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TYPE 2 DIABETES IS A MAJOR

public health problem.1 - 5

Although treatment for type 2
diabetes has traditionally

focused on glycemic control for
reducing microvascular complica-
tions, recent attention has also
focused on reducing risks of macro-
vascular complications. Persons with
type 2 diabetes have twice the risk for
coronary heart disease (CHD) and
stroke as persons without diabetes.6-8

Available interventions to reduce
CHD and stroke incidence in this
population include aggressive blood
pressure control and reduction in
serum cholesterol level.

Evaluating whether interventions are
cost-effective and yield acceptable ben-
efits is important.9 In this study, we
evaluated whether the benefits (mea-
sured in quality-adjusted life-years
[QALYs]) for type 2 diabetes of inten-
sive glycemic control, intensified hy-
pertension control, or reduction in se-
rum cholesterol level justified the costs.
We also evaluated the relative cost-
effectiveness of each intervention and
whether it varied with age.

A Markov model of type 2 diabetes
disease progression was used to calcu-
late incremental cost-effectiveness ra-
tios for the interventions. Costs were
measured from the perspective of the
health care system, and outcomes were
measured in QALYs.

METHODS
Our model builds on previous diabe-
tes models,10-13 but differs in several
ways. We used a Markov model struc-
ture that placed greater emphasis on
macrovascular complications, and in-
troduced interdependencies among dia-
betes progression paths. Earlier mod-
els used data on patients with type 1

diabetes, while our model used data on
key transition probabilities and inter-
vention effects from patients with type
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Context Several treatment interventions can reduce complications of type 2 diabe-
tes, but their relative cost-effectiveness is not known.

Objective To estimate the incremental cost-effectiveness of intensive glycemic con-
trol (relative to conventional control), intensified hypertension control, and reduction
in serum cholesterol level for patients with type 2 diabetes.

Design, Setting, and Patients Cost-effectiveness analysis of a hypothetical co-
hort of individuals living in the United States, aged 25 years or older, who were newly
diagnosed as having type 2 diabetes. The results of the United Kingdom Prospective
Diabetes Study (UKPDS) and other studies were used to create a model of disease
progression and treatment patterns. Costs were based on those used in community
practices in the United States.

Interventions Insulin or sulfonylurea therapy for intensive glycemic control; angio-
tensin-converting enzyme inhibitor or �-blocker for intensified hypertension control;
and pravastatin for reduction of serum cholesterol level.

Main Outcome Measures Cost per quality-adjusted life-year (QALY) gained. Costs
(in 1997 US dollars) and QALYs were discounted at a 3% annual rate.

Results The incremental cost-effectiveness ratio for intensive glycemic control is $41384
per QALY; this ratio increased with age at diagnosis from $9614 per QALY for pa-
tients aged 25 to 34 years to $2.1 million for patients aged 85 to 94 years. For inten-
sified hypertension control the cost-effectiveness ratio is −$1959 per QALY. The cost-
effectiveness ratio for reduction in serum cholesterol level is $51889 per QALY; this
ratio varied by age at diagnosis and is lowest for patients diagnosed between the ages
of 45 and 84 years.

Conclusions Intensified hypertension control reduces costs and improves health out-
comes relative to moderate hypertension control. Intensive glycemic control and re-
duction in serum cholesterol level increase costs and improve health outcomes. The
cost-effectiveness ratios for these 2 interventions are comparable with those of sev-
eral other frequently adopted health care interventions.
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2 diabetes in the United Kingdom Pro-
spective Diabetes Study (UKPDS). (A
technical report on the model is avail-
able from the authors.)

Model Structure
In the Markov framework, a series of
patient cohorts newly diagnosed as hav-
ing diabetes progressed through the
model. Cohorts were defined by 10-
year age groups (25 to 94 years), sex,
race or ethnicity, hypertension status,
hypercholesterolemia status, and cur-
rent smoking status. Cohorts were fol-
lowed-up along the disease paths un-
til death or age 95 years. Overall, 55%
of newly diagnosed patients were
women and 8% were aged 25 to 34
years; 8%, 35 to 44 years; 26%, 45 to
54 years; 18%, 55 to 64 years; 23%, 65
to 74 years; 13%, 75 to 84 years; and
4%, 85 to 94 years.14-16

