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OBJECTIVE — To estimate direct medical costs of managing the complications of type 2
diabetes.

RESEARCH DESIGN AND METHODS — Costs were estimated for 15 diabetic com-
plications by applying unit costs to typical resource-use profiles. Resource use and unit costs
were estimated from many sources, including acute care discharge databases, clinical guide-
lines, government reports, fee schedules, and peer-reviewed literature. For each complication,
the event costs are those associated with resource use that is specific to the acute episode and
any subsequent care occurring in the 1st year. State costs are the annual costs of continued
management. All costs are expressed in 1996 U.S. dollars.

RESULTS — As expected, the more severe or debilitating events, such as acute myocardial
infarction ($27,630 event cost; $2,185 state cost), generate a greater financial burden than do
early-stage complications, such as microalbuminuria ($62 event cost; $14 state cost). Yet, com-
plications that are initially relatively low in cost (e.g., microalbuminuria) can progress to more
costly advanced stages (e.g., end-stage renal disease, $53,659 state cost); therefore, minor com-
plications should also be considered in any economic analysis of diabetes.

CONCLUSIONS — The recent literature has lacked cost estimates that may be readily
translated into patient-level cost inputs for an economic model. Emerging therapies that may
reduce the incidence of some diabetic complications will need to be scrutinized economically
in today’s cost-conscious environment. The cost estimates from this study provide one piece
of the economic analysis needed to evaluate these new interventional therapies.

known to have diabetes. Every year,

on average, 625,000 new cases of dia-
betes are diagnosed, and more than
178,000 deaths result from the disease and
its related complications (1,2). Diabetes has
been implicated as the underlying cause of
12% of all new cases of legal blindness,
over one-third of new cases of end-stage
renal disease (ESRD), and nearly half of
nontraumatic lower-extremity amputations
(LEASs) (1,3-6). Evidence has also shown
that people with diabetes are two to four
times more likely to die from heart disease
or suffer a stroke (1). Managing these com-

n pproximately 8 million Americans are

plications can be quite expensive.
Fortunately, there are emerging therapies
designed to offer an alternative to standard
therapies (e.g., insulin, sulfonylureas, other
oral agents) which may improve glycemic
control and help reduce the incidence of
some complications. To assess the role of
these new therapeutic regimens, it is impor-
tant to have a comprehensive understanding
of the economic implications of diabetes. To
perform accurate economic analyses, it is
necessary to have as recent and complete cost
data as possible for relevant complications.
Although several frequently cited
papers report on some aspect of the eco-
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nomic costs of diabetes (7-12), very few
have taken a comprehensive account of the
myriad costs specifically associated with its
complications (10). Furthermore, the exist-
ing comprehensive cost estimates have
been provided on an aggregate level
(national-level spending rather than per-
patient costs) that demonstrates the mag-
nitude of the costs associated with the
disease but may not be readily translated
into patient-level cost inputs for an eco-
nomic model (10). Although some studies
have examined patient-level costs (7,9,11),
they do so only for individual complica-
tions (7,11) or for specific aspects of care,
such as hospitalization (9).

In developing an economic model of
type 2 diabetes, the object was to estimate
the average direct medical cost of managing
selected complications of the disease. These
complications were chosen based on those
that were considered in a recent compre-
hensive epidemiological model of diabetes
(13,14). As the perspective of the analysis is
that of a payor with extensive responsibil-
ity for health care, only direct medical costs
were included. Neither the economic
model nor its results are discussed here, as
this article addresses only one key aspect of
this study—the initial and subsequent costs
of managing the possible complications of
diabetes. We present the data in a compre-
hensive manner so that researchers can
examine the costs of all, or any one com-
plication, on a per-patient basis.

RESEARCH DESIGN AND

METHODS — The complications con-
sidered were acute myocardial infarction
(AMI), angina pectoris, ischemic stroke,
transient ischemic attacks, nephropathy,
retinopathy, symptomatic neuropathy, LEAS,
foot ulcers, and hypoglycemia. Average per-
patient total costs were estimated by apply-
ing unit costs to the likely course of
treatment for each complication. Resource-
use profiles appropriate for managing the
complications of diabetes were derived from
many sources, including state acute care dis-
charge databases, clinical guidelines, pub-
lished practice parameters, epidemiological
studies, government reports, surveys, and
peer-reviewed literature. References to both
type 1 and type 2 diabetes were considered.
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Figure 1—Cost structure components. ICF, intermediate care facility.

