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In t e rventions for diabetes use current eco-
nomic re s o u rces to obtain future benefits.
Cost-saving or cost-effective interv e n t i o n s

can prevent the economic impact of long-
t e rm complications, such as blindness,
e n d -stage renal disease (ESRD), and lower-
e x t remity amputation (LEA), as well as
s h o rt - t e rm complications, such as hospital-
izations for poor glycemic control. Is pre-
ventive care of diabetes a prudent allocation
of society’s assets?

We conducted a review of the literature
and perf o rmed a limited economic analysis of
the costs and benefits of 17 widely practiced
i n t e rventions for diabetes. These interv e n t i o n s
included the following: 1) eye care, 2) pre - c o n-
ception care, 3) nephropathy prevention in
type 1 and type 2 diabetes, 4) impro v e d
glycemic control, 5) self-management, 6) case
management, 7) medical nutrition therapy,

8) self-monitoring of blood glucose, 9) foot
c a re, 1 0) blood pre s s u re control, 1 1) blood
lipid co n t rol, 1 2) smoking cessation, 1 3) exer-
cise, 1 4)weight loss, 1 5) HbA1 c m e a s u re m e n t ,
1 6) influenza vaccination, and 1 7) pneu-
mococcus vaccination.

Data in the literature on the cost and
benefit of an intervention are derived fro m
either empirical studies of experimental
populations (1) or from modeling studies
of simulated populations (2). Modeling
uses a set of formulas or a computer pro-
gram based on assumptions about the
accuracy of screening methods, rates of
disease pro g ression to end-stage complica-
tions or death with and without a part i c u-
lar treatment, and treatment costs. In
c h ronic diseases, empirical studies of inter-
ventions, for which outcomes will not be
evident for many years, are seldom per-

f o rmed because of high costs and time
delays. The relatively inexpensive and
rapid results generated by modeling stud-
ies are highly influenced by assumptions
and re p resent predictions rather than
o b s e rvations. Nonetheless, such studies
have supplied most of the existing data
about the economic impact of interv e n-
tions for diabetes.

The purpose of this review article is to
stratify interventions for diabetes accord i n g
to their economic impact. In an era where
only limited re s o u rces are available for health
c a re measures, we sought to identify, by way
of a literature re v i e w, the most economically
attractive interventions for diabetes.

RESEARCH DESIGN AND 
M E T H O D S

Literature review
A rticles documenting or modeling the
achievement of a desired outcome or benefit
along with an economic analysis for 17
widely practiced interventions for diabetes
w e re identified through the following: 1) a
Medline search using the keywords “diabetes
mellitus” and either “cost” or “cost-eff e c t i v e ”
f rom January 1984 to December 1997;
2) volume-by-volume scrutiny of six dia-
betes journals over this time period, includ-
ing D i a b e t e s, Diabetes Care, Diabetes Educator,
Diabetes Research and Clinical Practice, D i a -
betic Medicine, and D i a b e t o l o g i a; and 3) re v i e w
of bibliographies of relevant articles. The 17
i n t e rventions that we selected were identified
f rom a review of the medical literature (3),
f rom the 1998 American Diabetes Associa-
tion standards of medical care for patients
with diabetes mellitus (4), from the Diabetes
Coalition of California guidelines for dia-
betes care (5), and from textbook re c o m-
mendations (6,7).

Definitions
The definition of terms that we used to
describe concepts of health economics are
p resented in the A P P E N D I X.

Study elements
For each of the 17 interventions, we deter-
mined if there were data on 14 study ele-
ments that are standard criteria used in
economic analyses of medical practices
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(8–10). The elements are listed and defined
in Table 1. If cost-benefit data for an inter-
vention was available from five or more
a rticles, then the data are presented in sec-
tions (according to the 14 elements) along
with a discussion. Otherwise, the data are
p resented without such sections.

Classification of interventions
We stratified interventions into five cate-
gories according to their economic impact as
follows: 1) clearly cost-saving (if at least one
w e l l - c o n t rolled study, comparing interv e n-
tion and nonintervention patients, or if a
modeling analysis demonstrated benefits
associated with eventual savings exceeding
the cost of the intervention); 2) clearly cost-
e ffective (if at least one well-controlled study
or modeling analysis demonstrated benefits
that cost no more than equivalent benefits

p roduced by generally accepted interv e n-
tions for other diseases, i.e., $25,000 spent
per year of life or quality-adjusted life-year
[ Q A LY] gained); 3) possibly cost-effective (if
t h e re were at least three independent studies
of the economic impact of the interv e n t i o n
that either failed to isolate the intervention or
incompletely identified the costs or benefits
but concluded the intervention to be cost-
saving or cost-effective); 4) non–cost-eff e c-
tive (producing benefits that cost more than
equivalent benefits produced by generally
accepted interventions for other diseases,
defined as $25,000 spent per year of life or
Q A LY gained); or 5) unclear (if there were
fewer than three studies describing the eco-
nomic impact of the intervention and none
w e re randomized controlled re p o rt s ) .

The classification of interv e n t i o n s
a c c o rding to their cost-utility was derived

f rom the literature. Proposed pro g r a m s
costing no more than currently funded
p rograms are generally considered to be
attractive, and those costing more than
c u rrently funded programs are generally
c o n s i d e red to be unattractive. Cost-utility
classifications have been proposed by the
following: 1) The University of Californ i a ,
San Diego Health Policy Project in 1982
(11); 2) a Canadian multicenter group of
epidemiologists in 1992 (12); and 3) a
National Heart, Lung and Blood Institute
C o n f e rence in 1995 (13) (Table 2). We
used the same dollar boundaries for cost-
utility and cost-effectiveness stratification.

Costs were converted from historic dol-
lars to 1997 dollars with the U.S. Depart-
ment of Labor Statistics U.S. city average
Consumer Price Indices for medical care
(14) (Table 3). Foreign currency was con-
v e rted to U.S. dollars with foreign exchange
rates published in the Federal Reserve Bul-
letin (15) (Table 4). We used a conversion
factor of 1.5 to convert units of micro a l b u-
min excretion from micrograms per minute
to milligrams per 24 h.

EYE CARE — Diabetic re t i n o p a t h y
s c reening and treatment programs pre v e n t
blindness by detecting proliferative diabetic
retinopathy (PDR) and macular edema
(ME), and administering laser photocoagu-
lation therapy. More economic studies have
been re p o rted on retinopathy pre v e n t i o n
than on any other intervention for diabetes.

Target population
A cost-effectiveness analysis of interv e n t i o n
for diabetic retinopathy has been conducted
in 10 studies from the perspective of a sin-
gle payer in which all economic costs are
paid by, and all savings accrue to, a single
re p o s i t o ry such as the government (15–25).
T h e re were 12 simulated target populations
modeled in the 10 studies (Table 5). One
study was modeled separately for one type 1

Table 1—List and definitions of study elements that were examined for each diabetes interv e n t i o n

Ta rget population: the patients screened for eligibility to receive an interv e n t i o n .
S c reening method: the pro c e d u re used to detect a condition selected for interv e n t i o n .
S c reening schedule: the time interval between repeated screening pro c e d u re s .
Treatment population: the patients receiving the interv e n t i o n .
Treatment method: the treatment intended to provide future benefits in exchange for current eco-
nomic re s o u rc e s .

Baseline program: the standard treatment, or lack of any treatment, to which the treatment method
is compare d .

Types of costs: the categories of expenses associated with an intervention and its outcome, which
may include direct costs, indirect costs, disability payments, and rehabilitation serv i c e s .

Year of costs: the year in which costs were incurred or the final year of an intervention whose costs
w e re incurred over multiple years.

Discount rate: the devaluation rate for future costs or benefits.
Costs or savings: the net costs or savings of an intervention compared with the baseline pro g r a m .
Benefits: the health outcomes of an intervention compared with the baseline pro g r a m .
Cost-benefit ratio: the cost of an intervention divided by the benefit gained.
Sensitivity analysis: a recalculation of the cost-benefit ratio that substitutes an estimate of a cost or
benefit with an alternate estimate in a modeling study.

Perspective: the part y, such as society or a health insure r, that pays the costs and accrues the ben-
efits of an interv e n t i o n .

Modified from References 8–10.

Table 2—Guidelines for adoption of medical interventions according to cost-utility

UCSD (11) Canada (12) NHLBI (13)

Cost-utility 1982 dollars 1998 dollars 1990 dollars 1998 dollars 1992 dollars 1998 dollars

Ve ry attractive 2 0 , 0 0 0 5 2 , 3 4 6 1 7 , 1 4 1 2 5 , 4 9 1 2 0 , 0 0 0 2 5 , 4 7 1
A t t r a c t i v e N R N R N R N R 2 0 , 0 0 0 – 4 0 , 0 0 0 2 5 , 4 7 1 – 5 0 , 9 4 2
Possibly attractive 2 0 , 0 0 0 – 1 0 0 , 0 0 0 5 2 , 3 4 6 – 2 6 1 , 7 2 8 1 7 , 1 4 1 – 8 5 , 7 0 4 2 5 , 4 9 1 – 1 2 7 , 4 5 3 4 0 , 0 0 0 – 6 0 , 0 0 0 5 0 , 9 4 2 – 7 6 , 4 1 2
Possibly unattractive N R N R N R N R 6 0 , 0 0 0 – 1 0 0 , 0 0 0 7 6 , 4 1 2 – 1 2 7 , 3 5 4
U n a t t r a c t i v e 1 0 0 , 0 0 0 261,728 8 5 , 7 0 4 127,453 1 0 0 , 0 0 0 127,354

Data are expressed as historic (or 1998) U.S. dollars per QALY gained and are modified from References 11–13. UCSD, University of California, San Diego; NHLBI, National
H e a rt, Lung and Blood Institute; NR, not re p o rt e d .
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diabetic population and two type 2 dia-
betic populations (20). The simulated study
populations included the entire U.S.
(24,25,27,29,30), 10,000 patients with dia-
betes in southern Wisconsin (20), 3,848,
999 patients with diabetic retinopathy in
the U.S. (23), two regions north of the River
Thames in the U.K. (16), all of Sweden
(22), the west of Scotland (17), and the fed-
eral state of Ty rol in Austria (25).