Patients progressed simultaneously
through 5 different disease paths: ne-
phropathy, neuropathy, retinopathy,
CHD, and stroke (FIGURE 1). Transi-
tion probabilities depended on time
since diagnosis of diabetes, time be-
tween onset and diagnosis of diabetes,
age, sex, race or ethnicity, glycemic level,
smoking, serum cholesterol level, and
hypertension. Patients could die from
lower extremity amputation, end-stage
renal disease, CHD, stroke, or from other
causes unrelated to diabetes.12,17

Progression Parameters, Costs of
Complications, and Health Utilities
The initial distribution of patients at di-
agnosis (when the model begins) and
transition probabilities between states
were based on data from the UKPDS,
previous disease progression models of
type 2 diabetes10-12 and CHD,17-19 and
other studies (see technical report).

Costs of diabetes complications were
derived from the literature,12,20-24 and are
described in the technical report. Health
utility values between 0 (deceased) and
1 (perfect health) were used to estimate
QALYs for each disease state. Utility lev-
els were 0.690 for blindness; 0.610, end-
stage renal disease; 0.800, lower extrem-
ity amputation25; 0.500, stroke26-27; 0.880,
cardiac arrest/myocardial infarction (MI)

28; and 0.947, for angina.29 Utility levels
for all other health states were set to 1.

Interventions
Interventions affected transition prob-
abilities, thereby changing the cumu-
lative incidence of complications and
costs. All patients were assumed to re-
ceive conventional treatment to con-
trol blood glucose levels. In the model,
conventional treatment was based on
resources and outcomes associated with
the conventional blood glucose con-
trol arm of the UKPDS,30 which pro-
duced an average glycosylated hemo-
globin level of 7.9% over a median
duration of 10 years.

Intensive Glycemic Control
In the UKPDS, conventional treat-
ment primarily involved obtaining the
best possible fasting plasma glucose
concentration with diet alone; drug
treatment was added if hyperglycemic
symptoms or an excessive fasting
plasma glucose concentration were pre-
sent. Intensive glycemic control pa-
tients were randomly assigned to re-
ceive a sulfonylurea or insulin, with a
goal of reducing their fasting plasma
glucose concentration to less than 108
mg/dL (6 mmol/L). In our model, in-
tensive glycemic control patients were
initially treated with chlorpropamide,
glipizide, and insulin, respectively, fol-
lowing trial proportions.

We incorporated intensive glyce-
mic control by adjusting baseline haz-
ard rates using the ratio of glycemic
level under intensive control to glyce-
mic level under conventional treat-
ment raised to an exponent that varies
across progression paths and stages. Us-
ing a similar equation, researchers have
shown that hazard rates for type 1 dia-
betes depend on glycemic levels.31 We
assumed this functional form also
worked for type 2 diabetes. Glycemic
levels under conventional and inten-
sive glycemic control and exponents
were based on data from the UKPDS
(TABLE 1).

The costs of glycemic control in-
cluded 4 resource components: drug
use based on the UKPDS and outpa-

tient visits, self-testing, and case man-
agement that reflect clinical practice in
the United States.12,30-37 Total annual
costs since diagnosis are shown in
TABLE 2.

Intensified Hypertension Control
We compared the cost-effectiveness of
intensified hypertension control (treat-
ment with an angiotensin-converting en-
zyme inhibitor or a �-blocker) with a
more moderate hypertension control
(treatment with diet and drugs but with-
out ACE inhibitors and �-blockers). In
our model, intensified hypertension con-
trol affected the probability of stroke and
reduced the transition probability for ne-
phropathy and retinopathy (Table 2).
The model only applied intensified hy-
pertension control to persons who had
hypertension (defined as systolic blood
pressure of �160 mm Hg; diastolic
blood pressure of �95 mm Hg; or by an-
tihypertensive medication use).14 Aver-
age blood pressure levels by age group
for persons with diabetes were calcu-
lated using data from the third Na-
tional Health and Nutrition Examina-
tion Survey (NHANES III).38

The efficacy of intensified hyperten-
sion control relative to moderate con-
trol came from the UKPDS.39 Hyper-
tensive patients with type 2 diabetes
were randomized between intensified
hypertension control and moderate
hypertension control. Average systolic/
diastolic blood pressure achieved was
144/82 mm Hg for persons receiving
intensified control and 154/86 mm Hg
for persons receiving moderate con-
trol. Angiotensin-converting enzyme
inhibitors and �-blockers were equally
effective in reducing the likelihood of
stroke, so we present results for a
single intensified hypertension inter-
vention. Intensified hypertension con-
trol was assumed to reduce stroke risk
by 44% relative to moderate hyperten-
sion control.39

Because intensified hypertension con-
trol did not have a statistically signifi-
cant effect on CHD, our base case analy-
sis assumed that the intervention has no
effect on the CHD transition probabil-
ity. Our model assumed that all pa-
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tients with a history of CHD or stroke re-
ceived hypertension treatment, which is
the accepted practice in the United States.

