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Abstract: 

Objectives: To determine the relationship between serum Fetuin-A and β cell function in adolescents with family 
history of type 2 diabetes mellitus ( T2DM) 

Background: Increased level of circulating Fetuin-A, may alter both maturity and adaptive ability of β  cells in 

response to glucose and increase the progression of T2DM. Genetic factors may have a role in the formation of 

immature β cells resulting in altered functioning of β cells. 

Methods: The study population included adolescents with family history of T2DM. The study variables included 

age, sex, fasting blood sugar (BSF), serum insulin and serum Fetuin-A. 70 adolescents first degree relatives (FDR) 

of diabetics and 50 controls aged 18 to 20 years were included. Insulin resistance and β-cell function were 

examined by using a homeostatic model assessment. Data was statistically analyzed by student’s ‘t’ test and 

Pearson Correlation Coefficient. 

Results: Significantly increased level of Fetuin-A was related with increased level of BSF, serum insulin and insulin 

resistance in both male as well as female study subjects. Similarly, it is also associated with decreased β cell 

function in both genders (indirect correlation).  

Conclusion: This study highlights the significance of Fetuin-A as a predictor of β cell functionality in non-diabetics 

with positive family history. 
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INTRODUCTION: 
Endocrine diseases are persistent and a worldwide 

challenge leading to a fast decline in the quality of 

lifestyle and is related with intake of extra sugary 
starchy foods, cumulative body weight, and sedentary 

life style [1].  T2DM is a multifaceted disease 

distinguished by failure of β cell function leading to 

insulin resistance in adipose tissues and muscles. Its 

progression is related with different changes in β-

cells like oxidative stress, altered redox signaling, 

lipotoxicity and glucotoxicity [2]. 

 

In neonatal stage of life, the β cells of pancreas firmly 

control the of process maturation via increase in the 

receptors of transcriptional factors, parts of secretory 

system, cell-cell interactions and their 

communication with extracellular matrix (ECM), 

along with inhibitors of cell cycle [3,4]. The main 

function of pancreatic β cells is to secrete proper 

amount of insulin in response of glucose. 

Homeostasis of glucose is well maintained by proper 

functioning of β cells, it’s associated signaling of 
insulin in β cells and its coordinated balance with 

glucose recipient tissues. However, the proper 

response of β cells to glucose may be reduced with 

metabolic stress or ageing, causing deficiency of 

insulin, which may result in DM. In primary stages of 

this ailment, the β cells adjust insulin resistance by 

increasing its mass and function as a response 

mechanism of the human body. However, continuous 

consumption of excessive starchy and energy rich 

food results in hyperglycemia and increased free fatty 

acids production that may give negative impact on 

the functioning of pancreatic β cells [5,6]. 

 

Insulin is secreted by pancreatic β cells in response to 

increased postprandial blood glucose levels in order 

to prevent hyperglycemia as well as to inhibit the 

secretion of insulin under fasting state as a protective 
action against hypoglycemia. At birth, these β cells 

do not have this functional capability and this 

glucose-stimulated insulin secretion (GSIS) is 

acquired later during the neonatal period. There is a 

role of DNA methylation for the procurement of 

pancreatic β cell functionality. Genetic factor may 

therefore , play a role in the formation of immature β 

cells resulting in an impaired functioning of β cells 

[7]. This dysfunction of β cells and insulin resistance 
can activate the pathogenesis of DM. Moreover, it 

can also induce hyperglycemia leading to increased 

insulin demand. With insulin resistance, the defect in 

insulin signaling pathways results in defective 

response of insulin in tissues recipient to glucose and 

hence hyperglycemia.  Both pathological states (β 

cell dysfunction and insulin resistance) mutually 

stimulate each other and synergistically aggravate 

DM [8]. It has been proved that insulin resistance and 

metabolic stress limit not only endocrine capability 

but also adaptive β cell proliferation [5,6]. 

 

During adulthood, fatty liver causes increased levels 

of circulating serum Fetuin-A, which may alter both 

maturity and the adaptive ability of β cells in 

response to increased blood glucose, thereby increase 

the progression of T2DM. Increased circulating 

serum Fetuin-A eliminates the responsiveness of 
pancreatic β islets to increased serum glucose levels. 

