
1 
 

 

DIABETES MELLITUS:  MANAGEMENT OF DIABETES
© 

Authored by: Virginia G. Miller, PhD, RN, CS, FNP  

Contact Hours: 6.0 (ANCC) and 7.2 (ABN) contact hours valid Nov. 8, 2019 – Nov. 8, 2021 

Target Audience: Registered Nurses and Licensed Practical Nurses 

Purpose/Goal: The purpose of this activity is to provide a basic comprehensive review of 
Diabetes Mellitus 

Objectives: At the conclusion of this activity the learner should be able to: 

1. List the 4 cornerstones of Diabetes and its effect on blood glucose. 
2. Describe the treatment algorithms for management of Diabetes Mellitus Type 2. 
3. Relate an appropriate teaching plan. 
4. Describe recommended monitoring & possible complications. 
5. Review current research about Diabetes. 

Fees:       ASNA Member - $42.00                    Non-Member - $60.00 

Instructions for Credit: Participants should read the purpose/goal and objectives and then study 
the activity on-line or printed out.  Read, complete, and submit answers to the post-test at the end 
of the activity.  Participants must complete the evaluation on line and submit the appropriate fee to 
receive continuing nursing education credit.  The certificate of completion will be generated after 
the evaluation has been completed.  ASNA will report continuing nursing education hours to the 
ABN within 2 weeks of completion. 

Accreditation: The Alabama State Nurses approved as a provider of nursing continuing 
professional development by The Mississippi Nurses Foundation, an accredited approver by the 
American Nurses Credentialing Center’s Commission on Accreditation.  

Alabama Board of Nursing Provider Number ABNP0002 (expires April 6, 2021). 

Disclosures:  The author and Planning Committee have declared no conflict of interest. 

Alabama State Nurses Association 
360 N. Hull St. 
Montgomery, AL 36104 

  



2 
 

 

TABLE OF CONTENTS 

COURSE OUTLINE .............................3 
INTRODUCTION .................................5 
     MANAGEMENT OF DIABETES --  
AN OVERVIEW…………………4 
     TELEMEDICINE & DIABETES 

CARE? ………………………..4        

UNIT I: CONTROL OF DIABETES – 

FOUR CORNERSTONES......................5 
UNIT II: EVIDENCE-BASED 

GUIDELINES FOR THE 

MANAGEMENT OF DIABETES ......... 210 
UNIT III: PATIENT EDUCATION .......... 22 
UNIT IV: MONITORING AND 

COMPLICATIONS ............................. 26 
UNIT V: CURRENT RESEARCH ......... 37 
REFERENCES ................................. 45 
RESOURCES .................................. 50 
GLOSSARY .................................... 52 
APPENDIX A: MODIFIED 

EXCHANGE LISTS ........................... 55 
APPENDIX B: SUMMARY OF 

DRUGS (OTHER THAN INSULIN) 
USED TO TREAT DMT2 .................. 58 
APPENDIX C: INSULIN 

CHARACTERISTICS ACCORDING 

TO TYPE ........................................ 64 
APPENDIX D: BEHAVIORAL 

OBJECTIVES TO PLAN TEACHING 

AND TO EVALUATE LEARNING 

BY THE PATIENT WITH DIABETES .... 65 
EXAM ............................................ 67 
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MANAGEMENT OF DIABETES
© 

Virginia G. Miller, PhD, RN, FNP-BC 

INTRODUCTION  

This home study program provides information about the 
management of diabetes mellitus. Since the disorder has plagued the 
human race for an extremely long time (perhaps, forever), treatment 
methods have varied greatly. From near-starvation diets in the days 
before insulin was discovered (which only prolonged the inevitability of 
death) to today's multi-faceted treatments based on scientific research 
and a much clearer understanding of the underlying pathophysiology of 
diabetes, the management of diabetes is continually being refined. 

In addition to management issues, topics of recent research are 
discussed. A glossary of terms is provided as is Appendix D which lists 
behavioral objectives for an education plan for persons with diabetes 
and their significant others. The objectives may be used as a model for 
an individualized education plan. Learner activities are included where 
appropriate to provide experiential learning. A current and 
comprehensive reference list is also provided. 

PROCESS OF THE COURSE 

It is recommended that the learner review the post-test first to 
determine what is already understood about the management of 
diabetes and what needs to be learned. Afterward, the learner should 
read the content and participate in the learner activities included in the 
program. Then, the post-test should be completed. Last, the learner is 
asked to complete the evaluation form. In the past, improvements in the 
course have been made, in part, on the basis of this feedback, so the 
author is asking each learner to provide constructive feedback – both 
positive and negative. 
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INTRODUCTION  

MANAGEMENT OF DIABETES: AN OVERVIEW 

As stated previously, the management of diabetes has evolved over the years. Since the earliest 
recorded statements about the disorder in 1552 BCE by Hesy-Ra, an Egyptian physician who wrote, in the 
Ebers Papyrus, a disorder associated with “frequent urination”, and in the first century A.D., the Greek 
physician Aretaeus used the following terms to graphically describe the nature of this life-ending disorder 
which he named “diabetes”. The word comes from the Greek word for “siphon” and reflects what is now 
known as the earliest description of diabetic patients’ classic, extreme thirst and “melting down of flesh and 
limbs into urine”. “Diabetes indeed appears to have been a death sentence in the ancient era: Aretaeus did 
attempt to treat it, but could not provide a good prognosis. He commented that ‘life (with diabetes) is short, 
disgusting and painful.’ With the discovery of insulin in 1921, lives were saved. Eli Lilly and Company 
responded to the loud clamoring for insulin with the mass production of it in 1922” (Green, n.d.).    

For many years, insulin was the only drug used to treat diabetes. Soon, however, an awareness that two 
types of diabetes afflicted people – the original type in which individuals produced no insulin – victims were 
typically children – and another type in which individuals seemed to be resistant to insulin – victims were 
typically adults. These were later labeled Juvenile-Onset Diabetes* and Adult-Onset Diabetes** 
respectively. Whereas insulin worked for both types of diabetes, the amounts required to control the blood 
glucose in the latter group were significantly greater than the amounts required to control the blood glucose 
of those with DMT1. 

The discovery of sulfonylureas – the first oral agents used to treat DMT2 – was serendipitous to the use 
of sulfonamide antibiotics in the treatment of typhoid fever in 1942. Some patients taking these drugs were 
found to experience severe hypoglycemia. After considerable research, stimulation of insulin secretion by 
these drugs was confirmed, and the first sulfonylureas were used to treat DMT2 in 1955 (Henquin, 2004). 
While insulin remains the primary treatment for DMT1, from 1955 until present time many other 
medications have been developed – both oral and injectable – to treat DMT2. 

Management of diabetes has a primary goal – to achieve an A1c value of < 7% without severe 
hypoglycemic episodes. Along w/ this goal is the goal that individuals with diabetes will experience the 
highest quality of life possible. This includes the avoidance of the complications associated with diabetes, 
particularly with poorly controlled diabetes. The incorporation of lifestyle management with foci on nutrition 
and exercise as well as self-monitoring of blood glucose and regular medical checkups is particularly 
important in achieving the goals associated with living with diabetes. 

The four cornerstones of diabetes management are nutritional therapy, exercise, medication, and self-
monitoring of blood glucose (SMBG). Each of these plays a critical role in the achievement of blood 
glucose control, avoidance or delay of complications, and improving the quality of one's life. Balancing all 
four is critical to success. 

*Now called "diabetes mellitus type 1" (DMT1) 
**Now called "diabetes mellitus type 2" (DMT2) 

Telemedicine and Diabetes Care? 

     In 2018, the American Diabetes Association (ADA) addressed the need of rural populations and those 
who experienced limited access to medical care by endorsing the use of telemedicine in such cases 
(American Diabetes Association, 2018, p. S8).  Included in the endorsement were references to “a growing 
body of evidence for its effectiveness, particularly with regards to glycemic control as measured by A1c” 
(pg. S8). “Telemedicine is defined as the use of telecommunications to facilitate remote delivery of health-
related services and clinical information (American Telemedicine Association, 2018). Interactive strategies 
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that facilitate communication between providers and patients, including the use of web-based portal or text 
messaging and those that incorporate medication adjustment appear more effective. There is limited data 
available on the cost-effectiveness of these strategies” (American Diabetes Association, 2018, p. S8). 

UNIT I: CONTROL OF DIABETES – FOUR CORNERSTONES 

THE FIRST CORNERSTONE OF TREATMENT: NUTRITION THERAPY/EATING PATTERNS 

OBJECTIVES 

 Explain the effect this cornerstone has on blood glucose. 

 List the six food groups within the Exchange Program. 

 List four guidelines of nutritional management of diabetes. 

 Explain the process and rationale for using carbohydrate counting to develop an effective nutritional 
plan. 

 Explain the role of each of the following with regard to nutritional therapy/eating patterns of 
diabetes: 

o Glycemic index 
o Non-nutritive and Nutritive Sweeteners – Particularly recognize the fact that Sugar-Free 

does not necessarily mean Carbohydrate-Free. Such sweeteners can (and do) raise the 
blood glucose.  

o Fiber 
o Alcohol 

 Describe a modification in the control regimen which a diabetic should take prior to unplanned 
exercise. 

INTRODUCTION 

Eating correctly is a vital link in proper diabetes control. While insulin provides hypoglycemic effects, what 
one eats is the primary source of glucose in the form of carbohydrates. Proteins and fats are also essential 
parts of a balanced diet. Because intake of food is usually under the willful control of the diabetic, what 
he/she eats can be the cause of either hypoglycemia or hyperglycemia, of control of diabetes or lack of 
control. "Moderation" and "consistency" are two guide-words related to what the person with diabetes eats 
with emphasis on “moderation”. “Evidence suggests that there is not an ideal percentage of calories from 
carbohydrate, protein, and fat for all people with diabetes” (American Diabetes Association, 2018, p. S41). 
The American Diabetes Association (2018) recommends referral of the patient to a registered dietitian who 
is well versed on medical nutrition therapy (MNT) after being diagnosed with either diabetes or pre-diabetes 
(p. S39). It would make sense to do this for the patient as soon as possible. It is difficult at best to conduct 
effective teaching in a clinic setting when time is divided among numerous important topics. Considering 
that what one eats/doesn't eat is usually well ingrained in the person by virtue of "personal preferences 
(e.g., tradition, culture, religion, health beliefs and goals, economics)", a variety of eating patterns and 
nutrition therapy should be considered with the individual patient to increase the likelihood of success 
(Evert et al., 2014, S121). Research published in 2016 concluded that “carbohydrate-counting…improve[s] 
glycemic control….(Bowen, Cavanaugh, Wolff, et al., 2016, p. 1368). Carbohydrate-counting (AKA “carb-
counting”) is the antithesis of “mindless eating”. Rather, it requires conscious deliberation and decision-
making about what and how much will be eaten in terms of carbohydrates. More on this, below. 

 An important point should be made here with regard to this topic: When working with individuals who 
have diabetes or pre-diabetes, or have only recently been diagnosed with one or the other, try to avoid 
using the word "diet." Imagine, if you can, that you are the patient. Your health care provider begins to talk 
to you about a new diet. Does that word conjure pleasant feelings for you? That would be highly doubtful 
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since the word diet suggests less than desirable things: "You need to eat this, not that." "You need to eat 
less of what you enjoy." "You can't eat ____ any longer." 

So, try to avoid using the word, "diet." Yes, this will be difficult because it is such a common word in our 
vocabulary, but when working with people in whom what they eat/don't eat can make a profound impact on 
their health, it is important to try every way possible to keep them actively involved with a positive 
perspective. Make an effort to use words like "nutrition therapy" or "eating patterns" instead of "diet" and 
you may find a very different response! 

THE EXCHANGE PROGRAM, CARBOHYDRATE-COUNTING, THE GLYCEMIC INDEX, AND GUIDELINES FOR 

NUTRITIONAL THERAPY 

The need for glucose must be balanced with the need to avoid excessive loads of glucose while 
maintaining good, all around nutrition and satiety. The American Dietetic Association (now called the 
Academy of Nutrition and Dietetics) in conjunction with the American Diabetes Association developed the 
Exchange Program for dietary management because it provides balanced nutrition and knowledgeable 
intake of carbohydrates, proteins, and fats. This method provides for the proper amounts and distribution of 
nutrients for a prescribed calorie limit, calorie and weight control, and variety. The latter quality is directly 
related to success with this dietary regimen. 

In 1950, a joint endeavor by the American Diabetes Association, American Dietetic Association, and the 
U.S. Public Health Service produced a food exchange program for dietary management of diabetes. This 
program categorized foods into lists according to their relative amounts of carbohydrate, protein, and fat. 
Consequently, foods within a list could be interchanged from a nutritional perspective, but foods could not 
be exchanged between lists. A significant benefit afforded by this method was the great variety of food 
choices that was possible, while maintaining a balanced, nutritious intake of food. 

Modifications were made in 1976, 1986, 1995, and again in 1998 based on the newest information 
related to nutrition that had come to light through research at that time. More recent revisions include 
notation of high fiber and high sodium foods, an increase from 2 grams of protein to 3 grams of protein for 
each food on the Starch List, and the addition of the following categories: Other Carbohydrate List, 
Combination Foods, and Free Foods. 

Access information about The Foods List for Diabetic Meal Planning at the following web site: 

https://search.uaex.edu/search?q=The+Exchange+List+System+for+Diabetic&site=default_collection&bt
nG=Search+www.uaex.edu&client=uaex&proxystylesheet=uaex&sort=date%3AD%3AL%3Ad1&wc=200

&wc_mc=1&oe=UTF-8&ie=UTF-8&ud=1&exclude_apps=1    (Link functional as of 8/16/18.) 

 

Familiarize yourself with the lists of food types -- the foods within each list and the amount of each food. 
Again, please note: Exchanges occur within lists, not between them. Each food item within a list is 
comparable to other food items within the list in terms of carbohydrate, protein, fat, and calories. Hence, 
exchanges are appropriate within the list of items. (For example, one slice of bread can be exchanged for 
1/2 cup of cooked cereal.) From a health perspective, it goes without saying that recommended food 
preparation methods include baking, broiling, and boiling, and discourage frying. 

The food lists found in Appendix A were developed for this module from the original “Exchange 
Program” to help students learn first-hand about the exchange program of dietary management. They are 
not as comprehensive as the real thing, but can be used for the purposes of instruction and learning. 

https://search.uaex.edu/search?q=The+Exchange+List+System+for+Diabetic&site=default_collection&btnG=Search+www.uaex.edu&client=uaex&proxystylesheet=uaex&sort=date%3AD%3AL%3Ad1&wc=200&wc_mc=1&oe=UTF-8&ie=UTF-8&ud=1&exclude_apps=1
https://search.uaex.edu/search?q=The+Exchange+List+System+for+Diabetic&site=default_collection&btnG=Search+www.uaex.edu&client=uaex&proxystylesheet=uaex&sort=date%3AD%3AL%3Ad1&wc=200&wc_mc=1&oe=UTF-8&ie=UTF-8&ud=1&exclude_apps=1
https://search.uaex.edu/search?q=The+Exchange+List+System+for+Diabetic&site=default_collection&btnG=Search+www.uaex.edu&client=uaex&proxystylesheet=uaex&sort=date%3AD%3AL%3Ad1&wc=200&wc_mc=1&oe=UTF-8&ie=UTF-8&ud=1&exclude_apps=1
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LEARNER ACTIVITY 

To gain some experience working with an exchange program format, use Appendix A to prepare a 
variety of meals according to the following dietary prescription for exchanges from each group identified: 
Remember, foods (in the serving sizes indicated) can be exchanged for one another within groups but not 
between groups. 

 Breakfast: 2 Starches, 1 Fruit, 1 Meat, 1 Milk 

 Lunch: 3 Starches, 1 Fruit, 2 Meats, 1 Milk 

 Dinner: 2 Starches, 2 Fruits, 2 Meats, 1/2 Milk 

As a way to really learn about this program, use the The Exchange List System for Diabetic Meal 
Planning for a day or two. Actually, this is an excellent way to plan healthy meals for any calorie level. It will 
a) increase your familiarity with the Exchange Program, and b) provide personal experience with a major 
life style change required for adequate control of diabetes. Or, find the program which provides the total 
number of calories you need in order to lose weight and provide proper nutrition at the same time. (A 
registered dietitian (RD) is a good resource.) 

In addition to the guideline that exchanges are to be made within groups, only, it is necessary for one to 
eat all of the food prescribed for a meal, and no more at that time. Balance is the key word. (These are two 
important guidelines for nutritional management in diabetes). 

CARBOHYDRATE-COUNTING 

Carbohydrate-counting is a dietary method particularly suitable to people with diabetes because the 
fundamental metabolic problem in diabetes relates to errors in the physiologic use of carbohydrate in food 
that is ingested. Counting grams of carbohydrates in foods that are to be consumed provides the 
opportunity to control the amount of carbohydrate that is eaten. It also allows for the accurate calculation of 
an insulin dose designed to manage x-number of carbohydrates at any meal. 

An example can be provided by considering the following: A patient has been advised by his/her health 
care provider to take one unit of ultra rapid-acting insulin for every 20 grams of carbohydrate to be 
consumed, prior to the meal. If the individual plans to eat, for example, one cup of cereal that provides 39 
grams of carbohydrate (CHO), ½ cup of skim milk (6 grams of CHO), and ½ cup of apple juice (15 grams of 
CHO), the total insulin dosage would be 3 units: 39 + 6 + 15 grams of CHO divided by 20 grams of 
CHO/unit of insulin. 

Carbohydrate-counting (AKA “carb-counting”) has been known (and used) since 1921 when diabetes 
was first effectively treated. It became a fundamental component of the regimen for individuals with DMT1 
after the Diabetes Control and Complications Trial (DCCT) was published in 1993 (Reichard, Nilsson, & 
Rosenqvist, 1993). The efficacy of its use in treating persons with DMT2, in comparison to the use of an 
algorithm based on the weekly average of pre-meal glucose levels has being studied. Both methods were 
effective in reducing the subjects' A1c levels by 1.5 percentage points (Bergenstal et al., 2008, p. 1308). 

In their review of the Bergenstal et al. (2008) study, two authors suggested that potential barriers to the 
implementation of carb-counting in DMT2 management preclude its use (Davis & Wylie-Rosett, 2008). The 
barriers were "the time and effort required for patients to count the carbohydrate content at each meal, 
patient difficulties in understanding the strategy, and the availability of dietitians or appropriately trained 
health care providers to teach patients" (p.1467). However, these authors also acknowledged evidence that 
patients in the Bergenstal et al. (2008) study who used carb-counting gained less weight than those who 
used the algorithm based on their average pre-meal blood glucose levels (Davis & Wylie-Rosett, 2008). 
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[Side note: This author could not disagree more with the above suggestion that carb-counting is too 
difficult to be useful. In fact, it suggests that people (patients and health care providers, alike) are generally 
not smart enough to grasp the concept. Once learned, it is easy to apply.] 

"[C]arbohydrate counting . . . [has] become really important in developing an eating program for 
someone with diabetes . . . What is important is the total amount of carbohydrate in the diet, rather than its 
source" (How Sweet It Is, 1994, p. 14). Persons with diabetes are advised to work with their dietitian and 
health care provider to determine the ratio of the number of grams of carbohydrate they need to ingest in 
order to retain blood glucose levels within a normal range to the number of units of insulin they are taking. 
Carbohydrate counting is especially common as a part of the regimen for a diabetic using an insulin pump 
because the insulin used in a pump is fast-acting. 

One need only read the nutritional labels included on the packaging of most foods, and attend carefully 
to the information showing the total carbohydrates in a serving (attending as carefully to the serving size 
included in the label), to count carbs. In addition, anyone who has learned the Exchange Program – the 
foods in their respective groups, and the serving sizes for each – can easily translate that "one exchange of 
a serving in the Bread Group is equal to 15 grams of carbohydrate, and one exchange of a serving in the 
Fruit Group is equal to 15 grams of carbohydrate. The Milk Group has various amounts of carbohydrates, 
but the Meat and Fat Groups contain no carbohydrate. What could be easier to learn or to teach?! 

LEARNER ACTIVITY 

Tomorrow morning, prepare a breakfast of your favorite cereal, juice, and fat-free milk, but keep the total 
grams of carbohydrate to 50 – no more, no less. Note that ½ cup of most juices (other than tomato juice 
which is considerably less) provides 15 grams of carbohydrate, and one cup of fat-free milk (or 1%, 2% or 
whole milk, for that matter) provides 12 grams of carbohydrate. Your challenge will be in determining how 
much of that cereal you love you can actually have, to make up the remaining 23 grams! Or, if you want 
more cereal, you might cut back on one of the other parts of your breakfast, but remember – milk and fruit 
are important components of balanced nutrition, and eating less than a full serving is just that: less than 
proper nutrition. 

 

GLYCEMIC INDEX  

An overall rule is that monitoring carbohydrate intake is a key strategy in achieving glycemic control in 
diabetes. The Glycemic Index (GI), measures how quickly an ingested carbohydrate influences the post-
meal blood glucose over a specified period of time. In this way, the GI provides an indication of the quality 
of a carbohydrate with reference to its effect on the blood glucose. The blood glucose increase following 
ingestion of high GI foods is greater than the increase following the ingestion of low GI foods. White bread 
is considered a gold standard in terms of the GI. It is assigned a GI value of 100, which is the highest level 
possible. Foods with a GI of 100 cause the fastest and most dramatic rise in blood glucose levels (Khan, 
2007). 

Examples of high GI foods are white bread, crackers and corn flakes. Low GI foods include non-starchy 
vegetables, most fruits, dairy products, beans and sugars. 

Making sense (and use) of the GI tends to be complicated for the following reasons: 

 A food can have different GI values as a result of how ripe it is, its variety, how it is cooked and 
how it has been processed, and from country to country. 

