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Diabetes is a metabolic disorder primar-
ily characterized by elevated blood glu-
cose levels and by microvascular and

c a rdiovascular complications that substan-
tially increase the morbidity and mort a l i t y
associated with the disease and reduce the
quality of life. Type 1 diabetes is character-
ized by total reliance on exogenous insulin
for survival and comprises 10% of all cases
of diabetes. The more prevalent form of dia-
betes, called type 2, comprising 90% of all
people with diabetes, is characterized by
insulin deficiency and/or insulin re s i s t a n c e .

An association between the complica-
tions of diabetes and elevated blood glu-
cose levels was postulated in the early part
of this century. However, only in the last 3
decades has a substantial body of animal
experimental studies and human observ a-
tional studies and clinical trials dire c t l y
linked hyperglycemia with the develop-
ment of diabetic complications (1). Some of
these studies have also demonstrated that
t reatment that lowers blood glucose
reduces the risks of diabetic re t i n o p a t h y,
n e p h ro p a t h y, and neuro p a t h y.

Notable are the results of the Diabetes
C o n t rol and Complications Trial (DCCT)
(2) and the similarly designed but smaller
Stockholm Diabetes Intervention Study (3).
These studies showed unequivocally in type
1 diabetes that lowering blood glucose
delayed the onset and slowed the pro g re s-
sion of microvascular complications. Risk
reductions for various outcomes ranged
f rom 35 to 75%. Secondary analyses in
these studies showed strong re l a t i o n s h i p s
between the risks of developing these com-
plications and glycemic exposure over time.
M o re o v e r, there was no discernable glucose
t h reshold, i.e., there was a continuous
reduction in complications as glycemic lev-

els approached the normal range. Impro v e d
glycemic control was also associated with
reduced cardiovascular events in the DCCT,
but the diff e rence was not statistically
s i g n i ficant. Perhaps this was because the
population studied was young adults and
t h e re f o re the event rate was very low.

Many of the observational studies also
s u p p o rt a correlation between glycemic
c o n t rol and diabetic complications in
patients with type 2 diabetes, but until now,
t h e re have been only three randomized con-
t rolled trials attempting to test the benefit of
lowering blood glucose on the incidence of
complications. The first of these studies was
the University Group Diabetes Pro g r a m
(UGDP), which showed no benefit of
glycemic control in new-onset type 2 dia-
betic patients (4). However, in the UGDP,
t h e re were only 200 subjects in each tre a t-
ment group, HbA1 c was not available as a
reliable method for measuring chronic gly-
cemia, and the diff e rence in glucose contro l
between the most intensively treated gro u p
and the other treatment groups was only a
fasting plasma glucose of 30 mg/dl (1.7
mmol/l). Of note, a major concern emanat-
ing from the UGDP was the observ a t i o n
that the sulfonylurea agent (tolbutamide)
and a biguanide (phenformin) used to
reduce hyperglycemia were associated with
i n c reased cardiovascular mort a l i t y. The sus-
picion that glucose lowering with oral
agents in patients with type 2 diabetes may
actually be harmful has persisted since pub-
lication of the UGDP data in 1970.

The second controlled trial in type 2
diabetes was only recently re p o rted (5). This
small study conducted in 110 lean Japanese
subjects showed that multiple insulin injec-
tions resulting in better glycemic contro l
( H b A1 c = 7.1%) compared with conven-

tional treatment (HbA1 c = 9.4%) signific a n t l y
reduced the microvascular complications of
diabetes. The extent of the risk reduction in
this Japanese study was similar to that in the
D C C T, thereby supporting the hypothesis
that glycemic control is important in both
types of diabetes.

The third trial in type 2 diabetes was a
pilot study that randomized 153 men to
intensive or conventional therapy (6).
Despite a 2% absolute HbA1 c d i ff e rence in
glycemic control between the two gro u p s ,
the trial re p o rted no significant diff e re n c e
in cardiovascular events (when adjusted
for baseline characteristics) in a follow-up
period of only 27 months.

