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The Diabetes Conrol and’ Complications Trial (DCCT) is 2 landmark muiticenter tial designed  test e
proposition that the complicarions of diabetes mellitus are related to elevation of the plasma glucose
concentration. The study design was simple. Two groups of pauents were followed long term. one
reated conventionally (goal: clinical well-being; called standard trearment group) and another weared
intensively (goal: normalizarion of blood glucose: called intensive trearment group). The intensive
trearment group was clearly distinguished from the standard treamment group in terms of giycated
hemoglobin levels and capillary blood glucose values throughout the durarion of the study. Normalizanon
of glucose values was not achieved in the intensively treatad cohor as 2 group because mean glucose
values were approximarely 40% above pormal limits. Nevertheless, over the smudy period, whick
averaged 7 years, there was an approximate 60% reduction in risk berween the imeasive treamment group

" and the standard treagment group in diabedc redinopathy, nephropathy, and neuropathy. The benefit of
intensive therapy resulted in 2 delay in the onset and 2 major slowing of the progression of thesa thres
complicztons. “Finally, the benefits of intensive therapy were seen in all categories of subjects regardless
of age. sex. or duration of diabetes.

- SUMMARY

The American Diabees Associazion believes that the smdy bas both staristical and clinical
significance. The DCCT is the longest and largest prospective smdy showing that lowering blood glucose
conceamration slows or prevens the development of diaberic complicarions. As such, it bas major
therapeutic implicadions for health-care providers and their pariems. Many questions remain 0 be

wered, but the following conclusions appear warranted:

. A primary trearmem goal in insulin-dependemt dizbezes mellitus (IDDM) should be blood glucose
conol ar least equal to that achieved in the intensively wexted cobort. This goal may oot apply w0
all patients with IDDM and must be based on clinical judgement. Of importance, intensively
treated padests had a three-fold gremer risk of hypoglycemia than did patients in the conwol
group. Becuse serious bypoglycemia is dangerous, “tight* control goals may have w be
sacrificed in people in whom frequent or severe hypoglycemia cannot be avoided by weamment
modificadon. »
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It is pot known for cermin whether the results obtained in this smdy of peaple with insulin-
dependem dizberss mellims zpply 10 people with non-insulin-dependest dizbetes medlinus
(NIDDM). Nonetheless, it seems reasonable to recommend tight control in many paxients with
pon-insuiin-dependert disease becxuse it is presumed thar the mechanisms by which glucose causes
complicarions is the same in both forms of diabetes. However, because there may be other
medical conditions in people with NIDDM, tight comrol may not be appropriate for all people
with this rype of diaberes. -

3. There is oo favored form of wexmmems w0 achieve tght control of blood glucose levels. The
decision 1o use muitiple injections of innulin versus an insulin pump depends on the preference of
the pades with IDDM and the abiliry of the health-care team © provide the pecessary resources
and support. In NIDDM, diet, exercise, and oral drugs may achieve tight contol, but insulin is

. often required. ~

in order © expand on these conciusions, a list of pertinemt questons and answers is provided in the
accompanying pages.
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Insulin-dependent dizbetes mellius ADDM): This form of diabezes commonly develops in peopie
under the age of 30, which was the study group in the DCCT. Insulin is required io all patients,

and its omission results in life-threatemng diabetic ketoacidosis (diabetic coma).. It is aiso called
type [ diabetes.

Nop-insulin-dependent diabetes mellimus NIDDM): By far the most common form of diaberes,
NIDDM usually begins in middle age but can occur earlier or later. It is cailed nop-insulin-
dependent w indicate resistance 0 dizbetic ketnacidosis. Patients may be treated by diet or oral
drugs (sulfonylureas), but many are best managed by insulin. NIDDM is also called type I
diabetes. ‘ ’

Complications: Diabetes of bath types may result in tissue-damaging complications. One set of
complications is designated migrovascular.  Microvascular means small blood vessel, but this is
simply traditional terminology and does not imply that the complications are dug to blood vesse!

