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ABSTRACT

Decision-making in the public sector often lacks clear, relevant infor-
mation on which to plan and allocate resources. The approach presented
here is an example of a simulation model for guiding decisions among
alternative programs for rural health development.

This model explored the effects of various combinations of health pro-
grams on the health status of the population. Decision rules, estimated
values of variables, and relationships among variables (such as attack
rate per age group for specific diseases or utilization rate per age
group for specific types of health care delivery) are presented.

The specifications of the model simulate the conditions in rural Java,
Indonesia, in terms of the expected costs and effects of alternative
programs. The alternatives considered were various conbinations of
health centers, subhealth centers, village health workers, and public
health promotional programs of sanitation, nutrition and immunization.
Estimated relationships of the utilization and effectiveness of these
health programs were used to calculate the impact on morbidity and mor-
tality which might be expected under alternative corbinations of health
programs at specific budget allotments.

A model such as this can be made more useful as the variables become
increasingly reliable. Sensitivity analysis was used to identify the
specified model relationships and the input estimates where reduction

of uncertainty is needed. If an input estimate is varied within a rea-
sonable range and the rank order among the alternative strategic decisions
changes, then greater certainty is needed for that variable.

The ranking of programs was determined by the level of -budget available,

the criteria for determining health status, and the inputs into the spe-
cification of the programs. Under a combination of mortality and disability ..
criteria, prpgram alternatives were delineated within a narrow range for
decision-making, Village health workers and immmization appear more
effective in lowering mortality rates and sanitation more effective in
lowering morbidity rates.

The sensitivity of model outcomes to input estimates were tested. The
rankings of alternatives were most sensitive to cost and effectiveness
estimates whereas changes in attack rates and utilization rates had much
less influence. From these results, research priorities for the refine-
ment and expansior - the model lie in the areas of cost analysis and
program-~specific _ctiveness studies. Beyond the refinement of this
model further develiopments lie in the incorporation of cultural and
behavioral impacts on health status and the effects of change over time.
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FOREWORD

This report discusses one phase of a continuing research
activity concerned with the derivation and application of quantitative
relationships between expenditures and health effects in developing
countries. The project received its initial stimulation in conversations
with Barbara Herz anu Maureen Lewis of the Bureau of Program and Policy
Coordination of USAID, who emphasized the need for knowing such rciation-
ships in the formulation of an international health policy for the '

United States.

on the basis of these conversations and preliminary research
undertaken at the University of Michigan, collaborative arrangements
for refinement of concepts and field surveys have been developed with
.researchers in a number of third-world countries. While these activities
were being designed, it was thought useful to organize tentative data:
and’ report on an illustrative application, relative to some health
program options of the Republic of Indonesia. This application was
designed to communicate some of the methods, problems, and uses of a
quantitative model at an early state of the research process. '

We would like to thank Indonesian colleagues for their substantial
advice in the preparation of many of the estimates used in the illustration.
These colleagues include Dr. R. Henry Pardoko, Director of the Center
for Health Services Research and Development in Surabaya, Dr. Soeharto
Wirjowidagdo, Director of Community Health Service, Ministry of Health,

Dr. Berlian Siagian, National Institute of Research and Development,

Dr. Bambang Winardi, Communicable Disease Control Officer, East Java ‘
Office of Health, and Dr. Karmeni, Chief Health Officer and Dr. Aman Wahyudi,
Assistant Chief Health Officer of Kabupaten Tulungagung. '



1.

II.

[1I.

IV,

TABLE OF CONTENTS

Introduction

Problems with Vital Statistics

Indicators of Effectiveness

Bringing the Components Together: Modelling
Testing the Model

Policy and Research Connections

Description of Model for Locality-Specific Cost-
Effectiveness Comparisons

Bffectiveness Calculations
Cost Calculations

Output Calculations
References for Parts I and II

" Application of the Model to Rural Java, Tndomesia

Background
Specifying the Model for Rural Java

Operation and Interpretaticn of the Model for Rural

Java, 1978
The Inputs
Attack Rates for Population Cohorts

by Disease
Public Health Promotional Programs:
Immunization, Nutrition, Sanitation
Medical Care Services: Utilization and
Effects
Costs of Programs
Disease Profiles (output from rates; input for
comparisons)
Comparison- of Alternatives
Fixed Budget Programs
Identifying Preferred Programs
Analysis of Preferred Programs
Sensitivity Analyses
Sensitivity Analysis of the Criteria
Ranking Under Alternative Criteria
Ranking Under Multiple Criteria
Sensitivity Analysis of Inputs

Conclusions

Page

F-N-- I N

25
27

27
29

36

- 40

4]
43
45
48
52
56
56
57
58
61

67



Tz @

APPENDICES

Disease Incidence Rates for Promotional Programs
Utilization of Medical Care

Estimated Effectiveness of Treatment by Medical Care Delivery
Components

Cost Specifications for Progranm Alternatives

Diseasr Profiles forw31 Diseases (one example given:
48 were generated and available on request)

Health Effects linder Fixed Budgets
Cost-Effectiveness Curves
Bibliography

Documentation of Computer Procedures



~ UL N

o
.

TABLES

Age Distribution Estimated for each 50,000 Persons
Sanitation and Reduced Incidence of Specific Diseases
Nutrition Program Effects on Specific Diseases
Effects of Immunization on Specific Diseases
Estimated Utilization and Effectiveness of Service
Disease Profile Sample:
Health Center Only
Fixed Budget Programs (or Equal Cost Cases) for $10 per
Capita
Preferred Programs at Seven Budget Levels
Undominated Program Alternatives According to
Days of Illness and Crude Death Rates at Increasing Bud-
get Levels

- FIGURES

A Model of Health Sector Policy Cost and Effectiveness
in a Developing Area

Seventy-two Combinations of Programs and Conditions of
Developing Rural Public Health

Expected Effects (for Ages 0 to 4) of Varied Combinations of
Medical Care and Health Promotion Programs in Rural Java

Diagram for Visualizing Relationships of Utilization and
Effectiveness

Total Days Disabled Annually by Program Budget of $20

Calculated Mortality (for Whole Population) Rates for Alter-
native Health Programs

Preferred Programs at Seven Budget Levels

27
32
33
34
38
42
47
53

60

12
19
20

39
49

50

54"



A HEALTH DEVELOPMENT MODEL
APPLICATION TO RURAL JAVA

I.  INTRODUCTION

When governments of developing countries, and agencies which aid
development, proceeded with decisions regarding policies and allocation
of resources in the health sector, they have generally had little assist-
ance from quantitative information. Even in developed countries, data
about the effects on healtli of alternative courses of action are contro-
versial at best. In deyeloping countries, reporting of morbidity and
mortality are incomplete, uncertain, and frequently biased because collec-
tion of reports has been primarily from urban areas and hospitals, and
these do not represent the whole population. This report describes a
method for taking what ig known about the health sector - indicators of
health status, types of service utilization, foreseeable resource allo-
cations - and placing these quantities into a systematic framework as a

~tool for planning.

Problems with Vital Statistics

Government officials who must choose health policies and allocate
resources to combat diseases know how misleading the officially reported
statistics can be.1 Dr. . Charles Cockburn surveyed high level health
officials in 1973, asking them what they perceived to be the leading
health prohlems of their countries. He then matched their perceptions

against the published mortality patterns of their countries.” For the

developing countries the lists did not match at all. In nearly every
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region of the world the reported causes of death seem to indicate that
as few as three or four of the top ten killers are communicable diseases.
Yet the lists coméiled by health officials who were polled tell quite a
different story; nearly every disease mentioned is a commmicable disease.
The pnblished reports seem to be an artifact of the data collection sys-
tem: those who die in hospitals gét repoxced.

Coverage of populations is a related problem. Mortality registration
data available from the World Health Organization covers less than ten- .
nercent of Africa or Asia.3 Results from attempts to estimate the remain-
ing unreported deaths by the use of sample surveys still yield an incom-
plete picture. Beyond mortality data are the details on cause of death.
The medical certification of cause of death is lacking in most less devel-

oped countries, or is only available for deaths which occurred in hospitals.

Collection of cause of death information is difficult, costly, and

—
-~

often perceived to be of restricted utility by local health workers. .
These data are difficult to obtain because diagnoﬁis may be un¥eliab1e,
or multiple 6r unspecific causes maj be comm;ﬁ. The& afe costl& because
it is necessary to cover a large population base in order to éenerate
information for age-specific fatality rates by cause. Finally, cause of
death inormation is likely to be seen as of low importance b& thos: who
plan strategies for intervention to improve health status because such
strategies are only occasionally disease-specific; also because in devel-
oping countries the underlying cause of death, e.g., malnutrition, may

be more significant than specific disease patterns for program development.
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Indicators of Effectiveness

The health effects of various programs aimed at improving health in
developing countries are also uncertain. An expert panel convened by the
World Bank to advise on the measurement of the health berefits of invest-
ments in water supply concluded that "health benefits... have not been
quhntified to permit the derivation of reliable formulas which can be
used to predict the public health effects éf water supply projects coming
before the baﬁk."s With fegérd to nutrition interventions, a ;tudy for
the United Nations noted "Our knowledge of the effectiveness of various
types of nutrition programs is severely limited by inadequacies in both -
the quantity and quality of existing studies."6 Research results in
field studies on the effectiveness of medical and nutrition interventions
are usually flawed by inadequate sample sizes, and lack of formal controls.
Where controls are established, the populations often differ in what muy
have been crucial.chgracteristics.7 A committee of the National Academy
of ‘Sciences reviewed experimental integrated health service projects and
concluded "... that it is by no means certain that they will beseither
effective enough or low enough in cost to be worth replicating.”

The difficulties of tracing the health changes due to specific inter-
vention stragegies are compounded by the interactive effects of problems
and interventions; for example, malnutrition interacts with infection and
general socio-economic condition jnteracts with health care programs toward

variation in ‘health status.
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Bringing Components Together : ‘Modelling

In the presence of these difficulties, what can be done to sort
out better policies from worse policies - to help in the determination
of preferred policies? Some would declare that political attractiveness
is the only criterion possible. Others would take an educated guess,
survey the indications at successive stages of implementation, and |
decide periodically whether to continue an attempted strategy. Sometimes
. policies are ;haped by an underlying principle such as equity - attempting
to distribute services to reach equalization across geographic areas or
population subgroups. Tﬂe complexities of measuring and the interaction
of health with other sectors lead sometimes to "ideal" programs being
devised without sufficient consideration of available resources or the
relative merits of alternatives to "the ideal".

By carefully defining factors which could be expected to influence
health, a complex problem can be examined in comprehensible steps. By
examining relationships among the various components of the health sector,
systematic processes can be identified and déveldped into predictiﬁe ﬁypo-
theses; these are then subject to verification or alteration on the basis
of emerging new information. In effect,the setting of components into
a systematic framework, called a model, is a statement of theory about
underlying processes. Major advantages of functional models over trial-
and-error for planning are:

'1) a model provides an orderly way for empirical

findings and expert judgments from many sources to

be usefully combined.
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2) a model provides a means of calculating quantitative
consequences of postulated relationships; these can be
checked against experience and refined over time.

3) the relationships which are set into the model as
assumptions and decision rules can be altered to explore
what would be expected given different conditions.

4) the model defines a computer program siﬁulating real-
Qbfld conaifiohs, and with this méthod oé.;expérimeﬁ-
tation," various policy changes can be tested. quickly,
without the risk or cost of actual implementation.

Now that the advantages of models and computer applications have
‘been hailed, it is imperative to emphasize the caution with which policy
makers should approach computér output. Some health skepticism is needed
‘before any model- is used in planning public service programs. Basic
questions should include:

1) Do the re;ults of the model's operation provide

information about the specific questions raised at
the outset? (Unless they do,'the simulation may
have made the problems worse!)

2) Do the numbers entered, the relationships assumeq,
and the decision rules make sense intuitively to
knowledgeable officials? (If there is erroneous

input, the output will surely be invalid.)



3) Has sensitivity analysis been used to show the range
through which estimates might be expected to vary
"before there would be change in the rankings of
preferred programs? (Formal acknowledgement of the
uncertainty of the model helps to keep improving it.
Where a decision rests on a ranked order of alternative
programs, the decision maker needs to know how sensi-
tiéé that ordef is ta éhanées in‘the variables used to
developed the ranked order.) '

4) Does the policy maker communicate with the designers

of the model so that model capacity can be changed or
expanded in response to new information or new policy
alternatives? (Simulations are only as useful as their
users create them to be; they should be continuously
redesigned without becoming too redundant or too complex‘
for useful application.)

Oﬁe approach to analyzing relationships between health status and
medical services, sanitation, nutritibn, economic levels, and social indi-
cators uses data at high levels of aggregation such as national statis-
tics. A second approach seeks to model the functional relationships
affecting health status into small steps, tailored to specific localities;
this permits the utilization of existing studies, field surveys, and
expert juagment.

The highly aggregated data approach has been the basis of some of our
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work; using published statistics on indicators of national levels of
health, we have used multiple regression analysis to determine corre-
lates of life expectancy in less developed countries. A theory has

been developed and tested which tries to reconcile apparently conflicting

findings on the relationships of sanitation investments to health benefits.

Another approach develops a locality-specific model of functional
rela§ionships in changing health status. The major emphasis of the
work described in this repo¥t is the develépment ahd impleméﬂéation df'
“a _functional model which could contribute to the sorting out of desirable
from less desirable poliéy alternatives for a specific population. This
- model utilizes reasonable assumptions derived from what is currently
known, or thought, in Qraer to calculate health effects of current or
projected health sector programs OT strategies. The relevant data has
been gathered and refined with the expectation that as improved data
becomes available, the model would be ready to receive more specific
figﬁres. In descriptive terms the health sector model for developing
countries uses the following components.

A population, with a particular age and sex distribution,
experiences a certain get of diseases, which can be de-

fined through “attack ratea’, Given whatever health care
services are available, an estimable proportion of the
population (by age and sex) utilizes the services.

Deaths and days of disability (incapacity for performing
normal functions) can be established for each disease
jdentified, and these can be shown both for those who utilize
health services and those who do not. Where death, disability,
and attack rates are known to be af fected by levels of
nutrition, sanitatition, immnization, promotion and organt -
zation of health services, these can be entered into the
model in varied combinations. It is from the combination

10
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of these several indicators and conditions that the
expected effects of various health service interven-
tions ean be explored through the computer model.
These effectiveness levels can then be used for
comparisidns of programs carrying particular costs.

Testing the Mudel

The high-aggregation and the locality-specific models are mutually
significant to estimating the validity of the data. The published crude
deafh rates and age-sfééifie moftaiity.rates,'fbr exampiq, are used to
check the sum of the cause and age-specific derivations from the calcu-
lations. If there is a wide discrepancy, we can return to the components
of the model to see where it may be wrong. 'Thus the aggregated data
provides control totals by which we discipline a locality-specific
model. The aggregate data also contribute to the establishment of
. coefficients.fbr estimating expected effects of program- alternatives.
While the components of. the locality-specific model generate descriptive
solutions, they are tentative and subject to verification in,practice..
.By knoﬁing the cogts associated with each program option; the model
generates informatibn about the expected cost/effectiveness of various
combinations. |

Since the purpose of these models is the gﬁidance of policy choices,
the various feasible program combinations (policies) are ranked according
to the projected contribution of each type of policy to improved health
stapﬁs at several budget levels. Within reasonable limits, the model’s
asgumptions (relationship specifications) were varied, and new solutions

calculated. Sensitivity analysis shows which canges in uncertain rela-



tionships significantly altered the policy rankings. The assumptions
shown by sensitivity analysis to affect policy rankings' should have
priority for ‘more intensive research so that they might be specified

more reliably.

Policy and Research Connections

In add1t10n to the 1ncreased sense of direction wh1ch such a model
could prov1de dzcision-makers, a funct10na1 model's development is also
an arena through which epidemiologists, env1ronmental health scientists,
medical care analyéts, health officers, and economists from both developed
and dgveloping countries can communicate and collaborate. The model can
be used as a framework into which to introducevhew data-and approaches
and calculate resultant program costs, health effects, and the effects
 of alternative patterns of allocating program resources.

This report describes tﬁe exploratibns following the décision to
‘develop a model for Indonesian policies for health development in rural
Java. Researchers from The University of Michigan worked with Indonesian -
‘government officials to specify policy alternatives, establish the model's
classifications and assumptions, and design field surveys to validate
quéntitative estimates for the model's calculations.

Basic population data, attack rates, case fatality and disability
rates, and utilization patterns were stipulafed and indicators of effect
calcﬁlated. The effects of varied conditions of nutrition, sanita;ion,
immunization and medical care organization on these rates and patterns

‘were calculated, and then their consequences for health status changes
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were compared. Combinations of programs and their effects in terms of
mortality and disability were projected at different budgets. The cost
estimating procedures, establishment of various rates, and computer pro-
grams for calculating the model are described below.

Specified combinations of health policy options are compared at
fixed cost levels to essay an approximate answer to the juestionms,
"Which of these program combinations have the greatest effect in reducing
' mortality and disability under specified budgetary levels?" and "By how
much would additional exfenditures in the health sector be expected.to

influence changes in mortality and disability?"

II. DESCRIPTION OF THE MODEL FOR LOCALITY-SPECIFIC COST-EFFECTIVENESS
QOMPARISONS .

In order to consider the potential effect of any future intervention
-on an existing system, it is necessary to know the current situation.
Considering the questions surrounding tle poséible options for improving
health, a set of rates and relationships must describe the threats to a
population's health, use and effect of service programs, and the costs
associated with service delivery.

Figure 1 illustrates t' ‘vogression of health sector activity

. from specifying interventions to measuring effects and costs. At tho top
program specifications are shown as developing from consideration of the

available resources and prevailing conditions. Then the health factors
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which a program might address and the calculating relaﬁionghips are
shown pa:allgl to‘the program development requirements and costs. Finally,
the outcome indicators are shown in units that permit comparisons of
effocts and costs. The utilization rate feeds back from effects to
costs since there is a connection between amount and program issued and
its resource requirements.
When the programs for intervention have been specified and their costs
and‘effects‘calcﬁlatéd at?ording to the model, the output comparisons
' show ranked freferences for specific interventicns by effectiveness in
reducing morbidity or mortality in that portion of the population reached.
From the policy maker's perspective, the output from the model is
useful for matching resources to program development; health service
developments-could then be focused toward those age groups or.conditions.
where the changes in health status will be integrated effectively with

. . . . ' Lo
the goals of other sectors such as education, commerce, or agriculture.
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Effectiveness Calculation

Specifying the model requires numbers for the calculation variables
shown in Figure 1. The following information was obtained for description
of the current health status and projection of expected effectslunder'
varied intervention strategies:

Pj = Number of people in each age cohort j

Rii a Attack rate of relevant diseases (i) in each age class 3)

Ni‘? a Proportion of people in age cohort j with disease i who
2L ~seek care from source k :

.?ij a Case fatality rate of disease i in each age cohort j for
those who do not use medical care

ﬁij a Days of disability associated with disease i in age cohort
j for those who do not use medical care.

D.:, - Days of disability associated with disease i in age cohort
ijk
_ j- of those who seek care from source k

Computer calculations will be used to assess health status expected
under varied strategies of health care. A public health promotional pro-
gram or 8 medical care service may be expected to influence attack rates,
proportion seeking care, disability days, and/or case fatality rates.
These influences can oe estimated from established relationships, expert
judgment, sample surveys, OT theories about cause and effect. For
example, some attack rates vary with nutritional status, immunization,
and sanitation. The proportions seeking care are related to the distance,
time, and cost of visiting a medical care facility, as well as the an-
ticipated benefits and alternatives to such care. Disability days and

" case fatality rates vary with nutritional status, and where care is

received, with the effectiveness of that care.
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Effects of medical care interventions can then be calculated using
age-specific disease profiles showing the days of incapacitation (perhaps
at specific levels of disability) and the number of deaths given various :
combinations of service utilizations.

The calculation of total mortality is basically the product of attack
rates and age-specific population times the fatality (or disabilify) rates
with and without care summed across all diseases, age cohorts, sources of

care.

Population Proportiuvn Who Seek Care
Diseases  Cohorts Sources Attack in Age and Die plus the Proportion
(n) (m) (p) Rate Cohort Who Die Without Care
Mmber of Z > _
Deaths o = EEE Rij @ Py o [NypFig) + (-Nigp3 (Fyy))

Cost Calculations

National or regional policy may vary on what are the feasible sources
of .care, but each option needs to be described clearly; and eaéh will havé‘
certain resource requirements such as physical facilities; utilities;
pharmaceuticals; equipment and other supplies; personnel, training re-
quirements. Each of these resources can be associated with afset of cost-
estimating relationships. The rate at which consumable resources are used
will affect supplies; the flow of clients will affect personnel, and facil-
ities will have upkeep costs related to level of use. The relationships
between cost and utilization are illustrated when calculations show that
for a modest per-capita budget for health care, only a portion of the whole

population would be covered by program services.
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OQutput Calculations

Once the rates have been Specified for calculation they are entered
as inputs to the model. Then the program definitions and selected bud-
gets can be entered, and output will permit comparison of varied program
alternatives. There are three distinct types of output attainable Srom
this model, and the policy-maker will select whatever is most relevant
to present information requirements.

First, the tables of -expenditures show what effects could be expected:
from each of the stated program options at each of several budget levels.
Second, an analysis'of effectiveness'by budget level is preparéd, and an
envelope curve illustrates the combination of program components that
" are most effective in reducing mortality or disability days at. stated
budget levels. Finally, sensitivity analysis examines the ranking of
preferred alternatives for health status improvement. Where the rank
" order appears to be sensitive to varying the input assumptions over é
reasonable range, those input variables then become priority areas for

further research.
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III. APPLICATION OF THE MODEL TO RURAL JAVA, INDONESIA

Background

As the Indonesian government further develops its rural health care
system, important questions have arisen around the present standard of
having a health center for each 50,000 persons. In rural areas the
terrain and distance make utilization of one central facility too

difficult or costly for a 51zeab1e portion of the populatlon An in-
| creased number of points of contact are con51dered de51rab1e ' Whaf kinds
and how many would be effective? If subcenters were to be established,
what would be their cost, what staffing patterns would be anticipatéd, and
how much would the population utilize these services? Shortage and
maldistribution of physicians is one of the problems the rural health
development program would be trying to overcome. Perhaps village health
workers would be an effective means for disseminating health services;
what would be an effective ratio of such workers to population? What are
the expected costs of these program options, and how does each service
arrangement affect the disability days from illness and mortality rate
of the population?

It was the government of Indonesia's interest in these questions
which led to collaboration with an interdisciplinary team from The

Univ: sity of Michigan. *

* A detailed report on the interaction can be read in the 1978 report on
APHA Project: AID/ta-c-1320, On the. tat tica
. Health Sector Resource All €
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Java, the most densely populated island in the world, with approxi-
mately 80 million people, was selected as the area for experimenting
with the Health Sector Resource Allocation Model's use for rural health
planning. Working with national, provincial, and district public health
experts, the model co-efficients and assumptions were derived.