Screening method
The screening method used to detect dia-
betic retinopathy was a dilated fundus
examination by an ophthalmologist in six
of the 10 studies (18,19,21,23–25). Alter-
nate screening protocols in four studies
included funduscopy by a nonophthal-
mologist physician (16,17) or fundus pho-
tography by a nonphysician (20,22).

Screening schedule
The screening frequency was yearly in 9 of
the 10 studies (16–22,24,25) and a single
time only in 1 study (23). The presence of
any background diabetic retinopathy neces-
sitated re s c reening at intervals ranging fro m
3 to 6 months (18,19,21,22,24,25). Scre e n-
ing was delayed in the five populations con-
taining only type 1 diabetic patients until
5 years after the onset of diabetes (18–22).

Treatment population
PDR was screened for and treated in all 10
studies. ME was also screened for and
t reated in eight of the ten studies (16–19,
2 1 , 2 2 , 2 4 , 2 5 ) .

Treatment method
The treatment for PDR was panretinal pho-
tocoagulation. In one study, 30% of
patients with PDR also underwent bilateral
v i t rectomies (25). The treatment for ME in
all studies was focal photocoagulation.

Baseline program
The baseline program to which all 10
retinopathy screening and treatment eff o rt s
w e re compared was no screening or tre a t-
ment. The compliance rate for completing
s c reening and treatment was assumed to be
100% in seven studies (16–19,22,23,25),
60% in two studies (21,24), and 51% in
one study (20).

Types of costs
The costs of intervention included dire c t
costs in all ten studies plus disability pay-
ments in eight studies (16,17,19,21–25)
and rehabilitation services for blindness in
five studies (16,17,20,22,23). Indirect costs
w e re incorporated into the total costs in
two studies (16,22) and presented sepa-
rately from the total costs (Table 5) in two
other studies (17,23).

Year of costs
The year of costs of each study is listed in
Table 5.

Discount rate
In 6 of the 10 retinopathy interv e n t i o n
studies, future costs were discounted
(19–24). In three of these six studies, future
benefits were also discounted (20,23,24).
The discount rate for costs and benefits
was always assumed to be 5%.

Costs or savings
The economic benefits produced by these
10 retinopathy screening studies, expre s s e d
as costs or savings per sight-year gained, are
shown in Table 5. Type 1 diabetic patients
w e re modeled in 5 of the 12 populations
studied (18–22). In four of these five pop-
ulations, there was a net savings associated
with each sight-year gained (19–22) (Table 5).
In the population with a net cost, the
model did not account for savings fro m
d e c reased lost earnings or from decre a s e d
disability and rehabilitation payments due
to a decreased incidence of blindness (18).

The author of that re p o rt later incorpo-
rated some or all of these types of savings
(in addition to costs) into his model,
t h e reby demonstrating a net savings asso-
ciated with retinopathy intervention for
type 1 diabetic patients (19,21,22).

Type 2 patients were modeled in 3 of
the 12 populations studied (20,24). In one
of these three populations, there was a net
savings associated with each sight-year
gained (24) (Table 5). The other two pop-
ulations were both modeled in another
study and included an insulin-treated and
a non–insulin-treated population (20). In
both of these populations, there was a net
cost re q u i red to attain an additional sight-
year (Table 5). The non–insulin-tre a t e d
population of type 2 diabetic patients had
a higher cost per sight-year gained than
any type 1 diabetic, mixed type 1/type 2
diabetic, or undivided type 2 diabetic
population. A weakness in this study was
the assumption that only PDR, but not
ME, would be screened for and tre a t e d .
This conservative assumption unnecessar-
ily devalued the benefit of scre e n i n g
because most of the visual loss in diabetes
is due to ME (24,26).

Mixed groups containing both type 1
and type 2 diabetic patients were modeled
in 4 of the 12 populations studied
(16,17,23,25). In all four populations,
t h e re was a net savings associated with
each sight-year gained (Table 5).

Benefits
The benefits of laser therapy for PDR were
defined as sight-years gained in all 10 stud-
ies. The benefits of laser therapy for ME (in
the eight studies where ME was scre e n e d
for) were also defined as sight-years gained
in six studies (16,17,21,22,24,25) and as
reading vision-years gained in two studies
(18,19). Sight savings associated with tre a t-

Table 3—U.S. Department of Labor Statistics
U.S. city average Consumer Price Indices for
medical care

Average Co n s u m e r
Ye a r Price In d e x

1 9 8 1 8 2 . 9
1 9 8 2 9 2 . 5
1 9 8 3 1 0 0 . 6
1 9 8 4 1 0 6 . 8
1 9 8 5 1 1 3 . 5
1 9 8 6 1 2 2 . 0
1 9 8 7 1 3 0 . 1
1 9 8 8 * 1 3 8 . 2
1 9 8 8 1 3 8 . 6
1 9 8 9 1 4 9 . 3
1 9 9 0 1 6 2 . 8
1 9 9 1 1 7 7 . 0
1 9 9 2 1 9 0 . 1
1 9 9 3 2 0 1 . 4
1 9 9 4 2 1 1 . 0
1 9 9 5 2 2 0 . 5
1 9 9 6 2 2 8 . 2
1 9 9 7 2 3 4 . 6
1 9 9 8 2 4 2 . 1

Modified from Reference 14. *June, 1998.

Table 4—Federal Reserve Bulletin fore i g n
exchange rates

C u rrency units
C o u n t ry C u rre n c y Ye a r per U.S. dollar

A u s t r i a S c h i l l i n g 1 9 9 5 1 0 . 0 7 6
C a n a d a D o l l a r 1 9 9 0 1 . 1 6 6 8
I t a l y L i r a 1 9 9 3 1 , 5 7 3 . 4 1
U . K . P o u n d 1 9 8 2 1 . 7 4 8 0
U . K . P o u n d 1 9 8 3 1 . 5 1 5 9
U . K . P o u n d 1 9 9 4 1 . 5 3 1 9
U . K . P o u n d 1 9 9 5 1 . 5 2 8 5

Modified from Reference 15.
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ing retinopathy were apportioned as fol-
lows. PDR 68% and ME 32% in a type 1
diabetic population (21); PDR 29% and ME
71% in a type 2 diabetic population (24);
and PDR 69% and ME 31% in a mixed type
1/type 2 diabetic population (25).

Patients who develop diabetes at a
younger age might be expected to benefit
p re f e rentially from retinopathy pre v e n t i o n
because the potential savings from avoiding
rehabilitation costs for blindness are pro-
p o rtionate to the number of salvageable
f u t u re working years. Such lower cost per
sight-year gained ratios for younger
patients were re p o rted in two studies. In a
type 1 diabetic population, younger- o n s e t
patients (age at diagnosis 30 years) con-
stituted 46% of the population and accru e d
98% of the savings (21). In a type 2 dia-
betic population, younger-onset patients
(age at diagnosis 45 years) constituted
33% of the population and accrued 100%
of the savings (24).

Cost-benefit ratio
Cost-utility analyses were perf o rmed on
two retinopathy intervention populations
by translating costs per sight-years gained
into costs per QALYs gained. When sight-
years gained and QALYs gained by a pop-
ulation were both presented, the implied
utility was derived by dividing the sight-
years gained by the QALYs gained. Utilities
of 0.053 (20) and 0.327 (20) were so
derived and then applied to two (20) of the
t h ree (18,20) retinopathy intervention pop-
ulations for which costs exceeded savings
( Table 5). For the third such population
(18), sight-years gained were not convert e d

into QALYs gained; however, a cost per
Q A LY gained could have been calculated
with a published utility.

For the nine populations whose sav-
ings exceeded costs, no utilities convert i n g
sight-years gained into QALYs gained were
p roposed (16,17,19–25). A savings associ-
ated with each QALY gained (instead of a
cost per QALY gained) could have also
been calculated for these populations with
a published utility. We assigned a utility of
0.3 to the quality-of-life increment gained
by preventing blindness, based on an
analysis of the quality-of-life incre m e n t
gained from cataract surg e ry (27). We
applied this utility to the 10 re t i n o p a t h y
i n t e rvention populations (including the 1
whose cost exceeded savings and the 9
whose savings exceeded costs) where cost-
e ffectiveness results were not already trans-
lated into cost-utility results. The cost per
Q A LY gained or savings associated with
each QALY gained for all 10 re t i n o p a t h y
studies are presented in Table 5.

