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Abst ract

A macro nodel of norbidity and nortality in children under five
years of age is presented. Monthly di sease-specific incidence
and case fatality rates formthe basis of the nodel and the
efficacy and coverage of disease-specific interventions alter
these values. In addition, frailty is nodeled via relative risks
of nortality based on five groups, determned in the first nonth

by the birthweight distribution and at |ater ages by the

proportion of children surviving a given illness who becone nore
frail and the proportion not ill and with adequate nutrition who
becone less frail. A validation of the nodel was carried out

using data fromthe conpari son and treatnent areas of the

Denogr aphi ¢ Surveill ance Systemin Matlab, Bangl adesh. The nodel
very closely predicts the observed nortality level. Scenarios
for inprovenents in coverage of specific interventions in
settings in South Asia, Wst Africa and Andean South Anmerica are
nodel ed and their effects on nortality gauged. The nodel
provides a useful tool for those wi shing to know the nortality

i npact of specified mxes of interventions in a given setting.
Limtations of the nodel are considered and possi bl e extensions

to address these are di scussed.






Infant and child nortality in many devel opi ng nations are very

hi gh due to frequent infectious di seases such as pneunoni a and
diarrhea (UN CEF, 1992). These deaths can be averted by
interventions to prevent or treat the disease. For exanple,
breastfeedi ng and cl ean water can hel p prevent diarrhea, while
oral rehydration therapy (ORT) can reduce deat hs anong those who
have diarrhea. Preventive interventions are usually broad-based
at the community level, since all children nust be covered, while
curative interventions are applied to children with specific

di seases.

The inpact of any intervention depends upon the di sease (or

di seases) affected, the frequency of the disease(s) in the

popul ation, and the efficacy and coverage of the intervention.
Preventive nmeasures may have a greater inpact on nortality than
curative nmeasures if they prevent multiple diseases. An exanple
is vitamn A suppl ementation, which has been shown to protect
children against death frommultiple infectious di seases (Sonmmer
1986, Beaton et al. 1992). Wth respect to curative
interventions, although their clinical efficacy may be known, it
i s uncl ear how nuch they can reduce nortality in a given
community setting for two reasons--conpeting causes of death and
frailty. For exanple, antibiotics can prevent a pneunoni a deat h,
but a child saved from pneunoni a may succunb to a | ater epi sode
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of diarrhea. Additionally, the pneunonia epi sode nay have
br ought about reduced food intake | eading to a decreased
nutritional status (increased frailty), which puts the child at

greater risk of nortality from subsequent infectious di seases.

A norbidity-nortality nodel that incorporated incidence, case
fatality, interventions (and their associated costs), disease
conbi nati ons, and conpeting risks was proposed by Barnumet al.
(1980). An intended use of the nodel was to aid policynmakers in
finding cost-effective interventions. However, the nodel had
several limtations. It relied heavily on subjective eval uations
of the inpact of interventions since enpirical estinmates of these
were limted at the tinme that the nodel was devel oped. Al so, it
did not incorporate frailty. Furthernore, the nodel was conpl ex
and the conputer software not generally available or easy to use.
Anot her nodel that included incidence, case fatality, frailty and
conpeting risks, but not efficacy and coverage of interventions
was presented by Mosl ey and Becker (1991). |In addition, any
attenpt to determne nortality trends in the 1990's needs to
consider the effect of AIDS. Thus, to reasonably predict the

i npact of various health intervention strategies on infant and
child nortality in devel oping nations, it was necessary to

devel op a new nodel

THE MODEL



A macro-nodel of child nortality was designed to incorporate the
following el enents: di sease-specific incidence and case fatality,
frailty of children affecting the |evel of case fatality, with
the frailty distribution of children at birth defined by the

bi rthwei ght distribution, and frailty at |ater ages affected by
cunul ative disease insults and by the presence or absence of
adequate nutrition or nutritional interventions; and health
interventions to | ower incidence and/or case fatality of selected
di seases, with paraneters for both efficacy and coverage of the
interventions. Table 1 gives details of the diseases in the
nodel and the interventions. In neonates, the specific causes of
death are: 1) tetanus, 2) sepsis and pneunonia, 3) birth trauma
and asphyxia, 4) diarrhea, 5) AIDS, and 6) all other causes. In
t hose above one nonth of age, the causes are: 1) diarrhea, 2)
respiratory disease (largely pneunonia), 3) nalaria, 4) neasles,
5 ADS and 6) other. Case fatalities due to AIDS and "ot her

causes" are unaffected by frailty.

