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Background 

Type 1 and Type 2 Diabetes
The only similarity between type 1 and type 2 diabetes is that both are characterized by high blood 
glucose levels and the kinds of health complications associated with high blood glucose. The causes of 
the two different types of diabetes are completely different. Type 1 diabetes is an autoimmune disease. 
There are no risk factors and no genetic component has been found. There is a hypothesis that it could 
be triggered by a virus. It is caused by an overreaction in the body's immune system where the immune 
system attacks and kills insulin producing beta cells in the pancreas. Once the beta cells are killed, the 
body is left unable to produce insulin. The only treatment for type 1 diabetes is subcutaneous insulin 
administration. In the case of type 2 diabetes, the pancreas still functions properly and produces insulin.
The reason for high blood glucose is the cells in the body have become resistant to using insulin. This 
insulin resistance can be influenced by factors such as genetic predisposition and unhealthy lifestyle 
choices. Treatment for type 2 diabetes often involves exercise and diet regimens, weight loss and oral 
medications which help the body use the insulin it produces. Sometimes type 2 diabetics use insulin as 
a treatment when other measures fail to control blood glucose levels.  

How Insulin Works
All food is turned into one of three substances once it's in the body. These are proteins, fats and 
glucose. Most food is turned directly into glucose. During digestion, the body moves glucose into the 
blood stream where it can be available for the cells to uptake. Insulin is a hormone produced in the 
pancreas which is released during digestion and travels to the cells with the glucose. Insulin can be 
thought of as the key that unlocks the cells so they can uptake glucose, removing it from the blood. 
When there is no insulin, glucose builds up in the blood stream and can not be used as energy by the 
cells for energy. If this goes on for too long, the body starts to starve on a cellular level. This is when 
Diabetic Ketoacidosis begins. Since the body can not use glucose for survival it begins to burn its 
reserves of fats and proteins. Ketone bodies are an acidic byproduct of the body burning only reserve 
fats and proteins for energy. When ketones build up in the blood, the blood becomes acidic and toxic to 
the body. If left untreated by external insulin administration the result is always death. This process can 
happen rather quickly. A type 1 diabetic without insulin can die within a matter of days, sometimes 
weeks.

Diabetic Control: Normal Blood Glucose levels range from 80-140 with some slight individual 
variation. Diabetes is considered poorly controlled when blood glucose levels are consistently higher 
then the normal range. 

Hypoglycemia: Blood glucose under 80, often called low blood sugar or low blood glucose.
Symptoms of hypoglycemia include; shakiness, sweating, urgent hunger, rapid heart rate, tingling of 
the skin, irritability, confusion, stumbling and if untreated, unconsciousness, seizures, comma and 
death. 

Hyperglycemia: Blood glucose over 140 with some variation, often called high blood sugar or high 
blood glucose. Symptoms of high blood sugar include; heavy fatigue, excessive thirst, cotton mouth, 
frequent urination, trouble concentrating and blurred vision. 

Diabetic Ketoacidosis: DKA is a condition caused by ketone bodies building in the blood. Ketone 
bodies are acidic byproducts made when cells burn reserve proteins and fats because glucose is 
unavailable as an energy source due to a lack of insulin. DKA is a serious condition that can result in 
death within a matter of days. 



HbA1c: a measure of an individuals average blood glucose over the prior 3 months. 
Normal (non-diabetic) HbA1c levels are under 6. Diabetes is diagnosed when HbA1c levels are above 
6.5. The higher the HbA1c result, the higher the average blood glucose and the worse the diabetic 
control. 

MDI: Multiple Daily Injections: Subcutaneous insulin injections administered using hypodermic 
needles in the form of syringes or insulin pens. 

Insulin Pump: A battery operated device that is worn on the abdomen of a diabetic which administers 
insulin subcutaneously through a soft cannula. It is programmed to administer small amounts of insulin 
constantly using a ratio that is different for each individual. It also gives larger doses of insulin to cover
meals. The user can change the ratio to account for variation in insulin requirements due to exercise, 
illness or other factors. 

Diabetic Complications: Health problems directly linked to diabetes. There are a wide variety of 
health risks associated with poorly controlled diabetes. These include but are not limited to; nerve 
damage (called diabetic neuropathy), heart and blood vessel disease, kidney damage, eye damage, foot 
damage which can lead to amputation, skin and mouth conditions, fungal infections, slow healing of 
injuries, decreased immune system function and the list goes on. 

Selection and Assignment

Participants were recruited online from a variety of popular diabetic specific websites, forums, social 
networking sites and through an email based listserv with diabetic members. I consider those who 
responded as representative of the population of all type 1 diabetics because there are no geographic 
boundaries on the Internet as there would be for other possible sources of the population of type 1 
diabetics. The specific online sites used are open to the public and serve as hubs of information and 
support for diabetics worldwide. 

Two equivalent surveys were used, one for those who currently use a pump and one for those who 
currently use MDI. Each survey had its own link so participants could easily distinguish which group 
they were participating in based on whether they use a specific treatment, either a pump or MDI. I 
closed the surveys with 49 participants in my pump group and 38 in my MDI group. 

Introduction

I was interested in testing whether there were statistically significant differences between the 
populations of type 1 diabetics who use an external insulin pump and those who use Multiple Daily 
Injections (MDI) to administer insulin. It is claimed that insulin pumps increase diabetic control 
because they allow for continuous insulin administration, 24 hours a day. Unlike MDI where injections 
of large doses of insulin have to be given at multiple intervals and where there is no insulin 
administration during sleeping hours, the pump more closely mimics how the body would be constantly
releasing small amounts insulin with larger doses being given as needed. With this in mind I explored a
variety of research questions in which I sought to find out whether or not the pump really did increase 
diabetic control.



