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This thesis presents an economic perspective on the deter-
minants of perinatal mortality in post-war Scotland. Unlike
previous work which has used cross-sectional data, the focus
is on developing and testing models which may provide a more
informed explanation for the improvement in perinatal mor-

tality over time.

The theory of investment in human capital and the applica-
tion of this paradigm to the study of health and health re-
lated behaviour is surveyed as a way of developing a more
precise taxonomy for identifying the principal sources of
change in Scottish perinatal mortality. BEmpirical studies
of health during the earliest stages of the life cycle which

employ the human capital theoretical framework are reviewed.

Post-war trends in Scottish perinatal mortality are inves-
tigated using a time series of dis-aggregated perinatal
mortality rates that have been constructed especially for
use in the estimates of the health production functions

presented in this thesis.

A model is also developed for describing the post-war pat-
tern of public expenditure on perinatal hospital services in
Scotland. A perinatal hospital service demand equation is
specified in terms of the share of NHS hospital expen-

diture devoted to the perinatal hospital sector which is
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related to real NHS hospital expénditure (income), rela-
tive hospital prices and policy targets and indicators of
the need for perinatal services. Total public spending on
hospital care appears to have had no consistent and clear
impact on the perinatal hospital budget share. Relative
prices or costs of perinatal care in relation to other forms
of hospital care are important determinants of expenditure.
A partial adjustment model suggested that virtually all the
adjustment required to achieve desired perinatal budget
shares occurs within five years. An error correction model
also supported the hypothesis that disequilibirium between
target and actual perinatal shares was an important deter-

minant of the change in budget shares over time.

The health production function estimates quantify the rela-
tive impact of medical and nursing labour inputs, hospital
capital inputs, hospital expenditure and population factors
on perinatal mortality. A variety of functional forms are
tested against each other using a general to specific ap-
proach to estimation and testing. Alternative ways of aug-
menting the production function by introducing empirical
measures of technical change are investigated. Production
functions are presented for a range of mortality rates in

different age and birthweight groups.

The results confirmed that hospital medical and nursing in-
puts are important determinants of perinatal mortality

across different birthweight strata. Increases in the num-

iid
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ber of obstetricians ;md nurses have a beneficial and
similar impact on mortality in low birthweight infants.
Nurses also appear to have a more important impact on mor-
tality in the normal weight infant. Decreases in the bed
stock are associated with improvements in perinatal mor-
tality, particularly for low birthweight infants. In terms
of cost per life year gained, investment in perinatal hospi-
tal services has generated health outcomes at a cost which
is lower than many other health care programmes whose costs

and effectiveness have been evaluated from an economic

perspective.

Finally, the ©possible links between income, umemployment
and infant health are investigated. The main findings
failed to support the hypothesis that unemployment excerts
an impact on perinatal and post-neonatal mortality, let
alone an adverse impact. In addition, measures of economic
instability (short and long-run changes in economic growth)
seem to play little role in determining the chances of sur-

vival of new born children.



CHAPTER 1 INTRODUCTION

The modern revival of economic research in the field of
population which has occurred over the past 30 years repre-
sents a return to a traditional area of inquiry in political
economy. The Malthusian theory of population was an in-
tegral though controversial part of classical economic
theory which established a framework for the economic
analysis of demographic phenomena. Paradoxically, however,
considering the importance accorded by Marshall, Pareto and
particularly Wicksell to population theory, economic
analysis of population questions declined substantially and
become increasingly preoccupied with a narrow range of
problems for well over five decades following the ascendancy

of neoclassical economics.

Although there were a few empirical studies on, for example,
the influence of the trade cycle on marriage and fertility
rates (Thomas, 1927), economists generally restricted their
analysis to the economic consequences associated with
demographic change. Analysis of the causes of population
change was generally left to demographers, sociologists and
statisticians; a distinction emphasised by Peacock (1954) in
one of the first attempts to interpret Malthusian theory in
terms of modern economic analysis. Although Peacock acknow-
ledged that fertility decisions involved economic choices

regarding the allocation of scarce resources and the oppor-



tunity costs of children, the primary interest of the

economist was in the consequences of population change

(Peacock, 1954).