TABLE 1 ABOUT HERE

Figure 1 gives the flow of the nodel. The birth cohort starts
with a given birthwei ght distribution, which can be nodified in
the nodel by nutritional interventions anong nothers. Five
frailty groups are defined with different relative risks of
death!. Age-specific disease incidence and case fatality in the
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popul ation are then adjusted by the efficacy and | evel of
coverage of the interventions. Children who becone ill are then
subjected to the case fatality rate multiplied by the relative
risk of death according to their frailty group. Children who
survive the illness becone nore frail with a certain probability
whi ch depends on the illness; otherwi se they renmain in the sane
frailty group. A proportion of all surviving children are then
shifted to a less frail group according to the proportion of
children receiving an adequate diet and coverage of vitamn A
suppl enentation. Surviving children enter the next age group and
the process is repeated. The age interval for the nodel is a
single nonth so the process is repeated sixty tines. The one
nmonth interval was chosen in part to mnimze the probl em of

mul tiple concurrent diseases. The latter are ignored by the
nodel becasue the nunber of possible conbinations of illnesses
and the coverage and efficacy of interventions for themis very

| arge and unwi el dy.

FI GURE 1 ABQUT HERE

The proportion of newborns infected with HV is determ ned by

mul tiplying the preval ence in pregnant wonen by the probability
of transmssion to the newborn. Children with HV are treated
separately; they have a certain risk of dying of AIDS and are
exposed to the sane incidence and case fatality of other diseases
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as other children. Al of the children with HV infection are

assumed to die by age five (i.e. case fatality = 1.0 by the | ast

age group).

After preparation of a flow chart, a specialized conputer program
was witten in the FORTRAN | anguage to performthe cal cul ations,
which sinply involve addition and multiplication of the numerical
i nput paraneters. Appendi x 1 gives the key equations. To check
the results, a second programrer independently wote a programin
the Clanguage. Qutputs were conpared and several m nor

programmng errors were found in each program and correct ed.

The main out puts of the nodel are age-cause-specific
probabilities of death (g ,). Though estimates for single nonths
of age are available, for nost purposes the follow ng age groups
are consi dered: neonates, post-neonates, 12-23 nonths, 24-35
nmont hs, 36-47 nonths, 48-59 nonths. For infants, traditional
neonat al and post-neonatal death rates are cal cul ated using
births as the denom nator. For other age groups, cause-specific
probabilities of death are cal culated using the initial

popul ation in the age group as the denomnator. W use the term

nortality to refer to these probabilities. Sexes are conbi ned.

Devel opi hg Country Settings Exam ned
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Model s were constructed for three devel opi ng country settings
utilizing the best available information for each setting. The
three were: A West African setting with high nortality and a high
preval ence of nalaria infection; a South Asian setting w th high
nortality and | ow preval ence of nmalaria; and an Andean South
Anerican setting with a noderately high level of nortality and a
| ow preval ence of malaria. These settings are intended to be
national in scale, but do not represent specific countries.
Neverthel ess, the availability of useful information from sone
countries, e.g. The Ganbia (G eenwod et al. 1987a, 1987b) and
N geria (Federal Ofice of Statistics, 1992) in Wst Africa,
Bangl adesh (Fauveau, 1994) in South Asia, and Peru (INEl, 1992)
and Bolivia (Somrerfelt et al. 1991) in South Amrerica, allowed
the nodel to be based largely on recently collected infornation
concerning incidence and case fatality rates and the coverage of
health and nutritional interventions. O the other hand, the
efficacy inputs for the various interventions were generally

based on the best evidence from devel oping countries as a whol e.