Sensitivity analysis
Sensitivity analysis was perf o rmed in 8 of the
10 studies (18–25). In three studies, sensi-
tivity analysis included a determination of
the economic impact of alternative scre e n i n g
strategies (19,20,24). For each of these thre e
studies, the lowest cost per sight-year gained
strategy is re p o rted in Table 5.

For a type 1 diabetic population that
was modeled to receive five retinopathy pre-
vention protocols, the most sight-years were
gained with routine screening every year
combined with re s c reening every 6 months
in the presence of diabetic re t i n o p a t h y. How-

e v e r, the most sight-years gained per dollar
spent were achieved with routine scre e n i n g
e v e ry 2 years (19). For a type 2 diabetic pop-
ulation that was modeled to receive eight
p rotocols, the most sight-years were gained
with routine screening every 2 years com-
bined with re s c reening every 6 months in
the presence of any diabetic re t i n o p a t h y.
These were the shortest time intervals for
s c reening and re s c reening that were tested in
the study (24). For a mixed type 1/type 2
diabetic population that was modeled to
receive six protocols, the most sight-years
w e re gained with annual screening (20).

Sensitivity analysis was perf o rmed on
other assumptions rather than altern a t i v e
s c reening s trategies in five studies
(18,21–23,25). For a mixed type 1/type 2
diabetic population, sensitivity analysis pre-
sented ranges of probability (from most pes-
simistic to most optimistic) for six
assumptions and then substituted the most
pessimistic assumptions for all six best-guess
(but not necessarily most optimistic)
assumptions. In 1982 dollars, the direct cost
per sight-year gained increased from a net
savings of $828 to a net cost of $15,917 (or
$2,167 and $41,660, re s p e c t i v e l y, in 1998
dollars), and the combined direct and indi-
rect costs per sight-year gained incre a s e d
f rom a net savings of $10,093 to a net cost of
$8,333 (or $26,416 and $21,810, re s p e c-
t i v e l y, in 1998 dollars) (23).

Sensitivity analysis of alternative rates of
compliance with screening (22), sensitivity
of ophthalmoscopy for detecting re t i n o p a-
thy (21,22), development of re t i n o p a t h y
(31), and pro g ression of retinopathy to
blindness (18,22) produced no significant

Table 5—C o s t - e ffectiveness and cost-utility analysis of diabetic retinopathy intervention studies from the perspective of a single payer

Savings (or cost) per

Year of D i a b e t e s S i g h t - y e a r s Sight-year gained Q A LY gained Q A LY gained
A u t h o r c o s t s t y p e g a i n e d (in historic dollars) (in historic dollars) (in 1998 dollars)

Savolainen and Lee (16) 1 9 8 2 1 , 2 1 3 , 1 7 8 4 , 7 2 1 1 5 , 7 3 7 * 4 1 , 1 8 8
Foulds et al. (17) 1 9 8 3 1 , 2 9 0 2 , 2 7 4 7 , 5 8 0 * 1 8 , 2 4 2
Javitt et al. (18) 1 9 8 6 1 9 2 , 7 0 0 ( 9 6 6 ) ( 3 , 2 2 0 ) * ( 6 , 3 9 0 )
Javitt et al. (19) 1 9 8 6 1 8 4 , 3 6 7 1 , 2 2 2 4 , 0 7 3 * 8 , 0 8 3
Dasbach et al. (20) 1 9 8 9 1 3 1 9 3 , 2 0 1 1 0 , 6 6 9 * 1 7 , 3 0 1

2 i 6 2 ( 5 3 0 ) ( 1 0 , 0 0 0 ) ( 1 6 , 2 1 5 )
2 n i 2 1 ( 6 , 5 4 0 ) ( 2 0 , 0 0 0 ) ( 3 2 , 4 3 2 )

Javitt et al. (21) 1 9 9 0 1 7 9 , 2 3 6 2 , 1 0 8 7 , 0 2 5 * 1 0 , 4 4 7
Fendrick et al. (22) 1 9 9 2 1 3 , 1 6 8 1 , 9 4 7 6 , 4 8 8 * 8 , 2 6 3
D rummond et al. (23) 1 9 8 2 1 , 2 2 7 9 , 0 0 0 8 2 8 2 , 7 6 0 * 7 , 2 2 4
Javitt et al. (24) 1 9 9 0 2 9 4 , 3 0 4 5 , 0 0 6 1 6 , 6 8 7 * 2 4 , 8 1 5
Matz et al. (25) 1 9 9 5 1 , 2 1 7 9 2 , 1 6 2 7 , 2 0 8 * 7 , 9 1 4

*Assigned utility for preventing blindness: 0.3 (27). i, insulin-treated; ni, non–insulin-tre a t e d .
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alteration in the economic impact of
retinopathy intervention. Sensitivity analy-
sis of the 5% discount rate for future costs
demonstrated that a lower discount rate
i n c reased savings and a higher discount rate
d e c reased savings (19,21,22,24).

Perspective
In the single-payer perspective of the
a f o rementioned 10 diabetic re t i n o p a t h y
studies (16–25), society paid all the costs
and accrued all the benefits. One addi-
tional economic analysis of a re t i n o p a t h y
s c reening and treatment program was per-
f o rmed strictly from the perspective of a
health insurer (28).

In this thorough re p o rt, the savings
achieved by preventing blindness were not
c o n s i d e red because they accrued to the
g o v e rnment rather than to the health
i n s u re r. A simulated target population of all
the diabetic patients in the U.S. was stud-
ied. A screening program consisting of a
dilated fundus examination by an ophthal-
mologist was compared with no scre e n i n g
or treatment. The screening frequency was
y e a r l y, and the presence of background dia-
betic retinopathy resulted in re s c re e n i n g
e v e ry 6 months. Patients with PDR re c e i v e d
p a n retinal photocoagulation. Patients with
ME received focal photocoagulation. Dire c t
medical costs of screening and tre a t m e n t ,
but not direct government costs of disabil-
ity and rehabilitation or indirect societal
costs of lost pro d u c t i v i t y, were considere d .
The year of costs was 1990. Future costs
and benefits were both discounted at a 5%
rate in this study perf o rmed from the per-
spective of a health insure r. The medical
benefit of laser therapy for both PDR and
ME was defined as sight-years gained.

The quality-of-life increment gained by
p reventing blindness was assigned a utility
of 0.55. The cost-effectiveness and cost-
utility of this intervention are presented in
Table 6. A sensitivity analysis calculated
the cost per QALY gained with altern a t e
quality-of-life increments. For an interv e n-
tion for which costs exceeded savings (such
as a retinopathy program from the per-
spective of a health insurer), increasing the
Q A LY increment gained decreased the cost
per QALY gained. For an intervention for
which savings exceeded costs (such as a
retinopathy program from the perspective
of society), increasing the QALY incre m e n t
gained decreased the savings associated
with each QALY gained.

In 1 of the 10 retinopathy studies with
a single-payer perspective, assumptions

about costs for particular services were
revised to present cost and benefit data
f rom the perspective of a health mainte-
nance organization. The cost per sight-year
gained was estimated to range from $2,900
to $3,600 in patients with type 1 diabetes
and was “significantly higher” for patients
with type 2 diabetes (20).

Discussion
Diabetic retinopathy screening and tre a t-
ment programs have been shown to be
clearly cost-saving interventions. The
costs to society of such interventions are
outweighed by the savings for type 1 dia-
betic patients as well as for type 2 diabetic
patients not requiring insulin. For type 2
diabetic patients requiring insulin, the
economic impact of such interventions is
clearly cost-eff e c t i v e .

F rom the perspective of a single payer,
diabetic retinopathy interventions have
generally been demonstrated to be clearly
cost-saving. From the perspective of a
health insure r, these interventions have
been no less costly for the benefits gained
than generally accepted interventions for
other diseases. Thus, from both a medical
and an economic perspective, diabetes
retinopathy screening and treatment is emi-
nently wort h w h i l e .

PRE-CONCEPTION 
C A R E — P re-conception care for women
with established diabetes reduces the inci-
dence of fetal malformations and sponta-
neous abortions (29,30). An economic
analysis of two programs, which included
education and intensive blood glucose
management, has been conducted in two
studies in which a pre-conception care
p rogram was added to a standard pre n a t a l
c a re program (31,32).

A case-control cost-benefit analysis of a
p re-conception care intervention for type 1

diabetic women was conducted by the Cal-
i f o rnia Diabetes and Pregnancy Pro g r a m
(CDAPP)—also known as the “Sweet Suc-
cess” program (31). In the study, 90
CDAPP participants with diabetes before
conception participated in a pre - c o n c e p-
tion care program and subsequently
received standard prenatal care after con-
ception. They were matched with 90 con-
t rol patients who received only standard
p renatal care without the pre - c o n c e p t i o n
p rogram. The matching criteria were the
m o t h e r ’s age, race, and severity and dura-
tion of diabetes according to White’s classi-
fication system (29). For each mother,
c h a rges were included through delivery.
For each infant, costs were included fro m
b i rth through discharge. Long-term med-
ical costs of adverse neonatal and matern a l
outcomes, which are potential savings of
the CDAPP, were not included. Charg e s
w e re adjusted to June 1988 dollars and
n o rmalized with a hospital wage index to
account for geographic diff e rences in
c h a rges between three CDAPP hospitals
and five control hospitals. An 8% discount
was applied to costs but not benefits. A
comparison of program costs and dis-
counted savings demonstrated pre - c o n-
ception costs of $1,171 and net savings of
$6,072 per live infant (or $2,051 and
$10,637, re s p e c t i v e l y, in 1998 dollars). The
benefit-cost ratio was 5.19. Thus, for every
$1 spent on the CDAPP, there was a net
savings of $5.19 (31).

