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I. INTRODUCTION
 

igh'rates of infant and toddler mortalitylare one'of the heavier
 

burdens borne by the populations of the less developed world. The factors
 

underlying the low probability of child survival are complexly interwoven
 

and are not amenable to piecemeal curative or preventive medical or health
 

policies'' Yet throughout the less developed world, efforts at raising the
 

probability of child survival are fragmented across different operating
 

agencies. -Rarely are the minimal resources devoted to primary health
 

care carefully marshalled to efficiently deal with the most pressing health
 1 2 

and medical problems of the population. One partial explanation for the
 

inadequacy of current efforts has been the failureof policy analysts to
 

determine an integrated and cost-effective approach to the alleviation of
 

those community health problems which underlie high infant mortality rates..,
 

The objective of the project reported on here is to provide policy
 

makers with an analytical framework that will facilitate the efficient
 

allocation of resources, to programs intended to reduce the rate 9f infant
 

The project will be used to provide direct assessment of,
mortality. 


health interventions designed to raise the probability,of child,survfval
 

specific locality, but the techniques developed are intended tohave
in a 

general application to an analysis of the cost effectiveness of alterna

tive health programs.
 

Organization of Research,
 

A schematic presentation of the general optimization problem can be
 

used to explain the natural order and partitioning of the research 
tasks
 

involved in the infant mortality project. Diagram 01 presents a schema
 

to allocate givenfor ,the organization of an optimization program designed 
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Diagram #1
 

OPTIMIZATION PROGRAM FOR THE
 
INFANT MORTALITY MODEL
 

The objective is to achieve the lowest possible level of infant
 
mortality given the\available resources and possible health~activities.
 

INITIALIZATION
 
'a)Set intervention impact parameters
 
b) Set intervention resource use parameters
 
c) Set resource and epidemiological
 

constraints
 

SELECT 

~Choose intervention activity levels given 

- resource constraints and resourceuse 
parameters. 

Return for 
another choice 
of activity 
levels (i.e. 
another 
allocation of 
resources. 

INFANT MORTALITY MODEL, 

Calculate mortality rate for the selected 
level of intervention activities.' 

EVALUATE
 

JCompare mortality rate using present activity

levels with mortality rate using other
 

~Minimum?
 

,Yes
 

STOP ' 

An optimum allocation of resources
 
has been %qade.
 

L 'II 
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resources among competing health interventions,to achieve the lowest 

possible level of infant mortality. Although the infant mortality problem 

involves a nonlinear optimization problem, the'approach used to obtain an 

optimum solution parallels that used in a linear optiuiization program.
 

First, the epidemiological characteristics of t'ie Dopulation, the avail

ability of resources, and the effectiveness of various health interven

tions are set. Second, a choice of intervention activity levels lying
 

within the resource constraints for the locality under analysis is made.
 

Third, the level of the objective, the'rate of infant mortality, Is'
 

3calculated given the choice of intervention activities. Finally, the
 

first three steps are repeated and an optimization algorithm is'used
 

to 'determinewhether a minimum mortality rate has been reached or 

whether a further selection of activity levels should be made.
 

The optimization problem thus results in the following four distinct
 

phases of the project.
 

1. The development of a model of the process by which infants and
 

toddlers are exposed to mortality risks and of the way in which alternative
 

strategies may alter the process.
 

2., Specification of the parameters of the model either through
 

direct estimation or as the result of a survey of medical and public 

health professionals regarding the impact of alternative health inter

ventions on infant mortality.
 

Estimation of the cost of alternative health interventions,
' 3. 

an assessment of available resources, and the sperification of baseline
 

epidemiological and demographic data.
 

4. 'The choice of a simulatiln or nonlinear,optimization procedure,,
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to determine the set of,interventions which are most cost effective in
 

raising the probability of child survival given the design of the model
 

and the estimated effectiveness of interventions.,
 

Progress to Date
 

1. 	Bibliographical Search
 

An important preliminary activity contributing to the design
 

of the model, has been the assembly of a collection of books, journal
 

articles and institutional documents related to the quantitative dimen

sions of the infant mortality problem and research on the disease processes
 

underlying infant and child mortalitys The survey vas commenced in Septem

ber 1976, and continues as an ongoing part of the project, While the,
 

volume,of potential bibliographical iaterials and the scale of'the profes

sional fields covered precludes an exhaustive and definitive study
 

suitable for independent-publication' the bibliographical research has 

been an invaluable aid in the determination of disease categories, the 

designation of potentially important interdilease relationships and the 

choice of interventions for analysis. The appendix presents a summary of 

the results of the bibliographical search and a partial listing of the 

items. 	 . 

2. 	The Infant Mortality Model
 

,The first phase of the project, the design of a model of the
 

infant mortality process has been completed. Development proceded in tvo
 

stages. During June through August, 1977, the algebraic and logical
 

relationships for a general model of two diseases vere developed. The
 

model vas then extended to cover an,indefinite number of morbidity cate

gories. The goal at this stage vas to derive an algebraically logical
 

and appropriate model which is sufficiently simple to be amenable
 



to,the repeated calculation of a solution needed in the optimization
 

program yet sufficiently complete to include essential medical relation

ships. Chapter Two presents a sumary of the basic mortality model.
 

From July through October workproceededon the specification 

of the general model to conform to the relationships between diseases 

and interventions relevant to infant mortality. The major consideration 

of this part of the research was to insure the medical accuracy,of 1the 

model's relationships and to choose practical health interventions 

which might actually be considered by a rapidly developing country with 

high levels of infant mortality. Chapter Three presents a summary of the
 

specific,infant mortality model, including interventions and disease,
 

categories, which will form the basis of the optimization program used
 

in the project.
 

3. Specification of Impact Parameters
 

The calculation of the morbidity and fatality rates from the 

effective levels of intervention activities and the socioeconomic 

characteristics of the population requires an estimate of the impact 

of these variables.. Several problems arise in the specification of the 

quantitative relationships between the various policy interventions, 

and the probability of contracting and surviving different4 disease pro

blems. Perhaps the most accurate spacification would involve the 

statistical analysis of morbidity and fatality data under various inter

vention conditions. But for many of the interventions and disease, 

categories, the technological and physiological relationships are not 

fully,understood, and even where the theoretical relationships are 

explicit no suitable body of data exists which would allow their empiri

cal'specification. It is clear that providing the full set of techno
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logical parameters through the normal proces's of medical- research might
 

delay any comprehensive analysis of alternative policy interventions
 

until the distant future.
 

We have chosen a survey of health practitioners as an alter

native, practicable means of specifying the intervention effects. In
 

spite of the dearth of explicit theoretical information, a sufficient
 

wealth of practical experience and knowledge exists to allow the use
 

of "Bayesian" or "Delphi" techniques to estimate'the needed quanti

tative relationships at a level of accuracy adequate for policy analysis.
 

It is obvious that policy choices are often made using government policy
 

makers' own subjective evaluations of the impact of health policies.
 

The use of a subjective survey to specify the parameters of a model
 

such as the present one allows the subjective evaluations of health
 

planners to be combined with information'about costs to facilitate
 

the choice of the most cost effective policies.
 

During October and November, 1977, a tentative survey pro

cedure and a set of survey questions, sufficient for the specification
 

of the model, were developed. Several preliminary interviews were held
 

and based on the experience gained a final survey procedure and set of
 

questions has been adopted. Contacts with potential participants have
 

been made and interviews are taking place from December,1977, through
 

February of 1978. Chapter Four presents the protocol which is being
 

followed in the survey of health practitioners.
 

4. Costs and Baseline Data
 

The need for cost information and baseline data requires the
 

selection of a community for analysis. After a consideration of
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several sites, it was decided to locate the analysis in Call, Colombia,
 

in the area of the PRIMOPS project which is currently being carried out 

by the Universidad del Valle and Tulane University under a contract by
 

AID. An Important advantage of this site is that a preliminary morbidity 

and demographic survey, which can provide baseline data, was carried out
 

at the inception of the PRIMOPS project. A second advantage is that an
 

objective of the PRIMOPS project is to obtain information about the cost
 

of interventions similar to those interventions being considered for the
 

present project. The use of PRIMOPS cost data will provide a considerable
 

savings in time and effort. A final advantage is that data is being
 

gathered which will allow the statistical estimation of intervention
 

impacts. Although this information will not be available until about two
 

years from the present, the prospect of such information holds out the
 

possibility of a corroboration or rejection of the subjective specification
 

procedure to be tested in the infant mortality project.
 

Approval for the conduct of the infant mortality project in
 

Colombia has been given by the Colombian Ministry of Health. PRIMOPS
 

personnel in Colombia have agreed to provide the needed baseline data and
 

cooperate in the costing of the interventions. The baseline morbidity and
 

epidemiological data has been partially assembled; it is anticipated that the
 

remaining baseline data will be available by February, 1978. The-cost
 

information will be obtained in Colombia in March and April,of 1978.
 

5. The Optimization Technique
 

A preliminary simulation program which will provide the objective 

for a nonlinear optimization technique has been completed. The final
 

simulation program awaits the results of the survey of health practi

tioners and the acquisition of the baseline data. The optimization method
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will probably be EXPLORE, a program widely available and which uses a
 

constrained gradient search procedure to set activity levels. The program
 

is being modified with the addition of a grid search and by expanding
 

its dimensions for use with the mortality model. At the present time,
 

the optimization procedure is functioning effectively with a segment (one
 

age group) of the model and a subset (twenty-five) of the interventions.
 

It is anticipated that the optimization procedure will be ready for
 

applica~ion by the summer of 1978.
 

Summary
 

1. The model has been completed.
 

2. The survey protocol is complete and several interviews have
 

been carried out. The remaining interviews will take place in January
 

and February of 1978.
 

3. Arrangements have been made to obtain baseline data and
 

int(rvention cost information in a cooperative effort with PRIHOPS
 

personnel in Cali, Colombia. This work will take place in March and,
 

April of 1978.
 

4. Work on the optimization procedure is underway and is expected 

-to e complete by the surnner of 1978. 

5. Application, simulation and refinement of the model will take
 

place from September of 1978'through June'of 1979.
 



II. THE BASIC MORTALITY MODEL
 

The core of the optimization program is the infant mortality model 

used to calculate the infant mortality rate which results from the 

epidemiological characteristics of the population and the choice of 

intervention activities. The model derives an ostensive complexity and 

nonlinearity from the intrinsic characteristics of the morbidity process. 

However, in spite of the apparent complexity a closer inspection of the 

model will reveal that the logical, if not the algebraic, relationships 

are forthright and intuitively clear. It can be argued that for a 

practical application the size of the model should be increased; the 

degree of aggregation of the disease categories and the broad definitions 

used for the intervention tasks are both aspects which might allow a 

fruitful expansion of the model with sufficient time and funds. But given 

the lack of a precedent for a model such as this -' previous optimization 

models have either dealt with only one disease or with an even greater 
I A ' ,

I : 

level of aggregation - the project's overriding objective, which is to 

develop a framework or technique for policy analysis, is best served by 

the level of aggregation used here. The model is large enough to contain
 
1 1. 4,1 

many of the essential characteristics to be met with in modelling multiple
 

disease processes, but small enough to be tractable.
 

Salient features of the model include the use of interactive
 

See, Martin Feldstein, M.A. Piot and T.1. Sundaresen, Resource
 
Allocation Model for Public Health Planning: A Came Study of Tuberculosis
 
Control, WHO, Geneva, 1973.
 

2For instance see, Hector Correa, Population, Health, Nutrition and
 
Development, D.C. Heath, Lexington, 1975, Chapter Five.
 



2-2
 

simultaneous equations to model the multiple disease causes of death,
 

the clear distinction between preventative activities affecting morbidity
 

aul curative activities affecting case fatality rates, the separation of
 

Lhe early childhood period into age sub-groups with distinct morbidity
 

characteristics, and the use of equation forms which represent, as appro

priate, increasing, constant and decreasing returns to additional health
 

services. Further, the optimization program distinguishes between program
 

usage (which an economist might view as the demand side of the market
 

for health services) and program availability (which can be viewed as
 

supply), and operates in such a manner as to set intervention levels which
 

will equilibrate usage and availability.
 

Synopsis of the Model
 

The details are elaborated below but diagram #2 is sufficient to
 

gain an overview of the model and illustrate some of these features. The
 

basic relationship, shown towards the bottom of the diagram, is the calcu

lation of mortality rates as the product of morbidity (the morbidity rate
 

measures the prevalence of disease in the reference population) and case
 

fatality (the fatality rates measure the incidence of death in the diseased
 

population). Although not shown in the diagram, separate morbidity and
 

case fatality rates are derived for each age group and an overall mortality
 

rate is then obtained by an appropriate summation over all disease cate

gories.
 

1. Usage Versus Availability
 

The boxes at the top of the diagram represent the choice of interven

tion activities flowing from the selection part of the optimization program.
 

These are conveniently partitioned into mass media and other health promotional 

activities, clinical activities, immunizations, water and sanitation and
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Diagram #2
 

THE INFANT MORTALITY MODEL*'
 

(from select)
 

ealth Promo- ater and Sa 

Activities 
ion Activitie 
Clinical Acti 

ation Activi
ties 

ities, Immuni 
zations 

utit 
v 
a 
e 

' ' " (from 

(rom 
iitialization)%%as 

Prgram 
Usage calc.% of 

raa 
Availabilit(calc. as% 

hinitialization)
e) 

P asu thei pop n Demographic 
iESdoo tnd 

ptet f Epidemiologi
isticscal Chracteristics,
 

StIntervention
 

variables equal to
 
minimum of usage or
 

ailability
 

Repatioracbae g o usigibe? 

MRIIY X FATALITY MORTALITY - )(to evaluate)
 

Repeat for each age group using
 

survivors from the proceding group
 

as the population base.
 

*This diagram provides an explode'd view'Of tfie" thir box down in the
 

optimization flow diagram (diagram # 1). 



2-4
 

nutritional activities. The level of the activities, originally measured
 

In the resource allocation part of the optimization program in terms of
 

an absolute number of visits or other appropriate units, is recalculated
 

as a percent of the eligible population given the demographic and epidemio

logical charcteristics of the pepulation as represented in the box on the
 

right-hand side of the diagram. For some of the interventions, such'as
 

water and sanitation, this yields program availability directly. Other
 

interventions, such as mass media, act together with socioeconomic charac

teristics to determine the level of program usage. Still other interven

tions, such as health promoters who visit the household, both provide
 

services and encourage program use.
 

Since, in order to be effective, a program must not only be available,
 

but also used; the model selects the minimum of usage or availability,
 

expressed as a percent of the eligible'population, to be used as the
 

effective level of intervention activities in the determination of morbidity
 

and case fatality rates.' Thus, for instance, if clinic capacityis 70%,
 

but it is calculated that only 60% of the eligible population uses the
 

clinics, the morbidity and fatality,rates would be calculated using the
 

60% as the effective level of the clinical interventions. On the other
 

hand, if program usage 'vould be 100%, but the available capacity is only
 

70%, the calculation of morbidity and fatality rates is based on the 70%
 

figure.
 

2. Age Groups
 

Given the effective level of intervention activities, and the socio

'Water and sanitation usage enters the model somewhat differently.
 
For these interventions, the usage segment of the model determines the
 
efficacy, rather than the level, of intervention use.
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economic characteristics of the populaton, and estimates of the impact
 

of these variables on morbidity and fatality rates, a mortality rate
 
//

calculated for each age 'sroup. Since the~survivors from each age group
 

becoue'the population'base for the next older age group, the age specific
 

mortality rates*for younger ages affect the flow of population into the box
 

labeled "demographic characteristics" for older age groups. Repeating the 

process outlined in diagram'*2over all age groups considered ,inthe model 

baseline number,allows the derivation of an overall mortality rate for a 


given selection of
of births over the first 60 months of life and for a 


intervention levels.
 

3. 'AnExample of the Allocational Trade-off between Interventions Effect

ing Usage and Availability,
 

The mortality,rate thus calculated becomes one reference point (used
 

the generationin the diamond labeled "evaluate" in diagram #1) allowing 

of an optimum,resource allocation. For example,1 consider the equilibration
 

of usage and availability, if an initial allocation of resources to health
 

promotional activities leads to a low participation rate and slack capacity
 

in intervention activities such as clinical services thiq'would bedis

covered in subsequent runs through, the optimization, program.e It ,would 

be discovered in the evaluation segment of the program, ,through algorithms
 

dictating the procedure for experimenting ,vith ,intervention choices, that
 

when resources were taken from usage promoting activities and given to 
'
 

clinic activities, mortality would increase (because of decreased 
use of 

clinic services when needed), but that when resources were taken from 

clinical activities and used forhealth promotion, mortality would decrease 

an increased use of clinic serrices and,a reduction of slack(because of 

capacity).,
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SJiilar examples can be constructed to illustrate other trade-offs
 

of interest, such as the trade-off between inpatient care, which effects
 

case fatality rates, and interventions such as water and sanitation
 

primarily affecting morbidity rates. In actuality, the program treats,
 

all of these problems jointly and considers the simultaneous trade-off,
 

of all interventions viewed as choice vdriables, although the design of
 

the program permits some interventions to be preset at given levels and
 

allows a restricted search over a subset of interventions of interestfor
 

particular problems.
 

4. Marginal versus joint morbidity rates
 

Diagram #3 presents a detail of the calculation of the mortality
 

rates. The diagram is intended to emphasize/that the morbidity rates,
 

i.e., the marginal disease rates, are derived from functions'analagous
 

to marginal probability functions. These functions do'not necessarily
 

generate mutually exclusive rates, but instead generate the incidence
 

of given diseases including cases where other diseases are present as
 

well as less complicated disease states. Using these functions and a
 

set of assumptions regarding the degree'of independence between diseases,
 

together with a set of probability relationships, mutually exclusive joint
 

disease rates are generated. These rates can be used to calculate
 

the distribution of the population among the disease states representing
 

the various possible combinations of the individual diseases considered.
 

Fatality rates for each of the mutually exclusive joint disease states re
 

then used to calculate the state-specific mortality rate. The overall'
 

mortality rate is obtained by summing over all disease states.
 

By generating the morbidity structure of the model from marginal
 

disease functions rather than directly through the use of separate
 

functions for each of the mutually exclusive disease states, the number
 



Diagram 03
 

THE INFANT MORTALITY MODEL 
Detail Showing Calculation of Mortality Rates, 

Set Intervention Variables
 
equal to minim m of usage
 
or availability
 

Marginal Disease,
 

Rates
 

_ _ _ 1 
Probability
 

Relationships
 

Mutually exclusive 1 Fatality rates
1 associated with 

joint disease rates ioint disease rates 

o ta 

(to EVALUATE)
 

'Ingeneral it is not possible to go from a marginal distribution to a
 
joint distribution without knowledge of the kind and degree of ralation
ships among variables. Here we assume all diseakles are independent except
 
where an interaction is noted by the connecting arrows in Diagram 4.
 

1 
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of parameters needed to specify the model is substantially reduced.
 

Whereas n structural equations are needed for a model of n diseases if
 

the model is specified using marginal morbidity rates, 2n-l equations
 

would be needed to specify the model directly at the level of the mutually
 

exclusive disease states. In addition, the specification of the model at
 

the level of the marginal disease rates has several other advantages which
 

are brought out in the discussion below.
 

Reducing Mortality WhenDiseases are Interdependent
 

Comparatively little work has been done on the modeling of inter

dependent diseases. A recent study by Correa is typical. In developing
 

a series of models for use in health planning, he explicitly assumes that
 

no interdependence exists, on the grounds that "fortunately, when the plan
 

refers to short time periods, this interdependence is not likely to be
 

important".2 But it would not be difficult to argue that interdependence
 

might well be quite important, even in the short iun. A few examples of
 

the phenomenon can be given from the area of childhood diseases:
 

* gastro-enteritis leads to malnutrition, and vice versa,
 

both conditions being major causes of child mortality in
 
3
 

low-income countries.
 

measles often causes respiratory problems.
4
 

" 


1The structural equations give an algebraic formulation of the model
 
in terms of relationships which have a direct interpretation. The infor
matiot contained in the equations describe the relationships between
 
diseases and the impact of interventions and socioeconomic variables on
 
disease incidence.
 

2Correa, 
p. 134.
 

3Heller, P. S. and Drake, W. D. Malnutrition, child morbidity, and
 
the family decision process, (1976). Center for Research on Economic
 
Development, University of Michigan, Discussion Paper No. 58.
 

4Rashmi, A., Guha, D. K. and Khanduja, P. C. Postmeasles pulmonary
 
complications in children, (1971). Indian Pediatrics 8, 834-38.
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malnutrition proddces a general debilitation, and Increases
 

the death rate from a variety of respiratory and digestive
 

diseases.
 