For nost of the diseases considered, it is difficult to determne
the natural incidence in the absence of interventions such as
good water, sanitation, breastfeeding, or good delivery
practices. Therefore, information on the current incidence of

di seases such as diarrhea, pneunonia, neonatal tetanus, or birth
traunma/ asphyxi a, was used, along with the current coverage and
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efficacy of interventions, to extrapol ate back to the "natural"

i nci dence in the conpl ete absence of interventions. This

i nci dence was then utilized as a starting point in the nodel.
(See Appendix 1.) For nalaria, a simlar approach was used. The
nodel treats the inputs as incidence, although the results m ght
better be interpreted as reflective of the preval ence of nalaria

infection. W return to this point in the discussion.

D sease and Intervention Inputs in the Mdel

The incidence and case fatality rates for neonatal causes of
death in the three settings are given in Table 2 as are the
coverage of relevant interventions. The efficacies of

i nterventions, assuned constant for all age groups and al
settings, are given in Table 3. Table 4 shows the initia
frailty groups defined by the birthweight distributions in the
three settings, and the associated relative risks of nortality.
Table 5 gives the estinmated percentage of all children becom ng
nmore frail with a given disease and the percentage becom ng | ess

frail with a given intervention.

TABLE 2, 3 and 4 ABQUT HERE

For neonatal tetanus, the case fatality rate was set at 85% Al

survivors becone nore frail. The interventions agai nst neonat al
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t et anus exam ned were two doses of tetanus toxoid during
pregnancy, considered to have an efficacy of 80% and good
delivery practices with an efficacy of 50% (Schofield 1986).
Gven the limted resources in nost devel opi ng country settings,
an intervention to reduce case fatality fromneonatal tetanus was

not consi der ed.

Neonatal deaths frombirth injury, asphyxia, and other
potentially preventable birth-rel ated causes were grouped
together (Partinidhi et al 1986, Shah 1990). Children surviving
these conditions in the first nonth of life were considered to
have a probability of shifting to a nore frail group of 0.8
(Table 5). The intervention to prevent deaths in this group was

good delivery practices, considered to have an efficacy of 50%

TABLE 5 ABOUT HERE

For neonatal respiratory disease, the case fatality rate was set
bet ween 13% and 30% dependi ng on the setting, wth the higher
rate in South Anerica. For children surviving these conditions,
the probability of becomng nore frail is 0.3. The intervention
for these conditions is antibiotic therapy, with an efficacy of

50%

After the first nonth of |ife, the incidence of pneunonia was
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estimated for each nonth of age fromthe best avail able
communi ty- based studies (Sel wn, 1990; Oyejide and Gsinusi, 1990;
Stewart, de Franci sco and Fauveau, 1993). The incidence is

hi ghest in the youngest children and falls progressively with

age.

Wth regard to interventions, breastfeeding is considered to
protect agai nst pneunonia. The efficacy of this protection was
estinmated at 50%for children 0-5 nonths of age and 25%
thereafter (M ctora, personal communication). Case nanagenent of
pneunonia with appropriate antibiotics is considered to reduce

the case fatality rate by 50% (Sazawal and Bl ack, 1992).

D arrheal diseases were included fromthe neonatal period onward.
The diarrheal incidence rates were determned from

communi ty-based studies in the three settings (Black et al. 1982,
Bl ack et al. 1989; Oyejide and Fagbam, 1988). The rates
increase during the first twelve nonths of life to a peak |evel
between 12 and 17 nonths of age of 0.35 to 0.40 epi sodes per
nmonth. The rates fall progressively thereafter to a | ow of 0.25
per nmonth. The case fatality rate is highest for diarrheal

epi sodes during the neonatal period and drops progressively

during the first year of life.

Two preventive interventions for diarrhea and one therapeutic
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intervention were considered. ean water and good sanitation
together are considered to result in a 25%reduction of diarrhea
i nci dence (Esrey, Feachem and Hughes, 1985). Breastfeedi ng
during the first six nonths of life was estinmated to have a 60%
efficacy for prevention of diarrhea and a 25%efficacy after six
nmont hs (Feachem and Kobl i nsky, 1984). For all diarrhea