Additionally, it is found that elevated level of Fetuin-

A and liver steatosis can also alter maturation and 

functioning of β cells, leading to significantly 

decreased adjustable proliferation [9,10].  

 

Different studies have found different variations in 

serum Fetuin-A levels in obesity, DM, females with 

polycystic ovarian syndrome (PCOS), cardiovascular 

disease, metabolic syndrome and fatty liver. There is 

conflicting evidence in regards to its relationship with 

altered glucose tolerance as well as insulin resistance 

[11,12]. These variable findings on the association 

between Fetuin-A, β cell function and insulin 

resistance need more research studies. 

 

The correct assessment of pancreatic β cells 
functioning requires a concomitant quantification of 

insulin secretion and sensitivity. For better 

understanding of the pathogenic mechanisms that 

take part in the development of T2DM in individuals, 
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other markers are needed in concomitance to 

evaluation of β cell functions. 

 

A prospective observational study was designed to 

find out the relationship between serum Fetuin-A and 

β cell functions in adolescents with family history of 

DM. 

 
METHODS: 

Study designs and patient details 
This study was a cross sectional comparative study 

carried out in the Services Institute of Medical 

Sciences, Lahore. The duration of study was 2018 to 

2019. Participants of both genders were recruited in 

the study which was carried out in Biochemistry 

Department, Services Institute of Medical Sciences, 

(SIMS), Services Hospital, Lahore. About 3.0 ml of 

blood sample was drawn and collected in EDTA 

tubes for estimation of blood glucose level using 

SWISS Max analyzer. For estimation of serum 

insulin and serum Fetuin-A levels, the blood sample 

was centrifuged for 15 minutes at 3000rpm at 2 - 8°C 

and plasma was stored at -20°C until use. Their levels 

were estimated by ELISA (ALPCO, US). Insulin 

resistance was estimated using Homeostatic Model 
Assessment for Insulin Resistance (HOMA IR), and β 

cell functions were examined by using a homeostatic 

model assessment (HOMA 2). 

 

Definitions 
According to the National Human Genome Research 

Institute (NHGRI) of the US, FDR may be defined as 

the members of family who share about 50 % of their 

genes with a specific person in a family. These may be 

parents, full siblings and off springs . 

 

Data collection and follow-up 
Convenient sampling technique was used for 

selection of study subjects. 70 non diabetic FDR 

adolescents including both males and females, aged 

18 to 20 years, were included. They had a BMI ≤ 

25Kg/m2 and were free of any neoplastic or major 

illness. Subjects with a family history of 

cardiovascular diseases, hypertension, and renal 

disease were excluded from the study. 50 adolescents 

including both genders and falling in the same age 
range without family history of T2DM were taken as 

controls. Informed consent was obtained from the 

participants and the procedure explained in detail. 

 

Statistical analysis 
Data analysis was performed with Statistical Analysis 

Software (SAS) version 9.4 and SPSS version 25.0 

(IBM Corp., Armonk, NY, USA).Qualitative data 

was expressed as frequency. Quantitative variables 

were expressed as mean ± SD. Independent student’s 

‘t’ test was used for the determination of variables 

which included age, body mass index (BMI), BSF. 

Serum insulin and serum Fetuin-A levels were also 

estimated during fasting both in patients as well as 

healthy controls. Pearson Correlation Coefficient was 

used to find the correlation between Fetuin A and β 

cell function. P< 0.05 was taken as statistically 
significant. 

 

RESULTS: 

Demographics and patient features 
The demographic variables in male and female 

adolescents are presented. The mean age group was 

19 years with a BMI 23.09 Kg/m2 for females and 

25.14 Kg/m2 in males. In majority of both genders, 

the life style was sedentary with middle 

socioeconomic class. Both genders used vegetarian 

and non-vegetarian diet along with junk food. 

Majority, of the adolescents were residing in hostels 

(Table 1). 