The purpose of this section is to describe a simple'model which'allows for
 

this kind of interdependence. First, some features of existing mortality
 

risk models (which don't allow for interdependence) are reviewed. Next,
 

a general approach to incorporating interdependence is outlined. A
 

specific model based on two interdependent diseases is then developed,
 

with some numerical illustrations.
 

1. Existing models of competing risks
 

Suppose that in a,population of a given age the general death'rate
 

(from all causes) is 20 percent. The,.death rate'from,a certain specific
 

disease ls 5,percent. 0That disease is then eliminated. What happens to
 

the general death rate? This question is of obvious interest for our study.
 

One approach to this quistion says that the answer will definitely
 

exceed'15,percent. This is the theory of competing risks which points out
 

,that some ,of the 5 percent who would-have died from ,the,eliminated disease
 

will now die from some other cause (during the period 'in question). Several 

models of competing risks have been developed, all of them based on mutually 

exclusive combination disease states, for example-refer to the models of
 

F, 


23 
Chiang and Kimball.3
 

'Newman, P. Malaria Eradication and Population Growth, (1965).
 

Bureau of Public Health Economics, Ann Arbor, Michigan.
 
I' 

2Chiang, C. L. "On the probability of death from specific causes in
 

the presence of competing risks," (1966). Fourth Berkely Symp. IV, 162-80,
 
and "Competing risks and conditional probabilities," (1970). Biometrics
 
26, 767-76.
 

3Kimball, A. W. "Models for the estimation of competing risks from
 
grouped data," (1969). Biometrics 25, 329-37.
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Interdependence has not typically been allowed for in models of con-,
 

peting risks. When one disease is eliminated, it is'eosentially assumed'
 

that the probability of catching any other disease is unaffected. With
 

this assumption Chiang (1961) derives the following foruilation for
 

answering our opening question about death rates:
 
At t 

( P22P) (P2 + P2)
-
P2 


where p1 - probability of death from Disease 1 (later eliminated)
 

P2 - probability of death from all other causes, 
before
 

elimination of Disease 1.-


P2 - probability of death from all other causes, after
 
elimination of Disease 1.
 

-(The notation follows that used in the version of Chiang's model pre

sented-by Kimball, 1969)., Using our numbers, p1 - 0.05 and P2 - 0.15.
 

Chiang's model therefore predictsthat-the general deatir rate after the
 
I
 

elimination of Disease 1 (i.e., P2 will be 0.154).
 

qKimball offers a contrasting model,based on what,he terms a "multi

nomial approach". Still,assuming independence of risks, he derivesthe
 

following formulation for,the general death,rate after the elimination2of
 

Disease 1:
 

'P2(L -,p'), 

22
 

With our numbers for p1 and p2, P2 equals 0.158, slightly different from
 

Chiang's,prediction.
 

In a comment on Kimball's contribution, Chiang (1970) recognizes
 

the Importance of interdependence between causes of death, and suggests
 

that a proper method of allowing for interdependence is to specify proba

bilities of morbidity as well as of ,mortality. Models of competing
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risks have been deficient'innot specifyingi'orbidity rates:
 

- We must recognize the'fact that the death ofan
 
individual is usually preceded by an illness (con
dition, disorder). It is not realisic to speak of
 
a person's chance of dying from tuberculosis when he
 
is not even affected with the disease. Also competition

of risks of death depends on the health condition of
 
an individual: a person affected with a disease (say,

cardiovascular-renal (CVR) diseases) probably has a
 
probability of dying of a second disease different from
 
a person who isnot affected with CVR. Therefore, a
 
mortality study,is incomplete unless illness is taken
 
into consideration".
 

Following Chiang's suggestion, we develop in the next section
 

an alternative approach to an analysis of mortality which explicitly
 

incorporates morbidity. This second approach, which is based on the
 

notion that many diseases are interdependent raises the possibility
 

that the answer to the question posed at the beginning of this section
 

might well be less than 15 percent. Because of interdependence there
 

may be a tendency for the death rate from the other diseases to decline,
 

and this tendency may offset the opposite effect of competing risks on
 

that death rate.
 

2., AGenerai-Approach to,the Modelling of Mortality Risks with
 
Disease Interdependence.
 

in this section we give a more formal description of the approach
 

set forth in the discussion associated with diagram 3. The objective is
 

to derive a procedure for the specification of a model which will predict
 

the mortality effects of specific health improvements while allowing
 

for interdependende between diseases. This can be'done in four logical
 

stages as follows:
 

a) Specify 'amorbidityrfunction tfor each disease (or
 
group of diseases), showing for-the population in
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question the determinants of the morbidity rate:
 

Pt (Ai, Pj) ij - 1,2,..., n'; i0j (1)-
Pi 

where p is the fraction of the population'(defined by
 

age, 	sex or other characteristics) who have disease I
 

at some time during a defined time interval. There are
 

n diseases. Each morbidity rate pi is'determined by a
 

set 	of socioeconomic, environmental, and policy variables
 

represented by the vector A and also by the prevalence of
 

each 	other disease Pj. Degrees of interdependence are
 

measured by the partial derivatives Op/iap. The impact

Il 

,of policy variables is measured by the partial derivatives
 

b), 	Define all possible combinations of diseases, and 

derive from the morbidity 'functions the fraction 

of the population having each combination: 

ck ck (p) 'k -123...n, 123...n,, 123...n,
 

for a total of,( 2n - 1) such 

terms; (123...n) is read as 

"having all diseases except 

Disease 1" 	 (2)
 

wheresk is the fraction with disease-combination k. 

n

If there are n diseases, there will be (2 - 1) 

disease-combinations. For example, in a two-disease 

system a person may have Disease 1 but not Disease 2, 

may have Disease 2 but not Disease 1, or may have 
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both diseases,, for, a, total of three possible disease 

combinations. Clearly the 4 are mutually exclusive 

(unlike the P.), and the following relationship also 

holds true: 

kCk 	+'cw = (3) 
k k +c 

where c is the fraction of the population who remain'
 
-V 

well (or have diseases excluded from the analysis)
 

throughout the entire interval. In addition the
 

generated rates must be consistent with the elementary
 

postulates of probability theory.1
 

c) 	For each disease-combination, specify a fatality
 

function, showingwhat determines the fatality,rate
 

among those with a given disease-combination:
 

fk" fk (Bk) 	 (4) 

where f is the fraction of thosewith disease

combination k who 'die during the'specified5time,
 

interval, and B is a vector of socioeconomic, Nx
 

environmental, and policy variables. 'Specifying
 

fatality,func'tions in this way allows for the sort
 

of 	phenomenon noted by Chiang in the quotation
 

cited above: that a person who has cardiovascular

renal disease in combination with some other disease
 

See Norman C. Dalkey, "An Elementary Cross Impact Model", 
Technological Forecasting and Social Change, 3 (1972), American 
Elsevier. 
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may have a probability of dying different from that
 

of a person who has only that other disease.
 

d) Multiplying a fatality rate (f ) by the corresponding
 

disease-combination rate (c ) then gives the fraction
 

of the entire population who die from that particular
 

disease-combination during the interval in question (dk):
 

dk f Ck (5)fk * 

And because the.Sk's are mutually exclusive, the sum
 

of the dk'S equals the general death rate D:
 

(6)
D £dk 
k
 

The programming application of a model derived using this
 

approach is consistent with the schema'introduced in diagrams one
 

through three above. An intervention designed to reduce mortality,
 

like mass vaccination against measles, will cause changes in the
 

vectors A or A simulation exercise with the model will
 

therefore show the effects of the intervention on the general 
death
 

rate D, with full allowance being made for both interdependence
 

and competing risks. ,A heuristic advantage of.theapproach, it
 

might be noted, is that public health interventions involving
 

"prevention" affect A1, while those involving "treatment" affect B
 

1This derivation of D can be compared with that appearing in
 

a series of health planning models developed by Correa [1975,
 

pp. 117-69], whose expression for D, using our notation, is as
 

follows:
 
n 

D £Z (fi .p,)

i-1
 

But since the morbidity rates are not mutually exclusive, this
 

formulation obviously overstatel D.
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3. Specification of a Morbidity-Mortality Model
 

Several steps must be taken In order to use the approach out

lined above for the specification of a morbidity-mortality model
 

in a given application. First, a form must be chosen for the
 

functions generating the marginal morbidity rates (equations 1).
 

Second, assumptions must be made and a procedure developed which
 

will allow the transition between the marginal disease rates to
 

the mutually exclusive joint disease rates (equations 2). Third, 

a form must be chosen for the fatality rate functions (equations 4).
 

The manner in which these steps arc taken is arbitrary and
 

will vary with the particular situation to be modelled. The steps
 

outlined below form the basis for the initial computer simulation
 

model we have developed for the infant mortality project. The
 

procedure to be used for the specification of the coefficients
 

(see chapter IV) is intended to be flexible enough to allow experi

ments with other,equation forms, The optimization technique we are 

developing is likewise intended to be sufficiently flexible to 

allow'the use'of'alternative treatments of the probability constraints 

needed for the probability transition relationships. In the final 

year of the project we expect to try other equation forms (such as the 

exponential or linear probability functions) and alternative 

assumptions and procedures for deriving the transition relationships
 

between the marginal and joint disease rates.
 

a. Marginal Morbidity Rates
 

To derive a functional form for the marginal morbidity
 

rateswe commence with thw'general form (equation 1) which
 
s- I oin t 

w'e assume to be'continuous and differentiable and note that 
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changes In the rate of disease i are related to changes in
 

other disease rates and to changes in policy variables by the
 

differential equation:
 

di= E +d (7) 
dpi L ~- p dA4, 

Since the morbidity rates, pi, are interpreted as
 

probabilities equations (1)and (7)must satisfy the following
 

-boundary conditiono: if pi 1 or 0 then dnI hust equal zero
 

for changes in pj and At. It can be demonstratee that the
 

algebraicly simplest specification which can satisfy these
 

conditions is the logit,
 

Pi l,+,exp(-y -aiA - pj) (8) 

= 
Bpi 

where j - and ai is a vector with the policy impacti derivi
i I iI8%I (1Bi 


-tives, as elements.., y is a constant which is chosen,after
 

values for a1,'8Oand Ai and initial values for p and pj are 

given. 

b.' The transition frommarginil'o joint disease rates
 

i) "Consistency'' 

In general it is not 'possible to go from a marginal dis

tribution to a joint distribution without assumptions regarding 

ISee Murray Turoff "An Alternative to Cross Impact Analysis",

Technological Forecasting and Social Change, No. 3, American Elsevier
 
for a demonstration and the development of a cross impact analysis
 
based on a logit specification of behavioral probability functions.
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the kind and degree of relationships among Lhe events whose
 

For example, the simplest
distributions are being considered. 


assumption one might make is that the events are independent;
 

it then follows that the joint rates can simply be obtained as
 

the product of the marginal rates. However, if there are inter

dependencies among events, as there are-with the disease events
 

we are considering, the generation of joint relationships
 

quickly becomes more complicated. One of the problems is
 

that the probabilities generated must be consistent with the
 

elementary postulates of the calculus of probability.
1 Given
 

a particular choice of functionalform, the consistency require

ment imposes relationships on the parameters of the probability
 

functions. Consistency can be achieved either by solving ana

lytically for the required relationships between parameters or
 

by specifying consistent functional forms or by repeated testing
 

of values,generated by the model and the rejection of inconsis

tent solutions. When the model,has more than two or three diseases,
 

the analytical oli tion for consistent parameters or the
 

derivation of consistent functional formsbecames intractable.
 

For our initial simulation model, we have decided to,use the
 

second alternative, that is, to impose constraints (boundary)
 

values), on the probabilities generated, which will force the
 
S/ 

The problem is analogous to one which occurs in the estimation
 

of demand systems in economics. There the estimated system should
 

be consistent with the elementary theorems of utility theory. In
 
a system ofpratfice one of two procedures can be used, either 1) 

equations yielding consistent solutions is used for estimation or
 

2) a less restrictive system of equations is used and the estimated
 

parameters are tested for consistency.
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solutions produced in the optimization r'T to be consistent 

with the postulates of probability theory.' Thus,'resource 

allocation choices which produce probabilities outside the 

boundaries will be found to produce sub-optimum solutions and 

successive allocations will be made until the generated probabil

ities are consistent with the probability constraints. 
I 

ii) 	Calculation of joint disease rates
 

The generation of the Joint disease rates is accomplished
 

through their decomposition into components distinguished by the
 

presence or lack of a causal influence between diseases. The,
 

problem has been simplified by assuming that there is no muqtual
 

,causation, i.e.,Ithe probability that i leads'to J and Jto I in
 

,a given individual over a given time period is zero. It is also
 

assumed that joint causation is negligible, i.e., the pro

bability that'i and j together cause k is zero. Finally the
 

probability of more than three diseases is set to zero under
 

the assumption that the loss in accuracy is negligible. An
 

exposition of the derivation of theJoint disease rates for a
 

four disease model is giveniin the appendix to this chapter.
 

The 	derivation for a two disease model is given in the next
 

section., 

4 	An Example - A Two-Disease Model of Interdependence 

We now specify an interdependence model with a view to providing 

a numerical illustration, choosing the simple case of only two
 

diseases or disease-groups. The numbering of the equations in this
 

specific model follows that used in the general model above. Itwill be
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noted that the most complex part of the specific'"Model lies iii the 

derivationof the disease-combination rates IV
 

The morbidity rate for Disease 1 (pl) is determined by the rate
 

for Disease 2 (22) and by an index of other factors (alO):
 

Pl A 
(alO + a12 p2) (1a) 

l+e 

,And similarly for Disease 2:
 

- (a20 + a21 Pl) '(Ib) 
l+e 

a12 and A21 being indexes of interdependence. As,we noted above, the
 

particular functional form chosen for these equations (the logit form)
 

has the property of containing the morbidity rates to lie between
 

zero and one.
 

The disease-combination rates c 2 and Sy are readily derived
 

as follows:
 

C - p -C 
"12' 2 "12 (2a) 

c m p -c (2b)
 
12 1 12
 

where c12 is the fraction of the population having both diseases. If,
 

the two diseases were independent, itwould be reasonable to
 
I a 

assume that this fraction was equal to the product of the two
 
11 1 , '1 1 
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morbidity rates:, -

P1 P2 (2c)
c 1 2 , 

But with interdependence, equation (2c) is not valid. With inter

dependence, 2 ust be measured by adding together (i)cases where 

Disease 1 causes Disease 2 (c1 + 2), (ii)cases where Disease 2 

causes Disease 1 (c2+ 1), and (iii) cases where both diseases 

occur but without any causal link between them (S(12))' The point 

is clarified in Table2-1. Each disease may be caused by the 
I 

,other, not be caused by the other, or not be present at all.
 

Considering both diseases, there are then nine categories for the
 

population to fall into. Three of these are eliminated on logical
 

,grounds.2 The,remaining six are mutually exclusive.
 

* By examination of Table 1 we therefore conclude that:
 

+ +
c12 =Cl1 2 C2 1 C(12), (2d) 

Separate expressions must now be obtained for the three components of
 

£l2* The fraction of the population where Disease 1 causes Disease
 

,2 can be measured as the difference between (i) the fraction
 

actually having Disease 2 (2) and (ii) the fraction who would
 

2. First, a person who "does not have Disease 1" cannot have during
 

the same time interval "Disease 2 caused by Disease 1." (Lagged
 
effects, as when Disease 1 occurring in one period causes Disease 2
 
to occur in the next, can be readily incorporated into a dynamic
 

version of the model.) Second, a person who "does not have Disease 2"
 
cannot have "Disease 1 caused by Disease 2." Third, cases of mutual
 

causation are ruled out, where a person has "Disease 1 caused by
 
Disease 2" as well as "Disease 2 caused by Disease 1." It is assumed
 

that within the given time interval, one of the diseases will occur
 
first, and cannot therefore be caused by the other.
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Table 2-1 

DISEASE - COMBINATIONS 

WITH TWO INTERDEPENDENT DISEASES
 

Entries in the matrix represent the fraction of
 

a population with the characteristics indicated
 

Has Has
 
Disease 1 Disease 1 Does not have
 

caused by not caused by Disease 1 Row
 
Sum
Disease 2 Disease 2 


Has 
Disease 2 0 c 0 C 
caused by, 0 0 

Disease 1
 

Has
 

Disease 2 C ( 
" '27 P2cl o 2 

not caused by 2 ->1 c(12) 

Disease 1
 

Does not have 0 c 1 P
 
c12Disease 2 0 w 

Column c P c 
21 )l 21pSum 2 1 

I V it' / ++ 
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have Disease 2 if Disease 1 did not exist (i.e. If - 0).
 

Symbolically:
 

CIl- 2 -'P27 a (2e) 

20l+e 


Similarly:,
 

c2 1 Pl- 1 (2f) 

l+eal 

The fraction of the population where both diseases exist without
 

causal connection (E(12)) can be reasonably estiuated as the-product
 

of two independent frequencies: (i) the frequency of having Disease 1
 

not caused by Disease 2, and (ii) the frequency of having Disease 2
 

not caused by Disease 1. That is:
 

c(12) (Pl - c2 P1 ) (P2 - cl 1 2), (2g) 

The three disease-combination rates c-2, So, and 12' having 

'been determined; the next step is to specify the corresponding 

fatality rates f 2 f--, and f 12 . To simplify this version of the 

interdependence model, the fatality rates are assumed to be fixed.1 

We then have equations for the disease-combination - specific death
 

rates d-, d ',and'd
1 2:
 

1
 

In the infant mortality model presented in the next chapter, the
 
fatality rates are generated by a logit function.
 



"112 - f-2 - 012 (5a) 

dl'2 = -2f . co (5b) 

df 1 2 c1 2 (5c) 

and for the general death rate D:
 

(6a)
D = d1 2 + df- + d1 2  

The operation of the model is illustrated with a numerical example,,
 

in Table 2. It is imagined in Column (B),that information is available
 

on the morbidity rates Pl and P2' for example from a morbidity survey
 

of households. Information also exists on the partial derivatives
 

and p2/a£P, which can be interpreted as the likelihood that
 

one disease will lead to the other (within the given time interval).
 

This information may be obtainable from analysis of individual
 

medical histories. Given P' £2' and the two derivatives, the a terms
 

in the morbidity functions can be derived,, as well as the disease

combination rates 3 th fatality,rates (k ) also supplied, the
 

general death rate D can then be calculated.
 

In Column (c), theeffects of eliminating Disease 1 are shown. To
 

c. The othereliminate the disease, the value of a0 is changed to 

3. The calculation of thea terms involves using the following for,
 
, I 

the two derivatives: 

I I - (alO al2P2) k"-(a10 + a12 ,P ] (7a)
a)pl/a)p2 -'a12 e 10 t' a1 l.e 1 2) -2 

(a2 0 '2 pl ) + a 20 +a 21 P1 ) -2 

ll =a21, eP2/ 
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Table 2-2 

HYPOTHETICAL EFFECTS OF DISEASE ELIMINATION
 
ON MORTALITY IN A TWO-DISEASE SYSTEM
 
WITH AND WITHOUT INTERDEPENDENCE
 

Values marked (*) are assumed; remaining values 
are derived from the equations(s) indiLated 

With Interdependence Without Interdependence
 

Equation(s)
 
from which Both diseases Dibease 1 Both diseases Disease 1
 
derived present eliminated present eliminated
 
(A) (B) (C) (D) (E)
 

1. Pl la .1500 	 0 .1500 0
 
* 	 00* 

2. p2 lb * 000 .3488, .4000 .4000 

3. BPi/aP2 7a .1000 	 0 0 0
 

7b 	 4. DP'2/"P 2 '7' .3500, 1	 0, 0 
,* 	 4 * 

5- a10 la, 7a' -2.0483 - -1.7346 '
 

0 '0*
.7843 .7843
6. a12 la, 7a 


7. a20 lb, 7b' -.6242 1.6242 -.4055 -.4055
 
' 53* * *
 

8. a lb, 7b 1.4583 '1.4583 0 	 0

21 

9. e 2e .0512 '0 0 	 0 

10. c2 > 1 2f .0358 ' 0 0 	 0 

11., c 2g .0398 	 0 .0600 0 
(12)
 

12. 	 2a .266 .3488 .3400 .4000

"22 

13. c1 2b .0167 	 0 .0900 0
 

14. 	 c12 2d .1'33 0 .0600 0 
15 '* * * 

15. 	 256 .2500 .2500 .2500
 

16. f,72 	 .3000 .3000 .3000 .3000
 

17. f12 	 .4000 .4000 .4000 .4000
 

18. 012 5a .0667 02 .0850 .1000
 

19. d'-, 5b .0050 	 02 .0270 0 
. 12 

M 1 5c .0533 	 0 .0240 0
 

.1. D 6a .1250 .0872 d1360 .1000
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a terms remain the same as in Column (B), and the morbidity rate for the 

remaining disease is recalculated. The disease-combination rates are 

also affected, and the general death rate falls by 30 percent. 

