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Introduction: 

Type 2 Diabetes Mellitus 

(T2DM), most common 

form of diabetes. According to the International Diabetes Federation (IDF), prevalence of T2DM is 

increasing and it was estimated that 537 million people worldwide had diabetes in 2021, and this 

Background: Type 2 diabetes mellitus (T2DM), chronic metabolic disorder and its 

prevalence is raising globally. The micro and macrovascular complications in T2DM 

increases with duration of disease and prevailing of chronic hyperglycemia. Adenosine 

deaminase, a key regulating enzyme of adenosine levels and concerned with cell 

mediated immunity. ADA gives a promising result as a common marker for glycemic 

control, insulin resistance and pathogenesis of disease. The present study was 

undertaken to evaluate association of insulin resistance with adenosine deaminase 

levels in type 2 diabetes mellitus and their correlation with liver enzymes. 

Materials and Methods: This case-control study was conducted in Department of 

Biochemistry, LN Medical College & JK Hospital, Bhopal, Madhya Pradesh, India. The 

present study was approved by the Ethics Committee, LN Medical College & JK Hospital, 

Bhopal (Sep-2019/RDC/2020/293). In this study, 200 subjects were included, among 

them 100 were type 2 diabetes mellitus subjects and 100 were nondiabetic subjects. 

Detailed clinical and physical examination was done to all the study subjects. Under 

fasting condition, 4 ml blood sample and 2 ml post-prandial blood was collected and 

serum was separated. The separated serum was used for the estimation of FBS, PPBS, 

insulin, Liver enzymes and Adenosine deaminase by using autoanalyzer kits. 2 ml whole 

blood sample was used for estimation of HbA1c. in addition to family history, duration, 

BMI also recorded.    

Results: In this study, among 100 T2DM cases, 46were males and 54 were females. 

Mean levels of fasting glucose, post prandial glucose, HbA1C, insulin, HOMA-IR, Liver 

enzymes (AST, ALT, ALP) and ADA were significantly higher in T2DM cases compared 

to nondiabetic subjects (P < 0.001). ADA showed positive correlation with fasting 

Insulin, HOMA IR and liver enzymes. Further, Serum ADA levels are significantly higher 

in fairly controlled than in controlled diabetics. 

Conclusion: The present study results may conclude that serum ADA levels may be 

used as an alternative surrogate marker for insulin resistance, assessing glycemic 

control and assessing liver functioning deformities in pathogenesis of type 2 diabetes 

mellitus.  
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number is projected to reach 643 million by 2030, and 783 million people by 2045.[1] India, is in 

second position with largest number of Diabetes patients and the scenario will rise to 134.3 million 

by the year 2045.[2] 

 

In T2DM, insulin resistance & dysfunction of islet beta cells of pancreas is a known fact for the 

condition of chronic hyperglycemia. The micro and macrovascular complications increase with 

duration of disease, prevailing of chronic hyperglycemia which is mainly caused by abnormality in 

insulin secretion, insulin action or both. Glycemic control is the key therapeutic goal in prevention 

of complications in type 2 diabetes. There is a potential need of new methods of glycemic control 

assessing and its implications in pathogenies of disease with time and cost effective were under 

evaluation nowadays. [1,3]  

 

ADA (Adenosine deaminase) is a purine metabolic enzyme and its concentration is rich in thymus, 

spleen & other lymphoid tissues mainly concerned with cell medicated immunity. In addition, ADA 

also plays a significant role in insulin secretion by regulating islet cell function and insulin sensitivity. 