If one health ceﬁfer for 50,000 persons would not yield sufficient
coverage of the population, the Indonesian government needs to know how .
. to determine the number and types of contact points between the rural
population and health care. Several combinations of health delivery were
suggested for comparison: the single health centér, a health center
and subcenters, and village health workers of varied numbers per popula-
tion unit of 50,000, The matrix which follows (figure 2) shows how these
combinations of medical care were compared across varied levels of
health prombtional programs. Figure 3 illustrates how promotional

programs may significantly reduce child mortality.

Specifying the Model for Rural Java

For over a year before this project began, an interdisciplinary team
had been ﬁorking on a descriptive model of a population's health‘pétterns
in developing countries. An expert on Indonesian experience, J.Jarrett
Clinton, M.D., had set out figures on age-specific population, their
respective attack rates for specific diseases, their respective mortality
rates when not treated and expected rates of mortality when medical care

was used. These were reviewed at a University of Michigan seminar



Figure 2

Seventy-two Combinations of Progrems and Conditlon;'. of Developing Rural Public Health

Medical Care Service Organization Influencing Conditions

Per Each 50,000 Population .
No Sanitation No Sanit No Sanit No Sanit Sanit Sanit Sanit Sanit
No Immunization Iomun No Immun Temun | No lmmun Iwmun No Ismun Imnun

Low Nutrition Low Nutr Good Nutr Good Nutr Low Nutr Low Nutr Good Nutr Good Nutr

1 Health Center (HC)

1 HC, 8 Subceniars (SHC)

1 HC, 8 SHC, 25 Village Health Workers (ViiW)

1 #C, 8 SHC, 200 V¥

1 HC, 25 VY

1 1KC, 200 VHN

25 vin

200 VHN

No Medical Care System Organized (NMC) ' -

Note:  Entries in cells would be expected mortality by age group and days of disability per year expected given the assumptions on attack rates
of diseases specified in modci, utilizatlion rates of services specificd, and relationship between utiiization and disability/mortality.
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which included physicians, economists, planners, epidemiologists, and
environmental health experts. Several of these were from developing
countries, a few were Indonesian and all had had experience in the
public health sector of rural development. The interactions and litera-
ture review of this group refined numbers and relationships between ill-
ness, treatment, and outcome; "disease profiles" for the population
cohorts 0 1, 1-4, 5-14, 15 45 and 45+ were drawn.

A further check on the age- pec1f1c relationships and attack rates

was made by sending the estimated rates for review to the U.S. Center for

¢
[$2

" Disease Control in Atlanta. The questions and comments which this review
contributed were particularly useful in discriminating incidence and
fatality rates for specific diseases by age category.

If expert judgment and literature review were the interactive steps
1 and 2 of specifyiﬁg the model, step 3 was clearly a check on the worka-
bility of those estimates. Step 3 involved running the model in the com-
puter and, carefully checking the output against control totals from pub--
lished material such as Crude Death Rate for a regien - clearly the combined
mortality rates for all specified diseases should not sum to more than the
known death rate!

At this point, in August of 1978, the University of Michigan team
traveled to Indonesia, and the most interactive phase of specifying the
model began. Just before the University of Michigan team visited indo-
nesia, the Center for Health Services Research and Development (P4K) in

Surabaya had designated Kabupaten Tulungagung as the population base for a



household survey of health status and utilization of care for statisti-
cal implementation of the model. Such a preliminary study was carried
out in July. Participation in that survey preparea regional health offi-
cials for useful discussions and suggestions for improvement of estimates
on morbidity, ﬁortality, and utilization.

This negotiation process for final specification of the model was
extremely dynamic - each disease profile*was'reviewed age group- by age
group end experience at successively more local levels was incorporated
into the estimated numbers. It was reassuring that frequently there was
close correspondence beiween the University of Michigan lists, the Sura-
baya figures, and the local experience. Where the independently derived
estimates did not match, careful negotiation continued until mutually
acceptable figures were achieved. Local leaders were most helpful
in adding to the list of specified health problems certain disease
categories which had not previously been included. A final list
.of thlrty-one condltlons was developed with full spec1f1cat10n of
age-specific attack rates, utilization of care, and outcome rates of
disability and mortality estimated for each.

Part of the plan for practical use'of functional models to inform
public decisions is that the input data be as current and accurate as
possible. Ideally, this would be derived from an ongoing sample survey:
to monitor rates and numbers relevant to the model. Although the report
offered below is not based on empirical data.from such a survey, the esti-

mates used are felt to be the best approximations attainable as a start1ng
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point. As explained earlier, this model illustrates how cost/effectiveness
comparlsons can be made using computer calculatlons, as more specific data
becomes available, they can be incorporated to improve the -accuracy of the
output. .

Once the estimated disease profiles were'established, including the

expected mortality and disability rates with and without utilization of

medical care and promotional programs, then the decision rules for guiding .

.'effectiveness calculatioﬁs were specified._ At any given 1eve1.o£ expendi-
ture for a five year period, there may be insufficient funds to put into
‘place and aperate a program alternatlve for each 50,000 of the populatlon
As the recent policy of the Government of Indonesia has been to provide a
) phys1c1an d1rected health center for every 50 000 ‘people, in those alter-
natives for wh1ch a health center was spec1f1ed every 50,000 populatlon
f1n the region was assumed ‘to have a health center before the other program
~elements (subhealth centers, village health workers, promotlonar programs)
" were added. These elements were added only so far as funds wohld permit.
Thus, in many of the alternativee_at the lower expenditure levels part of
the population is covered only by health centers while anotheh parf of the
populatlon has other health service elements as well. The more expensive
these elements, at any total expenditure level, the smaller the proportlon
of the population which would have access to them.

As a consequence then, of fund limitations, the lack of apparent
" effectiveness of a particular alternative may lie largely in its inadequate

coverage caused by its costs, rather than its intrinsic capacity.  These

jssues are discussed further in sections below.


http:level.of
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‘The current report does not include time-phasing of programs. Further
work on time-phasing would be expected to consider constraints on health
manpower and training capacity. When demands of a program were heavily
taxing training or supply of personnel, then éffectiveness of particular
alternatives would be expected to decline as coverﬁge of the population
would be reduced. Calculations on these factors were not yet completed
for inclusion in this report, but are receiving attention in further
.developmentlof‘fhe model.

An important elemeht in the use of the model'for planning is the
capacity to manipulate many conceivable programs. The estimated input
conditions or decision rules can be altered, and'outcomes generated
inexpensively; several options can be rejected without requiring program
investment. Options which seem most effective for a given budget from
the computer output would not necessarily be verified exactly in field
experience, but field experience can be used to continually improve the
relationships set into the model. The use of sensitivity analysis points

out where such improvements are most critical.



-25-

IV. OPERATION AND INTEPRETATION OF THE MODEL FOR RURAL JAVA, 1978

| ' The procedures surrounding the development of inputs for a health
sector model have been described in preceeding chapters as a combination
of literature review, expert judgement, and local empirical experience.
In this section the actual numbers used for the operation of the model
are introduced and their arrangement is explained. Detailed tables and
graphs are availabie as specific appendices. As mentioned earlier, these
numbers are the most accurate estimates eurrently available of the expec-
.ted values They are, however, subject to est1mat1ng error as well as
to ch;nge over time. After the 1ntroduC1ng “1nputs" and "outputs" the
tentative conclusiqns‘and comparison of alternatives are presented with
sensitivity enalyses and recommendations for improving the model's useful-~
ness as a policy plannlng tool.

It is 1mportant to bear in mind certain constra1nts on the model‘
usefulness. Some categories of inputs which make a significant dlfference
in the outcomes are summarized here. Politically, program options which
did not include a Health Center for ‘each district did not seem viable
alternatives. Therefore, with a health center in the budget for each .
50,000 population district, all remaining program components had to be
considered as additions to - not substitutes for - a Health Center.

Geographically the study area is composed of coastal areas rising
into a central mountain range, with population spread out in small ham-
'erlets, when a village is located at great distance from a Health Center,
there is low probability of utilization by that part of the "covered"
population. Since effectiveness measures are based on the difference -

between treated and untreated mortality and disability rates, the issue
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of accessibility is central to the model's use.

Epidemiologically, the incidence of certain diseases is affected by
nutrition, sénitatioh, and immunization or chemical prophylaxis. Some
potentially useful program components were not included in the 1978 rural
Java specifications because the government was not considering their use;
these included measles immunization (requiring refrigeration), and malarial
chemoprophylaxis.' In understanding the inputs it is essential to realize
that both medical care and programs such as 1mmun12at10n are only tested
as spec1f1ed below, not as generalized assessments of that type of inter-
vention.

Note that this model uses disease states rather than infections as
the variables of interest. Some infections may be endemic in the population,
but here the attention is on conditions which produce notable maladaption
to living in tﬁe environment. Given the conditions within East Java, the
condltlons which might be affected by health intervention programs were
estimated, using Kabupaten Tulungagung as the area for spec1f1c field
checking.  In order t0»analyze the health system, units of population'

numbering 50,000 were taken for developing rates. This population would
be distributed in approximately 25 villages. The operation of the model
is explained as (A) inputs, (B) outputs, (C) comparisons, (Dj'sensitivity

analyses and interpretation.
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A. THE INPUTS
Information necessary to the specification of a cost-effectiveness

model for health programs was designated as follows (in order of explanation):
Population per age cohort,

Attack rates of identified diseases (given no new programs of health
promotion),

Public health promotional programs: specifications and expected effects,
Medical care: nontreatment or utilization of varied sources of care
and clinical prognosis of disability days and case-fata11ty rates
for each,
_Cost estimates for each program component,
After the expected utlllzatlon and effects of various programs had teen
~ estimated, a disease profile was generated for each of the alternative
health programs considered. These disease profiles, then, became inputs

for comparing the effectiveness of combinations of programs under alternative

budgets. [(See pages 10-11 for symbols and summation equations.)

1. Attack Rates for Population Cohorts by Disease

The age distribution for each area of analysis is shown in Table 1.

TABLE 1

Age Distribution Estimated for Each 50,000 Persons

Number Percent of
Age Group (rounded to nearest 100) ' Population
0-1 S 1,500 3
1-4 7,000 ; 14
5-14 13,000 26
15-44 Male 10,500 21
15-44 Female 11,000 , 22
45+ 7,000 _1e

50,000 100

(Source: P4K, Surabaya; population breakdown for East .ava, 1975)
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The classification of diseases used in the model was developed over
a period of many months through the efforts of international and multi-
disciplinary experts as described on pages 19-20. The list of 31 diseases
which was finally utilized in the model covers over 90 percent of the disa-
bilities and deaths in rural Java. The list was translated into local terms,
or—where no local term was known—into a description of the symptoms. This
mutually understood disease list was essential for the field checking in
Tulungagung where estimates of experts were linked with the experience re-

ported by the local population. The disease list‘used in the model was the

following:

English Term . . . . Indonesian Term

1. Lower Respiratory Infection . . . Radang paru-paru
2. Upper Respiratory Infection . . . Influensa, Watuk-Pilek
3. Otitis Media . . . Kopoken

4. Skin Diseases . . . Gudig, Borok, Eksim

5. Mild Diarrhoea . . . Ngebrek, Mencret, Murus

6. Severe Diarrhoea . . . Mencret-Mencret, Murus-Murus
7. Tuberculosis . . . Kematus

8. Malaria . . . Panas Tis, Malaria

9 Diptheria . . . symptoms

10. Tetanus . . . Seqan Kayu

11. Pertussis . . symptoms

12.° Measles . . . Gabag, Campak

13. Burns . . .Kobong, Desiram Banyu Panas

14, Fracture . . . Balung Tugel

15. Cuts . . . Kebacok

16. Anaemia . . . Pucet

17. Malnutrition . . . symptoms, Beri-Beri

18. Intestinal Parasites . . . Cacingan

19. Chronic Heart Disease . . . Symptoms; Menggeh-Menggeh

20. Cerebro-Vascular Disease . . . Mati Separo, Lumpuh Separo
21. Complication of Pregnancy and Child Birth . . . Kluron-(means abortion)
22. Typhoid Fever . . . Tipes

23. Hepatitis. . . Kuning

24. Conjunctivitis . . . Beleken

25. Rheumatic Fever . . . Encok

26 Varicella . . . Cangkrangen (virus)
27. Mumps . . . Gondong

28. Gonorrhoea . . . Kencing Nanah

29. Goiter . . . Gondok (endemic)

30, Vit. A Deficiency . . . symptoms
31. Dental Health . . .Panyakit Gigi Dan Mulut
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Attack rates were estimated for each age group. These aré presented
as times per year a person in a given age group contracts the condition:
there is a probability aspect to the attack rate. Over the entire age
cohort the incidence of the disease is expected to affect individuals with
this frequency. While age is not a significant variable in allvconditions,
age has an effect on the incidence of most diseases as well as on the
progress of the person affected and the action taken to counteract the

symptoms. Appendix A lists the incidence rates for the 31 diseases with-

" ‘no new promotional programs as well-as the expected incidence under several

combinations of health development strategies.

Three public health promotional strategies are introduced next, with
their expected effects on direct reduction of disease incidence or case
fatality rate (the proportion of those contracting disease who die from

the condition).

2. Public Health Promotional Programs

Before consideration of the various combinations of medical care,
it is important to assess the impact on health which might occur undqr
various public health measures such as improved sanitation, nutrition,
or immunization.

The descriptions below propose specific programs, which were the basis
for cost and effect calculations. Effectiveness calculations are based on
levels expected after five years of operation. As explained above, these
programs are designed for the population units of 50,000 persons used for

analysis.
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Sanitation—house connections for safe drinking water and latrines:

- Water supply with at least one tap that brings not less than
30 gallons/person/day to the kitchen of each house,

- Drainage systems that carry waste water from bathing and cooking
away from the village,

- A pour-flush latrine or pit latrine near each house. (Pour-flush
latrines would be more accepted and are more efficient as they can
be put near the house because of lack of odor.)

Butrition Intervention—food supplement program which is expected to
reduce the current levels of childhood malnutrition by 60 percent
within five years of program initiation. One midwife/supervisor -
would coordinate:

- A program of health education for mothers about nutritional prqblems,~
- Weighing and measuring children,

- Supplemental food (soy flour) for 1,600 children 0-2 years and
2,500 pregnant/lactating mothers with first or second degree
malnutrition.

Immmization—children and mothers for four basic diseases. Three
auxiliary nurses or auxiliary midwives with three local assistants
per district would provide annually:

18,530 DPT shots (3 basic; booster at one year and five years)
6,600 BCG shots (1 basic; booster at ten years) ‘ -
6,700 Smallpox vaccination (1 basic; booster at five years)
.2,100 Tetanus toxoid (1 for pregnant women)

33,700

Note on nutrition and vaccine effectiveness. The World Health Organization
EPI Program Document states that the percentages of effective protection
resulting from giving vaccinations are: Diphtheria and Tetanus - 95%;
Pertussis - 80%. There has been some indication in recent literature
that the effectiveness of the vaccine is also related to the nutritional
status of the children vaccinated. Although there is a certain amount
of malnutrition in East Java, no allowance has becn made for a reduction
of vaccination effectiveness due to this nutritional factor. This may
be an important area of consideration, and further research in this area
should try to document and quantify this relationship.
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Note on nutrition and effects of disease. In the East Java case, only the
disease states of severe Diarrhea, mild Diarrhea, and Measles are assumed
to be affected by the reduction of malnutrition in the children. Other
diseases besides those indicated would also be affected, hoth in terms
of occurrence and severity. Some of the other diseases considered in
the East Java case which might be affected are: the occurrence and
severity of Lower Respiratory Infection.* More research into the nutri-
tional link is called for to establish the relationship of malnourishment
on incidence and duration of Intestinal Parasites, Tuberculosis, Anemia,
Vitamin A Deficiency, Otitis Media, and Lower and Upper Respiratory
Infection.

The expected effects from these three public health promotional programs are
given in tabular form on the following 3 pages.

* David Morley, Paediatric Priorities in the Developing World, Butterworths,
London, 1973, p. 197. o
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TABLE 2: SANITATION AND REDUCED INCIDENCE OF SPECIFIC DISEASES

Before Sanitation Improvement With Sanitation
Incidence Per Incidence Per
Person Per Year Person Per Year
Skin Disease 0-1 Year .05 .020
1-4 ‘ .10 .040
5-14 .05 .020
© 15-44m .05 .020
15-44f .02 .008
45+ .02 .008
Mild 0-1 Year ' 3.0 1.2
Diarrhea 1-4 3.0 1.2
5-14 ' 1.0 .4
15-44m 1.0 .4
15-44f 1.0 .4
45+ 1.0 .4
Severe - 0-1 Year © : .40 : .0600
Diarrhea 1-4 .50 .0750
' 5-14 .05 .0075
15-44m- .05 .0075
15-44f .05 0075
45+ .05 .0075
Intestinal 0-1 .01 .003
Parasites 1.4 1.00 .300
5-14 ' 1.00 .300 .
15-44m .20 ' .060
. 15-44f : .20 .060
45+ .20 . 060
Typhoid 0-1 0 ‘ ' 0. .
1-4 .202 .0060
5-14 .010 .0030
15-44m : .005 . .0015
15-44f .005 .0015
. .45+ . . . - ,005 .0015
Hepatitis 0-1 ‘ 0 0
1-4 .006 .0024
5-14 .010 .0040
15-44m : .004 .0016
15-44f .004 . .0016
45+ . . 004 .0016
1. Disease Profile, Tulungagung, Indonesia. (See Apnendix A, Attack Rates.)

2. Saunders and Warford, Village Water Supply, World Bank, Washington, D.C.,
1976, p. 114; from White, Bradley, and White, Drawers of Water, p. 191.




TABLE 3:

Incidence Per Person
Per Year with Current
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Incidence Per Person

Per Year with No

NUTRITION PROGRAM EFFECTS ON SPECIFIC DISEASES

Incidence Per Person
Per Year with Mal-

Nutritional Level Malnutrition nutrition Reduced 60%3
Mild Diarrhea1
0-1 year 3.0 .75 1.65°
1-4 years 2.0 .50 1.10
. 5-14 years 1.0 .25 .55
Severe Diarrhea1
0-1 year .4 .220. .292
1-4 years .5 275 .365

Case Fatality Curfent

Nutritional Level

Case Fatality
No Malnutrition

With
Treatment

No
Treatment
at a Health Center

With No
Treatment Treatment
at a Health Center

Case Fatality with

Malnutrition Reduced 60%

With ‘No
Treatment Treatment
at a Health Center

Measles2
0-1 year 5.00 20.00 © 1.250 5.00 2.750 11.00
1-4 years .50 5.00 .125 1.25 .275 2.75
5-14 years .50 1.00 .125 .20 .275 .55

Footnotes:

1. Scrimshaw, Tayldr, and Gordon, Interactions of Nutrition and Infection,
World Health Organization, Geneva, 1968.

2. David Morley, Paediatric Priorities in thé-DevelopingﬁWorld, Butter-

worths,‘London, 1973, p. 207.

Sojogyo, Nutrition Guidance Project for Village Population: Report for

Second Year (1976/77), Agricultural Foundation. 1976,

-

William D. Drake and Luis F. Farjardo, The Promotora Program in Candeloria:
A Colombian Attempt to Control Malnutr1t1on and Disease, 1968 -1974,
Cali, Colombia, Community Systems Foundat1on, 1976.




TABLE 4: EFFECTS OF IMMUNIZATION ON SPECIFIC DISEASES

Unvaccinated1 Vaccinatedz

Tetanus

0-1 year .0213 .001100

1-4 .0010 .000050

5-14 _ . 0006 . .000003
Whooping Cough

0-1 .01 .002

1-4 .05 .010

5-14 ‘ .01 ‘ .002
Tuberculosis

0-1 v .001 .001

1-4 . : .002 - .002

5-14 .003 .003

1. Disease Profile, Tulungagung, Indonesia  (See Appendix A: Attack
Rates.)

2. World Health Organization Immunization Programming Manual, EPI/G/77.1,
p. 2.1.3.

ADDITIONAL SOURCES

SANITATION

A.V. Hardy, M.D., "Diarrheal Diseases of Infants and Children," Bulletin WHO,
21:309-319 (1959).

Arthur C. Hollister, MfD.,‘Ianueﬁce of Water Availabilit& on Shigella Preva-
lence in Children of Farm Labor Camps," American Journal of Public Health,
45:354-362.

World Bank, Appropriate Sanitation Alternatives: A Technical and Economic
Appralsal Summary Report, February 1979, P.O. Report No. Res. 20.

World Bank, Observations of Rural Water Supply and Sanitation Programs in
Eight Developing Countries, P.0. Report No. Res. 42, Sept. 1978.

World Bank, Appropriate Sanitation Alternatives, A Field Manual, Draft, Energy,
Water and Telecommunlcatlons Department, Oct. 1978.

World Bank, Socio-Cultural Aspects of Water Supply and Excreta Disposal, P.O.
Report No. Res. 15, Sept. 1978.

World Bank, Approprlate Sanitation Alternatives: A Technlcal and Economic
Appraisal Volume , Energy, Water and Telecommunications Department Oct. 1978.
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Latham, Latham, Basta, The Nutritional and Economic Imglications of Ascaris
Infection in Kenya, World Bank Staff Working Paper 271, September 1977.

Rybczynski, W., Polprasert, C., McGany, M., Low Cost Technology Options
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International Development Research Centre, Ottawa, Canada, 1978.

World Health Organization, Community Water Supply and Wastewater Disposal
(Mid-Decade Progress Report) 6 May 1976, 29 World Health Assembly Agenda
2.5.5.

Feachem, Bradley, Garelick, Mara, Health Aspects of Excreta and Waste
Water Management. London: Tri-Med, October 1978.
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Sri Kardjati, Kusin, J. A., de With, C, East Java Nutrition Studies Report I:
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in East Java, Indonesia; School of Medicine, University Airlangga, Surabaya;” " -
Provincial Health Services, Surabaya; Royal Tropical Institute, Amsterdam,
May 1977.

Kielmann, Taylor, Desweemer, Uberoi, Takulia, Masih Vohra, The Narangwal
Experiment on Interactions of Nutrition and Infections: II. Morbidit

and Mortality Effects, supported by Indian Council of Medical Research,
WHO-H9/181/23.

Rohde, Jon Eliot, The Mother as Primary Health Care Worker: Training her

and her Trainers. Gajah Mata University, Jogjakarta, 1977.

Sayogyo, USAHA Perbakan Gizi Keluarga: ANP-Lvaluation Study, 1973,
Departemen Kesehatan, Jakarta, 1975.

IMMUNIZATION

Expanded Programme on Immunization, Programming Manual. Geneva: World
Health Organization, EP1/G/77.1.

J. M. Mahieu, Summary of a Study on the Operational Feasibility, Coverage
and Costs of Maintenance Immunizations in Children by District Mobile .
Teams in Kenya. Geneva: World Health Organization, EPI/WG/76.16.