A second cost-benefit analysis of a pre -
conception care intervention for pre g e s t a-
tional diabetes was conducted as a
modeling study on a simulated population
that was not screened for eligibility to
receive the intervention (32). The dire c t
costs of a combined pre - c o n c e p t i o n / p re n a-
tal care program and a prenatal-only care
p rogram were compared. Inform a t i o n
about costs and consequences of both pro-

Table 6—C o s t - e ffectiveness and cost-utility of a diabetic retinopathy intervention study from the
perspective of a health insure r

Cost per sight-year Cost per QALY
gained (in dollars) gained* (in dollars)

1 9 9 0 1 9 9 8 1 9 9 0 1 9 9 8

All patients 1 , 7 5 7 2 , 6 1 3 3 , 1 9 0 4 , 7 4 4
All type 1 diabetic patients 1 , 0 9 9 1 , 6 3 5 1 , 9 9 6 2 , 9 6 8
All type 2 diabetic patients 1 , 8 3 9 2 , 7 3 5 3 , 3 3 9 4 , 9 6 6
I n s u l i n - t reated type 2 diabetic patients 1 , 6 1 6 2 , 4 0 3 2 , 9 3 3 4 , 3 6 1
N o n – i n s u l i n - t reated type 2 diabetic patients 1 , 9 4 4 2 , 8 9 1 3 , 5 3 0 5 , 2 5 0

Modified from Reference 28. *Assigned utility for preventing blindness: 0.55.



DIABETES CARE, VOLUME 23, NUMBER 3, MARCH 2000 395

Klonoff and Schwartz

grams was obtained from a literature re v i e w,
a consensus of expert physicians, and sur-
veys of other health care pro f e s s i o n a l s .
Costs were calculated in 1989 dollars. Dis-
counting was not perf o rmed. The addition
of a pre-conception care program to stan-
d a rd prenatal care resulted in net cost sav-
ings, even when sensitivity analysis testing
substituted a wide range of best-guess
assumptions with alternative assumptions
about program costs and outcomes. Fro m
the perspective of a health insure r, costs
w e re specified to include only pre g n a n c y
and the initial hospitalization of the mother
and infant, as was the case in the CDAPP
s t u d y. The cost savings per mother was
$480 (or $754 in 1997 dollars), and the
benefit-cost ratio was 1.24 (33). From the
perspective of a single payer, potential sav-
ings of pre-conception care for the child
w e re specified to additionally include the
following: 1) medical care for 3 years after
d i s c h a rge from a neonatal intensive care
unit; and 2) lifetime medical care, re s i d e n-
tial care, and community services in the
event of a severe congenital malform a t i o n .
The cost savings per mother then incre a s e d
to $1,720 (or $2,702 in 1997 dollars) and
the benefit-cost ratio increased to 1.86 (32).

P re-conception care for women with
established diabetes is clearly cost-saving
for society when charges for long-term care
for malformed offspring are paid by society.
P re-conception care for such women is also
clearly cost-saving for health insurers, even
if they are responsible only for costs
a c c rued during pregnancy and the initial
hospitalization of the mother and child,
but not responsible for long-term costs.

N E P H R O PATHY 
P R E V E N T I O N — Diabetic nephro p a-
thy screening and treatment programs pre-
vent ESRD by 1) detecting micro a l b u-
minuria or clinical nephro p a t h y, and
2) c o n t rolling blood pre s s u re or administer-
ing ACE inhibitor (ACEI) therapy. ACEI
medications pre s e rve renal function, inde-
pendent of their antihypertensive effects, in
m i c roalbuminuric and proteinuric patients
with diabetes (34,35). The economic impact
of a diabetic nephropathy intervention pro-
gram can be determined by comparing pro-
gram costs with savings associated with
delaying or deferring dialysis or transplanta-
tion for ESRD.

Target population
Economic analyses of nephropathy inter-
vention programs have been re p o rted for

1) simulated type 1 diabetic populations
f rom the U.S. in 1992 (36), Europe in 1993
(37), Canada in 1995 (38), the U.K. in
1997 (39), and Italy in 1997 (40); and 2) a
combined type 1/type 2 diabetic popula-
tion from both the U.S. and Canada (also
known as the Collaborative Study Gro u p
trial) in 1996 (41). Type 1 diabetic popula-
tions consisted of patients aged 18–49
years with diabetes for at least 7 years
(39,40), newly diagnosed 15-year- o l d
patients (36), or patients of unspecified age
with a disease duration of at least 5 years
(37,38). Ages in the combined population
ranged from 20 to 54 years in type 1 dia-
betic patients and 55 to 74 years in type 2
diabetic patients (41).

Screening method
The screening method in three type 1 dia-
betes studies (36–38) was a random urine
assay for microalbuminuria (defined as a
p rotein concentration of 30 mg/24 h). In
two other type 1 diabetes studies (39,40)
and in the combined type 1/type 2 dia-
betes study (39), a single urine assay for
p roteinuria (defined as 500 mg/24 h)
was perf o rm e d .

Screening schedule
The screening frequency was once yearly
in two studies (37,38), twice yearly in two
studies (36,40), and once only in two
studies (39,41).

Treatment population
All patients with microalbuminuria or pro-
teinuria (defined as nephropathy) were
t re a t e d .

Treatment method
Treatment for nephropathy consisted of
ACEI therapy and was initiated in each
p rogram after either two of three consecu-
tive assays were positive (36–38) or a sin-
gle assay was positive (39–41). Enalapril
(10 mg once daily [36]) or captopril (25
mg three times [39,41] a day) was specified
in three studies. An agent “equivalent to”
25 mg captopril three times a day was spec-
ified in two studies (38,40). An unspecified
ACEI was used in another study (37).

In three studies of type 1 diabetes, the
authors used previously published epidemi-
ologic data to estimate the time necessary to
p ro g ress from the onset of type 1 diabetes, to
m i c roalbuminuria, to various stages of pro-
teinuria, to ESRD, and to death from re n a l
disease (36–38) or coro n a ry art e ry disease
(36). One study of type 1 diabetes applied

an economic model to empirical outcome
data for pro g ression rates from proteinuria to
ESRD and death (39). These data were col-
lected by the Diabetic Nephropathy Collab-
orative Study Group (DNCSG) during a
4-year study of the outcomes but not costs of
ACEI therapy for nephropathy in type 1
diabetes (34). The Italian study of type 1 dia-
betic patients (40) and the study of type
1/type 2 diabetic patients (41) both used
modeled economic data and (after the 4th
year) modeled outcome data either for
6 additional years (40) or for patients’ esti-
mated remaining life spans (31 years for
type 1 diabetic patients and 12 years for type
2 diabetic patients) (41). These two studies
(40,41) used empirical outcome DNCSG
data for years 1–4. The rate of pro g re s s i o n
for type 2 diabetes in the type 1/type 2 dia-
betes study was assumed to be equal to that
of type 1 diabetes (41).

ACEI therapy was assumed to either
slow the median transition time per stage by
50% but not affect the maximum end of the
range of transition time per stage (a worst-
case effect), or else slow the median transi-
tion time per stage by 75% and also incre a s e
the maximum end of the range of transition
time per stage by 50% (a best-case effect) in
one study (36). ACEI therapy was assumed
to slow the annual increase in micro a l b u m i n
e x c retion either at worst by 33% (from 20 to
13.4%) or at best by 67% (from 20 to 6.6%)
in one study (37). ACEI therapy was
assumed to slow the transition from micro a l-
buminuria to proteinuria ( 300 mg/24 h)
by 25% and from proteinuria to ESRD by
50% in one study (38) and from pro t e i n u r i a
( 500 mg/24 h) to ESRD or death by 50%
in three other studies (39–41).

Baseline program
The above nephropathy interventions were
c o m p a red with screening for both hyper-
tension and proteinuria (defined as 3 0 0
mg/24 h [38], 450 mg/24 h [36], or 5 0 0
mg/24 h [40,41]) combined with tre a t m e n t
for either hypertension or proteinuria in two
studies (36,38) and for hypertension only in
two studies (40,41). Nephropathy interv e n-
tions were compared with no screening or
t reatment in two studies (37,39).

Types of costs
D i rect costs were presented for scre e n i n g ,
ACEI therapy, and ESRD therapy in all six
studies (36–41). ESRD costs included costs
of dialysis in all six studies (36–41) and
transplantation in all but one study (40).
D i rect costs of coro n a ry art e ry disease tre a t-
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ment were presented in one study (36).
I n d i rect treatment costs were also pre-
sented separately in one study (41).