 

Table 1: Demographic Variables in female and male FDR Adolescents 

 

Variables Female FDR adolescents of Type 2 

Diabetics 

(n=35) 

Male FDR adolescents of Type 2 

Diabetics 

 (n=35) 

Age (years) 19.25±2.26 19.17±2.24 

BMI (Kg/m2) 23.08±1.71 24.14±1.6 

Life style 27 Sedentary (78%) 

8 Active (22%) 

20 Sedentary (57.0 %) 

15 Active (43%) 

Socioeconomic status Upper class = 20 

Middle class = 15 

Upper class =18 

Middle class = 17 

Dietary Pattern Rice-meat food / Sweet to fast food Rice-meat food / Sweet to fast food 

Present residence Day scholar = 15 (42.8%) 

Hostel = 20 (57.1%) 

 

Day scholar = 10 (28.5%) 

Hostel = 25 (71.4% 
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BSF, insulin and Fetuin-A 
Levels of BSF, serum insulin and serum Fetuin-A were raised in male FDR of type 2 diabetics as compared to their 

controls. A significant difference was only observed in case of serum Fetuin-A. Values of insulin resistance were 

increased and β cell functions were decreased in male adolescents with family history of T2DM in comparison to 

their controls. Similarly in female FDR of type 2 diabetics, the levels of BSF and serum Fetuin-A were increased 

when compared to their controls, but a significant difference (P<0.01) was only observed in case of serum Fetuin-A. 

Values of serum insulin and insulin resistance were same in both groups. However, the values of β cell function 
were decreased in female adolescents with family history of diabetes in comparison with their controls (Table 2).  

 

Table 2: Variations in the Level of Fasting Blood Sugar (BSF), Serum Insulin and Serum Fetuin-A in Male 

and Female FDR Adolescents with and without Family History of T2DM. 
Values are expressed as mean ± SD 

Variables Male FDR 

adolescents with 
family history of 

T2DM 

(35) 

Male adolescents 

without familial 
diabetic 

background 

(25) 

Female FDR 

adolescents with 
family history of 

T2DM 

 (35) 

Female 

adolescents 
without familial 

diabetic 

background 

(25) 

BSF(mg/dl) 93.51±7.36 87.23±7.37 95.31±6.98 94.32± 7.83 

Serum Insulin (mIU/L) 5.99±2.3 5.85±3.61 7.21±3.31 7.22±4.5 

Serum Fetuin-A(ng/ml) 195.17±188.16** 157.26±138.82 843.34±811.21** 296.38±272.8 

Insulin resistance 0.99 0.76 0.90 0.96 

β cell function 74.88±4.09 84.4±32.84 78.8±4.09 83.3±33.84 

**P <0.001 highly significant 

 

Correlations  
In both male and female adolescents with family history of T2DM, a weak indirect correlation of serum Fetuin-A 

with beta cell function was observed with r value -0.28 and -0.12 respectively (Figure 1, 2).   

Figure 1: Correlation of β Cell Function with Serum Fetuin-A (r = -0.12) in Female FDR Adolescents having 

familial diabetic background. 
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Figure 2: Correlation of Beta Cell Function with Serum Fetuin-A (r = - 0.28) in male FDR Adolescents having 

familial diabetic background. 

 

 

 
DISCUSSION: 
To the best of our understanding and knowledge, ours 

is the first study of its kind on serum Fetuin-A levels 

and insulin resistance amongst non-obese, non-
diabetic FDR male and female adolescents, belonging 

to age group 18 to 20 years, with positive family 

history. Our study included adolescents of both 

genders with family history of DM, with mean age 

18-20 years and normal BMI (18.5-24.5kg/m2). 

Majority of them were students residing in hostels, 

had sedentary lifestyle and a diet mainly composed of 

sugary, processed and junk food. According to a 

research study also found that junk food or poor 

nutritional diet along with sedentary life style in 

youth may have a role in progression of T2DM [13]. 

A fractional loss of the phenotype of pancreatic β 

cells may have a role in reducing their mass and 

increase the progression of T2DM. Increased 

secretion of the heptokine Fetuin-A blocks the 

secretion of insulin from pancreatic β cells [14]. 