HbA1c and Fasting Blood Glucose
One of the best tests endocrinologists use to assess diabetic control is the HbA1c test which measures 
an individuals average blood glucose levels over the previous 3 months. If pumps really increase 
diabetic control then there should be a statistically significant difference in HbA1c results between the 
population of type 1 diabetics who use pumps and those who use MDI where the population using 
pumps have lower HbA1c results then the MDI population. Another measure of how well diabetes is 
being managed is fasting blood glucose levels. This is a blood glucose reading done upon waking in the
morning after at least 8 hours has gone by without any food being ingested. Since pumps administer 
insulin during sleeping and fasting hours, I would expect that those using pumps would have lower 
fasting blood glucose readings.

Risks: Hypoglycemia, DKA and Diabetic Complications
One side effect of better diabetic control is there is a higher risk of hypoglycemia, commonly called 
low blood sugar. Hypoglycemia occurs when too much insulin is taken. I expect that since pumps 
administer insulin continuously, people using them would have more hypoglycemic episodes and 
would therefore have to be hospitalized more often for hypoglycemia. Reversely, because MDI are not 
continuous, I would expect those using MDI to experience more instances of DKA which happens 
when there is not enough insulin in the body and to be hospitalized for DKA more often. Hypoglycemia
and DKA are the most dangerous short term risks of being a type 1 diabetic because they both have a 
short onset and if untreated they both end in death. There are also long term health implications for 
inadequately controlled diabetes. Diabetic complications are health problems that result when diabetes 
is poorly controlled over time. If pumps control diabetes better then MDI, I expect to find that those 
who use them should experience less diabetic complications. 

Other Interesting Research Questions
Using an insulin pump is considered the top level of type 1 diabetic care, however it is a relatively new 
technology compared to MDI which has been around since artificial insulin was created. I wondered if 
there was a difference in the number of years people in each population had been using their specific 
treatment, either pumps or MDI. I expected to find that those using MDI would have been using this 
treatment longer then those who use pumps since it has been around longer. Following this question, I 
was interested in whether there were differences in the age of diagnosis. Another interesting question is
do people in these groups hold different opinions about whether or not a pump improves diabetic 
control? Some people might choose MDI because they don't trust new technology or because they hold 
the belief that if the old method works why change it.

Inference Procedures



95% Confidence Interval for the Difference between two Population Means
Mean difference in HbA1c levels 

Conditions: The data must be from an SRS or equivalent The samples were selected randomly and   
independently of each other using internet surveys. Condition 1 is met

My sample size is larger then 30 so all I need to check for are outliers. I will use an IQR test for this.
As shown in the IQR test below, there are no outliers so condition 2 is met. 

Pump MDI
Min 0 5.4 5.3
Q1 1 6.1 6.3
Median 2 6.7 7.35
Q3 3 7.6 9
Max 4 10 12

IQR 2.2 2.7
IQR*1.5 3.3 4.05
Lower fence 2.8 2.25
Upper fence 10.9 13.05

N X-bar S S^2
Pop 1 MDI 38 7.78 1.83 3.36
Pop 2 Pumpers 49 6.89 1.01 1.03

DF 37
SE 0.23
t* 2.03

95% Confidence Interval Lower bound 0.42
Upper Bound 1.37

We are 95% confident that the difference in the mean HbA1c level for the population 
of type 1 diabetics who use MDI and those who use pumps 
is between .042 and 1.37. Because this interval does not cover 0 
we are fairly certain the true population means are different 
with the MDI group having higher HbA1c levels then the pump group. 

Are the mean HbA1c levels higher for people who use MDI then people who use a pump? I will use an alpha of 0.05

Mu_1:Diabetics who use MDI H_0: Mu_1 = Mu_2 The mean HbA1c levels for the MDI population is the same 
as the mean HbA1c level for the Pump population.

Mu_2: Diabetics who use a Pump H_a: Mu_1 > Mu_2 The mean HbA1c levels for the MDI population is higher 
then the mean HbA1c level for the Pump population.

Conditions: The samples must be independent random samples from 2 populations grouped by a categorical variable 
or randomly assigned to a treatment group in a well designed experiment 
This sample was selected randomly using internet surveys and the participants were independently grouped 
by the categorical variable of type 1 diabetics who use MDI and those who use Pumps. 
This condition is satisfied.

For large samples of 30 or more the only requirement is that there are no extreme outliers. 
For smaller samples there must be no strong skewness and no outliers at all.
Both of these samples are larger then 30 so all we need to worry about is that there are no outliers. 
I did an IQR test to check this condition above and there are no outliers. 
This condition is satisfied.

P-value and Test Statistic Sample Value 0.9
Null Value 0
Unpooled SE 0.23
t 3.84
DF 37
P-value 0

Significant? Yes, the p-value is less then alpha= 0.05 so the results are statistically significant. 

Conclusion: We reject the null in favor of the alternative hypothesis. 
There is sufficient evidence to support the alternative that the mean HbA1c level 
for people who use MDI is higher then those who use pumps. 

Outliers: None

Hypothesis Test for the Difference between Means: 



95% confidence interval for the difference between two population means
Mean Fasting Blood Glucose

Conditions: The data must be from an SRS or equivalent The samples were selected randomly and independently of each other using internet surveys.  
Condition 1 is met

My sample size is larger then 30 so all I need to check for are outliers. I will use an IQR test for this.
As shown in the IQR test below, there are 2 outliers. They may seem somewhat extreme but it is known   
that diabetics blood glucose levels can vary widely. 
I am going to continue with the inference procedure and consider my results carefully due to the outliers. 