Increased serum ADA levels are strongly associated with autoimmune diseases, cancers and 

inflammatory diseases. There is an increased evidence of serum ADA levels as an inflammatory 

marker. [4] In a study conducted by Niraula et al., in Nepal on 204 type 2 diabetic patients, reported 

significant positive correlation between serum ADA and HbA1C levels.[5] Aishwarya et al., conducted 

a study on 90 type 2 diabetic patients in India and also reported strong positive correlation between 

serum ADA and HbA1C levels. [6] 

 

Liver is the central organ of metabolic homeostasis. Metabolic disorders like obesity, insulin 

resistance, dyslipidemia, T2DM, hypertension and nonalcoholic fatty liver disease are interconnected 

with each other through molecular, biochemical and complex immune mechanisms. Altered liver 

functions are established in T2DM with increased insulin resistance.[7] A few studies by Shiful Islam 

et al., [8], Yaru Bi et al., [9], Sana Alam et al., [10] demonstrated the elevated liver enzymes in type 

2 diabetes mellitus. 

 

Khemka et al., showed that there was a positive correlation of ADA with FBS but showed no 

correlation between serum ADA levels and HbA1C in patients with non-obese type 2 diabetes 

mellitus. [11] Moreover, to the best of our knowledge, the relationship between serum insulin levels, 

insulin resistance and ADA levels in type 2 diabetes mellitus are not fully elucidated as most of the 

previous studies designed to analyze the possible relationship of serum ADA levels with glycemic 

status of type 2 diabetic population.  In the view of increasing insulin resistance in type 2 diabetes 

the present study was undertaken to postulate the relationship of altered serum ADA levels with 

insulin resistance and its association with liver enzymes in type 2 diabetes mellitus. 

 

Materials and methods: 

Study center and study population 

This case-control study, conducted from June 2021 to May 2022. In this study, 200 subjects were 

included. Out of 200 subjects, 100 were type 2 diabetic subjects, who were on routine diabetic oral 

medications and 100 were nondiabetic individuals of age and sex matched attending LN Medical 

College & JK Hopsital outpatient department, Bhopal, Madhya Pradesh, India. The present study was 

approved by the Ethics Committee, LN Medical College & JK Hospital, Bhopal (Sep-

2019/RDC/2020/293). Study details were clearly informed to all study participants and written 

informed consent was obtained from all the study subjects.  
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Diagnosis of T2DM  

T2DM was diagnosed according to ADA (American Diabetes Association) 2023 guidelines, whose 

serum fasting glucose levels are >126 mg/dl or 2 hour post prandial glucose ≥200 mg/dl or 

Glycated hemoglobin ≥6.5%. [12]  

 

Inclusion criteria: 

Type 2 diabetic subjects were included in the study with whose glycated hemoglobin levels were 

≥6.5% and along with fasting glucose levels are >126 mg/dl or 2 hour post prandial glucose ≥200 

mg/dl as cases and non-diabetic subjects as controls.  

 

Exclusion criteria: 

Patients with obvious complications of diabetes, history of alcohol consumption, smoking history, 

obese, liver disorders, patients on insulin therapy, pregnant woman, hypertensive patients, thyroid 

disorders or with any other inflammatory diseases like tuberculosis, cancer, gout, kidney diseases 

were excluded from the study. 

 

Specimen collection and laboratory analysis 

Four ml of fasting venous blood sample was collected in a plain vacutainer and 2 ml of whole blood 

sample was collected in EDTA tube from the enrolled participants. Sample was processed for serum 

separation and serum was used for estimation of FBS (by GOD - POD method), fasting Insulin (by 

ELISA method), ADA (by kinetic enzymatic method), Aspartate Transaminase (by modified IFCC 

method), Alanine Transaminase (by modified IFCC method), Alkaline phosphatase (by kinetic 

method) on auto analyzer. 2 ml of whole blood sample was used for HbA1c analysis on trinity biotech 

analyzer, (HPLC method). HOMA-IR (Homeostatic model for insulin resistance) was measured from 

fasting insulin levels and fasting glucose levels. Second sample was collected after 2 hours of 

breakfast, serum was separated and processed for post prandial blood sugar level (by GOD-POD 

method). In addition to this, Body mass index (BMI) was calculated for each participant. 

 

Statistical analysis  

Results were expressed as mean ± SD. Mann-Whitney U test was used for continuous non-normally 

distributed variables. Categorical variables were expressed in percentages. Spearman’s correlation 

was applied. The level of significance was p<0.05. Analysis was performed using SPSS software, 

version 22.0. 

