
IN 2005, APPROXIMATELY 11 PERCENT OF 
the U.S. adult population had glycemia.1 The inci-
dence and prevalence of diabetes has been increasing 
dramatically, particularly among the more than 65 
age group.2 Exhibit 1 shows the projected rate of 
diabetes around the world in 2030.3 The global car-
diovascular burden of diabetes has been estimated to 
be 959,000 deaths directly from diabetes.4 Addition-
ally, over a million deaths from coronary heart dis-
ease and 700,000 from strokes related to diabetes 
occur each year.4 One point eight of 2.2 million car-
diovascular deaths in low or middle income people 
are the result of diabetes.4

Although there are many aspects of diabetes man-
agement, this article will focus on glycemic control. 
In patients with type 2 diabetes, there appears to be 
an increase in blood glucose over time even with 
treatment (Exhibit 2).5 Because treatments are not 
added or increased to maintain control, relatively few 
people with diabetes in the United States are at ap-
propriate glycemic goals (Exhibit 3).6,7 In one study, 
73 percent of patients on diet alone were at goal, 38 
percent on oral agents, and 45 percent on insulin.8 

An interesting study from Kaiser found that phy-
sicians initiated additional therapy in patients with 
hemoglobin A1C (A1C) greater than 8 percent, less 
in patients already on more aggressive therapy.9 In 
this study, the average time to initiate additional 

therapy in patients with A1C greater than 8 percent 
was 14 months in patients on metformin monother-
apy, and 20.5 months in those on sulfonylureas.9 The 
average person had about five years of poor control 
before being placed on appropriate therapy.

There is an abundance of data that good glycemic 
control matters in both type 1 and type 2 diabetes 
(Exhibit 4).10-13 The recent publication of the Accord 
Trial has generated some controversy as to how tight 
control should be in type 2 diabetes.14 We are far 
from understanding the optimal approach to diabe-
tes. Based on the UKPDS study data, there is clearly 
a linear relationship between A1C and microvascu-
lar endpoints and heart attack rates - the higher the 
A1C, the worse the outcome. In a meta-analysis, 
there is on average a 13 percent reduction in CV 
disease for each 1 percent decrease in A1C.15

Exhibit 5 lists the medication classes that can be 
used to treat type 2 diabetes. There are a lot of good 
treatments now available, but each agent or class has 
disadvantages that also must be considered.

A large Veterans Administration trial examined 
the difference in outcome with several treatment ap-
proaches.16 When adjusted for various other risk fac-
tors present in the population, treatment with met-
formin, metformin plus a sulfonylurea, sulfonylureas 
alone, or thiazolindinediones with or without other 
treatments result in similar relative risk of mortality. 
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Summary
The incidence and prevalence of diabetes has been increasing dramatically, and is 
not just a problem in the United States. Although few patients achieve nationally 
accepted glycemic control goals, there are many effective treatment options avail-
able. All the antidiabetic medications have advantages and disadvantages with no 
one agent standing out as best for all patients.

Key Points
• Good glycemic control matters in type 2 diabetes.
• Few patients reach appropriate goals.
• There are many effective treatments for type 2 disease.
• None appears to be a superior agent.
• All have adverse effects that need to be considered.
• The amount of decrease in A1C with oral medication is proportional to the  
starting A1C.



Thus, no one agent is better or worse for this long-
term outcome.

During the first six months of therapy, patients 
will have a great response to sulfonylureas, which 
subsequently wears off. The mechanism for this is 
not understood. Most patients will require combi-
nation therapy for adequate glycemic control. The 
addition of metformin to sulfonylureas has been 
shown to be more effective than either agent alone.17 

Metformin also is effective in combination with 
rosiglitazone or pioglitazone. Other effective com-
binations are sulfonylurea-glitazone and acarbose-
sulfonylurea, insulin, or metformin. Unfortunately, 
even on combination therapy, patients will experi-
ence increasing A1C over time. In one four-year 
study, 50 percent of patients receiving metformin-
sulfonylurea and 31.5 percent of patients receiving 
metformin-thiazolidinedione experienced second-
ary failure (A1C increasing more than 7 percent).18 

There has been much publicity recently about a 
possible increase in cardiovascular events with the 

use of rosiglitazone. Exhibit 6 shows data on the dif-
ference in cardiovascular events.19 This data must be 
interpreted somewhat cautiously. There are several 
weaknesses in this analysis, which have been noted 
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Exhibit 2: Loss of Glycemic Control in the UKPDS
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Exhibit 3: The Majority of US Patients  
Fail to Achieve A1C Goals
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by several authorities.20 The absolute rate of myocar-
dial ischemia is actually higher in the control group 
versus the rosiglitazone group, which makes it dif-
ficult to understand how the odds ratio was then 
higher for the rosiglitazone group. Selective data 
rather than a complete literature search were used 
for this analysis. Additionally, there was a failure to 
define the hypothesis to be tested. Also, a fixed ef-
fects rather than random effects model was used for 
the meta-analysis. The fixed effects model assumes 
all the subjects came from the same type of study, 
which is not true. It appears that subjects in some of 
the studies had much higher rates of events, which 
may be explained by something other than the par-
ticular medication used. The Nissen analysis used 
the number of events rather than time to first event, 
which may be a particular issue with longer follow-
up on rosiglitazone. Lastly, studies not reporting 
events were excluded. It is uncertain whether rosi-
glitazone actually increases the rate of cardiovascu-
lar events.