With this background, we now have
the results of the largest and longest study
on type 2 diabetic patients that has ever
been perf o rmed (7–10). The United King-
dom Prospective Diabetes Study (UKPDS)
re c ruited 5,102 patients with newly diag-
nosed type 2 diabetes in 23 centers within
the U.K. between 1977 and 1991. Patients
w e re followed for an average of 10 years to
d e t e rmine 1) whether intensive use of phar-
macological therapy to lower blood glucose
levels would result in clinical benefits (i.e.,
reduced cardiovascular and micro v a s c u l a r
complications) and 2) whether the use of
various sulfonylurea drugs, the biguanide
d rug metformin, or insulin have specific
therapeutic advantages or disadvantages. In
addition, patients with type 2 diabetes who
w e re also hypertensive were randomized to
“tight” or “less tight” blood pre s s u re contro l
to ascertain the benefits of lowering blood
p re s s u re and to ascertain whether the use of
an ACE inhibitor (captopril) or - b l o c k e r
(atenolol) off e red particular therapeutic
advantages or disadvantages.

S U M M A RY OF THE MAIN
R E S U LTS AND CONCLUSIONS
OF THE UKPDS

• The UKPDS results establish that
re t i n o p a t h y, nephro p a t h y, and possibly
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n e u ropathy are benefited by lowering
blood glucose levels in type 2 diabetes
with intensive therapy, which achieved a
median HbA1 c of 7.0% compared with
conventional therapy with a median
H b A1 c of 7.9%. The overall micro v a s c u l a r
complication rate was decreased by 25%.

• These results materially increase the evi-
dence that hyperglycemia causes, or is
the major contributor, to these compli-
cations. Epidemiological analysis of the
UKPDS data showed a continuous re l a-
tionship between the risks of micro v a s-
cular complications and glycemia, such
that for every percentage point decre a s e
in HbA1 c (e.g., 9 to 8%), there was a 35%
reduction in the risk of complications.

• The results demonstrate that the risks of
complications can be significantly low-
e red even in the range of hyperg l y c e m i a
w h e re HbA1 c levels are 8.0%. There
was no evidence of any glycemic thre s h-
old for any of the microvascular compli-
cations above normal glucose levels (i.e.,
H b A1 c 6 . 2 % ) .

• These results confirm previous conclu-
sions that lowering blood glucose would
be beneficial based on observ a t i o n a l
studies, pathological studies, and on
t h ree randomized clinical trials: the
D C C T, the Stockholm Diabetes Inter-
vention Study, and the Japanese study.

• No significant effect of lowering blood
glucose on cardiovascular complications
was observed. A 16% reduction (which
was not statistically significant, P =
0.052) in the risk of combined fatal or
nonfatal myocardial infarction and sud-
den death was observ e d .

• Epidemiological analysis showed a con-
tinuous association between the risk of
c a rdiovascular complications and gly-
cemia, such that for every perc e n t a g e
point decrease in HbA1 c (e.g., 9 to 8%),
t h e re was a 25% reduction in diabetes-
related deaths, a 7% reduction in all-
cause mort a l i t y, and an 18% reduction in
combined fatal and nonfatal myocard i a l
i n f a rction. Again, no glycemic thre s h o l d
for these complications above norm a l
glucose levels was evident.

• The highest average annual incidence of
major hypoglycemic events was 2.3% of
patients per year in those re c e i v i n g
insulin therapy.

• The study showed that lowering blood
p re s s u re to a mean of 144/82 mmHg
s i g n i ficantly reduced strokes, diabetes-
related deaths, heart failure, micro v a s-
cular complications, and visual loss.

• Epidemiological analysis showed a con-
tinuous relationship between the risk of
all the above outcomes and systolic blood
p re s s u re. There was no evidence of a
t h reshold for these complications above
a systolic blood pre s s u re of 130 mmHg.

The results of the UKPDS and its impli-
cations for the treatment of type 2 diabetes
will now be discussed in the format of per-
tinent questions and answers. This discus-
sion also re flects the position of the
American Diabetes Association on the
UKPDS fin d i n g s .

QUESTION 1: How was the
UKPDS conducted?