 The GI of a food varies significantly from person to person. For some individuals, it can even 
vary from day to day. 
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 The GI of a food eaten alone is different than when it is eaten with another food. For example, if 
a high GI food is eaten in combination with a low GI food, the GI response is moderate. 

 Standard test portions of foods used for determining GI are not the usual portion sizes that 
individuals consume. 

 The GI is not a reliable guide for healthy food choices. Although many healthy foods have a low 
GI, there are also foods of questionable nutritional value with low or moderate GI values such as 
soft drinks, candies, sugars and high fat foods. 

At this time, research does not support the claim that eating only low GI foods causes significant weight 
loss or helps control appetite. For people with diabetes, monitoring total grams of carbohydrate remains the 
key strategy. However, some individuals with diabetes may be able to use the GI concept, along with blood 
glucose monitoring, to fine-tune their food choices to produce a modest improvement in post meal blood 
glucose levels (Franz, 2003; Raatz, et al., 2005; Skinner, 2013). 

GUIDELINES FOR NUTRITIONAL THERAPY 

Weight loss is a key goal in the management of patients with DMT2. There are conflicting weight-loss 
strategies, including low-carbohydrate, low glycemic-index, low-fat vegan, conventional low-fat, and high-
protein and high-monounsaturated fat eating plans. There is no evidence to suggest that one nutritional 
strategy is clearly the best. The most successful strategy is one that the patient can adopt and follow in the 
long term (Davis, Forbes, & Wylie-Rosett, 2009). For a more complete explanation of the Glycemic Index 
and the diabetic diet, take a look at the following:  
https://beyondtype1.org/glycemic-index-diet-diabetes/ (Link functional as of 08/16/18.) 

A third guideline is to eat at regular times synchronized with the action profile of the insulin or oral agent 
used. Except in cases where the individual takes fast-acting insulin prior to every meal, meals cannot be 
delayed without taking the risk of a hypoglycemic reaction. Even in the latter case, this is possible as a 
result of a delayed meal. Keep in mind that intermediate-acting insulins are working virtually all the time 
and can profoundly lower the blood sugar if a meal is delayed. If a delay is unavoidable, a snack of protein 
and complex carbohydrate (cheese and crackers, bread and peanut butter, for example) should be taken. 

A final guideline is to boil, bake, and broil foods rather than frying them. This is a health tip for all people, 
diabetic or non-diabetic, but especially important for those who may be prone to high cholesterol and 
triglycerides. 

People with diabetes should be advised/educated about the fact that diabetes confers a high risk of 
coronary artery disease and as such warrants limiting their intake of saturated fats and trans fatty acids -- 
the principal determinants of LDL (low-density lipoprotein) -- and cholesterol. In this way they may be able 
to reduce the already present (due to having diabetes) risk of cardiovascular disease (American Diabetes 
Association, 2018, pg. 86-104; National Heart, Lung, and Blood Institute of the National Institutes of Health, 
2002). 

LEARNER ACTIVITY 

Next time you are in the grocery store, take a look at the foods in the dietetic department. How do they 
compare in price and variety? You will find that they tend to be more expensive than non-dietetic foods. It is 
not necessary for the diabetic to resort exclusively to these foods with their artificial additives; a normal 
food plan can be assembled from everyday items. Encourage diabetics to read the ingredients on labels 
and to avoid those such as canned fruits packed in heavy syrup (though simply rinsing this fruit off removes 
a good deal of the excess sugar). Some fruits are canned "in their own juice thereby including no additional 
sugar”. Some dietetic candies contain the artificial sweetener, sorbitol (and/or other sugar alcohols – see 
below), which raises the blood glucose, but more slowly than sugar. Diabetics must recognize sorbitol as a 
carbohydrate, and should be wary of sugar-free candy because it is likely not carbohydrate-free. 

https://beyondtype1.org/glycemic-index-diet-diabetes/
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In addition, a plan for the number of grams of fat and protein to be ingested each day is individualized, 
based on one’s current and ideal weight, lipid and cholesterol levels, activity level, and other factors. The 
careful monitoring of carbohydrate intake – by carbohydrate-counting, exchanges, or experience-based 
estimation remains a key component in attaining glycemic control (American Diabetes Association, 2018). 

NON-NUTRITIVE AND NUTRITIVE SWEETENERS 

The American Diabetes Association (2010) offered the following information with reference to this topic: 
"Sugar alcohols and non-nutritive sweeteners are safe when consumed within the acceptable daily intake 
levels established by the Food and Drug Administration (FDA)" (p. S24). Five non-nutritive sweeteners 
have been approved by the FDA for use in the US. They are acesulfame potassium, aspartame, neotame, 
saccharin, and sucralose. FDA-approved sugar alcohols that may be used as nutritive (but reduced-calorie) 
sweeteners are erythritol, isomalt, lactitol, maltitol, mannitol, sorbitol, xylitol, tagatose, and hydrogenated 
starch hydrolysates. sorbitol, mannitol, and xylitol. These raise blood glucose levels, but more slowly than 
those listed above. The carbohydrate content of nutritional sweeteners must be considered in the total meal 
plan. Excessive amounts of these substances in what one eats can have a laxative effect, and can cause 
diarrhea, especially in children (American Diabetes Association, 2010). 

People with diabetes should be advised to recall an old adage: If it seems too good to be true, it 
probably isn't true! This adage should be remembered when the person with diabetes is tempted to buy 
and eat sugar-free candy. Many sweets marketed in this manner may in truth be sugar-free, but they are 
not carbohydrate free. In fact, sugar-free candy may have more carbohydrates per serving than the similar 
regular candy. It is wise to always check food labels to determine the actual chemical(s) used to render 
sweetness to the taste of the candy. As indicated above, sugar alcohols raise blood glucose levels, but 
more slowly than other nutritive sweeteners, and can have significant GI side effects. These facts should 
be considered before buying and/or eating these products. It is wise to teach people with diabetes about 
this. 

 
Contrary to long-held beliefs that people with diabetes cannot eat table sugar (sucrose), the American 

Diabetes Association stated the following: 
 

Substantial evidence from clinical studies demonstrates that dietary sucrose does not 
increase glycemia more than isocaloric amounts of starch….thus, intake of sucrose and 
sucrose-containing foods by people with diabetes does not need to be restricted because of 
concern about aggravating hyperglycemia. Sucrose can be substituted for other 
carbohydrate sources in the meal plan…(2008, p. S65). 

 

FIBER 

The positive effects of dietary fiber on the prevention and treatment of constipation are well known. 
Likewise, large amounts of soluble fiber can improve serum lipid levels, and some soluble fibers have been 
found to limit absorption of glucose from the intestine, thereby blunting the sharp postprandial elevation of 
blood glucose experienced by many with diabetes. Daily consumption of foods that contain at least14 
grams of dietary fiber/1,000 kcal (up to 50 grams of fiber per day) from soluble and insoluble fibers is 
recommended (American Diabetes Association, 2008). The 2011 guidelines added that individuals at high 
risk for developing diabetes should consume at least 14 grams of dietary fiber each day as well increase 
their consumption of whole grains (specifically, to increase whole grain intake to at least 50% of their daily 
grain intake) (American Diabetes Association, 2011). Current standards of care support these recommend-
ations (American Diabetes Association, 2018). 
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ALCOHOL 

Alcohol inhibits the liver’s production of glucose. Consequently, if alcohol is ingested without food, the 
diabetic may experience hypoglycemia. The American Diabetes Association recommends that if alcohol is 
consumed, no more than two (preferably fewer) alcoholic drinks per day for adult diabetic males and no 
more than one (preferably fewer) alcoholic drink per day for adult diabetic females can be safely consumed 
(2011). Unfortunately, the definition of an alcoholic drink is not provided. Hence, we should recognize the 
convention of a drink being the following: one beer, one eight-ounce glass of wine, one ounce of liquor. 
When patients claim to have only one drink, it is wise to pursue this by determining the actual size of that 
“drink”. 

CONSIDERATIONS WHEN ADDRESSING NUTRITIONAL CHANGES 

First, refer the newly diagnosed diabetic or pre-diabetic to a registered dietitian (RD) as soon after 
diagnosis as possible. Be sure to encourage the patient's family and significant others to participate in the 
instruction and guidance provided by the RD. 

When teaching newly diagnosed diabetics and their significant others, recognize that dietary habits can 
be difficult to change. As stated earlier, what one eats and/or does not eat is personally and culturally 
determined and usually holds considerable meaning to the individual. Communicate that the Exchange 
Program and/or carbohydrate counting may be overwhelming at first, but that they become quite easy to 
use after working with them for a short time. Find out what the individual and his/her significant others want 
to know and work from that point on. Assist the patient to make choices. Provide adequate written materials 
(in the individual’s native language, if preferred) for frequent reference. Maintain regular contact with the 
patient's dietitian to determine areas where reinforcement might be necessary. (People tend to be 
extremely resistant to changes in their eating habits, but change may be vital to successful diabetes 
control). 

 

THE SECOND CORNERSTONE OF TREATMENT: EXERCISE 

OBJECTIVES 

 Recognize the positive effects on blood glucose control, cardiovascular health, weight control, 
and stress reduction provided by regular exercise for the individual with diabetes. 

 Describe the safety precautions the individual with diabetes should take before engaging in 
exercise. 

INTRODUCTION 

The specifics of the patient's need for exercise will be determined by the patient and the health care 
provider. It is important for the patient to know that exercise a) is an important component of successful 
diabetes control, and b) reduces blood glucose. Regular, daily exercise – starting slowly and gradually 
increasing in time and effort, based on the individual's tolerance (as determined by his/her health care 
provider) – can have a positive impact on many aspects of his/her life: metabolic, cardiovascular, weight 
control, and stress reduction, not to mention the social contacts some exercise plans allow.                                                                                                                                                                                                                                                                 

RECOMMENDATIONS FOR EXERCISE – IN GENERAL AND FOR THE PERSON WITH DIABETES 

As recommended by the U.S. Department of Health and Human Services (2008) and endorsed by the 
American Diabetes Association in 2011 and again in 2016, adults over the age of 18 should perform 
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exercise of moderate intensity at least 150 minutes each week along with muscle-strengthening activities 
involving all major muscle groups at least three days each week. In 2016, The American Diabetes 
Association endorsed as a “position statement” on physical activity/exercise and diabetes a report 
published in Diabetes Care by Colberg et al. (2016): 

            Most adults with diabetes should engage in 150 min or more of moderate-to-vigorous intensity 
activity weekly, spread over at least 3 days/week, with no more than 2 consecutive days without 
activity. Shorter durations (minimum 75 min/week) of vigorous-intensity or interval training may 
be sufficient for younger and more physically fit individuals…. 

          Children and adolescents with type 1 or type 2 diabetes should engage in 60 min/day or 
 more of moderate or vigorous intensity aerobic activity, with vigorous, muscle-strengthening, 
 and bone strengthening activities included at least 3 days/week. (p. 2069) 

If you completed the self-study entitled, “Diabetes Mellitus Fundamentals: A Review and Current 
Update”,  you should recall the learner activity in which you calculated the net effect of changing insulin, 
food intake, and/or exercise. Barring other changes, one's blood glucose will decrease with exercise and 
increase without it. Thus, one must plan exercise knowledgeably. If you have completed that Learner 
Activity in the other self-study, you can skip the rest of the next paragraph and continue with this self-study. 

If you have not completed the identified self-study, consider for a moment what would happen to the 
blood glucose if insulin were increased while food intake and exercise remained the same as usual. The 
blood glucose would go down, right? Likewise, think about what would happen if insulin and exercise 
stayed the same but food intake increased. Clearly, this would result in the blood glucose rising. Now, 
consider that insulin is increased, food intake is decreased, and exercise is increased. What is likely to 
happen to the blood glucose? You are correct if you said it would drop significantly and could create an 
emergency state of hypoglycemia. 

Planned exercise can be managed if one eats a snack of complex carbohydrate and protein about 30 
minutes prior to engaging in it. This provides ready access to glucose that will be used during the 
experience. As will be discussed later, it is wise for any person who has diabetes and takes medication 
designed to lower the blood glucose to carry a source of simple carbohydrate (there are many commercial-
ly available products, but a sufficient amount of plain hard candy can do the job) with him or her at all times 
should the blood glucose drop significantly (severe hypoglycemia) during or after exercise (or at any time, 
for that matter). Such rescue glucose should never be more than an arm's length away from the person 
who is at risk for hypoglycemia. Patients should be reminded of this – to keep a glucose source in their 
cars, workplaces, pockets when walking, bedside tables, etc.) 

That said, avoid giving blank advice to people with diabetes to exercise. While this is an important 
component of diabetes control, specifics must be given in terms of type, duration, and frequency of 
exercise, as well as signs and symptoms of cardiac emergency. Some individuals should actually be 
referred to a physician for a cardiovascular assessment for tolerance of exercise, before being advised to 
exercise. Remember that diabetes and heart disease tend to be related; it could be life threatening for a 
previously sedentary individual with diabetes to initiate an intensive exercise program. 

 

THE THIRD CORNERSTONE OF TREATMENT: MEDICATION 

OBJECTIVES 

 Explain the effect this cornerstone has on blood glucose. 
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 Name the drug of choice for the patient diagnosed with pre-diabetes and/or newly diagnosed 
with DMT2 who qualifies for oral medication treatment. 

 Describe the characteristics of the categories of drugs used to treat DMT2. 

 Describe each type of insulin based on activity profiles – onset, peak, and duration. 

INTRODUCTION 

Clinical studies of controlling hyperglycemia in DMT2 have consistently concluded that therapies must 
be more focused on achieving a near-normal A1c. Other clinical studies have shown that such blood 
glucose control typically requires two or three drugs to be successful in this goal (McCall & Riddle, 2003). 

Metformin (along with lifestyle management – nutritional changes and exercise) is the drug of choice 
when an individual with DMT2 (or pre-diabetes) is first diagnosed (barring contraindications to the drug) 
unless the blood glucose is so high that the initial drug of choice is insulin. Insulin is used until the blood 
glucose is brought to more reasonable levels at which time oral medications (typically metformin) may be 
used in its place. Dosing of metformin is slowly increased until blood glucose control or maximum dosing is 
achieved. If maximum dosing still does not provide adequate control, another drug from a different class is 
added and again titrated upward in terms of dosing until blood glucose control or maximum dosing is 
achieved. A factor that must be considered in the process, however, is tolerance of side effects. 

As indicated above, some providers will add a third drug from a different class of drugs if control remains 
elusive. Others will add a daily injection of insulin. Eventually, insulin may be the only drug that effectively 
controls blood glucose, and in some cases, only through multiple daily injections of insulin. 

Compliance with the DMT2 medication regimen, however, is predictably more likely if the regimen does 
not require insulin injections. Unfortunately, when the patient is an older person with a relatively sedentary 
lifestyle and firmly established eating habits, adhering to advice about obtaining regular exercise and 
changing how, what, and/or when one eats is often difficult. 

AGENTS USED TO TREAT BLOOD GLUCOSE IN DMT2 

Oral agents are those in the families of the sulfonylureas (first- and second-generations), the biguanides, 
the meglitinides, alpha-glucosidase inhibitors, thiazolidinediones, amylin mimetics, DPP-4 inhibitors, GLP-1 
agonists, and SGLT-2 inhibitors. The second-generation sulfonylureas became available in the 1980s. The 
incretin mimetics are the new kids on the block when it comes to treating DMT2, but there will be more on 
them, later. 

As indicated above, the drug of choice for the initial treatment of DMT2 (provided the A1c is < 10%), 
along with lifestyle management is the biguanide, metformin (American Diabetes Association, 2018). If 
metformin is contraindicated or is not well tolerated, a second-generation sulfonylurea may be an 
acceptable alternative. 

If the presenting A1c is > 10%, insulin, with or without oral medications is recommended as the starting 
treatment of DMT2 (Texas Diabetes Council, 2016). The initial dose would be calculated using the following 
formula: 0.1-0.25 units/kg of current body weight/day of basal or NPH insulin. If, however, the patient is thin 
or is elderly, the recommendation is to “start low and go slow” which would translate as starting with 6-10 
units of insulin/day. Once-daily insulin therapy might mean basal insulin will be given as a morning dose or 
a bedtime dose. Or the insulin selected could be NPH insulin given prior to the evening meal. 

Other recommended options are to use NPH insulin + Regular or NPH + fast-acting insulin given at a 
2:1 ratio or Premix insulin (70/30 or 75/25) might be the selected once-daily dose of insulin given before the 
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evening meal (Texas Diabetes Council, 2016). Basal insulin is to be administered subcutaneously at 24 
hour intervals, so it would be administered in the morning or in the evening – upon rising or upon going to 
bed. The time chosen is less important than is giving the doses of basal insulin 24 hours apart. The 
algorithm referenced above provides specific guidelines for increasing dosages based on fasting blood 
glucose values. 

DMT2 is characterized as a progressive disorder that includes declining control of glycemia requiring 
incrementally higher doses of medications and the addition of medications over time. This is often referred 
to as drug failure, but is thought to be due more to progressive dysfunction of the beta cells than to 
increasing insulin resistance (Dorkhan et al., 2006). Others have added that this drug failure was due, in 
part to physiological tolerance to the drug, poor adherence to recommendations for nutritional intake and 
exercise, or to the combined effects of other comorbid conditions, and that the resultant chronic 
hyperglycemia (glucotoxicity) was believed to be a factor in the loss of glycemic control (Inzucchi & 
Sherwin, 2007). 

Loss of blood glucose control continues to be a predictable event over time even in patients treated with 
metformin. Considering this, health care providers should avoid "clinical inertia" when it comes to getting 
the patient on the correct dose of medication (oral and/or injectable) to control the blood glucose. There is a 
tendency to procrastinate when it comes to making the appropriate changes, which is to be avoided Khunti, 
Wolden, Thorsted, Andersen, & Davies, 2013). 

Research into new ways to treat diabetes has uncovered a substance, GLP-1 (glucagon-like peptide-1) 
which is a hormone secreted by intestinal cells in response to the ingestion of food. Such chemicals are 
called incretins. GLP-1 stimulates the islet cells in the pancreas to produce insulin (possible in DMT2; not 
possible in DMT1). It also slows gastric emptying, reduces appetite, increases one's sense of satiety, and 
suppresses glucagon secretion. Unfortunately, it has a very short activity period because it is degraded by 
the intestinal enzyme, dipeptidyl peptidase 4 (DPP-4) which works to reduce insulin synthesis and release 
and allows increased glucagon secretion. Clearly, this enzyme works against the goal in DMT2 of reducing 
blood glucose. 

The first synthetic incretin, exenatide, was developed to capitalize on GLP-1 activity in the treatment of 
DMT2. This drug is in the category of incretin mimetics; it is a GLP-1 agonist which means that it enhances 
the glucose-dependent secretion of insulin by the beta cells of the pancreas. Exenatide was approved for 
use in the US in 2005 and is administered by subcutaneous injection. (FYI: Exenatide is a synthetic version 
of a hormone discovered in the saliva of the Gila monster!) 

Other drugs have been developed to counteract the actions of DPP-4. These are the DPP-4 inhibitors. 
One might think of them as GLP-1 enhancers because the end result of the effect of DPP-4 inhibitors is an 
increase in GLP-1. The first oral DPP-4 inhibitor, sitagliptin which is administered orally, was approved by 
the FDA in October of 2006. Another in this class is saxagliptin which is also administered orally. Drug 
combinations are also available. One such combination is saxagliptin plus extended release metformin. 

Another drug (pramlintide acetate) has been developed as a synthetic analogue of a hormone produced 
in the pancreas, amylin. As in the case of the natural-occurring hormone, amylin, pramlintide (administered 
by injection) slows gastric emptying, blocks glucagon production from the liver, and promotes a sense of 
gastric fullness. In these ways the drug reduces postprandial glucose elevations. This drug was approved 
by the FDA in 2005 to treat DMT2 and, in conjunction with insulin, may be used to treat DMT1. 

Canagliflozin was approved by the Food and Drug Administration (FDA) of the United States on 
03/29/13 to treat DMT2. It is not to be used to treat DMT1. Canagliflozin is representative of the group, 
SGLT2 inhibitors (sodium-glucose co-transporter 2 inhibitor) and is being marketed by the pharmaceutical 
company, Janssen as Invokana®. A useful website that provides a great deal of information about this 
medication is 



16 
 

 

https://www.invokana.com/?&utm_source=google&utm_medium=cpc&utm_campaign=Branded+-
+Invokana+-
+2018+%5BDesktop%5D&utm_content=Invokana&utm_term=invokana&gclid=CIjwssnZ8dwCFTSVxQIdm
WkKNg&gclsrc=ds   (Link functional as of 08/16/18.) 

This drug works in the renal tubules by inhibiting the reabsorption of glucose from the urine. In this way, 
the amount of glucose excreted in the urine is increased, thereby reducing the amount of glucose in the 
blood. Creatinine clearance must be monitored closely in patients who take this drug. A serious adverse 
effect of this drug that has been documented is an increased risk for lower extremity amputations. The risk 
is increased in those who “have a history of amputation, heart disease or are at risk for heart disease, have 
had blocked or narrowed blood vessels (usually in leg), have damage to the nerves (neuropathy) in the leg, 
or have had diabetic foot ulcers or sores” (Invokana Safety Information, March, 2018).  

A similar drug, empagliflozin (marketed by Boehringer Ingelheim Pharmaceuticals, Inc. as Jardiance®) 
was approved by the FDA as an effective treatment, in conjunction with diet and exercise, for type 2 
diabetes. Later, on December 2, 2016, the FDA approved empagliflozin as an effective agent to reduce the 
risk of cardiovascular death in adults with both cardiovascular disease and type 2 diabetes mellitus. 