Based on the UKPDS hypertension
study,39 persons with type 2 diabetes

and hypertension were assumed to have
faster rates of progression to microal-
buminuria, clinical nephropathy, and
photocoagulation than their normo-
tensive counterparts.

The costs of moderate and intensi-
fied hypertension control were esti-
mated using UKPDS drug dosage data40

and drug cost data from the 1997 Red
Book35 (Table 2). Treatment costs in-

Figure 1. States and Transition Probabilities: Microvascular and Macrovascular Complications

Nephropathy

Neuropathy

Retinopathy

Coronary Heart Disease

Stroke

Normal

Normal

Normal

Normal CHD

Angina

History of
CA/MI

CA/MI Death

Normal Stroke History of
Stroke

Death

Photocoagulation Blind

LEA LEA DeathHistory of 
LEA

Subsequent 
LEA

ESRD ESRD DeathLow Micro/
High Micro

Clinical
Nephropathy

Peripheral
Nephropathy

Arrows represent transitions between states; there is a transition probability associated with each transition. Micro indicates microalbuminaria; ESRD, end-stage renal
disease; LEA, lower extremity amputation; CHD, coronary heart disease; and CA/MI, cardiac arrest/myocardial infarction.
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cluded 2 physician visits and 3 chem-
istry panels annually.

Reduction in Serum
Cholesterol Level
To determine the cost-effectiveness of
reduction in serum cholesterol level, we
compared pravastatin with no drug
treatment for persons with a high se-
rum cholesterol level but without a his-
tory of CHD (TABLE 3). In the model,
the reduction intervention of serum
cholesterol level lowered the probabil-
ity of CHD and had no effect on the
transition probabilities for other com-
plications. The intervention was only
applied to persons with a high serum
cholesterol level, defined as a total se-
rum cholesterol level of 200 mg/dL
(5.18 mmol/L) or higher.4 1 The
NHANES III serum cholesterol level
data for persons with diabetes was used
in the Framingham calculations to de-
termine CHD and stroke risks.18

Our estimates of risk reduction (31%)
achieved for serumcholesterol level came
from the West of Scotland Coronary Pre-
vention Study,42 a randomized con-
trolled trial comparing pravastatin with
placebo in individuals without a his-
tory of CHD. The risk reduction achieved
by pravastatin was independent of dia-
betes.43 The risk reduction was mod-
eled as affecting the probability of de-
veloping CHD. After persons incurred
CHD, the serum cholesterol level risk re-
duction for pravastatin came from a sub-
group analysis of diabetic patients in the
Cholesterol and Recurrent Events
(CARE) trial,44 in which pravastatin re-
duced CHD by 25%. We assumed that
intervention patients would receive
pravastatin for their remaining lifetime.

The cost of the first year of treat-
ment with pravastatin ($1398) was
based on a 40-mg daily dose and 4 phy-
sician visits with blood test samples,
lipid profiles, and biochemical pro-
files. Subsequent yearly costs ($1288)
included pravastatin and 2 physician
visits with tests.

Cost-effectiveness
We report 3 cost components. Stan-
dard treatment cost is the cost of con-

ventional glycemic control for all pa-
tients and moderate hypertension
control for patients with hyperten-
sion. Complications cost is the cost of
nephropathy, neuropathy, retinopa-
thy, CHD, stroke, or death. Interven-
tion cost is the incremental cost of the
intervention, over and above standard
treatment cost. The total cost is the sum
of the 3 components.

We report 2 health outcomes: re-
maining life-years (the average undis-
counted life expectancy for newly di-
agnosed patients) and the number of
discounted QALYs.