Pumpers MDI
Min 0 75 60
Q1 1 100 100
Median 2 118 110
Q3 3 145.5 150
Max 4 180 252

IQR 70.5 50
IQR*1.5 105.75 75
Lower fence -5.75 25
Upper fence 251.25 225

Bins MDI Pump
60 1 0
80 {=C84} {=D84}

100 {=C84} {=D84}
120 {=C84} {=D84}
140 {=C84} {=D84}
160 {=C84} {=D84}
180 {=C84} {=D84}
200 {=C84} {=D84}
240 {=C84} {=D84}
260 {=C84} {=D84}

{=C84} {=D84}

N X-bar S S^2
Pop 1 MDI 37 130.95 46.89 2198.43
Pop 2 Pumpers 48 123.86 29.16 850.59

DF 36
SE 25.43
t* 2.03

95% Confidence Interval Lower bound -44.48
Upper Bound 58.67

Conclusion: We are 95% confident that the difference in mean fasting blood glucose levels for the population of type 1 diabetics who use MDI and those who use pumps 
is between -44.48 and 58.67. Because this interval covers 0 we can not rule out the possibility that the true population means are the same. 

Hypothesis Test for the Difference between 2 Population Means:
 Are the mean fasting blood glucose levels higher for people who use MDI then people who use a pump? I will use an alpha of 0.05
Since pumps are generally worn through the night, I wonder if they help improve fasting (morning) blood glucose levels. 

Mu_1:Diabetics who use MDI H_0: Mu_1 = Mu_2 The mean fasting blood glucose level for the MDI group is the same as the mean fasting blood glucose level for the Pump group.
M_0: Diabetics who use a Pump H_a: Mu_1 > Mu_2 The mean fasting blood glucose level for the MDI group is higher then the mean fasting blood glucose level for the Pump group.

Conditions: The samples must be independent random samples from 2 populations grouped by a categorical variable 
or randomly assigned to a treatment group in a well designed experiment 
This sample was selected randomly using internet surveys and grouped by the categorical variable of 
Diabetics who use MDI and those who use Pumps. The participants are not paired in anyway. This condition is satisfied. 

For large samples of 30 or more the only requirement is that there are no extreme outliers. 
For smaller samples there must be no strong skewness and no outliers at all.
Both of these samples are larger then 30 so all we need to worry about is that there are no outliers. 
I did an IQR test to check this condition above and there are in fact 2 outliers but they are not extreme so this condition is met. 

P-value and Test Statistic Sample Value (X-bar_1-X-bar_2) 7.09
Null Value (Mu_1-Mu_2) 0
Unpooled SE 25.43
t 0.28
DF 36
P-value 0.39

Significant? No, the p-value is higher then alpha= 0.05 or any other reasonable alpha so the results are not statistically significant. 

Conclusion: We fail to reject the null hypothesis. There is insufficient evidence to support the alternative that the mean fasting blood glucose level 
for people who use MDI is higher then those who use pumps. 

Outliers: Yes, there are two in the MDI group. They are 250 and 252. 
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diabetics who use MDI and those who use a pump?

H_0: There is no difference in how often hypoglycemia is experienced between the population of type 1 diabetics who use a pump and those who use MDI. 
H_a: There is a difference in how often hypoglycemia between the population of type 1 diabetics who use a pump and those who use MDI. 

Conditions: 
1. The sample should be a independent random samples from multiple populations,
one random sample where they are grouped according to two categorical variables,
or individuals are randomly assigned to treatment groups in a well-designed experiment.
The samples were collected randomly by an online survey offered to any type 1 diabetic who would like to respond. 
The responses were independent of each other and grouped according to the categorical variable of whether or not a participant used a pump or MDI

2. Are all expected counts greater than 1? No
Do 80% of the cells have expected counts greater than 5? No
Condition 2 is not met so I can not continue with the chi^2 test. 

Observed Daily Weekly 1 every few weeksMonthly Almost neverTotal
MDI 4 23 6 4 1 38
Pump 10 32 6 1 0 49
Total 14 55 12 5 1 87

87

Expected Daily Weekly 1 every few weeksMonthly Almost neverTotal
MDI 6.11 24.02 5.24 2.18 0.44 38
Pump 7.89 30.98 6.76 2.82 0.56 49
Total 14 55 12 5 1 87

Chi squared hypothesis test, 2 way table: Is there a difference in the amount of hypoglycemia experienced by



between diabetics who use MDI or those who use a pump.

H_0: There is no difference in hospitalization for severe hypoglycemia between the population of type 1 diabetics who use a pump and those who use MDI. 
H_a: There is a difference in hospitalization for severe hypoglycemia between the population of type 1 diabetics who use a pump and those who use MDI. 

Conditions: 
1. The sample should be a independent random samples from multiple populations,
one random sample where they are grouped according to two categorical variables,
or individuals are randomly assigned to treatment groups in a well-designed experiment.
The samples were collected randomly by an online survey offered to any type 1 diabetic who would like to respond. 
The responses were independent of each other and grouped according to the categorical variable of whether or not a participant used a pump or MDI

2. Are all expected counts greater than 1? Yes, see the table below. 
Do 80% of the cells have expected counts greater than 5? Yes, see the table below. 
Both conditions are met. 

Hospitalized for severe hypoglycemia? 
Observed Yes No Total
MDI 7 31 38
Pump 13 36 49
Total 20 67 87

87

Hospitalized for severe hypoglycemia? 
Expected Yes No Total
MDI 8.74 29.26 38
Pump 11.26 37.74 49
Total 20 67 87

87

Hospitalized for severe hypoglycemia? 
Chi^2 Yes No Total
MDI 0.34 0.1 0.45
Pump 0.27 0.08 0.35
Total 0.61 0.18 0.8
Chi^2 0.8

Columns 2
Rows 2
DF 1
P-value 0.37

Significant? No. The p-value of 0.37 is greater than alpha= 0.05 so the results are not statistically significant

Conclusion: We fail to reject the null hypothesis.
There is insufficient evidence to support the alternative 
that there is a difference in in hospitalization for severe hypoglycemia 
between the population of type 1 diabetics who use a pump and those who use MDI. 

Chi squared hypothesis test, 2 way table: Is there a difference in hospitalization for severe hypoglycemia



between diabetics who use MDI or those who use a pump?