Please see Appendix B – Summary of Drugs (Other Than Insulin) Used to Treat DMT2. The content in 
this appendix provides a comprehensive guide to the addition of various categories of medications to 
metformin when the A1c goal has not been met. The chart addresses critical factors for each category that 
would need to be considered by the prescriber. The categories identified on the chart include efficacy (the 
extent to which the medication category is predicted to reduce the A1c), risk of hypoglycemia, the effect on 
body weight – gain, loss, or neutral –, side effects/ adverse effects, and cost. 

Of course, insulin is a very effective drug in the treatment of DMT2, though it is typically not the initial 
drug of choice. Insulin is the most effective drug in terms of lowering blood glucose. There is no maximum 
dose of insulin beyond which a therapeutic effect cannot be appreciated. 

When used to treat DMT2, initial therapy is usually with intermediate- or basal insulins. But, patients on 
such regimens may also require before-meal treatment with short- or rapid-acting insulins. In any case, 
when treating DMT2, relatively large doses are required (> 1 unit/kg/day) in comparison with doses needed 
to treat DMT1 (initial dose is typically calculated as 0.5-0.6 units/ kg/day) due to the fact that the underlying 
problem in DMT2 is insulin resistance, and, in DMT1, the underlying problem is absence of endogenous 
insulin. Treatment with insulin leads to weight gain and is strongly associated with hypoglycemia. 

The standard of care is to initiate treatment of persons with DMT2 with life style management (LSM) plus 
metformin, if at the time of diagnosis the A1C is < 10%. The dosage is gradually increased until blood 
glucose control has been achieved or the maximum dosage of the drug has been reached. At that time, 
combination therapy – adding oral agents to metformin -- is initiated as needed to obtain the desired effect: 
blood glucose control. What has been observed is that combination therapy allows corresponding 
pharmaceutical mechanisms to occur that provide a greater benefit along with the beneficial effects of 
reducing dosages of each oral agent, and thereby reducing side effects. As indicated above, new options 
are now available in the form of the incretin medications and the amylinomimetic, pramlintide, any of which 
can also be added to the regimen. When combination therapy begins to wane in effectiveness, 
intermediate or basal insulin is added. Greater and greater amounts of insulin are typically required to 
maintain control. Eventually, therapy moves to multiple daily insulin injections (Bloomgarden, 2007). 

The 2018 Standards of Medical Care in Diabetes of the American Diabetes Association provide an 
excellent resource for the diagnosis and comprehensive treatment of diabetes. They can be accessed at 

the following web address: 

https://www.invokana.com/?&utm_source=google&utm_medium=cpc&utm_campaign=Branded+-+Invokana+-+2018+%5BDesktop%5D&utm_content=Invokana&utm_term=invokana&gclid=CIjwssnZ8dwCFTSVxQIdmWkKNg&gclsrc=ds
https://www.invokana.com/?&utm_source=google&utm_medium=cpc&utm_campaign=Branded+-+Invokana+-+2018+%5BDesktop%5D&utm_content=Invokana&utm_term=invokana&gclid=CIjwssnZ8dwCFTSVxQIdmWkKNg&gclsrc=ds
https://www.invokana.com/?&utm_source=google&utm_medium=cpc&utm_campaign=Branded+-+Invokana+-+2018+%5BDesktop%5D&utm_content=Invokana&utm_term=invokana&gclid=CIjwssnZ8dwCFTSVxQIdmWkKNg&gclsrc=ds
https://www.invokana.com/?&utm_source=google&utm_medium=cpc&utm_campaign=Branded+-+Invokana+-+2018+%5BDesktop%5D&utm_content=Invokana&utm_term=invokana&gclid=CIjwssnZ8dwCFTSVxQIdmWkKNg&gclsrc=ds
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https://professional.diabetes.org/content-page/standards-medical-care-diabetes 
(Link functional as of 08/16/18.) 

INSULIN 

Insulin is the most efficient drug to use when the goal is to bring blood glucose down. However, that 
advantage also represents the primary disadvantage in that hypoglycemia, sometimes profound and life-
threatening, is a side effect of insulin. The other side effect associated with the use of insulin is weight gain. 

Treatment programs for DMT1 have moved away from using the intermediate-acting insulins, NPH and 
Semi-Lente as one insulin injection per day regimens which were the standard of care after these and the 
long-acting insulins, PZI and Ultra-Lente were created. Insulin regimens for treatment of DMT1 more often 
include one injection of basal (peakless) insulin and several injections of rapid- or short-acting insulin, 
combinations of intermediate- and rapid- or short-acting insulins, or continuous subcutaneous insulin 
infusion (CSII) – insulin pump. In fact, in 2014, the American Diabetes Association recommended that 
treatment for most people with DMT1 should include an injection of basal insulin (at bedtime or breakfast) 
and multiple daily injections of rapid- or fast-acting insulin every day, or by CSII. The effect is more 
constant and closer-to-normal blood glucose levels (better control) than is possible with daily (or twice 
daily) injections of an intermediate-acting insulin (American Diabetes Association, 2014). These 
recommendations continue in the most current recommendations (American Diabetes Association, 2018). 

However the potential for hypoglycemia is also greater with this mode of treatment due to the intensified 
effects of multiple peak times of insulin activity associated with rapid- or fast-acting insulin. Consequently, 
the risks and benefits of carbohydrate control -- blood glucose control that attempts to produce blood 
glucose levels as close to non-diabetic levels as possible) -- must be carefully assessed by the health care 
provider before recommending such a regimen. Such tight control is generally not recommended for young 
children, people with heart conditions, or the elderly, and is certainly risky for those who have become 
hypoglycemia insensitive. (See content later on tight control.) 

With the approval by the Federal Drug Agency (FDA) of the peakless insulin glargine in 2000, the patient 
was able to receive a steady dose of basal insulin for a 24-hour period. Supplementation with rapid- or 
short-acting insulin to cover carbohydrate intake throughout the day offered the possibility of blood glucose 
control both of basal needs and of needs created when the individual ingests food. 

Insulin detemir, the second peakless basal insulin, was approved by the FDA for use in 2005. It was 
promoted as a daily or twice-daily insulin (depending on the actual dose injected) with a small peak of 
activity 6-8 hours after subcutaneous injection. Insulin detemir offers an advantage over insulin glargine in 
that it is associated with less weight gain (Garg, 2010). 

Is there a predictable time when hypoglycemia might occur when using insulin glargine? Because insulin 
glargine is considered a peakless insulin, there is no predictable time in which a low blood glucose could be 
expected. Regular and frequent blood glucose determinations by the person using this type of insulin will 
provide the best information about effectiveness of the dose – whether it is too much or too little. 

Typically, insulin glargine is injected at bedtime, though there is no set rule about this; it can be injected 
first thing in the morning, provided the next day's dose is administered 24 hours later (or, if twice per day 
dosing is used, 12 hours later). A fasting blood sugar assessment would be an appropriate time to assess 
for blood glucose control, but only if the injection of insulin glargine had been made at bedtime the night 
before. If fasting blood glucose assessments and/or A1C levels while on insulin glargine are consistently 
greater than goal, consideration should be given first to increasing the dosage. If unsuccessful in obtaining 
glucose control, pre-prandial injections of rapid-acting insulin might be considered, with appropriate 
precautions initiated for hypoglycemia. 

https://professional.diabetes.org/content-page/standards-medical-care-diabetes
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Intensive treatment for DMT1 has been found to be cost-effective. The long-term economic savings of 
intensive treatment in human and financial terms related to a reduction in long-term problems makes 
intensive treatment very worthwhile (Diabetes Control and Complications Trial Research Group, 1996). 

TYPES OF INSULIN 

A factor to consider in relation to insulin's effect on blood glucose is the timing of insulin activity. There 
are four different types of insulin based on times of onset, peak, and duration: rapid-acting, fast-acting, 
intermediate-acting, and basal. Different sources give different periods of time for each of these, and 
individuals behave differently from the textbook case, so it is best to remember ball park figures when 
learning these facts about insulin. The chart in Appendix C gives good estimates. Thus, hypoglycemic 
reactions related to insulin activity can be predicted, somewhat, and thereby prevented or treated 
effectively when they first develop. 

Rapid-acting insulin (e.g. insulin lispro, insulin aspart, or insulin glulisine -- sometimes referred to as ultra 
rapid-acting), begins to work within 10-15 minutes of subcutaneous injection. Its activity peaks in 30-60 
minutes, and it has a duration of activity of three to four hours. This is the category of insulin that is used in 
insulin pumps which provide subcutaneous insulin 24 hours/day and include a computer to calculate meal-
time insulin dosages to administer before meals based on estimates of carbohydrate intake. 

Regular insulin is also reffered to as fast-acting insulin. While faster-acting than intermediate-acting 
insulin, it is not as fast-acting as the rapid-acting category. Regular insulin provides a relatively quick 
response to blood glucose, but lasts a comparatively short time. Its onset of action is about 30 minutes 
after subcutaneous injection. Regular insulin's activity peaks in two to four hours, and it has a duration of 
activity of five to seven hours. 

The first insulin – made available as "Isletin" in 1923 by Eli Lilly and Company after insulin was 
discovered in 1921 – was a quick and short-acting soluble or regular insulin that had to be injected 
intramuscularly several times each day. This type of insulin was crude and impure. Pain and abscesses 
were common. Soon, the public was clamoring for relief from the frequent injections required with this type 
of insulin, and scientists discovered ways to combine insulin with other elements to provide a sustained 
release, thereby eliminating the need for multiple injections in every 24-hour period. In 1936 protamine zinc 
insulin (PZI, an ultra-long-acting insulin) was introduced, and in 1954 the intermediate-acting insulins 
(Lente and NPH) were introduced. 

Impurities in early insulin were mainly due to pancreatic peptides which were present in tiny 
concentrations. Researchers in Denmark produced a purer type of insulin: monocomponent insulin, and 
other highly purified insulins were made. When those in Denmark began to capitalize on these improved 
products, the Americans reacted by producing human insulin, a genetically engineered insulin which now 
dominates the market. Previously, insulin had come from animal sources, mainly cattle in the US and pigs 
in Denmark. These differ from each other in one to three amino acids but are both effective in reducing 
blood glucose in humans. Human insulin, however, is identical to the insulin made by the human body, and 
as such, stimulates no rejection or allergy. 

Neutral protamine hagadorn insulin (NPH) was introduced as an intermediate-acting insulin in 1950, and 
Lente insulin (another intermediate-acting insulin) came into use in 1954. In 1982, human insulin was 
developed (essentially identical in chemical structure to insulin produced in the body) to combat the 
problem of insulin allergy. 

As noted previously, in 1996, Eli Lilly and Company was the first pharmaceutical company to market 
insulin lispro. One unit of insulin lispro has the same glucose-lowering effect as one unit of Regular insulin, 
but the onset/peak/duration profile for insulin lispro is different from the onset/peak/duration profile for 
Regular insulin. The same is true for insulin aspart and insulin glulisine. 
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Such rapidity of onset must be carefully considered when ultra rapid-acting insulin is injected, especially 
in relation to the current blood glucose level. Some people accommodate this when pre-prandial glucose 
readings are low by taking their injection during or immediately following the meal. 

Combination insulins are available as well. Intermediate-acting insulin and Regular insulin can be mixed 
to produce a commercially available insulin in one vial which contains a certain percentage of each. For 
example, Novolin 70/30® contains 70 percent intermediate-acting insulin and 30 percent Regular insulin. 
Administration of this insulin warrants careful monitoring due to dual onset, peak, and duration times 
associated with the two insulins. 

LEARNER ACTIVITY 

     Insulin reactions (hypoglycemia) typically occur when insulin reaches its peak of activity. Using the chart 
in Appendix C, calculate the time(s) of day (and night) during which one might anticipate the following 
individuals might have such an experience: (Answers are below). 

1. Helen takes 20 units of NPH insulin at 7 a.m. and 5 units of NPH at dinner time (6 p.m.). 

2. Scott takes 10 units of Regular about 30 minutes before every meal. Breakfast is usually at 6:30 
a.m., lunch is at 11:30 a.m., and dinner is at 5:30 p.m. 

3. Jim takes 25 units of insulin glargine at bedtime. 

4. Art has been taking 10 units of Regular insulin about 30 minutes before every meal. Yesterday, 
his health care advisor changed his insulin to insulin aspart. Art takes his first injection of 10 units 
of insulin at 7:30 am which is about 30 minutes before breakfast. His current blood glucose level 
is 70 mg/dL. 

5. Patti takes 40 units of Novolin 70/30® every morning at 7:00 a.m. before breakfast. At what times 
are hypoglycemic reactions most likely? 

Answers:  

1. 1:00 - 7:00 p.m. and 12 a.m. - 6 a.m. 

2. 8:00 a.m. - 10:00 a.m., 1:00 p.m. - 3:00 p.m., and 7:00 p.m. - 9:00 p.m.  

3. There is no predictable period of time for hypoglycemic reactions when using insulin glargine due 
to its peakless nature. It is recommended that blood glucose assessments be made at different 
times of the day to assess the effectiveness of this insulin in maintaining normal basal levels. 
Typically, blood glucose levels will be higher at the extremes of the insulin activity – 24 hours 
after injection of the basal insulins or immediately after injection of one of them.  

4. Art's blood glucose will drop precipitously, starting at about 7:40 a.m. He should have been 
advised to take this insulin at the time he starts eating, not 30 minutes before he starts to eat.  

5. 9:00 – 11:00 a.m. and 1:00-7:00 p.m. 

Intermediate-acting and mixed insulins have a characteristic cloudiness due to added elements. These 
insulins must be carefully rolled (shaking is too disruptive to the delicate protein molecules) to provide an 
even mixture prior to drawing up for administration. Should particles be present in the solution, the insulin 
should not be used. Refrigeration is necessary for storage of insulin, but is not required for insulin used on 
a daily basis. Extremes of temperature should be avoided, however: Insulin should not be frozen nor 
should it be subjected to excessively high temperatures. 
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THE INSULIN INJECTION 

The site of the injection can also be significant. Repeated injections in the same area can produce 
lipoatrophy (a pitting condition in the subcutaneous tissue), lipohypertrophy (a building up of subcutaneous 
tissue), and scarring, resulting in delayed absorption of insulin into the blood stream in the latter two cases. 
One must consider that rapid absorption will probably occur when new sites are used. A related problem is 
the development of a negative body image due to the disfiguring effects of these conditions. 

This problem should be explained when teaching about insulin injections and the need to rotate sites. A 
reliable method of site rotation which makes use of subcutaneous tissue in the upper arms, abdomen, 
thighs, and buttocks must be developed. 

The rate of insulin absorption can be increased significantly if the muscle underlying the injection site is 
exercised vigorously after the injection. The rate of absorption will also be affected by the temperature of 
the subcutaneous tissue into which it is injected: increased rate of absorption after a hot shower; decreased 
rate if one has been exposed to the cold. 

 

THE FOURTH CORNERSTONE OF TREATMENT: SELF-MONITORING OF BLOOD GLUCOSE (SMBG) 

OBJECTIVES 

 Explain the effect this cornerstone has on diabetes control. 

 Recognize that not all patients will be willing or able to comply with the number of blood glucose 
assessments they are advised to make each day. 

People with diabetes must understand that taking and recording blood glucose values a regular intervals 
(to include fasting, before meals, two-hours after meals, at bed time and, if necessary, one or two times in 
the night on occasion to determine changes through the night) are necessary activities to obtain the 
information needed to determine effectiveness of the treatment regimen. Sharing the documentation of the 
values (and times obtained) is an important component of every visit with the health care provider, so it is 
absolutely critical that the individual writes the information on paper and shares it with the health care 
provider at the time of the visit. 

The reason this information is necessary is that decisions relative to the degree of blood glucose control 
must be made based on patterns of blood glucose changes, not on one or two isolated events. One can 
make sound decisions about whether the regimen a patient is following is effective in maintaining blood 
glucose control only on the basis of patterns of blood glucose changes. 

Relative to the above, the health care provider must be sure the patient knows: 

 When to take his/her blood glucose, (Should be at least twice/day – always fasting and the other 
at varied times e.g. before a meal, two hours after a meal, bedtime, etc.?) 

 Why it is important for the patient to document the date, time, and value on paper (preferably a 
log that can be taken to clinic visits), (Why? – because the health care provider will want to try to 
identify patterns of blood glucose changes. This is possible only if the patient takes and 
documents blood glucose readings frequently and at various times each day) 

 How to perform the test correctly 
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 How to verify that his/her glucometer is working properly 

It is equally important to make sure the patient can afford a glucometer and the strips needed to obtain 
the blood glucose tests recommended. Not verifying facts may lead to failure on the part of the patient to 
take and record this necessary information which can have significant consequences. (Search "Free 
glucometer" to find opportunities to obtain a free blood glucose meter. Companies are willing to give away 
meters, knowing that patients will subsequently need to purchase the strips that are used in the meters). 

 

UNIT II: EVIDENCE-BASED GUIDELINES FOR THE MANAGEMENT OF DIABETES 

OBJECTIVES 

 Compare and contrast treatment algorithms for management of diabetes type 2 (DMT2). 

 Recognize values that represent goals for blood pressure control in persons with diabetes. 

 Recognize values that represent goals for lipid control in persons with diabetes. 

 Explain the recommended interventions to control blood pressure in persons with diabetes. 

 Explain the recommended interventions to control lipids in persons with diabetes. 

 
TREATMENT ALGORITHMS FOR MANAGEMENT OF DIABETES MELLITUS (TEXAS DIABETES COUNCIL)  

Texas Diabetes Council Treatment Algorithms 
(There are many more in addition to those listed below:) 

https://www.dshs.texas.gov/diabetes/TDC/ 
(Link functional as of 08/16/18.) 

 

 Texas Diabetes Council A1c Goals – Revised 4/24/14 

 Dabetes Minimum Practice Recommendations for Children and Adolescents – Revised 10/27/16 

 Diabetes Minimum Practice Recommendations for Adults – Revised 10/27/16 

 Glycemic Control Algorithm for Type 2 Diabetes Mellitus in Adults – Revised 7/23/15) 

 Insulin Algorithm for Type 1 Diabetes Mellitus in Children and Adults – Revised 4/28/16) 

 Insulin Algorithm for Type 2 Diabetes Mellitus in Children and Adults – Revised 4/28/16 

 IV Insulin Infusion Protocol for Critically Ill Adult Patients in the ICU Setting – Revised 10/25/07 

 

CLINICAL GOALS FOR BLOOD PRESSURE AND LIPIDS 

In 1995 the American Diabetes Association specified goals with regard to blood pressure and nutrition of 
persons with diabetes. These were updated in 2008 and reflect today’s recommendations (American 
Diabetes Associaton, 2018): 

1. Achieve and maintain optimal serum lipid levels – those that reduce the risk for vascular disease. 

2. Achieve and maintain blood pressure at or below 140/80 

https://www.dshs.texas.gov/diabetes/TDC/


22 
 

 

3. Prevent or reduce the rate of development of complications by making changes in lifestyle and 
nutritional intake. 

4. Address individual needs in terms of nutrition (personal interests, cultural issues), as well as the 
individual's willingness to make changes.  

5. Provide adequate calories to attain and/or maintain reasonable weight, growth, and 
development, and to meet increased needs during pregnancy and lactation, or recovery from 
illness  

 

AGENTS AND INTERVENTIONS USED TO TREAT HYPERTENSION AND HYPERLIPIDEMIA IN THE INDIVIDUAL WITH 

DIABETES 

Unfortunately, two other life-threatening conditions are often associated with diabetes: hypertension and 
hyperlipidemia. The American Diabetes Association (2018) recommends control of systolic blood pressure 
in persons with diabetes to < 140 mm Hg. The initial drug of choice to treat hypertension in the individual 
with diabetes with a BP of 140/90 to <160/100 is an angiotensin-converting enzyme inhibitor (ACEI) or an 
angiotensin receptor blocker (ARB) – whichever is tolerated -- because these drugs have nephro-protective 
effects (they tend to protect the kidneys). If the BP is > 160/100, treatment is to be initiated with two 
antihypertensive drugs (American Diabetes Association, 2018). An updated algorithm for the treatment of 
hypertension in the person with diabetes has been included as a “figure” in Chapter 9, Cardiovascular 
Disease and Risk Manageement: Standards of Medical Care in Diabetes – 2018. (The algorithm addresses 
treatment guidelines for people with diabetes as well as those with diabetes and signs of kidney disease.) 

Likewise, the American Diabetes Association (2018) recommends therapies for people with diabetes to 
reduce LDL (low-density lipoprotein) levels to < 100 mg/dL (unless cardiovascular disease is present, in 
which case the goal is < 70 mg/dL), to increase the HDL (high density lipoproteins) level to > 40 mg/dL in 
males and > 50 in females, and to reduce the TG (triglyceride) level to < 150 mg/dL (p. S38). The American 
Diabetes Association recommends that people with diabetes should have a fasting lipid profile obtained at 
least annually unless lipid values reflect low risk, in which case they should be obtained every two years 
(2018, p. S86). 

Lifestyle management inclusive of increased physical activity (if current time engaged in physical activity 
is less than 150 minutes per week), smoking cessation, medical nutrition therapy, and weight loss (where 
warranted) are advised for all persons with diabetes and may result in the achievement of lipid goals. More 
specific recommendations are made for those with underlying cardiovascular disease, however. 

Significant revisions in the recommendations by the American Diabetes Association for lipid 
management in patients with diabetes were made in 2014 and remain in today’s recommendations: Statin 
therapy (in addition to lifestyle management) is advised for individuals with diabetes who also have overt 
cardiovascular disease (CVD) even if lipid levels are normal, are over the age of 40 and have one or more 
of the following risk factors: family history of hypertension, CVD, smoking, dyslipidemia, or albuminuria, 
provided the patient has no contraindications for statin therapy (American Diabetes Association, 2014, p. 
S38). In the 2018 American Diabetes Association Standards of Medical Care in Diabetes, the addition of 
ezetimibe was recommended for those people with diabetes who have experienced a major cardiovascular 
event (S93). In patients with poor glycemic control and high triglycerides, effective reductions in 
triglycerides may be obtained by acquiring glycemic control. 