I. F. Setiady, Progress Report on the Implementation of the Expanded
Immunization Programme (Preparatory Period) in Indonesia. Geneva: World
Health Organization EPI/WG/76.16.

Rerman, J. G., Coffi, E., Bomba-Irek, R., Foster, S. O., Herrmann, K. L.,
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Method," American Journal of Epidemiology 102(6), 1975, pp. 564-571.
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3. -Medical Care Services: Utiiization and Effects

Utiliiation of medical care services is expected to increase with
ease of access to a source of trained personnel. For each region of
50,000 persons, the following kinds of medical care delivery components
were entered into the model:

+ a Health Center

+ 8 Sub Health Centers

.+ ' 25Village Health Workers '

+ 200 Village Health Workers
TﬁeSe delivery_arrangements could be separate, in coﬁbinatioﬁ with each

other, and in combination with public health promotional programs. For

purposes of this study, only those alternatives which included a Health

Center were analyzed. This decision rule is critical to the comparisons

of budget allocations and effects which are presented as output of this
model. It means that for many budget levels, additional components of
care do not reach 100% of the population.

The pfoé?ftion of i1l seekihg care is.éxpécted to var& with the
proximity of services. As the number of contact points are increased
(e.g., by adding more Village Health Workers), the utilization rates
would be expected to rise. The effectiveness of treatment, however,
would not be expected to rise in direct proportion to number of contact
‘points due to differences in level of training and effects of the pro-
cedures delivered. The Case Fatality Rates estimated as measures of
effect and expected utilization rates are central to the outcomes of the

model because the differences in mortality and days of disability between
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treated and untreated disease occurrence is the basis for comparing
alternative programs (see effectiveness, below). The propor;ipns of
each age g.oup expected to utilize each type of medic#l serviée fér |
each disease is shown in Appendix B.

Effectiveness estimates for different components of the medical care
delivery sysfem are shown in Appendix C. The disability level is mea-
sured in days lost annually by persons contracting the disease with treat-

- ment (bLRX)‘énd”kith ho treatment (DLNRX); mortality from a disease,is. :
measured as Case Fatality Rate (CFRX) with treatment, and without treat-
ment (CFNRX): this is the number of people who are expected to die of a
condition for each 100 who have the disease. Table Svillustrates the
utilization rates and the expected effectiveness rates for a sclected

disease extracted from Appendices B and C.
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TABLE 5
ESTIMATED UTILIZATION AND EFFECTIVENESS OF SERVICE ALTERNATIVES FOR

LOWER RESPIRATORY INFECTION

Effectiveness Measures

Expected Proportion Days Lost Per Year Fatality Rate
of Cases Utilizing Per Case (2) Per 100 Cases (3)
Source of care(l)
_ HC VHW HC VHW NO CARE| HC VHY NO CARE
Lower Respiratory : ‘
Infection T - (25) (200) (DLRX) : " (DLNR) (CFRX) (CFNRX)
Age 0-1 0.1 0.5 0.8 10 13 25 0.2 4.16 20
1-4 0.1 0.5 0.8 10 13 25 0.2 2.16 10
5-14 0.1 0.5 0.8 10 12 20 0.2 1.16 5
15-44m 0.1 0.5 0.8 10 11 15 0.05 .64 3
15-44fF 0.1 0.5 0.8 10 11 15 0.05 .44 2
45+ 0.1 0.5 0.8 10 11 15 0.05 1.04 5
The figurés on utilization and effectiveness were based on (and/dr déveioped fiom)
thesc sources: :
1. L.A. Gunawan, Pardoko, Sumartono, Sutejo, Susdo, Martodipuro, Rahanto,
Household Survey in Karanganyar Regency (Central Java), 1973, P4K.
Hari Sutedjo, Sumartono, Gunawan et al; Studies in the Healtﬂ Care
Delivery System in Four Health Centers in East Java, Surabaya: Natiénal

Institute of Public Health, 1975.

Sulianti Saroso, Julie and Ratna>Liana Pundarika, Household Survey in

Indonesia (undated).

2. These physicians contributed to the disability estimates: Henry Pardoko,

Suharto Wijowidagdo, Berlian T.P. Siagian, and Jan deVries.

3. Ministrv of Health, Jakarta August 20, 1977: Third Five Year Plan.

(Keadaan Status Kesehatan Masyarkat Dan Faktor Lingkongan Fisik,

Biologis Serta Sosial Dan Budaya).
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Since the effectiveness in treatment is expected to diminish as

levels of training change from Health Center to Sub Health. Center to

Village Health Worker, an estimated referral rate was developed disease

by disease. This is the percent of patients who could not be treated

effectively and would be sent on to the next higher source of medical

care. A referral rate at or near zZero means approximately equal effec-

tiveness cxpected from each source of care; if people utilize a source

: of"care, at least a portion of those seeking ¢are.would need to be sent

“onto the next higher level for treatment.

The referral rate, then, re- .

flectsvthe difference between sources of care on their effectiveness

rates. Figure 4 illustrates the flow of patients through sources of

~ care or non-utilization of services when ill.

DIAGRAM FOR VISUALIZING THE RELATIONSHIPS OF UTILIZATION §

FIGURE 4

Utilizers of Medical
Care from Particular
Care Source

Portion of popula-
tion with -
Specific Disease

EFFECTIVENESS

\l Not Seekers of

/

tively Treated

% Not Effec- -\

L —

Medical Care

% Effectively Treated

The relationships among uti

Referred to Next
Higher Source of Care

% same CEB and Days'
Disabled as those
not seeking care

lization, referral and relative effectiveness

of various sources of care are built into the model and result in output

- on effectiveness of alternztive programs.
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4. Costs of Programs

The requirements for delivery of public health promotional programs
and medical services have been specified in sufficient detail so that
their costs could be estimated. The details appear in Appendix D; the
' definitions cover staffing, rate of utilization, facilities, equipment,
supplies, and training needed to establish and operate the programs
compared in this report.

A Health Center, for eample, would be managed- by -a éhysician, and
would have an annual operating cost of $16,200; initial investment costs
.to begin a program of a Health Center for 50,000 population weuld be
$64,300. If eight Sub Health Centers were to be included in a health
development program, they would each be staffed by one trained medical
paraprofessienal. An annual budget of $14,870 would operate the eight
offices, and an investment of $84,080 would launch them. Our analysis
looks at costs over five years; this permits inclusion of start -up
costs and considers the fact that utilization of a program by the population
may not be established untll 1mp1ementat10n is fully reallzed The annual
cost, then, should be interpreted as average yearly cost of fully functional
program. |

In calculations of costs, only the Health Centers were assigned an
jncome from fees. It would, of course, be possible to collect fees for
other types of health programs. The costs used here for specifying the
model were the estimated budget outlays‘fof each type of program alterna-

tive.
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B.  DISEASE PROFILES (output from rates, input for comparisons)

For 48 program combinations a2 complete profile of utilization and

effect was generated by computer from the inputs explained above. An

example of the output is given on the next page (Table 6) and in

Apperdix E.

Reading from left to right, the profile shows the follow-

ing information for the 31 diseases by age cohort:

ATTACK PATE

INCIDENCE IN
POPULATION

XPsC

NUSC

VC
TovC

‘DLRX .

DLRNRX

CFRX

CFNRX

SE&R

The incidence expected annually by each person
in age cohort

Number of persons in age cohort expected to contract
disease in a year

The percent in each age cohort who seek medical attentior
The number in each age cohort who seek medical attention

Visits per case: expected visits per case to medical
attention rounded to nearest whole number

Total visits for care: annual number of visits for
all cases seeking care

Days lost with treatment: annual disability days
when medical attention is recelved for a case of this
disease

Days lost without treatment: annual disability days
from this disease per case if untreated

Total days lost to disability when this disease is
treated: annual total for the age cohort

Tiutal days lost when this disease is untreated: annual
total for this age cohort

Case fatality rate when treated: pevcent of those in
age cohort who contract disease for .hom a case is fatal
with receipt of medical care

Case fatality rate when no medical care is received:
Percent of cohort for whom a case of disease is fatal
with receipt of medical care

The number of deaths in cohort, treated

The number of deaths in cohort, untreated

The total mortal1ty expected in age cohort expected
from this disease
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RAtE:AMNUlL RATE

XPSC=PROPORTION SEEKING CAREVC=VISITS PEN CASE
DLNRx=DAYS LOST PER CAPNRX

Y=TOTAL DAYS LOST NRx

CFNRx=CASE FATAL, RATE NRX

SeR=NEATHS TOTAL

LOvER RESPIRATORY
9.1090
0.0500

0=1 YEaR
1=4 YFaR
S5=]14 YFa8
15-44 M2
1S5-44 FF
45¢ YEAR

UPPER RESPIRATORY

0~] YEsR
l=4 YEaQ
S5=14 vFA
15-44 ma
15<-44 FE
45+ YEAR

RaTE

0.0100
0.0050
0.0100
0.0300

3.0000
2.0000
0.5000
0.,5000
1.0000
1.0000

OTITIS MEDIa

0-1 YEaAR
1-4 YEAR
S=~14 YFA
15=44 va
15-44 FF
45+ YEaAR

0.,0200
0.1000
0.0
0.0
0,0
0.0

SKXIN NISEASE

fi=] YEsD
)-8 YFeK
5«14 YFa
15-44 wa
15-44 FF
45¢ VFaR

0.0500
0.1¢00
0.0500
0.0590
0.0200
n.0200

MIL D DYAPUKEA o

O~) YFru
1-84 Yv§anQ
5«14 YFa
1S-44 »r
15-64 FF
45 YFrW

3.0000
3.0000
l1.0000
1.0000
t.00nn0
1.0000

Table 6: Disease Profile Sample:

INCo=ANNUAL ENCIDENCE

X=TOTAL DAYS LOST ux

X+YSTOTAL DAYS LOS?
SaDEATHS KX

XPSC NUSC

INC.
INFECTION
150 0.10 is
350 0.10 35
130 0.10 k3

52 0.10 LY
110 0.10 11
alo 0.10 21

1002,

INFECTION

4500 O0.10 4S50
14ngy 0.10 1400
6500 0.05 32s
5250 0.0 0
11000 0.0 0
7000 0.0 0

48250,

29 0«10 2
700 0410 70

0 0.0 0
0 0.9 0
0 0.0 0
0 0.0 0
729,

7% 0.01 0
700 0.0% 5
650 0410 (-1
52% Ne10 52
219 0.10 21
139 0.10 13

2304,

4500 0.06 179
21n00 OeNa A3,
13000 Oe.00 Si9
10500 Oens ~]9
t1a00 Oena s d9

7000 O.06 219

nTU00,

ve

2e¢
Qe
2e
Ce
r-
e

1o
1o
le
le
1.
le

Tuovr

30.
Tu.
2n,

He
17,

32,
162,

545,
1680,
39¢,

€65Y,

2.
B,

Health Center Only, No Promotional Programs

NUSC®*NU.SEEKING CaRE
TOVT=TOTAL NU, VISITS

GOT=NU. NUNEFFECTIVE PICKED UP HCes SHC
CFRXZCASE FATALITY RATE Rx

RzDEATHS NRR

DLRX U nRx X Y ‘Xe¥ CFRX

lo. Zs, 150, Jars. 3525, 0.2
10, a5, 350. 7075, 8255, 0.2
10. 20, 130. 2349, 2470, 0.2

10. ls, S50, 705. 755, 0.1
lq- is, 110. 1485, 1595, 0e]
lo. . ‘So 2‘0. 2835. 30‘5. 001
19615,
Ue 0. 0. 0. 0. 0.0
0. " O 0, O Oe 0.0
0. 0. 06 0- ° ol 0.0
0. Oe O Oe . O 0.0
0. Co 0. - O 0. 0.0
0. Ne 0. [+ I - Oe 0.0
O
15, 3o, J0. 810. - B604 0.0
15. 30. . 1050, 18900, 19950, 0.0
0. Oe D 0. - O 0.0
0. De Co O ’ O 0.0
0. (LY 0. 0. 0. 0.0
0. O 0. 0. - O 0.0
20790,
0. 0. 0. 0. 0. 0.0
0, Qe O Oe . O 0.0
0. (LY 0. 0. 0. 0.0
0. 0. 0. O - Qe 0.0
0. 0. 0. 0. " Qe 0.0
Ue 0. 0. 0. 0. 0.0
- 0’.
3. 4, SJ7, 17¢8as, 17u2l. Ve
3 Ye 25117, 100805, 103322, Ge0
3. S5, 11557, 62404, 533062 0.0
l. 1e 419, loosl. luspo. 0.0
1. le 439, 105614, 1inn0. 0.0
1. 1 219, 0721, T000. 0.0
2130605,

CFNRX

20.0
10,0

5.0
3.0
2.0
5.0

0.0
0.0
9.0
0.u

A"
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For each disease the following variabies are summe: for the whole
population; these values are shown as the last line of each disease age
breakdown:

- annual incidence in population of that diséase

- annual disabilitf days from diseaée

- annual mortality from that disease

It is these totals which are particularly useful for comparing the rela-
tive impacts of different program components; the totals can also be com-
pared with empirical evidence for checking the model's validity. Depending
on what is of particular interest for comparison, the disease profiles

can be sorted to show problems of a particular age group, a particular

set of diseases, etc.

C. COMPARISON OF ALTERNATIVES

At the outset of this study a question was posed about the relative
effects of a single Health Center for a population of 50,000 persons compared
to the effects and costs of other components of a health care system.

The ﬁodel's output is descriptive of multiple attributes: age, dis-
ability, death, utilization rates, referral rates and effe. iveness of
"multiple care sources, costs. The user must choose a perspective relevant

to the policy or the program questions of most importance. One
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abproach would be to focus on costs and the reduction of mortality across
the whole population; another would be to narrow the attention to child
mortality, or to focus on disability days.

‘If employment productivity is important, then comparisons which
focus on the reduction of disability days among persons 15 to 55 years
old would be of paramount interest. If reducing infant and childhood
mortality is seen as an indicator of improved population health status,
thep'mortality rates for ages;O»l and 1-4 wouid‘be.given priority atten-
fién.

One effect on policy choices that a compufer model cah have is to
highlight areas where one public program will be expected to have an
impact on others. Where program emphasis would be on sharp reductions
in mortality of infants and children, allocations in the areas of schooling,
employment, and housing would need immediate consideration unless birth
rate reductions kepf pace with the declining mortality.

Whei~ qvogrgphic and political separations make distribution of bene-
fits from Health Centers a problem, aistribution questioﬂs.must be addressed
before comparing alternatives. Does the decision rule of viewing as alter-
natives only those plans where there is a Health Center for each 50,090 per-
sons agree with political-economic realities? This rule's use has guided
the comparison of alternatives below. What sort of budget constraints
exist? What schedule for initiating change would be feasible, both for
training and for socially acceptable innovation? Would certain types of
improvement in health be more welcomed by the public than others? Given re-
sponses to these questions, the output from the model can be addressed from

a chosen perspective.
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1. Fixed Budget Programs

If a given amount of resources were distributed to health development,
what would be the effect in terms of mortality rate and disability days?
This question was tested on the 48 combinations of medical care delivery
and public health promotional programs indicated below. Using the inputs.
deﬁcribed above, the computer model generated ''equal cost cases" for each
of the budgets shown on the right hand column below. Table 7 is a §10 per
capita budget over 5 years; output shown in Appendix F provides details

and lower and higher per capita outlays.

Twelve Per'Céﬁita

Six Medical Care Programs Eight Promotional Programs Levels of Budget
1. HC-Health Center 1. None 2.06
2. HC, 8 SubHealth Centers 2. Sanitation 2.50
3. HC, 8 SHC, 25 Village 3. Immunization 3.00
Health Workers 4. Sanitation § Immunization 4.00
4. HC, 8 SHC, 200 VHw 5. Nutrition ‘ 5.00
S. HC, 25 VHW 6. Sanitation § Nutrition 7.50
6. HC, 200 VHW 7. Nutrition § Immunization 10.00
8. Sanitation, Nutrition, . 12.50
& Immunization 15.00
20.00
25.00
30.00

The columms in Table 7 are explained on the next page. Notice the
horizontal line on Table 7 indicating the program identified as "producing"
the lowest crude death rate of 7.05. Nine dollars and fifty-eight cents would
be needed to provide Nutrition,and Immunization programs plus 25 Villdge
Health Workers and a Health Center over 5 years. There would be $0.42 remaining

~

for other uses, and 100% of the population would be covered by the programs.



-46-

EXPLANATION OF COLUMNS IN FIXED BUDGET PROGRAMS

MEDICAL CARE ALTFRNATIVE PROGRAM: See list previous page.
PREVENTIVE PUBLIC HEALTH PROMOTIONAL PROGRAM: See list previous page.

COST: in § per capita to operate that program alternative covering
100% of the population; this figure is the same at all budget
levels because it represents the unstrained cost.

% ADD COVERAGE: Percent of population which could be covered by specifi
combination on this budget. . _
NOTE: All budgets considered to cover 100% of population
with a Health at $2.06 per capita; additional
budget would cover some or all of the population
with additional program component(s).

MORT.1000W/COV: Mortality rate for the whole population with medical
care treatment (preventive program).

DII/CAP W/COV: Days of disability annualiy per capita for populétion
covered by medical care.

EXCESS BUDGET: Amount remaining after full funding of the alternative;
this amount, presumably, could be allocated to alternatives in
or out of health sector.

MORTALITY BY AGE COHORT: Rate per 1000 for age cohorts, 0-1, 1-4, and
5-14.

DII: Disability days annually per capita for age cohorts 14-44, 45+.

TOTALS: Annual disability days per person (MORB) and total mortality
(MORT) per 1000 population.
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2. Identifying Preferred Programs

When a criterion is determined, such as Crude Death Rate or annual
number of disability days, the program which is shown to produce the lowest
rate is the "preferred" alternative. If two program combinations produce
the same rate, they are deélared "tied" for top ranking. (In Appendix F,
an asterisk is placed next to the lowest Crude Death Rate shown in the far
right hand column.)

Some of the uses qf the.Fixed Budget Program'output_are illustrated
on the following two pages. Figure 5 is a matfik showing the disability
day§ expected annually for all ages at the $20 budget. Note that the
Health Center and 25 Village Health Workers plus Sanitation and Immunization
is expected to reduce days to 5.6

Figure 6 shows the expected mortality for the whole population where
coverage.is 100 percent and there are ho budget constraints; .To note
the differences in program sffect by age, Figure 6 can be compared to
Figure 3 (page 20) whefe the programs were illustrated for the age coﬁorts

0-4 years.-.



FIGURE 5

TOTAL DAYS DISABLED ANNUALLY BY PROGRAM FOR BUDGET OF $20 PER CAPITA OVER S YEARS

Influencing Conditions

Medical Care Service 1 F 3 4 S 6 . -
Organization Per Low Sani Sani Low Sani Sani Low Sani Sani No Sani Sani
Each 50,000 Population . No Immun No Immun Tmmn 1mmun No Immun No Immun Tmaun Imaum
Low Nut Low Nut Low Nut low Nut Good Nut Good Nut  Good Nut Good Nt
1 Health Center (IiC) :
11.4 6.6 10.9 6.1 10.2 6.2 9.7 5.7
_ t
o
1 0C, 8 Subcenters (SIIC) X 10.6 6.] ]0.] 6-0 . 9.5 6.7 9.0 6.1 1
11iC, 8 SIC, 25 Village 10.5 6.4 10.1 6.4 9.4 7.0 9.0 6.5
tlealth NWorkers (ViIW)
1 1KC, 8 SHC, 200 VIR 9.3 7.5 8.8 7.4 8.4 - 7.8 8.1 7.4
1uc, 25 vilv 10.5 6.1 10.1 5.6 9.4 6.3 9.0 5.7
1ic , 200 i 0.4 7.0 9.0 6.9 8.5 7.4 8.1 7.0
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There are many uses for the information provided in the Equal Cost
Case output. The % ADDED COVERAGE column tells how widely the components
additional to the Health Center could be distributed across the population.
Programs with higher-cost components cannot reach large percentages of the
population until the allocation of resources is adequate; thus at low
budgets, the less expensive programs are favored because they cover a
larger portion of the population than more expensive programs.

Once a program ;eaches full fgnding, dglivgring its. full specifications
té 100 perceanAf the popui;tion, it cénﬁot.beébmé ény more effective..
 When seeking to identify how far the relationship between investment and
reduction of mortality could be carried béfore the downward trend in mor-
tality would level off, the "fully funded" program combinations were |
generated to indicate expected mortality for each age cohort. Thesé
résults are pfesented in Appendix G as "Cost Effectiveness Curves." In
these displays no budget constraint is used and 100 percent population
covérage is assumed. The difference between effectivenes§ of a program
which is only accessible to a portion of the population is made explicit
through Appendices F and G. The implications of the comparisbns are
developed in the next section.

Note: Since the magnitude of reductions in mortality rate varies by age,
the curves in the Appendix G are shown on separate scales for various age
cohorts. The infants vary from over 100 deaths per 1,000 to close to 20;
the 1-4 year olds from over 20 to below 4; the 5-14 year olds from over Z
to close to 0.5; adult females from near 3.5 to about 2 and males between

13 and 10; adults over 45 show mortality rates of 11 to about 4—all of
these as coverage by health system changes from health Center only to

increasingly costly combinations of medical care services and preventive
programs.

Appendix G is interpreted by identifying, from left to right, the 8
entries for each medical care digit; once the 8 have been located, the n'th
promotional program can be identified as shown on key. Beware! Numbers
may be hard to find, such as when a 1 appears along a graph line composed.
of I's.
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3. "Analysis of Preferred Programs

Decisions about which program alternatives are preferable will, in part,
be based on what resources are available in the budget. At each level of
budget in our analysis, from $5 to $30 per capita over a five year period,
the preferred program was identified according to the lowest computed crude
death rate.

Throughout the range of budgetary -levels examined, several generaliza-
tions emerge One is that under the decision rule of one Health Center for
each 50,000 populatlon the use of VzZZage Health Wbrkers wzthaut SubHealth
Centers produces the lowest mortality levels at almost every level of
.expenditure. At the budget levels of $5, $10, $20 per capita, the 25
Village Health Worker alternative is preferable, while at higher levels,
$15 and $30 per capita, the 200 Village Health Worker organization is pre-
ferred. The exception to this is at $7.50 per capita when SubHealth Centers
are preferred, anéd at $25 when both SubHealth Centers with Village Health
Workers and Village Health Workers alone are tied. - |

A second generalization is that among the promotional/preventive pro-
grams, immunization is always preferred. Nutrition is next preferred as
an additional program when budget permits. Sanitation is added only at the
highest budget levels.

A third generalization is that almost évery budget level has a differ-
ent combination of medical care organizatibn and promotional programs yield-
ing the lowest mortality. The exception is that the same combination of
25 Village Health Workers and Nutrition appears at the budget level of $20
per capita and §25 per capxta

The reason the ranklng of programs varies by level of budget is that
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additional expenditure either increases the number of Village Health Workers
or increases coverage of promotional programs which lowers computed mortality.
Under'tight budgetary constraints; there are insufficient resources to |
cover the whole population with expensive programs.