di seases, CORT was considered to have an efficacy of 30% (R chards
et al. 1993). This rather low efficacy for ORT is the result of
two factors. First, ORT given in the honme, rather than in health
facilities, may not be done optinally. For exanple, if it is
given |ate or consuned in inadequate volunes, it may not prevent
or correct dehydration that could |l ead to death. Second, ORT is
primarily of value for acute dehydrating diarrheas that are now
estimated to cause only 35-50% of all diarrhea-associated deat hs
(International Study Goup on Mrtality Due to D arrhea, 1993).
The renmai ni ng deaths, associated with dysentery or persistent
diarrhea, are not greatly benefitted by ORT (Chowdhury et al.
1991). On the other hand, nore conprehensive diarrheal
managenent, including antibiotics for dysentery and dietary
managenent of persistent diarrhea along with correctly used CRT,
woul d be substantially nore efficacious for all diarrheas. The
effi cacy of such conprehensive diarrheal treatnment was consi dered

to be 80%

Mal ari a was considered to affect children after the neonat al
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period. Wile the nodel incorporates incidence, the data

avai |l abl e are for preval ence of parasitema by age and are better
regarded as such. The case fatality rate (percentage of children
with parasitema dying each nonth) was considered to be 1%in the
three settings. The case fatality rate was applied to each nonth

of age that a malaria infection was present.

The malaria interventions are treatnent and prophylaxis. The
decrease in the case fatality rate after presunptive treatnent
with chloroquin was considered to be only 20% The efficacy is

| ow because nuch of the presunptive self-treatnment of fever with
chloroquin is of questionabl e appropriateness and because of drug
resi stance to chloroquin (Geenwod et al 1988, Wrld Health

QO gani zation 1990). The use of prophylactic chloroquin in
children is infrequent (Institute of Medicine, 1991). In the
nmodel the presunptive treatnent of fever with chloroquin was al so
consi dered |i ke prophylaxis to reduce the incidence of infection
with an efficacy of 50% Thus, presunptive treatnent had an

effect on both the case fatality rate and on inci dence.

The expected incidence of neasles in the absence of neasles
vacci nati on was estinmated from comunity-based studi es (Dave
1983, McLean and Anderson 1988) and was assuned the sane in al
three settings. The incidence increases gradually fromthree to
twel ve nonths of age, reaching 3% per nonth, and then declines
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after 23 nonths of age. These incidence values would result in
85% of children having neasles before their fifth birthday. The
case fatality rate was fixed at 2%in South Asia and South
Anerica and 4% in West Africa (G abowsky et al. undated).
Survivors fromneasles were al so consi dered to have possi bl e
conplications; the rate of diarrheal conplications was esti nated
to be 30% and of pneunonia 10% These conplications had the sane
age-specific case fatality rates as for those di seases wit hout

measl es.

The interventions for neasl es include both neasles vaccine to
reduce the incidence and therapy that could reduce the case
fatality rate. Wth regard to the conplications, the efficacy
and coverage of CRT (or conprehensive diarrhea nanagenent) were
assuned for treatnment of the diarrhea associ ated w th neasl es,
and antibiotic efficacy and coverage were used for treatnent of
the pneunonia. |In addition, vitamn A was considered to have an
overall effect on neasles case fatality with a 30%efficacy.

(Hussey and Kl ein, 1990).

G her causes of death, including injuries, were considered as a
group and were treated differently for the newborn period and
subsequent periods. During the neonatal period, since there is a
substantial anount of nortality associated with congenital
abnornmalities and ot her non-preventable conditions, nortality due
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to other causes was estimated at five per 1000 in all settings.

For AIDS nortality, the proportion of pregnant womnen infected
with HV around 1990 was used (Preble 1990, Anderson and My
1992, Quinn et al. 1992). This was estimated to be 0.001 for
South Asia and South Anerica and .02 for West Africa. To
determne the proportion of newborns devel oping HYV infection,
this figure was multiplied by 0.3 for the apparent rate of
transm ssi on during pregnancy, childbirth or breastfeeding
(Prebl e 1990). No intervention was considered for AIDS and al |

births with HV were assuned to die by age five years.