H_0:
H_a: There is a difference in rates of DKA between the population of type 1 diabetics who use a pump and those who use MDI. 

Conditions: 
1. The sample should be a independent random samples from multiple populations,
one random sample where they are grouped according to two categorical variables,
or individuals are randomly assigned to treatment groups in a well-designed experiment.
The samples were collected randomly by an online survey offered to any type 1 diabetic who would like to respond. 
The responses were independent of each other and grouped according to the categorical variable of whether or not a participant used a pump or MDI

2. Are all expected counts greater than 1? Yes, see the table below. 
Do 80% of the cells have expected counts greater than 5? Yes, see the table below. 

Gone into ketoacidosis? 
Observed Yes No Total
MDI 23 15 38
Pump 25 24 49
Total 48 39 87

87

Gone into ketoacidosis? 
Expected Yes No Total
MDI 20.97 17.03 38
Pump 27.03 21.97 49
Total 48 39 87

87

Gone into ketoacidosis? 
Chi^2 Yes No Total
MDI 0.2 0.24 0.44
Pump 0.15 0.19 0.34
Total 0.35 0.43 0.78
Chi^2 0.78

Columns 2
Rows 2
DF 1
P-value 0.38

Significant? No. The p-value of 0.38 is greater than alpha= 0.05 so the results are not statistically significant

Conclusion: We fail to reject the null hypothesis.
There is insufficient evidence to support the alternative 

between the population of type 1 diabetics who use a pump and those who use MDI. 

Chi squared hypothesis test, 2 way table: Is there a difference in rates of DKA

There is no difference in rates of DKA between the population of type 1 diabetics who use a pump and those who use MDI. 

that there is a difference in rates of DKA 



between diabetics who use MDI or those who use a pump?

H_0:
H_a: There is a difference in hospitalization due to DKA between the population of type 1 diabetics who use a pump and those who use MDI. 

Conditions: 
1. The sample should be a independent random samples from multiple populations,
one random sample where they are grouped according to two categorical variables,
or individuals are randomly assigned to treatment groups in a well-designed experiment.
The samples were collected randomly by an online survey offered to any type 1 diabetic who would like to respond. 
The responses were independent of each other and grouped according to the categorical variable of whether or not a participant used a pump or MDI

2. Are all expected counts greater than 1? Yes, see the table below. 
Do 80% of the cells have expected counts greater than 5? Yes, see the table below. 

Hospitalized for ketoacidosis? 
Observed Yes No Total
MDI 21 17 38
Pump 19 30 49
Total 40 47 87

87

Hospitalized for ketoacidosis? 
Expected Yes No Total
MDI 17.47 20.53 38
Pump 22.53 26.47 49
Total 40 47 87

87

Hospitalized for ketoacidosis? 
Chi^2 Yes No Total
MDI 0.71 0.61 1.32
Pump 0.55 0.47 1.02
Total 1.27 1.08 2.34
Chi^2 2.34

Columns 2
Rows 2
DF 1
P-value 0.13

Significant? No. The p-value of 0.13 is greater than alpha= 0.05 so the results are not statistically significant

Conclusion: We fail to reject the null hypothesis.
There is insufficient evidence to support the alternative 

between the population of type 1 diabetics who use a pump and those who use MDI. 

Chi squared hypothesis test, 2 way table: Is there a difference in hospitalization due to DKA

There is no difference in hospitalization due to DKA between the population of type 1 diabetics who use a pump and those who use MDI. 

that there is a difference in hospitalization due to DKA



H_0:
H_a:

Conditions: 
1. The sample should be a independent random samples from multiple populations,
one random sample where they are grouped according to two categorical variables,
or individuals are randomly assigned to treatment groups in a well-designed experiment.
The samples were collected randomly by an online survey offered to any type 1 diabetic who would like to respond. 
The responses were independent of each other and grouped according to the categorical variable of whether or not a participant used a pump or MDI.

2. Are all expected counts greater than 1? Yes, see the table below. 
Do 80% of the cells have expected counts greater than 5? Yes, see the table below. 

Diabetic complications 
Observed Yes None Total
MDI 15 23 38
Pump 20 29 49
Total 35 52 87

87

Diabetic complications
Expected Yes No Total
MDI 15.29 22.71 38
Pump 19.71 29.29 49
Total 35 52 87

87

Diabetic complications
Chi^2 Yes No Total
MDI 0.01 0 0.01
Pump 0 0 0.01
Total 0.01 0.01 0.02
Chi^2 0.02

Columns 2
Rows 2
DF 1
P-value 0.9

Significant? No. The p-value of 0.9 is greater than alpha= 0.05 so the results are not statistically significant

Conclusion: We fail to reject the null hypothesis.
There is insufficient evidence to support the alternative 
That there is a difference in whether or not type 1 diabetics who use MDI or those who use a pump experience diabetic complications. 

Chi squared hypothesis test, 2 way table: Is there a difference in whether or not type 1 diabetics who use MDI or those who use a pump experience diabetic complications? 

There is no difference in whether or not type 1 diabetics who use MDI or those who use a pump experience diabetic complications.
There is a difference in whether or not type 1 diabetics who use MDI or those who use a pump experience diabetic complications. 



95% confidence interval for the difference between two population means: 
Is there a difference in the mean amount of time each group has been on their specific treatment? 

Conditions: The data must be from an SRS or equivalent The samples were selected randomly and independently of each other using internet surveys.  
Condition 1 is met

My sample size is larger then 30 so all I need to check for are outliers. I will use an IQR test for this.
As shown in the IQR test below, there are 3 outliers in the MDI group.  
Since there are 3 outliers I am skeptical about the value of continuing with inference. 
However, the 3 outliers are not particularly extreme so I will continue. 
Condition 2 is met.

