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The Army Health Hazard Assessment
Program’s Medical

Cost-Avoidance Model
Gary M. Bratt, PhD, Timothy A. Kluchinsky, Jr, DrPH, RS, Patrick Coady, MS,

Nikki N. Jordan, MPH, Bruce H. Jones, MD, MPH, Clark O. Spencer, MS

Background: The Logistics Management Institute initially developed a medical cost-avoidance
model (MCAM) to estimate the costs associated with the failure to eliminate or control health
hazards of army materiel systems during 1997.

Methods: Presented is an updated version of theMCAM that uses cost factors for individual health
hazard categories. The earlier MCAM calculated army materiel acquisition–life cycle medical costs
based on a single cost factor for all hazard categories.

Results: The Army’s Health Hazard Assessment (HHA) Program, which uses the MCAM while
assessing 18 types of health hazards commonly found inmateriel undergoing the acquisition process,
recognized the need to refıne theMCAM to be hazard-type specifıc. These hazard types have unique
cost factors and serve as the basis for the revised model.

Conclusions: The revision will assist the HHA program in targeting health hazards that have the
potential to affect soldier health and readiness.
(Am J Prev Med 2010;38(1S):S34–S41) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
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key to reducing health hazards associated with
U.S. Army materiel is having the capability of
demonstrating avoidable medical costs. The

edical Cost-Avoidance Model (MCAM; model) esti-
ates avoidable acquisition–life cycle medical costs re-
ulting from the elimination or control of health hazards
y focusing on the medical cost factors that contribute to
hem.The type of hazard encountered and the level of risk
rive the magnitude of each of the cost factors.
Health hazards are inherent to army materiel and may

ause injury or illness at any point in the acquisition’s life
ycle. Treatment costs pose a considerable fınancial bur-
en to military and veteran healthcare systems, and the
esulting lost time degrades productivity and unit readi-

rom the Logistics Management Institute (Bratt, Coady, Spencer), Bel-
amp; Department of Preventive Medicine and Biometrics (Kluchinsky),
niformed Services University of the Health Sciences, Bethesda; United
tates Army Center for Health Promotion and Preventive Medicine
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oundation (Coady), Baltimore, Maryland
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s
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34 Am J Prev Med 2010;38(1S):S34–S41 Published by El
ess. Consequently, health hazard experts assess new or
mproved materiel by evaluating: types of hazards that
xist; injuries or illnesses likely to result from the hazards;
evel of risk for each hazard; and, corrective actions
eeded to eliminate or control the hazards. The health
azard experts report this information to the materiel
rogram managers responsible for the development and
ife cycle management of the materiel system.
The Health Hazard Assessment (HHA) Program Of-

ıce, located at the U.S. Army Center for Health Promo-
ion and Preventive Medicine (USACHPPM), Aberdeen
roving Ground, Maryland, centrally executes the army
HA program under the authority of Army Regulation
AR) 40-10.1 Teams of medical subject matter experts,
anaged byHHAprojectmanagers, collectively perform
ealth hazard assessments ofmateriel during all phases of
he acquisition process. The experts initially address the
ealth hazards during the concept phase with the intent of
liminating or controlling them earliest in the acquisition
rocess. The goal is to resolve all of the health hazard issues
uring the program defınition and risk-reduction phases.
The HHA process is also a Manpower and Personnel

ntegration (MANPRINT) domain (i.e., manpower, per-
onnel, training, human factors, system safety, soldier

urvivability, health hazards) and addresses health hazard
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ssues in support of numerous acquisition events (e.g., safety
elease, safety confırmation, type classifıcation, milestone de-
ision review,materiel release).
The primary objective of the HHA program is

o provide recommendations tomateriel and combat devel-
pers to eliminate or control the health hazards associated
ith the life cycle management of the following systems:
eapon platforms, munitions, equipment, clothing,
raining devices, and other materiel systems.1 The army’s
ffort to eliminate health hazards frommateriel systems links
heHHAprogramwith armywar-fıghting capabilities and
erformance. The materiel program manager or other
cquisition-approving authority considers tradeoffs between
he costs and benefıts of health hazard elimination or control
ersus acceptance of the associated risk as part of the acquisi-
ion risk management process.
The initial model, described in earlier reports,2,3 calcu-

ated avoidable acquisition–life cyclemedical costs based on
single cost factor for all hazard types. This meant, for
xample, that the MCAM medical cost calculation output
or a radiation exposure hazard and a chemical exposure
azard of the same risk would have the same total medical
osts.This single cost factor limitationwasnotwell received,
nd it has been refıned by the HHA program to be hazard-
pecifıc by assigning each of the 18 types of health hazards

igure 1. Eighteen types of health hazards assessed dur
ssessed during the acquisition process a unique cost factor m

anuary 2010
(Figure 1). This upgrade
serves as the basis for the
revised model and will as-
sist the HHA program in
targeting health hazards
having the potential to af-
fect soldier health and
readiness.