The design of the UKPDS was explicit and
was directed by pre s p e c i fied protocols with
a p p ropriate randomization of patients. Lab-
o r a t o ry and clinical tests were perf o rmed by
accepted methodologies, and all end points
w e re satisfactorily documented. The larg e
number of patients and their hetero g e n e i t y
p rovide great assurance that the re s u l t s
should apply to the U.S. population of men
and women with type 2 diabetes.

The UKPDS was originally designed as
a straightforw a rd randomized clinical trial
comparing the effects of an “intensive tre a t-
ment policy” with four pharm a c o l o g i c a l
monotherapies, versus a diet control gro u p ,
on the cardiovascular and micro v a s c u l a r
complications of type 2 diabetes. The thre e
main original monotherapies to which all
patients were randomized were chlor-
p ropamide, glyburide, and insulin. In the
s u b g roup of overweight subjects, met-
f o rmin as monotherapy was compare d
with the control group and to the other
t h ree pharmacological agents.

The primary and major question of the
study was whether lowering blood glucose
was beneficial. There f o re, the tre a t m e n t
goal in all the intensive pharm a c o t h e r a p y
g roups was a fasting plasma glucose (FPG)
level 6.0 mmol/l (108 mg/dl), and the
t reatment goal in the conventional diet con-
t rol group was an FPG level 15 mmol/l
(270 mg/dl). These widely diff e rent tre a t-
ment targets were meant to insure attain-
ment of adequate glycemic separation to
test the main hypothesis. However, it
became apparent that none of the oral
p h a rmacological monotherapies were capa-
ble of maintaining the intensive tre a t m e n t
goal, and there f o re adequate glycemic sep-
aration from the control group might be

j e o p a rdized. Thus, combination therapy
was used, mixing insulin or metform i n
with sulfonylureas, as well as crossing over
patients into the alternate pharm a c o l o g i c a l
t reatment groups. The final main “intention
to treat” comparison was between intensive
t h e r a p y, which now included all patients
originally assigned to insulin and sulfonyl-
u rea drugs, and conventional therapy,
which included all patients originally ran-
domized to diet tre a t m e n t .

It must also be noted that the diet
g roup could likewise not be kept pure .
When patients in this group exceeded an
FPG level of 15 mmol/l (270 mg/dl), they
w e re also treated with the same pharm a c o-
logical agents used in the other gro u p s .
U l t i m a t e l y, 80% of the patients in the diet
g roup re q u i red one or more of the same
p h a rmacological agents for which this
g roup was to serve as the control. Thus, all
e ffects of each of the pharmacological tre a t-
ment groups were confounded by
c rossovers, making it difficult to discern
s p e c i fic drug effects. For example, of the
total person-years of treatment in the con-
t rol group, 58% were spent on the original
diet treatment only, 25% on a sulfonylure a
alone or in combination with other dru g s ,
12% on metformin, and 15% on insulin. In
the obese subgroup, metformin was
a d m i n i s t e red alone or in combination with
other drugs for 82% of person-years to
those assigned to it and for 10% of person-
years to those in the obese control gro u p .

On the one hand, these drug cro s s o v e r s
make the ultimate diff e rences in eff i c a c y
o b s e rved between the intensive and con-
ventional groups all the more impre s s i v e .
On the other hand, the prevalence of tre a t-
ment crossovers and additions reduces our
c o n fidence in the diff e rences observed, or
not detected, among the various pharm a-
cological agents. Of note, the main analysis
p e rf o rmed by the UKPDS is identical to the
analysis perf o rmed in the DCCT. In both
studies, intensive treatment designed to
achieve near normal glycemia with what-
ever means necessary was compared with
conventional therapy.

QUESTION 2: What has the
UKPDS contributed to our
understanding of the biology
of diabetic complications?

The UKPDS results confirm and extend
p revious evidence supporting the hypothe-
sis that hyperglycemia and its sequelae are a
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major cause of the microvascular complica-
tions of diabetes. The risk gradient in the
UKPDS for late microvascular events was
v e ry similar to that seen in the DCCT for
early microvascular events. This indicates
that the presence of hyperglycemia is a toxic
state whether it occurs early or late in life
and irrespective of its underlying cause.