Pump MDI
Min 0 0.13 0.17
Q1 1 1 1.13
Median 2 5 4.75
Q3 3 7.25 14
Max 4 12 40

IQR 7.13 12.88
IQR*1.5 10.69 19.31
Lower fence -9.69 -18.19
Upper fence 17.94 33.31
Outliers: Yes there are three in the MDI group. These are 34, 37 and 40. 

Bins PUMP MDI
0 0 0
5 {=C83} {=D83}

10 {=C83} {=D83}
15 {=C83} {=D83}
20 {=C83} {=D83}
25 {=C83} {=D83}
30 {=C83} {=D83}
35 {=C83} {=D83}
40 {=C83} {=D83}
45 {=C83} {=D83}

{=C83} {=D83}

N X-bar S S^2
Pop 1 MDI 38 9.7 11.75 138.17
Pop 2 PUMP 48 4.81 3.78 14.31

DF 37
SE 2.2
t* 2.03

95% Confidence Interval Lower bound 0.43
Upper Bound 9.36

We are 95% confident that the difference in the mean number of years on a specific treatment, either a pump or MDI
is between 0.43 and 9.36. This interval does not cover 0 so we can be fairly certain the true population means are different.
with the MDI number of years on a specific treatment being higher.

Hypothesis Test for the Difference between Means: 
Is the mean number of years on a specific treatment, either a pump or MDI, 
different for diabetics who use MDI then people who use a pump? I will use an alpha of 0.05

Mu_1:Diabetics who use MDI Pop 1 H_0: Mu_1 = Mu_2 The mean number of years on a specific treatment, 
either a pump or MDI is the same.

M_2: Diabetics who use a Pump Pop 2 H_a: Mu_1 > Mu_2 The mean number of years on a specific treatment, 
either a pump or MDI is higher for the MDI population.

Conditions: The samples must be independent random samples from 2 populations grouped by a
categorical variable or randomly assigned to a treatment group in a well designed
experiment. 
The samples were selected randomly and independent of each other using Internet 
surveys. They are grouped by the categorical variable of Diabetics who use MDI and 
those who use Pumps. This condition is satisfied. 

For large samples of 30 or more the only requirement is that there are no extreme outliers. 
For smaller samples there must be no strong skewness and no outliers at all.
Both of these samples are larger then 30 so all we need to worry about is that there are no outliers. 
I did an IQR test to check this condition above and there are 3 small outliers
But they are not extreme enough as to violate this condition. This condition is satisfied. 

P-value and Test Statistic Sample Value (X-bar_1-X-bar_2) 4.9
Null Value (Mu_1-Mu_2) 0
Unpooled SE 2.2
t 2.22
DF 37
P-value 0.02

Significant? Yes, the p-value of 0.03 is less then alpha= 0.05 or so the results are statistically significant. 

Conclusion: We reject the null hypothesis in favor of the alternative. 
There is sufficient evidence to support the alternative that 

The data implies that people who use the pump were diagnosed at younger ages then people who use MDI. 
The mean number of years on a specific treatment, either a pump or MDI is different.

Note: Due to the fact that there are 3 outliers in the MDI sample, I hold a level of doubt to the actual statistical significance of this result.  
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Conditions: The data must be from an SRS or equivalent The samples were selected randomly and 
independently of each other using Internet surveys. Condition 1 is met.

My sample size is larger then 30 so all I need to check for are outliers. I will use an IQR test for this.
As shown in the IQR test below, there is one outlier of age 55 but it is so close to the 
upper fence value of 54.5 that it's not considered extreme. Condition 2 is met. 

Pump MDI
Min 0 2 1.92
Q1 1 7 17.25
Median 2 12 23
Q3 3 23 34.75
Max 4 55 52

IQR 21 17.5
IQR*1.5 31.5 26.25
Lower fence -24.5 -9
Upper fence 54.5 61

N X-bar S S^2
Pop 1 MDI 38 26.37 12.79 163.7
Pop 2 Pumpers 49 15.89 11.96 142.93

DF 37
SE 4.99
t* 2.03

95% Confidence Interval Lower bound 0.36
Upper Bound 20.59

We are 95% confident that the difference in the mean age of type 1 diabetes diagnosis 
for all people who use MDI and people who use pumps 
is between 0.363 and 20.594. This interval does not cover 0 but it is rather large.

Hypothesis Test for the Difference between Means: 
Is the mean age of type 1 diabetes diagnosis higher for diabetics who use MDI then 
those who use a pump? I will use an alpha of 0.05.

Mu_1:Diabetics who use MDI Pop 1 H_0: Mu_1 = Mu_2 
for the MDI group is the same as the mean 
age of diagnosis for the Pump group.

M_2: Diabetics who use a Pump Pop 2 H_a: Mu_1 > Mu_2 
for the MDI group is higher then the mean 
age of diagnosis for the Pump group.

Conditions: The samples must be independent random samples from 2 populations grouped by a
categorical variable or randomly assigned to a treatment group in a well designed
experiment. 
The samples were selected randomly and independent of each other using Internet 
surveys. They are grouped by the categorical variable of Diabetics who use MDI and 
those who use Pumps. This condition is satisfied. 

For large samples of 30 or more the only requirement is that there are no extreme outliers. 
For smaller samples there must be no strong skewness and no outliers at all.
Both of these samples are larger then 30 so all we need to worry about is that there are no outliers. 
I did an IQR test to check this condition above and there is one small outlier but it's not 
extreme enough as to violate this condition. This condition is satisfied.

P-value and Test Statistic: Sample Value (X-bar_1-X-bar_2)10.48
Null Value (Mu_1-Mu_2) 0
Unpooled SE 4.99
t 2.1
DF 37
P-value 0.02

Significant? Yes, the p-value of 0.02 is less then alpha= 0.05 or so the results are statistically significant. 

Conclusion: We reject the null hypothesis in favor of the alternative. 
There is sufficient evidence to support the alternative that 

is higher then the mean age of diagnosis for the Pump group.