This thesis presents an economic perspective on the deter-
minants of perinatal mortality in post-war Scotland. The
health and well being of infants has long provided a fertile
area of inquiry for epidemiologists, demographers,
sociologists and others interested in the public health of
populations. There have been, however, relatively few at-
tempts by economists to examine the determinants of perina-
tal health despite the proliferation of research in health
economics and investment in human capital which has occurred
over the past 25 years. Unlike previous work which has used
cross-sectional data, the focus is on developing and testing
models which may provide a more informed explanation for the

improvement in perinatal mortality over time.

Whether conducted in an economic framework or not, studies
of perinatal mortality traditionally distinguish possible
sources of change in perinatal health outcomes. Broad dis-
tinctions are wusually drawn between socio-economic,
biological, demographic, environmental and health care
determinants of mortality differences, at a point in time,
or mortality changes over time. These distinctions reflect
the longstanding concern, expressed most prominently by
Thomas McKeown (1976) that the contribution of health care

to improvements in mortality should be evaluated alongside



other concurrent changes occurring in the population itself,
which may themselves be more important determinants of
mortality change over time. McKeown’s basic thesis that
health is only marginally inf luénced by personal medical
care has yet to be rigorously tested using data for in-
fants, particularly during the post-war period (Reves,
1985).

This scepticism regarding the impact of innovations in
health care has been shared by many observers of recent
trends in perinatal care and perinatal mortality and those
who are anxious to subject clinical practice in obstetrics
and paediatrics to more rigorous clinical evaluation and
assessment (Chalmers and Sinclair, 1985; Silverman, 1980).
This concern is also a characteristic feature of
epidemiological studies that attempt to assess the relative
contribution of changes in inherent population risks and
specific medical interventions to declining perinatal and |
neonatal mortality (Williams and Chen, 1982; Forbes, et al,

1982; David and Siegel, 1983).

These epidemiological studies can be contrasted with the
economic approach to explaining population change that is
surveyed in Chapter 2. Although the same set of variables is
often examined by the economist and epidemiologist: the
economic perspective imposes a framework for guiding the

subsequent empirical analysis and interpretation of find-



ings. The distinctive feature of the economic approach is
its emphasis on constrained choice which imposes a structure
on subsequent analysis which is typically absent in empiri-
cal studies conducted within a different disciplinary
framework. The theory of investment in human capital and the
application of this paradigm to the study of health and
health related behaviour is surveyed as a way of developing
a more precise taxonomy for identifying the principal
sources of change in Scottish perinatal mortality during the

post-war period.

Although the Chicago/Columbia approach to household produc-
tion has dominated empirical studies of infant health con-
ducted by economists, this relatively small and slowly grow-
ing literature is dwarfed by decades of work by clinicians,
epidemiologists, demographers, social scientists and others
who have examined various aspects of infant health using
different or less theoretical perspectives. Empirical
studies of health during the earliest stages of the life
cycle which employ the human capital theoretical framework
are reviewed in Chapter 3. The primary focus is on studies
which have either examined outcomes of pregnancy during the
perinatal period (the immediate period surrounding birth) or
investigated the determinants of health in infancy or be-
tween the period from birth to one year of age. Many of the
methodological features of these studies are also common
in investigations of the health of older children and the

utilisation of paediatric care.



One of the limitations of many empirical studies of perina-
tal health is the reliance on relatively crude measures of
mortality as output variables in production functions.
Building on the work of Sir Dugald Baird in Aberdeen during
the 1940’s, numerous studies have described different
aspects of perinatal mortality at different points of time
in the Scottish population. Although some recent studies
have examined trends in Scottish perinatal mortality during
the 1970’'s (Forbes et al, 1982) and the impact of
demographic and social factors on the risks of perinatal
mortality over the period 1860-1982 (Forbes and Pickering,
1985) no overall review of Scottish perinatal mortality
during the post-war period is available. Furthermore, no
dis-aggregated series of perinatal mortality rates has been
assembled for post-war Scotland which would allow an as-
sessment of the differential impact .of social and medical
factors on the mortality experience of different population

sub-groups.

Chapter 4 examines post-war trends in Scottish perinatal
mortality and reports a time series of dis-aggregated
perinatal mortality rates that have been constructed espe-
cially for use in the estimates of the health production
functions presented in Chapters 6 and 7. Perinatal mor-
tality rates are sub-divided according to specific cause of
death. Neonatal mortality rates are dis-aggregated by age

at death. Perinatal mortality rates are also calculated for



different birthweight groups. Using a variety of published
and unpublished data a unique time series of birthweight
specific perinatal mortality rates is assembled and used to
examine how the relative risk of perinatal mortality has
changed in different birthweight groups over time. Each
specification of the dependent variable ‘permits the estima-
tion of a set of health production equations which may
provide further insight into the determinants of different

components of perinatal mortality.