The incremental cost-effectiveness ra-
tio was calculated as the difference in
total cost between the intervention and
standard treatment divided by the dif-

ference in QALYs between the inter-
vention and standard treatment. All
measures were calculated per person.
Costs (in 1997 US dollars) and QALYs
were discounted at a 3% annual rate.9

One-Way Sensitivity Analyses
For intensive glycemic control, we
dropped the base case analysis assump-
tions that patients became hyperten-
sive once they reached microalbumin-
uria and that patients with hypertension
progressed faster than nonhyperten-
sive patients on the nephropathy and
retinopathy disease paths. We as-
sumed that intensive glycemic control
reduced the probability of CHD by 16%,
based on UKPDS reductions in MI that
approached conventional levels of sig-

Table 1. Model Parameters and Costs for Intensive Glycemic Control*

Description of Parameter Conventional Intensive Exponent

HbA1c Level, %

Initial level at onset12 6.8 6.8 NA

Annual rate of change before treatment12 0.2 0.2 NA

Years between onset and diagnosis (assumption) 10 10 NA

Treatment affect30 −2.0 −2.9 NA

Annual rate of change after treatment30 0.2 0.2 NA

Maximum level12

Without treatment 12.0 12.0 NA

With treatment 11.0 9.0 NA

Hazard Rate

Normal to microalbuminuria30 0.03253 0.02371 2.62

Microalbuminuria to clinical nephropathy30 0.07497 0.06561 1.08

Normal to peripheral neuropathy30 0.03600 0.02940 1.67

Normal to photocoagulation30 0.01100 0.00790 2.74

Cost of Treatment, in 1997 $

Year
0 372 1490 NA

1 413 1398 NA

2 447 1442 NA

3 490 1484 NA

4 538 1531 NA

5 594 1574 NA

6 642 1621 NA

7 679 1648 NA

8 717 1683 NA

9 741 1711 NA

10 771 1738 NA

11 839 1760 NA

12 860 1788 NA

13 870 1794 NA

14 870 1800 NA

�15 870 1813 NA

*HbA1C indicates glycosylated hemoglobin; NA, not applicable.

COST-EFFECTIVENESS OF INTERVENTIONS FOR TYPE 2 DIABETES

©2002 American Medical Association. All rights reserved. (Reprinted) JAMA, May 15, 2002—Vol 287, No. 19 2545

 at UNIVERSITY OF BIRMINGHAM, on January 12, 2006 www.jama.comDownloaded from 

http://www.jama.com


nificance (P = .05).30 Cost-effective-
ness ratios are often sensitive to as-
sumptions about costs. We reestimated
the cost-effectiveness ratio under the as-
sumption of no case management costs.
The UKPDS did not report case man-
agement costs. We then applied a cost
scenario that only included resources
specifically identified in the UKPDS cost
study.45 We used US unit costs to con-
vert resource use into total costs. The
UKPDS cost scenario contained no case
management costs, much less self-
testing, and slightly fewer physician vis-
its, yielding a conventional control cost
of about $150 and an intensive con-
trol cost of about $900 less annually
than the US cost scenario.

For intensified hypertension con-
trol, we first applied control to pa-
tients who developed hypertension af-
ter diagnosis and who received the
intervention only after developing hy-
pertension. We dropped the assump-
tion that patients with hypertension de-
veloped nephropathy and retinopathy
faster than nonhypertensive patients. In
the UKPDS, hypertension control re-
duced the incidence of MI by 21%, but
the reduction was not statistically sig-
nificant (P=.13).39 In a sensitivity analy-
sis, we assumed a 21% risk reduction
for CHD. For reduction in serum cho-
lesterol level, we assumed that the in-
tervention required no additional of-
fice visits. For all interventions, we
varied the discount rate from 0% to 5%.9

RESULTS
Intensive Glycemic Control

Intensive glycemic control applied to
all persons in the United States newly
diagnosed as having type 2 diabetes and
led to an undiscounted 0.3173-year in-
crease in life expectancy and a dis-
counted 0.1915-year QALY increase
(TABLE 4). Because patients lived
longer, the standard treatment cost in-
creased slightly; however, the compli-

cations cost dropped by about 12%. The
intervention cost was $12213. Com-
bining these costs, the incremental total
cost was $7927. The cost-effective-
ness ratio was $41384 per QALY. Cost-
effectiveness ratios increased rapidly
with age at diagnosis, starting at $9614
per QALY for patients aged 25 to 34
years and reaching $2.1 million for pa-
tients aged 85 to 94 years (TABLE 5).

