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Introduction

Both type 1 and type 2 diabetes are accompanied by microvascular and macrovascular complications. For
decades the association between chronic hyperglycemia and the development of long-term eye, kidney, and
nerve disease was suspected based on animal models of diabetes1–3 and the long-term observations of clini-
cians.4 Nonetheless, the belief that normalization of blood glucose would prevent end organ damage was not
universally accepted.5

By the 1980s several small prospective multicenter randomized trials were conducted to address this ques-
tion. These studies were of short duration6 or had conflicting results regarding the benefits of glycemic control
on microvascular disease.6–8 Indeed, achieving lower blood glucose levels appeared to worsen established
retinopathy for the initial 8 months.6

Microvascular Disease

To definitively address the question of glycemic control and the development of diabetic microvascular disease,
a large randomized interventional trial, which would eventually involve 29 centers in the US and Canada, was
begun. A total of 1441 patients with type 1 diabetes were recruited from 1983 to 1989 to comprise the cohorts
of the Diabetes Control and Complications Trial or DCCT.9 Two cohorts were studied – a primary prevention
cohort, to determine if intensive glycemic control would prevent the development of diabetic retinopathy, and
a secondary intervention cohort to determine if intensive glycemic control would ameliorate the progression
of early diabetic retinal disease. For the primary prevention cohort subjects had to have 1–5 years duration of
diabetes, absence of retinopathy by fundus photography, and urinary albumin excretion <40 mg/24 h. The sec-
ondary intervention cohort criteria were 5–15 years duration of diabetes, mild (one microaneurysm) to moderate
nonproliferative retinopathy, and urinary albumin excretion <200 mg/24 h. Patients were randomized to either
conventional or intensive glycemic control. Intensive therapy included multiple (three or more) daily insulin
injections (MDI) or continuous subcutaneous insulin injection (CSII) via an insulin pump. Insulin doses were
adjusted according to fingerstick blood glucose (BG) values (obtained at least four times a day), dietary intake,
and level of physical activity. The goal of intensive therapy included premeal BG levels 70–120 mg/dl, postpran-
dial levels under 180 mg/dl, and hemoglobin A1c (HbA1c) levels within the nondiabetic range (<6.05%). To help
achieve the goals, subjects met monthly with the physician, nurse educator, and dietician of the study and were
contacted by telephone to review and adjust their regimen as necessary. Subjects randomized to conventional
therapy received the usual diabetes treatment of the time, 1–2 insulin injections a day. The goals were to avoid
symptomatic hypo- or hyperglycemia but not to achieve specific target glucose levels. Although subjects in the
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conventional arm also received diet and exercise education, they only performed once daily glucose monitoring
and met with the study team on a once every 3 month basis.

Both cohorts (a total of 1441 patients) were followed for a mean of 6.5 years. During this time seven field
stereoscopic fundus photos, 24 h urine albumin excretion, clinical neuropathy assessment, peripheral nerve con-
duction studies, and autonomic nerve testing were performed. About 99% of the participants completed the study.
From an initially statistically identical HbA1c at the beginning of the study, the intensively treated group reached
a nadir of 6.9% at 6 months. Throughout the subsequent 6 years a statistically significant HbA1c separation
(approximately 7.2% vs. 9.1%) between intensive and conventional therapy was maintained.

The trial was ended prematurely due to significant outcome differences between intensively and convention-
ally treated subjects. Outcome curves for retinopathy were initially similar but separated after 3 years. Intensive
therapy decreased the mean risk of progression of retinopathy by 76% in the primary prevention and by 54%
in the secondary intervention cohorts. In addition, the adjusted risk of proliferative or severe nonproliferative
retinopathy was reduced by 47% and the need for photocoagulation by 56% in the secondary intervention group.
Similarly, with regard to diabetic renal disease, intensive therapy resulted in significant reductions in risk of
microalbuminuria of 34% (primary cohort) and 43% (secondary cohort). In the secondary intervention cohort,
approximately 10% of whom had microalbuminuria at onset, the risk of albuminuria >300 mg/24 h was reduced
by 56%. The appearance of clinical neuropathy (defined as the presence of signs or symptoms of peripheral
neuropathy accompanied by either abnormal nerve conduction in at least two peripheral nerves or abnormal auto-
nomic testing) was reduced with intensive therapy by 69% in the primary cohort and by 57% in the secondary
intervention cohort. The reductions were significant for both peripheral and autonomic neuropathy.10,11

The positive reductions in cumulative incidence of microvascular complications were also analyzed within
subgroups of the DCCT subjects defined on the basis of several baseline covariates to ensure consistency of
results. These included age (adolescents versus adults), gender, duration of diabetes, baseline HbA1c, and mean
blood pressure. The effect of intensive treatment was consistently maintained in all subgroups in both the primary
and secondary cohorts. Thus the DCCT conclusively demonstrated that intensive glycemic control therapy delays
the onset and slows the progression of diabetic retinopathy, nephropathy, and neuropathy in individuals with type
1 diabetes.