95% confidence interval for the difference between two population means:  
Is there a difference in the mean ages of diabetics who use pumps and those who use MDI?

The mean age of type 1 diabetes diagnosis 

The mean age of type 1 diabetes diagnosis 

The mean age of type 1 diabetes diagnosis for the MDI group 



Chi^2 Hypothesis Test on a 2 way table:
Is there a difference in the belief that a pump would provide better diabetic control 
between the group of type 1 diabetics who use a pump already and those who use MDI? 

H_0: There is no difference in the belief that a pump would provide better control between the population of type 1 diabetics who use a pump and those who use MDI. 
the population of type 1 diabetics who use a pump and those who use MDI.

H_a: There is a difference in the belief that a pump would provide better control between 
the population of type 1 diabetics who use a pump and those who use MDI. 

Conditions: 
1. The sample should be a independent random samples from multiple populations,
one random sample where they are grouped according to two categorical variables,
or individuals are randomly assigned to treatment groups in a well-designed experiment.
This sample was selected randomly using internet surveys and grouped by the categorical variable of 
Diabetics who use MDI and those who use Pumps. The participants are not paired in anyway. 
This condition is satisfied.

2. Are all expected counts greater than 1? Yes, see the table below. 
Do 80% of the cells have expected counts greater than 5? Yes, see the table below. 
Both conditions are met. 

Believe control is/would be better on pump? 
Observed Yes No Total
MDI 21 17 38
Pump 48 1 49
Total 69 18 87

87

Believe control is/would be better on pump? 
Expected Yes No Total
MDI 30.14 7.86 38
Pump 38.86 10.14 49
Total 69 18 87

87

Believe control is/would be better on pump? 
Chi^2 Yes No Total
MDI 2.77 10.62 13.39
Pump 2.15 8.24 10.39
Total 4.92 18.86 23.78
Chi^2 23.78

Columns 2
Rows 2
DF 1
P-value 0

Significant? Yes. The p-value is less than alpha= 0.05 so the results are statistically significant.

Conclusion: We reject the null hypothesis in favor of the alternative. 
There is sufficient evidence to support the alternative that there is a difference 
in the belief that a pump would provide better control between the population 
of type 1 diabetics who use a pump and those who use MDI. 



Conclusion

HbA1c and Fasting Blood Glucose
To study my research questions regarding the differences between levels of diabetic control between 
the population of type 1 diabetics who use a pump and those who use MDI, I asked participants to 
provide their most recent HbA1c result. I created a 95% confidence interval for the difference in mean 
HbA1c results between the two populations and then I did a hypothesis test for the difference in the 
means with my alternative hypothesis stating the MDI population would have a higher mean HbA1c 
level then the pump population. Both the confidence interval and the hypothesis test turned out to show
that there was a statistically significant difference in the mean HbA1c levels between the population of 
type 1 diabetics who are MDI users and those who are pump users. My confidence interval was (0.42, 
1.37). Since my confidence interval does not cover 0, I can be fairly sure that the true means are 
different with the data suggesting the MDI group has a higher mean HbA1c level then those who use a 
pump. The p-value of my hypothesis test using a significance level of 5% was 0. This means there is a 
0% probability that I would have seen my results or something more extreme assuming the null 
hypothesis that there is no difference in mean HbA1c levels is true. Therefore I was able to reject the 
null hypothesis in favor of the alternative that the mean HbA1c level for the population of MDI users is
higher then the mean HbA1c level for the population of pump users. Since Higher HbA1c levels 
signify worse diabetic control and lower HbA1c levels signify better diabetic control, this is the result I 
expected to find based on the claim that Pumps provide better Diabetic control. 

Another measure of diabetic control I looked at was the difference in mean fasting blood glucose 
readings between the population of type 1 diabetics who used MDI and those who use pumps. I asked 
participants from both groups to give a typical fasting(morning) blood glucose reading. In checking the 
conditions for inference with an IQR test, I discovered two outliers in the MDI data set. I considered 
that blood glucose level vary a lot, especially if diabetes is not being controlled well. The outliers were 
actually the most interesting values since they were both high readings which could indicate lower 
levels of diabetic control in the MDI group. I decided to continue with the inference procedures, 
keeping in mind the influence the outliers might have. I created a 95% confidence interval for the 
difference in mean fasting blood glucose readings between the two populations. I also preformed a 
hypothesis test at the 5% significance level. The confidence interval was (-44.48, 58.64). Since it 
covers 0 I can not be sure that there really is no difference in the true population means. My hypothesis 
test gave me a p-value of 0.39 which is not statistically significant at any reasonable level of alpha. I 
failed to reject the null hypothesis that there is no difference in mean fasting blood glucose readings 
between the two populations. I did not expect this result since pumps are able to administer insulin 
continuously through sleeping and fasting times, I had hypothesized that pump users would benefit 
from that by having lower fasting blood glucose readings. 

Risks: Hypoglycemia, DKA and Diabetic Complications
To evaluate the major health risks associated with diabetes, I started by asking participants in each 
group how often they typically experience hypoglycemic episodes (daily, weekly, once every few 
weeks, monthly, almost never) and if they had ever been hospitalized for severe hypoglycemia. My 
results for the first question did not fulfill the requirements for inference using a chi squared hypothesis
test because too many expected count values were below 5 and a few were under 1. For my question 
about hospitalization due to severe hypoglycemia I was able to do a chi squared hypothesis test. With a 
p-value of 0.37, the results were not statistically significant and I failed to reject the null hypothesis. 
However, even though the results of the first question regarding hypoglycemia were inconclusive and 



the results of the second were statistically insignificant, these results are still telling me something. 
Perhaps hypoglycemia is more of a human error then a result of which treatment diabetics use. Since 
hypoglycemia is caused by too much insulin in the body, perhaps people from both groups are just as 
likely to make mistakes in calculating insulin to carbohydrate ratios when deciding how much insulin 
they need. 