Figure 1 provides an overview of the
cost structure used for all complications.
The cost estimates are reported in terms of
event and state costs. For the purpose of this
analysis, a health state is defined as a per-
manently altered level of physical condition.
A given complication is defined by its initial
event and the subsequent health state. For
example, the diagnosis of macular edema is
the event that marks the onset of the health
state characterized by this degree of
retinopathy. Event costs are those associated
with resource use that is specific to the defin-
ing clinical event (e.g., AMI, first leg ampu-
tation) occurring initially in the management
of a given health state. All event cost esti-
mates include both acute care (initial man-
agement in an inpatient or outpatient
setting) and subsequent care rendered in
the 1st year. Subsequent care may comprise
subacute inpatient care (i.e., rehabilitation
hospitals, skilled nursing facilities, interme-
diate care nursing facilities, chronic disease
hospitals), home health care, outpatient
therapy, physician visits, and diagnostic and
therapeutic procedures depending on the
complication addressed. The discharge dis-
position status from acute care was used to
determine initial subsequent health care use.

State costs reflect annual resource use
required beyond the 1st year for the ongo-
ing management of the given health state
and would apply while that particular
health state is present for the remainder of

the patient’s life. All event and state costs
that are reported for each complication are
incremental to any recommended screening
and prevention measures that take place as
part of diabetes management, the costs of
which are not included in this analysis.
Episodic events are those that can occur
more than once and are potentially
reversible, unlike other complications
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described thus far that alter a person’ health
state. Two complications fall into this cate-
gory: foot ulcers and hypoglycemia. Given
that these conditions are usually short term,
only event costs are applicable.

Cost sources

Acute care inpatient profiles were developed
for each complication from five state dis-
charge databases (1995: Massachusetts,
Florida; 1994: California, Maryland, North
Carolina). The components of these profiles
are presented in Fig. 2. Patients were identi-
fied by means of the Intemnational Classifta -
tion of Diseases, Ninth RevisioflCD-9)
coding (15). A population of 709,108 dis-
charges of patients with type 1 or type 2 dia-
betes (principal or secondary ICD-9
diagnosis code of 250.00-250.93) was
culled from a total of nearly 8 million dis-
charges. A hierarchical identification method
was used to identify specific populations for
each complication from the pool of diabetic
discharges. This method was used to avoid
inflating the cost estimates of complications
and to provide a representative cost for each
stage of a potentially progressive complica-
tion. For example, if a patient during one
admission had a diagnosis of diabetes with
neurological  manifestations ~ (ICD-9:
250.60-250.63) and a foot ulcer (ICD-9:
707.1) resulting in wound debridement, the
discharge was grouped to the foot ulcer
complication population; however, if a
patient with similar problems went on to
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Figure 2—Acute care cost-relevant elements. LOS, length of stay; SCU, special care unit.
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Cost of type 2 diabetes complications

Table 1—Acute inpatient hospital costs (including physician costs) by complication

Acute hospital cost

Complication ICD-9 code Discharges (1996 U.S.9$)
AMI (410.00® 410.91) 26,974 16,520
Angina (413.0® 413.9) 3,922 5,087
Ischemic stroke (434.00® 434.91, 436) 23,665 9,236
TIA (435.9) 5,289 5,261
1st LEA (84.10® 84.17) 8,497 18,613
2nd LEA (84.10® 84.17) 8,497 19,071
Foot ulcers (707.1) 8,317 9,910

Data are nor $. ICD-9 codes refer only to principal diagnoses. Only patients with a comorbid diagnosis of

diabetes were included in the analyses.

have a leg amputation during the same
admission, the discharge was grouped to
the LEA pool. This methodology was used
for all complications.

Acute care hospital costs include all
accommodation, ancillary (e.g., pharmacy;
laboratory), operating room, diagnostic and
therapeutic procedures, and physician fees.
Physicians’ Current Procedural éfminology
(CPT) codes (16) and Medicare fee sched-
ules for 1996 were used to represent aver-
age costs for laboratory services, as well as
physicians’ procedure and visit fees. For
consistency with the acute care databases,
only fee schedules from Florida, Maryland,
Massachusetts, North Carolina, and Cali-
fornia were used. Because physician fees
are not included in the discharge data and
are not reported in the literature in sufficient
detail by complication, it is necessary to
develop an inpatient physician resource-
use profile for each complication. Profiles
were developed by creating a complex,
complication-specific minimodel primarily
based on length of stay, diagnosis and pro-
cedure codes, diagnosis related group
(DRG) assignment, and other pertinent
database elements. The physician cost pro-
file was developed by building upon a base-
line level of daily visits based on length of
stay, adjusted for atypical days of care (e.g.,
discharge, surgery). To this baseline cost,
fees were added to account for the differen-
tial use of more resource-intensive services
for each complication, such as admission
via the emergency room, stays in special
care units, surgical procedures, anesthesia
use, and consultations. As diagnostic pro-
cedures are often not coded in the data-
bases, supplemental information from the
literature was used when available (17).