Year of costs
The year of costs was 1990 in the Canadian
study (38), 1991 in the American (36) and
E u ropean (37) studies, 1993 in the Italian
study (40), and 1994 in the U.K. study (39)
and Collaborative Study Group trial (41).

Discount rate
Costs and benefits were both discounted at
a rate of 5% in four studies (36,38,40,41)
and 6% in one study (39). Costs only were
discounted at rates of either 2.5 or 6% in
one study (37).

Costs or savings
N e p h ropathy intervention in type 1 diabetes
resulted in the following: 1) undiscounted
annual per patient costs increasing, in 1991
dollars, by $4,262 with conserv a t i v e
assumptions and by $3,803 with optimistic
assumptions (or $5,830 and $5,202, re s p e c-
t i v e l y, in 1998 dollars) in the U.S. study
(36); 2) annual per patient costs incre a s i n g ,
in 1990 dollars, by $262 (or $390 in 1998
dollars) in the Canadian study (38); 3) net
lifetime savings, in 1991 dollars, of $800
a c c ruing for a 33% treatment effect and 6%
discount rate, and $7,700 accruing for a
67% effect and 2.5% discount rate (corre-
sponding to $1,094 and $10,532 in 1998
dollars) in the European study (37); 4) net
savings per patient after 4 years, in 1994
pounds, of £953 (corresponding to $1,675
in 1998 dollars) in the U.K. study (39); and
5) net savings per patient after 10 years, in
1993 Italian lire, of L8,450,765 (corre-
sponding to $6,456 in 1998 dollars) in the
Italian study (40). Nephropathy interv e n t i o n
in both type 1 and type 2 diabetes re s u l t e d
in net direct and indirect savings (Table 7) in
the Collaborative Study Group trial (41).

Benefits
N e p h ropathy intervention extended life
and prevented ESRD. In the U.S. study,

which proposed screening for either
h y p e rtension or proteinuria compare d
with no screening, undiscounted life
expectancy increased, re s p e c t i v e l y, by 0.6
or 0.4 years with worst-case assumptions
and by 1.2 or 0.7 years with best-case
assumptions (36). In the Canadian study,
discounted life expectancy increased by
0.1 years (38). In the European study,
undiscounted life expectancy increased by
2 or 5 years with worst-case or best-case
assumptions, respectively (37). Furt h e r-
m o re, the need for kidney transplantation
or dialysis decreased by 21 or 63% for a
33 or 67% treatment effect, re s p e c t i v e l y
(37). In the U.K. study, after 4 years, the
discounted life expectancy increased by
0.2 years (39). In the Collaborative Study
G roup trial, after 5 and 31 years, re s p e c-
t i v e l y, type 1 diabetic patients attained 0.2
and 2.15 additional years of life and
delayed dialysis by 0.18 and 0.72 years. In
this study, after 12 years, type 2 diabetic
patients attained 1.04 additional years of
life and delayed dialysis by 0.29 years
(41). In the Italian study, dialysis was
delayed by 0.2 years per patient (40).

Cost-benefit ratio
N e p h ropathy intervention extended life at
a cost of $7,935 (with best-case assump-
tions) or $16,494 (with worst-case
assumptions) per patient per year in 1991
dollars (or $10,853 and $21,561, re s p e c-
t i v e l y, in 1998 dollars) in the U.S. study
(42). Nephropathy intervention delayed
onset of ESRD at a cost of $27,042 per
Q A LY gained in 1990 dollars (or $40,214
in 1998 dollars) in the Canadian study
(38). In that study, the quality-of-life
i n c rement gained by preventing ESRD was
assigned a utility of 0.43. Savings associ-
ated with each year of life gained over the
4-year study were, in 1994 pounds,
£4,888 (or $8,591 in 1998 dollars) in the
U.K. study (39). Savings associated with
each month of dialysis-free life gained
over the 10-year study were, in 1993 Ital-
ian lire, L3,521,152 (or $2,690 in 1998

dollars) (40). Savings associated with each
year of life gained over the projected life
spans of patients with type 1 diabetes (31
years) and type 2 diabetes (12 years) in
the Collaborative Study Group trial are
p resented in Table 7 (41). No cost-eff e c-
tiveness or cost-utility figures were
re p o rted in the European study (37).

A cost-utility study tested the substitu-
tion of an immunochemical dipstick test
for the “gold standard” laboratory assay for
m i c roalbumin (42). Empirical data about
the accuracy of dipstick testing were com-
bined with assumptions about the medical
cost of delaying a diagnosis of micro a l b u-
minuria to create a model. Urine dipstick
testing generated annual savings, in 1994
pounds, of £6,600 (or $11,600 in 1998
dollars) but was associated with the loss of
one QALY per patient.

Sensitivity analysis
Sensitivity analysis was perf o rmed in all
six studies. The U.S. study compared the
c o s t - e ffectiveness of ACEI therapy com-
bined with three alternative nephro p a t h y
s c reening methods, including assaying for
m i c roalbuminuria ( 30 mg/24 h), signif-
icant microalbuminuria ( 150 mg/per
24 h), and proteinuria ( 450 mg/24 h).
M i c roalbuminuria screening and tre a t-
ment produced the greatest increase in
life expectancy and was the interv e n t i o n
selected for economic analysis. Pro t e i n u r i a
s c reening and treatment, compared with
no nephropathy intervention, was inter-
p reted to be cost-saving. Pro t e i n u r i a
s c reening and treatment was then desig-
nated as the baseline program for which
costs and benefits were to be compare d
with those of microalbuminuria scre e n i n g
and ACEI therapy (36). The Canadian
study sequentially replaced four best-
guess assumptions with alternative pes-
s imis t ic  a ssumptions.  Af ter  each
substitution, the cost per QALY gained
almost tripled and exceeded $75,000 in
1990 dollars (or $111,532 in 1998 dol-
lars) (38). In the European study, costs

Table 7—C o s t - e ffectiveness of the Collaborative Study Group nephropathy interv e n t i o n

D i rect savings per year I n d i rect savings per year
D i rect lifetime savings I n d i rect lifetime savings Years of of life gained (in dollars) of life gained (in dollars)

Patient type (in 1994 dollars) (in 1994 dollars) life gained 1 9 9 4 1 9 9 8 1 9 9 4 1 9 9 8

Type 1 diabetes* 3 2 , 5 0 0 8 4 , 3 9 0 2 . 1 5 1 5 , 1 4 0 1 7 , 3 7 1 3 9 , 2 5 1 4 5 , 0 3 6
Type 2 diabetes† 9 , 9 9 0 4 5 , 7 3 0 1 . 0 4 9 , 6 0 6 1 1 , 0 2 1 4 3 , 9 7 1 5 0 , 4 5 2

Modified from Reference 41. *Assumes a 31-year life span. †Assumes a 12-year life span.
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w e re calculated to be balanced or e x c e e d e d
by savings if ACEI therapy effected a

10% decline in the annual rate of
increase of microalbuminuria, such that
this rate would fall from an assumed 20%
down to 18% (37). In the Italian study,
a set of three best-guess assumptions was
replaced with either three best-case
assumptions or three worst-case assump-
tions. Each sensitivity analysis resulted in
cost-savings 0.75–1.26 times as many as
those provided by the original interven-
tion, and dialysis-years avoided 0.98–
1.02 times as great as those provided by
the original intervention (40). In the Col-
laborative Study Group trial, each of nine
a l t e rnative assumptions for type 1 dia-
betes and three a l t e rnative assumptions
for type 2 diabetes about costs or pro g re s-
sion of nephropathy were incorporated
into the model. Each sensitivity analysis
resulted in cost savings 0.73–1.24 times as
g reat as those provided by the original
i n t e rvention (41). In the U.K. study, the
originally assumed 50% reduction in the
rate of developing ESRD or death with
ACEI therapy was replaced with worst-
case (18%) and best-case (70%) risk
reduction rates. The number of life-years
and dollars saved increased with best-
case and decreased with worst-case
assumptions. The 18% rate actually
resulted in a net cost per life-year saved.
Reducing the estimated costs of treating
ESRD by 20% halved the savings attained
in this study (39).

Perspective
The U.S. (36), Canadian (38), U.K. (39),
Italian (40), and Collaborative Study
G roup (41) studies were conducted fro m
a single-payer perspective. The Euro p e a n
(37) study was conducted from the per-
spective of a health insure r. Economic
benefits associated with a reduced inci-
dence of ESRD may accrue to a single
p a y e r, but not to an insure r.

Discussion
N e p h ropathy screening and treatment inter-
ventions for patients with type 1 diabetes
p rovide additional years of life and QALY s .
Depending on the assumptions made about
the cost of ACEI therapy and its effects on
n e p h ropathy pro g ression, such pro g r a m s
can be clearly cost-effective or even cost-
saving. We have classified nephropathy pre-
vention in type 1 diabetes as clearly
c o s t - e ffective. The economic impact of
n e p h ropathy screening and treatment has
been studied far less in type 2 than type 1
diabetic patients, but type 2 diabetic
patients appear to also accrue both eco-
nomic and medical benefits from this inter-
vention. We have classified nephro p a t h y
p revention in type 2 diabetes as possibly
c o s t - e ff e c t i v e .