The goals for blood pressure, LDL cholesterol, HDL cholesterol, and triglycerides for non-pregnant 
adults recommended by the American Diabetes Association (2018) are provided in the following table, but 
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detailed recommendations should be reviewed in Cardiovascular Disease and Risk Management: 
Standards of Medical Care in Diabetes (American Diabetes Association, 2018, pgs S86-S104.) 

 

Blood Pressure and Lipid Goals 

Blood pressure < 140/80 mm Hg* 

LDL cholesterol < 100 mg/dL** 

HDL cholesterol > 40 mg/dL (men) 

> 50 mg/dL (women) 

Triglycerides < 150 mg/dL 

*or < 130/80 in younger individuals if such levels can be achieved without undue treatment burden 

**With regard to individuals with overt atherosclerotic CVD, a lower LDL cholesterol goal (< 70 mg/dL) using a high dose statin, 
is an option, or adding drugs that inhibit cholesterol absorption in the small intestine (cholesterol-absorption inhibitors e.g. 
ezetimibe). 

 

UNIT III: PATIENT EDUCATION 

 Describe three emotional reactions to expect in the newly diagnosed diabetic and her/his 
significant others. 

 Explain four nursing interventions planned in consideration of such emotional reactions. 

ASSESSMENT OF THE EMOTIONAL STATE OF THE PATIENT 

A thorough assessment of the individual -- the physical and emotional state of the person, including 
available support systems and current understanding of diabetes, is the necessary first step in developing a 
treatment plan. In no health care situation is the need to involve the patient in plans more vital to success 
than in the case when the individual has diabetes. It should not be assumed that the newly diagnosed 
diabetic wants to learn. The individual may, in fact, have many feelings which must first be addressed 
before readiness to learn occurs. Consequently, readiness to learn is the first assessment that should be 
made. 

The individual with diabetes might first need assistance in dealing with feelings of shock, disbelief, 
denial, anger, sadness, grief, fear and/or anxiety, as might the individual's significant others. 
Acknowledging these feelings (and a myriad of others related to loss of one's sense of health and peace of 
mind, not to speak of perceptions of what it means to the individual to have diabetes) does a great deal to 
establish the health care provider as a sensitive, caring individual who is interested more in the patient's 
experience than in imparting information. 

Attention must be given as well to the individual’s significant others. In order to develop a workable 
diabetes management plan, all parties must be considered. Of special importance is the need for all 
individuals to vent feelings related to having diabetes, or to having a person with diabetes in the family 
(Handron & Leggett-Frazier, 1994). 
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The concept of compliance requires careful consideration when one plans for the patient's role in 
diabetes care. Does compliance to you mean that you set up the program and the patient is expected to 
follow it? If so, please recognize that the health care provider's role is to inform the patient about the 
requirements for control of diabetes when the patient is ready to learn. Only then CAN the patient learn! 
Health care providers are often overwhelmed with what appears to be the patient's purposeful non-
compliance with what the provider taught, when in fact, the patient simply does not understand. Once 
learning has been confirmed, the patient and the health care provider can work out a plan that is more 
likely to produce the desired results. 

The main care giver in diabetes care is generally the person with diabetes. But, when the patient is a 
child, both parents are the main care givers. It is important for both parties to understand and be 
knowledgeable about care requirements in diabetes. Again, prior to teaching the parents, the nurse must 
consider the emotional reactions the parents might have in response to the news that their child has 
diabetes. (Imagine for a moment how you might feel if you learned your child had diabetes.) 

Some parents feel responsible for the fact that the child has diabetes. The resultant feelings of guilt 
create additional stress. Parents sometimes blame one another thus undermining the support they might 
gain from their own relationship. The knowledgeable nurse will assess the parents individually and as a unit 
for their feelings about the situation and their manner of coping. Appropriate interventions are necessary 
before proceeding. An empathetic approach coupled with the provision of facts about diabetes may help 
the parents to more effectively deal with their reactions. See the list of resources at the end of the self-
study. Encourage the patient (if appropriate) and the patient's significant others to get involved in the local 
diabetes association and/or to subscribe to lay and professional journals which are available. 

In discussions about diabetes and any aspects of care, the child should be included. Whenever 
possible, explanations should be provided in terms the child can understand. It is important that the child be 
as involved as much as possible to establish early on that responsibility will ultimately be the child's, alone. 

LEARNER ACTIVITY 

Read the article by Armstrong (1987) or talk with a friend or patient about his or her initial feelings when 
told of the diagnosis of diabetes. What were his/her main fears and how did he/she cope? In what ways 
were the individual's health care providers most helpful? Least helpful? What do you think your feelings 
would be if you knew you would have to change your eating habits, take medication for the rest of your life, 
exercise regularly (not just now and then or after New Year's resolutions!), monitor your blood, urine, and 
weight, and be prepared for emergencies at all times! At first, how interested in learning might you be? Do 
you think you might be a little angry and afraid? How might you react? How might you deal with it? 
Describe the nurse's approach that would be most helpful to you in light of your anticipated needs. 

READINESS TO LEARN 

Prior to beginning any teaching program, readiness to learn must be assessed. This is so important that 
it deserves repeating, so please read and understand the previous sentence, again! Opportunities for free 
expression of feelings and questions should be provided. The benefits of a therapeutic relationship 
between patient and nurse and clear communication between and among the nurse, the primary care 
provider, and dietitian are essential. 

 

CURRENT CONCEPTS OF DIABETES CONTROL 

Current trends in diabetes management revolve around control of blood glucose levels to levels as close 
to normal as possible; i.e., striving to keep the blood glucose within a narrow range similar to non-diabetic 
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levels. Data that were collected from individuals with DMT1 over a 7 1/2 year period and were reported in 
the Diabetes Control and Complications Trial (DCCT) (Reichard, Nilsson, & Rosenqvist, 1993) revealed 
that "long-term intensified insulin treatment, as compared with standard treatment, retards the development 
of microvascular complications in patients with insulin-dependent diabetes mellitus (p. 304)." 

Analyses of the results of the DCCT provided long sought-after relationships between blood glucose 
control and its effect on major complications of diabetes. It was found that keeping blood glucose within 
target ranges (called tight control) reduced kidney disease by as much as 56%, nerve damage by as much 
as 60%, eye disease by as much as 76%, and heart attack by as much as 16% in individuals with DMT1 
(Reichard, Nilsson, & Rosenqvist, 1993). 

While risk of severe hypoglycemia was associated with the tight control that was the focus of the DCCT, 
the application of study findings to practice was to provide rationale for clinicians to help patients to become 
motivated to achieve blood glucose levels as close to normal as possible. See also the report in the 1996 
Journal of the American Medical Association, Volume 276, Issue #17, pp. 1409-1415 entitled, "Lifetime 
benefits & costs of intensive therapy as practiced in The Diabetes Control and Complications Trial" written 
by the DCCT research group. (Note: For a complete listing of all the members of the research group, see 
"The effect of intensive diabetes treatment on the progression of diabetic retinopathy in insulin-dependent 
diabetes mellitus. The Diabetes Control and Complications Trial." Archives of Ophthalmology, 1995, 
Volume 113, pp. 36-51). 

After the publication of the findings from the DCCT, legitimate questions were raised about their 
application to individuals with DMT2 (note that the subjects in the DCCT were only those with DMT1). 
Fortunately, in 1977, a similar study had been launched in the United Kingdom, but with subjects who had 
DMT2. In 1998, the results of the United Kingdom Prospective Diabetes Study (UKPDS) were published, 
demonstrating similar results as those from the DCCT (United Kingdom Prospective Study Group, 1998), 
only this time, the results pertained specifically to those with DMT2! The research reported about the 
UKPSD became the seminal research report relative to the role of BG control in those with DMT2 (since 
the DCCT findings could be generalized, legitimately, only to those with DMT1). Recommended 
parameters for glucose control for adults with diabetes have been (and continue to be) published annually 
by the American Diabetes Association. 

Glycemic Goals for Many Non-Pregnant Adults with Diabetes* 

Pre-meal glucose 80-130 mg/dL 

Postprandial** glucose < 180 mg/dL 

A1c < 7% 

*Less stringent goals for A1c (e.g. < 8%) may be set for children, the elderly, those with a history of severe hypoglycemia, 
advanced vascular complications, limited life expectancy, and/or those with numerous co-morbidities (American Diabetes 
Association, 2018, p. S59). 

**1-2 hours after the beginning of a meal 

(American Diabetes Association, 2018, p. S60) 

 

Likewise, recommended parameters for glucose control for children with DMT1 have been (and continue 
to be) published annually by the American Diabetes Association (ADA). The most current can be found on 
page 128 of the ADA’s Standards of Medical Care in Diabetes – 2018 at the ADA’s web page, 
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http://www.diabetes.org. (Click on "Research & Practice," then scroll under "Practice Resources" to find 
"Clinical Practice Guidelines." Click on that and you will be taken to “2018 Standards of Medical Care in 
Diabetes” – the standards as of 2018. If you are reading this in a year other than 2018, go to the same web 
address and find that year’s “Standards of Medical Care in Diabetes”. The Standards are published in 
January of every year.) 

 

 

Blood glucose and A1c goals for children and adolescents with type 1 diabetes 
Blood glucose goal ranges: 

Before meals Bedtime/Overnight A1c Rationale 

90-130 mg/DL 90-150 mg/dL 7.5% A lower goal (7%)…is 
reasonable if it can 
be achieved without 
excessive 
hypoglycemia 

(American Diabetes Association, 2018, p. S128) 

 

Key Concepts in Setting Glycemic Goals 

 Goals should be individualized and lower goals may be reasonable based on benefit-risk 
assessment. 

 Blood glucose goals should be modified [higher] than those listed above in children with frequent 
hypoglycemia or hypoglycemia unawareness. 

 Postprandial blood glucose values should be measured when there is a discrepancy between pre-
prandial blood glucose values and A1C levels and to help assess glycemia in those on basal/bolus 
regimens. 

 

(American Diabetes Association, 2018 p. S128) 

 

MANAGING DIABETES DURING PREGNANCY 

This topic is listed under Patient Education because it is imperative to educate diabetic women of child-
bearing age to attempt to maintain normal blood glucose levels if they are planning to become pregnant. 
Another recommendation for women who have diabetes before they become pregnant is to take a daily 
multiple vitamin that includes 400 micrograms of folic acid. (The latter recommendation is for all women of 
child-bearing age who plan to have children – those who have diabetes and those who do not.) 

Any woman with diabetes who is not planning to become pregnant but is sexually active should be 
reminded to use an effective form of contraception. As soon as pregnancy is confirmed, the expectant 
woman should seek the guidance of an obstetrician who specializes in pregnancy in diabetes. 

 

http://www.diabetes.org/
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The Joslin Diabetes Center has additional information on this topic at: (Link functional as of 08/16/18.) 

http://www.joslin.org/managing_your_diabetes_3978.asp 

 
UNIT IV: MONITORING AND COMPLICATIONS 

OBJECTIVES 

 Explain why self-blood glucose monitoring provides more reliable information about current blood 
glucose levels than urine testing. 

o Identify two useful purposes of urine testing. 
o Describe one procedure for self-monitoring of blood glucose. 

 

 Explain the hemoglobin A1c test in terms of its role in determining degree of control of diabetes. 
 

 Explain the importance of regular monitoring of body weight. 
 

 Describe five foot care precautions and give rationale for providing special attention to the feet. 
 

 Explain why regular physical examinations, lab work, and retinal evaluations are necessary 
components of the diabetic individual's monitoring activities. 
 

 Provide at least three causes for each of the following complications: hypoglycemia, hyperglycemia 
including Hyperosmolar Hyperglycemic State (HHS), and diabetic ketoacidosis. 

 

 Identify appropriate interventions to resolve each of the complications noted above. 
 

 Describe appropriate behaviors for the diabetic to take when ill or unable to eat. 
 

 Identify two mechanisms by which a diabetic can inform others of his/her diabetic condition if 
unconscious. 
 

 Identify the major long-term complications of diabetes and explain the current thinking about 
etiology. 
 

 Identify current beliefs about how complications might be postponed or reduced in severity. 

INTRODUCTION 

Diabetes is a condition that requires continual attention. It is a condition that is, for the most part, 
dependent on the individual herself or himself to maintain control. Research has concluded that the better 
one maintains control of blood glucose, the lower are one’s chances for complications. 

RECOMMENDED MONITORING TECHNIQUES FOR CONTROL AND POSSIBLE PREVENTION OF COMPLICATIONS 

Once a mainstay of self-care for the diabetic, urine glucose tests are now an obsolete and inappropriate 
way to monitor for control of blood glucose. In fact, they can give false assurance that the blood glucose is 
normal when it is actually quite high or quite low (Miller, 1986). Urine testing is quite useful for identifying 
ketonuria and albuminuria, however. This author does not recommend it for any other purpose. The 

http://www.joslin.org/managing_your_diabetes_3978.asp
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American Diabetes Association does not include suggestions for checking urine for glucose anywhere in its 
most current standards of medical care in diabetes (American Diabetes Association, 2018). 

GLYCOSYLATED HEMOGLOBIN 

The hemoglobin A1c (A1c) blood test measures glycosylated hemoglobin and is an index of blood 
glucose levels over a period of time. (Real change in values can be detected only when at least two months 
(preferably three months) separate testing times). No longer can noncompliant diabetics attempt to provide 
a good blood glucose for the health care provider by watching their food intake closely one or two days 
before a visit, expecting to fool the provider into believing they are in good control. 

The 2018 Standards of Medical Care in Diabetes (American Diabetes Association, 2018) include a 
caution about the use of the A1c to diagnose diabetes when hemoglobinopathies or any hematologic 
conditions exist that interfere with red blood cell turnover – such as “sickle cell disease, pregnancy (second 
and third trimesters), hemo-dialysis, recent blood loss or transfusion, or erythropoietin therapy, only plasma 
blood glucose criteria should be used to diagnose diabetes” (S14). 

In the individual who is being treated for diabetes, it is possible for the blood glucose levels to vary 
between very high levels and very low levels. Consequently, since the A1c reflects an averaging of blood 
glucose values, it is possible for the A1C to be within normal limits even under such circumstances. In other 
words the highers and lowers tend to balance one another out. The A1c is a good test, but it is not a perfect 
test! Its utility is in providing evidence of blood glucose control in people with diabetes, and at present, it is 
the best test available to do that. 

The American Diabetes Association (2018) recommends an A1c goal of < 7.0% for most non-pregnant 
adults. If an A1c such as 6.5% can be achieved without frequent or significant hypoglycemia in this 
population, it would be an appropriate goal. The goal of a higher A1c, e.g. 8%, might be more appropriate 
for those who have a history of severe and frequent hypoglycemia or for those whose life expectancy is 
limited, or who have significant complications. 

     Since the mid-1970s, highly reliable devices called glucometers have been available to measure one's 
own blood glucose. Until then, blood glucose measurements were only available by venipuncture and 
laboratory testing. Monitoring with a glucometer makes use of a drop of blood, reagent strips, and 
electronic equipment to provide reliable information about one's current blood glucose level. The popularity 
of self-blood glucose monitoring in place of urine glucose monitoring has grown among health care 
providers and people with diabetes since research has demonstrated a lack of consistency between urine 
glucose and blood glucose values (Miller, 1986). Self-monitoring of blood glucose (SMBG) is now a 
mainstay of diabetes care and control. In fact, the American Diabetes Association now recommends the 
individuals who receive insulin by pump or by multiple-dose insulin should perform SMBG at minimum 
before the ingestion of any food – meals and snacks – and occasionally two hours after meals. Additionally, 
the American Diabetes Association recommends SMBG before engaging in exercise, when hypoglycemia 
is suspected, after treating an episode of hypoglycemia and continuing until the blood glucose rises to a 
normal level, and prior to driving or participating in potentially dangerous activities (American Diabetes 
Association, 2018, p. S55). "SMBG is especially important for insulin-treated patients to monitor for and 
prevent asymptomatic hypoglycemia and hyperglycemia" (p. S56). 

LEARNER ACTIVITY 

 If glucose monitoring equipment is available to you, run a test to determine your own blood sugar. Did 
you have difficulty remembering directions for calibrating or using the equipment? How did you feel about 
sticking your finger the first time? Consider the difficulties and concerns a patient might have who is a child 
or is uneducated, has poor vision, or is simply not motivated to learn. 
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The benefits of home-blood glucose monitoring (also referred to as “self-blood glucose monitoring” or 
“SBGM”) have been well documented. Most insurance companies reimburse at least in part for the 
purchase of the electronic equipment (glucometers) and/or necessary supplies (blood glucose reagent 
strips, lancets, alcohol pads, calibration equipment, and sharps containers). 

WEIGHT CONTROL 

Another aspect of monitoring relates to the importance of weight control. Increases or decreases of five 
pounds or more without trying are not normal and should be identified early. The simplest way to do this is 
for the diabetic to get into the habit of weighing regularly. Significant changes may indicate the need to alter 
some aspect of the control regimen. Such decisions should be made with the health care professional most 
knowledgeable about the individual's care. 

DAILY ASSESSMENT OF THE FEET 

Monitoring the condition of the diabetic's feet should occur on a daily basis. Because circulation and 
peripheral neurologic functioning are often compromised in diabetes, the feet are vulnerable to unfelt or 
unnoticed injuries. Left unattended, they can become infected and lead to serious complications of delayed 
healing and gangrene resulting in the need to amputate parts of the toes, feet, and legs. 

The feet should be washed daily with warm (not hot) water and observed (top and bottom) for any 
breaks in the skin. If small, these should be treated with antibacterial ointments and covered, but monitored 
daily. Toe nails should be cut straight across to avoid ingrown toenails and subsequent infection. Calluses 
and corns should not be picked or trimmed. Podiatric care may be required in some cases. 

Individuals with diabetes should never walk barefoot, even at home, but rather should wear some form 
of foot protection at all times. Likewise, they should wear shoes that do not pinch or otherwise irritate the 
toes or feet. New shoes should be broken in slowly. 

REGULAR MEDICAL CHECKUPS 

It is critical for the person with diabetes to have regular medical checkups. (“Regular” is defined below in 
terms of recommended frequency.) Blood and urine analyses are necessary to monitor the adequacy of 
control over the long term as well as to identify early changes in renal function. Blood pressure assessment 
and foot health should be assessed regularly as well. Regular medical checkups also allow for the 
administration of important immunizations and for verification that dental and ophthalmological 
examinations are being obtained as recommended. At the minimum, the person with diabetes should have 
a funduscopic exam (a dilated eye exam) performed by an ophthalmologist – a physician who specializes 
in diseases of the eye – performed annually; more frequently if recommended by the ophthalmologist. 

An individual whose systolic blood pressure is > 140 mmHg or whose diastolic pressure is > 90 mm Hg 
should have his/her blood pressure taken on a different day. Repeat readings as high (or higher) on either 
parameter confirm the diagnosis of hypertension, and treatment should be initiated promptly. Treatment 
should include lifestyle modifications, and may include pharmacotherapy. The recommended initial 
medications are an ACEI (angiotensin converting enzyme inhibitor) or an ARB (angiotensin receptor 
blocker). 

Adult patients with diabetes should have an annual (fasting) lipid profile. In addition, the American 
Diabetes Association (2018) recommends that every person with diabetes should have an A1c performed 
at least every six months. If the results are > 7%, more frequent assessments (every three months) until the 
A1C is < 7% are advised (p. S57).            
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Additional laboratory tests should be performed regularly to determine the individual's degree of glycemic 
control and to identify complications as early as possible. In addition to those listed above, the American 
Diabetes Association recommends regular visits (at minimum, every six months) by the individual with 
diabetes with his or her health care provider. Flow sheets have been developed to assist in the 
comprehensive assessments recommended by the American Diabetes Association. Examples can be 
found at "Diabetes Treatment Algorithms Approved by the Texas Diabetes Council” (2017) within the 
documents located at the following link. (Link functional as of 08/16/18.)  
http://www.dshs.texas.gov/diabetes/professl.shtm?terms=Texas%20Diabets%20Council  
 

URINE TESTING 

.aUrine testing for proteinuria (performed via the microalbuminuria test) is recommended to be assessed at 
least annually along w/ a urine creatinine test. Together, these tests reflect renal function. People with 
diabetes should be informed that this is an expectation they should have for health care, along with foot 
exams (vascular, skin/lesions, and sensitivity) and assessments of blood pressure (at every visit), weight 
(at every visit), diet (at every visit), blood glucose (at least q6mos if at or below the goal of < 7.0%; more 
frequently (q3mos) if above this goal.) 

The urine assessment for ketones should be performed on the individual with DMT1 to verify that she/he 
is taking at least the minimum necessary dose of insulin/day or to assess for diabetic ketoacidosis (DKA), 
along w/ other lab tests. This test is useful on the individual with DMT2 if she/he has recently had an illness 
such as a severe infection as this can lead to the development of DKA.  

RECOMMENDED IMMUNIZATIONS 

All people with diabetes (children and adults) should receive immunizations according to the age-based 
recommendations provided by the Centers for Disease Control and Prevention (“CDC”) available at 
www.cdc.gov/vaccines/schedules/hcp/imz/child-adolescent.html. The schedule for adults (age 19 and 
older) can be found at https://www.cdc.gov/vaccines/index.html  (Links functional as of 08/16/18.) 

