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Disease management (DM) programs have long
been promoted as major medical cost-saving
mechanisms, although the scant research that

exists on the topic has provided conflicting results.1-4

These inconsistencies are due in part to the varying
evaluation designs used in measuring financial out-
comes. As one would expect, most studies published in
the peer-reviewed literature rely on randomized con-
trolled trials to provide unbiased estimates of program
effectiveness. Under these controlled conditions, finan-
cial outcomes tend toward small effect sizes at best. By
contrast, for commercial purposes, DM programs almost
universally evaluate program economic effectiveness
using the total population pre-post study design,5 a weak
evaluation technique that is easily affected by many

sources of bias6 and, more often than not, tends to
demonstrate overly positive program effects.

Given the uncertainty regarding the validity of findings
from these evaluations, most contracts continue to
include financial guarantees to ensure that the pur-
chasers will at least break even if the program fails to
demonstrate medical cost savings. However, using total
costs as the primary outcome measure to demonstrate
program effectiveness and return on investment (ROI)
poses a significant threat to the validity of outcomes in
the evaluation of DM.6,7 Shifts in medical costs due to
changes in provider reimbursement, insurance coverage,
new technologies, and others are beyond the control of
program interventions. In fact, DM programs have been
unable to consistently control financially related out-
comes beyond hospital admissions and emergency
department (ED) visits. In a recent systematic review,
Ofman et al4 reported that reductions in outpatient uti-
lization (eg, provider visits) were demonstrated in only 4
of 25 studies examined. This result is not surprising be-
cause physician encounters and pharmacy utilization are
likely to increase as a result of successful DM interven-
tions based on evidence-based practice guidelines.1,8-14

Because inpatient utilization represents the single
largest health expenditure (30% in 2004),15 it is logical
to focus on reducing hospitalizations as a means of
achieving large cost savings. Similarly, because approxi-
mately 14% of ED visits result in hospital admission,16 it
is reasonable to target ED utilization as well. That said,
if hospital admission and ED visit rates in the population
are too low to begin with, the program may be effective
in saving money but not enough to demonstrate a posi-
tive ROI. Under this circumstance, it may be unreason-
able to hold DM firms accountable for demonstrating
effectiveness based on financial indicators alone.

This article highlights crucial issues central to the
current controversy over DM program financial effec-
tiveness. First, the appropriateness of using utilization
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usually contractually required) to reduce total costs in the diseases
they manage.

Objectives: To discuss the appropriateness of using utilization
indexes in lieu of cost and the importance of reviewing utilization
trends to determine whether sufficient opportunity exists for a pro-
gram to be financially effective; and to conduct an analysis to
determine the number of admissions that must be reduced for a
program to achieve various levels of return on investment.

Study Design: Descriptive.
Methods: Historical inpatient cost trends, discharges per 10 000

population, the mean length of stay, and emergency department vis-
its per 10 000 population for acute myocardial infarction, congestive
heart failure, asthma, and diabetes mellitus are presented. A “num-
ber-needed-to-decrease” analysis is performed to determine the
number of admissions or emergency department visits that must
be reduced to meet varying levels of return on investment.

Results: (1) Hospital days per 10 000 population for these con-
ditions trended downward, while costs during the same period
escalated. (2) Discharge and emergency department visit rates per
10 000 population were flat and low during the observation peri-
od, while the mean length of stay declined. Results of the number-
needed-to-decrease analysis suggest that disease management
programs will have to decrease admissions 10% to 30% to cover
program fees alone.

Conclusion: A review of historical utilization trends and a
number-needed-to-decrease analysis should be conducted be-
fore disease management program implementation to determine
whether sufficient opportunity exists to reduce utilization to levels
that will ensure a positive return on investment.
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indexes in lieu of cost will be discussed. Second, the
importance of reviewing historical utilization trends is
addressed. Third, a modified “number-needed-to-de-
crease” (NND) analysis will be conducted to determine the
number of admissions or ED visits that must be reduced
for a program to break even or show a positive ROI.

COST TRENDS

The chief concern about using medical costs as the
primary measure in evaluating DM program economic
effectiveness is that costs are a function of unit pricing
and utilization. Although the DM program can affect uti-
lization (and, as illustrated herein, only the admission
component of a hospital stay and ED visits), the pro-
gram has no control over unit pricing of health services.
Figure 1 (in which data are plotted for 1990-2004) pre-
sents the medical cost trends for inpatient hospitaliza-
tion taken from the Milliman Health Cost Index17

compared with aggregated hospital days per 10 000 pop-
ulation.18 As shown, the 2 variables have historically
trended in opposite directions: hospital days decreased,
while year-over-year inpatient hospital costs in-
creased. Therefore, this divergence can only be
explained by annual increases in the unit pricing of
services. This assertion is further supported by a 2006
PricewaterhouseCoopers report which states: “Unlike
other medical service categories, price increases in
excess of inflation—not increased utilization—are dis-
proportionately responsible for the increased spending
on inpatient hospital services.”19 Because DM programs
can only reasonably affect costs vis-à-vis reduced acute
utilization or ED visits, those should be the measures by
which program effectiveness is established. 