Costs of skilled nursing facilities (SNF)
and home health care (HHC) were taken
from 1994 Medicare data (18). Diagnosis-
specific costs were used where possible;

however, some proxy diagnoses were used
where more specific estimates were not
available or appropriate. For example, the
charges hilled to Medicare for traumatic leg
amputations were used to represent the
SNF and HHC costs of an LEA. This deci-
sion was made because the postacute man-
agement of a leg amputation is likely to be
similar regardless of the underlying cause
for the amputation. Intermediate care nurs-
ing home facility costs were developed
using published data from the Health Care
Financing Administration and published
nursing home reports (19-21). Acute reha-
bilitation and therapy costs are based on
survey data. Durable medical equipment
and supplies were derived from manufac-
turers' price lists, and medication costs were
taken from the 1996 Red Book(22). Fees for
outpatient office visits, tests, and procedures
were taken from the Medicare fee schedules.

A conservative approach was taken in
developing the cost profiles; therefore,
some of the costs may be underestimated.
In various areas of this economic analysis,
there are aspects of the care of diabetic
patients for which costs were unavailable.
In such cases, costs were excluded rather
than estimated based on pure assumption.
There were other areas for which multiple,
equally valid, sources provided conflicting
data, in which case the more conservative
estimate was used.

All event and state cost estimates are
reported as costs in 1996 U.S. dollars.
Where up-to-date values were not avail-
able, older estimates were inflated using the
Medical Care Inflation Index (a component
of the Consumer Price Index) supplied by
the Federal Bureau of Labor Statistics for the
month of January for each of the years
1990-1996. Any charges used as inputs
were adjusted to costs by means of a cost-
to-charge ratio. In the absence of a standard
value, a ratio of 0.7 was assumed.

RESULTS — Table 1 displays the acute
inpatient hospital costs along with the size of
the population analyzed and the identifying
ICD-9 codes for complications for which
hospital costs were a major component. The
state and event costs for nonepisodic com-
plications are provided in Table 2.

Cardiovascular events
The average event cost for an AMI was esti-
mated to be $27,630, 60% of which was the
cost related to the acute care hospitalization
cost. In addition to the acute hospitaliza-
tion, event costs include pre-admission
ambulance/cardiopulmonary resuscitation
care and all 1st-year subsequent care costs,
including cardiac rehabilitation programs
and cardiac-related medications (i.e., B-
blockers, aspirin, ACE inhibitors, nitrates)
(23-26). Although the costs related to coro-
nary angiography, aortocoronary bypass
grafts, and percutaneous transluminal coro-
nary angioplasty are included in the acute
care costs for those patients who had these
procedures during their initial hospitaliza-
tion, some patients accrue these costs after
discharge. The cost of these procedures for
the proportion of diabetic patients receiving
them in the year subsequent to their initial
hospital stay (20.5% angiography, 13.5%
angioplasty, and 7% bypass surgery [25])
was also included in the event cost.
Average state costs of AMI were calcu-
lated to be $2,185 per patient per year. These
included the cost of medications, physician
visits, and monitoring cardiology tests (i.e.,
electrocardiogram and stress test). This also
reflects the annual nursing-home care costs
for the 2% of diabetic AMI patients who
require permanent institutionalization.
Costs were estimated for diabetic
patients with angina. Event costs included
acute hospitalization, invasive procedures,
medications, primary and consulting physi-
cians, diagnostic procedures, and laboratory
tests. The costs of acute hospitalization
($5,087) were applied only to those with
unstable angina (24.6%) (27). The angina
event cost was $2,477. The state costs
($1,082) for angina were composed of pri-
mary and consulting physician visits, med-
ications, and monitoring cardiology tests.

Cerebrovascular events

Stroke is the major cost contributor for cere-
brovascular events. Upon discharge from
acute care, approximately 40% of diabetic
patients suffering an ischemic stroke were
transferred to some level of rehabilitative or
subacute inpatient care, and another 13%
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Table 2—Event and state costs of nonepisodic complications

Cost
Event cost State cost

Complication (1996 U.S.9$) (U.S.$ annualized)
Cardiovascular

AMI 27,630 2,185

Angina 2,477 1,082
Cerebrovascular

Ischemic stroke 40,616 9,255

TIA 6,204 45
Nephropathy

Microalbuminuria 62 14

Gross proteinuria 69 23

ESRD 0* 53,659
Retinopathy

Background retinopathy 0% 57

Macular edema 1,100 57

Proliferative diabetic retinopathy 1,044 57

Blindness 0% 3,486
Neuropathy

Symptomatic neuropathy 218 —t

1st LEA 26,894 1,739

2nd LEA 27,132 —t

*Event costs were not calculated separately for ESRD as they are included in the composite state cost (see
text). TInsufficient data available to estimate cost (see text). $No direct costs are attributable to this condi

tion as an event (see text).

received HHC. Those patients who were
receiving care in these settings before hos-
pital admission were not included in these
percentages to ensure that this subsequent
care was attributed only to those in whom
it represented a true incremental cost. To
determine event and state costs for stroke, a
previously developed model (28) was used.