Influenza and pneumonia are associated with significant risks of morbidity and mortality in the elder 
population and among people with chronic diseases. Hence, the American Diabetes Association (2018) 
recommends an annual influenza vaccine for all persons with diabetes who are six months of age or older. 
Likewise, the American Diabetes Association recommends the pneumococcal polysaccharide vaccine for 
those with diabetes who are two years of age or older. An additional vaccination for this disease is 
recommended for those greater than age 65 who were immunized more than five years ago. (You might 
want to carefully re-read the previous sentence so that you can explain it to patients!) The pneumococcal 
polysaccharide vaccine is also recommended for those who have nephrotic syndrome or chronic renal 
disease, and for those who have had an organ transplant, or are otherwise immunocompromised. 

The American Diabetes Association (2018) recommends the administration of the hepatitis B series of 
(three) immunizations to those adults with diabetes who are unimmunized and are 19-59 years of age. 
Included is the recommendation to consider administering hepatitis B vaccination to unvaccinated adults 
with diabetes who are aged > 60 years (American Diabetes Association, 2018, p. S29). 

The recommendations for tetanus boosters are no different for people with diabetes than they are for 
those who do not have diabetes, but the importance thereof with regard to the general welfare should be 
emphasized at this time. In the summer of 2005, the Advisory Committee on Immunization Practices 
(ACIP) advised the Centers for Disease Control and Prevention to recommend that health care providers 
routinely use Tdap vaccines (containing tetanus, diphtheria, and acellular pertussis) for tetanus boosters in 
people aged 11–18 years rather than tetanus and diphtheria toxoids (Td) vaccines, alone. Soon thereafter, 
a similar recommendation was made for individuals aged 19-64 as a one-time dose in place of their next 
tetanus booster. These decisions were made following the recognition of the results of an epidemiologic 

http://www.dshs.texas.gov/diabetes/professl.shtm?terms=Texas%20Diabets%20Council
http://www.cdc.gov/vaccines/schedules/hcp/imz/child-adolescent.html
https://www.cdc.gov/vaccines/index.html
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investigation by the Centers for Disease Control and Prevention of an upsurge in the incidence of whooping 
cough among the nation's children stemming from the waning of adults' immunity to pertussis. ACIP went 
so far as to recommend a Tdap booster for adult contacts of infants under 12 months of age in as few as 
two years since their previous Td booster (Kretsinger et al., 2006). The Centers for Disease Control and 
Prevention remain consistent in the recommendation for a tetanus booster every ten years. For those in the 
age groups identified, one Tdap is recommended to replace a regularly scheduled Td.  

The Centers for Disease Control and Prevention recommends the vaccine against shingles (Herpes 
zoster) for people 50 years of age and older to prevent shingles, even if they have already had shingles. 
This is a one-time vaccination. Consequently, it is recommended that people with diabetes who are 50 
years of age or older should receive a shingles vaccine (Published January 26, 2018 at 
https://www.cdc.gov/mmwr/volumes/67/wr/pdfs/mm6703a5-H.pdf Link functional as of 08/16/18.) 
 

THE COST OF DIABETES CONTROL IN DOLLARS AND CENTS 

Compliance with a diabetes blood glucose control program is likely to be hampered by money problems. 
Investigate the adequacy of the patient's financial support including medical insurance. If control may be 
jeopardized because of financial concerns, contact a social worker for help. Insulin pumps are costly as is 
the equipment to operate them. Insurance may cover all, some, or none of these expenses. 

LEARNER ACTIVITY 

Investigate the costs of some equipment and supplies needed by the diabetic and figure an approximate 
cost per year for routine care, assuming no problems. Call or visit a pharmacy to obtain this information. 

 Insulin and/or oral medications  Equipment for testing for ketonuria 

 Glucometer 
 2 checkups with a health care provider (MD, 

DO, physician assistant, or nurse practitioner) 

 Blood glucose reagent strips (2/day)  1 checkup with an ophthalmologist 

 Alcohol sponges  1 visit with a podiatrist 

 Syringes (2/day)  Blood and urine lab work* every 6-12 months 

*A1C (at minimum, every six months), and annual assessments as follows: CBC, lipid panel, 
comprehensive metabolic panel, TSH, urinalysis, and an assessment for microalbuminuria and urine 
creatinine. 

COMPLICATIONS 

This topic is presented by dividing it into two categories: acute and long-term complications. The 
complications identified as acute are hypoglycemia, hyperglycemia (including Hyperosmolar Hyperglycemic 
State, or HHS), and diabetic ketoacidosis (DKA). Because development of any one of these can be 
relatively rapid, prevention must be practiced on a day-to-day or sometimes moment-to-moment basis. The 
causes of these problems are easily understood. As a result, successful prevention is likely. 

Those complications designated as long-term are not as well understood in terms of cause and effect, 
and take longer to develop. These problems affect the kidneys, heart, brain, and nerves (most notably the 

https://www.cdc.gov/mmwr/volumes/67/wr/pdfs/mm6703a5-H.pdf
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retinas), and are believed to be due fundamentally to vascular changes which occur in diabetes: 
microangiopathies and macroangiopathies, diseases of the small and large vessels. 

It has long been believed that the complications due to vascular changes are a consequence of high 
blood glucose levels over long periods of time. The findings of the Diabetes Control and Complications Trial 
(DCCT) (Reichard, Nilsson, & Rosenqvist, 1993) as well as those of the United Kingdom Prospective 
Diabetes Study Group (UKPDS) (1998) support this assertion. 

It is also possible that the vascular changes are a part of the disease itself. Or, it may be that 
complications are due to antibodies which build up in response to exogenous insulin. There are many 
theories which are being studied. 

ACUTE COMPLICATIONS 

HYPOGLYCEMIA (INSULIN SHOCK OR LOW BLOOD SUGAR) 

The most frequently encountered emergency is that of hypoglycemia. Other terms for this are insulin 
reaction, insulin shock, and low blood glucose. It can occur rapidly and, though most diabetics become very 
sensitive to early signs of a drop in blood glucose, it can occur without obvious symptoms or signs 
(hypoglycemia unawareness). The causes are due to any one or a combination of the following: 

1. Taking too much insulin or oral hypoglycemic agent. This can happen accidentally as in the 
diabetic with poor eyesight, or can be done purposely in an effort to prepare for over-eating. It is, 
however, very difficult in the latter case to know just how much is enough, and too much may be 
taken. 

2. Vomiting after taking the normal amount of insulin. 

3. Eating less than what is prescribed while taking the same dose of insulin or oral agent. 

4. Delaying a meal. 

5. Exercising excessively. 

The end result is hypoglycemia and the onset is rapid: within minutes or hours. The brain cannot 
function properly when blood glucose gets too low. Mental functions and coordination become disrupted. 
Headache, blurred vision, tachycardia and diaphoresis may occur. Most noticeable to an on-looker are the 
reduced motor control, shakiness, and mental confusion. It may be possible to detect hypoglycemia of the 
sleeping patient by assessing his/her skin for diaphoresis, but a negative assessment is not 100% reliable. 

The cure is immediate ingestion of a highly concentrated source of glucose. If the individual is not able 
to swallow or unconscious, sublingual (under the tongue or inside the cheek) application of concentrated 
sugar (with the individual in the side-lying position), injection of glucagon, or 50% dextrose IV are the 
emergency treatments. Well educated diabetics will have glucose products nearby - in a purse, pants 
pocket, glove compartment, etc. 

Commercially available glucose products are a more concentrated source of glucose than most foods, 
so may work more rapidly and with more predictable results. Look for Glutose (Paddock Labs), Glucose 
Tablets (Becton-Dickenson), or other over-the-counter products. Such products are available at most drug 
stores, and people with diabetes who take medications that could cause hypoglycemia should be strongly 
urged to never be further than an arm's length away from such products! 

Fifteen grams of carbohydrate will raise the blood glucose approximately 40 mg/dL in some people – 
more, or less, in others. The exact effect varies individually. People with diabetes should be encouraged to 
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find their own response with blood glucose testing after ingesting, for example, fifteen grams of 
carbohydrate. Relief of symptoms should occur in 10-15 minutes. Retreatment should be delayed until this 
time to avoid over-treating the hypoglycemia and thereby creating hyperglycemia. 

Chocolate or other foods high in fat should not be ingested to treat hypoglycemia due to the delayed 
absorption of glucose caused by the fat, unless nothing else is readily available. 

Critical to know: When in doubt about the cause of a known diabetic's unconsciousness, administer 
highly concentrated glucose (sugar) as quickly as possible. If the cause is hypoglycemia, this could prevent 
brain damage and save a life. If it is due to hyperglycemia and/or ketoacidosis, the additional glucose will 
cause relatively little harm. 

Injectable glucagon – a hormone made by the alpha cells of the pancreas -- is available by prescription. 
As recommended by the American Diabetes Association (2018), "Glucagon should be prescribed for all 
individuals at increased risk of clinically significant hypoglycemia, defined as blood glucose <54 mg/dL (3.0 
mmol/L), so it is available should it be needed. Caregivers, school personnel, or family members of these 
individuals should know where it is and when and how to administer it. Glucagon administration is not 
limited to health care professionals” (p. S61).  

Anyone who takes insulin, takes a medication that stimulates the production of insulin, is declining 
cognitively, or who has hypoglycemia unawareness (a condition in which the blood glucose drops but the 
individual is not aware that it is dropping or is low) is at "significant risk of severe hypoglycemia." 
Considering these issues, the American Diabetes Association (2014) advises asking patients at every 
medical visit about their experiences with hypoglycemia, and conducting regular assessments of cognitive 
functioning of those patients who are at such risk (p. S33). 

Glucagon stimulates the release of glucose stored in the liver. It should be used if the individual is 
unconscious and his or her blood glucose level is unknown or is under 60 mg/dL, or if the conscious person 
is hypoglycemic, but unwilling or unable to ingest food. A Glucagon Emergency Kit should be stored 
according to the manufacturer's instructions, and replaced by the expiration date. Significant others of the 
diabetic must be taught how to prepare and administer this drug. 

(Tip: Advise patients to conduct, among family members, a trial run of their response to an episode of 
unconsciousness on the part of the patient. Family members should practice verifying the patient is truly 
unresponsive and is not just taking a nap, and should draw up the glucagon and explain how it would be 
administered. Information about how to contact emergency medical personnel should be readily available. 
This would be far better than simply throwing the unused glucagon in the trash!) 

It is important to teach the diabetic individual to take action at the earliest sign of hypoglycemia, but even 
more important is prevention: 

 Avoid delaying meals. 

 Don't make changes in what or when you eat without consultation with a healthcare provider. 

 Don't arbitrarily change insulin or oral hypoglycemic agent dosages. 

 Don't engage in unplanned exercise without first eating some source of complex carbohydrate 
and protein. 

 Don't be without access to some source of simple carbohydrate (sugar) at any time. 
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 Do not "doctor" episodes of vomiting or inability to eat by simply discontinuing taking insulin. 
Consult a health care provider about treatment in such cases. (The individual with type 2 
diabetes who cannot eat should also contact her/his health care provider for advice.) 

 Monitor blood glucose frequently (4-6 times per day or more if necessary). Set an alarm clock to 
check blood glucose at 2 or 3 a.m. if prone to middle-of-the-night or early morning hypoglycemia. 

All diabetics who take insulin or oral hypoglycemic agents should wear or carry identification so that their 
condition is known and emergency measures can be taken in the event of being found unconscious or 
unable to communicate. Convulsions, brain damage, and death can occur rapidly without appropriate 
intervention. Medic Alert is an organization established to speak for one's hidden medical problems. A 
member wears an emblem which carries basic information as well as a collect phone number to call for 
specific information in an emergency. Medical personnel are taught to look for such things. The address for 
more information is: 

Medic Alert Foundation 
2323 Colorado Avenue 
Turlock, CA 95382  
http://www.medicalert.org  (Link functional as of 08/16/18.) 
  
1-888-633-4298  

Many pharmacies carry generic identification necklaces and bracelets as well.  

HYPEROSMOLAR HYPERGLYCEMIC STATE (HHS) 

Hyperglycemia results when intake exceeds that permitted in proportion to the amount of exogenous 
insulin or oral hypoglycemic agent taken. Most cases of simple hyperglycemia resolve slowly when normal 
food intake is resumed. 

Supplemental fast-acting insulin will reduce the blood glucose most efficiently but there are inherent 
problems with this form of intervention. It is very difficult to accurately determine how much insulin to take in 
such circumstances, and the chance of over doing it is great. The resultant hypoglycemia is simply trading 
one problem for another. 

Another concern is with regard to the anabolic effect insulin has on the body: repeated supplementation 
with insulin will result in weight gain. If hyperglycemia is a persistent problem and over-eating is not the 
obvious cause, an adjustment in the daily insulin dosage, oral hypoglycemic agent, eating patterns or food 
intake (or both), and/or exercise might be in order. 

Increased exercise when the blood glucose is elevated will usually hasten resolution of the problem. 
Exercise when blood glucose is over 300 mg/dL, however, is not recommended, due to insufficient insulin 
to ensure glucose uptake by muscles. When severe, the condition is called Hyperosmolar Hyperglycemic 
State (HHS) and hospitalization is necessary. 

HHS is a condition characterized by blood glucose in the range of > 600 mg/dL and serum osmolality > 
330 mOsm/L (i.e. significant dehydration) with little or no ketone production in the blood or urine (Kitabchi 
et al., 2001). It can be the result of excessive overeating, the effects of a profound emotional or physical 
crisis in which glucocorticoids stream into the blood thereby elevating the glucose level, or due to an 
infusion of highly concentrated glucose solutions. Treatment requires immediate hospitalization to restore 
fluid volume and reduce the blood glucose. 

http://www.medicalert.org/
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HHS can affect persons with DMT1 or DMT2, though it is more common among those with DMT2 and/or 
those with DMT2 who have a concomitant illness such as an infection. Older patients with DMT2 are more 
often the victims of HHS than are younger patients, and among this group, HHS carries a higher mortality 
than does diabetic ketoacidosis (Hemphill, 2012). The fundamental problem in HHS is extremely high blood 
glucose, and the fact that it is non-ketotic indicates that it is not a result of the aberrant pathway taken when 
insulin is not available. One should be suspicious of HHS in the emergency setting when an elderly patient 
who has DMT2 presents with altered mentation or dehydration or both. 

Until recently, the condition, HHS was called Hyperglycemic Hyperosmolar Nonketotic coma or HHNK. 
The issue of the presence or absence of ketones warranted a change in the name of the condition because 
it was found that, on occasion, ketones were present. The fundamental issue focuses on the pathology 
associated with severe hyperglycemia. 

THE SOMOGYI EFFECT 

The Somogyi effect is not a complication, but an important concept to understand. The Somogyi effect is 
often misdiagnosed as evidence of the need for more insulin when, in fact, the need is for less. Typically, a 
surprisingly high blood glucose level occurs after a period in which no food has been eaten (such as 
through the night). It should be suspected when a normal bedtime blood glucose level is followed by a high 
morning level. The initial impression is that the individual is receiving too little insulin. However, what has 
happened is that the blood glucose has dropped to levels low enough to stimulate a profound episode of 
hypoglycemia. The body resorts to processes designed to raise the blood sugar: the release of epinephrine 
and glucagon. It is important to recognize the precipitating factor of hypoglycemia in this case and to 
reduce the insulin accordingly. 

The Somogyi effect would be demonstrated by the following scenario: An individual routinely checks his 
blood glucose at about 9 pm every night and typically obtains a value within normal limits. He has a small 
snack of 15 grams of carbohydrate and 1 oz of protein, takes his prescribed dose of Lente at that time, and 
goes to sleep. Every morning, his fasting blood glucose is over 250 mg/dL so he thinks he should increase 
his bedtime Lente dose. If the Somogyi effect is working here, this could have very dangerous effects. 

Before making such a change, this patient should set an alarm and check his blood glucose around 4 
a.m. – when the activity of the Lente insulin typically peaks. A low blood glucose at this time would confirm 
that the Somogyi effect is occurring. What the patient should actually do is take less Lente insulin at 
bedtime, but he should do this under the guidance of his health care provider. 

Since insulin glargine has no peak of insulin activity, the Somogyi effect is not associated with this type 
of insulin. However, it would be wise to recommend that any patient taking insulin of any kind occasionally 
obtain a blood glucose in the middle of the night just to get a sense of how well covered she/he is during 
this time. 

DIABETIC KETOACIDOSIS (DKA) 

Diabetic ketoacidosis (DKA) is a complication which usually develops over a relatively longer period of 
time than the acute complications. However, DKA can begin to develop within hours of pump failure in the 
individual whose insulin needs are met by an insulin pump since the pump uses only rapid-, short-acting) 
insulin. 

The pathophysiology of uncontrolled/undiagnosed diabetes explains this phenomenon. A diabetic in 
ketoacidosis may be an undiagnosed diabetic, or might be one that is known, but is not under control. 
Accidental or willful omission of insulin is a common cause in the diagnosed diabetic, as is mistakenly 
taking too little insulin. Diabetics who are very poor and/or uneducated may simply stop taking their usual 
dose of insulin in an effort to cut costs. 
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Overwhelming infections, surgery, pregnancy, trauma, and puberty which increase the metabolic needs 
of the body result in an increased need for insulin. Last, insulin resistance due to antibody development 
leads to the need for higher doses of insulin. If these needs are not met, ketoacidosis can result. Severe 
hyperglycemia along with glycosuria, ketonemia, ketonuria, dehydration and a low blood pH are part of the 
laboratory picture in DKA. Though most common in DMT1, ketoacidosis can occur in the individual with 
DMT2 who is under extreme stress (physical or emotional) which could increase metabolic needs beyond 
that with which her/his body could deal. 

Treatment of DKA requires hospitalization for carefully monitored fluid and electrolyte replacement and 
insulin administration. The fluid and electrolyte imbalances can be life-threatening. 

LONG-TERM COMPLICATIONS 

The chronic complications of diabetes are the major cause of morbidity and mortality of those with the 
disease. Most of these complications appear to be due to the effects of the chronic derangement of tissue 
metabolism. This may be due to elevated glucose levels, reduced insulin activity, malfunctioning enzymes, 
or other biochemical abnormalities, but the exact cause is not known. Long-term complications appear to 
be the result of micro- and macroangiopathies. Coronary artery disease, cerebrovascular disease, 
peripheral vascular disease, renal insufficiency and/or failure, neuropathies, and blindness are the main 
problems. Diabetes is considered a major risk factor for cardiovascular disease (U.S. Department of Health 
and Human Services, 2003). 

Because research has not determined the underlying causes of these complications, it is difficult to 
advise a diabetic patient on ways to absolutely prevent them. There is a connection, however, between 
better control of blood glucose -- fewer and less extreme fluctuations between very high and very low levels 
-- and prevention or delay of complications, as was demonstrated in the results of the DCCT (Reichard, 
Nilsson, & Rosenqvist, 1993) and the UKPDS (United Kingdom Prospective Diabetes Study Group, 1998). 
It is on this basis that diabetics are urged to maintain control of their blood glucose and to develop a 
lifestyle of moderation based on the cornerstones of treatment. 

In contrast, numerous other scientifically sound studies found no statistically significant differences in 
cardiovascular mortality among those with  A1c < 6.5% at 5 years or A1c < 6.0% at 5.6 years (Advance, 
2008 and Duckworth et al., 2009 as cited in Wysham, 2017). Clearly, not all individuals derive the same 
benefits from tight blood glucose control, and the causative factors of cardiovascular disease in persons 
with diabetes need to be further explored. 

A side effect of the incretin mimetic group, GLP-1 agonists, has been found to reduce the risk of 
cardiovascular events. Examples of this group of drugs used to treat DMT2 are liraglutide, exenatide, and 
dulaglutide. 

“TIGHT CONTROL” 

Tight control of blood glucose refers to maintaining blood glucose levels such that they fluctuate very 
little from the pattern found in persons who do not have diabetes. The closer to non-diabetic normals, the 
better in terms of diabetes “control”. Results of the DCCT provided evidence that the closer to normal the 
BG remains, the less likely the development of complications in those with DMT1 (Reichard, Nilsson, & 
Rosenqvist, 1993). Similar findings among the DMT2 population were found in the Prospective Diabetes 
Study (UKPDS) and published in 1998 (United Kingdom Prospective Diabetes Study Group, 1998). 

Such control is not without inherent risks, however. The danger of the development of severe 
hypoglycemia (which includes the risk of brain damage and/or death) must be weighed against the benefits 
previously listed. Consequently, tight control is not recommended for certain groups of people with diabetes 
– those with a history of frequent episodes of severe hypoglycemia, children, the elderly, persons with heart 
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disease or related complications, and those insensitive to the signs and symptoms of low blood sugar 
(hypoglycemia insensitivity). 

ADVANTAGES OF REGULAR MONITORING FOR COMPLICATIONS 

Changes that indicate developing problems related to diabetes can often be identified and treated even 
before the individual is aware of symptoms. It is because of this that people with diabetes are urged to have 
regular (every three to six months) physical examinations inclusive of blood tests and urinalyses, 
cardiovascular and neurological evaluations, and regular ophthalmological checkups. An ophthalmologist 
(physician of the eye) is the appropriate professional to consult for a retinal exam, not an optometrist or 
optician. 

Serious retinal changes (retinopathy) that may initially go unnoticed by the individual, can be curtailed by 
the use of photocoagulation (laser), a relatively painless therapy which stops leakage from microaneurysms 
in the vasculature of the retina if discovered early. It is important, however, to catch such problems as soon 
as possible, so regular complete eye examinations (including a funduscopic exam – means a complete 
retinal exam) – at least every year – are recommended. 