UTILIZATION TRENDS

Although DM can generally reduce hospital admissions
and ED visits, these outcomes are not assured in every
population or for every disease condition. Before offering
DM services to a given population, a review of historical
inpatient and ED utilization data should be conducted.
This serves (1) to assess whether a historical trend exists
and to develop future projections and (2) to determine if
the level of recent utilization provides an opportunity for
DM to have an effect. Time-series analysis20 is the most
suitable technique for providing meaningful insights as
to what utilization trends would be expected in the
absence of a DM program intervention. In addition, as
presented herein, an economic analysis is recommend-
ed to address the issue of effect opportunity.

To demonstrate how a historical utilization review
should be conducted, the following analysis is based on
hospital data collected annually from the National
Hospital Discharge Survey18 and on ED data collected
annually from the National Hospital Ambulatory
Medical Care Survey.21 The National Hospital Discharge
Survey collects data from a sample of inpatient records
acquired from a national sample of hospitals. In 2003
(the latest survey data available), 426 hospitals respond-
ed to the survey, and data were collected for approximate-
ly 320 000 discharges. The 2003 National Hospital
Ambulatory Medical Care Survey collected data from 406
participating hospitals with an ED, representing 40 253
ED visits. The details regarding how these data are col-
lected, quality is controlled, and national estimates are
developed were previously published.22

Although this review can be conducted at the popula-
tion-wide level or at the level of the chronically ill cohort,
almost all DM programs are financed and evaluated at the
population level (In conversation with Alfred Lewis, JD,
president, Disease Management Purchasing Consortium
International, Inc, January 2006). In other words, pro-
gram fees are paid on a per-member-per-month (PMPM)
basis, so that costs are spread across the entire popula-
tion as opposed to across the diseased cohort only. There-
fore, reviewing data at the population-wide level allows for
a more direct application to current industry practices.

The review should begin with the examination of
admission or discharge data. Figure 2 presents the
annual discharges per 10 000 population for 4 of the pri-
mary conditions traditionally managed by DM: acute
myocardial infarction, congestive heart failure, asthma,
and diabetes mellitus. Observations for each condition
and for the aggregate were abstracted from annual
reports and were plotted for the years 1990 to 2003.
Two observations are immediately evident on visual
inspection: (1) In contrast to costs, utilization for all 4
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Figure 1. Inpatient Medical Cost Trends From 1990 to
200417 Plotted Against Aggregated Hospital Days per
10 000 Population18 for Acute Myocardial Infarction,
Congestive Heart Failure, Asthma, and Diabetes
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conditions appears flat over the 14-year peri-
od, and the levels of these rates remained
low. (2) Even when all diseases are aggregat-
ed, the mean discharge rate during the 14-
year period is 99.4 (95% confidence interval,
97.5-101.2) discharges per 10 000 population.

Another important component of the hos-
pitalization event is the length of stay for that
given episode of care. Although it would be
advantageous for a DM program to have con-
trol over what occurs in the inpatient setting,
it is beyond the scope of their operations.
Figure 3 presents the mean length of stay for
the 4 conditions in Figure 2.18 As illustrated
individually and at the aggregate level, the
mean length of stay decreased annually for
these conditions. At the aggregate level, the
decrease is from 7.4 days in 1990 to 4.8 days
in 2003.

ED utilization is the other major finan-
cially related indicator that DM is thought to
affect. Figure 4 presents the ED visits per
10 000 population for asthma, heart disease
(including congestive heart failure but
excluding ischemia), and all endocrine sys-
tem–related illnesses.21 Similar to the hospi-
talization rates, the ED visit rates over the
12-year period are flat. When all diseases are
aggregated for 1995 to 2003, the mean ED
visit rate is 182.5 (95% confidence interval,
175.3-189.7) visits per 10 000 population.

As suggested by these data, there is good
cause for vendors and purchasers of DM serv-
ices to assess whether there is sufficient
opportunity to realistically affect hospitaliza-
tion and ED visit rates in the target popula-
tion. Historical trends for these are flat and
low at the national level.