Methods
Revised Model for
Estimating Medical
Costs

The key improvements of
the revised model are de-
tailed in the USACHPPM
Technical Report for the
Defense Safety Oversight
Council (DSOC).4 These
improvements include the
ability to quantify hazard-
specifıc costs and the
ability to use estimatedmil-
itary health system direct-
care medical costs (MHS
Mart [M2] data),5 Military
PersonnelCostdata,6Army
Physical Disability Agency

ata,7 and Veterans Affairs (VA) Disability Compensation
ata.8–10 The model, which is based on the concept of hazard
everity and hazard probability, presents the likely monetary
mpact of unabatedmedical and lost time costs.
The primary model utility is its ability to estimate total

ystem-related medical and lost time costs. The materiel
rogram manager can use this information to establish
ealth hazard abatement priorities prior tomateriel fıelding,
nd to assess the potential impact on military readiness.
The individual outputs are valuable for understanding de-

ails of the potential medical costs resulting from exposure to a
articular health hazard type andmay present a direct correla-
ion tomilitary readiness. Lost-time injuries or illness resulting
rom exposure to the hazards associated with a system may
esult in extensive lost time on the job by affected soldiers. This
tatistic may be critical from a military readiness perspective.
oldiers away from the jobdecrease the readiness of their units.
dditionally, extensive lost time may result in the need to
cquire and train replacement personnel.

CAM Framework

he framework for determining total medical costs (Figure
) is based on fıve potential negative outcomes resulting
rom exposure to a health hazard. They include a visit to a

he acquisition process
ilitary health system medical clinic for basic outpatient
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reatment, medication,
nd tests [Clinic Costs]; a
isit to a military health
ystem hospital for inpa-
ient observation, emer-
ency or defınitive treat-
ent, and more detailed

ests [Hospitalization
osts]; loss of time on the
ob due to clinic and hos-
ital appointments, as-
ignment to living quar-
ers, and inability to
erform on the job result-
ng in limited (tempo-
arily restricted) duty
Lost Time Costs]; disabil-
ty, either immediately
hile on active duty or at a
ater date after discharge
r retirement [Disability
osts]; and fatality be-
ause of exposure severity
r complications [Fatality
osts].
The model develops cost estimates using a number of data

ources. It estimates medical and lost-time costs based on po-
ential exposures to hazards. Estimates are based on health
azard types and expectedmedical outcomes from armymed-
cal data. Costs are derived from the following: M2 data; Mili-
ary Personnel Cost data6; Army Physical Disability Agency
ata,7 and VA Disability Compensation data.8–10 These data
ources areused tocalculate cost factors suchas incidence rates,
verage clinic costs, average daily hospital costs, and average
alary costs. The MCAM application uses the cost factors and
ystem information in algorithms developed to calculate costs.
Militarymedical care costs include estimated expenses asso-

iated with outpatient (ambulatory) care and hospitalization
xtracted from the M2 data. Lost-time costs include costs as-
ociated with absences from work for clinic visits (esti-
ated),11–13 hospital stays (from M2 data), assignment to
uarters (estimated), convalescent leave (estimated), and limited
ork/duty assignment (estimated). Military disability costs in-
lude costs for severance benefıts, permanent and temporary dis-
bility while on active duty (from VA data), and VA disability
ompensation for those individuals who may have separated
r retired from the military (estimated).
The USACHPPM DSOC Technical Report4 provides de-

ailed formulaswith the cost elements, anddescribes the details of
he cost elements and their source.

CAM Limitations

imitations are also described in detail in the USACHPPM
SOC Technical Report4 and include the following: exclu-

Figure 2. Framework for de
MHS, military health system
ion of purchased-care inpatient and outpatient claims s
ubmitted by civilian providers; inability to calculate
osts for specifıc military occupational specialties (e.g.,
1B40, light weapons infantry); potential over-estimation
f medical costs based on use of M2’s estimated military
ealth system full costs, which include potentially irrele-
ant fıxed facility costs14; potential over-estimation of
isability costs as a result of aggregate disability compen-
ation data received from VA; estimation of how many
ersonnel enter the VA disability system; and not ac-
ounting for the abatement costs associated with HHA
ecommendations (e.g., labeling, protective equipment,
ngineering redesign).

