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B ABSTRACT

The United Kingdom Prospective Diabetes
Study (UKPDS) showed that intensive
treatment (ie, glucose-lowering drugs, with
a goal fasting blood glucose level of 108
mg/dL) decreases the microvascular
complications of type 2 diabetes mellitus.
We summarize the key study results and
their implications for clinical management
of type 2 diabetes mellitus.

ATIENTS WITH TYPE 2 DIABETES mellitus

experience fewer microvascular compli-
cations such as retinopathy and nephropathy
if they undergo intensive treatment to achieve
normal blood glucose levels. However, the
effect of intensive treatment on macrovascu-
lar complications (ie, myocardial infarction,
stroke) and on mortality is not yet established.

These were the principal findings of the
20-year United Kingdom Prospective
Diabetes Study (UKPDS), which was recent-
ly reported.l-4 The study also addressed
whether sulfonylureas increase the risk of car-
diovascular complications, whether insulin
causes atherosclerotic complications, whether
metformin in intensive treatment affects com-
plication rates in overweight patients, and
whether tight blood pressure control affects
risk.

Although the UKPDS did not answer all
the questions it posed, it provided valuable
insight into key issues in diabetes care. This
article summarizes the key findings and their
implications for management of type 2 dia-
betes mellitus.
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B DOES TREATMENT REDUCE
COMPLICATIONS OF TYPE 2 DIABETES?

Type 2 diabetes mellitus is associated with
increased morbidity and mortality from
macrovascular and microvascular complica-
tions. Yet, until recently, we had little data to
show that controlling the blood glucose level
would prevent these complications.

The concept that glucose is the “culprit”
in the complications of diabetes mellitus is
based on the observation that microvascular
complications such as retinopathy and
nephropathy occur in all types of diabetes
mellitus, irrespective of genetic predisposi-
tion. Moreover, observational studies>6 sug-
gested a relationship between the degree of
hyperglycemia and the prevalence and severi-
ty of diabetic complications.

However, the much-debated University
Group Diabetes Program (UGDP) study,’
published in 1970, showed no benefit from
treating type 2 diabetes with insulin or sul-
fonylureas. In fact, the results suggested that
tolbutamide (a first-generation sulfonylurea)
and phenformin (a biguanide oral hypo-
glycemic agent withdrawn from the market in
the United States) might even be associated
with increased cardiovascular events and mor-
tality.

Subsequently, the Diabetes Control and
Complications Trial (DCCT)8 showed that
tight control of blood glucose levels decreases
the incidence of microvascular complications
in type 1 diabetes, and the Kumamoto
University (Japan) study? found similar results
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in patients with type 2 diabetes. However,
these studies were not designed to assess
effects on macrovascular complications, the
primary cause of morbidity in patients with
type 2 diabetes.10

B STUDY DESIGN

The UKPDS study started in 1977 and closed
on September 30, 1997.

Inclusion and exclusion criteria

Between 1977 and 1991, general practitioners
in the United Kingdom referred all patients
ages 25 to 65 with newly diagnosed type 2 dia-
betes mellitus to the 23 participating UKPDS
hospitals (rGure 1).! Patients were eligible if
they had a fasting plasma glucose concentra-
tion greater than 108 mg/dL on two mornings
1 to 3 weeks apart. This glucose level was
selected because it was just above the normal
limit for the reference range.

Among the exclusion criteria were
ketonuria, a serum creatinine concentration
greater than 2.0 mg/dL, evidence of coronary
or vascular events, laser phototherapy for
retinopathy, malignant hypertension, or
severe concurrent illness.

Diet run-in

The 5,102 patients who entered the study all
followed a “prudent diet” for the first 3 to 4
months. During this period, 149 patients were
excluded because their fasting plasma glucose
levels decreased to 108 mg/dL or less, and 744
were excluded because their fasting plasma

glucose levels increased to more than 270
mg/dL.

Stratification by weight

The 4,209 remaining patients were divided
into two groups according to weight. Those
weighing more than 120% of their ideal body
weight (n = 1,704) were deemed obese; the
other 2,505 were deemed non-obese.

Randomization in non-obese patients
Non-obese patients were randomly assigned
to two main treatment groups: conventional
treatment and intensive treatment.
Conventional treatment. Patients in the
conventional treatment group had a goal fast-
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ing plasma glucose level of 270 mg/dL or less.
To achieve this, they attended the clinics
every 3 months and received dietary advice. If
they developed marked hyperglycemia (fast-
ing plasma glucose > 270 mg/dL) or symptoms
of hyperglycemia (thirst, polyuria), they were
randomized again to receive either insulin or a
sulfonylurea, with the aim of keeping the fast-
ing plasma glucose below 270 mg/dL without
symptoms.