 

Results: 

The demographic and biochemical parameters of study were presented in table 1. The mean age of 

T2DM subjects was 48.8 ± 7.6 years and 45.8 ± 8.9 years for nondiabetic subjects. BMI (26.42 ± 

1.02 kg/m2), FBS (142.6 ± 21.3 mg/dl), PPBS (211.8 ± 32.1 mg/dl), HbA1c (7.0 ± 0.5 %), fasting 

Insulin (14.65 ± 5.39 µIU/ml), HOMA-IR (5.2 ± 2.3), AST (32.5 ± 7.8 IU/L), ALT (33.4 ± 13.3 IU/L), 

ALP (97.9 ± 28.8 IU/L) ADA (23.5 ± 9.5 IU/L) were significantly higher in type 2 diabetic subjects 

than in nondiabetic subjects (P <0 .001). 

 

Table 1: Baseline characteristics of the type 2 diabetic subjects and nondiabetic subjects 

Parameters 

Type 2 Diabetic Subjects      

Mean ± SD (n=100) 

Nondiabetic Subjects   Mean 

±SD (n=100) p-Value 
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Age (yrs) 48.89 ± 7.68 45.88 ± 8.94 0.019 

Males 46 (46%) 54 (54%) -  

Females 54 (54%) 46 (46%) - 

BMI (Kg/m2) 26.42 ± 1.02 23.46 ± 1.18 0.000 

FBS (mg/dl) 142.61 ± 21.36 90.48 ± 7.94 0.000 

PPBS (mg/dl) 211.89 ± 32.16 119.43 ± 12.79 0.000 

HbA1C (g%) 7.06 ± 0.56 4.98 ± 0.26 0.000 

Fasting Insulin (µIU/ml) 14.65 ± 5.39 6.82 ± 1.77 0.000 

HOMA IR 5.29 ± 2.37 1.52 ± 0.43 0.000 

Serum AST (IU/L) 32.50 ± 7.80 24.22 ± 5.06 0.000 

Serum ALT (IU/L) 33.40 ± 13.33 21.19 ± 2.82 0.000 

Serum ALP (IU/L) 97.92 ± 28.82 78.62 ± 16.87 0.000 

Serum ADA (IU/L) 23.53 ± 9.54 9.14 ± 1.71 0.000 

 

In the present study, fasting Insulin levels were significantly positively correlated with FBS (r= 0.474), 

PPBS (r=0.267), HbA1c (r=0.571), AST (r=0.316), ALT (r=0.389), ALP (r=0.384) and ADA (r=0.515) 

in T2DM cases as shown in table 2.   

 

Table 2: Correlation of Insulin with other parameters and ADA 

Parameters  
Type 2 Diabetic Subjects  

r - Value p- value 

FBS (mg/dl) 0.474 0.000 

PPBS (mg/dl) 0.267 0.007 

HbA1c (g%) 0.571 0.000 

AST (IU/L) 0.316 0.001 

ALT (IU/L) 0.389 0.000 

ALP (IU/L) 0.384 0.000 

ADA (IU/L) 0.515 0.000 

Correlation is significant at the 0.01 level (two-tailed) 

In the present study, serum ADA levels were positively correlated with FBS (r= 0.330), PPBS 

(r=0.388), HbA1c (r=0.630), fasting insulin (r=0.515), HOMA-IR (r=0.516), AST (r=0.299), ALT 

(r=0.398) and ALP (r=0.414) in T2DM cases as shown in table 3.   

 

Table 3: Correlation of ADA with other biochemical parameters 

Parameters  
Type 2 Diabetic Subjects  

r - Value p- value 

FBS (mg/dl) 0.330 0.001 

PPBS (mg/dl) 0.388 0.000 

HbA1c (g%) 0.630 0.000 

Fasting Insulin (µIU/ml) 0.515 0.000 

HOMA-IR 0.516 0.000 

AST (IU/L) 0.299 0.003 

ALT (IU/L) 0.398 0.000 

ALP (IU/L) 0.414 0.000 

Correlation is significant at the 0.01 level (two-tailed) 
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Further, Serum ADA levels are significantly higher in fairly controlled type 2 diabetic subjects than 

in controlled type 2 diabetic subjects whose mean values were 31.4 ± 12.4 IU/L vs 19.6 ± 5.2 IU/L 

respectively (table 4). 