The UKPDS also demonstrated by epi-
demiological analysis that card i o v a s c u l a r
outcomes were consistently associated with
h y p e rglycemia in a manner similar to the
relationship between microvascular compli-
cations and hyperglycemia. Nonetheless, the
UKPDS did not prove definitively that inten-
sive therapy that lowered blood glucose lev-
els reduced the risk of card i o v a s c u l a r
complications compared with conventional
t h e r a p y. Thus, the role of hyperglycemia in
c a rdiovascular complications is still unclear.

QUESTION 3: What level of
glucose or blood pre s s u re
c o n t rol do the UKPDS re s u l t s
suggest should be achieved
in patients with type 2 
d i a b e t e s ?

The median HbA1 c levels achieved in both
the conventionally treated group (7.9%) and
the intensively treated group (7.0%) are
lower than the present average HbA1 c i n
type 2 diabetic patients in the U.S.
( 8.5–9.0). These diff e rences most likely
re flect the fact that patients were enrolled in
the UKPDS on diagnosis, whereas the HbA1 c

levels usually achieved in the general popu-
lation re flect diabetes of mixed durations.

A significant reduction in complica-
tions was achieved with intensive therapy
that lowered HbA1 c levels to a median of
7.0% over 10 years when compared with
conventional treatment that achieved a
median HbA1 c of 7.9%. Furt h e rm o re, on
epidemiological analysis, there was no evi-
dence of any glycemic threshold above a
n o rmal HbA1 c level of 6.2%. There f o re, the
results of the UKPDS mandate that tre a t-
ment of type 2 diabetes include aggre s s i v e
e ff o rts to lower blood glucose levels as close
to normal as possible.

The results of the UKPDS blood pre s-
s u re study also indicate that aggre s s i v e
t reatment of even mild-to-moderate hyper-
tension is beneficial. More o v e r, continued
reduction of blood pre s s u re into the nor-
mal range resulted in fewer complications.
Hence, blood pre s s u re should be kept
below 130/85 mmHg, as previously re c-

ommended by the American Diabetes
Association and others.

QUESTION 4: What are the
risks of aggressive glucose
or blood pre s s u re contro l ?

In the UKPDS, at the glycemic levels
achieved, a small fraction of patients had a
major episode of hypoglycemia re g a rd l e s s
of the pharmacological therapy used, and
one patient died from hypoglycemia over
the 27,000 patient-years of intensive ther-
a p y. Thus, the risk of hypoglycemia should
not discourage attaining HbA1 c l e v e l s
a p p roaching norm a l .

As mentioned above, the UGDP study
raised concerns that treatment with sul-
f o n y l u rea agents may increase card i o v a s c u-
lar events or death. However, the UKPDS
found no increase in the rates of myocard i a l
i n f a rction or diabetes-related deaths when
p a rticipants treated intensively with sul-
f o n y l u rea drugs were compared with those
t reated conventionally.

Some but not all previous observ a t i o n a l
studies have suggested that plasma insulin
levels may be associated with increased car-
diovascular disease risk. However, the
UKPDS showed no increase in card i o v a s c u-
lar events or mortality in patients assigned
insulin therapy, even though their fasting
plasma insulin levels were higher than those
of the conventionally treated patients. Thus,
the beneficial effects of intensive glucose
c o n t rol with insulin or sulfonylurea agents
outweigh their purported risks.

QUESTION 5: What 
d i ff e rences were observ e d
between the various form s
of intensive therapy?