Frailty Dstribution and Frailty Factors

The initial frailty groups (Table 4) were determned utilizing
the distribution of birthweights in each setting (Wrld Health

O gani zation 1984). Subsequent frailty groups were derived from
the contribution of infectious diseases to increasing frailty and
the effect of adequate diet or vitamn A supplenentation in
reducing frailty. The relative risks of death associated with
the five frailty groups are 0.5, 1.0, 3.0, 5.0 and 10.0 (M ctoria
et al. 1988; Ashworth and Feachem 1985; Pelletier, Frongillo and
Habi cht, 1993). For each di sease, the proportions of children
getting nore frail due to the disease (Table 5) were estinated
fromstudies evaluating the effect of these infections on
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nutritional status (Bl ack, Brown and Becker, 1984; Becker, Bl ack
and Brown, 1991). In the nodel, a child could change only one
frailty group up or down in a nonth. The sensitivity of the
results to the values of these fraility paraneters i s exam ned

further bel ow

The interventions that could nove children to a less frail group
were adequate nutrition and vitamn A suppl enentation. Adequate
nutrition was considered to be a conposite of optimal energy
intake, protein source (aninal), and mcronutrient intake
appropriate for each age group. Children receiving at |east the
FAQ WHO requi renents for age were considered to have adequate
nutrition (WHO 1985). For children with adequate nutrition, we
estinmated that 10%would switch to a less frail group in each
nmonth in the absence of a serious infectious disease. For
vitamn A the receipt of routine supplenentation was consi dered
sufficient to result in 10%of children switching to a less frai
group each nonth. Children already receiving adequate nutrition
were considered to have adequate vitamn A intake. Therefore,
vitamn A suppl enentati on had an effect on frailty only in

children not receiving adequate nutrition.

Val idati on of the nodel
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(ne mght well ask to what extent the nodel gives a good

approxi mation to reality. The inputs for the nodel are numerous,
sone estimates are known w th poor precision and val ues of other
paraneters are virtually unknown (e.g. frailty factors) so it is

inportant to assess the validity of the nodel in sonme way.

The extensive data avail abl e fromthe Denographic Surveillance
System (DSS) in Matlab, Bangl adesh provi de an excel | ent
opportunity for such a validation. 1In the Matlab area a rural
popul ati on of 200,000 has been included in a vital registration
systemfor nore than twenty years. 1In 1978 the registration area
was divided for program purposes into "treatnent" and
"conparison" areas with specific maternal and child health
interventions added in the former area (Bhatia, Msley and
Faruque, 1980). In addition to vital registration data on births
and deat hs, data have al so been col |l ected on use of specific

health interventions (Fauveau, 1994).

The procedure for validating the nodel with these data was as
follows: First, estinmates of input values for incidence and case
fatality due to specific causes were derived for the conparison
area for the period 1987-1990. Data on age-specific |evels of

i ntervention coverage were also available for that period (Table
6). These were entered in the nodel and are described nore fully
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in Appendi x 2. The resulting outputs of infant and under-five
nmortality and the distribution by cause of death were conpared to
the actual values of these fromthe vital registration reports

(1 CDDR, B 1992, 1993 and 1994) for those years 2; the incidence and
case fatality inputs were then adjusted until the observed and

nmodel nortality levels were virtually identical. These were used

to generate the South Asian nodel

TABLE 6 ABOUT HERE

Next the coverage | evels of interventions were estinmated from
data for the "treatnent” (health service intervention) area in
Matl ab (Table 6). These were entered in the nodel and all other
paraneters were the sane as in the conparison area. The
resulting nortality and cause of death distributions were
conpared with the observed val ues of these fromthe DSS dat a.
Large differences between the predicted nortality and observed
levels in the treatnment area woul d show that the nodel was not
valid; snall differences would indicate that the nodel can

produce valid results, at least for this setting.

Val ues of efficacies of interventions are those derived in the
previous section and were identical in the two areas. Table 6
gi ves the age-averaged coverage of relevant interventions that
varied between the two areas. For the conparison area the nodel
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was calibrated to produce the observed | evels of infant and
under-five nortality of 92.5 and 135.5 deat hs per 1000
respectively. The conparison of cause of death distributions is
given in Table 7.

TABLE 7 ABOUT HERE

The changes in coverage of interventions to those of the
treatnent area produced output infant and under-five nortality

| evel s of 78 and 106 per 1000 respectively. The actual val ues of
t hese nmeasures for the treatnment area from published DSS reports
were 77 and 103 per 1000 respectively. Thus, the nodel results
were |less than 3%different than the actual values. Note that
the registered infant and under-five nortality |levels were 16%
and 22% Il ower in the treatnent area than in the conparison area.
W conclude that the present nodel can quite accurately reflect a

real world situation.