Intensified Hypertension Control
Intensified hypertension control in-
creased undiscounted life expectancy
by 0.4744 years, and discounted QALYs
increased by 0.3962, relative to mod-
erate hypertension control (results were
averaged for all patients newly diag-
nosed as having type 2 diabetes and hy-
pertension). On average, intensified
hypertension control reduced compli-
cations cost by $4836 during the pa-
tient’s lifetime. Intervention cost was
$3708, and standard treatment cost in-
creased by $351 because life expec-
tancy increased, thereby increasing the
cost of conventional glycemic control.
The incremental total cost was $776
lower. The cost-effectiveness ratio was
negative (−$1959/QALY), indicating
that the intervention saved costs rela-
tive to moderate hypertension control
(ie, QALYs increased and total costs
decreased). Age had relatively little
effect on the cost-effectiveness ratio
(Table 5).

Reduction in Serum
Cholesterol Level
Primary reduction in serum choles-
terol level using pravastatin increased
undiscounted life expectancy by 0.6722
years and discounted QALYs in-
creased by 0.3475. Standard treat-
ment costs increased slightly because
life expectancy increased. The in-
crease in life expectancy also led to an
increase in complications cost, as the
cost of living longer with neuropathy,
nephropathy, and retinopathy compli-
cations outweighed cost reductions
from CHD and stroke. The incremen-
tal total cost was $18033 and the cost-
effectiveness ratio was $51 889 per
QALY. Cost-effectiveness ratios for re-

Table 2. Model Parameters and Costs for Hypertension Control

Description of Parameter Moderate Intensified

Risk Reduction

Coronary heart disease 13%* 0%, 21%†

Stroke 17%* 44%‡

Hazard Rate

Normal to microalbuminuria39 0.05584 0.03773

Microalbuminuria to clinical nephropathy39 0.15050 0.12810

Normal to photocoagulation39 0.01660 0.01020

Cost of Treatment, in 1997 $35,40

Year
0 241 599

1 277 630

2 287 656

3 292 664

4 301 667

5 304 675

6 349 689

7 349 685

�8 404 703

*Relative to no treatment.18,39

†Base analysis; sensitivity analysis. Both are relative to moderate treatment.39

‡Relative to moderate treatment.39

Table 3. Model Parameters and Costs for
Reduction in Serum Cholesterol Level

Description
of Parameter Pravastatin

No
Treatment*

Risk Reduction

Coronary heart
disease

31%*; 25%† 0%

Cost of Treatment, in 1997 $

Year
0 1398 0
�1 1288 0

*For patients without coronary heart disease.42

†For patients with coronary heart disease.44
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duction in serum cholesterol level var-
ied by age, with the lowest cost-
effectiveness ratios for patients aged 45
to 84 years (Table 5).

Incidence of Complications
As shown in FIGURE 2, interventions di-
rectly affected cumulative incidence of
complications by reducing the transi-
tion probabilities for complications. The
direct effect of intensive glycemic con-
trol reduced the cumulative incidence

of nephropathy, neuropathy, and reti-
nopathy complications by 11% to 27%.
Intensified hypertension control di-
rectly reduced the cumulative inci-
dence of nephropathy, retinopathy, and
stroke complications, whereas reduc-
tion in serum cholesterol level di-
rectly lowered the cumulative inci-
dence of CHD complications.

Interventions also had indirect ef-
fects. For example, if reductions in di-
rectly affected complications caused pa-

tients to live longer, they had more time
to develop other complications, caus-
ing the cumulative incidence of those
complications to increase slightly. All
3 interventions led to increases in life
expectancy so that there were small in-
creases in the cumulative incidence of
complications not listed above.