Intensive treatment. Patients in the
intensive treatment group had a goal fasting
plasma glucose level of 108 mg/dL or less. To
achieve this, they were assigned to receive
one of two types of drugs: a sulfonylurea
(either the first-generation sulfonylurea chlor-
propamide or one of the second-generation
sulfonylureas glibenclamide [the British
equivalent of glyburide] or glipizide) or
insulin.

Randomization in obese patients

Obese patients were randomly assigned to
three main treatment groups: conventional
treatment, intensive treatment, or metformin
treatment.

Conventional treatment, as described
above. (If their fasting plasma glucose levels
increased above 270 mg/dL, obese patients in
this group were randomized again to receive
either insulin, a sulfonylurea, or metformin.)

Intensive treatment, as described above.

Metformin treatment, with a goal fasting
plasma glucose level of 108 mg/dL.

Add-on therapy

In 1990, the investigators noted that in the
intensive treatment group fasting blood glu-
cose and hemoglobin A ;. (HbA ) levels were
continuing to increase in spite of maximum
sulfonylurea therapy. Therefore, an amend-
ment to the protocol assigned both obese and
non-obese patients either to continue treat-
ment with a sulfonylurea alone or to have
metformin added.

Clinical endpoints
The study protocol defined three types of end-
pointsl:

Individual clinical endpoints, which
included fatal myocardial infarction, nonfatal
myocardial infarction, sudden death, heart
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ENTRY. 5,102 patients with type 2 diabetes
(fasting plasma glucose > 108 mg/dL) entered
the study

DIET RUN-IN. Patients followed a “prudent diet” EXCLUSIONS. 149 patients

for 3-4 months before being randomized were excluded because their
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(n = 1,704) were randomized
to three different groups

(n=411)  CONVENTIONAL TREATMENT consisted of diet, with a goal (n=727)
» fasting plasma glucose level of < 270 mg/dL
\J
Patients who remained Patients who developed
symptom-free and with symptoms of hyper-
fasting plasma glucose glycemia or fasting plas-
levels < 270 mg/dL ma glucose levels > 270
remained on diet therapy mg/dL were randomized
(n = 406) to drug therapy, with a
goal fasting blood glu-
cose level of < 270 mg/dL
(n=702)
I
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Sulfonylurea
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Insulin
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——» METFORMIN TREATMENT, with a goal fasting plasma glucose
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FIGURE 1. Patient selection and randomization criteria for the UKPDS. Baseline character-
istics included mean age 53 years; mean body mass index 28 kg/m2; mean fasting plasma
glucose 144 mg/dL; mean hemoglobin A;. 7.1%; hypertension was present in 38%.
CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 66 « NUMBER 4 APRIL 1999 249

Downloaded from www.ccjm.org on July 20, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

TYPE 2 DIABETES NASR AND COLLEAGUES

198 —
@
g 180 Conventional [ 3P ®
o= treatment @
a3l
[T}
S8 144 |-
=
© 3 :
'g % 495 | Intensive treatment
=
108
9 —
@
oo ©
e Conventional o
< ®
- 8 treatment P o0
<
QO
T
=
._‘5° 7| Intensive treatment
%
=
6 L
| | I l | |
0 3 6 9 12 15

Years

FIGURE 2. Median fasting plasma glucose and hemoglo-
bin A, values in patients receiving conventional or
intensive treatment for type 2 diabetes mellitus in the
United Kingdom Prospective Diabetes Study. Although
the goal fasting glucose level was 108 mg/dL in the
intensive treatment group (vs 270 mg/dL in the conven-
tional treatment group), these measures of glycemic
control rose steadily after the first year in both groups.

SOURCE: FROM THE UK PROSPECTIVE DIABETES STUDY GROUP, REFERENCE 1.
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failure, angina, fatal stroke, nonfatal stroke,
and 14 others.

Aggregate clinical endpoints, which com-
prised the first occurrence of any diabetes-
related endpoint, diabetes-related death,
death from any cause, any myocardial infarc-
tion, any stroke, amputation or death from
peripheral vascular disease, and any microvas-
cular endpoint.

Surrogate endpoints, which included pro-
gression of retinopathy, neuropathy, microal-

buminuria, proteinuria, and a twofold increase
in plasma creatinine.

Hypertension substudy

The Hypertension in Diabetes Study, a trial
embedded within the UKPDS, attempted to
determine whether treatment aiming for a
near-normal blood pressure reduces morbidity
and mortality. Hypertensive patients were
assigned to undergo either:

Tight blood pressure control (a goal of
150/85 mm Hg or less, with either the beta-
blocker atenolol or the angiotensin-convert-
ing enzyme inhibitor captopril); or

Less-tight blood pressure control (a goal
of 180/105 mm Hg or less, with antihyperten-
sive drugs other than atenolol and captopril.)!