The DCCT was the largest and longest duration study of glycemic control in type 1 diabetes. Several months
prior to its publication a study involving 102 subjects with type 1 diabetes in Sweden was published. As with the
DCCT, subjects participating in the Stockholm Diabetes Intervention Study (SDIS) were randomized to intensive
versus standard therapy and followed for 7.5 years.12 Mean HbA1c levels were reduced from 9.4 to 8.5% in the
standard treatment group and from 9.5 to 7.1% in the intensive treatment group. After 7.5 years both progression
of nonproliferative retinopathy and the need for laser photocoagulation was less in the group receiving intensive
control. There were more patients in the standard group with albumin excretion of at least 300 mg/24 h and
with nephropathy as defined by subnormal glomerular filtration rates. Peripheral nerve conduction velocities
deteriorated more in the standard treatment group. These results were the first to describe the beneficial effects
of intensive therapy on retarding the development and progression of microvascular complications in patients
with type 1 diabetes.

Based on the DCCT and SDIS studies published in 1993, most diabetes organizations advocated the use of
intensive glycemic control therapy for all individuals with type 1 and type 2 diabetes.13 The latter group was
not studied in either trial. However, as the microvascular complications were all too similar in both types of
diabetes14,15 the extrapolation was applied. This recommendation was not universally accepted.16,17 It was felt
that the use of intensive insulin therapy in type 2 diabetes may lead to an increase in cardiovascular morbidity
and/or mortality due to increased hypoglycemia, higher insulin levels, and/or greater weight gain. This concern
had some basis in prior epidemiologic studies demonstrating that coronary artery disease (CAD) occurs with
greater frequency in type 2 than in type 1 diabetes, a difference attributable not only to the older age of onset of
type 2 diabetes but also to the dysmetabolic state that accompanies the disease.18–20

A group of investigators at Kumamoto University in Japan replicated the design of the DCCT, but in indi-
viduals with type 2 diabetes.21 Fifty-five subjects with no retinopathy and urine albumin excretion <30 mg/
24 h composed the primary prevention group and 55 patients with mild retinopathy and albumin excre-
tion<300 mg/24 h comprised the secondary intervention group. All subjects were then randomized to intensive
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(>2 insulin injections per day) or conventional (1–2 insulin injections per day) therapy. The goal of the con-
ventional group was the absence of symptomatic hyper- or hypoglycemia. The numeric targets for the intensive
group were fasting glucose <140 mg/dl, 2 h postprandial glucose <200 mg/dl, and HbA1c <7%. Follow-up data
were obtained at 3 months and then every 6 months for 6 years. Separation of HbA1c (9.4% in the conventional
subjects and 7.1% in those receiving intensive treatment) was maintained through the study. Risk reduction for
progression of retinopathy in the combined cohorts was 69%, a result similar to the DCCT (see Table 39.1).
Intensive therapy also reduced the average risk of worsening in retinopathy by 70%. After 6 years, nerve con-
duction velocities were significantly improved in the intensively treated subjects while median nerve conduction
velocities deteriorated in the subjects receiving conventional therapy. Intensive glycemic control by MDI delayed
the onset and slowed the progression of diabetic retinopathy, nephropathy, and neuropathy compared to conven-
tional treatment. This study extended the confirmation of beneficial effects of intensive glycemic therapy seen in
the DCCT and in the SDIS to individuals with type 2 diabetes.

Table 39.1 Risk reductions in microvascular disease

Study Retinopathy Microalbuminuria

Primary (%) Secondary (%) Primary (%) Secondary (%)
DCCT 76 54 34 43
Kumamoto 76 56 62 52

The DCCT was designed as an intervention trial to compare two treatment modalities and not to determine
complication risk at various levels of glycemic control. Nonetheless, the data were analyzed and presented in a
subsequent paper, which examined the relationship between glycemic levels, as reflected by HbA1c, and the risk
of retinopathy progression.22 There was a continuously increasing risk of retinopathy progression with increasing
mean HbA1c levels. Some prior retrospective studies had not found such a relationship for microalbuminuria23

and retinopathy progression24 for HbA1c levels below 8%. Analysis of the DCCT data, comprising over 9000
patient-years of observation, found a similar and significant reduction in retinal, renal, and neurological compli-
cation rates associated with decline in HbA1c. This relationship was consistent over the entire range of HbA1c
in the study, even for levels less than 8% (see Fig. 39.1). Thus for a 10% reduction in HbA1c there is a constant