Chapter 5 presents the results of estimating a demand equa-
tion for perinatal hospital services in Scotland. Using a
version of the demand model introduced by Deaton and
Muellbauer (1980) the perinatal hospital service demand
equation is specified in terms of the share of NHS
hospital expenditure devoted to the perinatal hospital sec-
tor which is related to real NHS hospital expenditure
(income), relative hospital prices and policy targets and

indicators of the need for perinatal services.

This specification attempts to explain the variance of
the perinatal budget share rather than the level of ex-
penditure on perinatal hospital services. The construction
of a perinatal budget share requires data on perinatal
hospital expenditure, total hospital expenditure and a
relevant price deflator for NHS expenditure. The derivation
and measurement of a unique expenditure series on perinatal

hospital expenditure and NHS hospital expenditure in Scot-



land over the period 1951-1985 is described. Although thé
demand for perinatal hospital services is inevitably con-
strained by the overall level of hospital expenditure it
seems unnecessarily restrictive to assume that demand
depends only on income or total expenditure. The concept and
measurement of relative prices in the hospital sector and

their role in the demand equation is examined.

In addition to income and prices, the demand for hospital
care may be influenced by evolving policy objectives and
perceptions of the need for such services. Chapter 5 also
outlines the Scottish evolution of hospital bed supply tar-
gets, expenditure norms and population need indicators for
perinatal care and illustrates how they can be introduced

into the demand equation.

A wide range of specifications have been used to directly
estimate health production functions. One of the charac-
teristic features of this literature is the virtual absence
of any critical testing of alternative functional forms or
models which could be used to summarise the relationship be-
tween inputs and health outputs. Burdened by the inertia of
previous studies investigators have often simply assumed the
existence of a particular function and an arbitrary set of
regressors which is imposed on the data with little concern

for the coherence and validity of their assumptions.



A second feature of the literature is its preoéoupation with
estimating static cross sectional production functions. Few
studies have used time series data to examine the impact of
changes over time in health care resources on mortality and
other health outcomes. Despite the recognition of the im-
pact of technical change and innovation on both the process
and outcomes of health care this dynamic process is not
usually captured in the traditional cross sectional ap-
proach. Consequently the investigation of the dynamics sur-

rounding health production functions is in its infancy.

Both of these themes are addressed in the health production
function estimates presented in Chapter 6 which attempts to
quantify the relative impact of medical and nursing labour
inputs, hospital capital inputs, hospital expenditure and
population factors on perinatal mortality. A variety of
functional forms are tested against each other using a
general to specific approach to estimation and testing.
Alternative ways of augmenting the production function by
introducing empirical measures of technical change are in-
vestigated. Production functions are presented for a range
of mortality rates in different age and birthweight groups.
One additional feature of the health production analyses is
the calculation of the cost per life year gained based on

the regression results.



Over the past decade there has oocurred a virtual explosion
in studies examining the impact of economic factors on
health. Although this topic had attracted the attention of
researchers for well over a century the initial gpark which
re-kindled the most recent surge of interest yag struck by
the work of Harvey Brenner, who published a series of con-
troversial time series studies in the late 1970’s linking
mortality with unemployment. Brenner’s contribution was
soon followed by growing concern over the implications of
the economic recession of the early 1980’s for health care
programmes financed by government spending as well as the
health consequencies (if any) arising from cuts in such

programmes.

One major strand of this literature concerns the influence
of fluctuations in economic activity on mortality. Two in-
dices of economic activity which have received particular
attention are income and unemployment. Chapter 7 examines
the association between income, unemployment and perinatal
and infant mortality in Scotland. Unlike previous studies,
the relationship between unemployment and mortality is
modelled using a general autoregressive distributed lag
framework in conjunction with an unemployment series disag-

gregated by age and duration of unemployment.