“NUMBER-NEEDED-TO-DECREASE”
ANALYSIS

To establish if an opportunity exists to
affect financial outcomes, a preliminary
analysis of current (preprogram) hospitalization and ED
data is warranted. The concept of the “number needed
to treat” is used in research to assess the effect of treat-
ment in relation to the number of patients needed to be
treated with a particular therapy to prevent one adverse
event.23 In this article, the number-needed-to-treat con-
cept is applied to DM in a similar fashion. Herein, we
determine the number of admissions or ED visits that
must be reduced from the current level for the DM pro-

gram to demonstrate various levels of ROI. This analysis
will be referred to as the “number needed to decrease.” 

Table 1 and Table 2 give the results of an NND analy-
sis with multiple scenarios for hospitalizations based on
5 assumptions. These include (1) a general population of
100 000 persons, (2) discharge rates derived from the
2003 aggregate data presented in Figure 2 (1045 dis-
charges per 100 000 population), (3) the mean length of
stay (4.8 days) derived from the aggregate data present-
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Figure 2. Hospital Discharges per 10 000 Population 
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Figure 3. Mean Length of Stay (LOS) for 4 Conditions 
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AMI indicates acute myocardial infarction; CHF, congestive heart failure; and Weighted
Mean LOS, the aggregate of all 4 conditions.18 The numbers in parentheses are ICD-9-CM
codes.

AMI indicates acute myocardial infarction; CHF, congestive heart failure; and Total, the aggre-
gate of all 4 conditions.18 The numbers in parentheses are International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes.



ed in Figure 3, (4) program fees for 4 diseases (acute
myocardial infarction, congestive heart failure, asthma,
and diabetes) range from a low of $0.90 PMPM to a
high of $1.20 PMPM (In conversation with Alfred
Lewis, JD, president, Disease Management Purchasing
Consortium International, Inc, January 2006), and (5)
cost-per-day rates of $1000 (based on Medicare
Provider Analysis and Review data) and $2000 (based
on data provided by the Maryland Health Services Cost
Review Commission).

To illustrate how the NND is calculated in this analy-
sis, one possible scenario using these assumptions is an
ROI of 1.0 and the hospitalization cost per day of $1000,
found in the top left of Table 1. The annual fees charged
for DM services in this population are $1 080 000
($0.90 PMPM ≥12 months × 100 000 population). Given
that each hospitalization, on average, is 4.8 days and
costs $4800, the program will have to reduce the number
of admissions by 225 to break even ($1 080 000/$4800).
This represents a 21.5% decrease from the current hos-
pitalization rate of 1045 admissions per 100 000 popula-
tion. The lowest breakeven target (ROI, 1.0) can be
achieved by eliminating 113 admissions (10.8% of 1045).
For this to occur, the DM program must charge $0.90
PMPM, and the mean cost per day must equal $2000.
The highest breakeven target (NND, 300 [28.7% reduc-
tion from 1045]) can be achieved with fees of $1.20

PMPM and a hospitalization cost per day of $1000
(Table 2).

There is little need to perform a comprehensive NND
analysis for ED visits because the visit rates in the pop-
ulation and the cost per visit are typically low. For
example, by extrapolating the 2003 total visit rate (all
conditions) from Figure 4 to the hypothetical popula-
tion, there are 1843 ED visits per 100 000 population.
Assuming a (high) cost of $500 per visit, the annual
costs for total visits will be $921 500.

A logical approach would be to combine the 2 utiliza-
tion measures in the NND to provide a more accurate
picture of what is needed under various scenarios to
break even. For example, if the DM vendor assumes that
the total ED visits can be reduced by 30%, the savings
from ED visits alone would be $276 450 (1843 visits
× 30% × $500/visit). This would necessitate a reduction
of 167 hospital admissions (16% from current levels)
just to break even (assuming a $1000 cost per hospital
day and program fees of $0.90 PMPM).

On analysis, it becomes readily apparent that a sig-
nificant number of admissions or ED visits must be
avoided for the DM program to claim a positive ROI.
This may be feasible by changing some of the assump-
tions. For example, if a given population has a much
higher average cost per hospital day or ED visit, the
target is easier to reach. Similarly, the DM vendor
could lower their fees in an effort to achieve a positive
ROI. In addition, the more diseases or conditions that
are included in the DM program intervention, the high-
er the baseline admission or ED visit rate and the better
the chances are to reduce hospital stays and ED visits.