CAM Assumptions

ssumptions are described in detail in the USACHPPM
SOC Technical Report4 and include the following: clinic
isit duration15–18; limited (temporarily restricted) duty
ssignment duration19–21; assignment-to-quarters dura-
ion20,22; convalescent leave duration17,19; productivity re-
uction for individuals assigned to limited (temporarily re-
tricted) duty21,23,24; army proportion of VA population10;
uture diagnoses when calculating lost time and disability
osts5,10; M2 direct-care outpatient and inpatient clinical
ata aggregated to include the ancillary services (e.g., labo-
atory, radiology, pharmacy) associated with the visit5,14;
verage fatality costs from an injury25; and a general infla-
ion rate derived from theOffıce ofManagement andBudget
OMB) discount rates.26 Data sources were assumed to use
ccepted quality assurance/quality control procedures. As-

ining total medical costs
2, MHS Mart
term
umptions weremade to provide quantitative data where no

www.ajpm-online.net



h
t
l
t

M
M
P

F
a
e
m
i
p
t
d
d
b
t

M

T
d
p
t
n
r
m
A
D
t
t

A

A
f
o
i
d
1
c
q
d
a

V

T
2
C
T
d

t
(
t

H

E
m
d
o

O

E
m
t
s
s
t
s

R
A
a
X
h
t
a
c
i
t
s
s
l
h
i

D

M

T
m
T
h
t
p
i
s
t
w

Bratt et al / Am J Prev Med 2010;38(1S):S34–S41 S37

J

istorical military data existed or no explanation of actions
akenwas available, andmanyweremade based on available
iterature. Reduction of these assumptions with actual mili-
ary data would greatly improve the model.

CAM Data Sources
ilitary Health System Direct Care and
opulation Data

iscal Year (FY) 2003 population, direct-care inpatient,
nd direct-care outpatient data for active duty army ben-
fıciaries were extracted from the M2 data. The data ele-
ents used in themodel from theM2 data5 are described

n the USACHPPMDSOC Technical Report.4 Estimated
harmaceutical, radiology, and laboratory costs are cap-
ured in the direct-care outpatient and inpatient full-cost
ata elements used. Army retired/disabled population
ata were retrieved; however, the data were not used
ecause there was noway of identifying this groupwithin
he aggregated population data.

ilitary Personnel Cost Data

he Army Military–Civilian Cost System (AMCOS) Lite
atabase6 was used to determine fully burdened military
ersonnel salary costs. The AMCOS is an automated tool
hat helps users estimate the costs associatedwith person-
el. It contains a comprehensive database of personnel-
elated cost factors. Applications include life cycle esti-
ation for weapon systems. Data were accessed from the
MCOS website on October 7, 2005. The USACHPPM
SOC Technical Report4 identifıes specifıc popula-
ions26,27 and costs used for calculating salary and lost-
ime costs.

rmy Physical Disability Agency Data

vailable active duty disability data were retrieved
rom the USACHPPM Ergonomics Program (which
btained the database from the Army Physical Disabil-
ty Agency in 1999).7 The database contained historical
isability data decisions from approximately 1980 to
999. Attempts to obtain current data were not suc-
essful; however, the database was considered ade-
uate for the purpose of estimating active duty
isability-related percentages for degree of disability
nd disposition category.28–31

A Disability Compensation Data

he VA disability data were obtained from the VA RCS
0-0227 report “Specifıc Diagnosis, Major Disability
ompensation, PersianGulfWar” as of December 2003.8

his data contained the number of veterans receiving

isability compensation by four digit Veterans Adminis- c

anuary 2010
ration Schedule for Disability Rating Disabilities
VASRD) code and degree of disability. VA compensa-
ion data32 were effective December 1, 2003.

ealth Hazard Links

ach of the 18 health hazard types and their potential
edical effects were linked with ICD-9 categories (three-
igit)33 and the VASRD Codes (four-digit)34 medical
utcome categories to estimate costs.4

ld Versus New Model Comparison

xample calculations were performed using the earlier
odel and the current model. The hazards were iden-

ifıed and the risks assigned by the health hazard asses-
ors during their evaluation of an actual army materiel
ystem. System X, the system evaluated, had an inven-
ory of 7400, and each system had a crew of four
oldiers.

esults
comparison of System X medical costs using the earlier

nd improved versions of themodelwas performed. System
was evaluated by health hazard assessors and found to
ave ten hazards present (representing eight health hazard
ypes): weapons combustion products, fıre extinguishing
gents, carbon dioxide, impulse noise, steady-state noise,
old stress, heat stress, oxygen defıciency (ventilation), non-
onizing radiation, and ionizing radiation. Table 1 presents
hose hazards and the risk-assessment codes (RAC) as-
igned to each hazard based on defınitions of hazard
everity and hazard probability.1 Table 2 summarizes the
ife cycle costs (20 years) for the ten unabated health
azards associated with System X using the earlier and
mproved versions of the MCAM application.