In the main trial, there were no signific a n t
d i ff e rences with re g a rd to diabetic compli-
cations or adverse cardiovascular events
between therapy with insulin and with sul-
f o n y l u rea drugs. The strength of this con-
clusion is somewhat attenuated by the
f requency with which drug crossovers and
additions occurred for the purpose of
achieving blood glucose targets. Patients
randomized to sulfonylurea drugs re m a i n e d
on them 80% of the time (with a fraction
t reated with alternate therapies), and
patients randomized to insulin re m a i n e d
on it 75% of the time. It is again wort h
noting that no increase in card i o v a s c u l a r

events or death was observed with either
insulin or sulfonylurea drugs—this despite
the fact that both agents led to gre a t e r
weight gain and higher plasma insulin lev-
els than in the conventional group. This
o b s e rvation gives some additional re a s s u r-
ance that insulin should not be held culpa-
ble for athero s c l e rotic events and that
s u l f o n y l u rea drugs should not be held
responsible for lethal cardiovascular toxicity.
In that re g a rd, physicians who have been
g reatly concerned with the possibility of
these serious adverse effects should feel con-
siderably less constrained in using these
agents for their valuable blood glucose–low-
ering benefits, such as saving vision.

QUESTION 6: What were the
role and results of metform i n
therapy in the UKPDS?

This topic re q u i res individual discussion
because of the diff e rent ways in which met-
f o rmin was used and the conflicting re s u l t s
o b s e rved in each instance. The initial
UKPDS design included assignment of
obese patients to metformin as well as to the
other intensive therapies and conventional
t h e r a p y. Patients initially assigned to inten-
sive therapy with metformin had decre a s e d
risks of combined diabetes-related end
points, diabetes-related deaths, all-cause
deaths, and myocardial infarction compare d
with the conventionally treated patients.
These risks were significantly reduced by
about one-third (P 0.0023–0.017). The
b e n e ficial effect on cardiovascular disease is
in contrast to the failure of insulin or sul-
f o n y l u rea treatment to reduce card i o v a s c u l a r
outcomes when compared with conven-
tionally treated obese patients. This diff e r-
ence between drugs may possibly relate to
the absence of weight gain with metform i n
and/or to some beneficial effects of met-
f o rmin on the insulin resistance syndro m e .
S u r p r i s i n g l y, no significant decrease in
m i c rovascular complications was observ e d
with intensive metformin therapy or with
combined insulin/sulfonylurea intensive
therapy in the obese subjects. This inconsis-
t e n c y, along with drug crossovers between
the treatment groups and the lesser numbers
of patients in the subgroups, creates uncer-
tainty re g a rding the overall beneficial eff e c t
of metformin on obese patients.

Late in the study, 537 obese and nor-
mal-weight patients originally assigned to
s u l f o n y l u rea therapy who failed to maintain
blood glucose in the designated target range
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w e re randomly assigned to continue sul-
f o n y l u rea therapy alone or to have met-
f o rmin added. In this substudy, an
i n t e n t i o n - t o - t reat analysis showed that the
g roup assigned to combined metform i n / s u l-
f o n y l u rea therapy had a 96% increase in dia-
b e t e s - related deaths (P 0.039) and a 60%
i n c rease in all-cause death (P 0 . 0 4 1 ) ,
c o m p a red with the patients assigned to con-
tinue maximal doses of sulfonylurea dru g s
alone. However, to keep the FPG level 1 5
mmol/l (270 mg/dl) and the patients
asymptomatic, metformin was given to 25%
of the patients initially randomized to re c e i v e
s u l f o n y l u rea drugs alone. Additionally, the
lack of a placebo control and the inability to
employ masking in this substudy also call
these detrimental effects into question.

In an attempt to reconcile the benefi-
cial effects observed when metformin was
used in obese subjects, with the detrimen-
tal effects observed when metformin was
added to maximum sulfonylurea therapy,
the results of the two substudies were com-
bined in a meta-analysis. We believe this
analytical approach does not resolve the
d i s c repancy in the results with metform i n ,
that is, it does not provide assurance that
the combination is safe or prove that it is
u n s a f e .

If there is some specific mechanism of
adverse interaction between metformin and
s u l f o n y l u rea drugs, this can only be defi-
nitely determined in a new, appro p r i a t e l y
designed, randomized, placebo-contro l l e d
trial. Until such a trial is concluded, we do
not recommend any change in the curre n t
guidelines for the use of metformin as
monotherapy or in combination with sul-
f o n y l u rea dru g s .

QUESTION 7: What were the
e ffects of blood pre s s u re
c o n t ro l ?