Columns (D) and (E) show what happens if the two diseases are
 

independent. The same model is used (except that zero values are
 

assumed for the interdependence terms a12 and a21), and the same initial
 

value's are assumed kor the'morbidity and fatality rates. The
 

elimination of Disease 1 reduces the general death rate by 26
 

percent. As would be expected, this reduction is smaller than the
 

result in an interdependent system.
 

Table 2 also suggests how to answer the question about deith
 

rates which was posed at the beginning of this chapter. It is evi

dent that the answer depends on how cases with both diseases are
 

handled in the statistics on causes of death. If deaths of persons
 

with both Digease 1 and Disease 2 are officially attributed to Disease
 

1, then the elimination of Disease 1 will cause the general death
 

rate to fall by an-amount less than'the official death rate for 

Disease 1, regardless of any interdependence. With this kind of 

record-keeping, the death rate from Disease 1 is '(d-2 + 12 ). The 

Jgeneral death rate is always' (d- 2 + d- + d1 2 )'Elfminif 4g Disease 1 
d reduces d-; and d to zero but necessirily raisesd--' 
(because of
1 12 12 -12
 

competing risks). Hence the fall in the general death rate will be
 

less than(d- + d12), or-the official death rate from Disease 1.
 

If, however, deaths of persons with both diseases are officially
 

attributed to Disease 2, the elimination of Disease 1 could lower the
 

general death rate by more than the official death rate for Disease 1.
 

Table 2 shows this happening both with and without interdependence.
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When 'the death rate for Disease 1 is defined as d -, the elimination
 

of that disease will lower the general death rate (d-2+d - + d2) by
 

more than the death rate for Disease 1 If the rise in &-2 (due to

-=12(det
 

competing risks) is less than d32.
 

Summary
 

An approach to modelling the mortality process has been developed.
 

By separating mortality into morbidity and fatality components the
 

approach provides for a distinction between preventative and
 

curative interventions. Using a two disease example the approach
 

was contrasted with the theory of competing risks. It was found that,
 

unlike the existing theory of competing risks,,the procedure devised
 

here allows for disease interdependence in the calculation of an
 

estimate of the mortality effects of disease elimination (or reduction).
 

By specifying the structure of the model in terms of marginal disease
 

rates, rather than mutually exclusive joint disease rates, the number
 

of parametoss needed for specification of a given model is significantly
 

reduced.
 

The approach devised here is sufficiently general to be applied in
 

a variety of contexts. In the next chapter the approach is used to
 

specify a model of child mortality covering the first sixty months of
 

life.
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APPENDIX TO ,CAPTER TWO,
 

Algebraic Summary of The Mrbidity'- Mortality 'Model
 

This appendix presents a summary of the general morbidity

mortality model described heuristically in the text. The objective
 

in the design of the model is to allow the calculation of a set of
 

mortality rates for mutually exclusive morbidity categories which
 

include all possible combinations of diseases. There are four distinct
 

The first involves the specification of a
segments to the system. 


set of marginal probabilities as functions of interventions as well
 

as other variables. This segment can be referred to as that of the
 

structural (or causal) morbidity equations. The second segment is
 

a set of algebraic relationships that allows the calculation of the
 

probabilities of being in the mutually exclusive joint disease states.
 

The third segment involves the specification of fatality probabilities,
 

for each of the mutually exclusive categories. This segment can be
 

called the structural fatality equations. Finally, the fourth seg

ment uses the fatality rates and joint morbidity rates to calculate
 

the mortality rate.
 

I.-,Structural Morbidity Equations
 

The model is developed for four diseases. The extention to
 

n diseases is straightforward although tedius. We specify the
 

following marginal morbidity functions for diseases 1, 2, 3 and-4.
 

4 
(la)P1 n1-pP (A,I P22 9 3P3 ) (i).a 

?4" P4 (A4 P19. P29 PP) ) 
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.I. Calculation of Mutually Exclusive Joint Disease Rates
 

a) Preliminary definitions:
 

i. P is the probability of having j and j jointly.
 

ii. jk is the probability of having 1, j and k jointly.
 

tii. ptijis the probability that i occurs caused by J,
 

that is,
 

SPi (Ai, pjo 0 A, (Ai Pk =0t 

- o 
41, kp 

-iv. Similarly
 

(Ai . PI(Ai' p t)
 Pijk "Pi PJ"'PR) -

P 'sPk 0 

V. P* is the probability that i occurs and is not 

caused by 	J. that is,
 

- ~iIPij 


vi. 	 Similarly,
 

I, '?'iPi -~ ijk
,~~I Plk 

b) Preliminary assumption:
 

It is assumed that intersection probabilities of
 

= 0
 
order higher than three are zero, i;e. 

P123 


two disease intersections:
c) 'Preliminary calculation 

' There are two kinds of cases where two diseases 

can occur simultaneously:
 

i) no causal links between"diseases
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ii. 	 the two'diseases are linked ,causally
 

(either I causes J, or j causes I, or both.
 

Thus the two disease intersection for I and j can
 

be written using the notation introduced above as
 

'pij ' Dij + Pi -. ij - pi + J 

d) Preliminary calculation - three disease intersections. 

There are eight kinds of cases where the three diseases 

Diagraimiticallycan occur simultaneously: 


.. no causal links between 	 i j 
k 

the 3 diseases
 

ii. 	 i and j are causally linked
 

(either i causes J, or j causes i, 

or both), but k is not causally k 

linked with either i or j 

iii. i and k linked, j Independent 	 i
 

iv. j and k linked, i independent 	 i/
 
k
 

v. i and j linked, also i and k, 	 i-jIt 
but not Jand k f1 

vi. 	i and j linked, also j andk, 

k/ 
butnot i and k 
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vii., land k linked, also Land k,,,I,
 

k

but noti and J 

viii. 	i and j linked, also i and k, f j
 

k
also j and k 


The eight groups being mutually exclusive, P123 is the
 

sum of all eight. Keeping the eight groups in order, and
 

defining
 

xij [P + - *iii. 

the sum
the three disease intersection can be written as 


of eight terms.
 

Pijk - P*ijk . Pik Pkij 

+ xl Pk* 
ii pkij
 

+ Xk P*I
 
+Xi jik 

+ Xjk Pijk 

+ Xik X' (1 - x'1) 

+ Xii xik (1 - Xik) 

+ xij Xik (1 - xjk) 

XX'
+.Xii Ak jk 
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e) Given the preliminary calculations above the rates for
 

the mutually exclusive disease states can be derived,
 

as follows:
 

-i. C17-= P1 - P12 - P1 3 - P14 + P123 + P124 + P134 P1234 

-" P2 - Pl2 - P23 7 P24 + P123 + P124 + P234 P1234 C2 


and so'o forlp !and p4

=
 ii. C12 P12 - P123 - P124 + P123434 


and so on for Pl3g"4Pl . P2 3 ' P24 and341. 

=
iii. C1 234 P12 3 - P1234
 

• J
 

and so onfor P1243- P13C and P234"
 

iv. the states defined above + P1234 + Pwell will sum to one.
 

(We have aessumed that P1234 is negligible.)
 

III. Structural Fatality Functions
 

Fatality functions are specified for each of the joint 

,disease states. 
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dI d1 (11) 

dK " dlS(BK) 

2 - 1 = 15)
the total number of disease states (K
where K is 

IV. The Mortality Rate
 

The mortality rate 'canbe derived 
as the sum of the mortality
 

rates for the individual joint disease states.
 

K 
D a E dk ck
 

k-l
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III. THE-INFANT MORTALITYHMODEI
 

Introduction
 

This chapter describes the 'full infant mortality model which
 

will be used in the optimization program. Diseases, disease relation

ships and potential interventions which are appropriate in 'the'context
 

of given age groups for the childhood period in a peripheral urban
 

community in a developing country are identified and then the model is
 

specified using the general approach discussed in the preceding chapter.
 

TIe model'is designed to compare the effectiveness of alternative inter

ventions in the reduction of excess infant mortality. Before commencing
 

with a discussion of diseases and interventions we define excess mortality
 

and discuss the breakdown of the first five years of life into appropriate
 

age groups.
 

1. Obligatory versus excess mortality
 

In,order to limit the range'of the analysis to morbidity ain
 

mortality rates which are reasonable given the stae'of 'technology and 

physiological reality, bounds are placed on the probability functions. 

The effect of the bounds will be to restrict'the optimization search to 

plausible reductions in morbidity and mortality rates given the available
 

technology Snd practicable interventions in a developing country.
 

The whole concept of mortality under the age of five may be
 

analysed'under two main categories: a) those deaths which might be
 

avoided by the broadey application of known measures and b) those
 

deaths which could only be prevented by the discovery and application of
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new methods. For the practical purpose of the specification of the
 

optimization model it is possible to use developed or industrialized
 

countries' mortality rates, as "obligatory losses" or deaths that can
 

only be prevented by the discovery and application of new medical and
 

public health technology in developed countries. Mortality rates above
 

this fundamental minimum could be considered "excess losses", potentially
 

Ireduceble by extending services and changing the environment in develop

ing countries.
 

For developed countries, childhood (1-14 years) is the more
 

favorable period for 'survival over the life span. Decreases in the risk
 

of mortality in succeeding age periods during infancy, continue beyond
 

the first birthday. The death ratesin the preschool age groups, 1-4
 

yeas, has always been a small,fraction of the infant mortality rate;
 

,in recent years in-the UnitedStates it has been less that 5% of the
,

rate under one year of age. In fact, in the United States 96.4% of 

all deaths under the age of S occurred in the first year of life. Ovcr 

40% ofthe deaths during the first year occur in the first day, 65% in 

the first week and 70% in the first month. These deaths, at least from 

the point of viewof our model, can be attributed to unavoidable phys

lological causes and mostof the decrease in mortality rates in developed 

countries over the last twenty years can be accounted for by the significant 

changes after the first week of life. Observation of mortality rates 

in developed areas thus gives a kernal of unavoidable ,mortality which 

- is fairly large in the first few weeks of life but quickly tapers off 

to very low values for the remainder of the childhood period. 

If the rates and mortality structure attained at the present time
 

by developed countries is defined as the portion of deaths that are
 

"obligatory", anything above could be considered as preventable. A
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plausible upper bound can be obtained through the use of data for a
 

region and time where there was little or no preventative or curative
 

activity and environmental conditions were extremely poor.- The
 

reduction inmortality below this upper bound can then be attributed
 

to health intervention activities'and changing environmental and socio

economic conditions.
 

In the infant mortality model, the upper and lower bounds on
 

morbidity and fatality rates will be specified algebraicly by an appro

priate choice of a and iLin functions of modified logit form,
 
U 

U 

1 + e
 

As Z, which is a function
This function is illustrated in figure one. 


of intervention activities and sociological variables, becomes very large
 

and negative, p approaches the lower limit, a • Conversely as Z becomes
 

1 	
, ' '.1 

, P-

1 	

With very 	large and positive, 
) 

p 
I 

approaches the upper limit, aL + au. 

and at + M set, respectively, to values from countries with the most
 

and least favorable conditions for infant survival, the values 
for
 

the morbidity and fatality rates generated by the model can be restrict

ed to a plausible range.
 

2. 	Choice of age groups
 

Because morbidity risks and responses to interventions change
 

with the physical development of a child, we have divided the overall
 

period under analysis, the first sixty months of life, into three
 

1 For 	 instance, suitdblebaseline data may be obtained for Guatemala, 

or Haiti during the decade 
3960-70.
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-1 

- - - - ---- Upper bound, (%L+ 

Lower bound, L
 

0 

Figure One
 

Example of a constrained morbidity or fatality
 

rate function (logit form)
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separate age groups; The division chosen is 1) the neonatalperiodi'(the
 

first month of life), 2) the infant period (1-12 months of-life) and 3)
 

the toddler period (12-60 months).,, ,These three periods are set apart
 

from each other by large differences inmortality associated with distinct
 

physiological characterisi'ics in the development of the child. The
 

first month of life ismarked by a high risk of death from low birth,
 

weight and what we have called "obligatory causes',. Theperiod from
 

one to,twelve months is characterized by relative immobility of the child,
 

breast feedingand transferred maternal immunity for some childhood
 

diseases. ,Incontrast, the periodfrom twelve to sixty months is
 

characterized by increased contact withthe environment and suscepti

bility to the immunizable diseases of childhood. For the 13 countries
 

of the PAHO mortality study the average neonatal mortality rate was 70.3
 

perl,000 live born (38.8 to 123.0). For theinfant period (29th day
 

toll months),the rate was 39.7 of 1,000 live born. The rate for
 

children,l to 4 years was 6.23 (1.5 to 26.2).
 

The entire model therefore actually consists of three sub

models,covering three different age groups in the span between birth
 

and five years of age. Individual age groups are linked in that the
 

survivors of younger age groups become the demographic basis for
 

intervention coverage and morbidity rates in the older age group.
 

Disease Categories
 

The selection of diseases used in the model is guided by three
 
- . , I, 1 'I , , ; S 

criteria. First, the objective of the modelis to include.a minimum
 

number of morbidity states for simplicity but to account'for at least
 

75% of childhood mortality. Second, diseases which have well known
 

and obvious interventions which might be thought cost effective prior 
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IJ
to a formal'analysis are included.' The first' two criteria 
might conflict,
 

for instance tetanus and childhood tinoculable diseases 
may account for
 

some areas. (Although in
less than 10-15% of childhood mortality in 


other 'areas, such as parts of India, their 
Importance is indisputable. )
 

rut the existence of vaccination toxins of known efficacy dictated 
the
 

ii.idusion of these disease categories in 'themodel.
 

"the final criteria is a'c6mparison of mortality rates by
 

cause and age of death in developed and less developed regions or 
a
 

comparison of mortc'ity rates for developed countries-over time to
 

identify'disease categories which showithe most potential for reduction.
 

This was the basis for the monumental studyby Puffer and Serrano and
 

is perhaps the most impo'tant criteria since it identifies a very few
 

diseases with a great potential for Improvement. The age-specific rates
 

'of death in developing countries grossly follow the same pattern as
 

those in developed countries with a high proportion of deaths o6curring
 

at very early/,stages of life. The magnitude, however, is different.
 

Very small differences are found in the rates for the first day of life
 

(maximum two fold). The difference increases steadily however to rates
 

10-15 times higher at ages 2 to 4 years (See Figure Two). 

A comparison of mortality rates for Cali, Colombia and Cali

are marked differfornia indicates that, for the neonatal group, there 


ences in the rate of low birth weight deliveries and in the mortality
 

rates for categories where low birth weight is either a contributing
 

or underlying cause. This apparent interactive relationship is especially
 

important with respect to neonatal infection.- Together these two categories
 

1See, for instance, G. S. Simmons, C. Smucker, B. D. Hisra,
 

P. MaJumdar "Patterns and Causes of Infant Mortality in Rural Uttar
 

Pradesh", forthcoming, Journal of Tropical Pediatrics and Child Health.
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FIGURE TWO.
 

Distribution as percent of deathsby age groups in Latin America
 
and Un~ted States.
 

Latin America 13 countries United,"States 

100 _ _ _ ,__ _ _ , 

90 	 12 - 60 months 

.go1 

70
 

28th day to 12 months
 ~6 


50
 

,40'
 

"I	
30 1st to 28th day,
 

20
 

10
 

- 1st day of life 
0 	 -

Source: Puffer and Serrano
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explain a substantial proportion of neonatal deaths. To
 

these two categories is added neonatal tetanus which has obvious
 

associated interventions and which is almost nonexistent in the United
 

States but is a significant cause of mortality among newborn children
 

in developing areas. Finally, because there are major differencesin the
 

way the delivery is handled in developed and developing countries, birth
 

trauma is added as a fourth category.
 

The major cause of mortality among infants in the 1-12 month
 

group in developing countries is gastrointestinal infection. An exam

ination of changes in childhood mortality rates in Europe and the United
 

States shows that the primary reason for the great reduction in rates over
 

the last 30-50 years has been the near elimination of diarrhea as a
 

cause of infant death. A second reason for the dramatic reduction in
 

mortality rates is the decrease in the rate of childhood mortality from
 

respiratory infections. Both respiratory infections and diarrhea have
 

potential synergistic relationships with malunutrition. In particular,
 

the interrelationship between diarrhea and malnutritionhas been the
 

subject of extensive research. Further, evidence support theyobservation
 

that malnutrition is an important associated cause of death and signifi

cantly increases the fatality rates for other diseases when present. To
 

these three diseases is added the category of immunizable disease for
 

which only whooping cough is significant during the first twelve months.
 

The disease categories explaining the differential between
 

developed and developing country childhood mortality rates remain
 

essentially unchanged for the 1-4 year age group. The imunizable
 

disease category, however, becomes more significant with measles and
 

polio developing as potential causes of mortality as\neonatal inmunities
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are lost and increased exposure to the environments occurs. In addition
 

the Interaction betweeu immunizable diseases and malnutrition becomes
 

sufficiently substantial to warrant including in the model.
 

The diseases included in the analysis account for over 80
 

percent of childhood mortality inLDCs. The selection of diseases
t
 

thus holds out the potential for a significant reduction of mortality
 

bothbecause the diseases account for a large part of mortality in
 

developing areas and because known interventions have already brought
 

about a significant decline in their incidence in developed countries.,
 

The diseases and their interrelationships are s,,emarized in
 

diagram #4. The arrows' connecting the diseases indicate the direction 

of a potential causal flow which will be included in the model in the"
 

form-of anon zero interaction coefficient (for the disease identified
 

by the arrow) in the marginal probability function (see equation (6)
 

in chapter II). Only the most significant disease interactions are
i I I 

included. The importance of the disease interrelationships is that
 

they allow for indirect effects of interventions which, if not included,
 

might cause the effectiveness of particular interventions to be under

estimated. For instance,'malnutrition is not a significant direct cause
 

of mortality; it is, however, an Important contributor to higher morbidity
 

rates for other diseases. Inaddition the fatality rates for resritory,
 

and immunizable diseases are higher for malnourished children. Thus
 

a nutritional supplement may be potentially cost effective inmortality
 

reduction even though direct deaths through starvation or nutritional
 

deficiencies are,small innumber.'
 

The next few pages are'concerned 'th a definition of the
 

disease categories used in the infant mortality model, especially with
 



3-10
 

Diagram #4
 

THE MORBIDITY SEGMENT OF THE INFANT MORTALITY MODEL 
(shoving interdisease causal flows)
 

Infant Age Group Toddler Age Group
Neonatal Age Group 


Low Birth Weight Malnutrition 
 Malnutrition
 

,]a IDiarrheal' DaeaE 

infection Respiratory Respiratory 

ImDmunizable Immuni zable 
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an explanation of the degree of aggregation used, and with an outline of
 

the 	types of interventions to be considered. The interventions are
 

described in more detail in a following section. The concern here is
 

with 	a brief description of the potential mode of impact of interven

tions on the diseases. Since the importance of these diseases and their
 

Interrelationships is well known and previously documented-/ the dis

cussion is cursory.
 

1. 	 Low Birth Weight
 

For the purposes of this study, low birth weight is defined as
 

a weight of 2,500 grams or less immediately after delivery. This defini

tion 	encompasses two sub-categories of births, each of which may arise
 

for 	different reasons. The most important of these categories in
 

developing countries and the category to which we devote most of our
 

attention is low birth weight attributable to a deficiency in nutrients
 

reaching the fetus. This can occur because of a malfunctioning of the
 

placenta and/or a deficiency of iautrient intake by the mother before or
 

during pregnancy. The second sub - category is children born prematurely
 

who 	are of lower weight because of a shorter foetal development period. 

This group, which may be the result of non-nutritional physiological
 

problems of either the mother or fetus, does not behave as malnourished
 
I I ' kI1 

and may be less responsive to interventions.
 

The interventions considered for the reduction of morbidity in
 

,the 	low birth weight category are aimed at increasing the quantity and 
t ' I11. f 4 1 

quality of nutrients reaching the foetus and at decreasing the opportu

nity for a malfunction of the pregnancy. Generally, the interventions 

are aimed at 1) women not presently pregnant but capable of conception, 

See 	the appendix.
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2) pregnant women, and 3) women known to have a high risk of giving 

birth to a low birth weight child (because of previous birth histories
 

or present nutritional and physiological status).
 