IMPROVED GLYCEMIC 
C O N T R O L

Type 1 diabetes
The Diabetes Control and Complications
Trial (DCCT) demonstrated that impro v e d
glycemic control (intended to achieve near-
n o rmoglycemia), compared with standard
t reatment in type 1 diabetes, could delay the
p ro g ression of such early micro v a s c u l a r
complications as re t i n o p a t h y, nephro p a t h y,
and neuropathy by 50% (43). The study
did not continue long enough to demon-
strate reductions in the actual incidence of
the most expensive end-stage micro v a s c u l a r
complications of type 1 diabetes, which are
blindness, ESRD, and LEA.

An economic analysis of impro v e d
glycemic control for type 1 diabetes in
the U.S. has been conducted by the DCCT
R e s e a rch Group (44). The effectiveness of
such therapy was calculated by using:
1) empirical trial data to describe the inci-
dence of microvascular complications
during the first 9 years of treatment; and
2) published epidemiologic data to model
subsequent disease pro g ression fro m

m i c rovascular complications to end-stage
complications. Costs of improved glycemic
c o n t rol were measured during the trial (45).
Costs of treating end-stage complications
w e re derived from published data. The
DCCT Research Group used these outcome
and cost data for type 1 diabetes to addre s s
two questions. First, what are the lifetime
benefits and costs of improved glycemic
c o n t rol, and second, is improved glycemic
c o n t rol preferable to conventional therapy
f rom the economic perspective of a single-
payer health care system?

Undiscounted benefits of impro v e d
glycemic control compared with conven-
tional therapy in type 1 diabetes are pre-
sented in Table 8. Costs of impro v e d
glycemic control in type 1 diabetes were
allocated for outpatient care, inpatient care ,
s e l f - c a re supplies, case management ser-
vices, and adverse effects of therapy. Costs
and cost-benefit ratios were both dis-
counted at a rate of 3% unless otherw i s e
specified. The lifetime per patient dis-
counted cost, cost-effectiveness, and cost-
utility of improved glycemic control for
type 1 diabetes are presented in Table 9.

Sensitivity analysis was perf o rmed with
a l t e rnative assumptions about the inci-
dence and pro g ression rates of complica-
tions, the mortality rate, costs of therapy,
the medical costs of added years of life, the
discount rate, and health utilities. The cost-
benefit ratios were significantly affected by
only a single combination of altern a t e
assumptions. In that scenario, if the annual
cost of improved glycemic control for type 1
diabetes could be decreased by at least 50%
without adversely affecting outcomes, then,
s u r p r i s i n g l y, improved glycemic contro l
would actually be cost saving. The DCCT
R e s e a rch Group concluded that for type 1
diabetes, the cost-effectiveness of impro v e d
glycemic control is within the range con-
s i d e red to re p resent a good value.

Another economic analysis of impro v e d
glycemic control for type 1 diabetes was con-
ducted from the perspective of a health insure r
on a simulated population in Israel (46). Pub-
lished complication rates and t reatment costs
w e re used (47). Improved glycemic contro l
was assumed to decrease the incidence of
end-stage microvascular complications pro-
p o rtionate to the lower incidence of the
c o rresponding early-stage complications
o b s e rved in the DCCT. A 6% discount rate
was assumed. Direct lifetime costs, but not
benefits, of improved glycemic control com-
p a red with conventional therapy in type 1
d i abetes were re p o rted (Table 9). The

Table 8—Undiscounted benefits of improved glycemic control compared with conventional
therapy in the U.S.

Type 1 diabetes (44) Type 2 diabetes (48)

Additional years of life 5 . 1 1 . 3 2
Additional years of sight 7 . 7 1 . 5
Additional years free of ESRD 5 . 8 0 . 3 6
Additional years free from LEA 5 . 6 1 . 1
Additional QALY s N R 1 . 3 2

NR, not re p o rt e d .
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authors concluded that for type 1 diabetes,
i m p roved glycemic control is not c o s t - s a v-
ing, but they did not calculate a cost-bene-
fit ratio for this interv e n t i o n .

Type 2 diabetes
An economic analysis of impro v e d
glycemic control for type 2 diabetes,
intended to achieve normoglycemia by
maintaining the HbA1 c level at 7 . 2 % ,
has been conducted in the U.S. (48). The
outcomes of such a regimen were pre-
dicted by using published epidemiologic
data to model disease pro g ression. It was
assumed that the reduced risk gradients
o b s e rved with improved glycemic contro l
in type 1 diabetes also apply to type 2 dia-
betes. Costs of this treatment were based
on published figure s .

Undiscounted benefits of impro v e d
glycemic control compared with conven-
tional therapy in type 2 diabetes are pre-
sented in Table 8. Costs of impro v e d
glycemic control for type 2 diabetes were
allocated for outpatient care, inpatient
c a re, self-care supplies, and oral medica-
tions. Costs and cost-benefit ratios were
discounted at a rate of 3% unless otherw i s e
specified. The lifetime per patient dis-
counted cost and cost-utility of impro v e d
glycemic control are presented in Table 9.

Sensitivity analysis was perf o rmed with
a l t e rnative assumptions about the ethnicity,
mean age at diagnosis, and baseline HbA1 c
levels of patients, as well as the incidence of
complications, cost of therapy, and the dis-
count rate. Non-Hispanic white ethnicity,
age at diagnosis 36 years, or an initial
H b A1 c of at least 9.2% were the likeliest
p redictors of better than average cost-eff e c-
tiveness. The authors concluded that for
type 2 diabetes, the cost-effectiveness of
i m p roved glycemic control is within the
range of interventions that are generally
c o n s i d e red cost-eff e c t i v e .

I m p roved glycemic control of diabetes
is a clearly cost-effective strategy. Such
i n t e rvention on simulated populations of
patients with either type 1 or type 2 dia-
betes has resulted in increased years of life
and QALYs at costs no higher than those
of generally practiced interventions for
other diseases.

The cost-benefit ratio of therapy for
type 2 diabetes would be expected to be
enhanced by substituting a less costly but
equipotent oral agent for a costlier oral
agent. Indeed, at a Veterans Administration
clinic where acquisition cost of glipizide
exceeded that of glyburide, when type 2
diabetic patients were converted from glip-
izide to glyburide, the result was equal con-
t rol at a lower cost (49).

S E L F - M A N A G E M E N T — An eco-
nomic analysis of diabetes self-management
p rograms that prevent hospitalizations was
p e rf o rmed in nine empirical outpatient
studies (50–60) (Table 10). Each self-man-
agement intervention re p o rted 1) costs o f

p roviding a self-management program, and
2) hospital costs over the subsequent year
with and without the intervention. One
study (53) was re p o rted in two additional
a rticles (54,55).

Target population
The target populations were not scre e n e d
to identify a subset who were eligible for
or who warranted a self-management
i n t e rv e n t i o n .

Screening method
No economic analysis of diabetes self-man-
agement programs used scre e n i n g .

Screening schedule
No economic analysis of diabetes self-man-
agement programs used scre e n i n g .

Treatment population
The treatment population consisted of
patients with either type 1 or type 2 dia-
betes in eight studies (50–56,58–60) and
only type 1 diabetes in one study (57).

Table 9—Discounted costs, cost-effectiveness, and cost-utility of improved glycemic control compared with conventional therapy

Type 1 diabetes Type 1 diabetes Type 2 diabetes
in the U.S. (44) in Israel (46) in the U.S. (48)

1994 dollars* 1998 dollars* 1994 dollars* 1998 dollars* 1994 dollars* 1998 dollars*

Lifetime cost of intensive therapy 9 9 , 8 2 2 1 1 4 , 5 3 5 1 5 1 , 9 0 0 1 6 6 , 7 8 0 7 6 , 9 2 2 8 8 , 2 6 0
Lifetime cost of conventional therapy 6 6 , 0 7 6 7 5 , 8 1 5 1 3 2 , 9 0 0 1 4 5 , 9 1 8 6 2 , 7 6 9 7 2 , 0 2 1
Excess lifetime cost of intensive therapy compare d 3 3 , 7 4 6 3 8 , 7 1 9 1 9 , 0 0 0 2 0 , 8 6 0 1 4 , 1 5 3 1 6 , 2 3 9
with conventional therapy

Cost per year of life gained with intensive therapy 2 8 , 6 6 1 3 2 , 8 8 6 N R N R
Cost per QALY gained with intensive therapy† 1 9 , 9 8 7 2 2 , 9 3 3 N R 1 6 , 0 0 2 1 8 , 3 6 0
Discount rate (%) 3 6 3

* R e p o rted (recalculated) years of cost; †assigned utilities for preventing blindness, 0.31; ESRD, 0.39; LEA, 0.20. NR, not re p o rt e d .