Fig. 39.1 The absolute risk of sustained retinopathy progression (hazard rate per 100 patient-years) in the combined treatment
groups as a function of the updated mean HbA1c during follow-up in the DCCT estimated from a Poisson progression model with
95% confidence bands (from DCCT Research Group25, with permission)
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39% decrease in retinopathy progression. As the rate of events per 100 patient-years is greater at higher HbA1c
values, the absolute reduction in risk is greater with reduction in HbA1c at higher values. Nonetheless, there
exists no threshold HbA1c value below which a reduction in HbA1c is not accompanied by a reduction in risk
for retinopathy and for nephropathy. When the risk of progression of retinopathy is extrapolated over the 9 years
of follow-up in the DCCT the cumulative incidence of progression is lowered from 20% at a HbA1c of 8% to an
incidence of 5.5% at a HbA1c of 6%.25

Another question regarding the extrapolation of the DCCT, SDIS, and Kumamoto studies was whether the
motivated volunteers screened and selected for enrollment were representative of the general diabetes patient
population. In order to address the comparability of the DCCT cohort and the validity of generalizing the DCCT
results, a contemporaneous population based cohort was necessary. The Wisconsin Epidemiologic Study of
Diabetic Retinopathy (WESDR) was a large population based incidence study of people with both type 1 and
type 2 diabetes conducted concurrently with the DCCT.26 The measurement of the main endpoint, diabetic
retinopathy, was determined using similar methods of classification. Of the patients with type 1 diabetes being
followed in the WESDR, 891 subjects underwent baseline and 4-year follow-up assessment. Of these, 39 and 111
met the DCCT inclusion criteria for the primary and secondary cohorts, respectively. The DCCT study cohorts
were comparable to the WESDR type 1 population with regard to age, gender, BMI, blood pressure, and insulin
dose. Because of the DCCT baseline eligibility criteria, retinopathy severity was higher in the WESDR group.
Thus, the comparison supports the extrapolation of the DCCT results to the general type 1 diabetes population.

At the close of the DCCT in 1993, subjects who were in the conventional group were offered intensive
treatment and as part of the study closeout were instructed in intensive therapy. Those subjects in both the
former intensive and conventional groups were also offered participation in an observational study to continue
following the DCCT cohorts. The Epidemiology of Diabetes Intervention and Complications (EDIC) is a follow-
up observational study of the DCCT cohort to continue to monitor the long-term micro- and macrovascular
complications of type 1 diabetes.27 One of the study objectives is to compare the effects of the prior intensive
or conventional treatments administered during the DCCT on the subsequent development and progression of
more advanced retinopathy and nephropathy. About 1375 of the 1421 surviving DCCT subjects participated in
the EDIC study. During the study all subjects received their diabetes care from their own physicians but were
seen yearly for evaluation by the research team. Annual retinal fundus photography was obtained based on year
of enrollment in the DCCT, with 1208 (605 in the intensive DCCT group) subjects undergoing evaluation at year
4 of EDIC.

By the end of the first year of EDIC, the HbA1c levels in the 1208 subjects had begun to merge (8.1% in the
conventional and 7.7% in the intensive group). During the first 4 years of EDIC, the median HbA1c values were
8.2% for the conventional and 7.9% for the former intensive groups; a smaller but still statistically significant
difference. The year-4 fundus photography results revealed that 49% of the subjects from the conventional group
had progression of retinopathy from the DCCT baseline, while only 18% of the intensive group had progression.
To assess the change in retinopathy during the EDIC years, the level of retinopathy was evaluated for fundus
photographs obtained at years 1–4 of EDIC and retinopathy progression was compared to the level of retinopathy
at the end of the DCCT (see Fig. 39.2). By EDIC year 4 the cumulative incidence of further progression of
retinopathy was 70% lower in the intensive than in the conventional treatment group.28 The significant reduction
in retinopathy from end of the DCCT to year 4 of EDIC was similar regardless of the level of retinopathy at
the end of the DCCT. Severe nonproliferative retinopathy, or worse, occurred in 10% of the conventional group
but only 2% of the intensive group. This 76% reduction was significant even when adjusting for the level of
retinopathy at the end of the DCCT. In addition, the risk of progression of retinopathy was highly associated
with the mean HbA1c level during both the DCCT and EDIC studies.

Similar results were detected for progression of nephropathy during EDIC. At years 3 and 4, the onset of
microalbuminuria was reduced 53%, from 11% in the conventional treatment group to 5% in the intensive group.
The risk of new albuminuria was decreased by 86% in the intensive group.

Fundus photography and urine albumin measurements continued to be collected throughout the EDIC study.
Despite statistically nonsignificant Hb1Ac differences between the former intensive and conventional groups by
year 5 of EDIC, the cumulative incidence of further 3-step progression of retinopathy as well as development of
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Fig. 39.2 Cumulative incidence of further progression of retinopathy (an increase of at least three steps from the level at the end of
the DCCT) in the former conventional therapy and intensive therapy groups. The data are based on regression analysis adjusted for
the level of retinopathy at the end of the DCCT, whether patients received therapy as primary prevention or secondary intervention,
and both the duration of diabetes and the glycosylated hemoglobin value on enrollment in the DCCT. Patients who underwent
scatter photocoagulation during the DCCT were excluded from the analysis (22 in the conventional group and 9 in the intensive
therapy group). Bars denote 95% confidence intervals (from DCCT/EDIC Research Group28, with permission. Copyright © 2000
Massachusetts Medical Society. All rights reserved)

microalbuminuria and albuminuria at EDIC year 8 continued to be less in the former DCCT intensive treatment
group.29,30