CHAPTER 2 ECONOMIC PERSPECTIVES ON PERINATAL HEALTH

2.1 Introduction

The health and well being of infants has long provided a
fertile area of inquiry for epidemiologists,
demographers, sociologists and others interested in the
public health of populations. There have been, however,
relatively few attempts by economists to examine the
determinants of perinatal health despite the
proliferation of research in health economics and
investment in human capital which has occurred over the
past 25 years. The modern revival of economic research
in the field of population which has occurred over the
past 30 years represents a return to a traditional area
of inquiry in political economy. The Malthusian theory
of population was an integral though controversial part
of classical economic theory which established a
framework for the economic analysis of demographic
phenomena. Paradoxically, however, considering the
importance accorded by Marshall, Pareto and particularly
Wicksell to population theory, economic analysis of
population questions declined substantially and become
increasingly preoccupied with a narrow range of problems
for well over five decades following the ascendancy of

neoclassical economics.
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Although fhere were a few empirical studies on, for
example, the influence of the trade cycle on marriage
and fertility rates (Thomas, 1927), economists generally
restricted their analysis to the economic consequences
associated with demographic change.l Analysis of the
causes of population change was generally left to
demographers, sociologists and statisticians; a
distinction emphasised by Peacock (1954) in one of the
first attempts to interpret Malthusian theory in terms
of modern economic analysis. Although Peacock
acknowledged that fertility decisions involved economic
choices regarding the allocation of scarce resources and
the opportunity costs of children, the primary interest
of the economist was in the consequences of population

change (Peacock, 1954).

1. The treatment of demographic phenomena as exogenous factors within
the framework of orthodox economic analysis is well illustrated by
the secular stagnation thesis advanced during the 1930s (Robbins,
1929; Keynes, 1937; Hansen, 1939) which examimed the effects of
stationary or declining population growth on investment, employment
and ecomomic growth. This pre-occupation with the effects of
population changes camn also be seen in the Neo-Malthusian concerns
with the conmsegquences of rapidly increasing population in developing

economies (Coale and Hoover, 1958)

1"




In this chapter an economic perspective on the
determinants of health is presented to provide a
framework for developing an economic analysis of the
factors influencing perinatal mortality in Scotland. The
theory of investment in human capital and Grossman’s
application of this paradigm to the study of health and
health related behaviour is briefly outlined. General
criticisms of Grossman’s approach are reviewed and the
extension of this model to perinatal health is

discussed.

2.2 Sources of Change in Perinatal Mortality

Whether conducted in an economic framework or not,
studies of perinatal mortality traditionally distinguish
possible sources of change in perinatal health outcomes.
Broad distinctions are usually drawn between
socio-economic, biological, demographic, environmental
and health care determinants of mortality differences,
at a point in time, or mortality changes over time.
These distinctions reflect the longstanding concern,
expressed most prominently by McKeown (1976) that the
contribution of health care to improvements in mortality
should be evaluated alongside other concurrent changes
occurring in the population itself, which may, in fact,
be more important determinants of mortality change over

time. McKeown’s basic thesis that health is only

12




marginally influenced by personal medical care has yet
to be rigorously tested using data for infants,

particularly during the post-war period (Reves, 1985).

This scepticism regarding the impact of innovations in
health care has been shared by many observers of recent
trends in perinatal care and perinatal mortality and
those who are anxious to subject clinical practice in
obstetrics and paediatrics to more rigorous clinical
evaluation and assessment (Chalmers and Sinclair, 1985;
Silverman, 1980). This concern is also a characteristic
feature of epidemiological studies that attempt to
assess the relative contribution of changes in inherent
population risks and specific medical interventions to
declining perinatal and neonatal mortality (Williams and
Chen, 1982; Forbes, et al, 1982; David and Siegel,

1983).

These epidemiological studies can be contrasted with the
economic approach to explaining population change.
Although the same set of variables is often examined by
the economist and epidemiologist: the economic
perspective imposes a framework for guiding the
subsequent empirical analysis and interpretation of

findings. The distinctive feature of the economic

13




approach is its emphasis on constrained choice. Fuchs
(1974; 1983) adopting Lionel Robbins’ definition of
economics? summarises the distinctive assumptions of the

economic perspective as

B resources are scarce relative to human wants

B resources have alternative uses

B individuals have diverse wants, not all of which

can be satisfied

This emphasis on constrained choice imposes a structure
on subsequent analysis which is typically absent in
empirical studies conducted within a different
disciplinary framework. The implications of adopting an
economic perspective are illustrated by Schultz (1982)
who suggested that sources of mortality change can be

usefully classified into two main groups:

B those originating in the public health sector.