An assumption was made that a tran-
sient ischemic attack (TIA) was truly tran-
sient, and thus no permanent residual
disability would be considered in the eco-
nomic analysis. This assumption was sup-
ported by the disposition status in the acute
care databases as less than one-quarter of
patients received either subacute inpatient
or HHC upon discharge. The mean length
of stay was 4.3 days compared with 8.8
days for ischemic stroke. TIA event costs
included acute and subacute inpatient care,
HHC, follow-up neurology visit, and daily
aspirin therapy. No information, other than
the recommendation of continued aspirin
therapy, could be found for long-term fol-
low-up of TIA patients; thus, only a daily
regimen of aspirin was considered in deter-
mining the state costs.

Nephropathy
Screening for nephropathy was considered

part of the management costs of diabetes
and is not discussed here. The following
cost estimates apply once diabetic nephropa-
thy has been diagnosed. Diabetic nephropa-
thy is classified into three progressive levels
of severity: microalouminuria, gross pro-
teinuria, and ESRD. Physician visits and
monitoring urine tests are the main compo-
nents of the event costs for microalbumin-
uria ($62) and gross proteinuria ($69).
Other interventions often recommended for
gross proteinuria—such as protein-restricted
diet and the discontinuation of smoking—
were considered; but because none of these
have measurable cost implications as iso-
lated factors (29,30), only condition-appro-
priate urine tests were used to estimate the
state costs of microalbuminuria ($14) and
gross proteinuria ($23). Antihypertensive
therapy, namely ACE inhibitors, was not
included based on the position of the
National Institutes of Health that there is
insufficient evidence to recommend treat-
ment with ACE inhibitors for prevention of
progression of renal disease (31).

ESRD is defined as nephropathy requir-
ing dialysis or renal transplant for the patient
to survive. Most patients with ESRD, includ-
ing 92% of dialysis patients and 90% of
transplant recipients, are covered by a spe-
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cial program under the direction of Medicare
(6). Data from this program were the basis of
a 3-year cost-effectiveness study conducted
to calculate average Medicare payments by
ESRD treatment modality and etiology. The
average annual Medicare payments for
ESRD with diabetes as the primary cause are
$53,659 per patient (in 1996 U.S. dollars)
(6). This estimate includes all medical care
received by the patient, not just those ser-
vices required for the treatment of ESRD.
For example, this estimate would include
payments for a patient with an inpatient
stay for a fractured hip as well as payments
for hemodialysis sessions. As such, if this
cost estimate were used for ESRD in a dia-
betic model, the costs relating to other com-
plications should not be included, as it
would constitute double-counting for those
other complications.

Although this estimate does not repre-
sent the costs solely related to renal disease,
it was used because it is the best available
information for ESRD and is often used as
a proxy for ESRD costs (13,32). Event costs
were not calculated separately for ESRD
because they are included in the composite
described above.

Retinopathy

Diabetic retinopathy is defined by four
stages of progression: background retino-
pathy (nonproliferative retinopathy), mac-
ular edema, proliferative retinopathy, and
blindness.

The state cost ($57) of background
retinopathy consists of a yearly compre-
hensive exam to monitor the disease. There
is no associated event cost, as the American
Diabetes Association reports that there is no
commonly accepted therapy for the condi-
tion other than improved glycemic control
(33). Screening for background retinopathy
is considered part of diabetes management
and, therefore, is not reported here.

The American Academy of Ophthal-
mology recommends that patients diag-
nosed with macular edema or proliferative
retinopathy receive laser photocoagulation
surgery, as well as diagnostic tests to guide
laser treatment (34). Event costs ($1,100)
for macular edema include an ophthalmol-
ogy consultation, fluorescein angiography,
focal photocoagulation, and one postsurgi-
cal follow-up visit. Event costs ($1,044) for
proliferative retinopathy consist of pre- and
postprocedure physician visits, color fun-
dus photography, and panretinal (scatter)
photocoagulation. Laser surgery and its
corresponding costs are assumed to occur
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Cost of type 2 diabetes complications

only once for patients diagnosed with mac-
ular edema or proliferative retinopathy.
Both of these conditions imply state costs
($57) that consist of an additional moni-
toring visit per year.

The most recent information on the cost
of blindness comes from a study of Medicaid
and Medicare disability programs that cover
this condition (35). After conversion to 1996
costs, the value of $3,486 was used as the
state cost. Blindness for this purpose of the
analysis is considered a permanent health
state not precipitated by an acute event;
therefore, no event cost was estimated.