Table 10—Benefit-cost analysis of outpatient diabetes self-management intervention studies

Year of C o s t † B e n e f i t ‡ B e n e f i t - c o s t
A u t h o r c o s t s C u rr i c u l u m (in dollars) (in dollars) r a t i o

Spaulding and Spaulding (50) 1 9 7 4 Begin insulin 1 5 4 1 , 2 9 3 8 . 4 0
L a u g h a rne and Steiner (51) 1 9 7 6 S e l f - c a re 1 4 4 2 0 6 1 . 4 3
Davidson et al. (52) 1 9 7 8 P r i m a ry care 4 3 4 1 9 2 0 . 4 3
Nersesian et al. (53)* 1 9 8 2 S e l f - c a re 1 5 0 2 9 3 1 . 9 5
S c h w a rtz et al. (54)*
Z a remba et al. (55)*
Whitehouse et al. (56) 1 9 7 9 S e l f - c a re 7 7 0 1 , 0 0 5 1 . 3 1
Fishbein (57) 1 9 8 5 S e l f - c a re 1 0 0 8 7 6 8 . 7 6
Rettig et al. (58) 1 9 8 3 Home education 1 7 5 1 7 5 —
B ruce et al. (59) 1 9 8 3 Begin insulin 3 7 0 1 , 8 5 7 5 . 0 2
de We e rdt et al. (60) 1 9 9 0 S e l f - c a re 1 4 4 1 4 4 —

*Same program; †self-management training expenses per patient; ‡self-management training expenses minus
a v e rted hospital expenses per patient.
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Treatment method
Insulin therapy was initiated in 2 pro-
grams in which curricula consisted of
either 2 or 3 visits to the day care unit fol-
lowed by several home visits and daily
phone calls by the nurse during the first
2 weeks (50) or up to 13 visits (with a
mean of 5 visits) to the outpatient center
(59). In five studies, a complete self-care
c u rriculum was provided at the outpa-
tient center, consisting of either 10 h
(53–55,57), 12 h (60), 4 days (51), or 5
days (56) of teaching. One self-manage-
ment program was taught at patients’
homes by visiting nurses in up to 12 ses-
sions (58). One study was a multidiscipli-
n a ry primary care clinic for patients w i t h
diabetes, where each team member pro-
vided education each visit (52) (Table 10).

Baseline program
Hospital costs over a 1-year period after
the self-management intervention were
compared with predicted hospital costs
for 1 year without a self-management
program.

Types of costs
Only direct costs of self-management
p rograms and hospitalizations were con-
s i d e re d .

Year of costs
The year of costs of each study is listed in
Table 10.

Discount rate
Discounting was not perf o rmed because
the benefits were measured within only 
1 year of the interv e n t i o n .

Costs or savings
The costs for each self-management pro-
gram are listed in Table 10.

Benefits
The benefits for each self-management
p rogram (training expenses minus avert e d
hospital expenses) exceeded the pro g r a m
costs in seven (50–57,59) of the nine
studies (Table 10).

Cost-benefit ratio
In the seven studies in which benefits
exceeded costs (50–57,59), the benefit-cost
ratio (which is the inverse of the cost-ben-
efit ratio) ranged from 0.44 to 8.76. Thus,
for every $1 spent on self-management
training, there was a net savings of $0.44 to
$8.76 (Table 10).

Sensitivity analysis
Sensitivity analysis testing is only per-
f o rmed on modeled data, not empirical
data, and was there f o re not perf o rmed in
these nine empirical studies.

Perspective
All nine studies were conducted from the
perspective of a health insurer (50–60).

Discussion
All but two of the diabetes self-manage-
ment economic studies suff e red from a lack
of a good control group and/or randomiza-
tion (58,60,61). The self-management
i n t e rvention patients were compared with
randomized control subjects in only two
studies, and in both re p o rts, the self-man-
agement program did not lower hospital
costs (58,60). In the other seven studies, all
of which were not randomized, the inter-
vention population was compared with one
of the following: the same population
1 year before the intervention (53–55,57),
a re t rospectively selected population that
was hospitalized over the same time period
(50,59), the entire population of the dia-
betes clinic from which the study popula-

tion was drawn (52,56), or an unspecified
population (51).

An additional study demonstrated eco-
nomic benefits of diabetes self-manage-
ment programs. An inpatient diabetes
self-management program was re p o rted to
reduce length of hospital stays, but pro-
gram costs were not disclosed (62).

Flawed but consistent evidence sug-
gests that diabetes self-management pro-
grams are possibly cost-effective. The
economic analyses of diabetes self-man-
agement programs have not only been poor
in terms of their methodology, but they
have measured only short - t e rm savings
over 1 year. Randomized controlled studies
examining the long-term costs and benefits
of this intervention are definitely needed.

CASE MANAGEMENT— A diabetes
case management intervention uses a team
of diabetes specialists to provide individual
attention, timely re f e rrals, and intensive self-
management training (63). Such an interv e n-
tion is intended to reduce the number a n d
the length of hospitalizations for diabetes.

Cost-saving case management for inpa-
tients with diabetes can be provided by a dia-
betes team consisting of an endocrinologist,
a diabetes nurse educator, and a re g i s t e re d
dietitian (64). In a New York City hospital,
34 nonrandomized patients with diabetes
received a diabetes team consultation fro m
November 1991 through January 1992. The
average length of stay was 3.6 days for team
patients, which was shorter than the length
of 5.5 days for 43 patients seen by an indi-
vidual endocrine consultant from September
1990 through May 1991 (P 0.05) or the
length of 8.2 days for 27 no-consultation
patients seen from September 1990 thro u g h
May 1991 (P 0.0001). Hospital costs of
team patients compared with those of no-
consultation patients fell by $120,000, and
team expenses were $40,000. Each 1-day
delay in consultation produced a 1-day
i n c rease in the length of stay (64).

Studies of an inpatient case manage-
ment program that reduced the length of
hospital stays (65), as well as one outpa-
tient case management program that did
(66) and another that did not (67) re d u c e
hospital admissions, all did not present the
added costs of providing this interv e n t i o n .
The economic attractiveness of case man-
agement teams to decrease costs has not
been studied in randomized controlled tri-
als. Subsets of patients with diabetes most
likely to benefit long-term from this
a p p roach have not been identified. The

Table 11—Cost-benefit ratios, unadjusted and adjusted for medication savings, of medical
nutrition therapy in type 2 diabetes

Cost per mg/dl Cost per 0.1%

Type of medical decline in plasma glucose decline in HbA1 c

nutrition therapy 1993 dollars 1998 dollars 1993 dollars 1998 dollars

Practice guidelines for 5 . 8 4 7 . 0 2 1 2 . 0 5 1 4 . 4 9
nutrition care (unadjusted)

Basic care (unadjusted) 5 . 7 5 6 . 9 1 6 . 0 8 7 . 3 1
Practice guidelines for
nutrition care (adjusted) 4 . 2 0 5 . 0 5 8 . 6 6 1 0 . 4 1

Basic care (adjusted) 5 . 3 2 6 . 4 0 5 . 6 3 6 . 7 7

Modified from Reference 70.
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economic impact of case management for
diabetes is, there f o re, unclear.

MEDICAL NUTRITION 
T H E R A P Y — The economic impact of
medical nutrition therapy (MNT) for dia-
betes has been poorly documented. This
i n t e rvention is intended to improve plasma
glucose and HbA1 c levels to prevent com-
plications. MNT is widely practiced as a
component of programs providing inten-
sive education or case management. The
costs compared with benefits of this inter-
vention in isolation have been re p o rt e d
only in a single study.

A randomized controlled trial of an
MNT intervention in type 2 diabetes mea-
s u red program costs and outcomes (68).
Optimal MNT, using practice guidelines for
nutrition care (PGC), was compared with
basic nutrition care (BC). PGC was devel-
oped by a consensus panel of nutrition and
diabetes experts (69). PGC consisted of thre e
visits with a dietitian over 6 months and a
m e a s u rement of HbA1 c level. BC consisted of
a single visit with a dietitian. Serum glucose
and HbA1 c levels fell after 6 months, in both
the PGC group and the BC group (70). No
l o n g - t e rm outcome data were collected.

S t a ff costs were calculated and divided
by the diff e rences between pre- and post-
i n t e rvention fasting serum glucose levels
and HbA1 c levels. The cost-benefit ratio of
each intervention was adjusted (and
slightly enhanced) by subtracting med-
ication savings accrued during the inter-
vention program from program costs (70).
The unadjusted and adjusted cost-benefit
ratio figures per decline in plasma glucose
and HbA1 c levels are presented in Ta b l e
11. On an absolute scale, PGC, compare d
with BC, effected a greater fall in both the
plasma glucose and HbA1 c levels. The eco-
nomic impact of optimal MNT, however,
was no better than that of BC.

T h e re is no generally accepted form u l a
for converting the cost-benefit ratio of
MNT from a reduction in plasma glucose
or HbA1 c levels into life-years or QALY s
gained. MNT for diabetes is an interv e n t i o n
in which cost-effectiveness is unclear.

SELF-MONITORING OF BLOOD
G L U C O S E — Self-monitoring of blood
glucose (SMBG) facilitates adjustments in
diabetes treatment intended to impro v e
s e rum glucose and HbA1 c levels and pre-
vent complications. The costs and benefits
of SMBG, as a component of nonintensive
t h e r a p y, have been compared with those of
urine glucose testing in two randomized
c o n t rolled trials. A type 1 diabetic popula-
tion in Russia (71) and a type 2 diabetic
population in the U.S. (72) used test re s u l t s
to modify their medication dosages. In
both trials, SMBG was no more effective at
lowering HbA1 c levels than urine glucose
testing (Table 12), but SMBG was costlier.
An economic analysis of an intensive re g i-
men to lower fasting blood glucose levels
below the threshold for measuring urinary
glucose, which could compare SMBG with
no SMBG, has not been re p o rted. There is
a need for good randomized controlled tri-

als of the effectiveness of SMBG as a pre-
requisite for cost-effectiveness analyses.
SMBG is an accurate, widely practiced
i n t e rvention for diabetes. However, the
relationship between the medical and eco-
nomic benefits of SMBG is unclear.