I asked participants if they had ever experienced DKA and if they had ever been hospitalized for it. I 
did a chi squared hypothesis test for both questions and both turned out as not statistically significant 
with p-values of 0.38 and 0.13 respectively. It seems that in regard to DKA, there is insufficient 
evidence to conclude there is any difference between the populations of type 1 diabetics who use MDI 
and those who use pumps. The reason for this is could be that many people don't find out they are a 
type 1 diabetic until they are in DKA. They are treated for it once at the hospital, diagnosed, put on 
insulin and then the insulin treatment prevents future episodes of DKA. 

To understand diabetic complications I asked a “check all that apply” type of question which listed 
several common diabetic complications, a “none” and an “other” category. For my sample size, this 
was too many options to get enough responses in each category to fit the conditions of a chi squared 
hypothesis test. Rather then abandoning the question, I decided to look at the proportion of participants 
in each group that checked the “none” option and compared that with the proportion of participants 
who checked any of the complications. I ran a chi squared test on the data organized in this fashion. 
Despite my efforts, I got a p-value of 0.9 which is not statistically significant. For both groups the 
proportion that reported experiencing any type of complication was higher then the proportions who 
reported none. I suspect that Type 1 diabetes simply causes complications, sometimes even if you do 
everything you can to control it, there is bound to be damage to your body from the effects of 
fluctuating blood glucose levels over time. 

Other Research Questions
To assess the difference between mean number of years on each treatment, either a pump or MDI, I 
asked participants equivalent questions about how long they had been using a pump or MDI. I expected
that the MDI group would have been using their treatment longer since pumps are relatively new 
compared to MDI. I did a 95% confidence interval and a hypothesis test. My confidence interval was, 
(0.43, 9.36). Since this interval does not cover 0, I can be relatively certain the true population means 
are different for years on specific treatments. My p-value of 0.02, using a 5% significance level, 
provided further evidence that my hypothesis was correct. I was able to reject the null in favor of the 
alternative hypothesis that the mean number of years on a specific treatment was higher for the MDI 
group then it was for the pump group.  

I did a 95% confidence interval and a hypothesis test on the mean age of diagnosis of type 1 diabetes to
see if there was a difference between the populations. When I checked the conditions for inference I 
found one outlier in the pump group using an IQR test. It was not extreme enough to violate the 
conditions so I continued with the test. My confidence interval was quite large (0.36, 20.59) but it 
makes sense because type 1 diabetes can onset at any point in life from birth through adulthood. My 
hypothesis test gave a p-value of 0.02 which shows statistical significance at the 5% level. I was able to
reject the null hypothesis that there was no difference in the mean age of onset in favor of the 
alternative that the mean age of onset is higher for those in the MDI group then those in the pump 
group. 

To find out of there was a difference in opinions as to whether or not a pump provided better control 



then MDI, I asked participants equivalent questions. For the participants in the pump group, I asked if 
they felt their level of diabetic control was better as a result of using the pump. For the MDI group, I 
asked if they felt their level of diabetic control would be better if they had a pump. I compared the 
results using a chi squared hypothesis test. My p-value came out to be 0 which is pretty strong 
statistical significance. I was able to reject the null hypothesis in favor of the alternative that there is a 
difference. The data suggests that more people in the population that use a pump believed it provided 
better control then those in the MDI group. 

I ran dozens of other research questions through hypothesis tests. Most tests showed no statistical 
significance. I have discussed all the significant results I found along with some results that turned out 
to show no statistical significance. Perhaps there are differences that would be more easily detected 
using a paired mean model where data is collected when subjects are using only MDI for a defined 
amount of time and then put on Pump treatment for a defined amount of time before data is collected 
again. If this kind of research is ever in the scope of my ability and access to research projects, next 
time I would try the paired mean model over the difference between two population means of 
independent samples. 

Appendix

Recruitment
Specific Online Sources:

Diabetics listserv (email based) 

Live Journal (communities for type 1 diabetics)
http://www.livejournal.com/

Diabetic Rockstar (social network)
http://diabeticrockstarcommunity.ning.com/

Tudiabetes (social network)
http://www.tudiabetes.org/

JDRF (Juvenile Diabetes Research Foundation) on Facebook
https://www.facebook.com/myJDRF

Diabetic Daily Forum
http://www.diabetesdaily.com/

Raw Data and All Inference Procedures
See Excel Document called “Survey Results Statistics” 

Original Questions on Survey

Pump

http://www.diabetesdaily.com/
https://www.facebook.com/myJDRF
http://www.tudiabetes.org/
http://diabeticrockstarcommunity.ning.com/
http://www.livejournal.com/


This survey is for type 1 diabetics who use an insulin pump. 

* Are you a type 1, insulin dependent diabetic?
 Yes

 No

Reset

* How old were you when you were diagnosed with type 1 diabetes?

* How long have you been a type 1 diabetic?

* What was your last HbA1c result?

* Was your last HbA1c taken within the last 3 months?
 Yes

 No

Reset

* What is a typical fasting (morning) blood glucose reading for you?

* How often do you experience episodes of hypoglycemia (low blood sugar)?
 Daily

 Weekly

 Monthly

file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html
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 Once every few months

 Almost never

Reset

* Have you ever had to be hospitalized for severe hypoglycemia (low blood sugar)?
 Yes

 No

Reset

If yes, how many times?

* Have you ever gone into a coma due to severe hypoglycemia (low blood sugar)?
 Yes

 No

Reset

If yes, how many times?

* Have you ever gone into Diabetic Ketoacidosis (DKA)?
 Yes

 No

Reset

If yes, how many times?

* Have you ever been hospitalized for Diabetic Ketoacidosis (DKA)?
 Yes

 No

file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html
file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html
file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html
file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html


Reset

If yes, how many times?