2. "Economics is a science which studies human behaviour as a

relationship between [a given hierarchy] of ends and scarce means

which have alternative uses” (Robbins, 1932).

14




B those arising out of the market system

This broad classification can be extended and refined
into a more precise taxonomy for identifying the
principal gsources of change in Scottish perinatal
mortality during the post-war period. The vast array of
variables confronting the researcher can be partitioned
into those which are modelled (endogenous) and those
which are not modelled (exogenous).3 Health oﬁtcomes are
naturally treated as modelled variables though not
necessarily as the primary or ultimate object of choice.
Other modelled variables include the consumption of
goods and services; some of which may influence the
production of health. The demand for goods/services and
the production of health outcomes are constrained by
prices and economic endowmentst arising out of the
3. The definition of exogenous and endogenous will depend om the

level of aggregation (individual versus community decisions).

4., Economic endowments are often measured in terms of current or
lifetime (permanent) income or wealth. This comventional treatment
hags been challenged by Becker (1965, 1981) who argues that money
income should not be regarded as "“given" or exogemous since it is
(partly) determined by individual choices regarding investment in
human capital and the allocation of time between market and

non-market activities.
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market system. A further set of biological supply
constraints or health endowments will also influence the
production of health and the demand for health related
goods and services. These will take the form of the
genetic inhereitance passed on by parents to their
children as well as other intrinsic biological factors

which determine perinatal health.

This classification can be modified further by
breaking factors down into those which are observed and
unobserved by the researcher or investigator. For
example, health endowments and other biological
characteristics of parents and their children are
typically not observed by the researcher. Individuals
and populations themselves may not even be aware of
certain elements of the vector of their own health
endowments. This complicates the analysis of mortality
determinants because the observed consumption of health
related goods is likely to depend on the unobserved
health endowments. Since the unobserved factors will be
subsumed into the error term OLS estimates of the
effects of health inputs on health outcomes will be
biased and inconsistent. If health outcomes were
independent of health endowments and/or the use of
health inputs was independent of health endowments the

bias would disappear. Since this scenario seems unlikely

16




compensating wvariations in health input use in response
to corresponding variation in health endowments will

obscure the effects of health inputs on health outcomes.

The bias will depend both on the influence which health
endowments have on the use of health inputs and on the
impact of health endowments on subsequent health
outcomes. The direction of bias can be éstimated using
the following formula. Consider a simple misspecified
regression of perinatal mortality rates (PNM) on

expenditure on perinatal hospital care (E) given by
PNM = 3:E + u (2.1)

Assuming the "true" equation also includes a measure of

health endowments (H)

PNM = B1E + f2H + u (2.2)
The estimate of f: from equation 2.1 is given by

E(B) = B1 + b21Ba2 (2.3)

where bz; is the regression coefficient from a
regression of health endowments on perinatal mortality
and Bz is the coefficient of the health endowments
variable obtained from equation 2.2. The expected signs

of the coefficients are Bi1 < 0, Bz < 0 and bz; < 0. As

17




b21f82 > 0 the direction of the bias will be positive.
This pogsitive bias will thus ensure that any beneficial
impact of expenditure on perinatal mortality is
underestimated. It is also possible for the bias to
swamp the negative sign on B: thereby generating the
counter-intuitive result that additional expenditure on
perinatal care increases perinatal morbidity and

mortality.5

2.3 Public Health Sector

From an economic perspective, the public health sector
can influence the risk of perinatal mortality in two
principal ways. First, some public health programmes
may reduce the risk of exposure to disease for the
entire community or population. This type of
programme, exhibits the typical characteristics of a
public good in so far as benefits are conferred on the
5. This is not to deny that some forms of care inadvertantly
generate adverse health effects. One of the best known examples in
the perinatal field is the unintended consequences of oxygen
administration to premature infants in the early 1950’s which
influenced the risks of neonatal survival and the incidence of
retrolental fibroplasia (Silverman, 1980). The same may be true of