Sensitivity Analyses
For intensive glycemic control, drop-
ping the assumptions about microal-

Table 4. Incremental Cost-effectiveness by Intervention

Cost, $*
Remaining
Life-Years

(Not Discounted)

Quality-Adjusted
Life-Years
(QALYs)*

Incremental
Cost-effectiveness

Ratio (Total
Cost/QALY), $

Standard
Treatment Complications Intervention Total

Intensive glycemic control†
Conventional glycemic control

(standard treatment)
10 741 37 602 0 48 343 17.2067 11.8791

Intervention 10 785 33 271 12 213 56 270 17.5240 12.0707

Incremental 44 −4330 12 213 7927 0.3173 0.1915 41 384

Intensive hypertension control‡
Moderate hypertension control

(standard treatment)
10 679 33 738 0 44 417 14.4380 10.3990

Intervention 11 030 28 902 3708 43 641 14.9124 10.7952

Incremental 351 −4836 3708 −776 0.4744 0.3962 −1959

Reduction in serum cholesterol level§
Standard treatment 10 353 34 819 0 45 171 16.3187 11.4690

Intervention 10 756 36 505 15 942 63 204 16.9909 11.8165

Incremental 404 1687 15 942 18 033 0.6722 0.3475 51 889

*Discounted at 3% annual rate. Costs are for patient’s lifetime and are reported in 1997 dollars.
†All patients who were newly diagnosed as having type 2 diabetes.
‡All patients who were newly diagnosed as having type 2 diabetes and hypertension.
§All patients who were newly diagnosed as having type 2 diabetes and above normal serum cholesterol level.

Table 5. Cost-effectiveness by Age Group*

25-34 y 35-44 y 45-54 y 55-64 y 65-74 y 75-84 y 85-94 y

Intensive Glycemic Control†

Change
QALY 0.6482 0.4575 0.2527 0.1270 0.0507 0.0142 0.0017

Total cost, $ 6232 8377 9372 9118 7821 5726 3668

Cost-effectiveness ratio
(cost/QALY), $

9614 18 309 37 086 71 816 154 376 401 883 2.1 million

Intensified Hypertension Control‡

Change
QALY 0.6939 0.6154 0.5290 0.4350 0.3566 0.2282 0.0830

Total cost, $ −6609 −3328 −1341 −413 −167 −43 66

Cost-effectiveness ratio
(cost/QALY), $

Cost saving Cost saving Cost saving Cost saving Cost saving Cost saving 790

Reduction in Serum Cholesterol Level§

Change
QALY 0.2032 0.3443 0.4491 0.4351 0.3398 0.1675 0.0447

Total cost, $ 28 805 27 361 23 604 18 852 13 752 8618 4928

Cost-effectiveness ratio
(cost/QALY), $

141 728 79 473 52 554 43 331 40 471 51 459 110 124

*QALY indicates quality-adjusted life-year.
†All patients who were newly diagnosed as having type 2 diabetes.
‡All patients who were newly diagnosed as having type 2 diabetes and hypertension.
§All patients who were newly diagnosed as having type 2 diabetes and above normal serum cholesterol level.
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buminuria and progression with hy-
pertension led to moderate increases in
the cost-effectiveness ratio (FIGURE 3).

If intensive glycemic control reduced
CHD risk, QALYs increased substan-
tially (incremental QALYs=0.3325) and

the cost-effectiveness ratio decreased to
less than $27000 per QALY. Eliminat-
ing case management costs reduced in-
tervention costs by $300 annually, caus-
ing the cost-effectiveness ratio to
decrease to $22299 per QALY. Under
the UKPDS cost scenario, the interven-
tion cost was only $3004, which was
less than the reduction in complica-
tion costs; thus, the incremental total
cost was $1309 lower, and the cost-
effectiveness ratio was negative, indi-
cating that the intervention saved costs.
With a 0% discount rate, the cost-
effectiveness ratio decreased. Con-
versely, with a 5% discount rate, the
cost-effectiveness ratio increased.

For intensified hypertension control,
applying the intervention to persons who
developed hypertension after being di-
agnosed as having diabetes resulted in an
incremental cost-effectiveness ratio of
$2091 per QALY (Figure 3). Dropping
the assumption that patients with hy-
pertension progressed faster on the ne-
phropathy and retinopathy disease paths
increased the cost-effectiveness ratio. If
the intervention reduced the CHD tran-
sition probability by 21%, the incremen-
tal QALYs associated with the interven-
tion increased from 0.3962 to 0.6020.
The total cost of the intervention in-
creased by about $1000 because pa-
tients lived longer and the incremental
cost-effectiveness ratio became $287
per QALY. Changing the discount rate
had little effect on the cost-effective-
ness ratio.