During the 8 years of EDIC, with an increase in the HbA1c of the intensive group and a reduction in the
separation of HbA1c levels between the intensive and conventional DCCT groups, it would be expected, based
on the relationship of glycemic control to microvascular disease,22 that the effects of intensive therapy during the
DCCT would be reduced. In contrast, the benefits of intensive control on retinopathy and on nephropathy persist
for at least 8 years after termination of separate intensive and conventional treatment and despite rising HbA1c
levels. The positive effects of glycemic control appear to be long lasting. These results could be attributed to
the effects of chronic hyperglycemia on advanced glycation end products accumulation in end organs, leading to
microvascular disease,31 but the exact reason for the persistence of the effects of past glycemic exposure is not
known.

Thus, intensive glycemic control will delay the onset and slow the progression of diabetic microvascular
disease in individuals with both type 1 and in type 2 diabetes. From the DCCT and EDIC study results, the
positive benefits of intensive over conventional therapy will be greater the earlier they are implemented and can
persist for up to 8 years after cessation of intensive treatment.

Macrovascular Disease

Although microvascular disease can lead to substantial morbidity, the major cause of mortality in both type 1 and
type 2 diabetes is cardiovascular disease.32–35 As was the case with microvascular disease, clinicians had long
recognized an association of poor glycemic control with the development of macrovascular outcomes in patients
with diabetes. Several prospective studies have confirmed that hyperglycemia is a predictor for cardiovascular
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disease.36–39 Nonetheless, the belief that reduction of hyperglycemia decreases cardiovascular disease is not
universally accepted.40,41

In the DCCT, the number of combined major macrovascular events (cardiac, cerebrovascular, and peripheral
vascular) was twice as high in the conventional treatment (40 events) group than in the intensive treatment group
(23 events), but this difference was not statistically significant.42 Lipid risk factors associated with cardiovas-
cular disease such as increased total and LDL cholesterol and elevated triglyceride levels were all significantly
reduced in the intensive treatment group. As mentioned above, the DCCT cohorts were of young age at entry
(13–39 years). In addition, the inclusion criteria eliminated patients with hypertension, hypercholesterolemia,
and known cardiovascular disease. Such baseline demographics made it likely that few cardiovascular events
would occur by DCCT study end.

One of the objectives of the EDIC study was to continue to monitor CV outcomes in the DCCT cohort.
In addition, surrogate measures of cardiovascular disease were added to the microvascular assessments.
B-mode ultrasonography was used to measure carotid intima-media wall thickness (IMT), an established index
of atherosclerosis,43 at years 1 and 6 of EDIC.44 Increased IMT was significantly associated with HbA1c both
at the time of measurement and during the 6.5 years of the DCCT. Subjects receiving conventional treatment
during the DCCT developed greater age related increases in IMT than the intensively treated subjects.

The DDCT/EDIC Research Group had decided in 1996 not to perform any between treatment group analyses
of cardiovascular events until a set target of 50 participants in the DCCT conventional group had experienced
a CV event. This would ensure 85% power to detect a 50% reduction in the risk of CV events between the
DCCT intensive and conventional treatment groups. Cardiovascular events were nonfatal myocardial infarction;
nonfatal stroke; death judged to be due to CV disease; subclinical myocardial infarction (identified on annual
EKG); angina; or the need for revascularization with angioplasty or coronary-artery bypass. The target number of
conventional group participants was reached at the beginning of 2005 and the analyzed results were announced
in June of that year. Among the 1375 DCCT/EDIC participants who remained in the study at the time of analysis,
those in the former intensive treatment group had a 42% decrease (95% confidence interval, 9–63%; p = 0.02)
in the risk of any CV disease and a 57% reduction (95% confidence interval 12–79%; p = 0.02) in the risk
of nonfatal myocardial infarction or stroke or death from CV disease.45 The mean HbA1c during the DCCT
accounted for most of the effects of intensive treatment on reducing the risk of cardiovascular disease. This
study was the first to show that intensive insulin therapy reduces the incidence of cardiovascular disease in
individuals with diabetes.

Several studies looked at the effect of glycemic control on cardiovascular disease in type 2 diabetes. As
mentioned above, the Kumamoto study evaluated a cohort of 110 individuals with type 2 diabetes. The total
number of combined cardiovascular events in the conventional treatment group was twice that of the intensive
treatment group, but was not statistically significant due to the small number of patients in the trial.