B RESULTS

Glycemic control

The median follow-up for endpoint analysis
was 10.0 years. In the conventional treatment
group, fasting plasma glucose levels and
HbA, . values increased steadily over 10 years.
In the intensive treatment group, fasting plas-
ma glucose and HbA . decreased during the
first year, but then increased in parallel with
the increase in the conventional treatment
group (FIGURE 2).!

A difference in measures of glycemic con-
trol was maintained throughout the study
between the assigned groups. Median HbA |,
values over 10 years were 11% lower (P <
.0001) in the intensive than in the conven-
tional treatment group (7.0% vs 7.9%).
Patients receiving insulin had median HbA.
values similar to those of patients receiving
sulfonylureas.

Weight gain

Patients in both groups gained weight, but
those in the intensive treatment group gained a
mean of 3.1 kg more than those in the conven-
tional treatment group (P < .0001). Patients
assigned to insulin therapy gained more weight
than those assigned to sulfonylurea therapy.

Hypoglycemia

One of the disadvantages of intensive thera-
py was an increased risk of hypoglycemia.!
Most of the hypoglycemic episodes were
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Effect of intensive vs conventional treatment
for type 2 diabetes in the UKPDS

SELECTED CLINICAL ENDPOINTS, 10-YEAR DATA EVENTS/1,000 PATIENT-YEARS (%) RISK P
INTENSIVE CONVENTIONAL ~ REDUCTION VALUE
TREATMENT* TREATMENT? (%)

Any diabetes-related endpoint 40.9 46.0 12 .029

Diabetes-related deaths 10.4 11.5 10 34

All-cause mortality 17.9 18.9 6 A4

Myocardial infarction 14.7 17.4 16 .052

Stroke 5.6 5.0 — 52

SELECTED SURROGATE ENDPOINTS, 12-YEAR DATA % %

Neuropathy 30.2 32.8 8 42

Microalbuminuria 23.0 34.2 33 .000054

*Sulfonylurea or insulin treatment, with a goal fasting blood glucose level < 108 mg/dL
tDiet therapy, with a goal fasting blood glucose level < 270 mg/dL

SOURCE: ADAPTED FROM THE UK PROSPECTIVE DIABETES STUDY (UKPDS) GROUP, REFERENCE 1

mild. During the first 10 years of the study,
rates for any hypoglycemic episode were
highest for insulin, followed by gliben-
clamide, chlorpropamide, metformin, and
conventional treatment in decreasing order
of frequency.

Reduction in microvascular endpoints
Patients assigned intensive treatment had a
25% risk reduction in microvascular end-
points compared with conventional treat-
ment (P =.0099). Most of this difference was
due to a 28% reduction in cases of retinopa-
thy requiring photocoagulation in the inten-
sive treatment group. At 12 years, there was a
33% risk reduction for microalbuminuria.
The risk reduction was similar in the three
intensive treatment groups. No difference
was noted between conventional and inten-
sive treatments in deterioration in visual acu-
ity, measures of autonomic neuropathy,
reported impotence, evidence of silent
myocardial infarction, or peripheral vascular
disease (TaBLE 1).!

Mortality
Diabetes-related mortality did not differ
between the intensive and conventional
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groups. There were no differences in the rates
of myocardial infarction or diabetes-related
death between participants assigned to sul-
fonylurea or insulin therapies.

Cardiovascular effects

Patients in the intensive treatment group had
a 16% lower incidence of myocardial infarc-
tion, but the trend did not achieve statistical
significance (P = .052). The UKPDS data did
not indicate any adverse cardiovascular effects
from sulfonylureas or insulin or metformin
alone.

Effects of metformin use

Patients assigned to intensive blood glucose
control with metformin had a 32% lower risk
(P = .0023) of developing any diabetes-relat-
ed endpoint than those randomized to con-
ventional control. Those assigned to met-
formin also had a greater risk reduction than
those assigned sulfonylurea or insulin (P =
.0034). These endpoints included macrovas-
cular and microvascular complications.?

On the other hand, the addition of met-
formin to a sulfonylurea was associated with
an increased risk of cardiovascular events and
death from all causes,? and when compared to
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Effect of tight vs less-tight blood pressure control
in patients with type 2 diabetes in the UKPDS

SELECTED CLINICAL ENDPOINTS, 10-YEAR DATA EVENTS PER 1,000 PATIENT-YEARS RISK P
TIGHT LESS-TIGHT REDUCTION VALUE
CONTROL* CONTROLY (%)
Any diabetes-related endpoint 50.9 67.4 24 .0046
Diabetes-related deaths 137 20.3 32 .019
All-cause mortality 22.4 272 18 A7
Myocardial infarction 18.6 235 21 13
Stroke 6.5 11.6 44 013
Microvascular disease 12.0 19.2 38 .0092
Heart failure 3.6 8.1 56 .0043
SELECTED SURROGATE ENDPOINTS, 7.5-YEAR DATA % %
Progression of retinopathy 34.0 51.3 34 .0038
Deterioration in vision 10.2 19.4 47 .003

*Goal blood pressure < 150/85 mm Hg, achieved with captopril or atenolol
tGoal blood pressure < 180/105 mm Hg, achieved with antihypertensive drugs other than captopril or atenolol

SOURCE: ADAPTED FROM UK PROSPECTIVE DIABETES STUDY GROUP, REFERENCE 3

single-agent therapy, the overall risk was still
higher than that of conventional therapy.