FOOT CARE — No economic analysis
of a foot care intervention in diabetes to
p revent LEA has been re p o rted in medical
l i t e r a t u re. Controlled nonrandomized re t-
rospective comparisons of hospital costs
for LEA and revascularization have been
conducted in seven cohorts of patients with
diabetes (73–78) (Table 13). The costs of
either pro c e d u re ranged from $15,100 to
$92,417 in 1998 dollars. In each study, the
cost of revascularization was 71–107% that
of LEA. The annual incidence of LEA
among patients with diabetes in the U.S. is

0.8% (79). A foot care program consist-
ing of podiatric care, education, and spe-
cially fitted shoes can achieve a 50%
reduction in the amputation rate (80) by
reversing risk factors for foot wounds
(81,82). Based on these two rates and an
assumed cost of $25,000 (in 1998 dollars)
for an LEA, the savings provided by a foot
c a re program can be calculated. This inter-
vention would lower apportioned annual
LEA costs per patient from 0.8% 
$25,000, or $200, to 0.8% 50% 
$25,000, or $100, which is a $100 savings.
If the cost of such a program was less than
$100 annually, then the program would be
cost-saving. There is reason to predict that
f o rmal economic studies of foot care will
demonstrate this intervention to be clearly
c o s t - e ffective or even clearly cost-saving.

OTHER 
I N T E RV E N T I O N S — Blood pre s s u re
c o n t rol (83), blood lipid control (84),
smoking cessation (85), and exercise (86)

Table 12—The effects of SMBG compared with urine glucose testing on HbA1 c in randomized
c o n t rolled trials of a type 1 diabetic population in Russia and a type 2 diabetic population in
the U.S.

Type 1 diabetic Type 2 diabetic
population in Russia (71) population in the U.S. (72)

Ti m e S M B G U G T S M B G U G T

B a s e l i n e 1 2 . 6 1 2 . 5 1 2 . 4 1 1 . 7
1/2 year N R N R 1 0 . 4 9 . 7
1 year 9 . 3 9 . 4 — —
2 years 9 . 2 9 . 2 — —

Data are for timed HbA1 c (%). NR, not re p o rted; SMBG, self-monitoring of blood glucose; UGT, urine glucose
t e s t i n g .

Table 13—Comparison of charges for amputation and vascular re c o n s t ruction perf o rmed on
c o h o rts 

A m p u t a t i o n B y p a s s

Year of P ro f e s s i o n a l c h a rges (in dollars) c h a rges (in dollars)

A u t h o r c o s t s fee included H i s t o r i c 1 9 9 8 H i s t o r i c 1 9 9 8

Mackey et al. (73) 1 9 8 4 N o 4 0 , 5 6 3 9 1 , 9 5 0 4 0 , 7 6 9 9 2 , 4 1 7
Raviola et al. (74) 1 9 8 5 Ye s 2 4 , 7 0 0 5 2 , 6 8 6 2 3 , 5 0 0 5 0 , 1 2 7
Gupta et al. (75) 1 9 8 1 Ye s 2 7 , 2 2 5 7 9 , 5 0 7 2 6 , 1 9 4 7 6 , 4 9 7
C h e s h i re et al. (76) 1 9 8 9 Ye s 2 1 , 7 2 6 3 5 , 2 3 0 1 6 , 7 2 5 2 7 , 1 2 1
Gibbons et al. (77) 1 9 8 4 N o 2 0 , 4 9 8 4 6 , 4 6 5 2 1 , 9 7 8 4 9 , 8 2 1
Gibbons et al. (77) 1 9 9 0 N o 1 8 , 3 4 1 2 7 , 2 7 5 1 9 , 6 9 4 2 9 , 2 8 7
Panayiotopoulos et al. (78) 1 9 9 5 N o 1 9 , 4 5 8 2 1 , 3 6 4 1 3 , 7 5 3 1 5 , 1 0 0
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a re four widely practiced interventions to
p revent cardiovascular disease. Economic
analyses have clearly demonstrated that for
the general population, such practices are
clearly cost-effective (83–86). For patients
with diabetes, however, an economic analy-
sis of these interventions has not been
re p o rted, but it is not unreasonable to
expect that these interventions would also
be clearly cost-effective for patients with
diabetes. Weight loss in type 2 diabetes
d e c reases the risk of cardiovascular disease
(87). No economic analysis of weight loss
has matched the costs of a weight loss inter-
vention with life-years gained. Furt h e r-
m o re, no economic analysis has been
re p o rted for patients with diabetes re g a rd-
ing HbA1 c m e a s u rement (88) or vaccina-
tions to prevent influenza (89) and
pneumococcus (90) infections.

C O N C L U S I O N S — The economic
impact of 17 widely practiced interv e n t i o n s
to decrease complications of diabetes can be
classified as 1) clearly cost-saving, 2) clearly
c o s t - e ffective, 3) possibly cost-eff e c t i v e ,
4) n o n – c o s t - e ffective, or 5) unclear (Ta b l e
14). A particular enhancement in the incre-
mental quality and/or quantity of life in dia-
betes can be attained at a net savings clearly
by interventions that provide 1) re t i n o p a t h y

s c reening with laser photocoagulation to
p revent blindness, or 2) pre-conception care
to prevent birth defects. Such a life enhance-
ment can be attained at a cost no more than
that of generally accepted interventions for
other diseases clearly by interventions that
p rovide 1) nephropathy screening with ACEI
therapy to prevent ESRD in type 1 diabetes,
and 2) impro v e d glycemic control to pre v e n t
multiple end-stage microvascular complica-
tions and possibly also by interventions pro-
viding 1) nephropathy screening with ACEI
therapy to prevent ESRD in type 2 diabetes,
and 2) self-management training. No life
enhancement in diabetes has been shown to
re q u i re a cost exceeding that of generally
accepted interventions for other diseases.
The cost of attaining such a life enhance-
ment in diabetes is unclear for such inter-
ventions as 1) case management, 2) MNT,
3) SMBG, 4) foot care, 5) blood pre s s u re
control, 6) blood lipid control, 7) smok-
ing cessation, 8) exercise, 9) weight loss,
1 0) HbA1 c m e a s u rement, and 1 1) vaccina-
tions against influenza and pneumococcus.

Economic re s o u rces for health care are
becoming scarce. For patients with dia-
betes, although any effective intervention is
w o rthwhile, the implementation of clearly
cost-saving and clearly cost-effective inter-
ventions is now particularly warr a n t e d .

A D D E N D U M — After this article was
submitted, the U.K. Prospective Diabetes
Study Group re p o rted that the cost-eff e c-
tiveness of tight blood pre s s u re control in
h y p e rtensive patients with type 2 diabetes
c o m p a red favorably with that of many
accepted health care programs (91).

A P P E N D I X

Definition of terms used to describe
concepts of health economics
D i rect costs: Medical expenditures for
s c reening and treatment (8).
I n d i rect costs: Lost earnings due to dis-
ease, disability, and death (8).
Utility: An estimate, on a 0–1 scale, of the
quality of life associated with a state of
health (92,93).
Quality-adjusted life year (QALY): A
m e a s u rement of both the incremental qual-
ity and quantity of life associated with a
health care intervention. QALYs are calcu-
lated by multiplying the utility for a part i c-
ular state of health by the time (in years)
spent in that state of health. The expre s s i o n
of health care benefits as QALYs allows
comparison of interventions not only for

the same disease, but also for diff e rent dis-
eases (94). For example, assuming 1) a
50% per year incidence of a complication
in an untreated population, 2) a 60% risk
reduction from an intervention, and 3) a
utility of 0.4 for avoidance of the compli-
cation, then the intervention provides 50%

60% 0.4 or 0.12 QALYs per patient
per year. If the added cost of providing the
i n t e rvention to the entire population minus
the savings realized from the lower com-
plication incidence amounts to $120 per
patient per year, then the cost per QALY
gained is $120 divided by 0.12 or $1,000.
C o s t - e ffectiveness: A measurement of
the cost per year of life gained, unadjusted
for quality, re p o rted as cost per year of life
gained (95).
Cost-utility: A measurement of the cost
per year of life gained, adjusted for quality,
re p o rted as cost per QALY gained (95).
Discounting: A practice whereby future
costs, and often benefits as well, are deval-
ued at a constant pro p o rtional rate to be
e x p ressed at their current value (96). Future
costs are discounted because it is assumed
that the amount of money needed for future
t reatment can be acquired by investing a
smaller amount of current funds at a com-
pound interest rate. Discounting of costs
reduces the amount of current financial
re s o u rces needed for future costs. A constant
relationship between dollars and health ben-
efits is often assumed, which necessitates
discounting future benefits (along with
costs) to make them comparable to curre n t
benefits (97). Discounting of benefits
reduces the current value of future benefits.
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