For reduction in serum cholesterol
level, eliminating extra office visits for
the intervention lowered the cost-
effectiveness ratio to $47716 per QALY.
The cost-effectiveness ratio decreased
with a 0% discount rate and increased
with a 5% discount rate (Figure 3).

COMMENT
The US Panel on Cost-effectiveness in
Health and Medicine9 notes that
no absolute standard exists for decid-
ing whether an intervention’s cost-
effectiveness ratio is “cost-effective” or
“not cost-effective.” Instead, the panel
recommended describing interventions
as more or less cost-effective than other

Figure 2. Cumulative Incidence of Complications
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Asterisk indicates patients newly diagnosed as having type 2 diabetes; dagger, patients newly diagnosed as
having type 2 diabetes and hypertension; and double dagger, patients newly diagnosed as having type 2 dia-
betes and an above normal serum cholesterol level.
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interventions. An exception occurs for
interventions that reduce costs and im-
prove health outcomes, thereby produc-
ing negative cost-effectiveness ratios.
Such interventions save costs and should
be adopted. Our results indicate that in-
tensified hypertension control falls into
the cost-saving category, relative to mod-
erate hypertension control.

Both intensive glycemic control and
reduction in serum cholesterol level im-
prove health outcomes, but they also in-
crease health costs. Based on panel rec-
ommendations, these interventions
cannot be characterized as either cost-
effective or not cost-effective. Still, the
cost-effectiveness ratios of $40881 per
QALY for intensive glycemic control and
$51889 per QALY for reduction in se-
rum cholesterol level are comparable
with published cost-effectiveness ra-
tios for commonly funded interven-
tions, such as heart transplantation vs
optimal conventional treatment among
patients who need transplants ($46000
per QALY), hypertension screening and
therapy vs no screening among asymp-
tomatic 20-year-old men ($40000 per
QALY), neonatal intensive care vs stan-
dard neonatal care among premature in-
fants weighing 0.5 to 1 kg ($47000 per
QALY), and dual air bags vs driver-side
air bag only ($69000 per QALY).46

From a policy perspective, it is pos-
sible to compare the 3 interventions in
Table 4. Intensive hypertension con-
trol is the most cost-effective, followed
by reduction in serum cholesterol
level and intensive glycemic control.
Table 5 shows that the relative ranking
varied somewhat with age, with inten-
sive glycemic control performing bet-
ter at younger than at older ages. It
should be noted that the interventions
affect different subgroups of the popu-
lation of patients newly diagnosed as
having type 2 diabetes (all patients
receiving intensive glycemic control,
those with hypertension receiving
intensified hypertension control, and
those with high serum cholesterol
level seeking reduction). Each sub-
sample has a different age and risk
profile, affecting the potential gains
from intervention.

The comparison of cost-effectiveness
ratios across interventions in Tables 4
and 5 should not be interpreted as mini-
mizing the need for glycemic control in
patients with type 2 diabetes. Standard
treatment for all interventions included
conventional glycemic control that pro-
duced an average glycosylated hemoglo-
bin level of 7.9%. The cost-effective-
ness analysis for intensive glycemic
control examined the incremental costs
and outcomes associated with more in-

tensive control than conventional con-
trol. In addition, sensitivity analyses in-
dicate that if the incremental cost of the
intensive glycemic control intervention
can be reduced, the intervention will be
more cost-effective. The sensitivity analy-
sis also shows that the cost-effective-
ness ratio will decrease if glycemic con-
trol reduces patients’ risk for CHD. The
UKPDS found a 16% risk reduction for
intensive glycemic control that was al-
most statistically significant.30

Figure 3. Sensitivity Analyses

Base Case

0–10 000 10 000 20 000 30 000 40 000 50 000 60 000 70 000

Intensive Glycemic Control

Microalbuminuria Does Not Lead
to Hypertension

Persons With Hypertension Do Not
Progress Faster

Microalbuminuria Does Not Lead to
Hypertension and Persons With

Hypertension Do Not Progress Faster

Intensive Glycemic Control Reduces
Risk of CHD by 16%

No Case Management Costs

UKPDS Cost Scenario

Discount Rate Equals 0% Annually

Discount Rate Equals 5% Annually
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Intensified Hypertension Control

