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 Millions of people worldwide are diagnosed with diabetes, as it is one of the most 

common diseases to affect people. It is estimated that 371 million people have diabetes, and half 

of that half of those people do not know they have it
1
. It is becoming common for patients with 

diabetes to develop and experience symptoms of liver failure. The liver is one of the most 

important organs in the body, as it is essential for maintaining blood glucose levels, and 

supplying the brain with the glucose energy it requires. The focus on this paper will be to see 

what causes diabetic patients to develop liver failure throughout their lifetime. 

 There is a lot of research being done in order to correlate diabetes with non-alcoholic 

fatty liver disease (NAFLD). In one study in which twenty six patients with type-2 diabetes and 

NAFLD, and twenty six patients with just type-2 diabetes alone, the researchers concluded that 

patients that had NAFLD and type-2 diabetes had higher levels of serum insulin than those 

patients with just type-2 diabetes alone
2
. The patients in this study went through a series of tests 

including oral glucose tolerance test, and magnetic resonance spectroscopy, in order to show that 

patients with NAFLD and type-2 diabetes had higher levels of serum insulin. 

 With the oral glucose test, the researchers were able to determine the blood glucose levels 

for the patients at different time intervals
2
. Oral glucose tolerance tests work by collecting blood 

prior to consuming anything (fasting blood glucose value). Then the patient is given a drink that 

contains a measured amount of glucose in it. After taking the drink, the blood glucose levels of 

the patients are taken in specific time intervals, for this test the intervals where 0 min, 30 min, 60 



min and 120 minutes
4
. The values obtained from test are then compared to a set standard glucose 

level, which helps determine how the cells absorb glucose
3
. Magnetic resonance spectroscopy 

was used to measure the fat content in the liver
2
. Magnetic resonance spectroscopy is a non-

invasive way that allows the characterization of the tissue. It uses the signal from protons to 

determine the concentrations of choline, creatine and lactate in the tissue being examined. This 

method is useful in determining disease states and diseases in tissues
5
. With this they found that 

a patient that had type 2 diabetes and NAFLD, had a fat content of 69.09 percent.  

 In another study in which researchers correlated type-2 diabetes patients with NAFLD, 

researchers divided patients based on their NAFLD status. In this study the authors concluded 

that increased liver fat content was associated with increased occurrence of severe and mild 

albuminuria
6
. Albuminuria is having too much protein in the urine, having too much protein in 

the liver
14

. In order to come up with this conclusion, the patients were separated into groups, and 

a series of tests, which included ELISA assay, oral glucose test, and high performance liquid 

chromatography (HPLC), were done on the blood samples obtained from the patients. Oral 

glucose tolerance tests where used in order to determine the blood glucose level of the patients at 

different time intervals
6
. In order to determine the fat content in the liver for the patients, an 

ultrasound was taken of the liver. 

 The ELISA assay was used determine the plasma levels of omentin-1, adiponectin, and 

tumor necrosis factor
6
. ELISA assay is used to measure the concentrations of antigens in a 

solution. It works by using a well plate in which plates are filled with antibodies for the 

molecules being detected. Then a second antibody with a marker is added and positive reaction is 

detected by color change in the marker
7
. The color change in the ELISA assay is seen, because 



the antibody bound enzyme changes color when it is exposed to the substrate, which helps to 

detect the molecules of interest in the sample.  

 In this same study HPLC was used to measure glycosylated hemoglobin in the 

patients
6
. Glycosylated hemoglobin (A1C), is used to measure the three month average plasma 

glucose concetration
8
. HPLC is a method used to separate, identify and quantify different 

components in a mixture
9
. A sample mixture is pumped through a column at high pressure. The 

column is packed with chromatographic packing material, known as the stationary phase. This 

material can either be non-polar or polar. When the mixture of the unknown with a solvent is 

passed through the column it gets separated based on the amount of time it interacts with the 

stationary phase in the column. If there is a lot of interaction between the stationary phase and 

the solvent then the solvent will experience a higher retention time. In the study they found that 

patients with type-2 diabetes and NAFLD had high glycosylated hemoglobin percent. A high 

percentage of glycosylated hemoglobin percent in diabetic patients indicates a poor control of 

blood glucose levels.  