Interventions for non pregnant women within the reproductive
 

age 	bracketinvolve health education and promotion, good health care
 

access, and access to good nutrition. The general categories of activi

ties 	which might be accomplished are: avoiding pregnancies at the
 

extremes of the reproductive age bracket (less than eighteen or over
 

thirty-five years of age), avoiding pregnancies within two years of a
 

previous pregnancy, providing treatment for malnourished female adults
 

within the reproductive age bracket, and the provision of education on
 

hygiene and nutrition to women within the reproductive age bracket.
 

Interventions for pregnant women are aimed at early detection
 

and appropriate remedial treatment of factors known to be associated
 

with l.b.w. Thus the intervention activities include: early detection
 

of pregnancy; early detection of anemia, urinary tract infection, vene

real disease, toxemia, hypertension and diabetes; encouragement of
 

cooperation in prenatal control, and nutritional supplements during
 

pregnancy.
 

2. 	 Birth Trauma
 

Birth trauma is referred to as the pathological process
 

occurring because or as a consequence of delivery. It may be produced
 

by misfunctioning of the birth process, misfunctioning of the birth
 

canal, mishandling of the delivery by the mother or person attending
 

(helping) the delivery, or malformations in the development of the
 

fetus that produces interference with the proper transit through the
 

birth canal. Previous to delivery, interventions to reduce birth trauma
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include the early detection and treatment of diabetes, toxemia and
 

,hypertension., With early detection of pelvic malformations, birth 

,canal obstruction orother indications of a high risk delivery, ade

quate facilities for instrumental or, surgical delivery might belpro

vided. 

3. Neonatal Infeitions"'
 

Two broad categories of neonatal infection are aggregated
 

under this heading. The first is superficial or localized infections
 

such a's 'pyodermitis,conjunctivitisand moniliasis. The second is
 

systemic infections such as respiratory tract infections'
 

and sepsis. The infections can also be classified by transmission
 

agent or source, i.e., those transmitted from the mother through the
 

placenta't& the fetus, those produced by direct contact of the child
 

vith the birth canal, and those acquired through environmental contact
 

after' birth' Generally, fthe interventions to reduce morbidity through 

to 'act 'through a reduction of the possibilityinfection'are intended 

and by controllingof transmission by controlling infection inthe mother 

the condition of the-neonatal environment.
 

treat-Interventions on pregnant women include detection-and 

ment of venereal disease, viral diseases' and infections of the birth 

canal, 'ind control of'the mothers environment to reduce the opportunity 

"for maternal 'infection. Interventions on the child and neonatal environ

-nent include control of the delivery environment, profilaxis of the eyes 

and cord at birth, and appropriate care of caput or scalp hemorrhages
 

Finally, breast feeding and counsel of the mother on breast and feed

ing hygiene is a potentially important activity intended to control 

tha neonatal environment. 
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4. Tetanus
 

Tetanus neonatorium isusuallyproduced by improper -andling
 

of the umbilical cord. The activities to reduce tetanus are immuniza

tion of the mother during pregnancy and appropriate care of'the umbilical
 

cord during and after delivery.
 

With regard to curative interventions, neonatal tetanus Is of
 

sufficient severity that combination diseasestates with tetanus are
 

aggregated to a single mutually exclusive disease state.3 The assump

tion is that the presence of tetanus will be an overriding factor in the
 

determination of treatment and the calculation of fatality rates for
 

all disease states where tetanus is present. Outpatient care is assumed
 

to have little usefulness and the only, care we are considering in this
 

,study Is intensive inpatient care with appropriate facilities.
 

5. Malnutrition
 

Malnutrition is a deficit of a major nutrients with respect to
 

standard requirements ,that willproduce retarded growth anddevelopment
 

,with respect to children of a reference population. We are using 

1/
the Gomez- standards as the criteria and include malnutrition of degrees 

I and above in this morbidity category. Malnutrition can occur
 

by two mechanisms, witha decrease in the intake and absorption of
 

nutrients or an increase in the requirements for nutrients or both
 

simultaneously. ,Thus,-achange,in the volume of nutrients metabolized
 

may not only occur as a consequence of a food deficiency, but may also
 

occur because of metabolic changes produced by infection or the lack
 

of absorption of the nutrients due to gastrointestinal pathology.
 

1Gomez, C. "Malnutrition in Infancy and Childhood". Advances'in
 
Pediatrics, Vol. 7-31, 1955.
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Interventions which,affect the level of malnutrition directly
 

are concerned with increasing the quality and quantity of nutrient intake.
 

These 'include: nutritional education of the mott-r, especially joncern

ing complementary foods, and the encouragement of breast feeding; improv

ing lactation of the mother up to the weaning age; and supplementary 

weaning foods. Other interventions which affect malnutrition indirectly
 

through a reduction in gastrointestinal infection are considered under
 

diarrhea.
 

Although malnutrition is an uncommon cause of death when not
 

associated with other diseases, itfrequently severely increases the
 

fatality rate of other morbidity conditions when it is found in associa

tion with them. The choice of curative care is dependent on the associated
 

disease. Inpatient care of a malnourished child is considered only for
 

grade III with rehabilitation clinics, which carefully control the environ

ment and nutrient intake, an intervention possibility to be considered.
 

Oupatient treatment of all grades of malnutrition consists of activities,
 

similar to those designed to reduce morbidity.
 

6. Diarrhea
 

In this study diarrhea is defined as "A disturbance of ,intestinal
 

motility and absorption which once and by whatever means produced, may
 

become self perpetuating as a disease through the production of dehydra

tion and profound cellular disturbances, which in turn favor the continu
'. - 1/ -11 1 I 

ing passage of liquid stools.'"- Diarrhea, as defined is a symptom and 

can be a result of any of a great number of enteropathogen or physiological 

causes.
 

"
W0 7.7-288
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The morbidity interventions to be considered are primarily
 

intended to act on the reduction of enteropathogen transmission by
 

controlling the child's environment and reducing the opportunity for
 

indirect fecal contact. Thus the interventions should be directed to
 

provide potable water, a clean environment, maternal personal hygiene,
 

a clean, bottle, and maintenance of breast feeding as long as possible.
 

Three processes produce death when a child has diarrhea: 

dehydration, dissemination of infection (sepsis) and starvation. Both 

inpatient and outpatient care is intended to attack the three processes 

by providing early and adequate replacement of fluids, adequate treat

ment of 'infections by antibiotics where necessary, and non lactose foods for 

early refeeding The essential difference between outpatient and in

patient treatment is the opportunity for observation and control, and 

the use of rehydration facilities in the health center.
 

7. Respiratory Diseases
 

At the level of aggregation used in this study, the heading
 

"Respiratory Diseases" refers to acute lower respiratory tract infections
 

with the addition of acute bronchitis, pneumonia and tuberculosis.
 

Specifically excluded are mild upper respiratory problems and immunizable
 

respiratory diseases of childhood. The morbidity interventions are
 

intended to reduce transmission through maternal education and the control
 

of the environment. Maternal education and participation in a well baby
 

clinic may also reduce the incidence in this category by providing
 

adequate treatment for upper respiratory infections.
 

8. Immunizable Diseases
 

This category includes whooping cough and measles (11th and 12th
 

1/The important effect of treatment for diarrhea may not be so
 
much on fatality from diarrhea as upon the diarrhea-malnutrition link.
 



3-17
 

month only)l inthe,infant age groups and diphtheria,,whooping cough,
 

tetanus, measles and polio in the toddler age group.,' Morbidity Inter-,
 

ventions include inoculations,and environmental contlol.,,
 

Interventions for the Reduction of Infant Mortality
 

The interventions to be considered in this study are defined in 

terms of fundamental units called "tasks., Eachtask consists of the 

execution of procedures or techniques involved in the control of various 

morbidity or fatality,categories. The tasks are then combined, as 

appropriate for a particular intervention, into "activities" which are 

entered into the morbidity equations to allow the calculation of morbidity 

rates. This breakdown of intervention activities into tasks is similar 

to the procedure followed by Feldstein, Piot and Sundaresan in their
 

tuberculosis control model.-/ It diverges from their works however in
 

its use of a higher level of aggregation in the definition of tasks. In
 

fact many of the activities used in this study consist of single tasks.
 

For example the provision of garbage and rubbish pick up is identified
 

as one task. As a second example the examination of women of child

bearing age and test for various diseases is treated as a single task
 

rather than considering each test and the examination separately. An
 

example of an activity'which consists of more than one task is-an exam

ination of potential mothers and tests for various diseases including
 

iron deficiency and then treatment for iron deficient women. The activity
 

thus involves two tasks (1)examination and tests and (2)treatment of
 

iron deficiency.
 

lMartin S. Feldstein at al, op cit.
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1. A List of the Interventions and Socioeconomic Variables in 

the Infant Mortality Model 

The table which follows (table3-1) presents a list of the tasks, 

as well as the socioeconomic variables, assumed to have an impact on the
 

morbidity, fatality and usage functions for each age group 'anddisease
 

included in the model. A number code used' to'identify the tasks is
 

included in the left hand column. The intervention activity 'con'rising
 

the test and treatment of women of childbearing age for anemia thus
 

consists of task 2 and'task 5. A more'detailed descripcion of the tasks
 

follows the table.
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Table 	3-1 

Inventory of (1)Tasks to Reduce Infant Mortality
 

and (2)Socioeconomic Variables Effecting Mortality
 

Task
 
Code A. Age 0-1
 

I. Health Post-Centre
 

1. Prenatal Care - pregnant women only 

3 a. Examination and tests, then ifneeded: 

7 1. 	Treatment of venereal disease, anemia, urinary
 
tract infection, toxemia, hypertension and
 
diabetes
 

8 	 ii. Nutritional supplement for l.b.v. risk mothers
 
only
 

iii. 	 Delivery of l.b.v. risk mothers in health
 
centre
 

iv. Delivery of birth trauma risk mothers in health
 
centre
 

9 b. Tetanus immunization of mothers
 

10 c. Hygienic education and nutritional counseling in health
 
center
 

11 d. Nutritional program for all pregnant women (c0'.'ld be
 
delivered without health centre-post) 

2. Health care for all women of child bearing age 

2 a. Examination and tests, then ifneeded: 

4 i. 	 Treatment of venereal disease and urinary infections' 

ii. Treatment of anemia for iron deficient women only5 

6 iii. Anemia program for all women (could be 
delivered without health centre) 

*The task code isused to identify the tasks in algebraic formulations
 
of the model and in computer prograing. The numbering corresponds to that 
used in the structural equation tables at the end of the chapter. Only the 
first 	occurence of the task is numbered.
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Table 3-1 (continued)
 

Age 0-41 continued
 

Ii.Delivery.
 

12 1. In health centre, by midwife or auxiliary nurse, 
doctor on call 

2. In home 

13 a. by midwife trained in'eye and cord profilaxis 

14 b. unattended, eye and cord profilaxis given later by 
promotora 

iIII. Post Natal Care  (impact on both morbidity and mortality) 

15 a. Outpatient examination of newborn in health centre 
(eye and cord profilaxis is considered under 

1* delivery). Initial counseling for mother. 

16 b. Outpatient care for 1.b.w. and infections 

17 c. Inpatient care  specific treatments for, l.b.w., 
birth trauma, infections and tetanus 

IV. Water 

1. Adequate quantity and quality 

,,18 a. In home 

19 b. Within a short walk (100 meters) 

V. Sanitation
 

1. Excreta disposal
 

20 a. In house hygienic toilet facilities connected to
 
sewage system or septic tank
 

21 b. Latrines, outside, not connected to sewage system
 

22 2. Garbage and rubbish pick up and sanitary disposal
 

VI. 4 Program,Usage
 

1. Effect on use of prenatal care, nutrition program,
 
postnatal care, and breast feeding of:
 

a. educational level of household
 

b. household income
 

23 c. mass media (specific messages)
 

d. promotora
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Takle 	3'1 (ontinued)
 

2. Impact on 'effective use of water and sanitation of
 

,a. 	education
 

b. 	income
 

c. 	mass media
 

d. 	promotora
 

VII. 	Promotora (two visits per year)
 

Services provided by promotora
 

1. 	Hygienic and ,nutritional ed'ication
 

2. 	Early detection of pregnancy and referral
 

3. Detection of infections and ialnutrition of women
 
and referral (if1.2., above, is used)
 

VIII. Socioaconomic Variables and Health Status
 

a. 	income
 

b. 	education
 

c. income/family size
 

d." family size
 

e. 	sq. meters of housing/family size,
 

f. 	age ofmother,
 

g. 	birth interval
 

B. 	Age 1-12 

I. 	Promotora (three visits for 1-12 agi group)
 

Services provided by promotora related to 1-12 age group.
 

1. To detect malnourished child, respiratory infections,
 
severe diarrhea and referral
 

,2. To encourage breast feeding (ifbreast feeding program is
 
used)
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Table 3-1 (continued)
 

3. 	To provide nutritional and hygienic evaluation
 

4. 	To encourage use of health centre services for check up
 

or shots (if programs are used)
 

II. Health Centre - Post
 

24 1. 	DPT & Polio '.munization
 

25 2. 	Measles imunization
 

26 	 3. Well baby clinic alternative #1 - routine check up (first
 

visit to doctor, last three to auxiliary nurse) and
 

referral at 3,4,6 and 12 months, nutritional education
 

27 	 4. Well baby clinic alternative #2 - three home visits by
 

promotora, one health center visit
 

28 	 5. Nutritional supplement for child (could be promoted
 
without health centre)
 

29 6. 	Nutritional supplement for breast feeding mother
 

30 	 7. Outpatient care for 1-12 age group as appropriate for
 
diarrhea, respiratory or inoculable diseases
 

31 	 8. Inpatient care for 1-12 age group as appropriate for
 
diarrhea, respiratory or inoculable diseases
 

32 9. 	Intensive care of malnourished child in 1-12 age group
 

I1. Water
 

1. 	Adequate quantity and~quality,
 

a. 	In home
 

b. Within a short walk (100 meters)
 

,IV.,, Sanitation
 

1. 	Excreta disposal
 

a. 	In house hygienic toilet facilities
 

b. 	Latrines
 

2. 	 Garbage and rubbish pick up and sanitary disposal 
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Table 3-1 (continued)
 

V. 	ProgramUsage,
 

1." Effect on use of postnatal preventitive care, nutrition,
 
-program, breast feeding and use of remedial care:
 

; a. educational level of mother
 

b. 	household income
 

c. 	mass media
 

d. 	promotora
 

2. Impact on effective use of water and sanitation of
 

a. 	education
 

b. 	income
 

c. 	mass media
 

d. 	promotora
 

VIII. Socioeconomic Variables and Health Status
 

a. 	income'
 

b. 	education
 

c. 'income/family size
 

d. 	family size
 

e. 	sq. meters of housing/family size
 

C. 	Age 12-60
 

I. 	Promotora (two visits per year)
 

1. To detect malnourished child, respiratory infections,,
 
severe diarrhea and referral
 

2. 	To provide nutritional and hygienic evaluation
 

3. To encourage use of health centre services for check
 
up or shots (ifprograms are uced)
 

II., 	Health Centre
 

1. 	DPT & Polio
 

2. 	Measles
 

3. Well baby clinic - routine check up by auxiliary nurse
 
and referral at 24, 36,48 months, nutritional education
 

33 
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Table 3-1 (continued)
 

34 	 4. Nutritional supplement for child
 

5. 	Outpatient care for 12-48 age group as appropriate for
35' 

diarrhea, respiratory or inoculable diseases
 

136 	 6. Inpatient care in health centre for 12-48 age group as
 
appropriate for diarrhea, respiratory or inoculable
 
diseases.
 

III. Water
 

1. 	Adequate quantity and quality
 

a. 	In home
 

b.i 	Within short walk (100 meters)
 

IV. Sanitation,
 

'1. Excreta disposal
 

a. 	In house hygienic toilet facilities
 

b. 	Latrines
 

2. 	Garbage and rubbish pick up and sanitary disposal
 

V. 	Program Usage
 

1. Effect on use of prenatal care, nutritional program
 

and postnatal use of:
 

a. 	'educational level of household
 

b. 	household income
 

c. 	mass media
 

d. 	promotora
 

2. 	Impact on effective use of water and sanitation of
 

ta. education
 

b. 	income
 

c. 	mass media
 

d. 	promotora
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Table 3-1 (continued)
 

VIII. Socioeconomic Variables and Health Status
 

a. income
 

b. education
 

c. income/family size
 

d. family size
 

sqIe. sq.e. meters of housing/family size 
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2.: Deocrintion of Jatorvontion Tasks
 

Task 1. Health Promotor (Promotora) 

The promotora, in the program we are considering, is a non 

professional health worker who is given specific messages and assigned 

limited services to deliver in visits to the household every four months. 

Promotoras are usually women between eighteen and twenty-five years old 

with at least seven years of primary education and receive approximately 

two to three months of training. -They live in the areas inwhich they 

work and are generally accepted as inside members of the community. The 

mother is their usual contact in the household.
 

In infant mortality model the actions of the promotora are
 

differentiated according to whether or not they promote the usage of
 

health services or provide a direct service in themselves. This distinc

tion ispreserved in the survey questions regarding the impact of the
 

promotora.
 

The most important functions of the promotora which have a poten

tial direct effect on morbidity are educational. Specifically the
 

,promotora provides education about personal and child hygiene and the
 

proper use of water and sanitary services. Nutritional advice concerning
 

the choice and preparation of foods is also given. The promotora also
 

teaches the mother to look for signs of morbidity and how to care for
 

mild illness. Other, non education, service tasks are considered under
 

appropriate intervention headings.
 

The primary function of the promotora is to promote the use of 

health services. In this function the promotora identifies, for the 

mother (or prospective mother), existing health services in the community 

and encourages the use of the services where appropriate. The promotora 
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also attempts to detect pregnant women, within the first trimester, for
 

referral to a health center for a prenatal exam. The promotora may also
 

be used as part of a program to encourage breast feeding.
 

Task2. Examination and tests for women of childbearing age
 

This interventions task'consiht of an annual examination by
 

paratiedical personnel (aregistered nurse,or equivalent training) in
 

a health centre with a medical doctor available for consultation.,
 

The objective is to identify fertile women with conditions which might
 

effect the quality of a pregnancy and fetal development. Of specific
 

concern, because related interventions are to be considered, are tests
 

for the existence of venereal disease, other genito-urinary tract
 

infections, and anemia.
 

Task 3. Examination and clinical tests for pregnant women
 

This intervention task consists of an examination, in a health
 

centre or health post, of women with a suspected pregnancy. The
 

I'I'I , I T Iobjective of the examination is to confirm the pregnancy and screen
 

14 4, r II I 
women for medical problams which would complicate the pregnancy or
 

detract from optimal fetal growth. Specifically the tests are
 

concerned with venereal disease, genito-urinary tract infections ,
 

hypertension, diabetes, toxemia, anemia and malnutrition. The
 

examination is made by a medical doctor or by a paramedic under the 
, "II I'4 P1 

supervision of a doctor. 

In the survey questions regarding ,he effectiveness of the 

examination and related treatment-a distinction'is made between an 

exam and treatment carriedout in the first'trinester of the pregnancy 
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,(and, thus, possibly in conjuction with a program for early detection
 

of pregnancy) and an exam and treatments carried out later in the
 

pregnancy.
 

Task 4. Treatment of venereal disease and urLnary tract 
infection
 

This task is the outpatient treatment, through a health center 

of venereal disease and urinary tract infection in fertile women of 

The treatment consist of an appropriate prescripreproductive age. 


tion of antibiotic drugs and the encouragement of cooperation in
 

carrying through-with the treatment and continued observation.
 

Task 5. Treatment of anemia for iron deficient women only
 

This treatment consist of the prescription of an iron supplement
 

-for anemic women and encouragement in participation in the program.
 

Task 6. Anemia program for all women
 

This intervention task consist of the fortification of food with 

The difference between
iron in a dose sufficient to prevent anemia. 


In task 6 all women, whether presently
task 5 and 6 is the target group. 


anemic or not, receive an iron supplement. The supplement and
 

encouragement in participation can be delivered either through the
 

health center or by a promotora. In task 5 the target group is
 

In addition to the supplement and encouragement
presently anemic women. 


in participation task 5 includes continued observation and measurement.
 

Task 7. Treatment of morbidity conditions in pregnant women
 

This intervention task consists of oupatient treatment of venereal
 

,disease, anemia, genito-urinary tract infection, toxemia, diabetes,
 

hypertension and anemia. The treatments, consisting of drugs and
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counsel a' appropriate, are administered through a health center.
 

Task 8." Nutritional, supplement for low birth rate weight rskmotlars 

This intervention task consists of the introduction of aprotein 

calorie and iron supplement equal to the average deficit identified in 

the community under analysis. The supplement is given only to 

high risk of giving birth
households having pregnant women with a 


to a low birth weight infant.
 