A urine test for microalbuminuria and urine creatinine is available to detect the very earliest signs of 
renal damage and is recommended to be performed at least annually on all patients with diabetes. The 
American Diabetes Association recommends the addition of a medication in the classes of ACE inhibitors 
(angiotensin-converting-enzyme inhibitors) or ARBs (angiotension receptor blockers) to be instituted in the 
non-pregnant diabetic patient who shows albuminuria (2018). These drugs have been shown to slow the 
rate of loss of renal function in patients with diabetic nephropathy (White, 2007). Instituting these drugs in 
normotensive patients with diabetes and no evidence of albuminuria is not recommended (American 
Diabetes Association, 2014, p. S42, American Diabetes Association, 2018). In addition, dietary changes 
inclusive of protein restrictions can be instituted to curtail further damage when this test reveals the 
beginning of renal problems. 

Nephropathy is a serious complication of both DMT1 and DMT2. Early detection (through the use of the 
microalbuminuria and urine creatinine test) can allow for effective interventions. 

The procedure of renal transplant has been well developed over the past twenty years. The advent of 
immunosuppressive drugs such as cyclosporin and FK506 and others has greatly enhanced the success 
rate of these life-saving operations. This is important information for any diabetic, but especially those with 
renal insufficiency due diabetes. Because diabetes is a systemic disease, both kidneys are generally 
affected at the same time. 

Peripheral vascular disease (PVD) is manifested by the loss of normal circulation predominantly in the 
lower extremities. Poor healing of wounds and coldness of the feet are typical complaints. Regular attention 
to daily monitoring of the lower extremities, prevention of injuries (no barefoot walking), early treatment of 
wounds, and avoidance of constricting the circulation are important activities in this regard. The 
combination of PVD and peripheral neuropathy is the key factor in the development of foot problems in the 
diabetic. Hence, the importance of teaching diabetic patients the importance of daily foot examinations and 
the importance of not walking barefoot. 

The increased incidence of premature coronary artery disease (CAD) in persons with diabetes has been 
noted. Untreated hypertension contributes to CAD and is common in people with type 2 diabetes. 

Neuropathies are reflected in decreased sensitivity in the extremities, peripheral neuropathy, autonomic 
neuropathy (e.g., gastroparesis), and impotence. Both male and female diabetics should be offered the 
opportunity to discuss sexual functioning with their health care provider and, if necessary, to be referred to 
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a specialist. Methods are available to help the diabetic suffering from impotence, but these cannot be 
explored if the problem is not discussed. 

Last, diabetic dermopathy (DD) is another complication of diabetes, though less well known than many 
of the others. It is also considered a hallmark of the presence of diabetes so should be considered another 
risk factor. So, what is it? Diabetic dermopathy presents as discrete brown spots distributed asymmetrically 
on the lower extremities. The spots are of varied sizes and are well demarcated. They are typically 
nonblanching, hyperpigmented macular lesions that develop over time on the anterior aspect of the lower 
legs. They are asymptomatic – cause no discomfort or itching. They are not associated with trauma. The 
longer the duration of the diabetes, the greater the number of patients who have DD. It is most common in 
males older than 50 years of age. The presence of DD has been found to be associated with serious 
vascular complications (Trace & Nunley, 2013). 

DIABETES CARE DURING COMMON ILLNESSES 

Common illnesses such as colds and the flu can have more serious effects on the person with diabetes 
than on the non-diabetic. Sometimes, the physiological response to the stress of an illness can upset the 
diabetic's metabolic balance causing hyperglycemia and ketonemia. Illnesses which cause anorexia or 
nausea and vomiting are especially difficult for diabetics who take insulin because they must not simply 
stop taking insulin while not eating. Basal metabolic needs persist despite the lack of intake and 
ketoacidosis may result if insulin is stopped. 

During times of illness, insulin or oral agent dosage might need to be revised but this should be done 
only on the advice of the individual's health care provider. Generally, the treatment is to reduce the dosage 
by a certain percentage, take liquids which will provide fluid and glucose needs, and monitor the blood 
glucose more frequently than usual to avoid either hyper- or hypoglycemia. 

The best advice for the person with diabetes is to discuss illness care with his/her health care provider 
prior to an illness, so that steps can be taken in a timely manner to assure one's safety should an illness 
occur. It is wise to keep on hand sugar-based (regular) soft drinks so that if nausea and/or vomiting prevent 
eating or the retention of food and blood glucose begins to drop as a result, one might be able to maintain 
blood glucose by drinking regular colas and other sugar-laden soft drinks. 

It is also wise to keep on hand soups and crackers that could suffice as small meals, should the need 
arise. Keeping an anti-emetic in the medicine cabinet – either an over-the-counter anti-nausea/anti-emetic 
or a prescription drug for this purpose – is also a wise precaution. 

 

UNIT V: CURRENT RESEARCH 

OBJECTIVE 

 Describe current research activities. 

CAUSES OF DIABETES 

Current research involves the search for the causative factors in the development of diabetes mellitus – 
both DMT1 and DMT2. Evidence to support the multi-factor theory for the development of DMT1 has been 
gathered over the years. The absolute lack of insulin which develops in DMT1 is believed to be the result of 
genetic and environmental influences that culminate in an auto-immune response that destroys the insulin-
producing function of the islet cells in the pancreas. The resulting loss of function is the root cause of the 
development of DMT1. 
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Causative factors for DMT2 are believed to be genetic as well, though the underlying defects have not 
yet been determined conclusively. Whatever the causative factors, insulin resistance is the culprit in the 
ultimate development of this disorder, not the absence of insulin. 

PREVENTING DMT1 

Current research about DMT1 can be reviewed by accessing Type 1 Diabetes TrialNet at the following 
site: http://www.diabetestrialnet.org/index.htm  (Link functional as of 08/16/18.) 

This site reports about studies performed by an international network of researchers who are looking 
into ways to prevent, delay, and/or reverse the progression of DMT1.This site reports about studies 
performed by an international network of researchers who are looking into ways to prevent, delay, and/or 
reverse the progression of DMT1. 

TrialNet was established in response to the Surgeon General's Report Healthy People 2010. This report 
identified diabetes as a national health objective for the Nation. In response to the report, Congress created 
the Diabetes Research Working Group (DRWG) to develop a plan for diabetes research. One 
recommendation of the DRWG was to conduct additional research studies (clinical trials) to prevent type 1 
diabetes. TrialNet is conducting clinical trials with researchers from 18 Clinical Centers in the United States, 
Canada, Finland, United Kingdom, Italy, Germany, Australia and New Zealand. In addition, more than 150 
medical centers and physician offices are participating in the TrialNet network. Studies are available for 
people newly diagnosed with type 1 diabetes, as well as for relatives of people with type 1 diabetes who 
are at greater risk of developing the disease. 

Preventing diabetes is a much sought-after goal. But first, a way to identify susceptible individuals (those 
at risk for DMT1) had to be determined. Accordingly, research efforts in part have focused on discovering 
predictive markers - immunologic abnormalities that can be detected in the blood of those who eventually 
develop DMT1 – and other factors that can be used to predict the eventual development of DMT1. Such 
predictive markers would serve as warnings of impending or ongoing autoimmune destruction in advance 
of actual symptoms of the disease (Ziegler, Herskowitz, Jackson, Soeldner, & Eisenbarth, 1990). 

Through The Diabetes Prevention Trial – Type 1 (DPT-1), one such marker was identified: islet cell 
autoantibodies (ICA) among first-degree relatives of individuals with DMT1. Another, immunologically 
based marker identified was insulin autoantibodies. A third predictor, a first-phase insulin release after 
intravenous glucose of less than the 1st percentile, was also identified (Riley et al., 1990). 

Once predictive markers were identified, studies were implemented to test theories about ways to 
prevent the development of DMT1. One study examined whether the administration of insulin to relatives of 
individuals with DMT1 who were at risk for developing DMT1 could delay or prevent the development 
thereof. The study results indicated that insulin (in the dosage used in the study) neither delayed nor 
prevented the development of DMT1 in individuals at risk for developing the disorder. Note: In this study, 
low-dose subcutaneous Ultralente insulin was administered twice daily at a total dose of 0.25 unit per 
kilogram of body weight per day. In addition, subjects underwent four days of continuous intravenous 
infusions of insulin, annually. Median follow-up of subjects was 3.7 years. The diagnosis of DMT1 was the 
primary end point of the study (The Diabetes Prevention Trial – Type 1 Study Group, 2002). 

Another study examined whether oral insulin administration could prevent or delay the development of 
DMT1 in relatives of individuals with the disorder. The conclusion? While it was possible to identify 
individuals at risk for DMT1, based on the detection of islet cell autoantibodies, exposure to oral insulin 
neither delayed nor prevented DMT1. Further studies of similar individuals with higher levels of insulin 
autoantibodies were recommended (The Diabetes Prevention Trial – Type 1 Study Group, 2005). 

http://www.diabetestrialnet.org/index.htm
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Research Focused on the Prevention of Type 1 Diabetes Study can be reviewed at the Type 1 Diabetes 
TrialNet website at: http://www.diabetestrialnet.org/studies/index.htm . Go to “Our Research”. (Link 

functional as of 08/16/18.) 

Other studies have continued to refine the clues that predict the development of DMT1: 

Abundant evidence indicates that type 1 diabetes occurs as a result of chronic, 
immunologically mediated destruction of pancreatic B-cells. Support for type 1 diabetes' 
pathogenetic chronicity includes the presence of islet cell autoantibodies well before the 
onset of type 1 diabetes…. Metabolic abnormalities that include a deficient first-phase 
insulin response … and impaired glucose tolerance … have also been found to be 
present before type 1 diabetes occurs. However, the pattern of metabolic evolution to 
type 1 diabetes has not been characterized as yet. (Sosenko et al., 2006, p. 643) 

Another study, "The Natural History Study of the Development of Type 1 Diabetes," examined 
individuals who were at the greatest risk of developing DMT1 to further the understanding of how DMT1 
occurs. Because relatives of people with DMT1 are at significantly greater risk of developing the disease 
than are people with no family history, subjects included12,636 blood relatives of people with DMT1. Nearly 
5% of the subjects were found to have one or more antibodies associated with DMT1. More can be learned 
about this study at http://www.ncbi.nlm.NIH.gov/pubmed/18823409 where a synopsis of the study is 
reported, and where the full citation for further reading can be found. (Copy and paste link to browser. 
Functional as of 08/16/18.) 

PREVENTING DMT2 

While the information in the following two paragraphs was provided previously in this self-study, its 
significance warrants repeating: 

There are an estimated 25.8 million people of all ages in the United States (8.3% of the population) who 
have all types of diabetes. Approximately 18.8 million of these know it; the rest -- 7.0 million -- are unaware 
(National Diabetes Information Clearinghouse (NDIC), 2011). Seven million people in this country have 
diabetes but remain undiagnosed. To add to these dismal facts, the Centers for Disease Control and 
Prevention (CDC) has indicated that approximately 57 million Americans have pre-diabetes (FBG 100-125 
mg/dL or A1C of 5.7% - 6.4% on two separate days) (Centers for Disease Control and Prevention, 2011), a 
condition which, if left untreated will likely lead to diabetes. These are alarming facts with serious health 
and economic consequences, and the numbers are rising every day. 

Over the past thirty years, obesity rates among children in the United States have tripled (Ogden et al., 
2006). No doubt, the reasons for what has been called an epidemic of childhood obesity could comprise a 
long list including increased time in sedentary activities – using the computer or watching television, or 
playing video games -- rather than actively playing. Other factors relate to the increase in marketing and 
advertising directed at children. Violence in the streets may have caused parents to prefer to keep their 
children inside where they are perceived to be safe, rather than outside, playing and at risk. No doubt, 
there are many reasons, but they all boil down to one problem: More energy is consumed than is used 
(Sacheck, 2008). 

In the past, DMT2 occurred mainly in adults who were overweight and older than 40 years. Now, as 
more children and adolescents in the United States become overweight, obese and inactive, type 2 
diabetes is occurring more often in young people. There is a direct correlation between the rise in the 
incidence of DMT2 among the nation’s youth and the rise in obesity in this population.The American 
Diabetes Association now recommends screening for DMT2 or pre-diabetes in children and adolescents 
who are overweight/obese and have one or more risk factors (2018). 

http://www.diabetestrialnet.org/studies/index.htm
http://www.diabetestrialnet.org/patientinfo/studies/natural-history.htm
http://www.ncbi.nlm.nih.gov/pubmed/18823409
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The National Institutes of Health implemented a study (the Diabetes Prevention Program) (DPP) in 1998 
(with recruitment of subjects ending in 1999) to determine whether reducing blood glucose levels in 
persons with impaired glucose tolerance (IGT) – a condition often noted as a precursor of DMT2 - could 
help to prevent or delay development of DMT2. The DPP was a major clinical trial involving 3,234 
overweight people with impaired glucose tolerance. The study compared (1) intensive lifestyle changes 
consisting of diet and exercise; (2) treatment with the oral diabetes drug metformin (850 mg twice a day); 
and (3) placebo (a control group that took placebo pills in place of metformin). The second and third groups 
also received standard information on diet and exercise. 

On the advice of the DPP's data monitoring board, the trial ended a year early because the data had 
clearly answered the main research questions: Diet and exercise dramatically delayed the development of 
DMT2, as did the medication, metformin, with diet and exercise demonstrating the more powerful influence 
(Diabetes Prevention Program Research Group, 2002). 

The American Diabetes Association (2018) recommends the use of metformin for the prevention of type 
2 diabetes for patients with pre-diabetes who are at the highest risk – multiple risk factors – and particularly 
if they demonstrate progression of hyperglycemia (e.g., A1C > 6.0%) despite lifestyle interventions. 

EFFECTIVE CONTROL AND NEW WAYS OF ADMINISTERING INSULIN 

Research also involves the attempt to discover the correlates of effective control. In other words, what 
factors provide for a healthy, satisfying life and prevent complications at the same time? One theory that 
has been supported in research is that tighter control of the blood glucose simulates normal body function. 
Tight control has been shown to prevent or delay complications in persons with type 1 diabetes (Reichard, 
Nilsson, & Rosenqvist, 1993), as well as in those with type 2 diabetes (United Kingdom Prospective 
Diabetes Study Group, 1998). These citations refer to the Diabetes Control and Complications Trial 
(DCCT) and the United Kingdom Prospective Diabetes Study (UKPDS) respectively. 

Methods of more frequent insulin administration have been developed with the usefulness of tight blood 
glucose control in mind. The insulin pump provides for continuous exogenous insulin infusion (basal 
infusion) as well as intermittent patient-controlled/pump calculated bolus insulin administration (bolus 
infusion). The pump can be used for treatment of both DMT1 and DMT2. It has both advantages and 
disadvantages with regard to diabetes control. 

The insulin pump was designed to administer ultra rapid-acting or regular insulin, only. As such, it 
provides the above infusion types (basal and bolus), and allows for more continuous blood sugar control 
than any other regimen or type of insulin can provide. As such, this is a powerful advantage of insulin pump 
therapy. Because of the ability to set different rates based on different times of the day, the insulin pump's 
efficacy exceeds that of the peakless insulins now available. 

However, when an individual who uses a pump needs or wants to go without the pump for an extended 
period of time (pump malfunction or spending all day at a water park), she/he must appreciate that there is 
NO INSULIN when the pump is detached. At such times, one of the peakless insulins (insulin glargine or 
insulin detemir ) can be used. For this reason, the peakless insulins are often referred to as "The Pumper's 
Holiday" insulins! 

A distinct disadvantage of pump therapy is the cost – upfront, recurrent, and hidden costs. The tables 
below are used for reference, only (since they were published in 2002) and may not reflect current facts: 
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Initial Costs Associated with Insulin Pump Use 

Pump Manufacturer Initial Estimated Costs of Pump and Supplies* 

Disetronic Medical Systems (acquired by the Roche 
Group in 2003) – makes the Accu-Chek Spirit® 

insulin pump 

(Kanakis, Watts, & Leichter, 2002, p. 214-215)* 

 

$5,000–5,500* 

Medtronic Minimed Paradigm Revel®** $5,700** 

 
*Please recognize the publication date of this information and appreciate that the estimated costs have probably increased 
over the years. 
**Information accessed 05/28/18 at the following link: https://www.adwdiabetes.com/product/20274/minimed-paradigm-revel-
723-pump-link-software-
blue?utm_source=google&utm_medium=cpc&utm_campaign=shopping&gclid=Cj0KCQjw0a7YBRDnARIsAJgsF3PxiMb2HairO
zFoIYS4pYFNbCj8Qw6tcJtNQzfqY2OePSBd1K2heHcaAmNfEALw_wcB 

 

 

Estimated Annual Costs Associated with Available Insulin Delivery Technologies 

Therapy Type* Annual Cost of Supplies** 

Syringe-injected insulin $1,000 

Pen-injected insulin $3,000-4,500 

Insulin pump therapy $2,300-4,300 

(Kanakis, Watts, & Leichter, 2002, p. 214-215) 

*Annual insulin cost was based on the administration of 50 units of rapid-acting insulin per day, or a monthly consumption of 
1,500 units. Prices were based on retail figures accumulated in Seattle, WA during the time period defined in the report. 

**Annual costs of supplies reflects monthy use of 100 syringes or 100 pen needle tips or the estimated monthly cost of insulin 
pump infusion sets (Kanakis, Watts, & Leichter, 2002, p. 215). 

The above two tables are included in this self-study simply as a way to emphasize the economic factors 
related to insulin therapy. The figures are quite dated and, since they reflect data obtained from a limited 
area (one city in the US). 

Recognize that the above tables do not address the cost of the increased number of daily self-blood 
glucose assessments warranted when an individual is using pump therapy. While this is a completely 
patient-initiated action, and can be increased or decreased in number according to the patient, individuals 
on pump therapy are advised to test their blood glucose at least four times each day. 

Fortunately, Medicare and Medicaid plans, as well as most health insurance companies' plans, will 
cover the cost of pump therapy after the necessary approvals and verifications of need have been 
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obtained. However, those individuals who, because of their insurance benefit plans, must share part of the 
cost, the total upfront and recurrent out-of-pocket expenses can be significant. 

Other (hidden) costs are incurred in terms of financial issues for health care providers who prescribe 
insulin pump therapy. Office personnel must be educated about it so that they can teach proper pump use. 
More frequent office visits are initially necessary to provide for adjustment of insulin rates and doses. 

In addition to the pump-user's commitment to regular and frequent self-blood glucose determinations, 
he/she must learn and religiously use the technique of carbohydrate (gram) counting for dietary control.  

For more information about insulin pumps/insulin pump therapy refer to the following web pages: 

Medtronic Diabetes: http://www.medtronicdiabetes.com/home  

Comparison of insulin pumps that are commercially available: 
http://www.diabetesnet.com/diabetes_technology/insulin_pump_models.php  

Both links functional as of 08/16/18. 
 

A NEW WAY TO TAKE INSULIN 

Research on alternative methods of insulin administration has explored inhalable routes. A new form of 
insulin administered by the inhalation route was found to control postmeal glycemia with minimal weight 
gain – Afrezza ® -- inhalable insulin powder, and was approved by the Food and Drug Administration in 
2014. It is prescribed to be taken immediately before meals, much the way short-acting or rapid-acting 
insulin would be prescribed pre-prandial. In those with type 1 diabetes, inhalable insulin must be used in 
conjunction with long-acting, basal insulin. If interested, check out this web site: https://afrezza.com/  (Link 
functional as of 08/16/18.) 

NONINVASIVE AND CONTINUOUS BLOOD GLUCOSE MONITORS 

In the early decade of the 21st century, devices to provide noninvasive measurements of blood glucose 
(the GlucoWatch® and the Pendra®) were developed and marketed. Unfortunately, they proved themselves 
less than desirable for one reason or another. No such devices are currently on the market. 

Continuous blood glucose monitoring has been the focal point of research over the past several years.  
As a result, manufacturers have produced the technology and equipment to achieve that goal AND to allow 
the information to be communicated directly to the insulin pump. One example is the continuous glucose 
monitoring system offered by Medtronic. Read more about this at 
http://www.medtronicdiabetes.com/treatment-and-products/guardian-real-time-cgm-system .(Link functional 
as of 08/16/18.) 

This technology is especially useful for people who do not recognize when their blood sugar is 
dangerously low (hypoglycemia unawareness) or high, or is changing rapidly. Low and high alerts can be 
set to alarm when the blood glucose has reached the predetermined limits. Rate of Change alarms (sounds 
and vibrations) occur when blood glucose levels are changing rapidly so that the individual can alter insulin 
dosage and/or treat hypoglycemia earlier than ever before. The technology in continuous blood glucose 
monitoring is moving toward a completely closed system. 

New device prototypes for providing continuous blood glucose monitoring are being developed. 
Randomized controlled studies comparing glucose control among men and non-pregnant women with 
DMT1 using self-monitoring of blood glucose (SMBG) or continuous glucose monitoring (CGM) concluded 
that CGM was associated with significantly greater A1C reductions than SMBG. In addition, experiences 

http://www.medtronicdiabetes.com/home
http://www.diabetesnet.com/diabetes_technology/insulin_pump_models.php
https://afrezza.com/
http://www.medtronicdiabetes.com/treatment-and-products/guardian-real-time-cgm-system
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with hypoglycemia were less frequent with the CGM group (Pickup, Freeman, & Sutton, 2011). These 
findings provide significant application to healthcare providers' understanding of ways to enhance blood 
glucose control for some people with diabetes. Medtronic’s Minimed Paradigm Revel® is a pump that 
includes a built-in continuous blood glucose monitor. Take a look at it at the following link: 
https://www.medtronicdiabetes.com/products/minimed-revel-insulin-pump   (Link functional as of 08/16/18.) 

TRANSPLANTATIONS: PANCREAS AND ISLET CELLS 

The American Diabetes Association's Position Statement, "Pancreas and Islet Transplantation in Type 1 
Diabetes," was published in 2006 in Diabetes Care. Successful pancreas transplantation has been shown 
to significantly improve the quality of life of people with DMT1. However, pancreas transplantation has 
historically been considered as a therapeutic option only for those individuals with DMT1 who have 
imminent or established end-stage renal disease. 