“ Tight blood pre s s u re control,” as achieved
in the UKPDS, significantly reduced the
risks of virtually all cardiovascular and
m i c rovascular outcomes, with risk re d u c-
tions ranging from 24 to 56%. A 21% re d u c-
tion seen in myocardial infarction was not
s i g n i ficant (P = 0.13). The type and number
of adverse effects seen with “tight blood
p re s s u re control” (mean 144/82 mmHg) or
“less tight blood pre s s u re control” (mean
154/87 mmHg) were not diff e rent fro m
those generally re p o rted in the literature .

The UKPDS also compared antihyper-
tensive treatment with an ACE inhibitor to

that with a - b l o c k e r. Both drugs were about
equally effective in lowering blood pre s s u re ,
although patients on -blockers had slightly
better blood pre s s u re control (a 1-mmHg
systolic and 2-mmHg diastolic impro v e-
ment). Neither drug was superior to the
other in any outcome measured, including
d i a b e t e s - related deaths, myocardial infarc-
tion, and all microvascular end points. Also,
t h e re were no significant diff e rences in
m i c roalbuminuria or proteinuria. However,
because of the low prevalence of nephro p a-
thy in the population studied, it is unclear
whether there were sufficient events to
o b s e rve a protective effect of either drug on
the pro g ression of nephro p a t h y. We con-
clude that both drugs used to reduce hyper-
tension are equally effective and safe, and
either can be used with great benefit to tre a t
uncomplicated hypertension in patients
with type 2 diabetes.

Of note, conventionally and intensively
t reated blood glucose study patients had
equal benefit from blood pre s s u re lower-
ing. Likewise, the tightly and less tightly
c o n t rolled blood pre s s u re study patients
had equal benefit from blood glucose low-
ering. Thus, both hyperglycemia and
h y p e rtension should be vigorously tre a t e d
when they occur together with an expecta-
tion that reductions in microvascular and
c a rdiovascular outcomes will be additive.

QUESTION 8: Is tight contro l
contraindicated in any gro u p
of type 2 diabetic patients?

Patients with type 2 diabetes are usually
diagnosed at an age when the likelihood of
having comorbid conditions incre a s e s .
Competing comorbidities such as hypert e n-
sion and dyslipidemia can lead patients and
physicians toward emphasizing the tre a t-
ment of one problem over another. In most
cases, however, this does not have to occur,
and the results of the UKPDS at least support
the premise that equal attention to diabetes
and hypertension can be accomplished.

Older type 2 diabetic patients have a
s h o rter life expectancy from time of diabetes
diagnosis by virtue of their age and their risk
or presence of cardiovascular disease. Thus,
it has been argued that the benefits of
glycemic control that are realized over time
may be preempted by earlier adverse out-
comes of other diseases. But since patients
in the UKPDS entered the study at an age
equivalent to the average age of diagnosis in
the U.S., vigorous treatment to prevent the

complications of diabetes from the time of
diagnosis is clearly warranted given the
UKPDS results. In addition, because the
UKPDS confirmed that a substantial pro-
p o rtion of newly diagnosed patients
( 50%) already have some early evidence
of diabetic complications, such disturbing
findings should provide an even gre a t e r
impetus to aggressive interv e n t i o n .

F i n a l l y, it is important to note that kid-
ney failure is much more common in the
U.S. than in the U.K., because the U.S. has
l a rger minority populations who develop
type 2 diabetes earlier in life and have
worse average blood glucose control. There
may also be a genetic susceptibility to kid-
ney disease in some ethnic populations in
the U.S. Because the UKPDS re p o rt e d
s i g n i ficant reductions in the risk of devel-
oping kidney disease and in the risk of its
p ro g ression, the results are part i c u l a r l y
i m p o rtant for the prevention of diabetic
renal disease in the U.S. population.

QUESTION 9: Are the re s u l t s
of the UKPDS achievable for
most people with diabetes?