Task 9. Tetanus immunization of pregnant women
 

The tetanus Inunization is delivered'by 'apromotora on one of
 

her three visits per year or in the health center. The immunization
 

is given before the eighth month of pregnancy.
 

Task 10. Hygienic education and nutritional counseling in a
 

health center
 

In this task pregnant womel itre counseled 6y a paramedic,
 

"registered nurse or doctor on the importance of good nutrition, and
 

hygienic habits during pregnancy. The content of the messages is
 

standard medical practice and the counseling occurs as part of a
 

visit to a health center for examination. Education and counsel given
 

by the promotora is not considered as part of this intervention.
 

Task 11. Nutritional program of all pregnant women
 

In this task pregnant wmen are given a protein-calorie wd Iron 

the average deficit for women of childbearing agesupplement equal to 

in the community. This intervention task differs from task 8 in that 

the supplement is given to all pregnant women-without regard 
tot their 

nutritional status.
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Task 12. Delivery in a health center
 

Delivery is assisted in a health center by a trained midwife or
 

registered nurse. The health center employs a medical doctor, 

has an ambulance.and is equipped for a normal delivery. 

The delivery personnel are trained to recognize abnormalities in the
 

development of the delivery that calls for referral to a regional
 

hospital. In the optimization model and in the survey questionsan
 

intervention activity is defined which consists of an exmnination,
 

screening and delivery of mothers with a high risk of low birth weight
 

or a high risk of birth trauma in a health center. Another intervention
 

activity consist of the delivery of average risk mothers in a health
 

center. In each of these activities the intervention delivery task is
 

number 12.
 

Task 13. Delivery at home attended by midwife
 

,The midwife attending the home delivery in this intervention task
 

is trained to recognize signs of an abnormal delivery for referral to
 

a health center. The midwife is a recognized as a member of the community
 

and has received training in treatment for asepsia and eye and,cord
 

profilaxis.
 

Task 14. Promotora visit after an Unattended Home Delivery
 

Within 48 hours of an unattended delivery a promotora is to
 

visit the home and give eye and cord profilaxis and advice on the
 

adequate care of the umbilical cord. The promotora also attempts to,
 

recognize neonatal problems for referral to a health center.
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.Task,15.," Outpatient examination of 4ewwborn infants
 

Thisintervention task consists,,of the examination of newborn
 

children by trained personnel in a health center within the few weeks
 

of birth. The child is referred for treatment as appropriate and
 

available. 
The mother is counseled in health and nutrition. Note
 

that the health center delivery activity includes this task automatically.
 

Task 16. Outpatient neonatal care
 

This task consists of the current accepted treatment as needed for
 

low birth weight and neonatal infections. The child is not
 

hospitalized; the care is delivered through a health centre with a
 

physician available for counsel.
 

Task 17. Inpatient neonatal care
 

This task consists of the current accepted inpatient treatment
 

and care as needed for low birth weight, birth trauma, infection and
 

tetanus. The care is given in 
a health centre with back up services
 
taa / a aY1 t 

available as required at a regional hospital.
 

Task 18. In home piped water
 

This intervention consists of the provision of potable water in
 

sufficient quantity for drinking, cooking and household sanitation. The
 
- .1 a, , a - 1,' 1 aM I t 0 f ,, a 1 1 

water is piped to the household and available through at least one
 

spigot.
 

Task 19. Public Fountain
 

An adequa t• quality and quantity of water is avalable at a
 

public fountain within 100 meters of the household. Note that in both
 

this task and task 18 the quality of the water refers to the wrter at
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the tap and not necessarily as finally used. The quality of water usage
 

(that is,the quality of the handling and storage of water) is considered
 

elsewhere.
 

Task 20. In house toilet facilities
 

This intervention task consists in the provision of hygienic
 

(flyproof) toilet facilities connected to a sewage system or septic
 

tank.
 

Task 21. Out house toilet facilities
 

This intervention task consists in the provision of latrines, not
 

connected to a septic tank or central sewage system, for each household.
 

A cover for the latrine is providedhowever the latrine itself is not
 

flyproof.
 

Task 22. Garbage and Rubbish Pick Up
 

This intervention task consists of the collection (at weekly intervals)
 

of garbage and rubbish for each household. The refuse is to be placed
 

in one location at each household with blodegradeable matter separated
 

and placed in a container. The refuse is disposed of in a sanitary
 

manner.
 

Task 23. Mass Media
 

In this task specific messages are delivered through advertising
 

on the radio, on billboards or in newspapers. The messages being 

considered are intended to affect the usage of health services and do
 

not have a direct affect on morbidity.
 

Task 24. DPT and Polio Immunization
 

The sequence of shots would be delivered at appropriate intervals
 

by either a health promotor in a home visit or at the health center
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during vimits to s well baby clinic. The mode of delivery is assumed 

to affect'usage levels and not the effectiveness of the shots.
 

Task 25. Measles Immunization
 

As in the preceeding intervention task the shots can be delivered by
 

either a health promotor or at a well baby clinic. 
The mode of delivery
 

in assumed to affect participation but not the effectiwness of the shots.
 

Task 26. 
Wellbaby clinic, infants, alternative #1.
 

This task is carried out in ,the health center and consists of a
 

routine check up by,a physician or registered nurse at three months
 

followed by health center visits 
t four, six and twelve months for
 

routine examinations by an auxiliary nurse or paramedic. Nutritional
 

and hygienic advice is given. 
Mothers are encouraged to use health
 

aervices and referrals are made for treatment as needed.
 

Task 27. 
Well baby clinic, infants, alternative #2.
 

This task is similar to task 26 except that the visit to a,physician
 

or registered nurse is followed by'three home month visits (at four,
 

six and twelve months) by a promotora. (instead of the health center visits).
 

Tasks 28 and 34. Nutritional Supplement for infants, Nutritional Supple

ment for Toddlers. 

These tasks consists in the provision of a protein-calorie 

supplement sufficient to close the nutritional gap for the average 

child in the comunity. It is assumed that the programs are designed 

in such a manner that the target group actually receives the supplement. 
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Task 29. Nutritional Supplement for Breast Feeding Mothers
 

This consistsoftde protein-calorie supplement needed to close the
 

gap between the comunity average and the standard requirements for
 

breast feeding women. The supplement is administered to breast
 

feeding mothers for six months.
 

task 30 and 35. Outpatient care for Infants, Todlers
 

These tasks consist of the provision of appropriate outpatient
 

care for diarrhea, respiratory diseases and inoculable'diseases in
 

the infant and toddler age groups. The care consistsof6'an examinationj
 

tests, prescription of medicine and advice; The care is given by
 

trained medical personnel in a fiealth center.
 

Tasks 31 and 36. Inpatient care for Infants, Toddlers
 

These tasks consist of the provision of inpatient care for diarrhea,
 

respiratory illness or inoculable diseases. The care is given in a
 

health centre or regional hospital as appropriate.
 

Task 32. Intensive care of malnourished infants
 

This task consists of the institutional care and rehabilitation
 

of malnourished infants.
 

Task 33. Well baby clinic, toddlers
 

This intervention consists of a routine check up and nutritional

counsel by an auxiliary nurse at 27, 36 and 48 months.'
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STRUCTURAL EQUATIONS
 

There are three types of structural equations in the model. The 

three types of equations generate the rates for 1) intervention usage, 

2) marginal disease incidence aud'3) fatality. By referring to Diagram 

#2 and'recalling the associated discussion in,Chapter II, the role of 

the three types of equationq can be reviewed. , As the arrows indicate, 

the usage rates (or,alternatively participation rates), uj, are calculated 

as a function of socioeconomic variables and,intervention activities; 

uz0 U (CL) Il. . . L (9) 

where CL is a vf-tor of appropriate socioeconomic variables and activities
 

made up of the tasks described'on the preceding pages; L is the total
 

numbers of usage functions calculated. The usage rates are then compared
 
with the available level of intervention progra , xi , and the minimum 

is'seleced to represent the level of interventions,I:,used in the cal

culation of morbidity and fatality rates; that is,
 

IImin UP. 

In actuality the extent of program participation would be somewhat
 

different for each intervention activity, since participation will vary
 

-with the perceived utility of each program as compared with the per

ceived costs. However, to keep the number of usage equations manageable 
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Diagram 05
 

THE MORBIDITY SEGMENT OF THE INFANT MORTALITY MODEL 
"NEONATAL AGE GROUP (0-1 month) 

(from aximum of 
usage and availability) 

I Marginal Molbidity Mutually, Exclusive 
Ltrvnton Activities Rates Joint Disease Rates 

,~aaProsotor 
 Tetanus - All te
! ~Low-- -'
 
' ' Birth 

nWeight 
 Low Birth Weight Only 

0 Birth Trauma Only 

Infection Only 

Water andSanitation
 

Delivery 
 Infection 
 .- L..W & Inf.1
 

L.B.W. & B.T. & In
 

lThe functions used to calculate the marginal diseame ratea are presented 
In more detail In tabular form in table 3-2. 
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Diagram #5 (Continued)
 

THE MORBIDITY SEGIENT O THE INFANT MORTALITY MbDEL
 
INFANT AGE GROUP (1-12 months)
 

(from maximum of 
usage and availability)
 

Marginal Morbidity Mutually, Exclusive
 
Joint Disease RatesIntervention Activities Rates 
Malnutritiononli
 

Health Promotor 


Respiratory
-.-- ain. & 


AlOhiobnto 
Irmnunization )j~alin. ioh Itmunizable only 

un.& I mn -H Mal . 
$ 

-Immunizable Ma an.& Diarrhea
Ilmunizati=on ge .0,_

aw ni Ra 

Ma. &Repiatr
 



Diasram #5 (Continued) 

THE MORBIDITY SEGMENT OF THE INFANT MORTALITY 
TODDLER AGE GROUP (12-60)
 

(from maximm of 
usage and availability) 

1 Marginal Morbidity 
Intervention Activities Rates 
IHealth Prowoto...Maln.t.ition 


Respiratory 


and Infection
Sanitation A 

mmunizato Diseases -0an 
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MODEL 

Mutually, Exclusive
 
Joint Disease Rates
 

only
 

MMalnutrition
 

Immunizable only
 

All 


iHl.&Respiratory

Dare
 

Man Dare
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ie have collected interventions into nine groups which might reasonably be
 

expected to have similar participation characteristics and have specified
 

individual usage functions for each group. The nine usage equations are:
 

1) usage of prenatal care by all women,
 

2) usage of prenatal care by pregnant women,
 

3) usage of curative care,
 

4) effectiveness of water and sanitation usage,
 

5) usage of breast feeding,
 

6) usage of preventative care'in the infant group,.

7) usage of curative care in the infant group,
 

8) usage of preventative care in,the toddler group, and
 

9) usage of curative care in the toddler group. ,
 

The availability of each intervention is compared with the applicable
 

usage rate in deriving the minimum to be used in calculating the morbidity
 

and fatality rates.1/Thus, for example the available capacity for pren4tjaI
 

obstetric examinations, is compared with usage cateaory number two to determine
 

'the minimum representing the effective level of the obstetric examination
 

intervention.
 

Given the effective level of the interventions, the age specific morbidity
 

rates can be calculated from the morbidity rate functions (see equation
 

(1)chapter II),
 

Pi " Pi (Ail Pj) ij+ 1 .n (1)
 

1with the exception of usage category four-effectiveness of water and
 

sanitation use. This category is used multiplicatively with the water and
 
sanitation interventionvariables to derive the 4ffective level of these
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The flows involved in these calculations are illustrated in diagrams
 

05a through Sc. The boxes on the left represent the effective level
 

of Interventions derived from the procedure described in the foregoing
 

paragraph. The interventions determine the marginal morbidity rates
 

as shown by the arrows. In addition, the interactions among diseases
 

are shown by the arrows drawn between various pairs of disease. Moving
 

to the right the probability relationships (see equations (2)and the
 

appendix to chapter II),
 

C k(pi) k ...
 k (2)
 

are used to derive the mutually exclusive disease,rates. Finally, if
 

the derived rates are consistent with the constraints representing the
 

primary postulates of probability theory (see the discussion,in chapter TI),
 

the fatality rates are calculated using the fatality rate functions,,
 

(see equation (4)chapter II),
 

fk fk(Bk) 4 k J( 

and the mortality rate is obtained, 

D-f 

k k(6) 

The functional corm chosen for all three types of structural equations 
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is the logit and the structural equations canbe "arittenas:
 

+e
 

for the usage equations, and
 

. .4 (diseases)a ,-ZiL
Pi "+' i i i-i . 

a - 1 • • .3 (age groups), e 


for the marginal morbidity rates, and
 

k- 1 . . .K (disease
fka %U +6 

( categories)
"k tacka 

a - 1 • . .3 (age grougs 

for'the fatality rates; where the U, Z and G variables are functions j
 

(at present time linear functions are being used) of the various 
socio

economic, intervention and simultaneous variables.
 

The

The complete set of functions is summarized in Table 3-2 below. 


functions are separated by age group and within age group by 
usage, mor-


To the right of the double line the funcbidity and fatality categories. 


(The age

tions are identified by dependent variable, U1, Z2 and so 

on. 


The first column on the left names
 subscripts are omitted i. the Table). 


the independent variable; the second column gives the Identifying 
subscript
 

IThe specification of functional form is flexible and as the project
 
-
" 


progresses other forms may be tried. 
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for the variables, and the third column identifies tasks involved in
 

the intervention activities.
 

To the right of the double line a mark in the intersection between
 

a row and a column indicates that the activity or variable identified by
 

the row is to be included as a variable in the equation identified by
 

the 	column. There are three types of marks:
 

1) 	/ indicates simply that the variablelis to be 
included. 

2) Uptindicates tht the minimum of U or xi is to
 
be used.
 

3) 	.U,that is a U preceded by a dot, indicates that
 
the intervention variable is to be multiplied times
 
the indicated usage variable before inclusion in
 
the equation indicated by the column.
 

As an example of the use of the Table we write the equation for the usage
 

'of,prenatal care by all women. This is found in the first column to the
 

right of the double line on the first page of the Table for the neonatal
 

age group. Noting that there are A in the rows for promotora, mass media,
 

houehold income and education we write (omitting,subscripts for the age
 

group).
 

1
 

1+e
 

with,
 

U1 YO +y1 ,1 1 +Y 1,27 27 + y1,41S1 + 1,42S2
 

and 	where the y ,Xare the elements of the C vector noted poreviously and
 
4, 00\' 	 .0 

are constants giving the impact of the various variables on U1. The first
 

subscripts on the coefficients identifies the equation and the second
 

subcript identifies the variable. The numbering of the coefficients on the
 

socioeconomic variables is 40 plus the subscripf of the variable; thus 

the coefficient on household income (socioeconomic variable number 1) is 

41 (w40 + 1). 
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As a second example consider the morbidity function for respiratory
 

disease In the toddler age group. Following the table we write (again
 

omitting subscripts for the age group)
 
a 

P 3U 
I3 + e -3L3 
l+e 

with 

Z3 '3,0 + 3,24U4124 + a3,25U4125
 

+ '3,26U4126 + 
3,37137 + a3,44S4'
 

+ 03, 1 ,4
 

where 137 is the mininum of X37 or U8. Finally, as a third example
 

the fatality equation for the disease state "diarrhea only" in the infant
 

age group is,
 

U-G2 2
f2 M" 2U- + 62L

1 + r, 2 

with 

G2 - 62,0+ 62,34 134 +62,35135
 

where 134 and 135 are the minimums of X34 and U7, and X35 and U7, 

respectively.
 

Sumary 

This chapter has given a description of the simulation model which 

will be used to calculate the value of the objective in the Gptimization 

program. The model consists of four disease categories for each of three 

age groups. The age specific disease rates are defined as a set of
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functions of 40 health intervention activities and 6 socioeconomic
 

variables. 
Diagrams 5a through 5c suunarize the relationships between
 

the interventions and disease rates. 
Usage rates are generated as
 

functions of health promotion interventions and socioeconomic variables.
 

Table 3-2 defines the usage, morbidity and fatality functions which
 

comprise the structural equations of the model. 
The next chapter is con-'
 

cerned with the specification of the coefficients of the equations"defined
 

In Table 3-2.,
 



STRUCTURAL 
Table 3-2 

EQUATIONS - NEONATAL -..E GROUP 

USAGE FUNCTIONS 

Activity or Variable 

Intervention Activities 

ubscript 
otation 

IH 

Tasks Involved 
(See Inventory 

of Tasks) 

Usage of 
Prenatal Care 
by All Women 

U1 

Usage of Pre-
natal Care by 
Pregnant Women 

U2 

Usage of 
Curative 

Care 

U3 

Effectiveness 
of Water and 

Sanitation Usage 

U4 

Usage of 
Breast 
Feeding 

U5 

Promotora 1 1 / 1 1 1 

All Women  exam and treat. 
for infection 

- exam and treat. 
for anemia 

- anemia program 

2 

3 
4 

2+4 

2+5 
6 _. _ _ _ _ 

Pregnant Women 
- exam and treat 

infection, etc. 
- exam and treat 
1.b.w.-nutritlon 

- exam and del. 
of l.b.w. risk 

- exam and del. 
of b.t. risk 

- tetanus 
im unization 

- counsel in 
health center 

- nutritional supp 
all pregnant 

5 

6 

7 

8 

9 

10 

11 

3+7 

3+8 

3+12+15 

3+12+15 

9 

10 

11 

/ 
/ 

Delivery - in health center 
- in home by 

mid wife 
- in home w/ 
Dronotora later 

17 

18 

19 

12+15 

13 

14 

/ 

/ 

/ 
Outpatient ezamination 

newborn 
of 

20 15 / 



Table 3-2 (continued) 

STRUCTURAL EQUATIONS - NEONATAL AGE GROUP 

USAGE FUNCTIONS (continued) 

Activity or Variable 

Intervention Activities 

Subscript 
Notation 

Tasks Involved 
(See Inventory 

of Tasks) 

Usage of 
Prenatal Care 
by All Women 

U1 

Usage of Pre-
natal Care by 
Pregnant Women 

U2 

Usage of 
Curative 

Care 

U3 

Effectiveness 
of Water and 

Sanitation Usage 

U4 

Usage of 
Breast 
Feeding 

U5 

mass media 27 23 / / / / 

Socio Economic Variables 

Household Income 
Education 

S_ 

1 
2 

m m 

__""_-_"-_-

t 
-

,_ 

/ 
V 

n 

/ 

, 



Table 3-2 (continued) 
STRUCTURAL EQUATIONS - NEONATAL AGE GROUP 

MORBIDITY FUNCTIONS 

Tasks Involved 

Subscript (See Inventory low birth birth 
Activity or Variable Notation of Tasks) weight trauma infection Tetanus 

Interventio Activities Ii Z1 Z2 Z3 Z4 

Promotora 1 1 / / 

All Women - exam and treat infection 2 2+4 U1 UI 

- exam and treat anemia 3 2+5 U1 

- anemia program 4 6 U1 

Pregnant Women - * -

- exam and treat infection, 
etc. 5 3+7 U2 U2 U2 

- exam and treat l.b.w. -

-
nutrition 

and del. of risk 
6 
7 

3+8 
_a_'3412 

U2 U2 U2 _.b.w. U2 

- exam and del. of b.t. risk 8 3+12 U2 U2 U2 

- tetanus immuni4tioa 9 9 DU2 

- counsel in health center 10 10 U2 U2 U2 

- nutritional supplement -
all preg. 11 11 U2 



S.TRUCTURAL 
Table 3-2 (continued) 
EQUATIONS - NEONATAL ACE GROUP 

MORBIDITY FUNCTIONS kontinued) 

Activity or Variable 
Subscript 
Notation 

Tasks Involved 
(See Inventory 

of Tasks) 
low birth 
weight 

birth 
trauma infection Tetanus 

Intervention Activities Ii Z Z Z Z 

Delivery - in health center 

- at home by mid wife 

- at home with promotora 
later 

17 

18 

19 

1215 

13 

14 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

Outpatient examination of newborn 20 15 U3 

breast feeding - 21 - U5 I 

Water - in home 

- in public fountain 

22 

23-

18 

19 

.U 

.U4 

U4 

U4 

Sanitation - in house toilet 

- latrine 

-garbage pick up 

24 

25 

26 
__ __ __ 

20 

21 

22 
__ __ _ __ _ _ 

U4 

.U 1 

*U4 
_ _ _ _4 

.U4 

U4 

U 



Table 3-2 (continued)
 

STRUCTURAL EQUATIONS - NEONATAL AGE GROUP 

MORBIDITY FUNCTIONS Tcontinded) 

Tasks Involved
 
Subscript (See Inventory low birth birth
 

of Tasks) weight trauma infection Tetanus

Activity or Variable - Notation 

Early Detection of Pregnancy:
 
U2
exam and treat for infection 12 1+23+3+7 U2 U2 


nutritional supp. for l.b.w.
 
risks 13 1+23+3+8 U9
 

tetanus inunization 14 1+23+3+9 
 DU2 

counsel in health center 15 1+23+3+10 U2 U2 U2 

nutritional program all preg. 16 2+23+3+11 U2 

t 



STRUCTURL 

Table 3-2 (continued) 

EQUATIONS - NEONATAL AGE GRCOUP 

MORBIDITY FUNCTIONS (continued) 

Activity or Variable 
Subscript 
Notation 

Tasks Involved 
(See Inventory 

of Tasks) 
low birth 
weight 

J 
birth 
trauma infection Tetanus 

Socio Economic Variables Si Z 

Household Income 

Education 

Hous*hold Income per capita 

Number of Rooms per capita 

Age of Mother <18 years 
>35 years 

Birth Interval <2 years 

1 

2 

3 

4 

5 

6 

/ 

/ 

/ 

1 

1 

/ 
/ 

/ 

Simultaneous Variables 
l.b.v. 