A much larger group of patients were studied in the United Kingdom Prospective Diabetes Study. The UKPDS
was a multicenter intervention trial of over 5000 patients with newly diagnosed type 2 diabetes. The objective
of the UKPDS was to determine if intensive glycemic control reduces the risk of diabetic complications in
individuals with type 2 diabetes and, as a secondary aim, to compare various treatment modalities.46 The study
was conducted by general practitioners in 23 centers throughout the UK between 1977 and 1991. Patients with
type 2 diabetes, 25–65 years of age, with FBG >6 mmol/L on two occasions were enrolled. All subjects were
initially treated with diet modification alone for a 3-month period. At the end of 3 months, those patients who
failed to achieve glycemic control (FBG >6.0 mmol/L) were randomized to various pharmacologic treatment
modalities. Patients with BMI over 120% (N = 2187) were randomized to diet alone, sulfonylurea (SU) agent
(chlopropamide or glibenclamide), insulin, or metformin. Non-overweight patients (N = 2022) were randomly
assigned to diet alone, sulfonylurea therapy (chlorpropramide or glibenclamide/glipizide) or insulin.

The conventional or diet alone subjects received dietary education every 3 months with goals to attain normal
body weight, eliminate hyperglycemic symptoms, and maintain HbA1c levels <15 mmol/L. If either symptoms
of hyperglycemia or FBG > 15 mmol/L occurred then the subject was again randomized to one of the pharmaco-
logic agents with the aim once more to avoid hyperglycemic symptoms and keep FBG <15 mmol/L. The goal of
intensive therapy was to attain near-normal FBG values (<6 mmol/L). As with the conventional cohort, a second
drug was added if the FBG exceeded 15 mmol/L. Median follow-up was 10.7 years.
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Unlike the DCCT, SDIS, and Kumamoto studies, the level of glycemia and HbA1c in the diet and pharma-
cologic groups was not maintained throughout the trial. Addition of drugs to the initial designated monotherapy
was often necessary. HbA1c levels increased in all groups over the duration of the study so that, at the end of
10 years, the intensive treatment group median HbA1c level was 7.0% as compared to a 7.9% value for the
conventional treatment group. Despite this modest difference, intensive glycemic control with either sulfony-
lurea or insulin resulted in a significant 21% risk reduction in the progression of retinopathy and a 33% risk
reduction in albuminuria.46 There was no evidence of any glycemic threshold for the effects of intensive glucose
control on reducing microvascular complication rates. Thus the results of the UKPDS reaffirm the positive effect
of intensive glucose therapy with insulin (and/or sulfonylurea) on reducing the development of microvascular
complications in persons with type 2 diabetes.

The results for macrovascular endpoints in the UKPDS were not as definitive. The 16% risk reduction
for combined fatal or nonfatal myocardial infarction and sudden death was just above statistical significance
(p = 0.052). Epidemiologic analysis, however, revealed a continuous association between the risk of cardio-
vascular complications and the level of glycemia.47 When overweight subjects treated with metformin were
compared to the conventional diet-treated overweight group, there were significant risk reductions for diabetes-
related death and diabetes-related endpoint, including fatal or nonfatal myocardial infarction.48 These results
occurred with only a 0.6% HbA1c separation between intensive (7.4%) and conventional (8%) groups, suggest-
ing that the beneficial effects of metformin could have also been due to the drug’s ability to improve lipid levels
and decrease levels of plasminogen-activator inhibitor type 1. In contrast to the findings with metformin alone,
there appeared to be an increase in diabetes-related death when metformin was added to SU to improve glycemic
control. Explanations for these disparate results are lacking and a definitive conclusion regarding the effect of
intensive glycemic control on CV outcomes based on the UKPDS study results cannot be reached.

In a later study, the effects of intensive glycemic control were evaluated in patients admitted to the coronary
care units of 19 Swedish hospitals with suspected acute myocardial infarction and hyperglycemia (admission
glucose levels at or above 198 mg/dl). In the Diabetes Mellitus, Insulin Glucose Infusion in Acute Myocardial
Infarction (DIGAMI) study,49 620 patients were randomized to a control or infusion group. Those 306 patients
in the infusion group received intravenous insulin infusion while in the coronary care unit (CCU) followed by
four times daily subcutaneous insulin for 3 or more months to maintain glucose levels in a stable normoglycemic
range. The control group of 314 patients was treated according to standard CCU practice and did not receive
insulin unless clinically indicated. The primary aim of the DIGAMI study was to test whether early and rapid
metabolic control in diabetic patients with acute myocardial infarction would reduce 3-month mortality rate.
At 3 months, although HbA1c was 7.5 ± 1.8% in the control group and 7.0 ± 1.6% in the infusion group, the
mortality rates were not significantly different. At 1 year, HbA1c levels in the infusion were lower than in the
control group (7.0% vs. 7.5%). There was also a 31% lower 1-year mortality rate in the infusion group (18.6% vs.
26.1%, p = 0.0273). A larger study of 1253 patients (DIGAMI 2)50 was designed to discern whether the insulin
infusion alone or the combination of insulin infusion followed by intensive subcutaneous insulin administration
was responsible for the reduced 1-year mortality rates seen in the initial DIGAMI study. Unfortunately, the study
not only was unable to answer this question but also was unable to replicate the initial DIGAMI reduction in
mortality rates, as the HbA1c levels in all groups were essentially identical (approximately 6.8%).