iscussion

odel Comparison

he newmodel algorithms usemilitary data while the old
odel uses a combination of military and industry data.
he newmodel also details specifıc costs for each of the 18
ealth hazard types present while the old model displays
he collective average of all nine health hazard categories
resent. The data used to populate the new model is
ncompatible with the old model based on different data
ources and different algorithms. Additionally, an infla-
ion factor has been incorporated into the new model,
hereas the old model did not calculate life cycle inflated

osts.
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ld Model Summary

ncidence rates for the old model were estimated rates
ased on historical, industry-wide data. The output cate-
ories for themodel included: clinic costs, hospitalization
osts, lost-time costs, disability costs, rehabilitation costs,
nd death costs. The primary data sources used were the
rmy Medical Surveillance Monthly Report hospitaliza-
ion data; U.S. Department of Labor, Bureau of Labor
tatistics lost time data; andVAdisability data. Clinic and
ospitalization costs were determined based on Depart-
ent of Defense (DoD) medical and dental reimburse-
ent rates, and DoD Civilian Health and Medical Pro-
ram of the Uniformed Services (CHAMPUS) Diagnostic
elated Group (DRG) weights along with their respective
ength-of-stay factors.
Three industrial classifıcations (construction, trans-
ortation, and service) that were believed to represent the
ange of illness and injury rates within the army were
elected. The incidence rates for these three classifıcations
ere used as risk surrogates (low, medium, and high). A
SACHPPMpanel of experts developed a consensus risk
evel for each of 15 army system categories. Incidence
ates for illness and injury, hospitalization, lost time, and
isability were developed using the sources described
bove.
The algorithms used in the old model were complex be-

ause the model used industry-wide incidence rates and
alculated numerous illness, injury, hospitalization, lost
ime, anddisability factors to quantify healthhazard costs. It
lso usedpopulationdistribution factors for hospitalization,
ost time, and disability to account for the variability in
edical outcomes and their associated costs.
The ICD-9 codes (medical outcome categories) were

ategorized under nine health hazard categories. In addi-

able 1. Health hazards and associated risk indices for S

Health hazard type Hazard

Chemical substances Weapons combustion p

Chemical substances Fire extinguishing agen

Chemical substances Carbon dioxide

Impulse noise (acoustic energy) Impulse noise

Steady-state (acoustic energy) Steady-state noise

Cold (temperature extremes) Cold stress

Heat (temperature extremes) Heat stress

Oxygen deficiency Oxygen deficiency (vent

Laser (radiation energy) Non-ionizing radiation

Ionizing (radiation energy) Ionizing radiation
ion, the model combined the medical outcome catego-
ies and calculated an average health hazard cost that was
he same for every health hazard. While this would lose
he specifıc hazard costs relating to specifıc medical out-
ome categories, we believed this approach was more
easible and would reduce error at the outset primarily
ecause of the lack of actual military data.

ew Model Summary

stimated military medical expenses derived from FY
003 M2 data, along with estimated disability costs from
rmy Physical Disability Agency data and Veterans Af-
airs Disability Compensation historical data, were used
or the new model. The output categories for the model
ncluded: clinic costs, hospitalization costs, lost-time
osts, disability costs, and fatality costs. A rehabilitation
ategory was not used because of the inability to distin-
uish injury treatment cases from injury rehabilitation
ases. Clinical data was considered as injury treatment to
void potential duplication of costs. Furthermore, ICD-9
odes (medical outcome categories) were correlated to 18
ealth hazard types.4

The algorithms used in the newmodel were simpler than
he algorithms in the oldmodel because incidence rates and
stimated medical costs were calculated using the military
ealth system direct-care and population data.
The following conclusions have been reached regard-

ng the new model:

The MCAM produces reasonable “real world” results.
The program applications of this model are represen-
tative of the basic outcomes that all prevention pro-
grams should measure.
The MCAM outputs are reliable. Its parameters are

m X

Hazard
severity

Hazard
probability

Risk assessment
code (RAC)

cts I A 1

II C 2

II D 3

II C 2

II C 2

II C 2

II C 2

n) II C 2

II C 2

II E 4
yste

rodu

ts

ilatio
measurable or can be estimated. Assuming health haz-

www.ajpm-online.net
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ard assessors perform risk assessments correctly and
consistently, the model will produce the same outputs.
The MCAM is adequate for use as a cost-estimating
model. The model outputs are practical and help ex-
plain the RAC methodology used when assessing
health hazards associated with a particular system.
It is reasonable to expect minimal medical assessor
variation in assigning RACs. Because of this concern,
the model is most sensitive to the selection for hazard
severity and hazard probability. Once the matrix cell
has been selected using hazard severity and hazard
probability, the model exhibits the greatest cost sensi-
tivity in regards to health hazard type.4