Foster et al. (2018) implemented a study of individuals with type 1 diabetes who underwent islet cell 
transplantation and followed them for two years. Statistically significant findings were documented with 
regard to normalization of A1c and freedom from severe hypoglycemic reactions as well as quality of life. 

In the past, the American Diabetes Association Position Statement advised that a pancreas-only 
transplant was recommended only when the patient suffered from frequent, severe metabolic complications 
(e.g. diabetic ketoacidosis, hypoglycemia, and/or significant hyperglycemia) that required medical 
intervention, had difficulties associated with the administration of insulin that were incapacitating, or the 
patient's insulin regimen had failed to prevent acute complications (American Diabetes Association, 2006). 

For some time, simultaneous pancreas-kidney transplantation has been considered the treatment of 
choice for people with DMT1 and kidney dysfunction (Weiss, Smits, & Wiseman, 2009). However, with 
improvements in all aspects of pancreas transplantation, the above positions may be debated. Patient 
survival rates after pancreas transplantation  reported in 2013 were > 95% at one year and > 88% at five 
years. Similarly, survival of grafts was nearly 85% at one year and was more than 60% at five years 
(Gruessner & Gruessner, 2013, p. 555). "Pancreas transplants should be more frequently offered to 
nonuraemic patients with brittle diabetes mellitus to prevent the development of secondary diabetic 
complications and to avoid the need for a kidney transplant" (p. 1). 

The first human pancreas transplant procedure was performed in 1966 at the University of Minnesota. 
By mid-1994 more than 6,500 pancreas transplants had been reported to the International Pancreas 
Transplant Registry (then housed at the University of Arizona in Tucson). Details of the programs at the 
University of Arizona’s Health Sciences College of Medicine, Tucson can be accessed at the following: 
http://surgery.arizona.edu/search/node/International%20Pancreas%20Transplant.  

In 2008, data collected worldwide showed that patients with diabetes mellitus received the largest 
percentage of pancreas transplants (96.6%). Unfortunately, not every institution's reports are forthcoming, 
so these data reflect only those transplants performed in the United States (Gruessner, Sutherland, & 
Gruessner, 2010). 

For many individuals with DMT1 (and some with DMT2), a pancreas transplant is the only treatment that 
provides the opportunity to achieve normal blood glucose without significant hypoglycemia, provided the 
transplant is successful. In addition, the normalization of the underlying glycemic problems can lead to 
stopping, preventing, or reversing the complications of diabetes (Gruessner & Gruessner, 2013, p. 555). 

The islets of Langerhans (cells in the pancreas that produce insulin) represent another avenue of 
transplantation research in terms of interventions for people with DMT1. Exogenous insulin independence 
has been achieved through islet cell transplant worldwide (Berman et al., 2009), but "islet recipients rarely 
maintain long-term insulin independence" (Gruessner & Gruessner, 2013, p. 556). One reference noted 

https://www.medtronicdiabetes.com/products/minimed-revel-insulin-pump
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only 80% of islet cell transplant recipients were "insulin independent" at one year post-transplant (Gaba, 
Garcia-Roca, & Oberholzer, 2013). No statistics were included on status of recipients at two or more years 
post-islet cell transplantation, however. The procedure for transplantation of islet cells has been to obtain 
the islets from cadaver donors and to implant them in the recipient's liver. While effective in achieving the 
goal of insulin independence (at least temporarily), intrahepatic transplantation has many disadvantages 
(Berman et al., 2009). 

Consequently, new avenues of transplantation of islet cells are the focus of current research. Studies 
have been implemented to determine other ways to transplant islet cells. One study examined a novel 
approach to islet cell transplantation in diabetic monkeys. For reasons outlined in the study, the greater 
omentum (a transparent extension of the peritoneum that covers the large and small intestines in humans 
and other primates) was selected from which to construct a "pouch" to receive islet cell transplants. The 
results of the study suggested that the greater omentum "pouch" technique has potential to serve as 
another site for islet cell transplantation (Berman et al., 2009). 

USE OF ASPIRIN AS A PREVENTION STRATEGY FOR CARDIOVASCULAR DISEASE 

The American Diabetes Association has also researched the various recommendations relative to the 
use of aspirin as a primary or secondary prevention strategy for cardiovascular disease (CVD), and has 
published a position statement, "Anti-Platelet Agents – Recommendations." The recommendations are 
daily aspirin at a dosage of 75-162 mg should be taken by men and women with diabetes who have a 
history of atherosclerotic cardiovascular disease (CVD) (or a comparable dose of clopidogrel for those who 
are allergic to aspirin). Others who should received 75-162 mg per day of aspirin are diabetic men over 50 
years of age and diabetic women over 60 years of age who have at least one additional major risk factor 
e.g. hypertension, a family history of CVD, dyslipidemia or albuminuria, or who smoke (American Diabetes 
Association, 2018, p. S95). 

Resources for Learning about Diabetes Research 

For current news about diabetes research, access the American Diabetes Association at: 
http://www.diabetes.org 

The Joslin Diabetes Center's research activities can be accessed at "Clinical Research" at the 
following link: https://joslinresearch.org/message-from-the-director-of-research-chief-scientific-officer  

(Links functional as of 08/16/18.)  

 

 

https://joslinresearch.org/message-from-the-director-of-research-chief-scientific-officer
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RESOURCES 

 American Camp Association 

o 5000 State Road 67 North 
Martinsville, IN  46151-7902 
1-800-428-2267 
1-765-342-8456 
Fax: 765-342-2065 

o Web: http://find.acacamps.org/camp_profile.php?camp_id=1835      

o Contact the above for information on summer camps for children with diabetes in the U.S.   

 American Diabetes Association 

o 1701 North Beauregard St. 
Alexandria, VA 22311 
1-800-DIABETES (1-800-342-2383) 

o Web: http://www.diabetes.org  

o Publishes Diabetes Forecast ($28 for a full year's subscription which is suitable for lay people). Search for 
"Diabetes Forecast" on the front page of the web site. 

 Academy of Nutrition and Dietetics (formerly, "The American Dietetic Association")  

o The Chicago-based Academy of Nutrition and Dietetics is the world's largest organization of food and 
nutrition professionals, with nearly 75,000 members. "Visit the Academy of Nutrition and Dietetics online 

24 hours a day, seven days a week, at your convenience and discover a wealth of information at your 
fingertips!"  

o Web: http://www.eatright.org 

o Headquarters 
Academy of Nutrition and Dietetics 
120 South Riverside Plaza, Suite 2000 
Chicago, Illinois 60606-6995 
Call 1-800-877-1600 for information 

o Washington, D.C. Office 
Academy of Nutrition and Dietetics 
1120 Connecticut Avenue NW, Suite 480 
Washington, D.C. 20036 
Phone: 1-800-877-0877 

 Children With Diabetes 

o On-line community for children, families, and adults with diabetes. 

o Web:  http://www.childrenwithdiabetes.com 

 Joslin Diabetes Center 

o One Joslin Place 
Boston, MA 02215 

o Web:  http://www.joslin.harvard.edu 

o This web site has a wealth of information about diabetes. 

http://find.acacamps.org/camp_profile.php?camp_id=1835%20%20%20%20%20
http://www.diabetes.org/
http://www.eatright.org/
http://www.childrenwithdiabetes.com/
http://www.joslin.harvard.edu/
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 Juvenile Diabetes Research Foundation International (JDRFI)  

o 26 Broadway 
New York, NY 10004 
Phone: 1-800-533-CURE (2873) 
Fax: (212) 785-9595 

o Web:  http://www.jdrf.org 

o Main objectives of JDRFI are  finding a cure for DMT1 and providing resources for individuals with DMT1. 

 Medic Alert Foundation  

o Web:  http://www.medicalert.org 

o Call 1-888-633-4298 for information. 

o MedicAlert Foundation is a nonprofit organization providing 24-hour emergency medical information and 
identification service.  For more than 50 years, Medic Alert Foundation International has been available to 
relay vital medical information to emergency care providers about members' medical conditions, allergies, 
medications and dosages.  Membership requires an annual fee.   

 Medtronic Diabetes  

o Information about insulin pump therapy and continuous glucose monitoring 

o Web:  http://www.medtronicdiabetes.com 

 National Institute of Diabetes and Digestive and Kidney Diseases  

o 1 Information Way 
Bethesda, MD  20892-3560 
Telephone:  1-800-860-8747 
Fax:  1-703-738-4929 

o Web:  http://diabetes.niddk.nih.gov/ 

 

FUNCTIONALITY OF EACH OF THE ABOVE LINKS WAS VERIFIED 08/16/18. 

http://www.jdrf.org/
http://www.medicalert.org/
http://www.medtronicdiabetes.com/
http://diabetes.niddk.nih.gov/
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GLOSSARY 

alpha cells of the pancreas -- secrete glucagon in response to decrease in blood glucose 

beta cells of the pancreas -- secrete insulin in response to increase in blood glucose 

compliance -- adherence to prescribed treatment regimen 

DPP-4 -- dipeptidyl peptidase 4. This is an intestinal enzyme that blocks the action of hormones such as 
GLP-1 (see "glucagon-like peptide-1" below). 

DPP-4 inhibitors -- a class of drugs used to treat DMT2 (and, in conjunction with insulin, DMT1) which 
block the action of DPP-4 and thereby lead to an increase in GLP-1. The end result of the actions of DPP-4 
inhibitors is the enhanced secretion of GLP-1 (glucagon-like peptide-1). Two examples of DPP-4 inhibitors 
are sitagliptin and saxagliptin. 

DKA -- Diabetic KetoAcidosis; a form of metabolic acidosis due to insufficient insulin and the 
consequences of the chemical changes which occur as a result 

endogenous -- from within the body 

exogenous -- from outside the body; exogenous insulin is that insulin which is injected into the body from 
an outside source 

glucagon -- hormone secreted by alpha cells of pancreas; stimulates breakdown of glycogen and release 
of glucose by the liver 

GLP-1 -- glucagon-like peptide-1 – a naturally occurring hormone that is secreted by intestinal cells in 
response to the ingestion of food. Such chemicals are called incretins. GLP-1 stimulates the islet cells in 
the pancreas to produce insulin (possible in DMT2; not possible in DMT1). GLP-1 also slows gastric 
emptying, reduces appetite, increases the sense of satiety, and suppresses glucagon secretion. GLP-1 has 
a very short activity period because it is degraded by the enzyme, dipeptidyl peptidase 4 (DPP-4). An 
example of a GLP-1 is exenatide. 

glucometer -- a device designed for self-monitoring of blood glucose 

gluconeogenesis -- formation of glycogen from non-carbohydrate sources such as proteins and fats; 
occurs in liver under conditions of starvation or in any case when the body is deprived of sufficient glucose 
to meet its needs; occurs in uncontrolled/undiagnosed diabetes, despite hyperglycemia, because glucose 
cannot be used by the body due to the lack of insulin 

glucose reagent strips -- materials treated with a substance which indicates varying amounts of glucose 
in the blood; usually used with a glucometer 

glucosuria -- glucose in the urine 

glycogen -- a storage form of glucose; converted into glucose when needed by the influence of the 
hormone, glucagon 

glycosylated hemoglobin -- component of hemoglobin molecule which can be measured to indicate 
average blood glucose over past three months; also called hemoglobin A1C, HgbA1c, HbA1c, and A1C 
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HHS -- Hyperosmolar Hyperglycemic State; a pathophysiological state due to excessive blood sugar 
typically without ketonemia; previously called HHNK (Hyperglycemic Hyperosmolar Nonketotic coma) until 
it was determined that it sometimes occurs in the presence of ketones 

hyperglycemia -- high blood glucose 

hypertonic -- having a higher osmotic pressure than a compared solution; a concentrated solution 

hypoglycemia -- low blood glucose 

immunosuppressive drug -- blocks the body's response to foreign tissue; also known as anti-rejection 
drug; examples are cyclosporine, Imuran, and FK506 

ketonemia -- ketones in the blood 

ketonuria -- ketones in the urine 

metabolic acidosis -- abnormally low pH of the blood due to aberrant metabolic processes in the body 

microalbuminuria -- protein elements indicative of kidney disease which appear in the urine at the earliest 
stages of the problem; detectable by a urine test 

negative nitrogen balance -- metabolic state in which amount of nitrogen ingested is less than the amount 
excreted; could be the result of insufficient intake or excessive protein breakdown or both 

neuropathy -- disease of a nerve; a complication which sometimes occurs in diabetes 

oral hypoglycemic agents -- oral medications sometimes used to control DMT2; stimulate the pancreas to 
produce insulin 

peripheral vascular disease/peripheral arterial disease/microvascular disease -- disease of the small, 
distal arteries of the legs and feet; a complication which sometimes occurs in diabetes 

polydipsia -- excessive thirst; one of the cardinal signs of uncontrolled/undiagnosed diabetes 

polyphagia -- excessive eating; one of the cardinal signs of uncontrolled/undiagnosed diabetes 

polyuria --excessive urination; one of the cardinal signs of uncontrolled/undiagnosed diabetes 

renal threshold -- blood glucose level at which kidneys can no longer reabsorb glucose into the blood and 
glucose spills into the urine 

satiety -- physiological sense of being full to satisfaction (refers to state of body after eating) 

Somogyi Effect -- the occurrence of hyperglycemia after an episode of hypoglycemia; the result of a 
hypoglycemic reaction which stimulates body processes which raise the blood glucose 

Type 1 diabetes (DMT1) -- previously known as type I diabetes, insulin-dependent diabetes, and juvenile 
diabetes; the type of diabetes that results from an absolute lack of insulin; usually occurs in persons under 
24 years of age. Treatment is with insulin. Newer treatments may include pramlintide -- a synthetic 
reproduction of the hormone, amylin. 
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Type 2 diabetes (DMT2) -- previously known as type II diabetes, non-insulin-dependent diabetes, and 
adult onset diabetes; this is the type of diabetes that results from a relative lack of insulin -- from insulin 
resistance and impaired insulin secretion; treatment includes education about nutrition and eating patterns, 
exercise, and (usually) weight loss; treatment may also include oral anti-diabetes agents, injectable incretin 
mimetics, and/or insulin. 
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APPENDIX A: MODIFIED EXCHANGE LISTS 

Starch List 

 Each serving on this list contains approximately 15 grams of carbohydrate, 3 grams of protein, a 
trace of fat and 80 calories. 

o Corn – ½ cup 

o Potato, baked or broiled – 1 small (3 oz.) 

o Potato, mashed – ½ cup 

o Bread – 1 slice (1 oz.) 

o Bagel – ½ (1 oz.) 

o Winter squash – 1 cup 

o Baked beans – 1/3 cup 

o Cooked cereal – ½ cup 

Very Lean Meat List 

 Each serving provides 7 grams of protein, 0-1 grams fat, 0 grams of carbohydrate, and 35 calories. 
Each serving is 1 oz. unless otherwise indicated. 

o Poultry (1 oz. of chicken or turkey -- no skin, white meat only) 

o Fresh fish (1 oz.) 

o Dried beans, peas or lentils (cooked) – ½ cup (Provides one very lean meat and one starch 
serving.) 

o Egg substitutes – ¼ cup 

Lean Meat List 

 Each serving has 7 grams of protein, 3 grams of fat, 0 grams of carbohydrate and 55 calories. 

 (Choose USDA Select or Choice grades beef.) 

o Boiled ham (1 oz.) 

o Sirloin steak (1 oz.) 

o Cottage cheese (4.5% fat) (¼ cup) 

Medium-Fat Meat List 

 One serving has 7 grams of protein, 5 grams of fat, 0 grams of carbohydrate, and 75 calories 

 Includes most beef products. 

o Ground beef (1 oz.) 

o Pork chops (top loin)(1 oz.) 

o Dark chicken with skin (1 oz.) 

o Egg – 1 

High-Fat List 

 One serving has 7 grams of protein, 8 grams of fat, 0 grams of carbohydrate and 100 calories 
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o American cheese (1 oz.) 

o Pork spareribs (1 oz.) 

o Peanut butter – 2 tbsp (but this would add one fat serving in one's intake in addition to the 
high-fat meat) 

o Hot dog (turkey or chicken) – 1 

Fat List 

 Each serving contains 5 grams of fat, 0 grams of protein, 0 grams of carbohydrate and 45 calories. 
The list is divided into three subgroups based on the main type of fat the foods contain – 
monounsaturated, polyunsaturated, and saturated fats. Each provides 0 grams of carbohydrate and 
0 grams of protein. 

o Monounsaturated fats: 

 Olive oil – 1 tsp. 

 Ripe black olives – 8 large 

 Peanut butter – 2 tsp. 

o Polyunsaturated fats: 

 Margarine – 1 tsp. 

 Reduced-fat margarine – 1 tbsp 

 Regular mayonnaise – 1 tsp. 

o Saturated fats: 

 Bacon – 1 slice 

 Butter – 1 tsp. 

 Sour cream – 2 tbsp. 

 Sour cream, reduced fat – 3 tbsp. 

Fruit List – fresh, frozen, or canned fruits that have no added sugar 

 (Each serving provides 15 grams of carbohydrate, 0 grams of protein, 0 grams of fat, 60 calories, 
and 2 grams of fiber. Juices, however, provide no appreciable fiber.) 

o Apple – 2" diameter, 1 

o Banana – 1 small 

o Raisins – 2 tbsp 

o Unsweetened applesauce – ½ cup 

o Orange juice – ½ cup 

o Prune juice – 1/3 cup 

    Milk List 

 Each serving provides 12 grams of carbohydrate and 8 grams of protein. Quantity of fat and number 
of calories per serving depend on whether it is whole milk (fat = 8 grams; 150 calories), lowfat milk 
(fat = 5 grams; 120 calories), or skim or very low fat milk (fat = 0-3 grams; 90 calories) 

o Whole milk – 1 cup 
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o Lowfat: 

 2% milk – 1 cup 

 Non-flavored, low-fat yogurt – ¾ cup 

o Skim & very low fat: 

 Skim milk – 1 cup 

 1% milk – 1 cup 

 Low-fat buttermilk – 1 cup 

 Non-flavored, non-fat yogurt – ¾ cup 

Vegetable List 

 Each serving provides approximately 5 grams of carbohydrate, 2 grams of protein, 0 grams of fat, 25 
calories, and 2-3 grams of dietary fiber. 

o Cooked vegetables -- ½ cup 

o Raw vegetables -- 1 cup 

o Examples: 

 Tomatoes 

 Asparagus 

 Green beans 

 Summer squash 

 Broccoli 

 Beets 

 Carrots 

 Okra 
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APPENDIX B: SUMMARY OF DRUGS (OTHER THAN INSULIN) USED TO TREAT DMT2 

Class and 
Drugs/Class 

Function Side Effects Notes 

Biguanide 

metformin (oral) 

 

This drug does not 
induce insulin secretion. 
It reduces glucose 
production by the liver, 
enhances glucose 
uptake in the muscles to 
reduce insulin resistance. 

 

 

Allergic reaction. 

Most serious adverse 
reaction is lactic 
acidosis – rare, but can 
be fatal. (More common 
in the elderly or in those 
with reduced renal or 
hepatic functions). 
Otherwise, side effects 
are primarily GI-based 
and tend to wane over 
time or to decline with a 
reduced dose. However, 
one adverse effect is 
megaloblastic anemia 
(along with peripheral 
neuropathy and/or 
neuropsychiatric 
complaints) due to 
vitamin B-12 deficiency. 
Vitamine B-12 levels 
should be noted at 
initiation of the 
medication, in 6 mos, 
and then annually 

thereafter (Aroda, Edel-
stein, Goldberg, et al., 
2016).  

Very useful in obese 
patients because of 
chance for weight loss, 
improvement in lipid 
profile, and unlikely 
occurrence of 
hypoglycemia requiring 
supplemental 
carbohydrate intake.  

Due to the risk of lactic 
acidosis, renal and liver 
function studies should 
be regularly monitored.  

Signs and symptoms of 
lactic acidosis are as 
follows: feelings of 
weakness, dizziness, 
cold, unusual muscle 
pain or stomach 
discomfort, dyspnea, 
and/or an irregular or 
sudden decrease in heart 
rate. Individuals taking 
metformin should be 
informed of these signs 
and symptoms in case 
lactic acidosis might 
occur, so they could 
recognize it and seek 
medical attention early. 

This drug must be 
stopped for 48 hr after 
contrast dye procedures. 
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Class and 
Drugs/Class 

Function Side Effects Notes 

Sulfonylureas – 1st 
generation 

tolbutamide (oral) 

tolazamide (oral) 

chlorpropamide 
(oral) 

Increase insulin 
production by the beta 
cells. 

Allergic reaction 

Weight gain, 
hypoglycemia, weight 
gain, disulfiram reaction 
when alcohol is 
consumed: facial 
flushing, throbbing 
headache, diaphoresis, 
vomiting, chest pain, 
palpitations, dyspnea, 
dizziness, and vertigo. 

Use of these agents is 
not recommended unless 
the patient has a well 
established history of 
taking them. Second-
generation sulfonylureas 
provide more predictable 
results with fewer side 
effects and more 
convenient dosing. 

Sulfonylureas – 2nd 
generation 

glyburide (oral) 

glipizide (oral) 

glimepiride (oral) 

Increase insulin 
production by the beta 
cells, but at much lower 
doses than those 
required of the 1st 
generation drugs. 

Allergic reaction 

Weight gain (an 
important issue, 
especially when one 
recognizes that most 
people with DMT2 are 
already overweight) and 
hypoglycemia are the 
primary side effects of 
which to be aware.  

Caution with use in 
patients with renal or 
liver impairment. 

Meglitinide (AKA 
glinides) 

repaglinide (oral) 

nateglinide (oral) 

Stimulates insulin 
release from the beta 
cells.  