Blood pressure control

The mean blood pressure during follow-up was
144/82 mm Hg in the group assigned to tight
blood pressure control and 154/87 in the
group assigned to less-tight control. Patients
in the tight-control group had significantly
lower rates of diabetes-related endpoints, dia-
betes-related deaths, strokes, and microvascu-
lar endpoints and a trend toward a reduction
in all-cause mortality (tasLe 2). Up to 30% of
patients in the tight-control group required
three or more medications to achieve target
blood pressure.34

Captopril and atenolol were equally effec-
tive in reducing blood pressure and the risk of
macrovascular endpoints.4 This observation
suggests that blood pressure reduction of itself
may be more important than the type of anti-
hypertensive drug used.

Compliance with medication was higher
in the captopril group than in the atenolol
group (78% vs 65%, P < .0001).

Similar proportions of patients developed
clinical-grade proteinuria (> 300 mg/L).4
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# CONCLUSIONS

Conclusive findings

The UKPDS showed that intensive therapy
decreased the incidence of diabetic complica-
tions, thus confirming the reduction in
microvascular complications of diabetes melli-
tus as reported in the DCCTS8 and the
Kumamoto study.” The relative reduction in
risk for microvascular complications was com-
parable to that seen in the DCCT and to that
predicted by previous studies.5

Inconclusive findings

Effect on cardiovascular disease. The
UKPDS did not prove whether intensive
glycemic control influences cardiovascular
disease. Although the rate of myocardial
infarction was 16% lower in the intensive
treatment group than in the conventional
treatment group, the trend did not meet study
criteria for statistical significance (P = .052).
On the average, for each increase of 1% in
HgA ., the risk of developing coronary artery
disease increased by 11%.11 This increase is
similar to the risk relationship predicted by
observational cohort studies of glycemic con-
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trol and reduction in risk for macrovascular
disease.

Differences among drugs. Each of the
intensive therapies had comparable effects on
the primary endpoints.! However, the com-
plexity of the UKPDS design and redesign led
to a tremendous overlap between the different
treatment arms in terms of the treatments that
patients actually received, making critical
appraisal of the effects of the individual ther-
apies on specific endpoints virtually impossi-
ble. Since the goal in the intensive therapy
arm was to maintain established glucose tar-
gets, most patients needed the stepwise addi-
tion of glucose-lowering agents and eventual-
ly insulin. In the conventional therapy group,
it was necessary to start glucose-lowering
agents when symptoms occurred or when
blood glucose increased to more than 270
mg/dL, so that in the end only a minority of
patients remained on diet alone.

Adverse outcomes with metformin plus
sulfonylureas. The UKPDS failed to resolve
the issue of an apparent increase in adverse
outcomes with sulfonylureas plus metformin.
The interpretation of this substudy is fraught
with difficulty due to possible selection bias
and smaller numbers of subjects. However,
these observations should not preclude the
combined use of sulfonylureas and metformin
as a sensible treatment combination.

B SUMMARY OF CLINICAL IMPLICATIONS

¢ Glucose lowering is associated with a
reduced risk for retinopathy and nephropathy.

¢ Glucose lowering may reduce the risk
for coronary heart disease, although trends in
the UKPDS did not achieve statistical signifi-
cance.

e All the glucose-lowering drugs used in
the UKPDS—sulfonylureas, insulin, and met-
formin—seemed to have a comparable effect
on reducing the risk of diabetic complications.

e Used singly, insulin, sulfonylurea
drugs, or metformin do not increase the risk
for coronary heart disease in patients without
preexisting corcnary artery disease.

* In obese patients, metformin use may
have greater benefit in reducing diabetes com-
plications than other strategies.

® Because blood glucose levels increased
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steadily over time in the UKPDS, diet and
medication regimens must be regularly
reviewed and adjusted.

* Targeting HbA | values to 7.0% or less
is appropriate in type 2 diabetes mellitus.

® The suggestion of possible adverse
effects of the combination of metformin and a
sulfonylurea must be further studied and, in
our opinion, does not preclude their com-
bined use in type 2 diabetes mellitus.

¢ Reducing blood pressure with either
beta-blockers or angiotensin-converting
enzyme inhibitors reduces the risk of
macrovascular and microvascular diseases and

diabetes-related deaths. ]
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