Neuropathy

In this analysis, neuropathy is composed of
three progressive levels: symptomatic neu-
ropathy; first LEA, and second LEA. The
components of the event cost ($218) of
symptomatic neuropathy are electromyo-
graphic testing and neurological consult
(36). Medications were not included in the
event costs as there is little evidence that any
drug therapy is useful for managing diabetic
symptomatic neuropathy (37). Current
treatments are palliative in nature, relieving
symptoms of neuropathy rather than
addressing the underlying nerve damage.
No evidence of consensus was found to
enable the creation of a representative med-
ication profile. Therefore, rather than
develop an arbitrary profile of managing
symptoms, no cost was assumed as the state
cost for symptomatic neuropathy.

For this study, an LEA is defined as one
performed below the hip, as described in
the Rochester (MN) Epidemiology Project
(38). Although acute care inpatient costs
were calculated for specific types of ampu-
tations through use of ICD-9 codes, other
resource-use data for services, such as sub-
sequent (postacute inpatient) care or pros-
thetic costs, are not reported at this level of
detail in the literature. Final resource-use
profiles were developed for only the most
common levels of amputation (above-knee,
below-knee, foot, and toe), and these levels
were used proportionally to develop an
overall LEA cost.

It has been reported that of diabetic
patients with an LEA, approximately 50%
will require a second LEA within 5 years of
the initial amputation (39). Event costs for
a first and second amputation were calcu-
lated separately. The acute hospitalization
costs were estimated on a population of
8,500 diabetic LEA discharges from the
acute state databases, but first versus second
amputation could not be differentiated. The

proportions of each type of amputation
(e.g., toe, below the knee) were taken from
the Rochester Epidemiology Project, and
these differ for first versus second. Thus,
using these proportions, the overall acute
care cost for an initial LEA ($18,613) differs
from that of a second LEA ($19,071). Revi-
sions after the initial amputation, for the
15% to which they apply, also contribute to
the event cost (40). Based on discharge data,
24% of patients with an LEA receive some
form of rehabilitative or subacute inpatient
care upon discharge from their initial acute
stay, and another 21.5% receive HHC. For
patients who are fitted for a prosthesis, the
cost of the device was added to the event
costs (38,41,42).

LEA also contributes to permanent dis-
ability in the diabetic population. Appro-
priate published data regarding annual
health care costs subsequent to the initial
event were not found; therefore, only costs
related to nursing home care and manage-
ment and refitting of the prosthetic device
are included in the state costs—an
acknowledged underestimation of the
likely cost. In addition, the state cost of the
second LEA is assumed to be zero because
it was found that a low percentage of dou-
ble amputees walk with the use of prosthe-
ses (5,41,43-45).

Diabetic foot ulcers
Foot ulcers are defined as those that heal
without amputation or vascular surgery. Not
all patients with foot ulcers require hospi-
talization; therefore, in calculating the event
cost ($2,732) for foot ulcers, acute inpatient
hospital costs were applied to only 20% of
the diabetic foot ulcer population (46).

The mean acute hospital cost for foot
ulcers includes hospital and physician costs
for surgeries, such as wound debridement
and skin grafting, but no vascular or ampu-
tation surgery. Also included in the event
cost for those hospitalized were two follow-
up office visits with a physician. As 24% of
these patients require HHC (based on the
inpatient databases’ discharge disposition),
115 home health visits were added to these
patients based on Medicare (18). For the
4.2% of patients discharged to an SNF with
a foot ulcer complicated by osteomyelitis,
Medicare data were also used to estimate
subsequent care costs. The mean length of
stay for treating foot ulcers, with and with-
out osteomyelitis, was reported as 27.8 and
35.6 days, respectively (18).

Only outpatient care was included in
the estimate for the 80% not hospitalized;

however, as no published data were avail-
able on the overall cost of managing a foot
ulcer on an outpatient basis, we relied on
an article published in 1994 (46) that esti-
mated treatment to include 4.5 physician
visits on average. This is a conservative
estimate, as supply costs are not included.

Hypoglycemia

An episode of hypoglycemia is defined, for
costing purposes, as one in which the
patient consumes resources. Three levels
were considered: the mildest level is
assumed to resolve with a glucagon injec-
tion and does not require the attention of
medical personnel; the moderate level
requires an emergency room visit and
emergency room consult with a physician;
the most severe level requires an inpatient
stay to resolve, plus one follow-up visit
with the patients primary care physician.
The proportion of third-level episodes (1%)
was obtained from the \eteran's Affairs
Cooperative Study (47), and the break-
down of the remaining two levels (28%
level 2 and 71% level 1) was done accord-
ing to the Diabetes Control and Complica-
tions Trial (DCCT) (48). Using a weighted
average of these three levels and the
resources estimated for each, the event cost
of hypoglycemia was estimated to be $188.