 

Table 4: Serum ADA level in Nondiabetic subjects, Good controlled type 2 diabetic subjects and 

Fair controlled type 2 diabetic subjects 

Variables 
Serum ADA (IU/L) 

(mean ± SD) 
P value 

Nondiabetic Subjects (n=100) 9.14 ± 1.71 

0.000 Good Controlled type 2 Diabetic Subjects (n=63) 19.65 ± 5.23 

Fair Controlled type 2 Diabetic Subjects (n=37) 31.48 ± 12.41 

 

Discussion: 

T2DM, metabolic disorder characterized with metabolic disturbances, mainly of Insulin resistance, 

associated with hyperinsulinemia and hyperglycemia.[13] Insulin resistance impairs glucose 

utilization leads to hyperglycemia, resulting in increase in β- cell insulin production and 

hyperinsulinemia. The resultant hyperinsulinemia further aggravates the insulin resistance and the 

cycle continues till to the ending of β- cell functioning of pancreas, seen in poor glycemic controlled 

chronic type 2 diabetes mellitus. [14] Therefore, early detection of insulin resistance will be helpful 

for managing of emerging chronic complication of type 2 diabetes mellitus. 

 

The chronic complications of type 2 diabetes mellitus are driven by metabolic and immunological 

disturbances and their prevalence. Increasing incidence of type 2 diabetes mellitus and insight 

knowledge of disease strives the researchers and their approach towards the immunological 

disturbances. ADA is an enzyme, which is considered as a good marker for cell mediated immunity 

and raised levels were observed in type 2 diabetes mellitus as a result of increased inflammation 

which is secondary to insulin resistance. ADA converts adenosine to inosine, thus decreases the 

adenosine levels. Adenosine mimics the action of insulin on glucose and is a promotor for glucose 

uptake into cells, whose decreased levels strongly associated with hyperglycemia and decreased 

insulin sensitivity.[15]  

 

Because of complexity in insulin testing methods and time-consuming procedures, it was not 

frequently used in clinical practice. Parallel to insulin resistance, serum ADA showed a positive 

correlation, so it can be used as marker for insulin resistance in type 2 diabetes mellitus [4] for 

managing the emerging complications like diabetic kidney disease [16] and cardiovascular disease. 

[15] Our study reported increased levels of glycemic parameters (FBS, PPBS and HbA1C), fasting 

insulin levels, insulin resistance (HOMA IR) and serum ADA levels in type 2 diabetic subjects 

compared with nondiabetic subjects. Niraula et al., reported significant positive correlation between 

serum ADA and HbA1C, Fasting plasma glucose and post-prandial glucose in type 2 diabetes 

mellitus. [5] In a study conducted by Aishwarya et al., on 90 type 2 diabetic subjects including 57 

males and 33 females found strong positive correlation between serum ADA and glycated 

hemoglobin levels. [6] 

 

This study also shows the positive association of increased fasting insulin levels and their correlation 

to different glycemic parameters along with ADA levels in type 2 diabetic subjects. Cao et al., in their 
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cross-sectional study demonstrated the independent association of serum ADA levels with islet β-

cell function in type 2 diabetes mellitus.[4] Another study Bagher et al., showed the diagnostic value 

of ADA and its isoforms in type 2 diabetes mellitus. [17] 

 

Liver is the central metabolic organ of the body which is also affected by the pathogenesis of type 2 

diabetes. Progression of insulin resistance can lead to nonalcoholic fatty liver disease (NAFLD). [14] 