V Z__ 

1_ _ 



STRUCTURAL 
Table 3-2 (continued) 
EQUATIONS - NEONATAL AGE 

FATALITY FUNCTIONS 

GROUP 

Activity or Variable 

Atervention Activities 

Subscript 
Notation 

Tasks Involved 
(See Inventory 

of Tasks) 
Tetanus 
all states 

G1 

low birth 
weight only 

G23 

birth 
trauma 
only 

infection 
only-

G4 

l.b.w. 
+ b.t. 

G5 

l.b.v. 
+ inf. 

G6 

b.t.+ 
inf. 

C7 

l.b.w. + 
b.t. + inf. 

G8 

utpatien Care 

Inpatient Care 

17 

18 

16 

17- U3" 

- U3 

U3 

-

13 

U3 

U3, 

U3 

U3 

U3 

U3 

U3 

U3 

U3 

U3 

II 3 U 3 



Table 3-2 (continued) 
STRUCTURAL EQUATIONS - INFANT AGE GROUP 

USAGE FUNCTIONS 

Activity or Variable 
Subscript 
Notation 

Tasks 
Involved 

Usage of 
Preventative Care 

- Infant Group 

Usage of 
Curative Care -

Infant Group 

Effectiveness 
of Water and 

Sanitation Usage 

Usage of 
Breast 
Feeding 

Intervention Activities It U6 U7 U4 U 

Promotora 1 1 / / / / 
Mass Media 27 23 / / 1 1 
.Wellbaby clinic.- alt. 1 29 26 U6 U6 U6 

Well baby clinic, alt. 12 30 27 U6 U6 U6 

Socio Economic Variables S4 

household income 1 / 1 / / 
education 2 /- / VI 

Note: U4 and U5 are recomputed for the 1-12 age group. 



Activity or Variable 


Intervention Variables 


Promotora 


,Uaear 	 - i1has 
- public fountain 

-Le4ttA ._n 	 - 4n houne toilet 

- Atins 

- garbagg 	 atek 112 

- Measles 


M11 hAhy ,1401€. alt- 01 

Well baby 	clinic, alt. 12 


Nutritional supp - child 

Nutritional supp - breast
 

feedingmother 


Breast Feeding 


Subscript

Notation 


If 

1 

22 


23 


24 
25 


26 

28 


70 

30 


31 


32 


33 


Table 3-2 

STRUCTURAL EQUATIONS 

MORBIDITY 

Tasks
 
Involved 


1 

18 

19 


20 

21 


22 


25 


2_ _ 

27 


28 


29 


U5 


(continued) 

- INFANT AGE GROUP 

FUNCTIONS 

Malnutrition 

zz 1 

/ 

U6 

U; 


U_.
 

U,
 

/ 

Diarrhea Respiratory Inoculable 
z3 No 

/ 

.U_ 

U 

U4 -U4 
.X_._"_____ 

.U. .u4-No 

/ 

U6 U6 
D_ U. 

/ / s 

It 



STRUCTURAL 
Table 3-2 (continued) 
EQUATIONS - INFANT AGE GROUP 

NORBIDITY FUNCTIONS (continued) 

Activity or Variable 
Subscript 
Notation 

Tasks 
Involved Nalnutrition Diarrhea Respiratory Inoculable 

Socioeconomic Variables S Z4 

education 
household income per 

capita 
number of rooms per 

household member 

2 

3 

4 

_ _ _ 

/ 

/ 1 / 

Simultaneous Variables z 

salnutrf -ion 
diarrhea 
respiratory 

1 
2 
3 

__ _ 

/ 
1 

Lagged Variables Z - 1 

l.b.w. 1 / 



Table 3-2 (continued) 
'STRUCTURAL EQUATIONS - INFANT AGE GROUP 

FATALITY FUNCTIONS
 

4alnu- Respi- Halnutri- Ither 
 Comblna-

Subscript Tasks 
 trition Diarrhea ratory Inocula- tion + Inocu- Halustrition Malnutrition tions (2+3, 2+
Activity or Variable Notation Involved only only only ble only lable 
 + diarrhea + respiratory 4, 3+1, 2+3+4)
 

Intervention Activities Ii G G G G G 
 C G
1-G 2 3 4 5 6 - 7 G 

Outpatient Care 34 30 
 U7 U7 U7 U7 U' U7 U7 

Inpatient Care 35 31 
 U7 U7 U7 U7 U7 U7 U7
 

Intensive Care for ,.

ualnourishment 36 - 32 U 
 U U7 U 

7 7 7
 



Table 3-2 (continued) 
STRUCTURAL EQUATIONS - TODDLER AGE GROUP 

USAGE FUNCTIONS 

Activity or Variable 

Intervention Activities 

Subscript 
Notation 

I 

Tasks 
Involved 

Usage of 
Preventative 

Care 

U 

Usage of 
Curative 
Care 

9 

Effectiveness 
of Water and 

Sanitation Usage 

U4 

Promotora 

Mass Media 

Well baby clinic 

-1 

27 

37 

1 

23 

33 

/ 

/ 

/ 

/ 

/ 

/ 

Socio Econmic Variables 
household income 

education 

S 

1 

2 

-

-

/ 

/. 

/ 

,/ 

/ 

/ 

Note: U4 is recalculated for the 12-60 age group. 
C 

ur 



Table 3-2 (continued) 
STRUCTURAL EQUATIONS - TODDLER AGE GROUP 

MORBIDITY FUNCTIONS 

Activity or Variable 
Intervention Variables 

-Z 

'Subscript 
--Notation-, 

- . . 

I 

Tasks 
Involved Malnutrition Diarrhea 

Z 
2 

Respiratory 
Z 

3-

Inoculable 
Z 

Promotora 1 1 / / 

Water - in home 

- public fountain 

22 

23 

18 

19 

U 

U4 

Sanitation - in house toilet 
- latrines 

24 
25 

20 
21 

.U4 
U 

.U4 
U 

U4 
U 

- garbage pickup 

Imunization - DPT 

26 

27 

22 

24 

.U4 
4 

.U4 
4 U4 

- Measles 28 25 U6 

Well baby clinics 37 33 U8 U8 U8 

Nutritional supplenent - child 38, - 34 U8 



or Variable 

Activity 

Socioeconomic Variables 


education 


household income per 
household umber 

umber of rooms per
household member 


Simultaneous Variables 


malnutrition 


diarrhea 


respiratory 
imunizable 

Lagged 


malnutrition 


Table 3-2 (continued) 
STRUCTURAL EQUATIONS - TODDLER AGE GROUP 

MORBIDITY FUNCTIONS (continued) 

Subscript 

Notation 

Si 

2 

3 -

Tasks 

Involved 

__ __12 

Malnutrition 

Z 

I 

Diarrhea 

z 

/ 

Respiratory 

Z 
3 

Inocx1able-

Z 
4 

------

4 -- I 

Zi 

1 
2 

3 

4 

/ 

I, 

/ 

1 

1 / 

U' 
00 



Table 3-2 (continued) 
STRUCfTURAL EQUATIONS - TODDLER AGE GROUP 

FATALITY FUNCTIONS 

Activity or Variable 

Intervention Activities 

Outpatient Care 

Inpatient Care 

Subscript 
Notation 

It ' 

39 

40 

Tasks 
Involved 

35 

36 

alnu- 'Respi-
rition Diarrhea' ratory Inocula-
only only_ only ble only 

G G2 G3 G4 

U9 U9 U9 

U9 U9 U9 

Malnutri-
tion + Inocu-

lable 

G5 

U9 

U9-

Other Ombina-
Malnutrition Malnutrktion tions (2+:% 2+ 
+ diarrhea + respiratory 4,3hi, 21-3+4) 

G6 G7 Ca 

U9 U9 U9 

U9 U9 U9 

~-- _ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

"a 





,IV. A-PROTOCOL FOR THE SPECIFICATION OF THE STRUCTURAL
 
PARAMETERS OF THE INFANT MORTALITY MODEL
 

The model described in the preceeding chapter is intended
 

to involvet the minimum number of relationships necessary for the
 

specification of a quantitative planning model to be used for the, 

'evaluationof policy choices affecting infant mortality. An effort, 

was made to include only the most important disease relationships 

and the most feasible interventions from among the host of interrela

tionships and interventions that might be identified. The goal was 

to keep the model-tractable while still being large enough to provide
 

a practical illustration of the construction of a disease modelfor
 

'cost effectiveness-analysis. This effort notwithstanding, there-is
 

still a total of 234 parameters (coefficients) which need to be speci

fied,before the model can be'applied. Potentially the parameters could
 

be specified "statistically using data from field studies and clinical
 

research. In fact the parameters provide a catalogue of the separate
 

problem areas which have been the focus of medical and health research 

on child mortality in developing ,regions over the last twenty to
 

thirty years.- However, in spite of the substantial body of operational
 

atid theoretical research on the treatment and prevention of childhood
 

,disease, the extant literature does not allow the complete specification
 

(of the quantitative relationships required by even the modest dimensions 

of the infant mortality simulation model. The major problem with an 

objective specification of the model is that the results of existing 

studies are not always summarized in the required quantitative form 

and even when the research is sufficiently explicit from a quantitative 
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standpoint it is based upon controlled experimental conditions or is 

social and physical environments whichderived from disrarate economic, 


are not replicated in the area to be analysed in this study.
 

For this reason we have decided to specify the parameters through
 

the use of a set of survey questions designed for that purpose. An
 

advantage of the survey procedure is that it will allow the best
 

available opinion, that is the opinion of medical and health practition

ers with considerable experience in the problems of deliverivg health
 

services in less developed countries, to be utilized in the specifi

cation of the models parameters in the context of an actual environment
 

The results of the survey will be compared,
in a specific location. 


where possible, with the results from existing objective research., An
 

argument can be made, however, that given the tremendous statistical
 

and conceptual problems which are faced in experimental research a
 

subjective specification derived from the opinions of people who have
 

a first hand experience is a more applicable and accurate method for
 

-the specification of a practical optimization model.
 

Selection of Survey Participants
 

It is apparent from the foregoing discussion that the quality,
 

rather than the quantity, of survey participants is important for this
 

study. Given budget and time restriction we have decided to limit
 

the survey to (approximately) thirty health professionals of outstanding
 

Of this number 18 will be chosen from Colombia, the country
reputations. 


in which the community to be analysed is located, and 12 will be chosen
 

internationally. Survey participants will be selected from a number
 

maternal and perinatal health, nutrition, environof different fields 

mental sanitation, pediatrics and epidemiology. The participants will
 



Table 4-1
 

Number of Parameters to be specified in the Structural Equations
 

Equation Age Number of
 
Type Group Parameters
 

Usage Neonatal 26 

Infant 22 

Toddler 14 

Sub Total 	 62
 

Morbidity 	 Neonatal 61'
 

Infant 34
 

Toddler 31
 

Sub Total 	 126
 

Fatality 	 Neonatal 14
 

Infant 18
 

Toddler 14
 

Sub Total, 46
 

Total 234
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also differ from the point of view of institutional affiliation and exper

ience ad will inIcude medical doctors, public health specialists and 

scientists engaged in the selection and adminictration of government or 

Institutional health policies, the actual delivery of medical and health
 

services, and research related to the estimation of health intervention
 

effectiveness and interdisease relationships.
 

There are four different sets of questions covering, respectively,
 

usage, morbidity, fatality, and disease interactions. Respondents will
 

be asked questions appropriate to their experience and knowledge with no
 

respondent asked the total of all four sets of questions. Table 4-2 gives
 

the number of respondents to be included in each category. ', 

As is apparent from the relative number of participants in each catggory 

the emphasis of the survey is on the morbidity questions. It is felt that 

the opinions of highly regarded health professionals with regard to the 

relative effectiveness s1 alternative health policies may be of interest 

as a separate study apart from the application of the results to the pro

graming model. The disease interaction questions will be asked primarily
 

of institutional researchers who have been involved in studying the inter

action between malnutrition and infection. The questions concerning fatality
 

rates will be asked of health professionals with clinical experience. Finally 

the survey questions with regard to usage will be asked only of Colombian 

respondents. This is because the effects of alternative policies and socio

economic variables on participation rates are apt to be determined by nsti

tutions, traditions and customs which are particnlar tc the study area. 

In contrast the other sets of questions involve relationships which 

have strong physiological bases that are independent of the area under
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Table 4-2 

Number of Survey Participants by Category of Survey Frame-1/ 

Survey Frame 

Usage Morbidity Disease Fatality,
 
Interaction 

Colombian 
Participants 8 12 4 6
 

Non Colombian 
Participants - 12 8 4 

1The totals are not additive because some survey participants,
 
answer questions from more than one survey frame.
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analysis. 

The use of participants with a variety of professional backgrounds
 

will provide a cross comparison of professional opinion which may, 
on the
 

one hand, reveal contrasts in the current views of the efficacy of the various
 

may reveal a cross
health interventions; or, on the other hand, 


corroboration of the judgements of participants with different professional
 

In either case the use of survey participants with diverse
experiences. 


backgrounds should add balance to the choice of coefficients for the
 

optimization program, and, in the event of contrary opinions, it is possible
 

that separate sImulations can be run in order to obtain the alteiative
 

optimel resource allocations implied by the differing participant views.
 

Because they are being asked to cooperate in
a process with only
 

outcome, the health professionals involved
limited precedence and unknown 


are to be given certain assurances regarding the disposition of the survey
 

The assurances are contained in the
results and the use of their names. 


letter, which follows, soliciting their cooperation.
 

Dear Dr.
 

This letter has three purposes (1)to inform you of an on-going
 

project to evaluate the cost effectiveness of alternative health
 

activities for reducing infant mortality, (2)to solicit your possible
 
consultation in a survey of world health experts to determine the best
 
professional opinion regarding the impact of alternative health inter
ventions and (3)to inquire about the possibility of meeting with you
 
in at sometime in December or January to discuss the mortality
 
project.
 

The infant mortality project is being carried out at the Center
 
fpr Research on Economic Development at the University of Michigan,
 
Ann Arbor, Michigan and at the University del Valle, Cali, Colombia.
 

The objective of the project is to provide policy makers with an analyti
cal framework that will facilitate the efficient allocation of resources
 
to programs aimed at reducing the rate of infant mortality. The project
 

will be tailored to fit a specific region, probably in Colombia, but 
involves the development of techniques which we hope will have general 
application to analysis of the cost effectiveness of medical programs. 



There are four distinct phases to the project:
 

I. Development of a model of the process by which infants and 
toddlers are exposed to mortality risks and of the way in 
which alternative strategies may alter this process. 

2. Conduct of a survey of medical and public health profes
sionals to estimate the impact of alternative health inter
ventions on infant mortality.
 

3. Estimation of the cost of alternative health interventions.
 

4. Application of a simulation or non linear programming
 
procedure to determine the set of interventions which
 
are most cost effective in raising the probability of
 
child survival.
 

We have recently finished the first part of the project, the design
 
of the simulation model. Briefly, the model involves the separation of
 
children under the age of four into three age-groups neonatal (0 to 28
 
days), infant (29 days to 1 year) and toddler (1 to 4 years). Within
 
each age group we have distinguished four-five broad categories of mor
bidity which together account for approximately 80% of child mortality.
 
To allow a clear distinction between the impact of preventative activi
ties affecting morbidity and curative activities affecting case fatality
 
rates, the model separates mortality into morbidity and case fatality
 
components.
 

Allowance has also been made for combination morbidity conditions
 
(such as an inoculable disease complicated by the presence of
 
malnutrition) which clearly involve different risks than less
 
complicated morbidity states (such as malnutritin or measles alone).
 

In addition, allowance has been made for the interaction between
 
disease states (such as between malnutrition and diarrhea).
 

At the present we are commencing the second part of the project 

the specification of the mpacts of the alternative interventions. 
Perhaps the most accurate specification would involve the statistical 
analysis of morbidity and fatality data under various intervention 
conditions. This alternative is, however, not possible since no 
suitable body of data exists to a-low the estimation of the entire 
model and the cost, both in time and money, of obtaining adequate 
data would be prohibitive. (In addition, "objective" statistical 
analysis is not without ambiguities and bias in interpretation). 

We have chosen a survey of health practitioners as an alternative, 
practicable means of specifying the intervention effects. Policy 
choices are often made using government policy makers own subjective 

We feel that it Isevaluations of the impact of health policies. 

preferable to combine the opinions of health professionals with 
information about costs in a programming approach to policy choice. 
The advantages are several. First, prograing provides a method 
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of ordering Information about policy Impacts with information about 

n order to choose the most cost effective policies.'
policy costs 

Second, a survey of health professionals allows the best professional
 

opinion to be consulted in the specification of policy effectiveness.
 

Third, the cost of a subjective specification is much less than long
 

term statistical analysis. Should this procedure prove useful, it
 

holds out the possibility of the analysis of the cost effectiveness
 

of alternative policy choices in a variety of medical situations and
 

geographical areas where statistical analysis is not possible.
 

"Survey" is perhaps not an accurate word since participant
 

responses are not to be used solely in the form of group averages in
 

a mechanical fashion, instead responses will be weighted according
 

to respondants' areas of expertise and strength of opinion. An
 

outline of the questions and information needed will be sent prior 

to the interview. However, it is important that the survey be conducted 

through consultation in a personal interview which will allow 
participants to comment on the design of the model and the selection
 
of health interventions and to qualify their responses. A personal
 
interview will also allow the participant to be given a thorough 
geographical, social and economic description of the area under 
analysis.
 

It is obvious that the quality, rather than the number of 
participants, is crucial to a study such as this. We have decided 
to limit the survey to a total of 20 - 24 health professionals of
 
outstanding reputations. For this reason your participation is
 
greatly desired.
 

A list of participants will be given with the results of the
 

study, however, individual participants may remain anonymous if they
 

wish. Further, the results of the study will not be used in a
 

manner which will allow the responses of individual participants to
 

be identified unless their permission is obtained. In publications
 
associated with the "survey", it will be emphasized that the r,sults
 
do not necessarily represent the opinion of any participant individually, 

and that participation took place in the spirit of professional inquiry
 

and the search for a solution to the pressin8 problem of infant
 
mortality. It will also be stated that participation does not imply 
an endorsement of the use to which the survey results are put.
 

Participants will be kept informed of the progress of the study over
 

the next year, will be sent early drafts of any associated publications
 

and will be given an opportunity to revise their responses.
 

The interview is expected to take approximately one day. If 
you are interested, please give me an indication of your consulting 
fee and dates when you might be available. Should you have further 

questions, please write. I appreciate your time in consideration of 

'this request and I m looking forward to hearing from you. 

Sincerely,
 



4-9
 

Survey Questions
 

1. 	Introduction
 

There are four separate survey frames designed to provide sub

jective estimates of 1) the impact of health interventions on morbidity,
 

2) the impact of interventions on fatality, 3) the impact of interventions
 

on participation in health programs and, 4) the extent of interdisease
 

causal relationships. In'general, the questions are asked in the form
 

of elasticities, that is, the questions are designed to give the percentage
 

,change in one variable (for instancethe rate'of neonatal infections)
 

in response to a percentage change in another (for instance, the percen

tage 	of children delivered in a health center). The primary advantage of
 

an elasticity is that it ian be estimated without knowledge of the units of
 

measurement. A second advantage of the use of elasticities is that the
 

estimates can'be related to a variety of functional forms without requir

ing an additional survey. The estimated elasticities will be related by 

aistraightforward algebraic formula to the coefficients of the relevant 

structural equation. 

