With the activity, the decay rate of blood insulin (P4) and the pancreatic release of insulin (P6) can be selected to further discover the effect these specific parameters have on glucose and insulin. The following figures depict this effect:
[image: Figure 3.png]
Figure 3: The simulation between glucose and insulin with respect to 
the decay rate of blood insulin, P4

The decay rate of blood insulin according to SimBiology is set to 0.0041 [1/min]. Using the scan option in SimBiology, the decay rate of blood insulin, P4, was lowered to 0.00328 [1/min] to see the effect that this particular parameter has on glucose and insulin. Lowering the decay rate of blood insulin causes glucose to go to its respective basal level roughly 10 mins earlier. Likewise, insulin also achieved basal at an earlier time. Even though the insulin achieved basal levels quicker when the decay rate is decreases, the insulin peak is slightly higher.

[image: Figure 4.png]
Figure 4: The simulation between glucose and insulin with respect to 
the increase of the decay rate of blood insulin, P4

The preset decay rate of blood insulin is set to 0.0041 [1/min] on SimBiology. Using the scan option in SimBiology, the decay rate of blood insulin, P4, was raised to 0.00492 [1/min]. You can raise the decay rate in order to see the effect that P4 has on glucose and insulin. By observing the graphs, both insulin and glucose were affected by this increase. Glucose will achieve basal levels more rapidly as will insulin. The peak on the insulin curve will be at a lower concentration due to this increase.

[image: decreasing p6.png]
Figure 5: The simulation between glucose and insulin with respect to 
the decrease of the pancreatic release of insulin, P6

Figure 5 displays the pancreatic release of insulin. In equation (3) of Bergman’s minimal model, P6 is used to help determine the amount of insulin the body needs to release in relation to glucose. The preset pancreatic release was 0.27 [(mUdL)/ (Lmgmin)] on SimBiology. Using the scan option in SimBiology, the pancreatic release of insulin, P6, can be decreased to 0.216 [(mUdL)/ (Lmgmin)] to see the effect that this particular parameter had on glucose and insulin. As you can see, when the pancreatic release of insulin is decreased, glucose achieves basal at a later time. As for insulin, the peak will be at a lower concentration and the basal level of insulin will be reached at a later time than the preset.

[image: increasing p6.png]
Figure 6: The simulation between glucose and insulin with respect to
the increase of the pancreatic release of insulin. P6

Figure 6 represents the pancreatic release of insulin. This parameter of the Bergman’s minimal model is used in equation (3) and it helps determine the amount of insulin to release to the body in relation to glucose. The preset pancreatic release can be set to 0.27 [(mUdL)/ (Lmgmin)] in SimBiology. Using the scan option in SimBiology, the pancreatic release of insulin, P6, can be raised to 0.324 [(mUdL)/ (Lmgmin)] to see the effect that this particular parameter had on glucose and insulin. As you can see, when the pancreatic release of insulin is increased, glucose achieves basal quicker. As for insulin, the peak will be reached faster and the insulin returned to basal more quickly.



Insulin Sensitivity
Along with monitoring the pancreatic response we have to look at how an individual’s body responds to insulin. It is important that an individual has a high insulin sensitivity level. Insulin sensitivity can be mathematically calculated by dividing the increase of uptake of insulin (P3) by the decrease of uptake of insulin (P2). If an individual has a high insulin sensitivity level, a lower amount of insulin is used to bring down the glucose levels. Therefore an individual is not overworking their pancreas by having to produce more insulin. In the figures below you can see the relationship between glucose and insulin and how the insulin sensitivity plays an important role.

[image: increase in SI.jpg]
Figure 7: The increase of Insulin Sensitivity. P3  / P2

As shown in the figure 7, if you decrease the value of P3 and increase the value of P2 the glucose level approaches the basal level faster. The insulin level also decreases at a faster rate. Since there is a decrease in the amount of glucose in the bloodstream a lower amount of insulin is required to bring down an individual's glucose level because the individual’s body responds well to the hormone insulin. In MATLAB, the value of P3 is originally set to 0.000012 and the P2 is set to 0.0250. To increase the insulin sensitivity, the P3 is decreased to 0.00001 and P2 is increased to 0.0300. The results show that if insulin sensitivity is increased, not only will a lower amount of insulin be used to control glucose levels, but also the glucose level decreases faster. Having a high insulin sensitivity decreases the chances of becoming insulin resistant and overworking the pancreas. 

[image: decrease of SI.jpg]
Figure 8: The decrease of Insulin Sensitivity. P3 and P2