The five-year outlay of $2.06 p2r capita could cover a Health Center
only; the budgetary outlays ranging from $¢ to $30 are shown in Table 8
along with the various cembinations of preferred programs added to the
Health Center. F1gure 7 111ustrates the relatlonshlps of programs and
11evels of deaths-per thousand by resources expenf*d on health development.
The programs identified are "producing" health effects at the most "efficient"

point for the respective budget levels.

TABLE 8: PREFERRED PROGRAMS AT SEVEN BUDGET LEVELS

Five Year Outlays Minimun Crude Death Preferred Program

" Per Capita (US$) Rate (per 1,000) per 50,000 Population
. 5,00 - 8.8 | Center, 25 Village Workers,
Imwunization Program
7.50 - 7.8 Center, 8 SubHealth Centers,
' Immunization Program:
10.00 7.1 Center, 25 Village Workers,
Immunization and Nutrition
Programs
15.00 6.3 Center, 200 Village Workers,

Immunization Program

20.00 5.0 Center, 25 Village Workers,
: Immunization, Nutrition,
Sanitation Programs

25.00 4.5 Center, 25 Village Workers,
8 SubHealth Centers,
Immunization, Nutrition,
Sanitation Programs

30.00 | | 3.7 Center, 200 Village Workers,
. ' Immunization, Nutrition,
Sanitation Programs
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Figure 7
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Each rural health program plotted includes a health center
plus one or more of the following designations:

25 VHW =25 Village Health Workers
200 VHW =200 Village Health Workers
8 SHC = 8 SubHealth Centers
I=Immunization
N =Nutrition
S=Sanitation
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Should additional resources become available, either a more efficient
health program could be implemented with additional resources, or additional
resources could be allocated outside the health sector. Ideally we should
calculate the effect of spending this "excess budget' on education, tians-
portation, etc., so that ;e could measure the opportunity cost of selecting
a health program which uses all the funds. Our model and our information
does not permit such a calculation. What is shown are the increments in
health status associated with increments in expenditure in the health sector.
Whether these expenditures are worthwhile depends on'the valuation of the
health resulfs relative to Other-national objectivesv

The generaiizatiohs in this analysis of outcomes, while important and
suggestive, cannot be fully accepted given the uncertainty of’the‘inputs
used in tﬁe model and the multiple criteria on which program alternatives
could be ranked. Therefore, sensitivity‘analyses were performed to test

the importance of uncertainty in these areas.
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D. SENSITIVITY ANALYSIS

Sensitivity analyses were conducted to identify the important areas
of uncertainty in the medel, determine the implication of these results,
and from these suggest research priorities for future collaboration on the
model in developing countries. In theory, a sensitivity analysis can be
general or selective. A general sensitivity anelysis besed on known
'probabilities of variables can be used to calculate the probabilities of
'any spec1f1c outcome from a given alternative. In a selective sensitivity
ana1y51s, as used here, est1mates of selective assumptlons are varled to
determine the relative influence of their uncertainty on the conclusions
of the study. |

In our analysis, we altered the values of selected variables estimated
in the model to determine which variables had the greatest impact on
changing the ranking of program alternatives. We looked at the outputs
used as criteria to determine preferences among rural health program alter-
natives and the inputs used to describe and quantify the effects and costs

~ of program alternatives.

1. Sensitivity Analyses of the Criteria

In these analyses, the criteria used to rank the alte;native health
programs were crude death rate (all ages), infant mortaiity, days of illness
(all ages), and days of illness for persons aged 15 to 44 years. The
sensitivity of the rankings to the criteria indicates the importance of
criteria selection for decision-making in the health sector. In the forma-
tion of health policy, the policy maker is faced with a variety of objectives,

including lowering days of illness or lowering death rates among a specific
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age group. The policy maker needs information to be able to compare ex-
pected outcomes under different criferia and choose which program alter-
natives are preferred under multiple objectives. (Multiple objectives are
common to public programs where minimizing a single criterion may not match

political realities.) Through paired comparisons of alternatives, policy

- makers can use the model as a tool for decision-making.

a. Ranking Under Alternative Criteria
When the ranking of the program alternatlves was based on the
| trlterlon of crude death rate, Immunization ranked first among promot10r~1
programs, then Nutrition, followed by Sanitation. In medical services
ranking, Village Health Workers were preferred over SubHealth Centers at
budgetary levels of $5.00, $7.50, $10.00, $15.00, $20.00, and $30.00.
At $25.00, SubHealth Centers and Village Health Workers are tied with
Village Health Workers alone.

When the ranking of health programs was based on the criterion
of infhnt.mortality, the health promotional program preferred is Immuni-
zation at every budget level. At all budget levels except $5.00 per capita,
Nut;ition is also included. Sanitation is added to Immunization and Nutfi-
tion at high budget levels. Village Health Workers are preferred as the
type of medical care over SubHealth Centers at all budget levels except
$7.50 per capita. The only medical care preferred at §7.50 per capita is
the Health Center.

The ranking of programs using the criterion of infant mortality
differs slightly from the ranking by total mortality. When infant mortality
is the criterion, Nutrition is a preferred program at more budget levels

than when total mortality is th2 criterion. . Diseases which are the highest
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killers for infants (lower respiratory infection and severe diarrhea) are
also the largest killers for the total population, which explains the
similarity in the preferred programs under the criteria of crude death rate
and infant mortality. In addition to lower respiratory infection and severe
diarrhea, tetanus is a signifiéant cause of death among infants. Since the
fatality from tetanus can be reduced by an immunization program, the prefer-
ence for immunization at all budget levels under the criterion of infant
mortality is understandable.

The ranking of health programs using the criterion of days of
| illness was significantly-differént from the ranking by crﬁde death rate.
At budget levels of §$7.50, $10.00, and $15.00, Sanitation is preferred
with a Health Center only. At a budget level of $20.00 per capita, Village
Health Workers are preferred with Sanitation and Immunization. At higher
budgetary levels, Nutrition is added to the health programs.

When days of illness are examined for ages 15-44, Sanitation is
preferred at every budget level, but Immunization is no longer preferred,
presumably because 15-44 year olds are past thg age where immunization would

'be effective.

b. Rarking Under Multiple Criteria

The application of the two criteria, days of illness and mortality,
reduces the number of program alternatives for consideration by decision-
makers. The choice at a particular budget level between Village Health
Workers plus Immunization or Immunization plus Sanitation depends on the
valuation given to reducing crude death rate compared to reducing days of
jliness. The health planner can systematically narrow the number of alter-
natives that policy makers have to compare, by identifying the "undominated"

alternatives. By '"undominated,' we mean an alternative which is equal to
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or superior to all other alternatives in at least one outcome attribute
(mortality or disability). '"Dominated" alternatives are those which are
inferior to some other alternative in both days of illmess and cride death
rate. Dominated alternatives are eliminatéd from further consideration
in the selection of preferred programs. Undominated program alternatives
are "efficient” because it is impossible to find a different program alter-
native that improves the level of days of illness without increasing the
crude death rate or vice versa.

For each budgetary level,'we.idéﬁtified in Table 9 the undominated
alternatives using the criteria of days of illness and érude death rate.
At each budgetary level, one to six program combinations from among: the
48 alternatives were undoﬁinated. Once the list of possible program alter-
natives has been_narrowed to a small set of undominated alternatives, fhe

decision-maker can apply relevant political criteria to the choice.
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TABLE 9

UNDOMINATED PROGRAM ALTERNATIVES ACCORDING TO RATES FOR
DAYS OF ILLNESS AND CRUDE DEATH RATES AT INCREASING BUDGET LEVELS

Days of
Budget Level Illness Crude
per Capita per Person Death
Over 5 Years per Year Rate Program Alternatives
$ 5.00 10.30 8.76 HC, 25 VHW, Immunization
$ 7.50 10.11 7.84 HC, 8 -SHC, Immunization
9.50 8.06 HC, 25 VHW, Nutrition
$10.00 8.65 8.76 HC, Sanitation
8.67 8.58 HC, Sanitation, Immnmnization
8.75 8.40 HC, 25 VHW, Sanitation
8.76 8.31 HC, 25 VHW, Sanitation, Immunization
9.00 7.08 HC, 25 VHW, Nutrition, Immunization
$15.00 6.95 7.37 HC, Sanitation
9.00 6.31 HC, 200 VHW, Immunization
6.98 7.08 HC, Sanitation, Immunization
7.11 6.78 HC, 25 VHW, Sanitation )
7.13 6.64 HC, 25 VHW, Sanitation, Immunization
8.63 6.36 HC, 200 VHW, Nutri;ion, Immunization
$20.00 5.63 5.11 HC, 25 VHW, Sanitation, Immunization
5.69 5.01 HC, 25 VHW, Sanitation, Immunization
Nutrition ‘
$25.00 5.20 4.50 HC, 8SHC, 25 VHW, Sanitation, Immunization,
Nutrition
5.21 4.50 HC, 25 VHW, Sanitation, Immunization,
Nutrition
$30.00 4.72 3.69 HC, 200 VHW, Sanitation, Immunization,

Nutrition
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2. Sensitivity Analysis of Inputs

" The ranking of alternative rural healthvprograms‘is determined by the
jnteraction of numerous imputs (utilization rates, attack rates, cost calcu-}
lations, and other values) about which there is considerable uncertainty.
The stability of the program rankings to variatiomns of the values of inputs
within reasonable ranges, helps us to evaluate the relative importance of
accuracy in the estimated inputs. Therefore, sensitivity analyses were per-
formed to determine which inputs, when varied within such ranges, altered the
féniing'of alterﬁativés at'éécﬂ.budgéf.level.* .

When the ranking of the preferred program is sensitive to changes of the
aSsumptions, then reseafch to improve the accuracy of these inputs is
jndicated. Where ranking is insensitive to changes in assumed input values,
within a reasonable range, greater precision is less important.

The preferred programs under the criteria of days of illness and crude
death rate were'identified in Table 9. In tﬁe sensitivity analysis,
we tested the inputs that led to the ranking of Immunizatibn, then
Nutrition and the preferunce for Village Health Workers, with the criterion .
of crude death rate. Then we tested the inputs that led to the ranking of

programs under the criterion of days of illness.

*+ Technical note: To do the sensitivity analysis we changed the inputs in the
comnuter program of the model to higher or lower values and generated the
equal cost case outcomes. If a change in rankings did occur, we graphed

* this change to find the specific crossover point from the originally pre-
ferred program alternative to the newly preferred program alternative. (The
crude death rate was the Y axis, and the input values were the X axis.) This
crossover point was determined by plotting the crude death rate for the ori-
ginally preferred program alternative under the old input value and the new
input value at one budget level, and connecting these points; then the crude
death rates for the newly preferred program alternative under the old input
value and the new input value were plotted and connected. The point at
which these two lines crossed was identified as the noint at which a change
in the preferred program alternative took place. Usually this crossover
point varied with the budget level; the range for these crossover points

defined the percents within which the change in rankings would occur.
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In general, when crude death rate was the criterion, dbubling the
attack rate for diseases which cause the highest fatality produced no
changes in the rankings. Halving the number seeking care for severe:
diarrhea, mild diarrhea, lower respiratory infection or measles (diseases
which have high case fatality rates) added additional components to the
preferred programs. The rankings were most sensitive to changes in rela-
tive cost, effectiveness; and the case fatality rate for diseases which
aré the major causes of death.

The Immunization program's ranking was found to be most sensitive
to changes in tﬁe effectiveness inpufs. Lowering.the effectiveness
of immunization 20 to 40 porcent changed the ranking of prererred
health program from Immunization to Nutrition. The diseases
preventable by the specified immunization program were diphtheria, pertussis,
and tetanus. Although the vaccines for these diseases are in themselves
very effective, the overall success of an immunization program is dependent

~on many factors, including the health beliefs and attitudes gf the population
requiring immunizatipn, and the opefation of the programs. .§iﬁce a lower
effectivepess estimate for immunizatipn would make it less de;i:ablg, it is
important &o learn more about the effects of immunization on children
vresently covered by the Indonesian Expanded Immunization Program.

Nutrition would replace Immunization as the promotionalﬁprogram of
first choice if the case fatality rate for severe diarrhea ;nd measles were
substantially increased or the cost of the nutrition orogram lowered.
Nutrition is added to Immunization as a preferred program when the assumed
level of effectiveness of the nutrition program is increased siightly.

Although the prime disease targets of the specified nutrition program

are severe diarrhea and measles, increasing the attack rate for these diseases
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'did not change the ranking. The hypothesis that the incidence of pneumopia .
might be reduced by the nutr;tion program also failed to change the ranking
‘of the nutrition program.

The most imporfant areas of sensitivity in the ranking of the nutrition
program using the criterion of crude death rate, then, relate to the case
fatality rate for severe diarrhea and measles, thelcost of the nutrition
program, and its effect as a disease control strategy. .

The case fatal1ty rate for severe dlarrhea and ‘measles would have to
be 1ncreased by 50 percent in- order for Nutrition to beccme the preferred
program instead of Immunization. The case fatality rates for these dis-
eases in the model were derived from the itzrative process between expert
judgment, medical texts, and field experience noted earlier. It is unlikely
that these estimates would vary as much as 50 percent from the original
assumptions. |

Tt was assumed that when fully operational the nutrition program would
be capable of shifting 60 percent. of the malnouriehed children to the normal
category. 'This effectiveness fijure Qould have to rise 6 to 16 percent in
order to equal the effectiveness of the immunization program at those
budget levels where nutrition was ~ot already a part of the preferred pro-
gram.

AThe presumed cost of the nutrition program would have to be reduced
5 to:40 percent in order to make Nutrition as cost effective as Immuniza-
tion. The cost of the specified nutrition program was derived from guide-
lines for nutrition education and food supplementation. Since the nutri-
tion program specified here is only one particular prototype for nutrition

intervention, it is possible that other types of nutrition intervention
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would cost less; therefore it would be wise to research the cost of other
alternatives.

Using the criterion of crude death rate, sanitation programs would be
preferred to Nutrition only if the cosf per capita of Sanifation could be
significantly reduced. Changes by factors of two in attack rates, numbers
seeking and receiving care, and changing coefficients from the assumed
level of effectiveness in reducing disease incidence were insufficient to
change the ranking of Sanitation. In the original calculations, the water
suppiy and sanit&tion costs ;Ere e;timated at $14 per capita. Iﬁ order.to
make Sanitation preferred to either Immunization or Nutrition, the cost
would have to be reduced by about 30 to 60 percent at most budget levels.

While considerable uncertainty exists with regard to water and sani-
tation costs, it does not seem likely that on a wide basis costs could be
low enough to produce any change in prograﬁ selection. Low cost systems
have been installed in East Malaysia, and it is possible that in certain
regions these might be replicated in Indonesia’(e.g., those regions with
hilly topography and high rainfall). It seems worthwhile to examine the
conditions under which such low cost systems might be practical, because
in these areas, Sanitation would be the most cost effective health promo-
tional activity under most budget levels.

The uncertainty of the rankings of different types of medical care
organization centered around Village Health Workers and SubHealth Centers.
Since Village Health Workers are preferred at five of the seven budget
levels when crude death rate is the criterion, we tested the sensitivity

~of the inputs that led to this preference. Specified values for the
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incidence of certain diseases, utilization rates, costs, and effectiveness
estimates were varied. |

When the numbers of those seeking care for severe diarrhea, lower
respiratory infection, and measles were decreased by 50 percent, there was
no change in the ranking of Village Health Workers. Increasing the incidence
of diseases for which Village Health Workers' effectiveness is low
(severe diarrhea, tetanus, and complications of childbirth) changed
the preferred medical care program to SubHealth Centers at low budget

levels.

The cost of the‘Village Health Worker is assumed to be low because of
their minimal training and equipment; If this cost is raised 14 percent,
SubHealth Centers become preferred as a form of medical care organization.

While the accuracy of the cost estimate may be important, the effec-
tiveness of medical treatment by the Village Health Worker seems the most
sensitive issue. If the effectiveness of the Village Health Worker is
reduced 3 to 6 percent from the original estimated‘level for treatment,
then SubHealth Centers become the preferred mode of medical care delivery,
As it is likély that the Village Health Worker's effectiveneés in medical
care delivery will be different from the original estimates, it is crucial
that this area of uncertainty be resolved before sigﬁificantvquantities of
resources are allocated into this program. It is imfortant to emphasize
that here we are referring to the Village Health Worker's effectiveness in

medical care delivery. Since we have not accounted for the capability of
the Villaga Health Worker in health education and hygiene, the evaluation
of the Village Health Worker is limited by our definitions.

The sensitivity analysis of inputs was also studied using the criteria
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of days of illness. The rankings of program. alternatives under these
criteria were most sensitive to inputs of cost and effectiveness.

'Since Sanitation is the preferred health program for all budget levels
above $5 per capita using the criterion of days of illness, it was impor-
tant to test the values of inputs which specify the sanitation program.
At budget lévels of $7.50 per capita, Sanitation left the preferred posi-
tion when the costs were raised by 14 percent. At higher budgets of
$10.00 and $15.00 per cap1ta, the cost of sanitation was raised 57 to 79
1 percent before Nutrition and- Immun1zat10n took its place. |

As indicated before, there is considerable uncertalnty surrounding
the cost of sanitation. While it seems unlikély that the cost would be
ovér 79 percent more than the original estimate, it is possible that
Sanitation cost could be raised more than 14 percent ($16.00). Both
higher and lower cost sanitation systems have been implemented in
countries other than Indonesia, and it would be helpful to see how.

representative those might be of the costs in rural Java.
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E. RECOMMENDATIONS AND SUGGESTIONS

The calculations and the sensitivity analyses which were performed
with the model indicate the signal roie that the/§a1ﬁes of policy makers
play in determining preferred methods of delivering medical care and select-
ing promotional or preventive activities. The criteria used for judging
programs and policies makebsﬁbstantial difference in selecting preferred
alternatives. When the criteria have multiple attributes such as mortality
_ énd disabi1itx, analysislredgqes.the-nqmber of alte:na;ivgs,amqng whigh to
choose, and ﬁakes estimates‘of the outcomes. Beyond this,.policy makers
must use their own judgments, albeit informed by the results of the analy-
tic.calculations. |

Preferred programs and policies change, depending upon the levels
of budget allocated to health. While health secto:'budget levels are in
paft determined by the resources available to society, they are also a
function of the values assigned to health relative to other sectors of
'sociéty. There is no uniquely technical or analytic answer to optimal or
preferred policies; Analysis aided by a model measures effects of policies.
The evaluation of these effects is deterﬁined by decision-maker's v-lues.

_The sehsitivity analyses indicated that the‘results are usually robust
with respect to uncertainties or variations in underlyipg epidemiological
data, attack rates and case fatality rates. On the o?her hand, there is
c;nsiderable sensitivity in the relative rankings of programs to estimates
of their costs and to estimates of the effects df specific interventionms.

.These'laQt conclusions have irnediate research implications. One is

+hat it points to the usefulness of serious attention to cost analysis,
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something neglected by most health agencies.

By cost analyses we mean more than a simple extrapolation of
accounting records. Cost analysis consists of specifying programs in
terms of physical descriptions of people, things, activities and szhedules
and applying cost estimating relationships to these to translaté them
into budgetary.implications.

Apart from issues of relevance and completeness, costs must be sorted
‘according to time of impact, source of fﬁnding;‘épehding agency and some-
times beneficiaries or targets of expenditures. These require careful an-
alysis of fixed, variable, onetime and recurrent costs. |

Ve believe it would be helpful if a project were to be implemented
in Indonesia for the purpose of formulating appropriate cost anély§is,
developing cost-estimating relationships, designing systems and pfocedures
for reporting and estimating costs as needed for each of the health program
specifiéations that are to be considered. Prototypes for such an activity
exist in the Cost Analysis Department of the Rand Corporation, and other

operations research institutes.

The effectiveness of specific rural health interventiohs is another
immediate area for further research. First, there is a need for a more
intensive search for and scrutiny of past studies dealing with effectiveness.
Additionally, there is a need to conduct stulies on the specific inter-
ventions under consideration. For example, in the Tulungagung area of
Indonesia, studies on the effects oI immunization intervention are pra2-

sently being conducted to provide model inputs. TProgram-specific studies
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like this can provide highly selective and pertinent data on the effect
of ar intervention.

While the search for past studies would require literature searches
in a variety of places, program-specific studies should be carried out und
conditions that aresimilar to the qural areas where the program will actu-
ally be impleménted_to provide sufficiently accurate inputs on effective-
ness for planning.

iis report should not be viewed as 'ecommenAing health folicy.
Rather the analyses: offer guzdance for further research and possibly for
theldesign of additional program alternatives which may prove to be bettel
than any of those yet considered in the study.