The exact nature of altered liver enzymes in type 2 diabetes mellitus is still unclear. Study conducted 

by Liu C et al., on 7066 subjects including normal weight, overweight, and obese groups of non-

diabetic individuals, showed insulin resistance is a significant predictive factor for abnormal liver 

enzymes. [18] Earlier studies clearly established that liver cirrhosis and development of diabetes and 

their bidirectional relationship [19,20]. Bi y et al., in their cross-sectional study demonstrated the 

association between liver enzymes and type 2 diabetes. [9] Islam et al., conducted a study on 270 

subjects compromising of 110 type 2 diabetic and 160 nondiabetic healthy controls showed the 

high prevalence of elevated liver enzymes in subjects having type 2 diabetes mellitus.[8]  

 

Romina et al., in their study showed that the moderate to advanced liver fibrosis in type 2 Diabetes 

Mellitus.[21] The increased liver enzymes AST, ALT and ALP were used mostly in analysis of liver 

function, which will reflect liver inflammation, impaired glucose tolerance associated insulin 

resistance in type 2 diabetes mellitus. [22,10] This study also reported the same results like earlier 

studies that liver enzymes were elevated significantly but within normal range in type 2 diabetic 

subjects when compared with nondiabetic subjects. 

 

Previous studies mainly focused to draw the possible positive correlation between serum ADA levels 

and fasting plasma glucose, post prandial glucose and glycemic control with prevalence of 

dyslipidemia. [5,6,23-26] Very few studies were reported the correlation of insulin resistance with 

serum ADA levels in type 2 diabetes, [4,27-29] The present study found strong positive correlation 

between serum fasting insulin, insulin resistance and serum ADA levels. Present study also shows 

the positive correlation of serum ADA levels with glycemic parameters, fasting insulin, insulin 

resistance and liver enzymes. The possible explanation for the raised levels of serum ADA in type 2 

diabetics is may be deranged T-lymphocyte responses as a part of the inflammatory response driven 

by increased insulin stress. This may be because of increased inflammation with increasing duration 

of disease and increased insulin resistance prevailing hyperglycemia.[5] 

 

To postulate the association of ADA with glycemic control, we grouped type 2 diabetic study subjects 

into good controlled diabetics (HbA1C >6.5 to <7.0) and fair controlled diabetics (HbA1C >7.0 to 

<8.5%). We found elevated levels of ADA from good control to fair control in T2DM cases. these 

findings were supported by A Niraula et al and Aishwarya R et al. [5,6] The present study depicts 

that there is strong association of ADA with glycemic control, duration of disease and incidence of 

abnormal liver enzymes secondary to severity of inflammation and poor glycemic control.  

 

Limitations of the study 

Any imaging techniques were not used to investigate the liver abnormality and its association with 

type 2 diabetes mellitus and more over this study design is case control study, therefore it is not 

possible to know whether the duration of diabetes preceded abnormal liver function or not. The 

limited geographical distribution and sample size of study population limits to draw concrete 

conclusions. Future studies are needed aiming isoforms of ADA activity in pathogenesis and 

prognosis of type 2 diabetes mellitus. 
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Conclusion: 

The present study results may conclude that significantly elevated glycemic parameters, liver 

enzymes and serum ADA in T2DM subjects. Serum ADA levels were positively correlated with 

glycemic parameters. Serum ADA levels may be used as an alternative surrogate marker for insulin 

resistance, assessing glycemic control and assessing liver functioning deformities in pathogenesis 

of T2DM. Further studies are needed with larger sample size to make the concrete conclusions. 

 

Conflict of interest: Nil 

 

Financial support: Nil 

 

Acknowledgement: We would like to thank the authorities of LN Medical College & JK Hospital, 

Bhopal, Madhya Pradesh, India. 

 

References: 

1. International Diabetes Federation. Diabetes atlas 2021 – 10th edition. Available at 

https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf 

2. ICMR Guidelines for management of type 2 Diabetes 2018, Available at htps:// 

https://main.icmr.nic.in/sites/default/files/guidelines/ICMR_GuidelinesType2diabetes2018_0.

pdf 

3. Saud A. Bin Rakhis Sr. Nawaf Mohammed AlDuwayhis., et al., Glycemic control for type 2 

diabetes mellitus patients: A systematic review. Cureus, 2022 Ju; 14(6): e26180. PMID: 

35891859. 