Many studies have reported reduced the association 

of decreased functional β-cells along with impaired 

glucose tolerance and the development of T2DM. It 
has been demonstrated that β-cell functions begins to 

decline due to continuous hyperglycemia [15]. It is 

also suggested that raised number of dysfunctional β-

cells is related to poor glycemic control and hence 

ultimately contributing to failure of treatment [16]. It 

is also reported that altered BSF may reflect diverse 

metabolic sub-phenotypes of pre form of T2DM that 

may be one of the factors of disparate chances of 

metabolic consequences. Besides, alterations in the 

concentration of adipocytes including Fetuin A and 

cytokines are also observed in the state of impaired 

glucose tolerance and may indicate the dysfunction of 

adipose tissues as an early predictor for the 

development of T2DM [17]. Hyperglycemia during 

fasting is mainly due to reduced ability of pancreatic 
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β-cells to secrete serum insulin, and hence contributes 

to the development of T2DM [18]. The association 

between Fetuin-A and insulin resistance is well 

established and it may further decrease the secretion 

of insulin. All these events finally disturb 

homeostasis of glucose, especially in individuals who 

have altered function of pancreatic β-cells [19,20]. 

Our results were also in accordance with these 
findings. Many studies report elevated levels of 

Fetuin A in pre-diabetics as well. In addition to this, 

their raised level in non-diabetics indicates a 23 to 

24% risk of developing T2DM [21]. Another study 

reported that increased values of serum Fetuin-A may 

be a powerful indicator of progression of T2DM [22]. 

It has also been demonstrated that the hepatokine 

Fetuin-A is not only a powerful marker of insulin 

resistance and a well-established risk factor for 

development of T2DM, but it also impairs the 

secretion of insulin from pancreatic β-cells [23]. On 

the contrary some studies have also reported 

no correlation between Fetuin-A and  risk of 

developing T2DM [24]. In our research study a weak 

indirect correlation of serum Fetuin-A with 

pancreatic β cell function was observed. Our results 

were in accordance with another study which 
reported a positive correlation of serum Fetuin-A  

with the functional capacity of pancreatic β cells, 

fasting levels of serum insulin as well as HOMA-IR, 

which are the primary and key indicators of insulin 

resistance in  T2DM. It can be hence emphasized that 

Fetuin-A alters the maturation and adaptive 

proliferation of pancreatic β  cells and may be a 

factor for development of overt DM [25]. It is also 

proposed that Fetuin-A halts the glucose sensitivity 

of pancreatic islets via inhibition of cell signaling of 

transforming growth factor β  (TGFBR) peptide and 

decreases the maturity of pancreatic islet cells. 

Additionally, Fetuin-A is also an adverse modulator 

of proliferation and function of β cells. Moreover, 

chronic fatty liver also stimulates increased level of 

circulating Fetuin-A, altering its functional maturity 

and the tendency to decrease the mass of β cells, 
thereby increasing the risk of development of T2DM 

[9]. 

 

CONCLUSION: 
Although setup in a tertiary care hospital, this was a 

single centered study with limited sample size. The 

lack of repetitive estimations may result in 

underestimation of association between serum 

Fetuin-A and pancreatic β cell function. Moreover, 

this study had a smaller sample size, since this was a 

pilot study of its kind. Data should be recorded in 

multiple age groups and also in pre-diabetics in 

addition to non-diabetics to increase the authenticity 

of the study. In spite of limitations, results of our 

study showed a weak indirect correlation of serum 

Fetuin-A with pancreatic β cells in both male and 

female FDR adolescents of type 2 diabetics as 

compared to healthy controls. They may prove to be a 

good novel predictor of identifying the subjects who 

are especially prone to develop pre-diabetes or overt 

diabetes in the future, especially in FDR and may be 

an early alternative biomarker for the screening of 
asymptomatic individuals from an adolescent age. 

Hence it can play a vital role for the prevention of 

T2DM and progression to diabetic complications. 

Moreover, proper functional capability of pancreatic 

β-cells may play a protective role in adolescents who 

are categorized by normal BSF from the harmful 

effects of high levels of circulating Fetuin-A.  
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