2. 	Confidence in answers
 

The degreeof confidence'the respondent placesin his answer
 

rwill be obtainedifor all questions.' Confidence is expected to fluctuate
 

both with variations in the fields,of specialization of the participants and
 

with'variations in the extent of contemporary knowledge about particular
 

interventions and relationships. For instance wide fluctuations in the 

confidence placed inthe responses to a particular question might reflect a 

respondent panel made up of people who have extensively researcbed a 

given relationship as well as people who have little familiarity with
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the relationship. In contrast, a low degree of conildence
 

among all responding to a given question might indicate that, with the
 

present state of knowledge, little is known about the relationships
 

needed to answer the question. Confidence is measured on a scale of 

0-5 as defined in Table 4-3 below. 

TABLE 4-3
 

SCALE FOR CONFIDENCE IN ACCURACY OF ANSWERS
 

0") Can't answer this question. 

11 -Not highly confident, but an educated guess is possible. 

V' Somewhat confident. No hard data is available but 

clinical or field experience allows a guess. 

3 Moderately confident. Although some controversy may 

exist, there is tentative support based on data and/or 
a consensus of practitioners with clinic or field 
experience would support this estimate. 

4 Confident. Personal knowledge through extensive 
research or clinical and field experience leads to 

this estimate; controversy 
is minimal. 

115 Highly confident. This estimate is the accepted pro

fessional opinion and can be considered incontrover
tible at the present time. 

Participants will be forewarned that most of the questions
 

require subjective estimates and in many cases the estimates may be no
 

more than "educated" guesses. However, it will be emphasized that even
 

'though hard data is lacking and controversy may exist, a response is
 

important if it is based, intuitively or otherwise, on clinical, field
 

or research knowledge.
 

3. 	Note regarding assumptions underlying all questions
 

The questions are to be answered unde: the assumption that'the
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program or activity being considered ha been operating for a long
 

enough period to achieve a stable (or equilibrium) impact on the
 

population in question. Also, each question assumes that all other
 

programs and conditions are remaining unchanged except for the activity
 

under consideration.
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Survey Frame # 1 

Estimates of the impact of health interventions and socio
economic conditions on child morbidity.
 

Table 4.5 gives the survey frame for the morbidity questions. Pre

liminary tests with the questionnaires have shown that there is no
 

one method of response which is satisfactory for all survey participants
 

or for all questions. For this reason a variety of procedures were
 

devised, and the format of the response tables was desigded accordingly,
 

so that the question and response format with which each participant
 

feels the most comfortable can be used. In order of desirability,
 

from the point of view of specifying the model, the procedures are 1)
 

a subjective point estimate, 2) an 80Z confidence range, 3), a subjective
 

response on a scale of 1 to 10, 4) a ranking of the interventions.
 

Fortunately, the preliminary tests of the survey method have shown that
 

most respondents feel comfortable with the first two procedures which
 

yield answers that are more readily translated into impact coefficients
 

than are the answers-derived from the latter procedures. The columns
 

under the heading "Estimates of Impact" provide space for the responses
 

under each of the four procedures. Explanations of the four procedures
 
IVe ,,,, I I II 

and the use of the response tables are provided below.
 

1) Point Estimate
 

Respondents are given the present morbidity rate for the reference
 

population identified in column five. They are then asked to give their
 



4-13
 

best subjective estimate of the percentage change in the morbidity rate
 

among 100 new recipients of the intervention under consideration.
 

2) Range
 

Respondents are asked to give an interval for the percentage change,
 

in the morbidity rate among 100 new recipients which has, approximately,
 

an eighty percent chance of containing the true percentage change. This
 

procedure can be used together with the best point estimate.
 

3) Scale
 

Using the scale in Table 4-4 respondents are asked to choose the
 

number between 1 and 10 that best conveys their opinion of the impact of
 

the intervention on thereference population.
 

4) Ranking
 

Respondents are asked to rank the interventions in each group of
 

interventions set apart by the double horizontal lines. For example, on
 

the first page there are four questions concerning the effect of inter

vention activities related to maternal education on low birth weight.
 

The activities are to be ranked from 1-4 in order of probable effectiveness.
 

An effort will be made to elicit at least one response using one of the
 

other three procedures to provide a means of relating the relative
 

effectiveness of interventions across categories.
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TABLE 4-4
 

Scale for the Subjective Estimation of the Effects of Health
 
Interventions on Morbidity Risks
 

' , ,Approximate Quantitative
 
Scale Verbal'Description of Impact Interpretation: the morbidity
 

o °risk will be reduced by,
 

Suggestion or Other
 

0 almost'no significant impact <1%
 

1 weak 5%
 

2
 

3 moderate 10%
 

4
 

5 moderately strong '25%
 

6
 

7 strong impact- ,50%
 

8
 

,9 extremely strong'Impact' 75% 

10 nearly 'absolute impact >95% 



TABLE 4- 5 

SUIJRCTIY3 ZSTIFATZS OF TIM IPACT OF IMALI 
INTmVENTIOS ON CHILD mORBIDITY 

ESTIATES OF IACT 
(Z change In present rate) 

AGE 
GROUP DISEASE 

PRESET 
MORBITY 
RATE INAERVENTIONS 

REFERENCE 
POPULATION
presently 

INTERVENTION 
COVERAGE 

u 

j 
1Method 

SCALE 

#1 Hethod 02 
BEST 
ESTIMATE 

RANGE 
to CONPIDENCE 

COISMENTS 
(ID NO.) 

0-1 L.3.W. 
promotora - hygiene
nutritional ed. 

and without 
intervention 

100 additional 
women 

i 

iealth center - hyg. and plegently 100 additional 
iut. ed. lt trimester Yntervention women 

;ealth center  hyg. and presently 

-ut. ed. 2nd trimester withoutntervention 1o0 addition__women 

iduc. attainment of 
rather, at least 4 years. 

_ _ 

presently
withoutintervention 

100 additional 
women 

.x= and tx for Infection, presently 100 additional 
itc. all women without women 

not to 
receiveintervention 



TABLE 4-5 (cont.) 

U3JECTIVE ESTIKATZS OF THE IMPACT 07 
INTMEIONS On CaD MORBIDI 

ZAlT! 

Name _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

0-1 

AGHORBIDIY 
ROPDSAE 

-
L.Ln. (cnt 

PRESENT 

RATE INTERVENTIOS 

renatal exm and tz for 
fection, etc. in 1st 

REFIMNCE 
POPULATION 

p-esently
vPhout u 

INTERVENTIN 
COVERAGE 

100 additional 
women 

ZSTD(ATES OF IMPACT 
(2 change in present rate) 

Method 11 Method #2 
I BEST 
a SCALE ESTIMATE 

RANGE 
to CMUIDENCE 

COWITS 
CID NO.) 

m tn r an mi 
rontl exam anoii for,,to 

. tc. not, 1i~
= = at_~o 

e snt ly 

presently 

1 0 ad ii na 

100 additional -

-

-

- ____________ 
i ~ Inh woeihut

inter~vention wOme!"____ 

temia t for anemic presently 100 additional 
#omen ony without 

iron fortification for presently I00 add-tional

iteretio 
woen 

allwomen 
Interventi[on won 

,iutrit ionalp rogram(prof., 
presently 

100 additiona 

.zhi.,Iron) 
preg. women 

without 

ta tr m ster an~rventi on =oen ___ 

l -I 

_____ 

-

T"I 

0% 



TABLE 4-5 (cont.) 

8UJUCT1Y USTIFATES OF TU DAT 0MNOI=z 
UTWUTIRO S 0R CILD NOIUDITT 

ACE 
GOUP 

0-1 

DISEASE 

L.D.W. (cant.) 

IRESET 
OaiDiTT 

RATE 

_-______.___ot,) 

ZEFERWCX 
ONEUVUOgNS POPULATION 

-utritionsl (prot., cal., presently 
ron), l.b.w. risk pro&- vithouti o1st trimester intervention 

". l, ont P r gra m e 'PO. tnlu_ _ _ r 3rd trLf e r - intervention 

INTERV TON 
COVERAGE 

100 additional 

,m en 

0 a d t o 

woe-n_ 

ZTIATIUS OF IXPACT
(Z change in present rate) 
I Method 01 Method 92 

BESTj SCALE ESTDMATE 
RcNin 

to 

I 
COrWIyDCK (lD o.) 

utrftional (prot , cal., presently
1ron) .b.w- riskpregnan withoutCics Ind or 3d trimester. Intervention 

100 additional 
women 

inhame pipe water 
without 
intervention 
already have 

intervention 

increase from 5OZ 
to 100; of 1W. 

without 
intervention 

increase from 502 
to 1002 of HH. 



TABLE 4-5 (cont;)-

WTTECTITZ UTMATZS OF THB MFACT 0F n*KTu 
INIUV IOIS 03 CILD N0IMIDIT 

AGE 
GROUP 

0-1 

DISEUSE 

L..LV. (moat.) 

PRESENT 
NOUIDrT 
RATE J0Ylf 

public fountain < 100K 
(cont.) 

REIERZNCS 
POPULATION 

already have 
intervention 

miTEr 
COVEAE 

= 

ESTIMATES OF ]]4PACT 

(Z change in present rate) 

! Method 01 Method #2 
BEST 

SCALE ESTIMATE 

______ 

RANGE 
to ONFIDICE (ID -O.) 

in house toilet 

vithout 

intervention 

already have 
intervention 

increase from 50Z 

to 100X of HR. -

latrine 

-intervention 

without 

intervention 

already have 

increase from 501 

to 10O1 of R. 

garbage and rubbish 
pick up 

vithout 
intervention 

already have 
intervention 

increase from 50Z 
to 1001 of RH. 

I 
'
0 



TABLE 4-5 (cont.) 

=11JETITS 2TDIAfTU ? IMPACT 0f NUUlITUvmUnTowS C O MUDIDU 

$ 

AGE
GROUP 

0-1 

DISEASE 

L.D.W. (coant.) 

PRESENTMO nRI
RATE RIVIERVENTIONSIUT__TI 

education of mother >4 
yyrs. 

REPE ECEPOPULATION COVERAGEP__P_.A..O_ COERG 

ed. of mother 100 additional 
< 2 yrs. women 

ESTIFATIS OF IPACT 
(X chanse in present rate) 

Method 01 Method 02-_ 
SEST Ej. sncT , - toto _________ _ N _o. 

"-A---ncome a doubling of hou 
per person 

o-Mold 100 additional 
women 

no mother of age < 18 or35 years. 

no mother with < 2 yr.. 

birth internal 

mothers 6100 ad-tioa_
& > 33 years women 

mother -2yr . 100 add 

birth int. women 

--- -

memmmmu 

-

m a~ mm~~ = 

_____________________ ______I 

mmmmmmm~ mmmmmm 
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TABLE 4-5 (cont.) 

UU3JECTO 
ZInnVZITZO 8 i 

THE IMPWACTOF fIIiT 
CUILD HDRIDT 

ESTIYATES OF DIPACT 

AGE 
GROUP DZSEASE 

Sprmotora 
0-1 nection 

MEtS 
MORB 7D]TY
RATE DI]NTENTIOIS 

- hygienli and 
nutritional ed. 

POPULATIOI 

presently 1without 
intervention 

ZTVEREST 
COVERUGE 

00 additionalO ddto8 
women. 

(Z change In present rate)i Method 01 Hethod 02 
SCALE ESTDIATE 

RC 
to CORYDUICS 

NTS 
(ID NO.) 

health center -hyg. and P out0 100 -dtio 

nut. ed. lot trimester tdierventoon , n a 

health center  hyg. andnut. ed. 2nd trimester presentlywithoutIntervention 
100 additional 
woen 

educ. attanment of resently 00 additional 
educ.attanmen of

mother, at least 1. years 
thout 

nrau nzinn 0 n 

.examand tx for infection 
etc. all Women 

rasently 
ithout 

00 additional 

en 



TABLE 4-5 (cont.) 7 

SUMJ? YEU ATS Of TU FPhCT OF fILTH 
INTURVETIONS On CHILD HOUIDIT 

Nam 

ESTMATES OF DIPACT 
(X change In present rate) 

PRESENT MMethod Il method 12 
AGE MORBIDITY RZFER]NCE INTERVENTION BEST RANGE CO LDTS 

camp DISEASE RATE INTEVETIONS POPUIATION COVERAGE SCALZ ESTIVATZ to CONFIDECIc (ID NO.) 

Infection0- cn. -ot) __________ 

renatal exa and tz fornfectilon, etc. Iln lot 
trimester 

presentlywithout 
Interventi 

100 additionalwoe 
wonen 

nt I exam and tx tor' g gly 10 ad 

_n teon, 
rimeser 

acc. in 2nd o 
Pnrveontinn 

10 additional -m.

doesn't 100 additional 

breast feeding breast feed women 

unattended 100 additional 
delivery in health center home del. noProfilaxis, women 

Ina tet:. I[mm. 

unattended 10adtoa 
delivary at home by home deL * o 100 additional 
midwife profilaxis,

no tet. e. 
women 



TABLE 4-5 (cont.) 8 

SUBJECTmV ESTWUAESU M TU IWACT OF SUALT 
InTERVENTONS 0n CRILD M03IIDT 

ESTIMATIS O IMPACT 
(z change in present rate) 

AGE 
GROUP DISEASE 

PRESENT 
MORBIDITT 
RATE INTERWjITI)ONS 

REFERENCE 
POPULATION 

INTERVENTION 
COVERAGE 

U' 
[ 1 

Method 91 

SCALE 

Method 02
BEST 
ESTIMATE 

RANGE 
to CONIPIDC 

CO1MT 
(ID NO.) 

0-1 Infection(cont) 
unattended delivery,athome, eye and cord later
by rootor 

gnattended.oedel. no 
oflaxs, 

100 additinal 
women 

no tet iim 

In ho me piped w aterin without 
e v n on 

increase from 50Z 
t 10 2 f MR 

already haveintervention , 

public fountain < 100K 
without 
intervention 

increase from 50Z 
to 1OOZ of HR. 

already have 
intervention 

without increase from 50Z 
In house toilet intervention to 100% of RK. 

already have 
intervention Oka 



TABLE 4-5 (cont.) 

m ICILm ESTIMATES OF THE M CT OF IU 
INTRVUITZONS 01 CUD ROUMIDITT 

now 

AGE 
GROUP 

0-1 

DISUASE 

Irtion 
(Cont.) 

PRESENT 
mORIDITT 
RATE INTERVNTIS 

latrine 
___________________Intervention 

REFERENCE 
POPULATION 

without 

IUTERUVUTI 
COVERAGE 

Increase from 501 
to 1002 of HR______ 

ESTlATZS OF IPACT
(Z change In present rate) 

Method 01 Method #2 
JI 

SCALE ESTIVATE * 

RANGEN 
to 

1 
CONFIDENCE (ID N0.) 

already have 
intervention 

garbage 
pick up 

and rubbish vithout 
intervention 

Increase from 
to 1001 of HR. 

50% 

_intervention 
already have 

doubling of household 
Income per person 

100 additional 
women 

mothers education > 4 
________years 

d. of mother 
<2 years 

00 additional 
omen I _ _I' 



TABLE 4-5 (coant.) 

SUaMMIN ESTIMATES OF TH3 IPACT OF uuZAT4-3-
WMNTONS 09 C~lR, MlONSDtSlzr 

ESTIVATC$ 01 IMPACT 
(Z change In present Tate) 

AGE- PRESENTASNOlUSIDIrY RETRN DfT MVrNo I Method 01 MethodME-ST 02 -RANXGE OMET 
CWUPRATE ITEUVTDJTIS POPULATnOl COVERAGE SCALE ESTIMATE to COUIDUImCE (ID NO.) 

0-1 
Ufection 

(cont.) < 2 people per ro=m 
reIent 
t peope 

p 
pe 

100 additional
e 

_ ___ _ __ _ _ _ _ _ _ _ _ _ roo wom n _ _ _ _ 



TABLE 4-5 (cont.) 

SUB3ECIvE ESTIATES OF THE IMPACT OF IALT 
INTERVERTIONS ON CHILD NORIDITY 

AGE 
GROUP 

o-, 
DISEASE 

~I,,r .
___ Birth 

MOIDITT 
RATE INTEVENTIONS 

exam and treatment for 
preg. women let trmester 

REFERERCE 
POPULATION 

presently 

without 

INTERVENT 
COVERAGE 

100 additional 

women 

i 

ESTIMATES OF IPACT-
(Zchange In present rate) 
i BEST 

SCALE ESTIMATE 

S 
to cOymIDZcZ 

C"M 
(ID NO.) 

_o ________--., 

unattendeddelivery in health center hn 

no tat. . 

delivery at home by unattended 
midwife home del nop-rofliales 

no tet _m 

100 additional 
100additioomena

100 additionalwomen 

unattended delivery at 
ome, eye and cord later 

b- r- -ot-or- -

unattended 
home del no 
5 I 

100 additional 
w o men 

delivery of l.b.w. and 
b t. risk mother in h.c. 

unattended 
o nono tet. lam. 

1-0 additio---n----a-l_ 

additionalo" _ -

-"--___

-

Ln 
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TABLE 4-5 (cont.) 

SUJECTIZV ESTIFATES OF THE IMPACT OF HU&T! 
UITERVTIOUS ON CRILD MORBIDITY 

am 

ACE 
GROUP 

0-1 

DISEASE 

Birth Trauma 
(cont.) 

PRESENT 
MORBIDITY 
RATE 

no 

INTERVUTIONS 

mother < 18 
or > 35 

REFERENCE 
POPULATION 

mothers < 18 
4 > 35 years 

INTERVENION 
COVERAGE 

100 additional 
women 

ZSTI7MATES OF IMPACT 
(Z change in present rate) 

I' Method 91 Method 02 
BESTj SCALE ESTIMATE 

_ 

RANGE 
to CONFIDENCE (I 

l 
NO.) 

no mother with < 
birth Internal 

2 yrs. mother < 2 yrs 
birth 

100 additional 
ont,wMen 

exan and treatment In 
2nd or 3rd trimester 

presently 
without 

100 additional 
women 



TABLE 4-5 (cont.) 

SUIJECTIV ESTIAE O7 THE IMPACT OF NlITE 
n UVTIONS ON cam MORBIDITY -

ESTINATES O IMPACT
(Z change In present rate) 

AGE 
GROUP DISEASE 

PRESENT 
HORBDITY 
RATE INTRVUETIOES 

REFERENCE 
POPULATION 
unattended 

INTIE ZNTON 
COVERAGE 

ai

2' 

[ 
Method 01 

SCALE 

Method 02 
BEST 
ESTIMATE 

RANGE 
to CONFIDENCE 

C(OMgrID 
(ID NO.) 

0-1 tetanus delivery in health center 
home del. no 
profilaxis. 

100 additional 
women 

-

no tet i=u. 

delivery
midwife 

at home by unattendeu 
rn -.'Il 

TUO additional 
womenl.Vogle 

no tet i'm 

delivery unattended, a 
promotora visit later 

unattendedhome del norofilaxis. 100 additionalwomen 

no tet. hIn 

prenatal hygienic educa-
tion by promotora 

peenty 

91thoutIntervention 
100 addtional 
10adtoawomen 

-

prenatal hygienic educa-tion by health center 
presently
without 
Inte vention 

100 additional 
w 

e 
V~fl -

- _ _ __ _ _ __ _ _ __ _ _ _- __ 



_ _ 
__ _ _ 

14-
TABLE 4-5 (cont.) 

WUUICTIM ESTIMATES OF TEE IMPACT 0F TALTEINTUEVENTIONS 011 CEILD) MORIDITY 

-UrnS_-

ESTMATES OF IMPACT 
(Zchange in present rate)
 

PRESENT mMethod 01 Method #2
AGE MORBIDITY REFERENCE INTUT 'rmON BEST RAKE CIITS

GROUP DISEASE RATE ITERVENTION8 POPULATION COVERAGE a SCAL ESTIMATE to €OI0DIcg (1D go.) 

tetanus Immunization of not presently 100 additional 10-1 Tetanus (wntj mother iimunized vomen 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ i i_ _ 



TABLE 4-5 (cont.) 

SUIJECTIrV ESTIMATES OF TE KPACT OF HEALTH 
MIUTEVENTIONS ON CHILD MORBIDITY 

AGE
GROUP 

1-12 

DISEASE 

Kalnutrition 

PRESENT 
MSORBIDITY
RATE 

1, 

INTERVENTIO S 

nutritional advice, 
promotora 

RFERENCE
POPULATION 

presently
without
intervention 

I MVENTION
COVERAGE 

100 additional 
children 

ESTIMATES OF IMPACT 
(Z change In present rate) 
r I Method Method #2 

BEST[ SCALE ESTIMATE RANGE
to 

-

CONDENC COIMNTS
(ID 10.) 