4. Jie Cao, Hong Wang, Jian-bin Su, Xue-qin Wang et al., Inverse relationship between serum 

adenosine deaminase levels and islet beta cell function in patients with type 2 diabetes. Cao et 

al., Diabetol Metab Syndr (2021) 13:54. PMID: 34001220. 

5. A Niraula, S Thapa, S Kunwar et al., Adenosine deaminase activity in type 2 diabetes mellitus: 

does it have any role? BMC Endocrine Disorders (2018) 18:58. PMID: 30126383. 

6. Aishwarya R. To study the correlation of serum adenosine deaminase levels with HbA1C in 

patients with type 2 diabetes mellitus. J Assoc Physicians India. 2022 Apr; 70(4): 11-12. PMID: 

35443350. 

7. Danicla Maria Tanase, Evelina Maria Gosav, et al., The intricate relationship between type 2 

diabetes mellitus (T2DM), Insulin Resistance (IR), and nonalcoholic fatty liver disease (NAFLD). 

Hindawi Journal of Diabetes Reseach. Volume 2020. Article ID 3920196, 16 pages. PMID: 

32832560. 

8. Shiful Islam, Sadaqur Rahman, Rangigul Haque, et al., Prevalence of elevated liver enzymes and 

its association with type 2 diabetes: A corss-sectional study in Bangladeshi adults. Endocrinol 

Diabetes Metab. 2020 Apr;3(2):e00116. PMID: 32318634 

9. Yaru Bi, Yang Yang, Xiaojie Yuan, etal., Association between liver enzymes and type 2 diabetes: 

a real-world study. Front Endocrinol (Lausanne) 2024 Feb 20:15:1340604. DOI: 

10.0089/fendo.2024.1340604. PMID: 38444589. 

10. Sana Alam, Alok Rahav, Alisha Reyaz, et, al., Prevalence of elevated liver enzymes and its 

relationship with type 2 diabetes mellitus in North Indian adults. Metabol Open. 2021 Dec; 12: 

100130. PMID: 3422192. 

11. Vineet Kumar Khemka, Debajit Bagchi, Arindam Ghosh, et al., Raised Serum Adenosine 



 

 

Dr. M. Bindra / Afr. J. Bio. Sc. 6(3) (2024) Page 316 of 9 

 

 

Deamiase Level in Nonobese Type 2 Diabetes Mellitus.  Hindawi Publishing Corporation. The 

Scientific World Journal. 2013, Article ID 404320, 5 pages. PMID: 24453844. 

12. Nuha A. EISayed, Grazia Aleppo, Vanita R. Aroda, et al., 2.Classification and Diagnosis of 

Diabetes: Standards of Care in Diabetes-2023. Diabetes Care 2023;46 (Suppl. 1): S19-S40. 

https://doi.org/10.2337/dc23-S002. 

13. Uani Galicia-Garcia, Asier Benito-Vicente, Shifa Jebari et al., Pathophysiology of type 2 diabetes 

mellitus, review. Int. J. Mol. Sci. 2020, 21, 6275; doi:10.0090/ijms21176275. 

14. Andrew M. Freeman, Luis A. Acevedo and Nicholas Pennings. Book of Insulin Resistance. Free 

Books & Documents. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 

Jan. 2023 Aug. 17. NCBI Bookshelf ID: NBK507839, A service of the National Library of Medicine, 

National Institutes of Health.  PMID 29939616. 

15. Chun-feng Lu, Xia-qin Ge, Yan Wang, Jian-bin Su, et al., The relationship between adenosine 

deaminase and heart rate-corrected QT interval in type 2 diabetic patients. Endocr Connect.  

2021 Aug 1; 10(8): 894-901. PMID: 34261041. 

16. Chun-feng Lu, Wang-shu Liu, Siao-qin Ge and Feng Xu. Serum adenosine deaminase levels are 

associated with diabetic kidney disease in type 2 diabetic patients. Endocr Connect. 2021 Sep 

1; 10(9): 973-979. PMID: 34319903. 