A smaller earlier intervention trial of 153 male subjects with type 2 diabetes also evaluated intensive versus
conventional glycemic control. The Veterans Affairs Cooperative Study in Glycemia Control was a feasibility
study for a larger trial.51 Subjects were randomized to intensive therapy, using a stepped multiple insulin injec-
tion algorithm plus glipizide, or conventional treatment, using 1 or 2 insulin injections a day. The two groups
achieved a HbA1c difference of 2.1% (9.2% vs. 7.1%) for 27 (range 18–35) months. The percentage of subjects
experiencing a cardiovascular (CV) event was higher, though not statistically so, in the intensive (21.3%) than in
the conventional group (11.5%).

The large clinical trials showing beneficial effects of intensive therapy on microvascular disease in individuals
with type 2 diabetes fail to show a consistent statistically significant benefit on macrovascular disease. In the case
of the UKPDS, the largest of the trials, the fact that patients were selected for the presence of newly diagnosed
diabetes and for the absence of known CV disease could have resulted in the inability of the study to reach
a significant difference in myocardial infarction rates. In addition, the continually rising glucose levels during
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the study, resulting in both an intensive group HbA1c above 8.0% and a modest HbA1c separation during the
last 5 years of the trial, may have contributed to the lack of significant reduction in CV disease. It has long
been recognized that an increase in CV risk occurs prior to the development of overt type 2 diabetes, at a time
when HbA1c may be within the normal range and impaired glucose intolerance is present.52–54 Much of this
increased risk may be related to the lipid, blood pressure, and other metabolic abnormalities that often occur
in individuals with impaired glucose tolerance. On the other hand, the ability of intensive glycemic control
to decrease CV disease may require achieving lower glucose levels than those resulting in improvement in
microvascular complications.

In order to determine whether achieving such lower glucose levels would indeed result in a reduction in CV
events in individuals with type 2 diabetes mellitus, the NIH has sponsored the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) Trial.55 Over 10,000 middle-aged and older patients with type 2 diabetes at high
risk for CV disease were randomized into the ACCORD trial at 77 centers in the United States and Canada. The
ACCORD study is also, using a double 2×2 factorial design, evaluating the effects on CV events of treatment to
increase high-density lipoprotein cholesterol and lower triglyceride (in the context of optimal LDL cholesterol
and good glycemic control) and of intensive blood pressure control (in the context of good glycemic control).
Primary outcome is the first occurrence of a major CV event, defined as nonfatal MI, nonfatal stroke, or cardio-
vascular death. The glycemic arm of the trial tests whether a therapeutic strategy that targets a HbA1c level of
<6.0% will reduce the occurrence of major CV events more than a strategy that targets a HbA1c in the 7.0–7.9%
range. The ACCORD trial is scheduled to conclude on June 30th, 2009, at which time the participants will have
been followed for 4–8 (mean 5.6) years.

In summary, based on currently completed clinical trials, intensive glycemic therapy will reduce the incidence
of cardiovascular disease and events in individuals with type 1 diabetes. Whether intensive glycemic control has
the same effect in type 2 diabetes remains to be proven. It is important to keep in mind that control of blood
pressure and correction of lipid abnormalities will result in substantial reductions in cardiovascular disease in
individuals with type 2 diabetes56–58 and such therapy should be instituted.

Adverse Effects of Intensive Glycemic Control

Intensive glycemic control is not without possible side effects. These include weight gain, drug-specific side
effects, costs in both time and money, and hypoglycemia. The occurrence of low blood glucose level carries the
greatest risk, including significant morbidity and death. Several fold increases in mild to moderate hypoglycemia
occur in all trials utilizing intensive glycemic control.59 In the DCCT, the incidence of severe hypoglycemia
(documented BG <50 mg/dl requiring the assistance of another person for correction) was increased threefold
in the intensive treatment group (61.2 episodes/100 patient-years) compared to the conventional group (18.7
episodes/100 patient-years).60 The intensive group did not have an increase in deaths, myocardial infarctions,
or strokes attributable to hypoglycemia. There was also no difference in cognitive function, as assessed by a
battery of cognitive testing, in the intensive treatment group at the close of the DCCT61 or at follow-up testing
18 years from the onset of the study.62 Similar results regarding the incidence of hypoglycemia were found
in the Stockholm Diabetes Intervention Study. The incidence of hypoglycemia, including recurrent episodes,
during the DCCT was found to have greater association with the most recent HbA1c than with past values or
the average HbA1c during the DCCT trial.25 There was a 26% (95% CI 22–29) increase in the risk of severe
hypoglycemia for each 10% reduction in current HbA1c in the intensive group. The increased risk per 10%
lower HbA1c was 54% (95% CI 49–60) in the conventionally treated subjects. For both treatment groups, the
risk gradient for HbA1c <8% was lower than for values >8%.25 Over the 6.5 years of the DCCT, 65% of the
patients in the intensive group had at least one episode of severe hypoglycemia vs. 35% of the conventionally
treated subjects. The number of prior episodes of hypoglycemia was the strongest predictor of future episodes.60