Sensitivity Anal yses

Ve did sensitivity anal yses to determne to what extent the
results are affected by the frailty parameters and changes in
them Wth the basic paraneters in the South Asian nodel held
fixed, we nade the follow ng changes in frailty: 1) Frailty was
deleted fromthe nodel by setting all relative risks to 1.0; 2)
The relative risks associated with the frailty groups were
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alterred to decrease the effect of frailty. Specifically,
relative risks for the five groups were set at .75, 1.0, 2.0,
3.0 and 5.0 instead of .5, 1.0, 3.0, 5.0 and 10.0; 3) Relative to
baseline levels, the proportions of children getting nore frai
with each di sease were increased and decreased in separate runs
by 25% 4) The proportions of children getting less frail with
adequate nutrition were increased and decreased in separate runs

by 25%

Wth frailty elimnated, the nodel gives an estimate of under-
five nortality that is 26%bel ow the estinmate with frailty
included (Table 8). In the sane vein, when the relative risks

are brought closer to 1.0, nortality is al so decreased.

Wien the proportions getting nore frail due to diseases are
changed by 25% nortality changes by only 3% On the ot her hand,
when the proportions getting less frail due to adequate nutrition
or vitamn A supplenentation are changed by 25% the results for
nortality are 5%to 6%different frombaseline | evels. These

| arger changes in nortality conpared to those when frailty
paranet ers associated with di sease were changed by the same

per cent age, occur because the nutritional effects apply to al
children while the disease-specific frailty factors only apply to
sick children. W conclude that frailty contributes
significantly to nortality in the nodel but that the estinates
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of nortality are relatively insensitive to errors in
specification of the frailty paraneters associated wi th di seases

and nutrition.

TABLE 8 ABOUT HERE

MODELI NG SCENARI G5 CF HEALTH | NTERVENTI ONS

El even intervention scenarios were evaluated for their effect on
under-five nortality ( sq,); changes were made in the intervention
efficacies and/or coverages fixing other paranmeters at their

baseline levels for the three settings.

The World Summt for Children in 1990 established a |ist of goals
for the year 2000 (UNI CEF, 1991). These included reduction of
overall under-five death rates by one third, reduction of
diarrheal deaths by one half, and respiratory deaths by one
third, elimnation of neonatal tetanus, and reduction in neasles
deaths by 95% The Summt al so established targets for

i mruni zati on coverage. WO and UN CEF have established service
delivery targets that they feel are achi evabl e and shoul d result
innortality reducti ons commensurate with the Summt goal s.
These service delivery targets were utilized in the nodel to
estinmate their effect on child nortality. To estinate the effect
of an increasing preval ence of HV in adult wonmen by the Year
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2000, the proportion of pregnant wonen infected was estinated at
0.01 for that year in South Asia and South Anerica, up fromthe
baseline level of 0.001. In Wst Africa the proportion was
changed from.02 to .10. Table 9 lists the el even scenari os that
were studied with the nodel. Mrtality by age and cause was
estimated for each scenario and conpared to the results of the

nodel using the baseline paraneters in the three settings.

TABLE 9 ABQUT HERE

The results of the various scenarios of health interventions are
given in Table 10. I n general because the | evels of coverage of
interventions are initially higher in South Anerica,

i npl ementation of a given scenario has | ess absolute and rel ative

inmpact on nortality there than in Wst Africa and South Asi a.

In South Asia the greatest single inpact on nortality occurs when
neasl es i mmuni zation is increased to 90% (scenario 4). In South
Anerica and West Africa, by contrast, vitamn A suppl enentation
is predicted to have the greatest inpact in reducing nortality
(scenario 6). South Asia had less effect fromvitamn A

suppl enent ati on since the current |evel of supplenentary coverage
was considered to be 50% whereas in the other two regions it was
zero. Increasing good birthing practices to 80% and i ncreasi ng
coverage of good sanitation have simlar and snall effects in
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South Anerica and West Africa but increasing good birth practices

has a greater effect in South Asia (scenarios 9 and 10).

In all three settings increasing ORT coverage to 80%alters
nortality levels only slightly (scenario 2). This is due to the
assuned | ow efficacy of ORT against all diarrheas. Inall three
settings, having conprehensive diarrheal treatnment reduces

nortality much nore than increasi ng ORT coverage al one.