* Have you ever gone into a coma due to Diabetic Ketoacidosis (DKA)?
 Yes

 No

Reset

If yes, how many times?

* How long have you used an insulin pump?

* Do you believe that your level of diabetic control is better as a result of using the pump?
 Yes

 No

Reset

* How would you rate your overall health?
 Poor

 Fair

 Good

 Excellent

Reset

* Do you have any other health conditions apart from diabetes that might factor into your diabetic 
control?
 Yes

file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html
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 No

Reset

* Please indicate which complications you have experienced that are directly associated with your 
diabetes. Check all that apply.
 Heart and blood vessel disease.

 Nerve damage (neuropathy).

 Kidney damage.

 Eye damage (including; blindness, cataracts, glaucoma etc.).

 Foot damage (including; toe, foot or even leg amputation etc.).

 Skin and mouth conditions (including; gum infections, fungal infections, staff infections, MRSA etc.).

 Osteoporosis.

 Pregnancy and birth complications (including; miscarriage, stillbirth, birth defects, pregnancy-induced
high blood pressure, pre-eclampsia etc.).

 Hearing problems.

 None.

Reset

Other (please specify).

* Do you have health insurance?
 Yes

 No

Reset

* Does your health insurance provider cover the cost of an insulin pump?

file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html
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 Yes

 No

 N/A I don't have health insurance.

Reset

* Are there special requirements you must meet before your health insurance provider will allow you to
get an insulin pump?
 Yes

 No

 N/A I don't have health insurance.

Reset

If yes, please elaborate.

* Is there a copay through your insurance to get an insulin pump?
 Yes

 No

 N/A I don't have health insurance.

Reset

If yes, how much did you have to pay for your pump?

* Do you have to pay a copay through your health insurance for your diabetic care and supplies?
 Yes

 No

 N/A I don't have health insurance.

Reset

If yes, about how much do you pay in copays each month for your diabetic care and supplies?

file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html
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If you DON'T have health insurance, about how much do you estimate you pay each month for your 
diabetic care and supplies?

* Regardless of whether or not you have health insurance, do you have a difficult time affording your 
insulin and/or other diabetic supplies?
 Yes

 No

Reset

Demographics and Socioeconomic Data
* Country:

Gender

Race

Gross Income

Comments and Feedback: Is there anything more you would like me to know? 

MDI

This survey is for type 1 diabetics who inject insulin using needles and/or pens.  

file:///C:/Users/zaristra/Downloads/Apendix/survey_Pump.html


* Are you a type 1, insulin dependent diabetic?
 Yes

 No

Reset

* How old were you when you were diagnosed with type 1 diabetes?

* How long have you been a type 1 diabetic?

* What was your last HbA1c result?

* Was your last HbA1c taken within the last 3 months?
 Yes

 No

Reset

* What is a typical fasting (morning) blood glucose reading for you?

* How often do you experience episodes of hypoglycemia (low blood sugar)?
 Daily

 Weekly

 Monthly

 Once every few months

 Almost never

Reset
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* Have you ever had to be hospitalized for severe hypoglycemia (low blood sugar)?
 Yes

 No

Reset

If yes, how many times?

* Have you ever gone into a coma due to severe hypoglycemia (low blood sugar)?
 Yes

 No

Reset

If yes, how many times?

* Have you ever gone into Diabetic Ketoacidosis (DKA)?
 Yes

 No

Reset

If yes, how many times?

* Have you ever been hospitalized for Diabetic Ketoacidosis (DKA)?
 Yes

 No

Reset

If yes, how many times?

* Have you ever gone into a coma due to Diabetic Ketoacidosis (DKA)?
 Yes
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 No

Reset

If yes, how many times?

* How long have you been self injecting your insulin using needles and/or pens?

* Do you believe that your level of diabetic control would be better if you had a pump?
 Yes

 No

Reset

* How would you rate your overall health?
 Poor

 Fair

 Good

 Excellent

Reset

* Do you have any other health conditions apart from diabetes that might factor into your diabetic 
control?
 Yes

 No

Reset
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* Please indicate which complications you have experienced that are directly associated with your 
diabetes. Check all that apply.
 Heart and blood vessel disease.

 Nerve damage (neuropathy).

 Kidney damage.

 Eye damage (including; blindness, cataracts, glaucoma etc.).

 Foot damage (including; toe, foot or even leg amputation etc.).

 Skin and mouth conditions (including; gum infections, fungal infections, staff infections, MRSA etc.).

 Osteoporosis.

 Pregnancy and birth complications (including; miscarriage, stillbirth, birth defects, pregnancy-induced
high blood pressure, pre-eclampsia etc.).

 Hearing problems.

 None.

Reset

Other (please specify).

* Do you have health insurance?
 Yes

 No

Reset

* Would your health insurance provider cover the cost of an insulin pump?
 Yes

 No

 N/A I don't have health insurance.
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Reset

* Are there special requirements you must meet before your health insurance provider will allow you to
get an insulin pump?
 Yes

 No

 N/A I don't have health insurance.

Reset

If yes, please elaborate.

* Is there a copay through your insurance to get an insulin pump?
 Yes

 No

 N/A I don't have health insurance.

Reset

If yes, how much would you have to pay for a pump?

* Do you have to pay a copay through your health insurance for your diabetic care and supplies?
 Yes

 No

 N/A I don't have health insurance.

Reset

If yes, about how much do you pay in copays each month for your diabetic care and supplies?

If you DON'T have health insurance, about how much do you estimate you pay each month for your 
diabetic care and supplies?
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* Regardless of whether or not you have health insurance, do you have a difficult time affording your 
insulin and/or other diabetic supplies?
 Yes

 No

Reset

Demographics and Socioeconomic Data
* Country:

Gender

Race

Gross Income

Comments and Feedback: Is there anything more you would like me to know? 

file:///C:/Users/zaristra/Downloads/Apendix/survey_MDI.html