CONCLUSIONS — Care related to
diabetes comprised 14.6% of all U.S. health
care expenditures in 1992 (12), and the
total direct cost was $45.2 billion (49).
This type of information is impressive, but
is it meaningful to those who need to make
decisions about interventions for diabetes?

Given the number of published articles
on diabetes and the scope of the disease
and its complications, it would be natural
to assume that numerous sources of cost
inputs for the purpose of an economic
analysis would be available. We found,
however, that there were no recent papers
that provide comprehensive patient-level
cost estimates for the majority of relevant
diabetic complications.

In one article, for example, the total
health care expenditures for a number of
type 2 diabetes—related conditions were
estimated to be $4.8 billion in 1986 (20).
The estimates, by complication, were
$3,849 million for circulatory disorders,
$387 million for visual disorders, $240
million for neuropathy, $104 million for
nephropathy, and $145 million for skin
ulcers. Unfortunately, although the costs of
many of the diabetes complications were
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estimated, they are now outdated. Further-
more, a patient-level estimate cannot be
derived based on the methodology and
sources used. An advantage of examining
cost data on a per-patient, rather than on an
aggregate, basis is that it provides estimates
that can be used in disease models to
inform health care decision-makers.

Glauber and Brown (11) estimated that
cardiovascular disease directly accounted
for at least $858,000 per 1,000 diabetic
members in a health maintenance organi-
zation (HMO) in 1988. Because this esti-
mate included diabetic patients with no
cardiovascular disease, it is not the cost of
managing cardiovascular disease per se. It
depends on the prevalence of cardiovascu-
lar disease in that particular HMO. Also,
the estimate is outdated.

Although we cite the deficiencies in
the existing literature and believe our com-
plication costs are more relevant for current
economic analyses, we recognize the limi-
tations of our estimates. A comprehensive
examination of the cost of complications
was undertaken, but there remains some
uncertainty. Some complication costs are
likely underestimated because their man-
agement was profiled based on guidelines
due to a lack of published data on actual
practice; however, it could also be argued
that the use of guidelines could lead to an
overestimation of resource use. Although
clinical guidelines provide a possible fore-
cast of costs to the health care system if
closely followed, they may not be adhered
to in clinical practice. With this in mind,
we used them reluctantly, but we consid-
ered them to be a better option than mere
assumption. This reasoning was also used
when calculating the cost estimates for foot
ulcer and LEA. As previously acknowl-
edged in ResULTS, rather than assume a cost
for those aspects of ongoing management
for which there were no available data, we
chose to underestimate, as care can vary
substantially for these complications.

It should be remembered when viewing
the state costs that they represent the annual
cost of management for any year subsequent
to the event, not a particular year. The esti-
mates that are made may not apply well over
time, but this is always an issue with esti-
mates of any kind. Patients with diabetes do
not spend a lot of time in each state, which
reduces the time-dependence issue. Fur-
thermore, the data we have do not provide
any evidence of time dependence.

Limitations notwithstanding, the costs
calculated for the diabetic complications

presented in this paper provide compre-
hensive, up-to-date, U.S. cost estimates for
most diabetic complications at a level that
is functional for researchers and that does
not exist in the current literature.

The DCCT showed that intensive
insulin therapy could postpone, retard the
progression, and/or reduce the occurrence
of some type 1 diabetic complications (32).
With 8 million diagnosed diabetic patients
in the U.S., the chronic nature of the dis-
ease, and the potential for the development
of multiple costly complications in any one
patient, costs related to diabetes should be
a major concern to those who are respon-
sible for financing health care in the U.S.
The complications of diabetes present a
substantial economic burden. Obviously,
efforts to delay or avoid complications
would be beneficial not only to the patient,
but also to the health care system. The
costs provided here give one piece of the
economic analysis that will need to be per-
formed to evaluate new interventional ther-
apies for diabetes.

Acknowledgments — This work was sup-
ported in part by a grant from Parke-Davis Phar-
maceutical Research, Division of Warner-
Lambert.

The authors wish to gratefully acknowledge
the input received from Cathy Sigler and
Catherine Copley-Merriman.