The application of the model to rural Java is an illustration of
the uses and limitations of a quantitative approach to assist health
 sector decision making. Much work remains to be done,'not oqu in

exémining other alternatives and improving the reliability of input
estlmates, but also in taking into account such questions as

the time phasing of programs, constra1nts other than those

of the budget, health behavior, fertility behavior, referral patterns°
among institutions, and the implications of self-care and traditional

medicine. !
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~ Health Promotional Activities Proposed for Rural Indonesia

APPENDIX A

Annual Incidence Rates for Different Mixes of

Page 1 of 8

(Rates are given in average number of cases annually per person)

No Immun
Promotional Immun Immun Nutr Nutr

... Programs Immun Nutr Nutr Sanit Sanit Sanit Sanit
L. R. I. . _
0-1 0.10 0.10 0.10 0.10 0.10 0.10 0.10 ©0.10
1-4 0.05 0.05 0.05 0.05 0.05 .0.05 0 05 0.05
5-14 0.01 - 0.01 0.01 0.01 0.01 . 0.01 0.01 0.01
15 + F 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
15 + M 0.01" 0.01 0.01 0.01 0.01 .0.01 -} 0.01 .0.01
45 + 0.03 0.03 0.03 0.03 0.03 0.035 0.03 0.03
A. U. R. I. A
0-1 3.00 3.00 3.00 ©3.00 3.00 3.00 3.00 3.00
1-4 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
5-14 0.50. 0.50 0.50 0.50 0.50 0.50 0.50 0.50
15 + F 0.50 - 0.50 0.50 0.50 0.50 0.50 0.50 0.50
15 + M 1.00- 1.00 1.00 1.00 1.00 1.00 1.00 1.00
45 + 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Otitis Media . A .
0-1 0.20 0.20 -0.20 0.20 0.20 0.20 0.20 0.20
1-4 0.10 . { 0.10 . | 0.10 0.10 . 0.10 0.10 | 0.10 .0.10
5-14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 + F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 + M 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
45 + 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Skin Disease
0-1 0.05 0.05 0.05 0.05 0.02 0.02 0.02 0.02
1-4 0.10 0.05 0.05 0.05 0.04 0.04 - 0.04 0.04
5-14 0.05 0.05 0.05 0.05 0.02 0.02 0.02 0.02
15 + F 0.05 0.05 0.05 0.05 0.02 0.02 0.02 0.02
15+ M - 0.20 0.20 0.20 0.20 0.08 0.08 0.08 0.08
a5 + 0.02 loo2 | o002 | 0.02 | 0.008| o0.008 | 0.00s { 0.008
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No - Immun.
Promotional Immun.’ Immun. Nutr. Nutr.
programs  Immun. Nutr. Nutr. Sanit. Sanit. Sanit. Sanit.
5. Mild Diarrhea
0-1 yr. 5.00 3.00 1.65 1.65 1.20 1.20 0.66 0.66
1-4 yrs. 3.00 3.00 * 1.65 1.65 1.20 1.20 0.66 0.66
5-14 yrs. 1.00 1.00 1.00 1.00 0.40 0.40 0.40 0.40
15-44 male 1.00 1.00 1.00 1.00 0.40 0.40 0.40 0.40
15-44 Female 1.00 1.00 1.00 1.00 0.40 0.40 0.40 0.40
45+ yrs. 1.00 1.00 1.00 1.00 0.40 .40 0.45 0.40
6. Severe Diarrhea
0-1 yT- 0.40 0.40 0.292 | 0.292 | 0.06 0.06 0.0438 | 0.0438
174'Yf5- 0.30 0.30 10.219 | 0.219 0.045 0.045 0.3285 | 0.03285
5-14 yrs. - 0.08 0.08 0.0584 | 0,0584 0.012 0.012 | 0.012 0.0088
15-44 Male 0.08 0.08 0.08 0.08 0.012 0.012 0.012 0.012
15-44 Female 0.08 0.08 0.08 0.08 0.012 0.012 | 0.012 0.012
45+ yrs. 0.08 0.08 0.08 0.08 0.012 0.012 | 0.012 0.012
7. T.B. |
0-1 yr. 0.001 }0.001 0.001 | 0.001 | 0.001 0.001 | 0.001 0.001
1-4 yrs. 0.002 |0.002 0.002 | 0.002 | 0.002 0.002 | 0.002 0.002
5-14 yrs. 0.005 |0.003 0.005 | 0.003 | 0.003 | 0.005 } 0.005 0.003
15-44 yrs Male 0.004 |0.004 0.004 | 0.004 | 0.004 0.004 | 0.004 0.004
15-44 yrs Female 0.00s |0.005 ° 0.005 | 0.005 | 0.005 0.005 | 0.005 0.005
45+ yrs. 0.01 0.01 0.01 0.01 0.01. 0.01 0.01 0.01
8. Malaria
0-1 yr. 0.005 ]0.005 0.005 | 0.005 | 0.005 0.005 | 0.005 0.005
1-4 yrs. 0.020 |0.020 0.020 | ©.020 | 0.020 0.020 | 0.020 0.020
5-14 yrs. 0.050 }0.050 0.050 | 0.050 | 0.050 0.050 ' 0.050 0.050
15-44 yfs. Male 0.050 |0.050 | o0.050 | 0.050 | 0.050 0.050 | 0.050 0.050
15-44 yrs. Female | 0.050  }0.050 0.050 [ 0.050 | 0.050 0.050 | 0.050 0.050
45+ years 0.050  }0.050 0.050 | 0.050 | 0.050 | o0.0s0 | 0.050 0.050
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. No : . Immun.
Promotional Immun. Immun, Nutr. Nutr.
programs  Immun. Nutr.  Nutr. Sanit. Sanit. Sanit. Sanit.
9.:Diphtheria
0-1 yr. -0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
1-4 yrs. 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
5-14 yrs. 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
15-44 male 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
15-44 Female 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
45+ yrs. £ 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
10. Tetanus
0-1 yx. 0.0213 | 0.0011 .0215| 0.0011 } 0.0213 0.0011 | '0.0213 0.0011
1-4 yrs.. 0.0010 '| 0.0005 .001 0.0005 | 0.001 | V0.0605 - 0.001 | 0.0065
'5-14 yrs. 0.0006 | 0.0006 .0006 | 0.0006 | 0.0006 [ 0.0006 | 0.0006 0.0006
15-44 Male 0.0001 | 0.0001 .0001| -0.0001 | 0.0001 0.0001 | 0.0001 0.0001
15-44 Female 0.0001 | 0.00005 .0021 | 0.00005| 0.001 0.0000§ 0.001 0.00005
45+ yrs. | 0.0001 | 0.0001 .0001} 0.0001 | 0.0001 0.0001 | 0.0001 0.0001
11. Pertussis
0-1 yr. 0.010 0.002 .010 0.002 0.010 0.002 0.010 0.002
1-4 yrs. 0.05 0.01 .05 '} 0.01 0.05 0.01 0.05 0.01
5-14 yrs. 0.01 - 0.002 .01 0.002 . 0.01 0.002 |. 0.01 . 10.002
15-44 yrs Male 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
15-44 yrs Female 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
45+ yrs. 0.00 0.00 .00 0.00 0.00. 0.00 0.00 1 0.00
12. Measles
D-1 yr. 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
1-4 yrs. 0.26 0.20 .20 0.20 0.20 0.20 0.20 0.20
5-14 yrs. 0.01  Jo.01 .01 | 0.00 | o.01 0.01 | 0.0 0.01
15-44 yrs. Male 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
15-44 yrs. Female { 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
45+ years 0.00 . 10.00 .00 0.00 0.00 0.00 0.00 0.00
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15.

16.

No ) Immun.
Promotional Immun, Immun. Nutr. Nutr.
programs  Immun. Nutr, Nutr. Sanit. Sanit.  Sanit. Sanit.
. Burns '
0-1 yr. 0.0001 | 0.0001 0.0001 | 0.0001 { 0.0001 0.0001 | 0.0C01 0.0001
1-4 yrs. 0.002 0.002 - 0.002 0.002 0.002 0.002 | 0.002 0.002
5-14 yrs. . 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
15-44 male 0.0l 0.01 0.01 0.01 0.01 0.01 0.01 0.01
15-44 Female 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
45+ yrs. 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fractures
0-1 yr. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
'1-4 yrs. 1. 0.0005 4 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 } 0.0005 -
5;14 yTSs. 0.601 1 0.001 0.001 0.001 0.001 0.001 | 0.001 6.001
15-44 Male 0.0001 | 0.0001 0.0001 | 0.0001 | 0.0001 0.0001 | 0.0001 0.0001
15-44 Female 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
45+ yrs. 0.0001 {0.0001 | 0.0001| 0.0001 | 0.0001 0.0001 | 0.0001 0.0001
Cuts
0-1 yr. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .
1-4 yrs. 0.02 0.62 0.02 0.02 0.02 0.02 0.02 0.02
5-14 yrs. 0.01 jo0.01 0.01 0.01 0.01 0.01 0.01 0.01
15-44 yrs Male 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
15-44 yrs‘Female 0.02 0.02 0.02 0.02 0.02 0.02 0.02 . 0.02
45+ yrs. 0.0l 0.01 0.01 0.01 0.01. 0.01 0.01 0.01
Anemia - |
0-1 yr. 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
1-4 yrs. 0.50 0.50 0.50 0.50 - | 0.50 0.50 0.50 0.50
5-14 yrs. 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
15-44 yrs. Male 0.20 0.20 0.20 0.20 0.20 0.20 0.26 0.20
15;44 yrs. Female 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
45+ yéars 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
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, : Immun.
Promotional Immun. Imnun. Nutr. Nutr,
) programs Immun. Nutr. Nutr. Sanit. Sanit. Sanit. Sanit.
17. ﬁalnutrition
0-1 yr. 0.50 0.50 0.20 0.20 0.50 0.50 0.20 0.20
1-4 yrs. - 0.50 0.50 - 0.20 0.20 0.50 0.50 0.20 0.20
5-14 yrs. | 0.30 | 0.50 0.50 | 0.3 |o30 | 0.3 |[o0.30 | 0.30
15-44 male 0.20 0.20 0.20 0.20° 0.20 0.20 0.20 0.20
15-44 Female 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
45+ yrs. 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
18. Intestinal Parasitps |
0-1 yr. 0.01 0.01 0.01 0.01 G¢.003 0.003 | 0.003 0.003
1-4 yrs. 100 {100 | 100 [ 100 pos |os Jos fos
5-14 yrs. 1.00 {1.00 1.00 | 1.00 |o0.3 0.3 0.3 0.3
15-44 Male 0.20 0.20 0.20 0.20 0.06 0.06 0.06 0.06
15-44 Female 0.20 0.20 0.20 0.20 0;06 .0.06 0.06 0.06
45+ yrs. 0.20 0.20 | 0.20 0.20 0.06 0.06 0.06 | 0.06
19. Heart Disease
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yzs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0
5-14 yrs. 0.0001 0.0001 0.0001 } 9-0001' 0.0001 0.0001 | 0.0001 ’ 0.000i
15-44 yrs Male 0.002 |0.002 0.002 | '0.002 | 0.002 0.002 | 0.002 0.002
15-44 yrs Female | 0.001 }0.001 °} 0.001 | 0.001 | 0.001 0.001 | 0.0G1 0.001
45+ yrs. 0.050 |0.050 0.050 | 0.050 | 0.050 0.050 | 0.050 | 0.050
20. Cerebro-vascular
Disease
0-1 yr. 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yxs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5-14 yrs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15-44 yrs. Male 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
15-44 yrs. Female 0.002 0.002 - 0.002 0.002 0.002 0.002 0.002 ‘01002'
45+ years 0.020 0.020 0.020 0.02n 0.020 0.020 0.020 0.020
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No Immun.
Promotional Immun. Immun.  Nutr, Nutr.
) programs  Immun. Nutr. Nutr. Sanit, Sanit. Sanirt. Sanit.
21. Complications oI '
Childbirth and
Pregnancy ]
0-1 yr. 0.09 0.09 0.06 0.06 0.09 0.09 0.06 0.06
1-4 yrs. 0.0 0.0 © 0.0 0.0 0.0 0.0 0.0 0.0
5-14 yrs. 0.0015 | 0.0015 0.0015 | 0.0015 | 0.0015 0.0015 | 0.0015 0.0015
15-44 male 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0
'15-44 Female 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024
45+ yrs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Typhoid Fever
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yrs. 0.02 1o0.02 0;02 0.02 0.0 0.01. [ 0.0 0.01
5-14 yrs. 0.01 0.01 0.01 0.01 0.005 0.005 0.005 0.005
15-44 Male 0.005 0.005 | 0.005 0.005 0.0025 0.0025 | 0.0025 0.0025
15-44 Female 0.005 {0.005 0.005 0.005 0.0025 0.0025 | 0.0025 0.0025
45+ yrs. . 0.005 0.005 | 0.005 0.005 0.0025 0.0025 | 0.0025 | .0.0025
. Hepatitis |
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
" 1-4 yrs. 0.006 0.606 0.006 0.006 0.003 0.003 0.003 0.003
5-14 yrs.. 0.01 0.01 0.0l 0.01 0.005 0.005 | 0.005 0.005
15-44 yrs Male 0.004 0.004 0.004 [ 0.004 { 0.002 0.002 0.002 0.002
15-44 yrs Female 0.004 0.004 0.004 0.004 0.002 0.002 0.002 0.002
45+ yrs. 0.004 0.004 0.004 0.004 0.002 0.002 0.002 0.002
. Conjunctivitis
0-1 yr. 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
1-4 yrs. 0.040 |0.040 0.040 | 0.040 | 0.040 0.040 | 0.040 0.040
5-14 yrs. 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060
15-44 yrs. Male 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
15-44 yrs. Female | 0.010 0.010 0.010 | 0.010 0.010 0.010 0.010 0.010
45+ years 0.010  |0.010 0.010 0.010 0.010 | 0.010 0.010 q.010




25.

26.

27.

28.
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No Immun.
Promotional Immun. Immun.  Nutr. Nutr.
programs Immun, Nutr, Nutr. Sanit. Sanit., Sanit. Sanit.
* Rheumatic Fever
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yrs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5-14 yrs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15-44 male 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
15-44 Female 0.005 0.005 0.0u5 0.005 0.005 0.005 0.005 0.005
45+ yrs. 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Varicell?
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yrs. 0.20 {o0.20 0.20 o0.20 [o0.20 | 0.20 |o0.20 0.20
5-14 yrs. 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
15-44 Male 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15-44 Female 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
45+ yrs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0.0
Mumps
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yrs. 0.20 O.Zb 0.20 0.20 0.20 0.20 0.20 0.20
5-14 yrs. £ 0.10  jo.10 0.10 0.10 0.10 0.10 0.10 0.10
15-44 yrs Male 0.0 0.0 0.0° 0.0 0.0 0.0 0.0 0.0
15-44 yrs Female 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
45+ yrs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
‘Gonorrhea
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yrs. 0.0 0.0l 0.0 0.0 0.0 0.0 0.0 0.0
5-14 yrs. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15-44 yrs, Male 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
15-44 yrs. Female | 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
45+ years 0.002  [0.002 0.002 [ 0.002 | 0.002 .| 0.002 | 0.002 0.002
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No - . . o Immun.
Promotional Immun. Immun. Nutr. Nutr.
programs Immun.  Nutr. Nutr. Sanit, Sanit, Sanit. Sanit.
29, Goitre
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yrs. 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0
5-14 yrs. ‘ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15-44 male. 0.004 | 0.0 0.0 0.0 0.0 6.0 0.0 0.0
15-44 Female 0.004 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0
45+ yrs. 0.004 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30. Vitamin A
Deficiency
0-1 yr. . .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-4 yrsc-. . | 0.02 jo0.02° | ‘0.004 [ 0.004 ['0.02' -] 0.0 f 0.004 | 0.004
5-14 yrs. 0.005 | 0.005 0.001 | 0.001 | 0.005 0.005 {. 0.001 0.001
15-44 Male 0.0 0.0 |.0.0 |00 [o.0 0.0 0.0 0.0
15-44 Female 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0
45+ yrs. 0.0 0.0 .| 0.0 0.0 0.0 0.0 0.0 0.0
51. Dental Problem .
0-1 yr. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0.
1-4 yrs. 0.05 0.05 0.05 0.05 0.05 0.05 | 0.05 | 0.05
5-14 yrs. | 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
15-44 yrs Male 1 0.10 0.10 0.10 | 0.10 0.10 0.10 0.10 0.10
15-44 yfs Female | 0.10 0.10 | 0.10 0.10 0.10 | o0.10 0.10 0.10
45+ yrs. 0.20 0.20 0.20 0.20 0.20. | 0.20 0.20 0.20
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APPENDIX B '

Utilization of Medical Care Delivery Systems
Estimates for Tulungagung, Indonesia

Proportionfo% Cases Which Would Be Expected to See¢k Care from Each Source
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APPENDIX C

Estimated Effectiveness of Treatment

by Medical Care Delivery Components
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APPENDIX C |
Estimated Effectiveness of Treatment for Different Components
of the Medical Care Delivery Systems '

(NOTE: These figures must be considered in relation
to attack rates per age cohort; see Appendix A)

e Days Lost per Person per Year Fatalities per 100 Cases
. Village _ Village
Health Sub Health Health Sub Health
Center Health Worker TUntreated Center Eealth Worker Untreat
DIRX DLRX  DLRX DLIRX .CFRX CFRX CFRX CFNRX
1. IRI
0-1 yr. ©10. 1.5 13 - 25, 0.2 "2.18 k.16 20.
1-4 yrs. 10 11.5 13 25. 0.2 1.18 . 2.16 10
5-14 yrs. 10 11 12 20 0.2 .68 1.1f -5
15+ Female 10 19.5 11 15 0.05  .345 .6k 3
15+ Male 10 10.5 11 15 0.05 .2L5 ik 2
L5+ yrs. 10 10.5 1 15 | . 0.05 .5h5 1.0b 5
2. URI
0-1 yrs. 0 0 0 0 0 0 0 0
1-b yrs. - . 0 0 o 0 0 o o0 0
_5-ih yrs. o 0 0 0 4] 0 0 0 | 0
15+ Male(yrs.) 0 0 0 0 0 0 o 0
15+ Female(yrs.) o 0 0 0 0 o 0 0
L5+ yrs. 0 0 0 0 0 0 0 0

DLRX = per capita days lost for those treated
DLNBX = per capita days lost for those untreated
CFRX = pewr~umt of those dying from disease who receive treatment

CFNRX = percent of those dying from disease who do not receive treatment



3. Otitis Media
0-1 yr.
1-4 yrs.
5-14 yTS.
15-44 mals
15-44 Female -

45+ yrs.
4. Skin Di%ease-
0-1 yz.
1-4 yrs;
5.14 yrs.
15-44 Male
15-44 Female:
45+ yrs. .
5. Mild Diarrhea
0-1 yx.
1-4 yxs.
5-14 yrs.
15-44 yrs Male
15-44 yrs Female

45+ yrs.

6. Severe Diarrhe%

0-1 yx.

1-4 yxs.

5-14 yrs.

15-44 yrs. Male
15-44 yrs. Fen#le

45+ years

Health

Center

DLRX

15

15

Sub Village Untreatedf Health Sub

Health Health Center Health
Worker

DLRX DLRX DLNRX CFRX CFRX

16.5 18 30 0 0

16.5 © 18 36‘ 0 0

0 0 ' 0 0 0

0 0 0 0 0 |

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0
1o 0 0 0 "0

0 0 0 0 0

0 -0 0 0 0

0 0 0 0 0

0 0 0 0 0

3.1 3.1 4 0 0

‘3.5 3.2 5 0. 0

3.2 3.2 5 0 0

1 1 1 0 0

1 1 1 0 0

1 1 1 0 0

5.2 5.4 7 1.5 2.75

5.5 6.0 10 1l 1.5

5.5 6.0 10 0.5 0.6

5.2 5.4 7 0.5 0.55

5.2 5.4 7 0.5 - 0.55

5.2 5.4 7 0.5 0.55

Village Untreat
Health
Worker C:2 of 9

CERX  CFNRX

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0.
0 0
0 0
0 0
0 0
0 0
0 0
0 0
4 14
2.0 6
0.7 1.5
0.6 1.
0.6 1.
0.6 1 AQ\O



7' T.B.
O"l ch

1-4 yrs.
§-14 yTs.
15-44 male
15-44 Femzle"
45+ yrs.
| 8. Malaria-
O;l yT.
1-4 yrs;
5-14 y=s.
15-44 Hale
15-44 Female
45+ yTs.

9. Diphthéria
0-1 yx.
1-4 yTS.
5-14 yrs.
15-44 yrs Male
15-44 yrs Female
45+ yrs.
o{g.)ﬂgftanus
1-4 yrs.
5-14 yrs.
15-44 yrs. Male

15-44 yrs. Female | 10

2% srmanwme

Health Sub Village Untreated:
Center | Health Health ‘
' Worker
DLRX DLRX  DLRX DLNRX
0 0 0 0
0 0 0 0
26 26 26 60
26 - 26 26 6n
26 26 26 60
26 26 26 an
5 5 20
5 5 5 * 20
3 3 3 10
2 2 2 5
2 2 2 5
2 2 2 5
21 21 2. |2
21 2 21 2
21 21 21 21
0 0 0 )

9 0 0 0
0 0 0 0
10 10 10 10
10 10.5 12.5 | 15
10 10.5 12.5 | 15
10 11 15 20

11 15 20
10 11 15 20

Health
Center

CERX

"110

0.05"

D)

(= - ]

10
10
10

60

20
20
29

Sub
Health

CFRX

10

0.05

*0.05

0.01

° Bk BB

(=)

Village Untree:
Health -
Worker C:3 of 9

60

CFRX  CFNRK
b
b
0
10
10
Do)
0.05
.0.05 .
0.01 .5
h.5
D5
h.5
15 D)
15 R0
15 DO
0 D
n )
0 D
75 90
40 60
40 )
an 6
an 50 ,1\
40



11. Pertussis

0-1 yr.
1-4 yrs.
5-14 yTS.
" 15-44 mals
15-44 Femzle*
45+ yzs.

12. Measles
0-1 yr.
1-4 yxs.
5-14 yrs.
15-44 Male
15-44 Female
45+ yTs.

'13. Bums
0-1 y=.
14 yrs.
S-14 yrs.

15-44 yrs Male
15-44 yrs Female

45+ yrs.
14. Fractures
0-1 yzr.
1-4 yrs.
5-14 yrs.

15-44 yrs. Male

15-44 yrs. Female

45+ vears

Center

o o o

1 20:

20
20

10
10

20
25
25

25

25

1N .

Health Health
Worker

DLRX DLRX DLNRX
60 60 6n
60 60 6N
40 40 40
0 0 .0
0 0 b
0 0 0

20 200 |20
20 20 - 20
20 20 20
0 0 0
0 0 0
0 0 0
10 10 10
19.4 | 10.4 |14
10.2 10.2 12
5 5 5
8 8 8
5 5 5
24 30 40
28 32.5 40
28 32.5 40
28 32.5 | 50
28 32.5 59
23 32.5 S0

Center

CERX

0.05
0.01

0.5

0.5

0.01
0.01
n.01

n.ol
0.0

0.10
0.10
0'10

n.59

Health

CFRX

.145

014

.6'5
'095

0.55

.18
.28

1.2

.28
1.2

. Health
Worker C:4 of 9
CFRX - CFNRX

9 25

n.24 1

.018 0.05

0 0

0 n

0 0

6.5 - |20

..95 5

0.55 1

n 0

0 8-

0 0

.55 1

.019 0.10

.029 0.20

.01 0.01.

o1 0.01

Nl 0.01

.55 1

.3 0.59

.55 1

1.5 2

.55 1

1.5



15. Cuts

J=1 yr.

i-4 yrs.

5-14 yrs.
15-44 male
15-44 Female -
45+ yrs.

16. . Anemia
0-1yr.
14 yrs:

5-14 yvs.
15-44 Male
15-44 Female
45+-yrsl
- 17. *alnutrition
0=-1 yr.

14 yﬁs.

5-14 yrs.
15-44 yrs Male
15-44 yrs Female
45+ yrs. |

18. Intestinal
Parasites

0-1 y=z.

1-4 yrs.

5-14 yrs.