In type 2 diabetes, the risk of hypoglycemia and severe hypoglycemia is an order of magnitude less than
that in type 1 diabetes. In the UKPDS, the rate of hypoglycemic episodes increases over time in the insulin
treated patients but decreases over time in patients treated with oral agents. The percentage of patients with any
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hypoglycemia was 15.2% for patients on chlorpropramide, for glibenclamide – 20.5%, for insulin – 25.5%, for
metformin – 8.3%, and for diet alone – 7.9%. Severe hypoglycemic episodes occurred in 1.8–2% of patients
on insulin, 1.0–1.4% on glibenclamide, 1–1.2% on chlorpropramide, 0.6% on metformin and 0.7% on diet
alone.46,48

Intensive glycemic control also lowers the threshold for hormonal response to hypoglycemia, leading to
impaired glucose counter-regulation.63,64 Patients with type 2 diabetes release counter-regulatory hormones at a
higher plasma glucose level and in higher amounts for a similar degree of overall glycemic control.65 This may
account for the lower incidence of hypoglycemia in type 2 diabetes.

Weight gain will also accompany intensive glycemic control, with the exception of patients treated with
metformin. In the DCCT, after 6.5 years, the prevalence of being overweight (BMI >27.8 kg/m2 for men
and >27.3 kg/m2 for women) was 33.1% in the intensive treatment group compared to 19.1% in the conven-
tional treatment group.66,67 Intensive group subjects with a family history of type 2 diabetes experienced greater
central weight gain than subjects with no such family history.68 Weight gain is especially troubling in individuals
with type 2 diabetes, given the high incidence of associated obesity. In the UKPDS, subjects treated with SUs
gained 1.7 and 2.6 kg, while patients on insulin gained an average of 4.0 kg.46

Side effects, besides hypoglycemia and weight gain, of the oral agents used to achieve glycemic control
in individuals with type 2 diabetes include gastrointestinal symptoms, lactic acidosis, edema, and fluid retention
and, in the case of the thiazolidenedione class, congestive heart failure and possible increase in myocardial infarc-
tion rates.69–71 The possible adverse effects of high insulin levels in the setting of insulin resistance on vascular
smooth muscle cell migration/proliferation and the development of atherosclerosis remain controversial.72,73

Glycemic Control Target Levels

Hemoglobin A1c levels are used as a measurement to both determine recent mean plasma glucose levels and to
predict future risk of developing diabetes complications. Recently, the concept of glucose variability, particularly
postprandial glucose levels, as an additional independent predictor of complications has been proposed.

Several epidemiological studies have shown that plasma glucose levels 2 h after an oral glucose challenge is
an independent predictor of cardiovascular disease risk.74–76 Post-challenge absolute and incremental glucose
levels were more strongly associated with B-mode ultrasonography carotid artery intima–media thickness than
fasting glucose levels or HbA1c.77 The majority of the patients in these studies, however, had impaired glucose
tolerance(IGT) or mild diabetes and HbA1c levels that were within the nondiabetic reference ranges.

The effect of postprandial glucose lowering agents on macrovascular disease has been looked at in inter-
ventional studies of individuals with IGT and type 2 diabetes. The STOP-NIDDM research study78 evaluated
whether the alpha-glucosidase inhibitor acarbose, a compound that specifically reduces postprandial hyper-
glycemia, would reduce the risk of progression to diabetes, development of hypertension, and cardiovascular
disease. In this international, multicenter placebo-controlled trial, 1429 patients with impaired glucose tolerance
were randomized to placebo or acarbose and followed for a mean of 3.3 years. Acarbose use was associated with
a 49% relative risk reduction in CVD events (hazard ratio of 0.51; 95% confidence interval 0.28–0.95, p = 0.03).
Esposito et al.79 compared the effects of the insulin secretagogues repaglinide and glyburide in 175 patients with
type 2 diabetes. Following a 6–8 week titration period, subjects were randomized to one of the two medications
for 12 months. Carotid B-mode ultrasound intima–media thickness (CIMT) measurements and serum samples
for inflammatory markers were obtained at baseline and at study end. Despite similar declines in HbA1c levels
of approximately 0.9%, postprandial glucose was 148 ± 28 mg/dl in the repaglinide group and 180 ± 32 mg/dl
in the glyburide group (p < 0.01). CIMT regression was observed in 52% of patients in the repaglinide group but
only 18% of the patients receiving glyburide (p < 0.01). Inerleukin-6 and c-reactive protein also decreased more
in the repaglinide group (p = 0.04 and 0.02, respectively).