References

1. Cowie CC, Eberhardt MS (Eds.): Diabetes
1996: Vital StatisticsAlexandria, VA, Amer-
ican Diabetes Association, 1996

2. American Diabetes Association; Diabetes
Facts and Figues Alexandria, VA, American
Diabetes Association, 1997

3. Most RS, Sinnock P: The epidemiology of
lower extremity amputations in diabetic
individuals. Diabetes Care6:87-91, 1983

4. Centers for Disease Control: Diabetes Sur -
veillance, 1993 Atlanta, GA, U.S. Depart-
ment of Health and Human Services,
Public Health Service, 1993

5. Levin ME, O'Neal LW: The Diabetic Foot:
Pathophysiolog§valuation, and Teatment
4th ed. St. Louis, MO, CV Moshy, 1988

6. U.S. Renal Data System: USRDS 1996
Annual Data Report Bethesda, MD, The
National Institutes of Health, National
Institute of Diabetes and Digestive and Kid-
ney Diseases, 1996

7. ApelgvistJ, Ragnarson-Tennvall G, Larsson
J, Persson U: Long-term costs for foot ulcers
in diabetic patients in a multidisciplinary
setting. Foot Ankle Inf.6:388-394, 1995

8. Narins B, Narins G: Clinical features and

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

O'Brien and Associates

health-care costs of diabetic nephropathy.
Diabetes Care11:833-839, 1988

. Jacobs J, Sena M, Fox N: The cost of hos-

pitalization for the late complications of
diabetes in the United States. Diabet Med8
(Symposium):S$23-S29, 1991

Huse DM, Oster G, Killen AR, Lacey MJ,
Colditz GA: The economic costs of non-
insulin-dependent diabetes mellitus. JAMA
262:2708-2713, 1989

Glauber H, Brown J: Impact of cardiovas-
cular disease on health care utilization in a
defined diabetic population. J Clin Epi -
demiol7:1133-1142, 1994

Rubin RJ, Altman WM, Mendelson DN:
Health care expenditures for people with
diabetes mellitus, 1992. J Clin Endocrinol
Metab78:809A-809F, 1994

Eastman RC, Javitt JC, Herman WH, Das-
gach EJ, Copley-Merriman C, Maier W,
Dong F Manninen D, Zbrozek AS, Kot-
sanos J, Garfield SA, Harris M: Model of
complications of NIDDM. II. Analysis of
the health benefits and cost-effectiveness of
treating NIDDM with the goal of normo-
glycemia. Diabetes Care20:735-744, 1997
Eastman RC, Javitt JC, Herman WH, Das-
bach EJ, Zbrozek AS, Dong F, Manninen D,
Garfield SA, Copley-Merriman C, Maier W,
Eastman JF, Kotsanos J, Cowie CC, Harris
M: Model of complications of NIDDM. 1.
Model construction and assumptions. Dia -
betes Care20:725-734, 1997

St. Anthonys ICD-9-CM Code BooReston,
VA, St. Anthony Publishing, 1996
American Medical Association: Physicians’
Current Procedural €rminology Chicago,
American Medical Association, 1996
Monitoring the Impact of Medicare Physician
Payment Reform on Utilization and Access
1995 Report to Congss Baltimore, MD,
Health Care Financing Administration,
1995

. Health Care Financing Review: Medicae

and Medicaid Statistical Supplement, 1996
Baltimore, MD, U.S. Dept. of Health and
Human Services, HCFA, Office of Research
and Demonstrations, October 1996 (HCFA
publ. no. 03386)

Manton KG, Cornelius ES, Woodbury MA:
Nursing residents: a multivariate analysis of
their medical, behavioral, psychosocial, and
service use characteristics. J Gerontol
50A:242-251, 1995

1995 The Guide to the Nursing Home Industry.
Baltimore, MD, HCIA and Arthur Ander-
sen, 1995

Nursing Facilities in Massachusetts; 1994
Update Boston, MA, Rate Setting Commis-
sion, February 1996

1996 Drug Topics Red Boolviontvale, NJ,
Medical Economics, 1996

Annual Report to Congress, 1998Vashing-
ton, DC, Physician Payment Review Com-
mission, 1996

Unstable Angina: Diagnosis and Management.

Di1aBETES CARE, VOLUME 21, NUMBER 7, JuLy 1998

1127



|
Cost of type 2 diabetes complications

25.

26.

27.

28.

29.

30.

31.