¥ disease. The microvascular complications affect three organ systems: the eyes (retinopathy), the

kidneys (nephropathy), and the nerves (neuropathy). These complications lead to visual loss,
kidney failure, and muitiple neurclogic symproms (e.g., pain, burning, loss of sensation) in some
padeqts. The purpose of the DCCT was o test the hypothesis tha these compliczrions could be
prevented or their progress slowed by bener control of blood glucose levels. Macrovascular
means large blood vessel. Macrovascular complications are due 10 atheroscierosts of blood
vessels, which results in reduced blood flow to tissues. Complications include 2ngina, heart
aracks, strokes, and amputarions. In addition © hypergiycemia, other factors are imporant in the
pathogenesis of atherosclerosis in disbetes. These include known risk factors in people without
diabetss, such as smoking, high blood pressure, and zbnormal blood lipid levels.

Tiznt conrrol: This term is used o indicate blood glucose levels equal to or bexer than those
achieved in the intensively trezted group in the DCCT trial.

4 i g in: This is 2 form of hemoglobin (the oxygen-carrying
molecule of the blood) that reflects the average blood glucose concentration over 2 three-month
period. A high percemmage of bemoglobin A,, indicates poor control, whereas a low percentage
indicazes good conmol.
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L L _ iabie?
The DCCT was 4vell designed and efficiently carried out. The results are stausucally significant
and are of major clinical importance. They convincingly demonstrate that blood glucose conrrol
significantly influences development of complicarions in subjects with IDDM. The study does nox
appear 1 have major flaws. As in all clinical mials, not every variable couid be studied. In the
DCCT, the age range of the swdy subjects was rather narrow and relatively few minority patients
participated. but there is no reason to believe thar the resuits would not apply o all people with
[DDM.

1D

vel of ? .
It appears that there is a direct relationship berween blood glucose level and the risk of
complications. However, there are other factors, such as generics, thar influence complications.
Nevertheless, patients should aim for the best level of glucose comrol they can achieve without
placing themseives ar undue risk for hypoglycemia or other hazards associated with dght conmol
{see quesuon J). As bas aiways been the case, therapy tor diabetss must be individualized i
consulianon berween parient and primary heaith-care provider. If the IDDM pariert is
intellecually, emotionally, physically, and financially able 10 amempt tight control, and if 3 heaith-
tare team is available to provide resources, guidance, and support, a reasonable goal is the mean
# Pplasma plucose and hemoglobin A, levels achieved in the imensive trexmment group of the wial

: (i.e.. mean blood glucose of 155 mg/d! and HbA,, of =7.2%: pormal average blood glucose—
. 110 mg/d! and HbA,, ~ <6.05%).

L
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It caz be. The major danger is bypoglycemia. Serious hypoglycemia may result in altered
consciousness, coma, or convulsions resuitng in injury w0 the patient or others. Hypoglycemia
may also bave harmful effecs on neuropsychological and imellecmial function in children,
although in DCCT participans, these adverse affecs were not observed. In older people, low
blood sugar may lead o strokes or heart amazty. The imensive trexument group in the DCCT had
& tree-inid greater nisk of severe bypoglycemia than did the standard reammem group.

The risk of hypoglycemia must be recognized, aithough the danger may be reduced by frequent
blood giucose monitoring; adjustmerz of insulin dosage; alterarion of the timing, frequency, and
contzat of meals; and change in =excise/acuvity paterns. Thus, comprehensive self-management

-

-

The imensive weamment group also experienced significam weight gain, which can bave adverse
medical and emotonal consequences.

4. Do the resuin of the DCCT amnly 10 people with non-ineulin-dependent diaberes mellinie?
Paters with NIDDM were not swdied in the DCCT, However, there is no reason w
believe tha the effecss of bener comrol of biood glucose levels would ot apply 10 peopie with
. NIDDM. The eye, kidney, and nerve abnormalites appear quite similar in IDDM and NIDDM,
and 1 1s likely thar the same or similar underlying mechanisms of disease apply.
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Universal recommendations for tight control may not be appropriate. however. The weight gain
characteristic of intensive therapy may be greater in subjects with NIDDM because 2 high
percentage-are overweight or frankly obess. Because obesiry is associated with resistance o0
insulin action, a vicious cycle of insulin administration - weight gain ~~ increased insulin
requirement is possible. Some investigators believe thar the higher insulin concentrations required
to overcome insulin resistance may be a factor in development of high blood pressure, abnormal
lipid levels, and atheroscierosis in NIDDM. Also, because of an increased prevalence of
macrovascular disease, older patients with NIDDM may be more vulnerable 1o serious
consequences of hypogiycemia, including fainting, seizures, falls, stroke, silegt ischemia, heart
antack, or sudden death. Thus. as is the case for everyone baving diabetes, weamment in NIDDM
has 10 be individualized. But the results of the DCCT suggest thar many otherwise heaithy .
paticnts with NIDDM should strive © achieve tight conwrol.  Advanced age or significant co-
morbidity (e.g., cerebrovascular or coronary artery disease) should be considered 2 relative
contraindication o tight conwrol in NIDDM.  Also, other factors important in the development of
atherosclerosis in these patients, including smoking, elevated blood pressure, abnormal lipid
values, and obesity, must be addressed. ’

Is tight conerol conmraindicated in any sroup of patients?