Tabl e 11 gives further detail; it shows the percentage declines
in cause-specific nortality in South Asia under the same
scenarios. The effect of increasing tetanus toxoid from20%to
90%is a 65%reduction in tetanus nortality (from5.7 to 2.0 per
1000. Increasing nmeasl es vacci ne coverage has a substanti al

i mpact on deaths attributed to diarrhea as well as those
attributed to neasles but it only has a mnor effect on pneunoni a

nortality.

Wth the inclusion of increased AIDS incidence, the declines in
nortality are reversed in Vst Africa as 0o, rises from162 to
183 per 1000. In South Asia and South Anerica the inclusion of

Al DS changes nortality only slightly.

TABLES 10 AND 11 ABQUT HERE
26



Non-addi tive effects of interventions

In the presence of conpeting risks of illness and death it is
clear that a given intervention will have an equal or greater
inpact on nortality in the absence of other interventions, than
when other interventions are present. To explore this
quantitatively, we ran the South Asian nodel for the individua
conponents of scenarios in Table 9 and conpared the difference
between the nortality level with only the given intervention and
the baseline nortality, with the difference between nortality
levels with the addition of each successive conponent as shown in
Table 10. ® These estinates are conpared in Figure 2. The sum of
the separate intervention effects would inply an overall under-
five nortality decline of 58 per 1000 (a 43%decline). This is
contrasted with a decline of 50 per 1000 predicted by the nodel
with all the interventions introduced simltaneously. Fromthe
figure we see that the interventions on case fatality have
simlar effects on nortality whether introduced singly or with
other interventions. However, the interventions on di sease

i nci dence (e.g. neasles vaccine) and frailty (e.g. vitamn A
show a nmuch greater inpact when introduced singly into a

popul ation. One difference is in the opposite direction--the
effect of increasing the efficacy of ORT from30%to 80%in the
nodel with cunulative interventions is greater than when it is
introduced singly. This is because greater ORT efficacy is a
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nmore potent intervention in conbination with an increase in

coverage of ORT (from57%to 80%.

FI GURE 2 ABQUT HERE

DI SGUSSI ON

The quantitative effects of health interventions in reducing
total childhood nortality in devel oping nations are difficult to
estimate. Recent studies have shown that vitamn A

suppl enentati on can reduce nortality rates in children 6-59
nmonths ol d by approxi nately 20%in settings wth relatively high
nortality and vitamn A deficiency (Sommer et al. 1986; Beaton et
al., 1992). Measl es vacci ne has been shown to lead to a simlar

| evel of reduction (Aaby et al. 1984; Oenens et al. 1988; Koenig
et al. 1991) and it has been argued that ORT reduced overal
infant and child nortality by nore than 30%in Egypt (E -Rafie et
al. 1990). Wth multiple interventions and nmultiple causes of
death, the picture becones conplex, i.e. these separate effects

cannot be added.

I nternational health agencies and policy nakers nust deci de on
the interventions to enphasize in a given setting. The Wrld
Bank has recently outlined gl obal health challenges (Wrld Bank,
1993). Before calculations of cost-effectiveness can be nade for
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thi s purpose, nodel s conbi ni ng epi dem ol ogi cal and denogr aphi c
paraneters nust be constructed so the effects of various m xes
and levels of interventions in a given setting can be predicted.

VW have presented one such nodel in this paper

The results fromthe nodel for South Asia clearly show that
fairly large increases in intervention coverage do not
necessarily lead to |arge decreases in nortality. For exanple,

i ncreasing ORT coverage from57%to 80%in South Asia only drops
diarrheal nortality by 3 per 1000. n the other hand, including
conprehensive diarrheal treatment drops the diarrheal specific
nortality 10 per 1000 fromits initial level. This is because
CRT al one only has 30% efficicay against diarrheal death while

conprehensive treatnent has an 80% effi cacy.

The child survival interventions have been sel ected for

wi despread i npl enent ati on because they address inportant causes
of child nortality and i ndeed ORT and i nmuni zati on prograns have
reduced nortality levels. However, it nmust be kept in
perspective that these | east costly interventions have
limtations. A so there may be probl ens reachi ng children who

are at highest risk of nortality.