13-44 yrs. Male

15-44 yrs. Female

Village Untreated  Health

Health Sub
Center Health Health
' Worker
DLRX DLRX  DLRX
10 10 10
7 . 8.4 9.1
7 7.6 7.9
3 3.4 3.6
3 3.4 3.6
3 3.4 3.6
0 0 0
o | o 0
0 0 0
0 0 .0
0. 0 0
0 0 0
0 0 0
0 o 0
0 0 0
0 0 0
0 0 ‘| o
0 0 0
5 5.6 6
3 3.6 4
2 2.3 2.5
2 2.3 2.5
2 2.3 2.5
2 2.3 2.5

DLNRX

19
14
10

o O O o o

Center

CFRX

0.01"
0.01
0

0

o o o o

o

SuUb village untree:
Health Health
Worker (C:5 of ¢
CERX CFRX CENRX

.018 .022 0.05
.028 .037 0.10
.01 .015 o.os
.002 .003 0.01
.002 .003 0.01
.002 .003 0.01

0 0 0
'0 ‘0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

n 0 0

0 0 0

0 0 0

0 0 2.0

0 n 0

0 0 0

0 0 0

0 n 0

0 o la qj\



Village Village C:6 of 9

Health Sub Health Health Sub Health

Center Health Worker Untreated renter Health Vorker ntreated

DLRX  DLRX  DLRX DLHRX CFRX ~ CFRX  CFEX CFNRX
19, Heart Disease
0-1 yrs. 0 0 0 0] 0] 0 0 0
1-4 yrs. 0 0 0] 0] 0 0 0 0
5-14 yrs. lo. 2l 21 21. 2. 5 5 5
15-4k yrs. Male 10 1k 18.8 21 5 .2 T.b K
15-Ll4 yrs. Female - 10 1.k 18.8 21 5 £.2 T.L °
L5+ yrs. 10 1b.4 18.8 21 10 10 10 10
29. Cerebro-vascular.Disease -
0-1 'yrsf ' 0 0 o 0 0 0 o o
1-4 yrs. . ; , 0 0 0 0 Ov 0 0] 0
5-14 yrs. 0 0 0 0 . 0 0 N 0
15-kh4 yrs. Male 21 26.4 29.1 30 5 3 9.5 10
15-Lb yrs.4Fema1e 21 26.4 29.1 30 5 8 9.5 10
L5+ yrs. 21 26.4 29.1 30 20 20 20 20
21. Complications of Childbirth and Pregnancy
0-1 yrs. 0 0 0 0 1 1 3.0 20
1-b yrs. 0 0 0 0 0 0 ) n
5-1b yrs. 1k 17 21 ok 3 4.2 7.2 o
15-4k yrs. Male 0 0 0 0 0 0 0 0
15-Lk yrs. Female 10 13 17 20 2 3.5 5.5 7
L5+ yrs. 0 0 0 0 0 0 0 0
22. Typhoid Fever
N-1 yrs. 0 0 0 0 0 0 0 N
1-4 yrs. 10 11 11.5 15 0 .2 o3 1
5-14 yrs. 10 12 1k 20 1 1.8 2.6 5
15-bk yrs. Male 10 12 18 30 2 2.8 5.2 10
15-kk yrs. Female 10 12 18 30 3 3.7 5.3 10
b5+ yrs. 10 16 20 30 3 5.1 6.5 10



Village Villap-, C:7of 9

Health Sub Health Health -Sub Health

Center Health Worker Untreated Center Health Worker Untreated

DLRX  DLRX  DLRX DLMRX CFRX ~ CFRX  CFBX CFHRX
23. _EHepa.itis
0-1'yrs. 0 0 0 0 ¢ 0
1-b yrs. 5 5 5 5 ] N
5-14 yrs. 10 10 10 10 0 | 0
15-4k yrs. Male 15 15 15 15 0.5 .5 .5 0.5
15-Lk yrs. Female 15 15 15 15 0.5 .5 .5 0.5
45+ yrs. 15 15 15 15 0.5 .5 .5 0.5
24. Conjunctivitis
0-1 yrs. - . 0 0 0o o n- .0 o . 0
1-k rs. c 0 -0 0 0 0 0 0"
5-14 yrs. 0 0 0 0 ' 0 0 n 0
15-4k yrs. Male .0 0_ 0 0. 0 n 0 0
15-kl yrs. Female 0 0 0 0 0 0 0 n
U5+ yrs. 0 0 0 0 0 0 0 0
25. Rheumatic Fever
0-1 yrs. o - 0 0 o 0 c 0o a
1-h yrs. 0 0 0 0 0 0 0 9
521h yrs. o0 o o 0 o 0 o 0
15-Lk yrs. Male 14 14 14 1 0.1 12 .15 0.2
iS-hh yrs. Female 1k 1k AR 7 0.1 12 .15 0.2
L5+ yrs. 1k 1k 14 7T 0.1 - .12 .15 0.2
26. Varicella
0-1 yrs. 0 0 0 0 0 0 0 0
1-4 yrs. 10 10.4  1C.d 1L 0 0 0 0
5-14 yrs. T R 7.6 10 0 0 0 0
15-4k yrs. Male 0 - 0 0 0 0 0 0 0
15-L4 yrs. Female O o 0 0 0 0 0 0
45+ yrs. 0] 0 -0 0 0 0o 0 0



Health Sub Xéii%ﬁe Health Sub giﬁiiﬁe C:8 of 9
Center Health %Worker Untreated Center Health 'orker  ‘ntreated
DLRX DLRX DLRX DLNRX CFBX CFRX CFRX CFMRX

27. ifumps - '
0=1 yrs. 0 0] 0 0] 0 0 0 0
1-L yrs. T T 7 7 0 0 0 o)
5-14 yrs. T T T 7 0 0 0 n
15-L4 yrs. Male 0 0 0 ) 0 0 0 n
15-4L yrs. Female 0 0 0 0 0 0 0 0
L5+ yrs. 0 0 0 0 0 0 0 0
28. GConorrhea
0-1 yrs. 0 0 0 0 0 0 0 b)
1-4 yrs. 0. 0 0 . 0 0 0. 0 )
5-14 yrs. 0 0 ] 0 0 0. 0 0
15-4l4 yrs. Male 0 0 0 n 0 0 0 0
15-L4 yrs. Female 0 0 0 0 0 0 n 0
L5+ yrs. 0 - 0 0 0 0 0 0 0
29. Goitre

- Q=1 yrs. 0 0 0 - 0 0 0 0 0
1-k yrs. 0 0 0. 0 0 0 0 0
Sflh yrs. 0 0 0 0 0 0 0 0
15-kl4 yrs. Male 0 0 0 n 0 0 0 )
15-44 yrs. Female 0 0 0 0 ) 0 0 e
45+ yrs. 0 0 0 0 0 0 0 0
30. Vitamin A Neficiency
0-1 yrs. 0 0 0 0 0 n 0 n
1-4 yrs. 0 0 0 0 0 0 0 0
5-1l4 yrs. 1 1 1 0 0 0 0 0
15-L4 yrs. Male 0 0 0 0 0 0 0 0
15-44 yrs. Female o 0 0 0 0 0 0 0
L5+ yrs.. 0 0 0 0 0 0 0



Village Village C:9 of 9

Health Sub Health Health €ub Health

Center Health Worker Untreated Center Fealth lYorker lUntreated

DLRX DLRX DLRX DLYRX CFRY NFRX CFRY CFmY
31. Dental Problem
0-1 yrs. 0 0 e 0 0 0 o o]
1-l4 yrs. 1. 1 1 0 0 0 0 - 0
5-14 yrs. 0 0 0 0 0 0 0’ n
15-Lk yrs. Male o 0 o 0 0 0 0 0
15-44 yrs. Female 0 ‘0 0 0 0 0 0 - 0
L5+ yrs. 0 0 0 0 0 0 0 )
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Cost Specifications for Program Alternatives
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APPENDIX D

Specifications and Cost Estimates for All Programs

Estimates are based on references noted by each program according to the
following key.

1. Cost estimate by Soeharto Wirjowidagdo, M.D., 1977.

2. Cost estimate by Berlian T. P. Siagian, M.D., 1977.

5. Dr. C. Montoya, Health Manpower Planning, the Case of Indonesia
WHO Planning Officer). -

4. Health Centre Programming, BEI, 197S.

5. 'Saranto, M.D., M.P.H., Preliminary Report Operational Study on Health
Sources in Pasuruan, East Java, 1970.

6. Soetopo, M.D., M.H.W., D.P.H., Hospital Utilization Study in Indonesia,
1975. '

7. Timmer et al., Health Planning in Indonesia, July, 1973.

8. Cost estimate.

9. a. Petunyuk Pelaksanaan, Instruksi presiden Republic Indonesia (Instruction
for plans, Instruction from the President of Indonesia.
b. Projek penyuluhan Gizi Masyarakat di Pedesaan Leparan Kema (Project for
Information on Nutrition in Rural Indonesia.

10. Immunization'Programming Manual; Geneva:WHO, EPI/G/77.1.

J. M. Mahieu, "Summary of a Study on the Operational Feasibility, Coverage
and Costs of Maintenance Immunizations in Children by District Mobile
Teams in Kenya', Geneva:WHo, EP1/WG/76.8.

I. F. Setiady, "Progress Report on the Implementation of the Expanded
National Immunization Programme (Preparatory Period) In Indonesia" WHO,
EPI/WG/96.16.

R. Labusquiere, "Planning and Execution of Vaccination Programs, The
Developing Countriec", In:International_gggfgrence on the Application of
Vaccines Against Viral, Rickettsial, and Bacterial Diseases of }an, Pan
American Health Organization: Washington, WHO cientific Pub. £226, 1971.

11. Estimate based on a 1971 cost in Sarawak

12. Tender from Kiong Sieng hardware Kuching Sarawak, E. Malaysia 1971 - has
been arbitrarily doubled for inflationm.

15. Indonesia - Rural Sanitation Manpower Development, AID-DLC-2125.


http:EPI/WG/96.16

Specifications for Health Center

A. Health maintenance unit staffed by

1. Medical Doctor

2. Approximately 6.6 medical paraprofessionals
B. Serving a catchment area of 50,000

1. or a geographical area of from 18-26 kilometer per side

2. or 324 kn® - 676 kn®

3. or 25 villages of 2000 apiece
C. With capacity to handle

1. 250 people per workday

2. 50 people per medical personnel per workday
D. Utilization '

1. .47 visits per. person/year

Health Center Cost

Investment
A. Building® 17.5 K
B. Land Cost’ 3K
C. Drugs! 7.9 K
D. Equipment’ 7.2 K
E. Motoréycle1 1 K
F. Relocation of physicians1 1 K

and paraprofessionals

G. Training3 .
1) Physicians 25 K
2) Paraprofessionals 1.6 K

Investment total 64.3 K

Operating Cost 1 year

A. Maintenance and replacement1 4 K
B. Drugs’ 9 K
C. Personal Pay and allowancesz. 5.0 K
D. Fuell 3K
E. Office Supplies 4 K
Operation sub total 16.2 K
Less fees received (150rp per visit) 8.44 K
Operation total 7.75 K
Operation Cost 5 years 38.77 K
Investment 64.5 K
TOTAL 105.07 K

-

D:page <

of ¢
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Specification for Sub Health Center

A. Health Maintenance unit staffed by one trained medical Paraprofessional.

B. Serving a catchment area of 6250 people or 3.125 villages.
So that 8 units cover a region of 50,000 people.

C. With a capacity to handle 50 visits / Health sub center / workday

D. Utilization 2.03 visits per person / year

Sub Health Center Cost'

Investments 1 SHC 8 SHC
A. Building* 2.9 K 23.2 X
B. Land Cost2 1 K 8 K
C. Drugs1 31K 2.48K
D. Equipment2 2K 1.6 K-
E. Bicycle 1K 8K
F. Training 6 K 48 K
'Investment total 84.08K

Operating 1 year.

A. Maintenance1 3 K 2.4 X
B. Drugs , .31K 7.75K
C. Pav'§ Allowance .45K 3.6 K
D. Fuels .14K 1,12K

Operation 1 yr. total 14.87K

Operating Cost 5 yr. 74.35K

investment. 84.08K
‘Total----memecemcemo= 158.43K



Sub Health Center with.Health Center Costs

Investment H.C. ' 64.3K
Investment S.H.C. 84.08 ¢
Investment Total 148.38 K

Sp.b'- total Operation H.C. 5 yr-less drugs
Sub total Operation S.H.C. 5 yr. less drugs
101731 visits @ §.1566  drugs
‘ sub total
' 'Less fees H.C. 5 ytT.
Total Operation 5 T

Investment

D:page 4 of 4

41.5 X -

35.6 K
79.7 K
156.8 K
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Specification for Village Health Unit

Health maintenance unit staffed by one trained village health worker
Serving (a) catchment area of one village of 2,000 people or 400 househa
(b) catchment area of 250 people or 59 households

With capacity to handle

(a) with 25 village health workers, 15 viszts/vﬂlage health
worker/workday

() with 200 village health workers, 4 visics/village health
worlier/workday

Utilization
(a) with 25 village health workers, 2.25 visits/person/year

(b) with 200 village health workers, 4.7 visits/person/year

With physician-staffed health center hackup



Village
One
Investnment
A. Drugs1 31 k
B. Equipment2 2 k
C. Bicycle3 d k
D. Training3 .45 k
Investment Total
Operating One Year
A. ‘-hintenance1 .03 k
B. Drugs1 31 k
(o Fuels1 14 k
Total

Operating Cost Five Vear

Investment

Total

* One for 400 households
** One for 50 households

Health Unit Cost

Village Health Workers

w

25
7.75 k
5.0 k
2.5 %
11.25 k

26.5 k

n: page 6 of

L 4 4

| ]
[=3
[»

62.0 k
40.0 k

20,0 k

an.n k

484.0 k

212.0 k

696.0 K
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Village Health Units with Heoalth Center

25 VHW 200 VHW
(1 for 400 hses.) (1 for 50 houses)
Investment H.C. 64.3K . 64.3K
Investment VHW 26.5K 212.0K
Investment Total 90.8K 276.3x
Subtotal 5 yr. Operation H.C. less drugs 41.5K 41,5K
Subtotal 5 vr. Operation VHW less drugs 21.75K  174.75K

5 yr. Drugs @ $.1566 visit for 112646 88.20 K 184.60 K

subtotal operation

151.45 K 400.85 K

Less Fee § H.C. 5 yr. -38.93 K -71.01 K

St. operation
Total Investment
Total

117.52 K 329.84 K
90.80 K 276.30 K
208.32 K 606.14 K




Nptritibn Intervention

rood Supplement Program Specification
in a Rural Java Area of 50,000 People

I. Investment

A. Facilities: Storage in Health Care Delivery System

B. Equipment: Scales 25 @ .2K
C. Training 25 @ .4 K
D. Stocks: Soy Flour for 1,600 Children and
2,500 Pregnant, Lactating Mothers
II. Operation for One Year
A. Equipment Replacement
~B. Pdy and Allowance for One Supervisor/Midwife
C. Stocks: Soy Flour _ '
‘D. Maternal Education Materials

Total Operating Cost for One Year

Total Operating Cost for Five Year
Investment
Total

D:page 8 of 7

36.6 K
158 K
42 K

L vt
200,000 K

Cost of Immunization Program (if integrated in health care delivefy system)1

Investment
A. Facilities - . 3.95 K
B. Eguipment ' 1.94 K
C. Training 4,55 K
D. Transport ' .355 K
Total Investment’ 10.575 K
Operation 1 year
A. Personnel
1. AN/ANM 2.5 K
2. Lo:al aid 9 K
3. Travel allowances .6 K
Total | 4 K
B. Maintenance and replacement 1 K
C. Vaccine 2 K
D. Administrative Cost 4,985 K
Total 11,985 K

Investments

5 yr. operation 59.925 K

10.575 K
70,5 K

)



Cost of Sanitation - Java

Gravity Feed Water Supply

I. Investment

A. Facilities 15.1
B. Equipmenf
Primary Mission
1) pipes pvc!? 15.1
2) pipes GIP!? 55.4
3) Fittings12 80.5
4) Concrete11 16.8
5) Latrine éupérstfﬁctu&ell 33.5
6) Survey level and drafting t:ools13 1.7
7) Tools13 1.7
C. Miscellaneous
1) Opportunity cost of11
Volunteer labor
25 systems @ 4000 man day 167.6
2) Trainingls' . ' 1.7

II. Annual bperating Cost
. A, Equipment replacement11
B, Maintenance’ '
C. Pay and Allowances11
12 man months sanitarian @ 75
6 man months L.I. @ 125
D. Health Education

Investment
5 yr. operation
TOTAL

Total 3525 K

s

.75

Total 35

525
175
700

7R R R

]

>

~

=

o R

>

<

>
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14,00 per capita



APPENDIX E

. Disease Profiles for 31 Diseases
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3.13
3.40
3.12
3.40
2.76
3.40
2.0
3.40
2.94
3.40
2.91
3.30
3.0l
3.34
3.04
3.40
3.10
3.42
3.08

45+
o1t
5.48

6,57

%548
4.65
S.40
477
5.48
4.75

 4.98

4.57
4.63
‘ .9!
4.73
$.03
4.71
4.95%
4.6)
4.95
4.69
5.03
4.78
5.09
4.76
4.84
4.74
4.90
4.77
4.98
‘. ‘3
5.02
4.82
5.05
4.51
5.0%
4.58
5.0%
4.70
5.05
4.67
4.88
4.73
4.95
4.77
5.05
4.84
$5.09
4.82

JOTAL
MORB
11.36
0.65
10.91
8.67
10.15
9.0%
9.71
8.76
10.55
8.99
10.11
8.98
9.46
9.28
9.28
9.05
10.51
9.17
10.07
%15
9.69
9.41
9. 58
9.20
10.13
9.6
10.01
9.59
10.00
9.76
9.92
9.62
10.54
8.715
10.10
8.76
Q11
9.00
8.85
9.84
9.43
9.72
9.39
9.77
%61
9.69
9. 44

1ar AL
MOR?
w.n!
8.76
10. 23
8,30
9. )6
8.90
0.62
0.49
,.‘o
8. &9
1.84
8.58
T.21
8.83
T.15
8.5%
8.03
8.00 .
8.22
8.72
8.08
8.97
8. 00
8.70
8.30
9.11
8.24
9. 04
8.56
9.24
8.50
9.06
8.97
8.40
a.!z
8.31
7.70
8.67

T.058"

8.33
T.79
8.92
T.74
8.84
8.21
9.09
8.14
8.86

w
[+

(3]

Q
]

~
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¢ EIUAL COST FOR INDUKFSIA TULONG AGONG EAST JAVA

¢ willH A BUIGET FLR 5 YLARS OF
GOS0 CEEPISINEREOEIONEEOTOITROONNOOOt s eitsotNeS

s¢s COST IS IN U.S. DOLLARs sss Equal Cost for Indonesia Tu

ALTER~- PV
NAT IVE

~?oeﬂoﬁommwwwmmmbb00000auuuwwuuu-----————-——

guomeun—gwomow-nuowow~—°~oaou~—¢q0u&w~—a~0maw-

casT

2.06
16.06
.4l
17.417
6. 06
20.06
T.47
19.41
5.61
19.61
7.02
21.02
9.61
23.61
11.02
22.96
7.35
21.35
8.7¢
22. 76
11.3%
25.35
lz. 16
264.70
15.49
29.49
16.90
30.90
19.49
33.49
20. 90
32.84
4.17
18.17
5.58
19.58
8.17
22. 17
9.53
21.52
12.12
26.12
13.%3
2T7.53
16.12
30.12
17.53
29. 47

LADD HMURI/1000

COVERAGE wscay

100.00
92.43
100.00
83.91
100.00
71.89
100.020
74.58
100.00
73.73
100.00
68 .25
100.00
60.05
100.00
61.91
100.03
67.008
100.00
62.51
100.00
55.56
100. 00
57.16
9¢.35
4T.17
87.22
“. 51
The26
4.17
68.68
42.04
190.6G0
80.32
100.00
73.086
100.02
b‘. 35
100.00
66.50
100,00
53.78
100.00
50.80
92.03
46.12
83 .65
47.21

10.97
7.08
10.23
b.3¢
9.36
6.20
8.62
Se 54
8.40
5.083
1.8‘
5.27
T1.21
5.16
6.66
4.60
8.83
5.71
8.22
5.09
7.58
5.11
6.97
4.50
6.45
4.53
5.87
3.9
S5.69
4.13
s.lo
3. 5%
8.97
5.16
8.32
S5.11
1.70
5.15
71.05
%.50
6. 9%
4.7%
6.3'
4.12
6.08
4032
be49
3.69

Cl11/CAP
w/cGy

11.36
6.59
10.91
6.1%
10.15
6.13
9.1!
s. 69
10.55
6.13
10. il
5.69
9. 46
S.72
5. 28
10.51
6. 05
10.07
5.61
9. 41
5.64
8,97
5.20
9.27
5.39
8.83
4.9
8.139
5.06
1-96
4.61
10.54
6. 07
10.10
5.63
9.44
5.66
9. 00
5.21
9. 44
5.50
9.00
5.66
8.54
5.17
8.10
4.72

15.00 PFR CAPLTA
LO3880080080¢C 0SS 0400008080008 004000000000000

LXCESS
AUDGET
12.94
0.0
11.59
0.0
8.94
c.0
T.53
0.0
9.39
0.0
7.98
0.0
5.39
0.0
3.98
0.0
T7.65
0.0
6.24
o.o
3.65
0.0
2.24
0.0
0.0
o.o
o.o
0.0
0.0
0.0
0.0
0.0
10.83
0.0
9.42
0.0
6.483
0.0
5.42
0.0
2.88
o.o
1.467
0.0
0.0
0.0
0.0
o.o

o-1

MORT
103.95
T1.74
85.88
59, 52
83.32
70.87
65.26
S6.16
83.18
13.77
69.16
66.03
67 .89
73.21
53.26
63.20
84.00
72.83
68.27
65.12
67.36
72.90
51.64
63.01
64 .49
17.74
S4. 89
72.15
65.00
11.97
57.39
10.98
85.34
6T.17
61.90
57.98
68.23
68.17
51.79
56 .04
67.18
15. 07
50.99
68. 45
58.28
75.35
4H, 89
67.0)

1-4
MORT
28.26
15.06
27.44
15.50
21.15%
15.63
20.33
14.55
18. 74
14.41
18.27
15:12
13.66
15.41
13.19

21.06
15.63
20.52
16.15
15.73
16.57
15.18
15.92
12.68
17.50
13.77
17.83
14.03
18.36
14.78
17.97
21.3%
13.11
20.74
13.688
15.92
14.69
15.31
13.83
13.36
16.13
12.83
16.53
11.47
17.25
12.56

‘16.74

5-14
NORT
2.61
1.54
2.40
1.42
2.67
1.79
2. 40
1.56
1.85
1.40
1.69
1.38
1.85
1.64
1.69
1.50
2.02
1.56
1.62
1.52
2.02
175
1.82
1.61
1. 54
1.77
le48
1.73
1.80
1.68
1.713
1.79
2.06
1.36
1.83
1.30
2.06
1.62
1.83
1. 44
1.60
1.66
1.38
l.61
.69
1.81
1.59
1.68

15-44
ot
3.64
2.16
3.64
2.30
3. 64
2.49
3.64
2.45
3.36
2.31
3.36
2.61
3.36
2.56
3.36
2.52
3.36
242
3.36
2.5
3.36
2.63
3.36
2.60
3.10
2.68
3.15
2.73
3,22
z. ao
3.25%
2.78
3. 40
2.21
3.40
2.32
2.40
2.49
3.40
2045
3.21
2.61
3.21
2.66
3.25
.75
3.28
2.713

aSe

ol
5.40
“'oo
5.48
414
5.48
4.33
5.48
4,29
4.98
3,99
4.98
4.10
4.98
4,27
‘. 9‘
4.23
4.95
4.10
4.95
4.19
4.95
4,33
4.95
4.30
4.43
4.27
4.53
4,33
4.67
642
4.73
4.40
5.05
3.89
5.05
4.02
5.0%
4.21
5.05
417
4.72
4.26
4.72
4.33
4,78
4.4¢
4.04
4.41