Tight conrrol should not be anempted by patients unable or unwilling 1o panicipate actively in
their glucose management. Tight control is conmraindicated in infanes under 2. It should be
undertaken with extreme caution in children berween the ages of 2 and 7, because hypoglycemia
may impair normal brain deveiopment, which is not complete umil 7 years of age. The danger of
bypogiycemia is greater in infants and children because food intake, activity, and adherence to
treampent schedules are less prediciable than in adults. Because preadolescents appear 1o be
relauvely protected from microvascular complications, the need for tight control might be less
tan in postpuberial subjects. Older parents with significant atherosclerosis may be vulnerable
permanens injury from bypoglycemia. Although there are few absolute contraindications © tight
control, reladve contraindications will be more frequent. Clinical judgement and common sense
will be required in decision making under the laner circumstance. Given the above cavears,
multiple insulin injections and frequent blood glucose monitoring from the onset of IDDM shouwld
be swandard therapy. ,

L) ¥,
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Again, clinical judgement is required. Unless pariems have advanced, severe complications, the
answer would often be yes. Tight control may not be indicated for patients who aiready have
marked visual loss or end-stage renal disease. Parients with advanced complications were not
entered 1010 the mial, so 0o direct evidence is available 1o indicate that tight conmol insuch
paneats is beaeficial. -

-

Should intensive themny he offered 10 narienrs with lone-standing disbetes and no evidence of
micTovasgular comolicagons?

If 2 person bas had diabetes for 20-25 years following puberty without signs of retinal, nerve, or
kidney disease or if complications are minimal (e.g., one or two microaneurysms in the retina),
ught control might not be necessary. '
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stherosclerosis occurs earlier in people with diaberes than it does in those without elevated blood
glucose levels, and it is reasonable 0 suppose that bener control might slow macrovascular io
addition o microvascular complications.

As was mcnnoned czrixcr. susubxixty w ccmphcznons :md dmagc from ci:vated blood glucose
{evels is influencad by one’s genes. Unformunately, we bave ot identified genenic markers of
suscepubility.

For those choosine tieht conmrol, s life-lone imensive wreagment required?

In general, tight conmrol for peopie beyond puberty should be maintained for life. Alteration of
therapy may be required because of advanced age or other changes in clinical circumstances: e.g.,
after 2 stroke or heart amack, signaling more serious risks from bypogiycemia.

with di ’
in theory, the answer is yes. However, in the real world. grear effort will be required ©
reproduce the results of the DCCT. It must be recognized thar the smdy group was young,
generally bealthy, and highly modvated. The professional personnel carrying out the study were
trained endocrinologists and diabetes educators in academic centers who were highly motivated
and meticulous in their management of the study subjects. The intensively treated group received
far more anention and medical services than are rounnely available in clinical pracdce. In many
cases, participants and professionals became “family.” Broad implemenmrion of intensive therapy
wil] require expanded bealth-care teams (knowiedgeable physicians, diabetes educators,
pumitionists, and social workers), major professional and panem educational efforts, and an
enhanced parmership berween specialists and primary care providers. The costs of these services
and reimbursement mechanisms will have 10 be addressed (see queston 13).

Improved glucose conmo! in IDDM bad beneficial effecs whether delivered by mulnple daily
injections or programmable insulin-infusion pumps. The choice of weamment depends on the
wishes of the individual panem and the comfort/competence of the health-care team with a given
technique.

Itis rwogmmd max there wxll bc subsmnaﬂy increased costs of vndeiy appiymg the
recommendations of this stdy in the United States. There will also need to be additdonal effors
t0 ensure professional educzron, so that health practitioners are able to effectively and safely
implement the therapy employed in the DCCT. It is hoped that the long-term benefits of
healthier, more producgve lives with fewer complicarions would offset the costs of tght conmol.
This issue is being studied. Ultmaxely this will be a socieral decision.