In theory and practice the answer is yes.
Although the UKPDS was a clinical re s e a rc h
trial, subjects were enrolled and managed in
a wide variety of community clinics. The
p rofessionals conducting the study and
d i recting care were very knowledgeable
about diabetes, but the overall tre a t m e n t
p rogram was not unusually sophisticated or
complex. Patients enrolled in the UKPDS
s t a rted with an HbA1 c level of 9.1%. The
conventional treatment group achieved a
10-year median HbA1 c level of 7.9%, and
the group treated intensively with re a d i l y
available glucose-lowering agents achieved
a median HbA1 c level of 7.0%. Perhaps the
most important ingredient leading to ther-
apeutic success was persistence.

It should be acknowledged that there is
an increase in blood glucose levels with
i n c reasing duration of type 2 diabetes—an
u p w a rd trend noted in both the conven-
tional and intensive treatment groups of the
UKPDS. The ability to prevent or at least
re t a rd this rise may be facilitated by
recently approved glucose-lowering dru g s
that were not available to the UKPDS. Both
the success and the difficulties of the
UKPDS should stimulate further develop-
ment of new treatments and combinations
that can successfully manage hyperg l y-
cemia in type 2 diabetes.
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QUESTION 10: Are there
other major unanswere d
questions in the treatment of
d i a b e t e s ?

The UKPDS and the DCCT have answere d
the question of whether blood glucose con-
t rol is beneficial for people with type 1 and
type 2 diabetes. It definitely is. However,
both trials enrolled patients before serious
m i c rovascular complications had devel-
o p e d .

The benefits of achieving normal blood
glucose levels are not known in those who
a l ready have more advanced complica-
tions. Also, the risk of hypoglycemia may
be greater in such patients. Thus, addi-
tional studies would be desirable on the
risks and benefits in people with diabetes
who have more advanced complications.

Neither study gave a definitive answer
to the question of whether glucose contro l
reduces the risk of cardiovascular disease.
Both studies showed trends in re d u c i n g
the risk of cardiovascular events, but these
t rends were not statistically significant. Sev-
eral observational studies, including the
results of the epidemiologic analyses of
UKPDS data, have shown strong associa-
tions between blood glucose control and
the risk of cardiovascular disease morbidity
( h e a rt attacks, strokes, and amputations)
and all-cause mort a l i t y. However, these
studies do not prove that high blood glu-
cose causes these complications and that
intensive treatment to lower glucose would
reduce the risk.

F o rt u n a t e l y, the patients in both the
DCCT and the UKPDS are enrolled in long-
t e rm follow-up studies that will determ i n e
whether the initial period of intensive tre a t-
ment prevents cardiovascular complica-
tions by comparison with the initial period
of conventional treatment. Other studies
would also be desirable to establish the
risks and benefits of glucose control in
patients who already have card i o v a s c u l a r

disease. Such risks and benefits may well
be diff e rent from those characteristic of ear-
lier stages in the natural history of diabetes.

C O N C L U S I O N S — The UKPDS has
p rovided strong support for the American
Diabetes Association’s position that vigor-
ous treatment of diabetes can decrease the
morbidity and mortality of the disease by
d e c reasing its chronic complications. The
results show that lowering blood glucose
reduces the incidence of micro v a s c u l a r
complications in type 2 diabetes as it does
in type 1 diabetes. In addition, lowering
blood pre s s u re reduces the incidence of
c a rdiovascular complications as it does in
nondiabetic individuals, and also leads to
f u rther reduction in the severity of
m i c rovascular complications. Although the
UKPDS did not establish directly any eff e c t
of lowering blood glucose on card i o v a s c u-
lar complications, the use of insulin, sul-
f o n y l u reas, or metformin (and perh a p s
m e t f o rmin in combination with sulfonyl-
u reas) does not appear to increase the risk
of cardiovascular events. There f o re, noth-
ing should stop practitioners from pursuing
the American Diabetes Association’s goals
for glycemia and blood pre s s u re. The
UKPDS is another landmark diabetes study
p roving the value of metabolic control. It is
time for all health professionals to treat dia-
betes aggre s s i v e l y. It is also time for patients
to take their diabetes with utmost serious-
ness. And it is incumbent upon the health
c a re system to provide the necessary
re s o u rces for both to be successful. Com-
p romise or acceptance of a disadvantageous
and dangerous status quo in people with
diabetes should not be tolerated any longer.
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