Allergic reaction 

Weight gain and 
hypoglycemia 

 

Take drug 15-20 minutes 
prior to a meal. If taken 
more than 30 minutes 
before a meal, severe 
hypoglycemia can result. 
If meal is skipped, do not 
take.  
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Class and 
Drugs/Class 

Function Side Effects Notes 

Alpha-glucosidase 
inhibitors 

acarbose (oral) 

miglitol (oral) 

Delays the rate of 
digestion of 
polysaccharides 
(carbohydrates) in the 
proximal small intestine. 
In so doing, they lower 
postprandial glucose 
levels. 

Allergic reaction 

Significant GI effects: 
hyperflatulence, bloating, 
diarrhea  

If used with 
hypoglycemic agents, 
such as sulfonylureas 
or insulin, must treat 
hypoglycemia with 
glucose not sucrose 
because sucrose is a 
polysaccharide. 

This class of drugs may 
be appropriate for the 
person who has a 
significant elevation in 
the two-hour postprandial 
blood glucose. This drug 
must NOT be taken 
before the meal 
(because of the risk of 
hypoglycemia should the 
drug be taken and the 
meal delayed), but 
rather, with the first bite.  
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Class and 
Drugs/Class 

Function Side Effects Notes 

Thiazolidinediones 
(TZDs or glitazones. 
Also known as 
peroxisome 
proliferator-activated 
receptor gamma 
modulators or 
PPAR-gamma) 
(Good luck saying 
that one four times 
rapidly! ) 

 

rosiglitazone*(oral) 

poiglitazone (oral) 

These drugs are insulin 
sensitizers. They in-
crease the sensitivity of 
muscle, fat, and liver to 
self-generated (endogen-
ous) insulin and to insulin 
injected into the body 
(exogenous insulin).  

Allergic reaction. 

Can cause slight weight 
gain (3-6 lbs.) and mild to 
moderate peripheral 
edema which increases 
the risk for CHF. Should 
not be used in those with 
CHF or a history of CHF 
or liver disease.  

(On 9/23/10, The New 
York Times reported the 
FDA's warning to use 
rosiglitazone only if all 
other measures to treat 
diabetes had been 
exhausted due to its 
associated risk for heart 
problems and CHF 
(Harris, 2010). (Warning 
reinforced by Epocrates® 
an athenahealth service, 
2018). The American 
Diabetes Association 
(2018) strongly advises 
caution with use of TZDs 
in elders, if used at all in 
this group, and to avoid 
use altogether in those 
with CHF. 
 

Patients who take 
rosiglitazone should be 
taking it only if all other 
means to control their 
diabetes have been 
exhausted (Harris, 2010). 
They should be regularly 
monitored for heart 
failure. The drug should 
be stopped at the earliest 
sign thereof (Epocrates® 
an athenahealth service, 
2018). 

Glucagon-like 
peptide-1  
(GLP-1) agonist 
(incretin mimetic) 

exenatide (injection) 
liraglutide (injection) 
dulaglutide 
(injection)  

A synthetic formulation of 
a naturally occurring 
peptide produced in the 
small intestine that 
potentiates glucose-
stimulated insulin 
secretion. 

Allergic reaction. 

GI effects (nausea, 
vomiting, diarrhea) that 
tend to wane over time. 

Not for use in patients 
with DMT1, severe renal 
disease, or severe GI 
disease. 
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Class and 
Drugs/Class 

Function Side Effects Notes 

Amylin agonists 

Pramlintide  
(injection) 

(See the following 
for information  
about a pramlintide 
acetate pen  
injector: 
https://www.symlin.c
om) 

repaglinide (oral) 
nateglinide (oral) 

Decreases glucagon 
production after meals. 
Postpones gastric 
emptying. Increases 
satiety, which leads to 
reduced caloric intake. 

 

Allergic reaction 

Hypoglycemia, and GI 
complaints. Doses are 
typically adjusted based 
on the appearance of 
these side effects.  

 

May be used by patients 
with DMT1 and by 
patients with DMT2 who 
are using insulin, but 
should reduce insulin 
dose by 50% when 
initiating use of this drug. 

Should NOT be used in 
those who have 
hypoglycemia 
unawareness or 
gastroparesis.  

Inject separately; DO 
NOT MIX WITH 
INSULIN. 

Dipeptidyl 
peptidase-4 
inhibitors (DPP-4 
inhibitors) 

sitagliptin (oral)  
linagliptin (oral) 
saxagliptin (oral) 

(See the following 
for additional 
information about 
sitagliptin: 
https://www.merckco
nnect.com/januvia/o
verview.html?gclid=
Cj0KCQjw28_XBRD
hARIsAEk21FiLjJu7i
ow1RiLyLO9arlraYq
2eMWsbFEBYEdNc
JtrBuSKS0rr5P30aA
ldgEALw_wcB&gclsr
c=aw.ds  

Blocks enzyme (DPP-4) 
that degrades GLP-1 
thereby allowing this 
chemical to increase in 
quantity and in so doing, 
exercise its natural effect 
to increase insulin 
secretion in the presence 
of elevated plasma 
glucose. In this drug 
reduces post-meal 
glucagon secretion. 

Allergic reaction 
Rare incidences of 
hypoglycemia or 
gastrointestinal 
symptoms have 
occurred. 

 

Not for use in patients 
with DMT1. 

Renal function should be 
assessed before starting 
this drug, and period-
ically thereafter. 

 

https://www.symlin.com/
https://www.symlin.com/
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
https://www.merckconnect.com/januvia/overview.html?gclid=Cj0KCQjw28_XBRDhARIsAEk21FiLjJu7iow1RiLyLO9arlraYq2eMWsbFEBYEdNcJtrBuSKS0rr5P30aAldgEALw_wcB&gclsrc=aw.ds
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Class and 
Drugs/Class 

Function Side Effects Notes 

SGLT2-inhibitor 
(sodium-glucose 
co-transporter 2- 
inhibitor) 

Canagliflozin (oral) 

http://www.invokana.
com/about-
invokana/what-is-
invokana  

dapagliflozin (oral) 
empagliflozin (oral) 

Blocks glucose 
reabsorption in the 
kidney. (Facilitates 
excretion of glucose in 
the urine leading to lower 
blood glucose.) 

Allergic reaction 
Hyperkalemia 
Hypoglycemia 
Yeast infections (vaginal 
and penile) 
Urinary tract infections 
Urge incontinence 

Increased risk of distal 
lower extremity 
amputations in those with 
DMT2 and CV disease or 
peripheral vascular 
disease (PVD) or a prior 
history of amputation. 

 

When used along with 
diet and exercise, "in 
clinical studies of about 
10,000 patients, [cana-
gliflozin] demonstrated 
significant blood sugar 
(A1C) reductions." – from 
page 1 of the web site 
noted in the first column. 
Associated with reduc-
tion of risk of cardio-
vascular (CV) events in 
patients with CV disease 
(ASCVD & CHF). 

(Not to be used in indivi-
duals under the age of 
18 years). 

*Due to the belief that rosiglitazone might be associated with negative cardiovascular outcomes in 
people with DMT2, the American Diabetes Association Consensus Algorithm Committee, in early 2009, 
removed rosiglitazone (AKA “Avandia®”) from the recommended agents to treat DMT2 and left pioglitazone 
as a second-tier agent. However, after final results of the Rosiglitazone Evaluated for Cardiac Outcomes 
and Regulation of Glycaemia in Diabetes (RECORD) study were presented June 5-9, 2009 at the 69th 
Scientific Sessions [of the American Diabetes Association], the following statement was made: "The results 
show that, provided known contraindications and cautions are observed, physicians should be comfortable 
prescribing rosiglitazone for their diabetes patients," said Philip D. Home, DM, DPhil, chairman of the 
study's Steering Committee and Professor of Diabetes Medicine at Newcastle University, U.K. 

The above is from the presentation, "Overall Cardiovascular Safety of Rosiglitazone Confirmed in 5½-
Year Study" which was reported at the 69th Scientific Sessions (6/5/09-6/9/09) of the American Diabetes 
Association (2009). 

However, guidelines related to the use of rosiglitazone remain ambivalent. In September of 2010, the 
FDA announced that the only patients who should be using this drug are those who have exhausted all 
other means of controlling their diabetes (Harris, 2010). The drug’s information includes a “Black Box 
Warning” that drugs in this category (thiazolidinediones) cause or exacerbate CHF (Epocrates® an 
athenahealth service, 2018). 

http://www.invokana.com/about-invokana/what-is-invokana
http://www.invokana.com/about-invokana/what-is-invokana
http://www.invokana.com/about-invokana/what-is-invokana
http://www.invokana.com/about-invokana/what-is-invokana
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Appendix C: Insulin Characteristics According to Type 

INSULIN TYPE ONSET PEAK DURATION 

RAPID-ACTING 
Insulin lispro 
Insulin aspart 

Insulin glulisine 

10-15 mins. 30-60 mins. 3-4 hrs. 

SHORT ACTING 
Insulin Regular 30 mins. 2-4 hrs. 5-7 hrs. 

INTERMEDIATE 
Insulin NPH 

 

1-3 hrs. 8-12 hrs. 18-28 hrs. 

 

BASAL 
Insulin glargine 

(Lantus®, Toujeo®) 
Insulin detemir 

(Levemir®) 
Insulin degludec 

(Tresiba®) 
 

Varies among insulins 
 

Varies among insulins 
 

1 hr. 

no peak 
 

no peak 
 

no peak 

24 hrs. 
 

24 hrs. 
 

Up to 42 hrs. 

(Epocrates®, an athenahealth company, 2018).)
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Appendix D: Behavioral Objectives to Plan Teaching and to Evaluate Learning by the Patient with 
Diabetes 

Evidence of a healthy attitude toward diabetes: The patient will -- 

1. Express feelings about having diabetes either directly to the nurse or to a supportive other. 

2. Describe self as having characteristics and roles other than those related to diabetes. 

3. Actively engage in learning about diabetes and necessary aspects of care and control. 

4. Progress from dependence on others for care to complete self-care, if patient is an adult. If 
patient is a child, participate in necessary aspects of care (injections, finger sticks) without 
physical coercion by an adult. 

5. Return to pre-diagnosis work and social relationships. 

6. Express satisfaction with life and life style. 

7. Describe the role of the American Diabetes Association as a support network and make decision 
about participation in the local chapter based on accurate knowledge. 

 

Knowledge base: The patient will -- 

1. Provide an accurate explanation of the basic underlying pathophysiology of the type of diabetes 
she/he has. 

2. Explain the role of each of the cornerstones of treatment in terms of their respective effects on 
blood glucose. 

3. Identify each of the four different types of insulin and differentiate among them on the basis of 
onset, peak, and duration of action. 

4. Explain the causes and proper treatment of hypoglycemia. 

5. Explain the causes and proper treatment of DKA. 

6. Explain the causes and proper treatment of HHS. 

7. Explain the importance of daily foot and skin care. 

8. Explain the importance of regular medical and ophthalmological checkups. 

9. Describe proper care during times of illness. 

10. Explain the importance of regular and frequent monitoring and documentation of blood glucose. 

11. Explain the role of urine testing for ketones in diabetes control. 
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Self-care practices: The patient will -- 

1. Choose the prescribed nutritional guide/eating pattern accurately. 

2. Prepare the prescribed nutritional guide/eating pattern accurately. 

3. Eat at regular times or make modifications if meal is delayed. 

4. When eating at a restaurant, order a nutritional guide/eating pattern which is as close to accurate 
as possible. 

5. Demonstrate the proper preparation and administration of the prescribed dose of medication 
(injectables and/or oral agents). 

6. Always take the proper dose of medications at the proper times. 

7. Carry a source of glucose at all times. 

8. Treat hypoglycemia at the earliest sign. 

9. Wear an identification bracelet to alert others to diabetes. 

10. Inspect and wash feet daily, caring for toenails in proper manner. 

11. See health care provider at least every six months and ophthalmologist at least once per year or 
as recommended. 

12. Exercise several times/week to acquire about 150 minutes each week (after verifying fitness for 
exercise with one's health care provider.) 

13. Demonstrate the proper procedure for assessing blood glucose level and direction. 

14. Test urine for ketones when blood glucose is elevated and/or when ill. 

 

Support system issues: The significant others of the diabetic will -- 

1. Explain what diabetes is and why the individual must follow a regimen maintaining balance 
among nutritional guide/eating pattern, medication, and exercise. 

2. Discuss diabetes as a condition which can be controlled while maintaining a relatively normal life. 

3. Encourage the individual with diabetes to learn about diabetes and to adhere to the prescribed 
regimen. 

4. Describe emergency treatment for the unconscious diabetic. 

5. Participate in activities of the local chapter of the American Diabetes Association and/or 
encourage the individual with diabetes to do so. 

 

 



68 
 

 

EXAM  

DIABETES MELLITUS: DIABETES MANAGEMENT 

 1. In developing a treatment plan for the newly diagnosed diabetic, which of the following is 
the first step? 

A. Determining current knowledge 

B. Assessing readiness to learn 

C. Identifying learning style 

D. Conferring with the patient's doctor 

 

2. If intermediate-acting insulin is given at 7 a.m., when should one anticipate that an insulin 
reaction might occur? 

A. 3 pm to 7 pm 

B. 7:30 am to 9:30 am 

C. 10 am to 12 noon 

D. 5 pm to 9 pm 

 

3. Lipohypertrophy: 

A. Is inevitable with daily insulin injections. 

B. Occurs only in the legs. 

C. Results from failure to adequately rotate sites of injections. 

D. Increases the absorption of insulin injected into effected tissue. 

 

4. The usefulness of the Exchange Program of Dietary Management is that it: 

A. Eliminates carbohydrates while maintaining the recommended intake of other 
nutrients. 

B. Allows for exchange of foods between food groups. 

C. Distributes a wide variety of foods into four food groups. 

D. Provides for balanced nutrition. 
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T     F  5. The following is an accurate list of foods (and amounts) in the Starch List of Food 
Exchanges: 

 1 slice of bread  

 ½ cup of baked beans 

 ½ cup of winter squash  

 ½ cup of corn 

 ½ cup of mashed potatoes  

 1 cup of cooked cereal 

 

T     F  6. The following is an accurate list of foods (and amounts) in the Medium-Fat Meat List: 

 1 oz of top loin pork  

 1 oz. of dark chicken (with skin) 

 1 oz of ground beef  

 one egg 

 

T     F  7. While blood glucose control has been shown to be beneficial, tight control is not 
recommended for young children. 

 

 8. Guidelines of dietary management in diabetes with regard to the Exchange Program 
include which of the following? 

A. Include milk at every meal. 

B. Only sugar free sweets are to be eaten. 

C. Bake or broil; avoid frying. 

D. Eat a high carbohydrate snack at bedtime. 

 

 9. The determination of insulin dosage by grams of carbohydrate to be ingested reflects 
what regimen of diabetes control? 

A. The exchange program 

B. The weighing method 

C. Carbohydrate counting 

D. Calorie counting 
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 10. Prior to unplanned exercise, the diabetic should: 

A. Eat a snack of complex carbohydrate and protein. 

B. Take additional fast-acting insulin to assure that energy needs will be met. 

C. Rest to conserve glucose. 

D. Eat a snack of simple carbohydrate such as candy or a Coke. 

 

T     F  11. Urine tests for sugar are valid indicators of blood glucose. 

 

 12. Which of the following recommendations for foot care by the diabetic is false? 

A. Examine feet daily for open areas. 

B. Do not walk barefoot at any time. 

C. Cut toe nails straight across. 

D. Trim corns or calluses with sterile equipment. 

 

T     F  13. Early retinopathy can be detected by visual changes noted by the diabetic. 

 

T     F  14. Blood and urinalyses performed at least annually are considered adequate diabetes 
monitoring. 

 

 15. Hospitalization is usually required for which of the following conditions in the person with 
diabetes: 

A. Hypoglycemia 

B. Hyperosmolar hyperglycemic state (HHS) 

C. Hyperglycemia 

D. Infection 

 

16. Which of the following interventions is appropriate first-aid for suspected hypoglycemia in 
the known diabetic who is unconscious? 

A. Test the blood glucose to verify hypoglycemia. 

B. Give the person 1/2 cup of orange juice. 

C. Turn the person on his/her side and give sublingual glucose. 

D. None of the choices is correct. 
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T     F  17. The person with DMT1 who is unable to eat due to illness should discontinue taking 
insulin while sipping sugared drinks to maintain fluid and glucose needs. 

 

 18. Which of the following is classified as a long-term complication of diabetes? 

A. Hypoglycemia 

B. Renal insufficiency 

C. Hyperglycemia 

D. Ketoacidosis 

 

T     F  19. Islet cell transplantation has been shown to be a reliable way to treat DMT1. 

 

 20. The American Diabetes Association recommends which of the following as the initial 
intervention for the patient diagnosed with DMT2: 

A. Lifestyle management, only 

B. Metformin, only 

C. Rosiglitazone and lifestyle management 

D. Metformin and lifestyle management 

 

21. The American Diabetes Association recommends which of the following BP goals for 
people with diabetes? 

A. < 130/85 mm Hg 

B. < 140/80 mm Hg 

C. < 150/80 mm Hg 

D. < 135/90 mm Hg 

 

22. The American Diabetes Association recommends which of the following as the goal for 
A1C for non-pregnant adults with diabetes? 

A. < 8.5% 

B. < 8.0% 

C. < 7.5% 

D. < 7.0% 
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23. The American Diabetes Association recommends which of the following as the goal for 
LDL (low-density lipoproteins) for people with diabetes and no cardiovascular disease? 

A. < 100 mg/dL 

B. < 70 mg/dL 

C. > 50 mg/dL 

D. < 150 mg/dL 

 

24. The American Diabetes Association recommends which of the following as the goal for 
LDL (low-density lipoproteins) for people with diabetes and overt cardiovascular disease? 

A. < 100 mg/dL 

B. < 70 mg/dL 

C. > 50 mg/dL 

D. < 150 mg/dL 

 

25. The American Diabetes Association recommends which of the following as the goal for 
HDL (high-density lipoproteins) for males with diabetes? 

A. < 100 mg/dL 

B. < 70 mg/dL 

C. > 40 mg/dL 

D. < 150 mg/dL 

 

 26. The American Diabetes Association recommends which of the following as the goal for 
TG (triglycerides) for people with diabetes and no cardiovascular disease? 

A. < 100 mg/dL 

B. < 70 mg/dL 

C. > 50 mg/dL 

D. < 150 mg/dL 

 

27. The American Diabetes Association recommends for individuals who have diabetes 
which of the following values (mg/dL) as the goal for the blood glucose level 1-2 hours 
after the start of a meal (post-prandial)? 

A. 70-130 

B. < 180 

C. < 140 

D. < 200 
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T     F  28. Sugar-free foods may include those made with nutritive sweeteners that can actually 
raise the blood glucose. 

 

T     F  29. Sugar-free foods are carbohydrate-free, too. 

 

 30. Sam is to take one unit of Novolog insulin for every 15 grams of carbohydrate he 
consumes at lunch. The carbohydrate he intends to eat is as follows: two slices of bread 
in a low-fat turkey sandwich, one cup of 2% milk, and one small apple. How many units 
(U) of Novolog should he take? 

A. 1.5 U 

B. 3.8 U 

C. 6.2 U 

D. 10.0 U 

 

 31. Which of the following newer diabetes medications can be part of the treatment regimen 
for both DMT1 and DMT2? 

A. Exenatide 

B. Sitagliptin 

C. Canagliflozin 

D. Pramlintide 

 

Y   N 32. Helen is 68 years old. She has had diabetes for the past twenty years. Helen received a 
pneumococcal immunization when she was 60 years old. Based on the American 
Diabetes Association's recommendations, does Helen need another pneumococcal 
immunization? 

 

T     F  33. The American Diabetes Association recommends an annual influenza vaccine for all 
persons with diabetes who are > 6 months of age. 

 

34. Which of the following reflects the recommendation by the US Department of Health and 
Human Services and the American Diabetes Association in terms of exercise for adults 
over the age of 18? Adults over the age of 18 should perform exercise of: 

A. Moderate intensity at least 30 minutes every day of the week. 

B. Moderate intensity at least 150 minutes each week. 

C. Low intensity at least 30 minutes every day of the week. 

D. Low intensity at least 150 minutes each week. 
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 35. Art is an 82 year old man with DMT2. He admits he has trouble seeing close up but 
wears his bifocals "when I need to.” He tells you he takes two 500 mg tablets of 
metformin p.o. BID and 20 units of Lente at 9 pm every evening along with a small snack. 
His blood glucose record shows blood glucose levels within normal levels at bedtime but 
fasting results are typically over 200mg/dL. Which of the following could explain these 
findings? Art may be: 

A. Actually taking too little Lente at bedtime. 

B. Eating too much at bedtime. 

C. Experiencing the Somogyi effect. 

D. All of the above. 

 

T     F  36. Intensive lifestyle management programs and the use of pharmacologic agents such as 
metformin have been shown to delay the onset of diabetes. 

 

 37. One of the newest drugs for treating diabetes is canagliflozin (Invokana®). Which of the 
following statements about this new drug is true? 

A. It can be used to treat both DMT1 and DMT2. 

B. It has been shown to significantly decrease A1C levels. 

C. It is in the pharmaceutical category of the sulfonylureas. 

D. It is known to be effective in children under the age of 18 years.  

 

T     F  38. Because they have nephroprotective effects, an ACEI inhibitor or an ARB should be 
prescribed to anyone with diabetes, regardless of whether she/he has hypertension or 
not. 

 

T     F  39. The normotensive person with diabetes should be prescribed an ACEI inhibitor or an 
ARB if she/he shows albuminuria. 

 

T     F  40. Professional nurses have an obligation to assure that the newly diagnosed diabetic is 
effectively educated for self-care. 

 