17. Bagher Larijani, Ramin Heshmat, et al., Diagnostic value of adenosine deaminase and its 

isoforms in type 2 diabetes mellitus. Enzyme Res. 2016;2016: 95266593. PMID: 28050278. 

18. Chenbing Liu, Min Sha, Ling Lu et al., Obesity, insulin resistance and their interaction on liver 

enzymes. PLoS One 2021; 1(4)6: e0249299. PMID: 3388204. 

19. Stefano Ciardullo, Michela Vergani and Gianluca Perseghin. Nonalcoholic Fatty Liver Disease in 

patients with type 2 Diabetes: Screening, Diagnosis, and Treatment. J Clin Med. 2023 Sep; 

12(17): 5597. PMID: 378564. 

20. Cosmian-Theodora Diaconue and Cristian Guja. Nonalcoholic Fatty Liver Disease and Its 

Complex Relation with Type 2 Diabetes Mellitus-From Prevalence to Diagnostic Approach and 

Treatment Strategies. J Clin Med. 2022 Sep; 11(17): 5144. PMID: 36079070. 

21. Romina Lomonaco, Eddison Godinez Leiva, Fernando Bril, et al., Advanced Liver Fibrosis is 

common in patients with type 2 diabetes followed in the outpatient setting: The need for 

systematic screening. Diabetes Care. 2021 Feb; 44(2): 399-40. PMID: 33355256. 

22. Sana Rafaqat, Aqsa Sattar, Amber Khalid, Saira Rafaqat. Role of liver parameters in diabetes 

mellitus – a narrative review. Endocr Regul, 2023, Sep 16;57(1):200-220. PMID: 37715985. 

23. Gashew Abebe, Daniel Ayanaw, et al., Assessment of fatty liver and its correlation with glycemic 

control in patients with type 2 diabetes mellitus attending dessie comprehensive specialized 

hospital, Northeast Ethiopia. SAGE Open Medicine. 2022; Volume 10: 1-11. PMID: 36161212. 

24. Saizhi Jiang, Jamie L. Young, Kai Wang, Yan Qian and Lu Cai. Diabetic-induced alteration in 

hepatic glucose and lipid metabolism: The role of type 1 and type 2 diabetes mellitus. Mol Med 

Rep. 2020 Aug; 22(2): 603-611. PMID: 32468027. 

25. Dinghao Zheng, Xiaoyun Zhang, et al., The association of liver enzymes with diabetes mellitus 

risk in different obesity subgroups: A population-based study. Front Endocrinol (Lausanne). 

2022; 13: 961762. PMID: 36313767. 

26. P Kiranmai et al., Serum adenosine deaminase levels in patients with type 2 diabetes mellitus 

and its relation with fasting blood glucose and glycated hemoglobin level. Medpulse 

International Journal of Biochemistry. 2018; 5(3): 100-104. 

27. Yohannes Tsegyie Wondmkun. Obesity, Insulin Resistance, and Tye 2 Diabetes: Associations 

and Therapeutic implications. Diabetes Metab Sydr Obes. 2020; 13: 3611-3616. PMID: 

33116712.  



 

 

Dr. M. Bindra / Afr. J. Bio. Sc. 6(3) (2024) Page 317 of 9 

 

 

28. Oana-Patricia Zaharia, Sofia Antoniou, et al., Reduced insulin clearance differently relates to 

increased liver lipid content and worse glycemic control in recent-onset type 2 and type 1 

diabetes. Diabetes Care. 2023, Dec; 4(12): 2232-2239. PMID: 37874983. 

29. Sepideh Borhan Dayani, Saeedeh Asgarbeik, Mojgan Asadi, and Mahsa M. Amoli. Adenosne 

deaminase gene variant in diabetes and obesity. J Diabetes Metab Disord. 2022 Jun; 21(1): 333-

338. PMID: 35673471. 

 

 