more recent perinatal interventions whose effectiveness is unknown. .,
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community which are large-ly indivisible and
non-excludable. Perhaps the best example of a public
health activity which falls into this category is the
quality control of water supplies. Other types of
activities include effective immunisation strategies
designed to control or eradicate infectious diseases and
the control of radiation, toxins and other
environmental hazards which can influence fetal and
infant health. These public health programmes may also
vary in terms of their degree of publicness and the
extent to which they are independent of or exogenous to
individual behaviour or decision making. At one extreme
a policy may exhibit both the characteristics of a pure
public good (radiation control) (Fuchs, 1980) and
exert an independent influence on the risk of illness.
Alternatively, the benefits of some programmes may be
excludable and divisible amongst members of the
community and/or may depend on decisions taken by
individuals or households. For example, despite their
potential for generating community wide benefits,
immunisation campaigns rely on the participation of
individuals if they are to succeed. Risks to the fetus
and newborn, originating in the workplace, may require
occupational health policies whose benefits may be
confined to workers in particular industries or
occupations.®

6. Occupational health policies designed to limit reproduction
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Most activities in the public health sector, however,
are of a different nature and fail to conform to the
public good paradigm. Policies which control the
content, organisation, supply and distribution of
health services may influence infant health outcomes in
two ways: either by subsidising the cost of services
or by altering quantity constraints or ration levels
facing individuals or groups. Schultz (1982) focuses
exclusively on public health activities that subsidise
the cost of health care. This orientation is less
relevant in countries like the U.K. where health
services are predominately financed, organised and
provided using NHS-type or non-market institutions.
While it is possible to regard direct public provision
of health care as a form of non-market subsidy, it is
important to recognise that the demand for and
uwtilisation of health care by individuals (or their
agents) is subject to quantity or rationing constraints

imposed or conditioned by public policies.

hazards in the workplace also entail significant costs when employers
adopt employment discrimination practices which threatea the jobs or
earnings of fertile women. See Bayer (1982) for a discussion of the
implications of fetal protection policies for the employmeant rights

of women.
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While e#ogenous to individuals, health care policies are
endogenous when viewed from a community perspective. The
nature and extent of cost subsidies or quantity
constraints in health care reflect community
preferences or, perhaps more realistically, the
preferences of decision makers responsible for

determining:
8 overall levels of public expenditure, and

B the allocation of public expenditure to
(and within) competing public programmes,

of which health care is only one.

Public expenditure decisions on perinatal health
services can be viewed as analogous to consumer
choices in the household sector in so far as both the
private and public sectors are assumed to behave as
though they maximise some objective function subject to
a budget constraint. The government’s expressed demand
for perinatal health services, derived from an
underlying public sector demand for the commodity
"perinatal health", is influenced by relative programme
costs (prices), population indicators of need, the
deviation of perinatal mortality from target levels
and total public expenditure on health services. This
approach also encorporates the Becker-Lancaster

distinction between "goods" and "fundamental
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commodities". Thus, the public sector commodity,
perinatal health, is distinguished from a public sector

good, the supply of perinatal health services.

This approach also recognises the influence which the
household sector may have on the public health sector.
The principal links are the quantity and quality of
births, past (and expected) rates of perinatal
mortality and other perinatal health outcomes such as
low birthweight. The total number of births will
influence the government’s perception of the need for
perinatal health services (demand side). Another
indicator of need, entering in on the demand side, is
the perceived quality of births as measured by, say,
the maternal age, parity and social class distribution
of births and other factors associated with
differential risks of mortality. The distribution of
risks inherent in the newborn population may also enter
the supply (cost) side by increasing or decreasing the
costs of achieving a target level of perinatal
mortality. Thus, a change in the quality of births may
shift both the demand and supply schedules for public

health sector expenditure on perinatal care.

The notion of a desired or long run level of perinatal
mortality can be introduced as one of the determinants
of public expenditure on perinatal health care. Past

and expected rates of perinatal mortality provide a
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basis for comparing target and actual values of
perinatal mortality. Stimulus for expenditure and
programme innovation can be captured by the size and
sign of the difference between some pre-determined
target value and the actual rate of perinatal
mortality. Both target and actual rates will change
over time. Targets may relate to some hypothetical
ideal rate? or to population rates observed in
regions or countries? which have attained or maintained
lower rates of fetal loss and mortality during early
infancy. Mortality rates, dis-aggregated according
to different causes or times of death, could also
provoke different public health sector responses
depending on the perceived deviation of cause épecific
mortality rates from target values based on the
pattern of cause or age specific mortality in
populations. One example of such targets is encapsulated
in the notion of avoidable perinatal deaths popularised
7. For example, in the 1940s Baird (1947) suggested that the Scottish

perinatal mortality rate could be reduced to 10 per 1000: a target

that was not achieved until 1985.