As shown in the figure above, if you increase the value of P3 and decrease the value of P2, the amount of glucose in the bloodstream increases and it takes longer to approach the glucose basal level. The insulin level increases because more insulin is needed to bring down the amount of glucose that is in the body. The body is also not accepting all of the insulin that is being released into the body. In MATLAB, the value of P3 is originally set to 0.000012 and the P2 value is set to 0.0250. To decrease insulin sensitivity, the value of P3 is decreased to 0.000015 and the value of P2 is increased to 0.0200. However, having a low insulin sensitivity level can be very dangerous because it increases the chances of being insulin resistant and overworking the pancreas. Low insulin sensitivity increases the risks of full-blown type 2 diabetes and can even lead to type 1 diabetes. 
Risk Factors Associated with Insulin Resistance
There are many risk factors that affect someone's chances of becoming pre-diabetic or type 2 diabetic. In this research, two risk factors were chosen: body weight and ethnicity. With body weight, an article that selected subjects in regards to their ideal body weight was chosen. For the ethnicity, data that collected information about African American and European American girls and women. For this research, the borderline tolerance and the tolerance values of the subjects was compared.
When a person is overweight, the cells in the body become less sensitive to the insulin that is released from the pancreas. There is some evidence that fat cells are more resistant to insulin than muscle cells. If a person has more fat cells than muscle cells, then the insulin becomes less effective overall, and glucose remains circulating in the blood instead of being taken into the cells to be used as energy. Studies suggest that abdominal fat causes fat cells to releases ‘pro-inflammatory’ chemicals, which can make the body less sensitive to the insulin it produces by disrupting the function of insulin responsive cells and their ability to respond to insulin (Debra Manzella, 2015). Obesity is also thought to trigger changes to the body's metabolism. These changes cause fat tissue to release fat molecules into the blood, which can affect insulin responsive cells and lead to reduced insulin sensitivity (Debra Manzella, 2015).
Research shows that some ethnicities are more susceptible to type 2 diabetes. Studies have yet to pinpoint the actual effect that ethnicity has on the body. Ethnicity might be a risk factor because some ethnicities show greater risk of obesity and other health issues. Some research shows that there may be potential ethnic differences in the effect of adiposity on aspects of insulin secretion or action but the exact difference has yet to be discovered (Chandler-Laney, 2011). Choosing to look at the potential differences in ethnicity in regards to insulin sensitivity and insulin secretion is something researchers should continue to examine. 

[image: ]
Figure 9: The glucose tolerance for selected obese patients

	The data portrayed in figure 9 has been collected by Richard N. Bergman, Lawrence S. Phillips, and Claudio Cobelli. This information came from a journal entry titled “Physiologic Evaluation of Factors Controlling Glucose Tolerance in Man”. The subjects selected had 130-206% ideal body weight and were considered to be obese. The graphs, which were created using Microsoft Excel, show where each subject lies in relation to the low tolerance line. The tolerance line was made using the 0.0075 value that Bergman and Pacini established using the insulin secretion times the insulin sensitivity. Out of ten obese patients, five were shown to have low tolerance or disposition index. However, the other five patients had borderline to normal tolerance. This shows that a minimal difference in tolerance is found in obese patients. 
  
[image: ]
Figure 10: The glucose tolerance for selected lean patients
	
The data shown in figure 10 was gathered from a journal written by Bergman, Phillips, and Cobelli titled, “Physiologic Evaluation of Factors Controlling Glucose Tolerance in Man”. The subjects selected were considered to be lean and had a 88-105% ideal body weight. Microsoft Excel was used to create these curves and it shows the tolerance levels for each subject and in what category they fall, either low or normal tolerance. Borderline tolerance is displayed by the red line in figure 10 and the value for the curve was discovered by Bergman and Pacini. This graph also shows a minimal difference in tolerance levels with lean subjects. Half of the subjects were portrayed to have normal to borderline tolerance and the other half had low tolerance.   
[image: ]
Figure 11: The glucose tolerance for selected African American women


	The information used to create figure 11 was collected from an article titled “Adiposity and β-cell function: relationships differ with ethnicity and age” by PC Chandler-Laney. Women were selected from three different age groups: 7-12, 18-32, and 40-70, and two different ethnicities: African American and European American. Intravenous Glucose Tolerance test were conducted to find values for 2 and insulin sensitivities. Figure 11 has the minimum, maximum, and average values for each age group according to the African American girls and women selected. The borderline tolerance curve has been created using the 0.0075 value that Bergman and Pacini discovered. This data shows that two out of eight African American women or girls are in the normal tolerance range and are not in danger of becoming pre-diabetic or type 2 diabetic. 
[image: ]
Figure 12: The glucose tolerance for selected European American women

	The data portrayed in figure 12 shows the tolerance or disposition index for selected European American girls or women. These subjects were chosen from three age groups: 7-12, 18-32, and 40-70. Figure 12 depicts the minimum, maximum, and average values for each of the age groups. The insulin sensitivity and 2 values were collected from each patient to be able to create the disposition index hyperbola. Bergman and Pacini discovered the value 0.0075 as a borderline for low tolerance and can be seen by the red line in the graph. The data in figure 12 shows the majority of the subjects have a low tolerance and are in danger of becoming a pre-diabetic or type 2 diabetic. 









Ranges

                               [image: ]
         Figure 13: Range Values
 
The figure above shows the possible values an individual could have for AIRg and Insulin sensitivity (SI). Mathematically an individual can have a value from zero to infinity. The figure above shows realistic values for an individual. The following values for SI were found by the following equation below:
                                          [image: poster.png]
As stated before to maintain a normal disposition index curve the product of AIRg and insulin sensitivity has to be greater than or equal to 0.0075. The figure below shows the graph that corresponds with the values in figure 13.

[image: ]
Figure 14: The corresponding graph for the range values in Fig.7

The figure above shows that it does not matter whether or not an individual has a low AIRg value or a high AIRg value they can still maintain a high disposition index value that will allow an individual to stay on the normal beta-cell function curve.  
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