TaTAL
MORS
11.36
b. 95
10.91
6 .98
10.15
7.60
9.71
T7-13
10.55
1.50
10.81
T .49
9.46
T.97
7.59
10.51
7.80
10.07
TT6
9.41
8.18
8. 97
T.84
9.35
8.54
9.15
8.48
9.15
8.7¢
9.01
8.52
10.54
Tei41
10.10
T7.13
944
71.69
92.00
T.27
9. 44
8.21
9.00
8.16
8.77
8.50
8.63
8.23

lungagung East Java with a Budget for 5 Years of $15.00/Capita

10T AL
MORT
10.97
71.37
10.23
7.08
9.36
T.60
8.62
6. 92
u-‘o
7.“
7.84
7.08
T.21
T.48
6.66
7.03
8.83
T. 44
8.22
7.30
7.58
7.7
697
1.27
6.62
7.93
6.52
71.82
7.05
8.1%
6.94
7.85
8.97
6.78
.32
6. 64
T7.70
Te23
71.05
6.67
6. 9%
T.63
6.31
T.49
6.47
1.90
836
7.53

d
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¢ EJUAL COST FOR INNONESIA TULONG AGGNG EAST JAVA
* WITH A BUDGET FCR 5 YEARS OF

20.00 PER CAPITA

AL LA ALA Al Ad At AatAdAdAs A RASdntd S0 0tt00083¢0800000800000080000000000C000000000000000808000000000¢

$¢8 COST 1S IN U.S. DOLLARS sss Equal Cost for Indonesia Tulungagung East Java with a Budget 1Or > Years Or jsu.uu/iapita

ALVER- PV

NATIVE

C PO C OV ITAVMV VN AN VIS PP RIS rwWRWWWWWUNNRNNNIG 2 e ™ -

ENIVS AN DI NP NP WD NOWNSLWNEREU ORI WUNSDO IV LWN "D NPWN=-

CGST

2.06
i6.06
3.41
17.47
6.06
20.06

T.47
19.41
5.6l
19.61
7.02
21.02
9.61
23.61
11.02
22.96

T35
2135
8.76
22.76
11.35
25. 35
12.76
24.170
15.49
29 .49
£6.90
30.90
19.49
33.49
20.90
32.684
4.17
18.17

5.58
19.%8
8.17
22.17
9.58
21.52
12.12
26,12
13.53
27.53
ll’.l?
30.142
17.53
29. 47

TADD MORT/1000
COVERAGE

100.09
100.00

100.00 -

100.00
100.00
99.67
100. 00
100.00
100.00
100.00
100.00
94.62
100.00
83.25
100.00
85.84
100.00
93.00
100.00
86.67
100.00
77.03
100.00
19.24
100.00
65.40
100.02
62.21
1€0.00
57.08
95.22
58.28
100,00
100.00
1C0.00
100.00
100.00
89.21
100.00
92.19
100.00
T14.56
100.00
10.44%
100.u0
63.93
100.0)
L5.45

w/CNY

10.97
7.08
10.23
6.34
9.36
6.28
8.62
S5.54
8.40
5.83
7.84
5.27
7.21
S.16
6o 66
4.60
8.83
S5.71
8.22
5.09
7.58
S.ll
6.97
‘.50
6.45
4.53
5.87
3.94
5.69
4.13
5.10
3.54
8.97
5.76
8.32
S5.1%
71.70
%15
T1.05
%.50
6. 9%
4.75
6.31
€.12
6.08
4. 32
5 .45
3. 09

Dit/CAP
w/env

21.36
6.59
10.91
6.14
10.15
6.13
9.7
5.69
10.55
6.13
10.11
5.69
9. 46
S.72
9. 01
5.28

10.51 -

6. 05

10.07

5.61
9.41
5 .64
8. 97
5.20
9.27
5. 39
8.83
4.5
8.29
5.00
Te 54
4.61
10.54

T 6.07

10.10
5. 63
.44
5.66
9.00
5.21
9. 44
5.50
9.00
5.6

8.54 .

5."
8.10
4.T72

EXCESS

BUGGE 1
17.94
3.94
16.59
2.53
13.94
0.0

12.53
0.59
14.39
0.39
12.98
0.0

10.39
0.0
8.98

3.10

0.51
0.0
0.0
0.0
15.93
1.83
14.42
0.42
11.83

10.42
0.0
7.08
0.0
6.47
0.0
3.%8
0.‘)
2.47
0.0

0-1

MORT
103.95
69.10
85. 88
51.03
83.32
58.09
65.26
39.87
83.78
63.02
69.16
51.38
67.89
61.33
53.26
41.45
84.00
60.81
88.27
50.11
67.36
60.90
51.64
47.20
63.00
67.62
47.68
59.086
51. 49
67.93
39.41
58.24
85.34
53. 16
68,90
41.71
6R.23
54.34
51. 19
37.52
67.18
63.92
50.99
54.73
54.32
64.30
38.13
52.76

1-¢
MOR=
28.26
13.98
z 1. “
13.16
21.15
10.75
20.33
9.87
10.74
9 ."
18.27
10.04
13.56
lo. ~~
13.19
9.48
21.06
10.75
20.52
11.47
15.73
12.05
15.18
11.15
12.09
13.34
11.64
13.79
9.09
14.54
9.58
13.99
21.35
9.40
20.74
8.78
15.92
9.45
15.131
B8.25
13.36
11.44
12.83
12.00
10.02
13.00
9.49
12.29

~5-14

MORT
2. 67
1.45
2.40
1.19
2.6'
1.46
2.40
1.19
1.8%
0.95
1.69
0.89
1.85
1. 24
1.69
1.05
2.02
1.13
1.82
1.07
2.02
1.40
1.82
l.21
1.50
1.42
1.31
1.36
1.50
1.58
1.37
1. 44
2.06
l.°~
1.83
0.82
2.06
l.zz
1.83
0.96
1.60
le 28
1.36
1.19
1. 60
1.47
1.38

1430

15-44

011l
3. 64
2.04
3.64
2.04
3.64
2.05
3. 64
z .o‘
3.36
1.84
3.36
1.93
3.36
2.14
3.36
2.09
3,38
1.95
3.36
2.07
3.36
2.24
3.358
2.20
3.08
2.31
3.08
237
3.08
2.48
3.10
2045
3.40
1.86
3.40
1.86
3.40
2.05
3.40
1.99
3.21
2.21
3.21
2.29
3.21
2.41
3.21
2.38

45+
DIl
5.48
3.88
3.48
3.88
5.‘.
3.89
5.48
3.88
£.98
3.46
4.98
3,57
4,98
3.80
4.98
3.75
4.95
3.56
4,97
3.69
4.95
3.89
4.95
3.85
4.39
3.80
4,39
3.89
4.39
4,02
4 .45
3.99
5.05
3.51
5.05
3.51
5.05

3.72
5.05

3.66
4.72
3.79
4.72
3 .89
4. T2
4.03
4.72
4.00

TOTAL
MORB
11.36
6.59
10.91
6.14
10.1%
971
5.69
10.55
6.13
10.11
9.46
6.66
9.01
6.14
10.5¢
6.42
1C.07
6.38
9,.41
6.95%
8.97
6 .48
9.27
T.45
8.83
T.37
8.39
776
8.11
T.43
10.54
6.07
10.10Q
5.63
9.44
6.2?7
9.00
S5.69
S.44
6.99
9.00
6.92
8.54
7.40
8.10
1.02

T0TAL
MORT
10.97
7. 08
10.23
6.34
9.36
6.30
8.62
s.54
8.40
s. 83
71.84
.58
7.2
6.13
6. 66
5.50
8.83
6.07
.22
5.88
7.58
6.46
6.97
5.84
6.45
6.76
.87
6. 60
5.69
1.07
s.38
6.64
8.97
5.76
8.32
s.11
1.70
5,78
7.05
s.ot¥
6. 94
6.33
6.31
6.15
.08
6. 72
5.45
6.20

d
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¢ FEJUAL CGST FOR INDONESIA TULUNG AGONG EAST JAVA

* WITH A BUDGET FGR 5 YEARS OF
SEIPEPPEEEPREIRONGERN0ER4ICEEOEORRS0S

25.00 PEK (APITA
CE00 0808080008000 L¢S0R006002¢00 00000408 ....................0.....

$3% CGST 1S 1N U.S. DOLLARS s3$ Equal Cost for Indonesia Tulungagung East Java with a Budget for 5 Years of $25.00/Capita

ALTER- PV

NATIVE
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cast

2.06
16.06

3.“
17.47

6.06
20.06

T. 47
19.41

5.61
19.61

7.02
21.02

9.61
23.61
11.02
22.96

7.35
21.35

8.76
22.76
11.35
25.35
12.76
24.70
15.49
29.49
16. QO
30.90
19.49
33.49
20.90
32.84

‘. 11
18.17

5. 58
19.58

8.17
22.17

9.58
21.52
12.12
26.12
13.53
27.53
16.12
30.12
17.53
29.47

TADD MORT/1000
COVERAGE

100.00
100.00
100.00
100.00
100,00
100.02
100.00
10¢.00
100.03
100.00
100.00
100.00
100.00
100 .02
100, 00
100.00
100.00
100.00
100.02
100. 00
100.00
956 .52
ico.00
100.00
100.00
83.63
100.00
79.54
100.00
72.99
100.00
14.53
100. 00
100.00
1C0.00
100.00
100.0)
100.00
UL eUU
100.00
100.00
95 .34
100.00
90.07
100.00
al.75
100.00
83. 69

W/LGV

10.97
7.08
10,23
6.;‘
9.36
6.28
8.62
5.54
8.40
5.83
T .84
5.27
T.21
6. 66
4.60
8.83
5.71
8.22
5.09
7.58
S.11
6. 97
4.50
6.45
4.53
5.8T7
3.94
5.69
4.13
5.10
3.54
8.97
5.76
8.32
5.11
T.70
5.15
7.05
§.50
6.94
4.75
6.31
6.08
5.45
3.69

DLY/CAP
w/7cav

11.36
6.59
10.91
6.14
10.15
6.13
9,71
5.69
10.55
6.13
10.11
5.69
9. 46
5.72
9.01
5.28
10.51
6. 05
10.07
5. 61
9.41
5.64
8.97
5.20
9.27
5. 39
8.83
4. 9%
8.39
5.06
Te9%
4.61
10. 5%
6.07
10.10
5.63
Q.46
5. 66
9. 00
5.21
9. 44
5.50
9,00
5. 06
8.5"
5.17
Ban
4.12

EXCESS
BUDGET
22.94
8.94
21.59
7.53
18.94
4. 94
17.53
5.59
19.39
$.39
17.98
3.98
15.39
1.39
13.98
2. 0‘
17.65
3.65
16.24
2.24
13.65
0.0
12.24
0.30
92.51
000
8.10
0.9
5.51
o.o
4.10
O.o

. 20.83

6.83
19.42
5.‘2
16.83
2.83
15.42
3.48
12.88
0.0
1l.47
0.0
8.88
0.0
T4
0.0

0-14

MORT
103.95
69.10
85. 88
51.03
83.32
57.94
65.26
39,87
83.78
63.02
69. 16
48.39
67.89
52.T6
53.26
38.13
84.00
57.56
68.27
41.83
67.36
49.90
51.64
32.33
63.00
57.49
47.68
47.58
51. 49

" 57.89

36.17
£5.50
85.34
58, 16
68.90
41.71
68.23
48.34
S1.79
31.90
67.18
52. 16
50.99
4l1.01
54.32
53.25
38. 13
38.50

1-4
KORT
26.26
13.98
21,44
13.16
21.15
10.69
20.33
9.81
lu. 1‘
9.47

18.27"

92.00
13.66
6.85
13.19

6.39°

21.06
9.43
20.52

8-89 *

15.73
1.54
15.18
6.67

12.09
9.19
11l.64 -

9.76
9.09
10.71
8.64
lo.ol
21.35
9.40

20.74
8.78

15.92
T.17

15.31.
6455 -

13.36
6.75

12.83

7,67
10.02"
8.74

9. 49

T.84"

5-14
MCRT
2.67
1.45
2.40
1.19
2.67
1.45
2.40
2.19
1.85
0.95
1.69
1.85
0.95
1.69
0.79
2.02
1.02
1. 82
0.83
2.02
1.064
1.82
0.83
1.50
1.07
1.31
1.00
1.28
1.31
1.10
2.06
1.04
1.83
0.82
2.06
1.04
1.83
0.82
1.60
0.89
1.38
0.78
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Operation and Prorramming “anual For The Michigsan Cost

E

)

B)

ffactiveness Resource Allocation Disease Profile

Robert Tilden %.P.H.
Research Associate II
pepartment o% Health Planning and Administration

ABSTRACT

This section of the report discusses hovw to use a
liaital coaputer to calculate a disease profile
for a specific community. Aov the Model is used
on the Michigan Terminal System, as well as
altering the disease profile to accommodate the
effects oFf different types of @medical care ani
health promotion are discussed and illustrated.
How . to operate the disease profile mojel on
spaller - computers or ‘computers. with different
types of time sharing operating systens is also
considerzd.

I Iatroduction
The Michigan Cost Effectiveness Resoutce Allocaﬁion
Disease Profile Model (Michiagan Model), is vritten
in Fortran TV, a nmachine language that is multi-
faceted, adaptahle and can be used on most medium
. sized, and ail large computers around the world.
An eaﬁly versior of the Model was run and is still

being used by the Health Planning Rasearch

Institute in Surabaya, Indonesia.

The Michitan HModel looks at the effect of differant

types of medical care delivery and disease
prevention proarams on the disease patterns vithin
a specific coomunity. This 1is done by £irst
estahlishing a disease profile of the community. A
disease orofile is a list of all important

diseases, their associated age/sex specific attack

\/17/1]
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rata, associated davs lost per episode of lisease
by source of treatlent and case fatality rate of
tha disease by source'of treatment, as wvell as vhat
per cent o€ the population seeks care at di€farent
sources of care. BY looking at the effect of the
program avainst the spectrum of discasaes that it
will impact on, it 1is possible to establish health
based effectiveness measures for different types of
h2alth proqranms. This section discusses the
operation of,ﬁhe_computerized disease profila.moiélx‘
on all coﬁputers that have Fortran IV compilers.

C) Thé Michizan Cost-effectiveness ﬁodel_ vas
originally developed using analyst pads and a TI
30. V¥hen the mathematical operations are done by

“hang, it takes R hours to develop one disease
pcofile. 15 different disease profiles
ra2presanting different health effects of
alternative medical care delivery and health
promotion would then require at 1e§s£ 120 hours.
The computer can calculate the same 15 1lisease
profilas in lass than 2 machine seconds (on the MIS
System). The rapid soeed at vhich feedhack is
received by a person duveloﬁina a disease profile
m;ke this a verv educational experience.

IT. Systz2n Qverview of Disease Profile Calculation on RIS

A) The Mictiagan computer (an Amdahl v-7), stores all

its proqrams, data, and instruction in files. The
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machine in the process of calculating a disease

profile takes the proaran, written in Fortran IV,
translates it into a tinary machine code, addresses
itself to the iniiéated data transforms the lata as
indicateﬂ in - the machine code, and formats the

results as it is instructed throuat the coda to lo.

FORTRAN PROGRAM
instruction on sequence
of operations, and display of output

CTable 1

A .
___>|BIANARY CODE [

_ INPUT OUTPUT - f
numbers, estimates- ' ' Disease Profiles

Th2 Input Data, Fortran Program, Binary Code and

Jutput are all in tke files at some time during the
calculatinq process. The file with the output is
released to a printer, which delivers the results
of the this activity to the user.

Th2 computer is a very large input-output device.
The coﬁpute: receives inbut from ﬁﬁrdg, mannétic
tape, by teraminal, and outpuf is received through
the tarminal, lineprinter, cards, magnetic tape, or
paper tape. The most common ways that the computer
was accessed juring the development of the ¥ichigan
¥odel was through cards, or from the terminal.

Tha Fortran IV program, which the machine changes
into a binary machine language, is a 1list of

instructions, which tells the computer what



E)

F)

I: Page 4 of 23

mathematical functions ¢to perform, and in vhat
order to Ao tkem. It qives the number of digits
behind the decimal, the headirgs, anl other
information that will make the data easier to
interpret. A listing of the prosraam is 7iven in
Listing 1 at the end of this apbendix alonqg with a
variable dictionary.

aAn input €£ils contains the base data. Iﬁ the

vichigan Yodel thkese are:age specific attack rate, %

seeking care, Davs lost Ffor treated and untreated, °

the Case Fatalitv Rate for treated and untreated and
the numhér of visits per case €for.those treatel.
Thz Input £il2 also contains population figures,
disease names, age groups names, and control
information. This allows the dinput filz to be
edited using the systems editor. The input file for
a health center servina 50,700 people in rural Java
is showr in Listing 2.

Any of the the control nunmbers such as number of
diéeases,.or the numbers themselves can be altered
usina the editor on NTS. To edit the Input Data
whish is storel in the £file IT1D", the words WEDIT
IT1D are tvped in. When the Michigan computer is in
the edit mode it responis with a colon(:) rather
than tha pound sign(#) that it normally responds
with while in the 4TS operating mode. Changes can

only be made while in the editor. Changes are pade
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in the input file by uéing the alter command. The
qeneral structure of the command in the nTS'editor
is :alter'old number'nevwnumber' (alter*24°35'). The
pachine then chanqes the first sequence in the line
that corresponds to the o0ld number to ‘the new
number, Alphanumeric characters such as disease
names can also be changed using £he same process.
The command: (alter'severe diarrhea‘*mild diarrhea')
would chanqe the name of severe diarrhea to aild
diarrh2a. The editing process can also be used to
chanqge the Fortran Proaran.

For proper operation of the pfogram the information
in the input file must be in the correct sequential
orier, ani the input numbers in the correct columas.
Table 2 gives thé seven variables input numbers and

th2 appropriated column numbers that they must be

in. _
~ Variable: Column Numbers Number of spaces
: "Behind Decimal
Rate 1-7 5

(annual attack rate)

Xpsc ' 8-11 3
(per cent seeking care)

Ve  12-18 2
(visits per case)

Dlrx 19-25 _ ’ -2
(days lost for treated)

Dinrx 26-32 B 2
(days lost for not treated)

Cfrx | :
(Case fatality rate for treat:ed)ss'39 , 2
2.arx 20-26 | 2
(case fatality rate for not treated)

Table 2
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Chart 1 shows the seauence of activities that go
ints the computation of the disease profile and how
disease profiles for alternative mixes of medical
care organization and health promotion are
calzulated. The -exact operations are listed in
Fortran IV im Listina .1. Even vithout extensive
triininq fortran is a logical enough language that

one may understand the nature of the operations hy

" going - through the program listing. -and read the

conmand statements usirg the dictionary of variable
names that are also in 1listing 1. Although to use
the disease profile moldel creatively, one aust have

a working knowledge of Fortran IV.
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Moast of the variables in the program are indexel
usiag I or Y or both letters. The I number of the
subscript indicates whick disease is being
considered. TI=1 is indicative of Npper Respiratory
Infectisn, I=18 is Parasitic Disease.. J=1 is for
the age group 0-1 years, while J=6 would stand for
the 45+ year age qroupe. Iz moré disease groups
are to be considered, or age aroups are to be
consiiered then the maximum number of I's or J's
.can be.increasedg. One-can-add subscripts for where
the pa2rson ill with .a disease in a particular age
qcoup southt cace(R), whether or not ‘thay vere
cural or urban (L), or what their social or incone
class was (). In the disease profile the
variables are onlv subscripted by disease and age
groups. In more conrplicated programs they are also
sqbscripted by type of wmedical care and health
promnotional activities.

The Model is presently organized and constructed so
that zhanges in population base, atﬁack rates of
nunber of disease states can be éhanqed by altering
the dissase profile 1input data. Thus the progranm
Aneed be compiled only once to do several runs with
diffe:enf nupmber of diseases, different nuaber of
ane cohorts, or different population mixes.

As indicated in the flow diaqgram of proqram logic the

computer has the capability of doing aay number of

\\5@ |
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jisease profiles, and then compare the health
banafits of the alternative programs at a fixed
budaet (or several fixed budqets} within the sane
computer run. Tn order to make this comparison
another set of inputs aust be developel, that is
ths cost of the activities that are assumed to
reduce the attack rate, change the case fatality
rate or reduce the days lost. Along with

developrent of a disease profile, it is necessiry

.to specify and stipulate the costs of alternative

proarans.

Th2 computatiosnal procedures are series of steps of
pmultiplication division, and addition that allow
th2 comparison of health care' activities on the
discase patterns within communities. In order to

fully uniarstand this procedure, it is necessary

‘that the operator be familiar with Fortran IV. An

overview of how the computational procedures take
place has heen sketched in the preceding pages.
The actual procedure on the Michigan Terminal

Svystem (47S) is as follous:

u
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ZEnter terninal type: TYN

ZEnter terminal type: TTY43

NTS Ann Arbor (TTYA3,LF32-CD29,00

$516 SMO3 ' 100252) Sign On
HNENTER USER PASSUORD. '
?