All the algorithms are linear equations; therefore, costs
re all proportional to the number of systems and the
umber of personnel per system once the risk has been
etermined. Depending on the health hazard type as-
essed, all cost categories (clinic costs, hospitalization
osts, lost-time costs, disability costs, and fatality costs)

able 2. Comparison of total life cycle (20-year) costsa,b

Hazard Model
($)

Outpatient
($)

In
($

Weapons combustion products Newc 338,000 11

Oldc 88,400 8

Fire extinguishing agents New 7,500

Old 1,600

Carbon dioxide New 400

Old 100

Impulse noise New 100

Old 1,600

Steady-state noise New 100

Old 1,600

Cold stress New 400

Old 1,600

Heat stress New 400

Old 1,600

Oxygen deficiency (ventilation) New 400

Old 1,600

Non-ionizing radiation New 100

Old 1,600

Ionizing radiation New 0

Old 0

Table totals are rounded to the nearest hundred thousand.
Formulae for each cell may be found in reference 4, USACHPPM Te
New and old refer to model versions.
ill vary. In addition, lost-time costs can be several orders f

anuary 2010
f magnitude greater than the other costs and appear to
epresent a major factor in cost variation.

ther Applications for the Model

he MCAM, which was developed to assist the HHA
rocess associated with army acquisitions, has potential
or use when conducting other MANPRINT domain as-
essments in addition to HHAs. Soldier survivability per-
onnel, system safety engineers, and human factors engi-
eers may estimate medical costs for survivability, safety,
nd human factors hazards using a tailored version of the
odel application. Additionally, preventive medicine
hysicians, environmental science offıcers, sanitary engi-
eers, and community health nurses may use the model
hen estimating medical outputs for occupational and
nvironmental hazards found in training or on the bat-
lefıeld, and, when determining specifıc military occupa-
ional specialty and overall medical and lost-time costs

he unabated health hazards of System X

nt Lost time
($)

Fatality
($)

Disability
($)

Total
($)

0 44,724,400 21,600 3,919,400 49,120,100

0 27,900 4,000 99,600 301,800

0 993,900 500 87,000 1,091,500

0 600 0 2,200 6,200

0 49,700 0 4,400 54,600

0 0 0 0 200

0 19,400 0 1,100 21,700

0 600 0 2,200 6,200

0 19,400 0 1,100 21,700

0 600 0 2,200 6,200

0 52,300 0 700 53,400

0 600 0 2,200 6,200

0 47,600 0 900 48,900

0 600 0 2,200 6,200

0 36,500 0 500 38,600

0 600 0 2,200 6,200

0 9,700 0 200 10,000

0 600 0 2,200 6,200

0 6,600 0 100 6,700

0 0 0 0 0

al Report for the Defense Safety Oversight Council (DSOC).
for t

patie
)

6,70

1,90

2,60

1,80

10

10

1,10

1,80

1,10

1,80

1,80

1,80

1,20

1,80

1,80

chnic
or specifıc disease and nonbattle injury ICD-9 codes.
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ummary
his revised model provides reasonable cost estimates by
uantifying estimated medical costs, obtained primarily
rom direct-care inpatient and outpatient records, for
ctive duty army personnel that are likely to be associated
ith unabated materiel system health hazards. Quantify-
ng health hazard costs improves the understanding of a
tated health risk and assists system managers in making
isk-management decisions. Additionally, quantifying
ealth hazard costs improves the acquisition program
anager’s understanding of the monetary impact of not

mplementing HHA recommendations.
For example, a single engineering change may elimi-
ate hazard costs across the entire fleet or equipment
ype. The benefıt would be a reduction in lost time and
ther medical-related costs. Using the model concept for
ther preventive medicine programs is feasible and
ighly advantageous. Exposure to the causes of injury and
isease can trigger a series of possible events: clinic visits,
ospitalization, lost time, disability, and fatality. These
utcomes are the same as the ones used in the model. A
ommon bottom line for prevention programs is to re-
uce the personal, personnel, and supply of healthcare
osts attributable to health hazards. These costs include
linic costs, hospitalization costs, lost time, disability, and
atality. To assess the reduction in medical costs, preven-
ion programs can use the model outputs as performance
ndicators.
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