Intervention Provided to Persons Who
Develop Hypertension Subsequent to

Diagnosis of Diabetes

Persons With Hypertension Do Not
Progress Faster on Microalbuminuria

and Retinopathy Paths

Risk Reduction for CHD Equals 21%

Discount Rate Equals 0% Annually

Discount Rate Equals 5% Annually

Base Case

0 10 000 20 000 30 000
Cost/QALY, $

40 000 50 000 60 000

Reduction in Serum Cholesterol Level

Discount Rate Equals 0% Annually

Discount Rate Equals 5% Annually

Intervention Requires No Additional 
Office Visits or Tests

Base Case

QALY indicates quality-adjusted life-year; CHD, coronary heart disease; and UKPDS, United Kingdom Pro-
spective Diabetes Study.
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Our cost-effectiveness estimates for
intensive glycemic control and reduc-
tion in serum cholesterol level vary
widely across age groups. Intensive gly-
cemic control is most cost-effective for
younger patients. In part, this is driven
by the model’s assumption that the tran-
sition probabilities for nephropathy,
neuropathy, and retinopathy are depen-
dent on the duration of diabetes, not
on patient age. Because younger pa-
tients are less likely to die from other
causes, they have more time to progress
to these complications. Given this as-
sumption, intensive glycemic control has
a greater potential to reduce complica-
tions in younger patients. For reduc-
tion in serum cholesterol level, the cost-
effectiveness ratio initially decreases with
age, as CHD risk increases.

Limitations
Chronic disease modeling usually re-
quires extrapolating the results of an in-
tervention on intermediate outcomes,
which occur within the duration of a
randomized controlled trial, to long-
term or end-stage health outcomes that
are most likely to occur after the trial
has ended. Often, the intervention has
a significant effect on intermediate out-
comes, but the trial ends before signifi-
cant effects on long-term outcomes can
be observed. The UKPDS was an un-
usually long randomized controlled
trial, with a median follow-up of 10
years, and intensive glycemic control
that produced a 12% reduction (P=.03)
in the aggregate end point of any dia-
betes-related event.30 However, inten-
sive glycemic control did not produce
significant reductions in such long-
term outcomes as all-cause mortality,
MI, stroke, renal failure, and amputa-
tion. There were few cases of renal fail-
ure, blindness, or amputation under
conventional glycemic control, virtu-
ally precluding a significant interven-
tion effect on these outcomes. Inten-
sive glycemic control did significantly
reduce progression to microalbumin-
uria, photocoagulation, and neuropa-
thy. When we incorporated into our
model the effects of intensive glyce-
mic control on these intermediate dis-

ease stages, the model indicated that
such control would lead to long-term
reductions in renal failure, blindness,
and amputation.

Our results also rely on treatment com-
pliance rates achieved during the UK-
PDS. If compliance rates are lower out-
side the trial setting, the interventions
will have less impact on health out-
comes, QALYs, and complications cost.
However, lower compliance will also re-
duce intervention cost because noncom-
pliant patients will be less likely to take
prescribed drugs, visit physicians, and
perform self-testing. The net impact on
the cost-effectiveness ratio is uncertain.

Ideally, the model would combine re-
source use and health outcome data gen-
erated from the same study. Although
we performed a sensitivity analysis that
combined the UKPDS cost scenario with
UKPDS outcome results for intensive
glycemic control, treatment patterns may
vary between the United States and the
United Kingdom. Because the focus of
our study was patients in the United
States, our main analysis considered re-
source use associated with treatment pat-
terns in the United States. This ap-
proach may have produced more
conservative (higher) cost-effective-
ness ratios than would be found if the
higher resource use for intensive glyce-
mic control produced larger reduc-
tions in diabetes complications than
those observed in the UKPDS.

Our study considers costs from the
perspective of a health care system. Be-
cause of data limitations, the model did
not include nonmedical costs, such as
lost productivity and the time pro-
vided by family and friends in caring for
patients with diabetes. Thus, our model
may underestimate the social costs of
diabetes. In turn, this could affect the es-
timated cost-effectiveness ratios.

Implications
Using common metrics, economic
evaluations can estimate the relative
value of various interventions. The need
for information usually dependent on
long-term, expensive trials can par-
tially be addressed by the modeling ap-
proach, which provides a feasible means

to evaluate the cost-effectiveness of in-
terventions for type 2 diabetes that pro-
duce benefits years or even decades af-
ter the interventions begin. The
evaluation results provide informa-
tion for policy makers as they decide
whether to adopt the interventions.
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