Furthernore, the reductions in nortality froma very restricted
set of interventions will be at best noderate in nost settings,
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even if they are delivered optinmally. This speaks for the need
to inplement a conplenentary set of preventive and therapeutic

i nterventions addressing the common causes of nortality in
children - diarrhea, neasles, tetanus, nalaria and pneunoni a.
Such a package of interventions inplenmented with potentially

achi evabl e coverage | evels could reduce child nortality by up to
40% consistent with the UNNCEF Summt targets. Interventions
that reduce frailty should have substantial effects on nortality
fromvarious causes (Pelletier, Frongillo and Habi cht, 1993).

For exanple, increasing vitamn A coverage in the nodel from 50%
to 80% decreases under-five nortality from105 to 101 per 1000 in
South Asia and the effect is even nore in other regions with

wi despread deficiency and wi thout suppl enentati on prograns.

This macro-nodel is a useful tool to study the effects of various
interventions on child nortality. O course, as in any such
exercise, the results are highly dependent on the inputs and
assunptions of the nodel. The best available data were used as
inputs. However, as noted above, sone paraneters are not
directly observable in the population, in particular the
proportion of children becomng nore frail with a given di sease
or less frail with nutritional interventions. Fromt he
sensitivity anal yses we have shown that a 25%error in these
frailty paranmeters would yield no nore than 6%error in
nortality. This is relatively small conpared to the overal
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effect of incorporating frailty in the nodel (i.e. a 26%
difference in estimated nortality between nodels with and without

frailty).

Generally, the nodel is very flexible in structure, allow ng: a)
si x di sease groups; b) incidence, case fatality and coverage of
interventions that can vary with each nonth of age; c) explicit
frailty effects depending on each disease and d) the efficacy of
interventions that affect incidence or case fatality of diseases,
or frailty. This permts the examnation of a w de range of
interventions either singly or in conbination, while accounting

for conpeting risks and frailty.

However, in sone ways the nodel is restrictive: a) Having five
frailty groups is arbitrary (although the nunber could quite
easily be changed) and frailty-specific relative risks of death
are assuned to be equal for all infectious diseases; b) R sks
associated with multiple concurrent illnesses are not included

c) Malaria is incorporated via incidence and case fatality rather
than preval ence; d) D sease rates for children with HV infection
are assunmed to be the sanme as those in the general popul ation; e)
The nodel presently assunmes honogeneity although popul ations are
actual Iy heterogeneous with respect to incidence and case
fatality of diseases and coverage of interventions 5 and f)
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Vari ances of estinmates are not available since it is a
nmacrosi mul ation rather than a mcrosi nulati on nodel. In addition,
cost-effectiveness cannot be exam ned directly since cost
estimates of interventions were not incorporated. The nodel
could be further extended to renove nost of these restrictions.
Nevert hel ess, the present nodel can be very useful for providing
estinmates of the nortality effect of various interventions in

speci fic settings ©.
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NOTES
! The nunber of groups was arbitrarily chosen.

2 The values fromthe reports were averaged.

ria intervention was excluded fromthis anal ysis because it
trivial effect in South Asia and Al DS preval ence for the
000 was excluded as wel|l because it operates to increase

-_N D

ing in a sequential manner the proportions
oma given disease and then the proportion
cause of good nutrition, gives different
are considered simultaneously with the
! t he four possible outcones [i-e. lh i Il ness
S T | frail and this is not conpensated by good
nutrition, 2% ss nakes the child nore frail and this is
conpensat ed by good nutrition so the child stays in the
frailty group; 3) illness does not make the child nore.
ood nutrition puts himiher in a less frail group; 4? [
oes not nmake the child nore frail and the absence of g
nutrition nmeans that he/she stays in the sane frailty p.l
Treating illness and nutrition interventions sequentially allowed
us to consider all childrenin a frailty group (whether ill or
not) with respect to nutrition interventions since the
proportions wth good nutrition or Vitamn A suppl enentati on were
assuned to be the sane for both groups.
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5 Further work is being done at Johns Hopkins University to
i ncl ude heterogeneity of risks and coverage | evel s.

6 The FORTRAN programfor the nodel with the South Asian input
data is available fromthe first author.
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