Proposed mechanisms through which postprandial hyperglycemia may impact endothelial function include
increased production of inflammatory markers and free radicals.80 Monier et al.81 assessed the relative contri-
butions of sustained hyperglycemia and acute glucose fluctuations on measures of oxidative stress in 21 patients
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with type 2 diabetes and 21 age and sex matched controls. Urinary 8-iso prostaglandin F 2 alpha, an indicator of
total body free radical production, was associated with both the mean amplitude of glycemic excursions (MAGE)
(r = 0.86, p < 0.001) and postprandial incremental area under the curve (r = 0.55, p < 0.009). There was no sig-
nificant correlation between free radical production and 24 h glucose production, fasting glucose concentration,
or HbA1c.

Despite the correlations of surrogate measures of atherosclerosis with postprandial glucose elevations seen in
the above small studies, there has been no confirmatory evidence from the large clinical trials of an independent
effect of glycemic variability on complications of diabetes. Several analyses of the DCCT data set have found that
glycemic variability does not independently predict the risk of complications beyond that of HbA1c level.82–84

In 2001, an ADA consensus panel did not recommend the routine use of postprandial blood glucose testing.85

Clinical target levels for intensive glycemic control are based on consensus committees reviewing the avail-
able study data. Unfortunately, as presented in the sections above, none of the large randomized trials evaluating
the effects of glycemic control on micro and macrovascular complications have attained mean HbA1c levels
in the nondiabetes range. Thus, a difference of opinion exists among diabetologists and professional organiza-
tions regarding specific glycemic targets, with no hard evidence supporting one over the other. The two most
cited glycemic target levels from United States organizations are the American Diabetes Association (ADA)
recommendations86 and the American Association of Clinical Endocrinologists (AACE) Medical Guidelines.87

Clearly, patients with both type 1 and type 2 diabetes must be given appropriate dietary and pharmacologic
therapy to eliminate the symptoms of hyperglycemia and prevent the consequences of extreme uncontrolled
diabetes, i.e., ketoacidosis and hyperosmotic state. The positive effects of intensive glycemic control on the
development and the progression of microvascular disease in the clinical trials of patients with both type 1 and
type 2 diabetes form the basis for the ADA target glucose and HbA1c levels as outlined in Table 39.2 below. A
case could be made to attempt to achieve glucose levels as close to normal as possible as, in secondary clinical
trial analyses, there is no threshold of HbA1c level below which further reduction in microvascular disease does
not occur. Thus, the AACE glycemic HbA1c target of less than 6.5% is lower than that of the ADA.

Table 39.2 Recommended glycemic goals

Nondiabetes glycemic levels Diabetes treatment targets

A1C <6 <7
FBG (plasma) <100 mg/dl 70–130 mg/dl

<5.6 mmol/l 3.9–7.2 mmol/l
2 h <140 mg/dl <180 mg/dl
postmeal BG (plasma) <7.8 mmol/l <10 mmol/l

Source: Data from American Diabetes Association.86

Concurrent chronic illness does not limit the achievement of glycemic control.88 This must be tempered
by the fact that the incidence of hypoglycemia will be increased threefold for near-normal glucose levels. For
individuals with other diseases where the consequences of severe hypoglycemia may result in morbidity or
death, the attainment of normal glucose levels with insulin or SU therapy would not be advisable. If the patient
has a disease which significantly shortens life expectancy, then the need to prevent long-term complications is
absent. Treatment goals must be individualized to account for concomitant disease, the presence of hypoglycemic
awareness, and the ability of the patient to monitor glucose levels and follow an intensive treatment plan. For
patients with type 2 diabetes, it is also important to focus on the concomitant dysmetabolic state and to address
any abnormalities in lipids and blood pressure. The ultimate goal of glycemic control is to attain the lowest
HbA1c level that will not adversely affect patient safety. Although the recommended goal is a HbA1c <7% or
<6.5%, for most patients without other medical illnesses one can attempt to reach a value of 6.0%, providing no
treatment side effects occur. For patients with mild or early onset diabetes, on diet alone or on pharmacologic
agents that cannot cause hypoglycemia, HbA1c levels within the normal range should be readily achievable.
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Summary

Intensive glycemic control effectively prevents the occurrence and delays the progression of microvascular com-
plications in both type 1 and type 2 diabetes. Intensive therapy will also reduce the incidence of cardiovascular
disease in type 1 diabetes. Demonstration of beneficial effects of glycemic control on decreasing CV events
in type 2 diabetes is lacking. Attention to blood pressure and lipid control is also important in both types
of diabetes.89 The incidence of hypoglycemia is increased threefold with intensive glycemic control. Current
recommendations advocate attaining near-normal glucose levels when safely feasible.

Helpful internet source for additional information on glycemic goals:

• ADA clinical practice guidelines
(http://www.diabetes.org/diabetescare)
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