DISCUSSION

This article highlights several critical issues with
which DM vendors must contend before implementing a
program when cost savings are expected. First, it has
been demonstrated that using cost as the primary out-
come in determining the financial effectiveness of DM is
fundamentally flawed, given that unit cost has histori-
cally been the primary driver of increasing hospital
costs, not utilization. Because DM does not affect unit
pricing of healthcare services, the more appropriate
financially related outcome measures are hospital
admissions and ED visits. In view of the fact that pur-
chasers are likely to continue to demand that DM pro-
grams demonstrate cost savings, the most reasonable
solution is that each unit of utilization be equated with
a standardized cost. Accordingly, period-over-period
changes in total costs would then be associated with
changes in utilization and not unit pricing of those
services.7,20
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Figure 4. Emergency Department Visits per 10 000
Population20
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diagnoses were not among the top 20 most frequently recorded diagnoses.
Heart Disease includes congestive heart failure but excludes ischemic condi-
tions; Endocrine includes diabetes; and Totals is the aggregate of all 3 condi-
tions except during periods in which there are missing values for Heart
Disease. The numbers in parentheses are ICD-9-CM codes.



Second, a review of historical utilization is rec-
ommended to assess whether a DM program has
sufficient opportunity to reduce hospitalization
and ED visit rates in a population to a level that
will demonstrate a positive ROI. The data pre-
sented herein indicate that the national rates of
hospital admissions and ED visits for those chron-
ic illnesses typically managed by DM have been
flat since before the advent of DM. Moreover,
these admission rates are sufficiently low to war-
rant the question of whether they can be reduced
any further.

Third, the mean length of stay has decreased
annually for these conditions due primarily to
changes to hospital reimbursement and increased
efficiencies. Therefore, it is imperative that pro-
gram outcomes be subjected to a rigorous analysis
to ensure that a reduction in hospital days is
causally associated with the intervention and not
a result of externalities, such as the secular trend
occurring at the national level.

Given that the data used for these reviews are
representative of the entire US population and are
not specific to any one purchaser’s population, it
is recommended that an NND analysis be con-
ducted before each program implementation so
that providers and purchasers of DM services can
jointly determine (1) whether there is sufficient
opportunity to reduce admissions or ED visits in
the target population and, if not, (2) whether pro-
gram fees should be adjusted accordingly. The
results of the NND analysis conducted herein
suggest that DM programs will have to decrease
admissions 10% to 30% just to break even. This
holds true even if ED visits are reduced by siz-
able amounts.

CONCLUSIONS

Based on national healthcare data, cost savings
that DM companies offer purchasers can only be
achieved via significant reductions in hospital-
izations or ED visits. The results of the analyses
conducted herein suggest that admissions must
be reduced from 10% to 30% to cover program
fees alone. However, even if a program has the
capability of reducing utilization by that magnitude,
the question is whether the opportunity exists in the
population for which DM services will be offered. To
answer this question fully, an NND analysis should be
conducted before program implementation. Finally,
although cost savings can only be achieved via reduced

utilization, purchasers will likely continue to expect
that DM programs demonstrate total cost savings.
Therefore, the most equitable solution for both parties
may be to issue a standard cost for each unit of utiliza-
tion and to track period-over-period changes in utiliza-
tion, holding unit costs constant.
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Table 1. Number-Needed-to-Decrease (NND) Analysis of
the Number of Hospitalizations That Must Be Reduced to
Meet Varying Levels of Return on Investment (ROI), Assum-
ing a $0.90 Per-Member-Per-Month Program Fee*

Cost per Day, $†

1000 2000

ROI NND % Decrease‡ NND % Decrease‡

1.0§ 225 21.5 113 10.8

1.5 338 32.3 170 16.3

2.0 450 43.1 226 21.6

2.5 563 53.9 283 27.1

3.0 675 64.6 339 32.4

*See the text for 5 assumptions on which the analysis is based.
†The mean cost per hospital day ($1000 per Medicare Provider Analysis and Review
data and $2000 per Maryland Health Services Cost Review Commission data).
‡From the current discharge rate.
§1.0 Indicates that program fees equal current hospital costs.

Table 2. Number-Needed-to-Decrease (NND) Analysis 
of the Number of Hospitalizations That Must Be Reduced
to Meet Varying Levels of Return on Investment (ROI),
Assuming a $1.20 Per-Member-Per-Month Program Fee*

Cost per Day, $†

1000 2000

ROI NND % Decrease‡ NND % Decrease‡

1.0§ 300 28.7 150 14.4

1.5 450 43.1 225 21.5

2.0 600 57.4 300 28.7

2.5 750 71.8 375 35.9

3.0 900 86.1 450 43.1

*See the text for 5 assumptions on which the analysis is based.
†The mean cost per hospital day ($1000 per Medicare Provider Analysis and Review
data and $2000 per Maryland Health Services Cost Review Commission data).
‡From the current discharge rate.
§1.0 Indicates that program fees equal current hospital costs.
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