Other effective treatment approaches include add-
ing bedtime or twice-daily NPH to oral agents (sul-
fonylurea, metformin, or combination), or adding 

another long acting insulin such as insulin glargine 
to oral agents.21-23 With aggressive titration of long 
acting insulin in combination with metformin, the 
majority of patients can reach goal. Another insulin 
approach in type 2 is to give a mixed insulin solu-
tion (short + long acting) twice daily in combina-
tion with oral agents. Hypoglycemia is the major 
adverse effect of any approach, which includes insulin.

Newer agents include the dipeptidyl peptidase 4 
(DPP-IV) inhibitors and exenatide. Sitagliptin is the 

Exhibit 5: Approaches to Type 2 Diabetes Treatment
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Exhibit 6: Rates of Myocardial Ischemia and Death from Cardivascular Causes

Adapted from reference 18
Note: Table in original publication used myocardial infarction instead of myocardial ischemia as heading.  
Events were really myocardial ischemia and not necessarily myocardial infarction

no. of events/total no. (%) (95% CI)
Study

Myocardial ischemia

Small trials combined

DREAM

ADOPT

Overall

Death from cardiovascular causes

Small trials combined

DREAM

ADOPT

Overall

Rosiglitazone Group

44/10,280 (0.43)

15/2,635 (0.57)

27/1,456 (1.85)

86/14371=0.60%

25/6,557 (0.38)

12/2,365 (0.51)

2/1,456 (0.14)

Control Group

22/6105 (0.36)

9/2634 (0.34)

41/2895 (1.44)

72/11634=0.62%

7/3700 (0.19)

10/2634 (0.38)

5/2854 (0.18)

Odds Ratio 

1.45 (0.88-2.39)

1.65 (0.74-3.68)

1.33 (0.80-2.21)

1.43 (1.03-1.98)

2.40 (1.17-4.91)

1.20 (0.52-2.78)

0.80(0.17-3.86)

1.64 (0.98-2.74)

P Value

0.15

0.22

0.27

0.03

0.02

0.67

0.78

0.06



first approved DPP-IV inhibitor. Vildagliptin is an-
other, which is not yet available in the United States. 
The DPP-IV inhibitors can be used in combination 
with metformin or sulfonylureas. 

Exenatide is a GLP-1 receptor antagonist. This 
agent decreases both A1C and weight. There appears 
to be a central effect of GLP-1 on appetite but long-
term outcomes are needed to prove this. Exenatide has 
been compared with mixed insulin (70/30 as part).24 
Throughout the course of a year with these two agents, 
A1C fell and rose in a similar pattern but weight was 
significantly lower in exenatide group. Weight in-
creased in the insulin group and decreased in the ex-
enatide group for a mean difference of 12.1 lbs. This is 
probably clinically meaningful. A similar pattern was 
seen in comparing exenatide and insulin glargine.25 
Exenatide can be combined with a sulfonylurea but 
the weight loss is not as great as that of exenatide alone 
and the rate of hypoglycemia is relatively high. The 
combination of sitagliptin plus sulfonylurea and/or 
metformin will increase the likelihood of hypoglyce-
mia. Exhibit 7 compares exenatide and the DPP-IV 
inhibitors.26 The slightly higher baseline A1C in the 
exenatide trials may account for the difference in A1C 
reduction between the two groups.

The amount of decrease in A1C with oral medi-
cation is proportional to the starting A1C (i.e., the 
higher the A1C, the higher the drop with oral med-
ications). A patient with an A1C greater than 9 will 
have about a 1.4 percent drop in A1C with oral 
medication. A patient with an A1C of less than 8 
will have about a 0.6 percent decrease.

Exhibit 8 presents an algorithm for managing pa-
tients with type 2 diabetes. Although the American 
Diabetes Association suggests metformin as the  

initial medication choice for most patients, other 
agents also can be considered. 

Achievement of the A1C goal needs to be moni-
tored and therapy adjusted appropriately. In patients 
who have an A1C less than 6.5 percent, no addi-
tional pharmacologic therapy is needed. Continued 
lifestyle and medication adherence are needed to 
maintain the A1C level. If patients are slightly above 
goal (6.5 to 7.3), additional therapy can be added. 
The patient may need reinforcement of lifestyle is-
sues. Above 7.4, an additional agent can be added. 
At well above goal (>8 percent), initial combination 
therapy, including insulin, is useful. 

Conclusion
Achieving good glycemic control is an important 
goal and only one aspect in type 2 diabetes manage-
ment. There are numerous effective treatment op-
tions with no one treatment standing out as the 
ideal agent for all patients. The effect of various anti-
diabetic agents on A1C reduction varies depending 
on the starting A1C. Each agent or class has disad-
vantages, which also must be considered. JMCM
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