Increased glycosylated hemoglobin is seen in patients with NAFLD, because of insulin 

resistance in the patients with NAFLD. Insulin resistance is seen in patients with patients with 

NAFLD, because impaired hepatic lipid and lipoprotein settling and increased oxidative stress in 

the liver increases the fat accumulation in the liver
11

. The fat accumulation in the liver results in 

insulin resistance, which causes the patients with NAFLD and type-2 diabetes to have high 

glycosylated hemoglobin.   

Since there is  a strong correlation between patients with type-2 diabetes and NAFLD, 

researchers are looking to what in patients with type-2 diabetes causes them to develop NAFLD. 



Type-2 diabetes causes patients to develop NAFLD because type 2 diabetes causes the liver to 

store excess glycogen
10

.  Glycogen in the liver is β particles, which can form composite α 

particles, and include bound proteins in them
12

.  In diabetic patients alpha particles degrade to 

beta particles which cause them to have uncontrolled blood-sugar levels
12

. This was shown in a 

study in which glycogen in the liver from mice without diabetes and glycogen in the liver from 

mice with diabetes were examined using size exclusion chromatography. Size exclusion 

chromatography works by separating molecules in solution based on their size. Size exclusion is 

one of the ways HPLC separates molecules.  

Size exclusion chromatography works, by filling a column with material that contains 

many pores
13

. Then the molecules that are being tested are dissolved in a solvent, and are poured 

into the column. The smaller molecules flow slowly, because they penetrate the pores and large 

molecules come more quickly, because they are too big to fit in the pores so they interact less, 

and come out faster
13

. In the study done by the researchers, the solvents they used were an 

aqueous eluent, and dimethyl sulfoxide (DMSO). In this study they found that that diabetic 

glycogen had many alpha particles in the water based solvent, and in DMSO solvent they found 

that those alpha particles degraded to beta particles
12

. However in the healthy glycogen, the alpha 

particles were always present. The degrading of alpha particles to beta particles in diabetic 

glycogen is bad, because beta particles degrade more easily to glucose than alpha particles
12

. 

This is a reason why a diabetic patient experiences uncontrolled blood-sugar levels.  

In all the studies being done to type-2 diabetes patients with NAFLD, there has been a 

correlation that shows the patients having too much glycogen in the liver. Moreover as seen by 

some of the studies described in this paper excess glycogen storage in the liver could be caused 

by insulin resistance. In other study researchers found that a major cause that causes diabetic 



patients to develop liver disease is hyperlipidemia, hyperglycemia, and microcirculation
15

. 

Hyperglycemia is having too much glucose in the blood. Patients with diabetes develop 

hyperglycemia, because their body is not producing the required amount of insulin it requires.  

Hyperlipidemia and hyperglycemia both induce diabetic patients, to develop liver 

disease, because they induce the transcription of pro inflammatory cytokines
16

. Hyperlipidemia 

is having too many fats and lipids in the blood, which in turn causes the patient to develop high 

levels of bad cholesterol. This causes diabetic patients to develop cardiovascular problems. 

Patients develop cardiovascular problems, because hyperlipidemia causes patients to develop 

disease in the blood vessels which causes less blood to be delivered to the heart, which in turn 

can lead to a heart attack. Patients with diabetes develop hyperlipidemia because they start to 

accumulate high levels of triglyceride rich lipoproteins in the liver.  

Overall there exists a strong correlation between patients with type-2 diabetes and the 

development of NAFLD. This correlation has been seen and proven by the tests researchers have 

done and that have been discussed in this paper. However future research needs to be done to see 

what is the underlying mechanism that causes diabetic patients to develop NAFLD. The 

degradation of  alpha particles to beta particles in diabetic patients liver could serve as a starting 

point to see the underlying mechanism to see what in diabetic patients causes them to develop 

NAFLD.  