Clinical Practice Guideline Number 10

Rockville, MD, U.S. Dept. of Health and
Human Services, Agency for Health Care
Policy and Research, May 1994 (amended)
(AHCPR publ. no. 94-0602)
Mark DB, Hlatky MA, Califf RM, Naylor
CD, Leek L, Armstrong PW, Barbash G,
White H, Simoons ML, Nelson CL, Clapp-
Channing N, Knight JD, Harrell FE Jr,
Simes J, Topol EJ: Cost effectiveness of
thrombolytic therapy with tissue plas-
minogen activator as compared with strep-
tokinase for acute myocardial infarction. N
Engl ) Med332:1418-1424, 1995
Deedwania P, Amsterdam E, Vagelos R: Evi-
dence-based, cost-effective risk stratification
and management after myocardial infarc-
tion. Arch Intern Medl57:273-280, 1997
Mark DB, Lam LC, Lee KL, Jones RH, Pryor
DB, Stack RS, Williams RB, Clapp-Chan-
ning NE, Califf RM, Hlatky MA: Effects of
coronary angioplasty, coronary bypass
surgery, and medical therapy on employ-
ment in patients with coronary artery dis-
ease: a prospective comparison study. Ann
Intem Med120:111-117, 1994
Caro JJ, O'Brien JA, Klittich W, Jackson JD:
The economic impact of Warfarin prophy-
laxis in nonvalvular atrial fibrillation. Dis
Management Clin Outcomes.54-60, 1997
Ritz E, Stefanski A: Diabetic nephropathy in
type Il diabetes. Am J Kidney Di27:167—
194, 1996
American Diabetes Association: Diagnosis
and management of nephropathy in patients
with diabetes mellitus (Consensus State-
ment). Diabetes Care19 (Suppl. 1):S103-
$106, 1996

Jacobson HR, Sriker GE: Report on a
workshop to develop management recom-

32.

33.

34.

35.

36.

37.

38.

39.

40.

mendations for the prevention of chronic
renal disease. Am J Kidney Di25:103-106,
1995

The Diabetes Control and Complications
Trial Research Group: Lifetime benefits and
costs of intensive therapy as practiced in the
Diabetes Control and Complications Trial.
JAMA276:1409-1415, 1996

American Diabetes Association: Medical
Management of Non-Insulin-Dependeny &
I1) Diabetes 3rd ed. Alexandria, VA, Amer-
ican Diabetes Association, 1994

American Academy of Ophthalmology:
Prefemred Practice Pattens San Francisco,
CA, American Academy of Ophthalmol-
ogy, 1993

Chiang Y, Bassi LJ, Javitt JC: Federal bud-
getary cost of blindness. Milbank Q
70:319-340, 1992

American Diabetes Association: Diabetic
neuropathy (Position Statement). Diabetes
Care 19 (Suppl. 1):567-S71, 1996
American Diabetes Association: Standards
of medical care for patients with diabetes
mellitus (Position Statement). Diabetes Care
19 (Suppl. 1):S8-S15, 1996

Humphrey LL, Palumbo PJ, Butters MA,
Hallett JW Jr, Chu CP, O’Fallon WM, Bal-
lard DJ: The contribution of non-insulin-
dependent diabetes to lower-extremity
amputation in the community. Arch Intern
Med 154:885-892, 1994

Reiber G: Epidemiology of the diabetic
foot. In The Diabetic Foot5th ed. Levin M,
O’'Neal L, Bowker J, Eds. Boston, MA,
Mosby Year Book, 1993

Eneroth M, Persson BM: Amputation for
occlusive arterial disease: a prospective
multicentre study of 177 amputees. Int
Orthopl6:383-387, 1992

41.

42.

43.

44,

45,

46.

47.

48.

49.

Polhjolainen T, Alaranta H, Wikstrom J:
Primary survival and prosthetic fitting of
lower limb amputees. Prosthet Orthot Int
13:63-69, 1989

Williams M: Long-term cost comparison of
major limb salvage using the llizarov
Method versus amputation. Clin Oithop
301:156-158, 1994

Moore TJ, Barron J, Hutchinson F IlI,
Golden C, Ellis C, Humphries D: Prosthetic
usage following major lower extremity
amputation. Clin Orthop 238:219-224,
1989

Steinberg FU, Sunwoo I, Roettger RF: Pros-
thetic rehabilitation of geriatric amputee
patients: a follow-up study. Arch Phys Med
Rehab66:742—745, 1985

Volpicelli L}, Chambers LB, Wagner FW:
Amputation levels of bilateral lower-
extremity amputees. J Bone Joint Surg Am
65A:599-604, 1983

Reiber GE: Who is at risk of limb loss and
what to do about it? J Rehab Res Dev
31:357-362, 1994

Abraira C, Colwell JA, Nuttall FQ, Sawin
CT, Johnson Nagel N, Comstock JR
Emanuele NW, Levin SR, Henderson W,
Sook Lee HS, VA CSDM Group: Veterans
Affairs Cooperative Study on glycemic con-
trol and complications in type Il diabetes.
Diabetes Care18:1113-1123, 1995
Diabetes Control and Complications Trial
Research Group: Adverse events and their
association with treatment regimens in the
Diabetes Control and Complications Trial.
Diabetes Care18:1415-1427, 1995

Center for Economic Studies in Medicine:
Direct and Indirect Costs of Diabetes in the
United States in 1992 Alexandria, VA,
American Diabetes Association, 1993

1128

DiABETES CARE, VOLUME 21, NUMBER 7, JuLy 1998