NTERN,LOU,UNIV
WesLAST SIGNON UAS: 17:14:38

H_QSER "SMG3" SIGNED ON AT 20:52:49 ON TUE OCT 30/79

e e e e —————— s S5 %

H$CONTROL sPRINT# HOLD ROUTE=SOPH

WsPRINT+ ASSIGNED RECEIPT NUMBER 689”}~ ~ - Take care of collectin
. ) '\J output (if on terminal
o —

¥R #FTN SCARDS=MICHMODEL

WEXECUTION BEGINS

No errors in NAIN
HEX;QUTION TERNINATE

4R -LOAD S=ITID &=+PRINTS - D)

- - - _¢~ Conpile Program into
— T~ T 7¢C Binary Code

MEXECUTION BEGINS _3— - - ... .< ;l;:tlrslput data into
:zxscumu TERNINATED . '&collect output £ron
L] ' port 6

"

N4SIG ¢

WSPRINT# 688419 RELEASED 70 SOPH, 3 PAGES. - (o 4 o
NSHO3 20352349-21201123 TUE OCT 30/79 Z=Signoff and racieve
N 839 \\gutput :
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The Yichigan Cost-effectiveness Yodel is an atteapt

to address efficient use of health re2sources ia

roducing the mortalitv angd days of illnmess in
Indonesia. Even thouah there 1is some uncertainty
as to the som2 of <+he input values, the model has
shovn some interesting and useful results. The
ﬁoiel could be used without the computer, but its
integration into the molel has allowed sone
activities, such as detailed sensitivity analysis
to take place ‘that miaht not have ' heen feasible

otharwise.
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€ MHICHNUDEL Fuw CALCULATION OF MURTaLLITY abl) MORHIDITY H&TES wwlTed gy

C HOHFWT TILUEN AMU UONALD CHEN THIS viaSION UPUATED AUS 1 1979
NIMENSION POP(10) oRATE(%0510) IaC(5ne10) s XKP3C {90910}
NUSCL50020) oVC(50010) o TUVT LN 10) 9NLKX (500100
DINKA(50010) o x(%0010) ¥ (500 10) o XYIS0s10)oChHRX(S0010) 0
CFNRA(BL10) sS IRV 10 o (e 1) 9 SHIN0010) sNSCLLUI10) 0
CGREE50310) sUHNR(SU10) sURY (20010) shNRR(50010)»
DISNAMES0020) sAGNAMEL002) s CTNAMIB) cDATE (0] od(10) s

- 0O

CVibV,.10)«Co(l0)eTLND
€ READ NAME OF COUNTHY FROM IMPUT FILE 5
HEAN(S913) (CTNAM(IKZ) 1 K2E] 4 §)
13 FORNAT LHAG)
C HFAD DATE FHOM TMPUT FILE 5
HEAD(S91 3 (NDATE(KI) ¢KI=]04)
€ HEAD [N NUMBER OF DISEASE STATES MAX NU S50
' FEANISHIIIN ’
1 FOR#aT(12)
C READ NUYRER OF AGE GROUPS
READ(S*&)N]
4 FORMAT(]I)
POPT=0
N0 & J=leNl]
C NEAD NU OF PEOPLE 1w EACH AGE GROUP
READ(S»T)POP (J)
7 FORMATIFT.0)
POPTaPOPT+POP (J)
C READ NAYES OF AGE GKROUPS
T8 READ(S96) (AGNAM(J K1) eK1m]192)"
6 FOHMAT (2A4)
[JEELITD
NexNle])
Ho 10 1 = i4 N
uEAn(S-B)lDlSNAn(loK)oK=l.20)
"3 FORMAT(20A4)
00 10 g = 1 NI
€ READ IN AGE/DISEASE SPECIFIC ATTACK RATFSsUTILIZATION RAIES.VISITS
€ PER CASF DAYS LOST FUR TREATEDs DAYS LNST FOR nVUT TREATEDs CASE
C FATALTY RATE FOR TREATED AND UNTHFATEDL
10 HEAD (2920) (KAT E(IQJ)oXP\C(ch)'VCGIvJ)'uLNl(lodiinLHRl(lodio
1CFRX(IoJ) o CFNRA(Tod) )~
20 FORMAT(F7.5,F53+5F7.2)
nnG = 0
WHITE (2¢50) (CTNAM(KZ) ¢KP=) o). o PUPT
S0 FORSAT (019, ¢ DISEASE PROFILE Fun deHAey /,
1 1049 FLU,0e2%9® POEPLEYe7//)
cat = U
i =3 0
Tol = 0
Caly ntan)
v{TE(0:23) (DATE (K3)eKI=1v4)
’3 P el /el XeoR%e/)
CallL COULIST
C PRECHPRIMG CUMMAHUS LAYS UUT mbabiNne nATFe TUTAL POPULATIUN,
C wtiD COMTHY NAMF
1) «bb J = o
€C Thls DO LOUP CalCuULalts A PulnTs FIRST Tadlt
call bISDISNWMG ] oK)
2a 3 @

HAC10) sAVA(10) sAVAL (10) s 1NH(50+10) sREA (500100 +CW (5001000

1 Sut3ist] Zeandmo)

!

}

I
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http:FORMAT(F?.01

L
71
1?
1
Ts

18"

T6
17

‘79
an
LD |
R?

Ra

‘A%

Rf
87
Y]
P9
an

Q7
Q3
Qs
Qs
Qk

QR

B
U

Inn
In}
1n2
in3
104
“1nS
1nA
“la7
| QL
1n9
ijo0
1m
112
113
114
11
116
17
11x
1v
120
171
| -2
123
1724
1725
1726
127
12k

o 129
S

[qPIIPAY iseg

9

d

HOWNI0

%
'y

W N -

390

450

460

470 FORMAT (19X, F8,_0s 18Xo FR.0s 30Xs F9.0s 294, Fo.1)

C HEAD

FATE

¢ = 0

2h = 0

NO 450 J = 1v ™2
INCiIsJ) = RATE(IsJ) = POPLU)
NUSC(IsJ) = INC(IeJ) @ aPSC(Te)
TOVIL{Ied) = (NUSCLIeJ)®VC(IvU)) -
NNSC{lsJ) = INC(I9J) = NUSCIlIsd)
Rilsd) = (INUSCIIs D)) ®DLRX(T«J))
Y(led) = (NNSCUToJ)*OLNKX(IsD))
XY(Ied) = X(fed) * YTeJ)
S(Ied) & (NUSCUT+JI®CFRX(TsJ)/100)
R(led) = LICFNRX(IvJ)7h00)®NNSCLTeU))
SR(IsJ) = S(IsJ) * R(TsI)
DOG = DOG * XY(1sJ)
CAT = CAT * SR(jeJ)
puP = DUP + TOVT(IsJ)
70T = TOT * "INC(I+J)
ZA = ZA ¢ Taviil.Jd)
24 = 28 ¢ Xv(lsJ)
2C = ZC ¢ SR([+J)
720 = 2D ¢ INCU(I.U) ;

WRITE (69390) (AGNAM(JsK1) osK1=142) ¢RATE (19U) 9 INC(19J) 9 XPSC(IsJ)y
NUSC(IsJ) sVCT{L1e0) + TOVT (T¢I sDLRY (19J) $DLNRX (19J) o X (Tsu) e
Y(loJ)oXY(l'J)OCFRX(l.JlcFEHHX(loJ)-S(l'q)tR(le)o

SR(Is+J)
FORMAT (1X92A&y 2Xs Foess 1Xe 169 1Xs FO,20

FéoOy FB,0903(F6.091X)y 2(FB 001X)y 4(F6e191X)y 2(F6.1))

CONTINUE |

"WRITE (65470) 2ZD¢ ZA» 289 '2C
CONT INUVE
CALL COLIST -~
WHITE (6sa70) TOTy DUPy DNGy CAT

ING FOR SECOND TABLE LAYED ouT
CALL HEAD2

a(l1=0

BA(1)=0

AB(12)20

RBA(1+2)=0

IT =0

“TTA = 07 °

c THIS

w40

i

DO LOOP CALCULATES SECOND TARLE
00 S00 I = 2+ N3 "7 ° '
T=0 :
TA=D ) '
NN 490 J = 2¢ NS
RN 2XY(1=140=1)
HALND 3K (I~1eu~1])
HR (T JI=HA(I=190) ¢B(J)
HHA (L eJ)SHBA(I=1 ed) eHA (L)
T=T+HII)
TAZTA*HA(J)
COlT INUE
TT = 1T ¢ |
T1A = TTA ¢ Ta
SRITELO Y (I1ISNaH(]=19K)ex=]+20)
Flikealfl20a4) .
Wl TE (De520) (138)) ertA(J) sJd=2eNa) e THTA
eHITE (04510 (HB(H3eu) tHAA (R e ) s x2 e o TTo 1 TA

I

€z 30 ¢I1 aﬂeé



110 510 rORAT (Ze 1a(FHL001X))

131 520 FOR-AT (lelFdsU1X))
172 THIS DO LUUP CALCULATES RATLS
113 L) 169 Jzleul
134 AVA (J)ZHR (NI «J*]1) /7POP LJ)
T 138 : AVA] (J)sHRA N3 Y1) 7 (POP(J) /71 00M)
136 WHETE (00560) (AGRAMIJIRZ) 4k22]92) «AVA(J)
137 189 wRITE (6+550) (AGNAM(JyK2) 1x22142) AVA](I):
134 S40 FURMAT (/9 ¢ DeDoele *92a4s F7.3)
139 S50 FORMAT [/7¢ ¢ MORT 942A4plxe FTe3s ¢ PENW 100V IN AGE GROUP?)
140 AVA10=TT/POPT
141 © - avVAY1=TTAZ(PQPTZ21000)
142 wRITE (60660) AVAlY
143 wRITE (6:670) AvAll
les 660 FOHMAT (/¢ 'Delole ALL's F7.3)
1«5 670 FORMAT (/OMORT aLL?'e FT7,.3)
146 _ DUPE = DUP / PUPT
Ty 2 WRITE (64530) DnPE
148 530 FOHUAT (/9 1Ky FOeby ¢ VISTS PER PERSON A YEAR?Y)
" 149 CALLS HEADING FOR THIRD TABLE
180 CALL HEAD3
151 cT =20
182 Cuwilel)=0
1IR3 “CVileld=0
154 QIA =0
188 cre = 0
186 CTC=0
187 CTD=0
188 CTE = 0
1697 “THIS DO LOOP CALCULATES THIRD Ta8LE
1¢0 00 710 T = 2+ N3
16)° " Cn =0
162 Ccr0 = 0
163 Cw0 = 0
164 Ccun = 0
U165 c70 = 0
186 cvo = 0
167 00 690 o = 29 N&
18R AMT = 0
169 A = 0
170 GrA(T=140=1) = INC(I=1su=1) ® DLHX(I=1,J=1)
i GRNX (I=1sJ%)) = INC¢I=1s0=1) & DLNHX(I=Lyu=1)
172 DRA{I-1oJ=1) = INC(I=1su=1) ® (CFHX(I=1*u~1)/100)
173 UNKE(I=1eJd=)) = INC(I=14u=-1) # (CFNRAL[=]19J=1)/100)
174 CO = CO ¢ Ky(lI=1esJ=1)
175 Cx0 = Cx0 * GRA(I=1esu=])
176 Cwl = Cwl + GRNX{I=1ou=1)
177 AMB 3 GRNX{I=1,u-1) B
178 AmT = DHRX{t=1vi=1)
179 CZU = C70 ¢ SKii=-1su=1)
1«0 Cuu = Cud * LRX(I=1.9-1)
lul CvO=CVO+DNRX (1=19sU=1)
1?2 Cu(lsu)=CulT=1vu)eamb
1#3 CVLTsJISCVIT=10y) ¢AMT
1ns 690 CONRTINUE
1#8 CT = CT ¢« CU
186 CTA = CTA ¢ Cxu
1n7 CTH = CTd ¢+ Cwi)
1ap CTC = CTC « Cun
149 Cib = CTD ¢ Cru

T
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Jun
el
| Y4
193
lus
j1us
190
197
198
100
ean
enl
one
on3
2ns
20%
e2né

-

AY 188¢

210
n
212
213
214

L6

-216
217
21R
219
22n
221
2??
223
P74
?7s
276
ee1
27°n
279
230
2N
23?7
213
234
235
24
2137
?3R
239
240
241
242
2643
244
245
2&4h
247
P4H
249
250
251

juewnonq ofqp]

ant’

| B 218 7

Tan
710

» THl

492
720
730

840
- 850
1069

Cle = CTE ¢ Cvu ’ .

FORMAT (/9 ' TOTAL'e 7Ky & IF9.001X%))
CONTINUE
WHITE (6¢700) CTe CTAs CiHe CATy CTCe CTE
ARG = CTH /7 PuPT
ARG]) = CTE 7 (PapT/1000)

S DO LOUP CALCULATES HATES wITH NN THEATHENT
N0 492 Jz=21rHe . .
CHIJ)=Cu (NI J)/7POP(.)=1)
CT1(J)ECVINIJ) /7 (PUP(U-1)/1000)
WHITE(O,720)CB{Y) » (AGNAMLJ-) oK) eK]=1+2)
WRITE(6,730)CTL(U) v (AUNAM(J=13K]1)9sK1=]142)
FORVAT(/¢2Xe'DeDelea=NU TRFAT V42X oFT:292X12A4)
FORMAT (/92X *MORT, NO TRFEAT.'92X0F7.292X12A%)
wilTE (6+840) ARG
wWRITE (6¢850) ARG
FORYAT (/9 "DeDJe=NO THEATHMENT'y 2X9 F6.3)
FORMAT (/y SMORT-NO TREATMENT's 2X: F6.3)
CONTINUE
sToP
END
SURROUTINE DIS(DISNaMs I ¢K)

NIMFNSION DISNAN1(50,20)
WRITE(6+9) (NISNAMII K} oK=31020T
FORMAT (20A4)

RET{ RN

[AL]]

SUBROUTINE HEAD)

WRITE (6+60)

"800 FORMAT (% RATE=ANNUAL RATE ™ Vs VINC.=ANNUAL INCIDENCE

70

480

1 'y INUSC=NU,SEEKING CARE . . vy /9 tAPSC=PHOPORTION SEEKING
2 CARE's "WC=VISITS PER CASE ~7~ © ty 'TOVT2TOTAL NU. VISITS

3 ts /7y 'DLNKX=DAYS LOST PER CAPNRX 'y "X3TOTAL DAYS LOST HX

4 'y ? GOT=NU, NONEFFECTIVE PICKED UP HCy SHC %y /y» fYSTOTAL DAY
58 LOST NRX vs 'XeYSTOTAL DAYS LOST vy 'CFRX=CASE FaT
6ALITY RATE RX 7y /o 'CFNHX=CASE FATAL. RATE NRX ty ?S=DEATHS RX
7 vy SR=DEATHS NRX ) Vs /9 YS+R=VEATHS
HTOTALY /7)) ) -
HETURN

END

SUBRQUTINE colLIsT
"wRITE (6.70) ~

FORYAT (l14Xe "RATE®s SXo vINC,%s 2Xe tXPSCls ]Xy 'NUSC's SX» *VCH

1 3Xe "TOVT's 3Xs IDLRX'3 2Xs "DLWNRX"y SXy SX0p B8Xe 1Y%y 4Xo
2 1XeY0s 44X OCFRX'y 3X9 YCFNRXYy 4Xv 'Sty 4Ky 'Ry SXs ¢ SeR
3%, /) - :

HF TURN

END’

SURBROUTINE HEAD2

W lTE (6+4480)

FORMAT / /777777 ¢V mmmmmman|)=

Klaccmacca]l=f YRa==]1,

Rlemememec5=14 YH==]t,

Rlememamea]S-a4 Yho=ty

AV ecoemmea]5-04 YHe=1y

RiloacomaccaS ¢ YHe=] 0y
RV mmcecmcaTOTAL=a===]%¢/,

[ Q) MOKH MURT ¢y
& MUK HURT by
[ S MURH MOKRT LK}

o ST o8e I

!

€2 3



252
253
254
255
254
257
238
259
240
261
282
263
264
269

4 HORB HORT

o HORB HORT

3 HORB HORT
HORB HORT

RETURN
ERD
SUBROUTINE HEAD3
URITE (6,680)
480 FORWAT (IIII, * NORBIDITY AND MORTALITY AT DIFFERENT LEVELS OF'

YN NN
—rw W@ =

! HEALTH CENTER UTILIZATION’, 7, 18X, ’ MORBIDITY----=-crmemn= 1,
2ommmmmmanca— MORTALITY’, /, 12X, ’ EST MORB”, 3X, ’ IOO 1’, BX,
30 1/, 3X, / EST MORT’, 3%, / 100 2/, 8%, “07%)

RETURN

END

’

I

€2 3o 91 93ed
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Part 1 -Variable Dictiomary

1= Index number for diseases .
J= Index numbers for age grecups
' Pop(J)= population in each age cohort
Popt= Total population in all age groups
N= number of disease
nl= number of age groups
agnam(J)= name of age cohort
‘disnam(i)= name of disease state .
date= date of run
cnam= name of country
rate(I,J)= attack rate for each age/disease
inc(1,J)= number of people ill in each age/disease state
xpsc(I,J)= proportion of ill seeking care in each age/disease state
nnsc(I,J)= number of ill seeking care in each age/disease state
ve(I,J)= visits per case in each age/disease state
tovt(I,J)= Total visits for each age/disease state
dlrx(I,J)= days lost per case in each age/disease state for those seeking treatment
dlnrx(I,J)= days lost per case in each age/disease state for those not treated
x(1,])= total days lost for each age/disease state for those that seek treatment .
y(1,J)= total days lost for each age/disease stafe for those that don't seek treatment
xy(I,J)= total days lost fgf each age/diseaée state
cfrx(1,J)= case fatalitiv'or each age/disease state for those that seek treatment

cfnrx(1,J)= case fatality rate for each age/disease siate for those that do not
seek treatment :

s(1,J)= number dead for those that seek c.ro for each age/disease state
r(I,J)= number_dgad for those that do not seek care for each age/diseasec state
st(1,J)= number &éad for each age/disease state

nnsc(I,J)= number not seeking care for each age/disease state

dog= counter variable for total days lost all ages all diseases

zb= counter variable for total days lost all ages each disease

cat= counter variable for total lives lost all ages all diseases



I: Page 18 of 23

zc= counter variable for total lives lost all ages each disease

dup= counter variable for total visits all ages all diseases

za= counter variable for total visits all ages each disease

tot= counter variable for total disease episodes all ages all diseases
zd= counter variable for total disease episodes all ages each disease
b(J)= days lost for each age/disease group 2nd table in profile(2tip)
bb(J)= days lost for each age group all diseases(2tip)

ba(J)= deaths for each age/disease group(2tip)

bba(j)= deaths for each age group all diseases(2tip)

t= counter variable for total days lost all ages for each disease(2tip)
ta= counter variable for total deaths all ages for each disease(2tip)
tt= counter variable for total days lost all ages all diseases(2tip)
tta= counter variable for total deaths all ages all diseases(Ztip)
ava(J)= age specific days lost per person per year

aval(j)= age specific death rate

aval0= days lost per person per year for all ages

avall= crude death rate all ages

dope= visits per person per year

grx(1,J)= days lost with 100% utilization each age/disease cohort 3rd table in
in profile(Stip) ’

grnx(i,J)= days lost with 0% utilization for each age/disease cohort (3tip)
drx(1,J)= deaths with 100% utilization for each age/disease cohort (3tip)
drnx(1,J)= deaths with 0% urilization for each age/disease cohort(3tip)
co= counterAvdriable for days lost under assumed utilization réte(Stip)
ct= counter variable for days lost under assumed utilization rate(3tip)
cxo= counter variable for 100% utilization days lost (3tip)

Cta= " " " " " 1"t " 1"

cwo= counter variable for days lost 0% utilization(3tip)

ctbB " " ”" " " " " "
amb= counter variable for age specific days lost per person per year with 0%
utilization(3tip)

amt= counter variable for age specific death rate per person with 0% utilization(3tip)
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c20= counter variable for assumed level of utilization for deaths(3tip)

Ctd‘ " ” " " 1" " " " " ”

cuo= counter variable for deaths with 100% utilization(3tip)

ctes= 1" ” ” " " " " "

cvo= counter variable for deaths with 0% utilization(3tip)

cte= " " " " ”" 1" " "

cw(I,J)= counter variable for calculation for age specific days lost at 0% utili-
zation(3tip) ' :

ev(1,J)= counter variable for calculation for age specific death rate at 0%
utilization(3tip)

_arg= days lost per person all ages 0% utilization (3tip)
argl= crude death rate with 0% utilization(3tip) '
cb(J)= age specific days lost peT person 0% utilizationm
ctl(J)= age specific death rate with 0% utilization



1 fwlhONE~STA TULONG AGUNG EAsT JaVa - Country name
2 SFPT Pu 197Yeecemenccmccnccacccaanacn-n Date
3 K R et e T L P P LT LSS Number of disease
& R e e ELEL L L LS e e P Number of age groups
5 15004 <coeeee- cnceccomecene semeeccmccons Number of people in age cohort 1
6 =] YFAYecoceo- EELEELE escsececccanocene Name of 1st age group
7 70000 -=-emmccceoccccmccmccncccccnncane- Number of people in 2nd age cohort
R 1=4 YEAHacccceaoocncccncnccaccncnnacaan Name of 2nd age cohort
9 13000, ~-ceneee- - =--+--- Nunmber of people in 3rd age cohort
10 S5=14 VEAR cocecccccnceane semmmcccccnnan- Nane of 3rd age cohort
11, 10500, —cccmnoene ahis Humber of people in 4th age cohort
12 15~44 MALF e DL LTI L DL L Name of 4th age cohort
13 11000, ----- - Nunber of people in 5th age cohort
14 15-44 FEMALE-ccaccccnnmmncocconoccanas Name of Sth age cohort
15 T000e <-----ce-mo-omcccsecctorcomnconn Nuaber of people in 6th sge cohort
16 45¢ YEAW cevemccocmmnancomocoocaannaees Name of 6th age cohort
17_ LOWER RESPIRATORY (NFFCTION-—-——--_ Name of disease 1
1A 0.l0000.100 2,00 1l0.00 25,00 0.200 20,00
19 0.05000.100 2,00 10.00 25,00 __0.20 10.00 . .
20 ' 0,01000.100 2,00 lo.00 20,00 0.20 S.00 Rate, XPSC, VC, DLRX, DLNRX, CFRX, CFNRX
21 0.00500,100 1,50 10,00 15,00 0.0% 3.00 for each sge group '
22 0.01000.100 1,50 lo.00 15,00 ~0.05 2.00
23 _0.03000.100 1,50 10.00 15,00 0,05 S.00_ J
4 UPPER HESPIRATORY INFECTION
2% 3,00000.300 1.30 0.0 0.0 _G.0 . v.C
26 2.00000.100 l1.20 0.0 0,0 0.0 0.0
27 0.50000.050 1,20 0.0 0.0 0.0 v.u o
28 0.50000.0 l1.10 2.0 ‘0.0 0.0 0.0 for each of the 31 diseases
29 _1400000.0 __ _ le.lu___0,0__ 0,0 ___0.,0_ 0.0 -
30 1.00000.,0 l.10 0.0 0.0 0.0 0.0
K} OT1TIS MEN]A ) . .
3e 0.,02000.,100 1.20 15.00 30,00 0.0 0.0
31 0.10000.100 1.20 15.00 30,00 _ 0.0 0.0
3& 0.0 0 0.0 0.0 0,0 0.0 0.0
As_ 0,0 __ .0 ___ 0,0  _0,0__ 0,0 6.0 0.0
3s 0.V 0 0.0 0.0 0,9 «0 0.0
17 0.0 .0 0.0 0.0 0.0 0.0 0.0
kL SKIN DISEaASE
39 0.05000,0])0 l.10 V.0 0.0 0.0 Ve
40 0,10000,050 lel0 0.0 0.0 0.0 0.0
ll‘_ .00050000100_ l.lO_,___.O,Q____O.U __0._00‘_. R 0.0
42 0.,05000.100 1.10 0.0 0,0 0.0 0.0
43 0.02000.100 i1.10 ’V__OQO L 0.0 0«0 0.0
b 0.02000.100 1.10 0.0 0.0 0.0 0.0
«5 MILD NTARRHEA
L1, 3.00000.040 l.40 3.00 4,00 0.0 0.0
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