: 
21773018] 

75. Dixon JB, Bhathal PS, O’Brien PE. Nonalcoholic fatty liver disease: predictors of nonalcoholic 
steatohepatitis and liver fibrosis in the severely obese. Gastroenterology. 2001; 121:91–100. 
[PubMed: 11438497] 

76. García-Galiano D, Sánchez-Garrido MA, Espejo I, Montero JL, Costán G, et al. IL-6 and IGF-1 
are independent prognostic factors of liver steatosis and non-alcoholic steatohepatitis in morbidly 
obese patients. Obes Surg. 2007; 17:493–503. [PubMed: 17608262] 

Sharma et al. Page 10

J Clin Cell Immunol. Author manuscript; available in PMC 2017 November 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



77. Clemmons DR. The relative roles of growth hormone and IGF-1 in controlling insulin sensitivity. J 
Clin Invest. 2004; 113:25–27. [PubMed: 14702105] 

78. Rodríguez-Suárez E, Duce AM, Caballería J, Martínez Arrieta F, Fernández E, et al. Non-alcoholic 
fatty liver disease proteomics. Proteomics Clin Appl. 2010; 4:362–371. [PubMed: 21137056] 

79. Charlton M, Viker K, Krishnan A, Sanderson S, Veldt B, et al. Differential expression of lumican 
and fatty acid binding protein-1: new insights into the histologic spectrum of nonalcoholic fatty 
liver disease. Hepatology. 2009; 49:1375–84. [PubMed: 19330863] 

80. Pearce SG, Thosani NC, Pan JJ. Noninvasive biomarkers for the diagnosis of steatohepatitis and 
advanced fibrosis in NAFLD. Biomark Res. 2013; 1:7. [PubMed: 24252302] 

81. Zimmermann E, Anty R, Tordjman J, Verrijken A, Gual P, et al. C-reactive protein levels in relation 
to various features of non-alcoholic fatty liver disease among obese patients. J Hepatol. 2011; 
55:660–5. [PubMed: 21238518] 

82. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, et al. Diagnosis and management of 
the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood 
Institute scientific statement. Curr Opin Cardiol. 2006; 21:1–6. [PubMed: 16355022] 

83. Aguilar M, Bhuket T, Torres S, Liu B, Wong RJ. Prevalence of the metabolic syndrome in the 
United States, 2003–2012. JAMA. 2015; 313:1973–1974. [PubMed: 25988468] 

84. Paschos P, Paletas K. Non alcoholic fatty liver disease and metabolic syndrome. Hippokratia. 2009; 
13:9–19. [PubMed: 19240815] 

85. Marchesini G, Brizi M, Bianchi G, Tomassetti S, Bugianesi E, et al. Nonalcoholic fatty liver 
disease: a feature of the metabolic syndrome. Diabetes. 2001; 50:1844–1850. [PubMed: 
11473047] 

86. Huang HL, Lin WY, Lee LT, Wang HH, Lee WJ, et al. Metabolic syndrome is related to 
nonalcoholic steatohepatitis in severely obese subjects. Obes Surg. 2007; 17:1457–63. [PubMed: 
18219772] 

87. Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Taniguchi H, et al. The metabolic syndrome as a 
predictor of nonalcoholic fatty liver disease. Ann Intern Med. 2005; 143:722–728. [PubMed: 
16287793] 

88. Shih KL, Su WW, Chang CC, Kor CT, Chou CT. Comparisons of parallel potential biomarkers of 
1H-MRS-measured hepatic lipid content in patients with non-alcoholic fatty liver disease. Sci Rep. 
2016; 6:24031. [PubMed: 27079922] 

89. Neuman MG, Cohen LB, Nanau RM. Biomarkers in nonalcoholic fatty liver disease. Can J 
Gastroenterol Hepatol. 2014; 28:607–18. [PubMed: 25575111] 

90. Jamali R, Arj A, Razavizade M, Aarabi MH. Prediction of Nonalcoholic Fatty Liver Disease Via a 
Novel Panel of Serum Adipokines. Medicine (Baltimore). 2016; 95:e2630. [PubMed: 26844476] 

91. Wieckowska A, Papouchado BG, Li Z, Lopez R, Zein NN, et al. Increased hepatic and circulating 
interleukin-6 levels in human nonalcoholic steatohepatitis. Am J Gastroenterol. 2008; 103:1372–9. 
[PubMed: 18510618] 

92. Indulekha K, Surendar J, Mohan V. High sensitivity C-reactive protein, tumor necrosis factor-
alpha, interleukin-6 and vascular cell adhesion molecule-1 levels in Asian Indians with metabolic 
syndrome and insulin resistance (CURES-105). J Diabetes Sci Technol. 2011; 5:982–8. [PubMed: 
21880241] 

93. do Martins MC, Lima Faleiro L, Fonseca A. Relationship between leptin and body mass and 
metabolic syndrome in an adult population. Rev Port Cardiol. 2012; 31:711–719. [PubMed: 
23040870] 

94. Lara-Castro C, Fu Y, Chung BH, Garvey WT. Adiponectin and the metabolic syndrome: 
mechanisms mediating risk for metabolic and cardiovascular disease. Curr Opin Lipidol. 2007; 
18:263–70. [PubMed: 17495599] 

95. Santaniemi M, Kesaniemi YA, Ukkola O. Low plasma adiponectin concentration is an indicator of 
the metabolic syndrome. Eur J Endocrinol. 2006; 155:745–50. [PubMed: 17062891] 

96. Goguet-Rubio P, Klug RL, Sharma DL, Srikanthan K, Puri N, et al. Existence of a Strong 
Correlation of Biomarkers and miRNA in Females with Metabolic Syndrome and Obesity in a 
Population of West Virginia. Int J Med Sci. 2017; 14:543–553. [PubMed: 28638270] 

Sharma et al. Page 11

J Clin Cell Immunol. Author manuscript; available in PMC 2017 November 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Common Biomarkers of NAFLD, CVD, T2DM, MetS and Obesity. A schematic overview 

displaying the interactions of cytokines, inflammatory markers and adipokines resulting 

from CVD, DM, obesity and MetS contributing to the development of NAFLD.
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