 

 

 

References 



1. Castillo, Michelle. "371 Million People Have Diabetes Globally, about Half 

Undiagnosed." CBS News. N.p., 14 Nov. 2012. Web. 

2. Chai, Shang-Yu, Xiao-Yu Pan, Ke-Xiu Song, Yue-Ye Huang, Fei Li, Xiao-Yun Cheng, 

and Shen Qu. "Differential Patterns of Insulin Secretion and Sensitivity in Patients with 

Type 2 Diabetes Mellitus and Nonalcoholic Fatty Liver Disease versus Patients with 

Type 2 Diabetes Mellitus Alone." Lipids Health Dis Lipids in Health and Disease 13.1 

(2014): 7-13. Web. 

3. "Oral Glucose Tolerance Test." WebMD. WebMD,. Web. 26 Feb. 2016. 

4. Glucose Tolerance Tests: What Exactly Do They Involve? U.S. National Library of 

Medicine, n.d. Web. 26 Feb. 2016. 

5. SK, Gujar, Maheshwari S, Bjorkman-Burtscher I, and Sundgren PC. "Magnetic 

Resonance Spectroscopy." Pub Med 3 (2005): 217-26. Web. 

6. Jia, Guoyu, Fusheng Di, Qipeng Wang, Jinshuang Shao, Lei Gao, Lu Wang, Qiang Li, 

and Nali Li. "Non-Alcoholic Fatty Liver Disease Is a Risk Factor for the Development of 

Diabetic Nephropathy in Patients with Type 2 Diabetes Mellitus." PLOS ONE PLoS ONE 

10.11 (2015): 1-11. Web. 

7. "Biobest Laboratories Ltd." Biobest, Enzyme-Linked Immunosorbent Assay (ELISA) 

Technique. N.p., n.d. Web. 25 Mar. 2016. 

8. "Glycated Hemoglobin." Wikipedia. Wikimedia Foundation, n.d. Web. 25 Mar. 2016. 

9. "High-performance Liquid Chromatography." Wikipedia. Wikimedia Foundation, n.d. 

Web. 29 Feb. 2016. 



10. Levinthal, Gavin, and Anthony Tavill. "Liver Disease and Diabetes MellitusLiver 

Disease and Diabetes MellitusLiver Disease and Diabetes Mellitus." Clinical DIabetes 

17.2 (1999): 73-79. Print. 

11. Ma, Han, Chengfu Xu, Lei Xu, Chaohui Yu, Min Miao, and Youming Li. "Independent 

Association of HbA1c and Nonalcoholic Fatty Liver Disease in an Elderly Chinese 

Population." BMC Gastroenterol BMC Gastroenterology 13.1 (2013): 3-13. Web. 

12. Deng, Bin, Mitchell A. Sullivan, Jialun Li, Xinle Tan, Chengjun Zhu, Benjamin L. 

Schulz, and Robert G. Gilbert. "Molecular Structure of Glycogen in Diabetic Liver." 

Glycoconj J Glycoconjugate Journal 32.3-4 (2015): 113-18. Web 

13. "Size Exclusion Chromatography : SHIMADZU (Shimadzu Corporation)." Shimadzu 

Corporation. N.p., n.d. Web. 21 Apr. 2016. 

14. "Albuminuria." The National Kidney Foundation. N.p., 24 Dec. 2015. Web. 21 Apr. 

2016. 

15. Garcia-Compean, Diego, Joel Jaquez-Quintana, Jose Gonzalez-Gpnzalez, and Hector 

Maldonado-Garza. "Liver Cirrhosis and Diabetes: Risk Factors, Pathophysiology, 

Clinical Implications and Management." World Journal of Gastroenterology WJG 15.3 

(2009): 280-88. Web 

16. Abbate, Samuel L., and John D. Brunzell. "Pathophysiology of Hyperlipidemia in 

Diabetes Mellitus." Journal of Cardiovascular Pharmacology 16 (1990): n. pag. Web. 

 

 

 



 

  

  

  



 