29, nutritional advice,
well baby clinic 

prenly 
p ynt4nn 

100 additional 
rhi d- - -

30, nutritional supple- presently
met-l cidrnwthout sent - all children intervention 

100 additional10adtoa 
children 

U5, breast feeding no 
supplement 

presently not 100 additiona1 
breast feedin4 ahildrenal 

U5 . breast feeding with breast feed-
nutritional supplementiing without 

sformnthpr upplement 

100 additionu 

children 

. 

I'0 



1G 
4-5 (cont.,)TABLE 

sUJECTE uEnrATEs OF THE MPACT OF UALTH 
INTVETIMONS ON CEILD MORBIDITY 

Name 

ESTIMATES OF IMPACT
 
(I change in present rate)
 

PRISENT a' method 01 Method 92 
ACE MORBIDITY RElERENCE INTERVENTION 3a BEST RANGE 

CROUP DISEASE RATE INTERVENT S POPULATION COVERAE a SCALE ESTIVATE to CONFIDENCE (ID NO.) 

ialnutrition mothers education _ 4 ed. of mother 100 additional I 
1-12 (cont.) years < 2 years children 

doubling of household 100 additional
 
income per person, children
 

i i' 



TABLE 4-5 (cont.) 

-17 

U3z=T--T EsTTs 
MULWZNTION5 

OF TIM IMPACT or EmuT 
ON CKMD HOBlDI?! 

AG 
GROUP 

1-12 

DRDTWSEEOD 
DISEASE 

Diarrhea 

PRESENT 

RATE 

In 

!NTEV laws 

home piped water 

I ToCE 
POPULATION 

without 
intervention 

already have 
intervention 

INTERVENTAON 
COVERAGE 

from present 502 
to lOOZ of pop. 

ESTWAnES OF INPACT 
(Z change In present rate) 
0 Method 01 Method #2 

BEST 
a SCALE ESTIMATE 

RAINE 
to CONFIDiCR 

CONUITS 
(ID NO.) 

public fountain < ]OOI without 

intervention 

already haveIntervention 

from present 502 

to 1OOZ of pop. 

in house excreta 

Without 

disposal intervention 

already have
Intervention 

from present 502 
to lOOZ of 909

latrine without 
intervention 

from present 50Z 
to1002 ofpop. 

La 
0-m 



TABLE 4-5 (cont.) 

SZUIJCTM EUTWATZS OF THE DIPACT Of ULTK
ITUVDTIOI5 01 CHILD HOIUIIDITT 

ESTIMATES 0F IPACT 
(Z change in present rate) 

AGE 
GROUP DISEASE 

PRESENT 
NORUDITI 
RATE INTETVUTIONS 

REFERENCE 
POPULATION 

INTERVETyON 
COVERAGE 5 

mKethod 

SCAI 

0l Method 02 
nBEST 
ESTIVATE 

RANGE 
to COmizDIC 

COR4I20TS 
(ID 30.) 

1-12 
Diarrhea 
(cant.) latrine (cant.) 

already have 
intervention 

rubbish pick up vithout fro, present 50Z 
intervention to 1002 of pop. 

already have 
intervention 

hygmlic counsel prt ootrg 
presently
ithout

intervention 100 additoona 
children 

resntly 

hyganic counsel
health clinic 

- pethout 100 addition
Intervention -children 

- ad. of mother 100 additional 
- d__1_______ _ 2 years children -

Iw 



TABLE 4-5 (cont.) 

SwUc1mf UIZmMu OF THR IMACT OF 1I= 

ACE 
GmUP DISASE 

PRESENT 
IMR31DIT 
RATE INTuyuuT=3 

l r1 
REFESECz
OPULTON ITUEvnTIO 

comg 

EUTIMATES OF DACT 
(I change In present rate) 

Method 01 Method #2 
BEST

SCALE ESTDIATE 
RAG-CDWUT5 

to - IDECR (I NO.) 
1-12 (cont.) Diarheac 2poop* Wrom presently3 Is per 

r 
100 additional 

ihdren 

breast feeding doesn'tbreast 100 additionalchildren 

L_ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ 

_-IT 
4
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TABLE 4-5 (cont.) 

WIJUCm mESTTzs or TIM IMPACT OF HEALTHDITUYIDT1OUC 01 CUU.D) MORBIDITY 

- Uhrnt- -

AGE 
G&W 

1-12 

DISEASE 

Repiratory 

PRESENT 
MORBIDITY 
RATE 

in house 

2T 

toilet 

IU8 
IOrENUICE 
POPULATIOI 

without 
intervention 
already have 

intervention 

INTERVENTIN 
COVERAGE 

from present 502 
to 1OOZ of pop. 

ESTIMATES OF PACT 
(Z change In present rate) 

Method 01 Method 02 
BEST 

SCALE ESTIVATE 
RANGC 

to COUPIDUCE (ID NO.) 

latrines-

without 

intervention 

already have 
Intervention 

from present 502 
to 1002 of pop. 

rubbish pick up 
without 
intervention 

already have 
intervention 

from present 50Z 
to 1OOZ of pop. ,, 

hygienic education 
health center 

presently 
intervention 

100 additional 
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TABLE 4-5 (cont.) 

WIJCTI W ATZ OF THE 1PACT OF IMALTI 
IUNTu VrNOw$ Oil Cana HORD513 

ESTDIAT-$ OF IMPACT 

AGE 
GROUP DISEASz 

RESENT 
MORBIDITY 

RATE INTERVETIOS$ 
REPUCE 

PPULATION 
ITERVrVTON 

COVERAG 

(Z change in present rate) 
Method #1 Method 02; " BEST 

SCALE ESTIMATE 

RA-G 

to car1um 
CEmm 

(ID NO.) 
1-12 coant.) breast feeding 

apnrtorydoesn't 

breast feed 
100 additional 

children 
- -

< 2 people per room oe 00 additional 

room hildren 

"m " m m m m~i-a -e 
I 

J m u m i 

a 

-- imm .m mim ieim~m~m li. i'e'ele mw -im.*m mme~mi mm~mm~m .11 
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TABLE 4-5 (cont.) 

3mT m w F01 IMEPACT OF IfALTK 
11T3VENTIONS a0 CiIL HORIMIT! 

20 

AGE 
GROUP 

1-12 

DISEASE 

Immunizable 

PRESENT 
MORBIDITY 
RATE INTERVNTIONS 

C 2 people per rom-, 

REFERINCE 
POPULATION 
Rreently 

people perrom 

IUTnYTlmO 
COVERAGE 

100 additional;hildran 

ESTIMATES 0 IMPACT 
(Z change in present rate) 

9' Method 01 Method 02 
V BEST 

SCALE ESTIMATE 
% 

_ 

RANGE 
to COUFIDERCE 

CI3,TS 
(ID NO.) 

inocuation 
__________________ 

enEL'pnY 100hldeUteeLy 0 additional 
v~tntwn-4nm_,children ______I -

U5 breast feeding 
presently not 100 additional
breast feeding children 

- m - -

________________________ ____________________________________________________________________________________________________________________________________________________ ____________________ ______________________ ________________ 



TABLE 4-5 (cont.) 
23 

892=C Z UTDA1 Of THE IMPACT OF iULTI
zIuuvuNTzONS ON CRZlD MORBIDITY 

Name_________________ 

AGE 
GROUP 

12-60 

DISEASE 

Mlnutrition 

RESENIT 
DRBIDT 

RATE INTERVE TIOKS 

nutritional advice, 
promotora 

REFtRENCE 
POPULATION 

presentlyiwith~out 
intervention 

ITERVENTION 
COVERAGE 

100 additional 
children 

STIMATES OF IMACf 
(C change in present rate) 

Method 01 Method 92 
BEST 

SCALE ESTIMATE 
RAIGE 

to CONFIDENCE 
CMIITS 
(ID NO.) 

-

nutritional advice,
veil baby clinic inri-nt4nn 

100 additionl 
rh4lAvjn_ 

-I 
I 

nutritional supplement,
aithout 

Presently 

Intervention 

d
100 additional 
children 

mothers education 
years 

214 ed. of mother 100 additional 
< 2 years children 

doubling of household 
income 

100 additional 
children 1= 
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TABLE 4-5 (cont.) 

-ISUICIV IESTUIMAf OF THE DIPACT OF HEALTH 
INTEVENTIONS O CHILD HRIMDITT 

ESTIMATES OF IMACT 
(Z change In present rate) 

, 

GI PRtESENmMR'IYRFEEC NERETO Method #I Method 12EST RANGE CONMOgT 
010 DISEASE RATE 

_-__________ n 

mNlONIORu 

home piped water 

POPULATION 
wthout 

intervention 

COVERACE 
front present 502 
to 100Z of pop. 

SCALE STIATE to OMERCE (ID 90.) 

already have 
intervention 

public fountain < ION 
without 
Intervention 

ram present 50Z 
o100Z of pop. 

already haveintervention 

in house excreta disposal ithout rom present 50Z 

lnzrventinot]ready have 
-ntervention 

n 1002[ nf S..., -
latrine vwithout trm present 502 -I 

.Intervention o IOOZ of g am 



- 27 

TABLE 4-5 (cont.) 

SJ3CTYI ZfTDIATZS OF TEE IPACT OF EALTH 
33TUD0 3SON CHILD MORBIDITY 

71 ESTDIATES OF IMPACT 
PRSN (Z change In present rate)

Ieho Mllethod 02'onBDIy REERCE InTULVOTION M BEST RAN CENTSGROUP DISEASE RATE ITERENTIONS POPATN COVERAGE SCALE ESTIVATE to CO FDICE (D NO.) 
Diarrhea 

arayhv
12-60 (cont.) latrine (coat.) 	 Intervention _ 

rubbish 	 withoutpick up Ilnterveutig from present 502to 10O of pan. 

already have
intervention 

p entlhygenic counsel - promotor 	 vitout 100 additional 
intervention children 

hygenic c s 	 presently d
 
without 100 additional


health center Intervention children 

mother education ) 4 ed. of mother 100 additionalyears < 2 years children -A 

i' 



TABLE 4-5 (cont.) 

m=ctM usDIATS 01 THO IMPACT OF UZALTK 
INTERVENTIONS ON CLna HIIDITY 

Name________________ 

AGE 
ROU DISEASEUOS 

tesi _ao 

12-6C [cot.) 
_ 

PRESENT 
MORBIDITY 
RATS 

Ugas&t-fe4 
_ _ 

. 
_ _ 

RuRIENICE 
POPULATION 

_d__ _ 

breast feed-
M___ 

-h4 

INTERVUNTION 
COVERAGE 

__ __ 

Arm 

ESTIATES 01 IOPACT 
(2 change In present rate) 

Method 01 Method 92 
BREST 

SCALZ ESIDATZE 

_ 

RANGE 
to 

-

CO SIIUCE 
CIIlNTS 
(ID NO.) 

= ttt 
- people per room 

;ee..*," 

9ope per 
0O additional 
chldrenl

__ _ __ __ 

a -

- __ _ __ _ _ _ __ 
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TABLE 4-5-(cont.) 

EIVE ESTDIATZS OF TIM IMPACT OF fILTH 
ImNTUUTIoNs on CRLD NMIDMTY 

AGE 
GaOUP DISEASE 

PRESENT 
MORBIDITY 
RATE IETERVUT a$ 

REFERECE 
POPULATION 
vithout 

ITERVETION 
COVERAGE 

from present 502 

ZSTATES OF INPACT 
(Z chnae in present rate) 

MMethod91 Method 92I EST 
SCALE ESTIMATE 

RAGZ 
to CONFIDENC 

C TS 
(ID NO.) 

12-60 Mmunzable in house toilet intervention to 1002 of pop.,_ 

already have 
intervention ___ 

latrine withoutintervention from present 502 
to 100Z of pop.

already have 
intervention 

-rubbishpick up without 
intervention 

from present 50Z 
toiooz of pop. 

already have 
intervention 

__ inoculation 
preaently 

neudren 
I00 additional 



TABLE 4-5 (cont.) 
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SUIJETVE ETIMATES OF ToE IMPACT OF EALTH 
INITEVENTIONS ON CILD HORBIDITY 

a*me 

AGE 
GROUP 

12-60 

DISUSE 

(cant.) 
=coht.) 

PRESENT 
MORBIDITY 
RATE INTERVTIONS 

< 2 people per room 
--

REFER CE 
POPULATION 

reuniabl@esently 
per 

INTERVETION 
COVERAGE 

100 additional 
hpeoplechldren 

ESTIMATES OF IMPACT 
(Z change in present rste) 

~ Method 1 Method 2 
BuST 

SCALE ESTIMATE to CONFIDENCE 
CBESRNG 
(ID lE€.) 

- _ __ _ 1- -
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'Survey Frame # 2 

Estimates of the impact of health interventions on fatality. 

Table 4-7 gives the survey frame for the fatality questions. The
 
f, 

responses pertain to joint morbidity states as described in the row 

headings. The response procedures are the same four alternatives as 

used for the morbidIty questions except that respondents are also 

asked to give an estimate of the rate that would be expected in the 

absence of any formal institutional care. The scale for the fatality
 

questions is given in Table 4-6.
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TABLE 4-6 

,Scale for the Subjective Estimation of the Effect of Health 

Interventions on Fatality Risks 

Approximate Quantitative 

Scale Verbal Description of Impact Interpretation: the fatality 
risk will be reduced by, 

4" Suggestions or Other 

0 almost no significant impact <1% 

1 weak impact 5% 

24 

3 moderate impact 10% 

44 4 

j 5 moderately strong impact 25% 

06 

7 strong impact 50% 

9 extremely strong impact 75Z, 

!0 nearly absolute impact >95% -
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Table 4-7a 

Estimates of e'tality Rates for Joint Disease Catesoriem 

(out'of 100 cases, for each category) 

Name of Participant 

I. 0-1 Age Group 

1) Best Estimates 

Tetanus 
(all 

states) 

low birth 
weight 
only 

birth, 
trauma 
only 

'infections 
only 

l.b.w.-
& b.t. 

L.b.w,
&inf. 

b.t. & 
inf. 

l.b.w. 
& b.t. 
& inf. 

no care 

outpatient 

inpatient 

present 

2) Range 

no care 

outpatient
inpatient 2 

3) ,Confidence 

no care fJI__________ 
outpatient \\ ...... 

inpatient ________I I, 
4) Scale

no care - I -I 

outpatient _ j _ .... _ ___ . 
inpatient 

___ 

-

________ 

........... 
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Table 4-7b 

Estimates of Fatality Rates for Joint Disease Categories
 

(out of 100 cases, for each category)
 

Name of Participant
 

,'II. 1-12 Age Group
 

1) Best Estimates
 

Malnu- Respi- Immu- Main. Mailn. & 
trition Diarrhea ratory nizable & Maln. & respi- Other 
only only only only immun. diarrhea ratory comb., 

no care 

outpatient 

inpatient _ 

int. maln. ' _ _ _ 

present _ _ _ _ _ . _ 

2) Range
 

no care
 

outpatient
 

inpatient
 

int. main. 

3) Confidence
 

no care
 

outpatient
 

inpatient
 

int. main.
 

4) Scale
 

_no care _ 
outpatient
 

inpatient
 

int. maln.
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Table 4-7c 

Estimates of Fatality Rates for Joint Disease Categories 

(out of 100 cases, for each category) 

Name of Participant 

I. 12-60 Age Group 

1) Best Estimates 

malnu- Respi-
trition Diarrhea- -ratory 
only only only 

no care 

outpatient 

inpatient 

int. main. 
present 

Immu-
nizable 
only 

Maln. 
& 

immun. 
Main. & 
diarrhea 

Main. & 
respi-
ratory 

Other 
comb. 

2) Range 

no care 

outpatient 

inpatient _-

int. main. __ __ 

1 _ 

__ 

3) Confidence 

no care 

outpatient 

inpatient 

nt. main. 

_ 

__,__ 

_ 

4) Scale r 

no care 

outpatient 

inpatient 

int. main. 
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Survey Frame # 3
 

Estimates of the impact of health interventions and socio

economic variables an health program usage.
 

Table 4-9 gives the survey frame for the participation questions.
 

Twoalternative response procedures are used 
- 1) a best estimate or
 

2) a scale of 1-10. 
The scale for the usage questions is given in Table
 

4-8. The questions are divided into two groups depending on whether it
 

is assumed that present prices and institutional arrangements prevail,
 

(table 4-9a) or services are providedfree of charge (table 4-9b).
 

The usage questions are asked 
only of people who are familiar with the
 

hbalth distribution system and current charges in Colombia.
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TABLE 4-8
 

Scale for the Subjective Estimation of the Effect of Socioeconomic
 

Variables and Promotional Activities on Health Service Usage
 

Approximate Quantitative
 
Interpretation: the parti-


Scale Verbal Description of Impact 

cipation rate will be,
 

Suggestion or Other 

0' almost no significant impact 1 

1 weak' 10% 

2
 

30%
3 moderate 


4 

5 moderately strong 50% 

6 

70%
7 strong 


8 

90% 9 extremely strong 


10 nearly absolute impact 95%
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Table 4-9a
 

Name of Participant
 

Usage Response Under Various Situations at Present Prices
 

(Use % of Eligible Participants or Scale of 1-10)
 

Increase in 100% 100% 
Average Educa- Coverage Coverage 

by Healthtional Level of by Mass 

Promoter


Usage Present A Doubling of Mother to 4 Media 

Years Program Program
Category Situation Present Income 


1. Pre
natal
 
Care-Woen All ,
 

2. Pre
natal Care
 
Pregnant
 

3. Cura
tive Care
 
Neonatal
 

5. Breast
 
Feeding
 

6. Pre
ventative
 
Care
Infant!
 

7. Cura
tive Care
 

3,Infant 


8. Pre
ventative 

a
 

Care
 
Toddlers _
 

9. Cura
33 

3tive Care 

Toddler
 

|
 

3 1 
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Table 4-9b"
 

Name of Participant
 

Usage Response Under Various Situations When Services Are
 
Provided Free of Charge
 

Increase in 100% 100%
 
Average Educa- Coverage Coverag'e
 
tional Level of by Mass by Health
 

2
Usage Present A'Doubling of Mother to 4 Media Promoter
 
Category Situation Present Income Years Program Program
 

1. Pre
natal
 
Qire-
woen Al,Al
 
2. Pre
natal Care
 
Pregnant J
 
Wriman 

3. Cura
tive Care
 
Neonatal
 

5. Breast
 
Feeding
 

6. Pre
ventative
 
Care
Infant
 

F7. Cura-

tive Care 
Infant 2 2 

8. Pre
ventative
 

F ,Care 2 2 
2Toddlers 2 2, 

9.Cura
tive Care
 
Toddler 
 __,___ ______. 

.,+ , +,, . F 2 

2' i 

2 -2 
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Survey Frame # 4 

Estimation of Interdisease causal relationships.
 

Table 4-11 gives the survey frame for the estimation of interdisease
 

causal relationships. The survey form provides for either a scale (see
 

Table 4-10) or a best estimate to be used for responses. Itis important'
 

to point out that the questions inquire about causation rather than
 

association. Explicitly, the questions are of the form,
 

Out of 1000 uses of x how may will lead to y?
 

Note that eis question expressly does not ask how many cases of y can be
 

found in 1000 people with x but, instead asks how many cases of y are
 

attributable to having x. That is, the question asks the attributable
 

risk of y given x.
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TABLE 4-10 

Scale for the Subjective Estimation of the Extent 
of Interdisease Causal Relationships 

Approximate 
Quantitative Interpreta
tion: out of 1000 cases 

Scale Verbal Description of'Extent of Relationship 
of x approximately 

will lead to y 
-

Suggestion or Other 

0 almost no causal relationship <10 

1 weak causal relationship 50 

2 

3 moderate causal relationship 100 

4 

5 moderately strong causal relationship 250 

6 

7 strong causal relationship 500 

'8 

9 extremely strong causal relationship 750 

10 almost absolute causal relationship 950 



Name:_ 

TABLE 4- 11 

Subjective Estimatesof Interdisease Causal- Relationships 

Best Estimate of 

Age 
Group A 

Disease 
effects B Scale 

Number of Cases of 
B raused by 1000 A Confidence 

0-1 I.b.w. infection 

1-12 malnutrition diarrhea 

1-12 diarrhea malnutrition 

1-12 malnutrition respiratory 

1-12 respiratory malnutrition 

12-60 malnutrition diarrhea 

12-60 diarrhea malnutrition 

12-60 malnutrition respiratory 

12-60 respiratory malnutrition 

12-60 malnutrition inoculable. 

12-60 inoculable malnutrition 

12-60 inoculable respiratory 
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