8. Throughout the post-war period international comparisons of
perinatal mortality have repeatedly demonstrated that mortality rates
in the U.E. are higher and have fallen more slowly compared with the

rates observed in Sweden and other industrialised countries.
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by the House of Commons Social Services Committee
Report on Perinatal and Neonatal Mortality published in

1980.° The report suggested that

"About one-third to one-half of the (perinatal)
deaths are preventable, if modern knowledge and care
were universally applied. This amounts to at least
3,000-5,000 avoidable baby deaths a year in England and

Wales" (para 522.1-522.4)

Despite the reluctance of the Government to endorse what
it regarded as an unrealistic speculation the Social
Services Committee’s most recent report on Perinatal,
Neonatal and Infant Mortality issued in 1988  has
re-stated the concept of avoidable deaths in terms of
target rates of reduction in perinatal and infant
mortality which it set out for the English Regional
Health Authorities. The Committee also recommended that
target rates should be reflected in the resource
allocations for health authorities, involving if
necessary, the earmarking of additional resources for
maternal and neonatal by the Department of Health to
enable health authorities to achieve their targets by
1993.

9. Second Report from the Social Services Committee, Perinatal anmd

Neonatal Mortality, HC 663, 1979-80.
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2.4 The Market System

2.4.1 Price Effects

Sources of mortality change originating in the market
system can take a variety of forms. Patterns of
consumption and the allocation of time between market
and non-market activities are influenced by market
prices. Relative prices influence adult consumption of
tobacco, alcohol and other goods prior to or during the
perinatal period which have a potentially adverse
effect on health outcomes. Likewise, many public
interventions in the perinatal health care market are
directed towards subsidising or removing the prices
which consumers face when utilising antenatal,

intrapartum or post-partum care.

Another example of price effects is the impact of real
female wage increases on life cycle decisions regarding
female labour supply, marriage and fertility patterns.
Building on the influential work of Leibenstein (1957),
Becker (1960) and Mincer (1963) a micro-economic
framework for analysing demographic phenomena has
evolved which emphasises the role which socio-economic
factors play in influencing the demand for children.10

B

10, See Blake (1968) for an early «critical review of the economic
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Within a time series context, real wage growth has
emerged as a (partial) explanation for the post-war
increase in labour force participation and corresponding
changes in fertility.11! Current fertility is (partly)
determined by female wages as well as by lagged
fertility, lagged female labour force participation and
male wages (earnings). In fertility equations female
wages are used as a proxy for the opportunity costs of
children. The net effect of changes in female wages on
fertility will depend on the usual substitution and
income effects. As female wages and the opportunity cost
of a woman’s time increase the demand for leisure and
children should decrease. This negative substitution
effect will be accompanied by a positive income effect
analysis of fertility where the demand for children is treated as the

demand for a consumer durable.

11. Following Mincer (1963) fertility and female labour supply are
often treated as joint consumer-demand choices conditioned by prices
{(Conger and Campbell, 1978; Moffit, 1984; Sprague, 1988). This joint
treatment of two closely inter-related variables overcomes many of
the specification problems inherent in num erous labour supply
studies which include fertility variables as regressors im labour
supply equations and fertility studies which traditionally include

participation rates in fertility equations
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unless leisure and children are inferior goods. If, as
most studies have found, substitution effects dominate
an increase in female wages will be associated with a

decline in fertility.

Standard labour supply equations employed in aggregate
time series studies typically specify female labour
supply as a function of female wages, past fertility,
male wages (earnings) and male unemployment (O’Neil,
1981; Smith and Ward, 1985; Riboud, 1985).12 The supply
of female labour is assummed to be directly related to
female wage increases. Increases in female labour force
participation (or hours worked) may have an indirect
impact on perinatal health outcomes by increasing the
exposure of the fetus to health risks in the workplace.
However, the linkage between adverse perinatal health
outcomes and female employment is anything but

transparent (Saurel-Cubizolles and Kaminski, 1986).

Throughout the corpus of work on the economic analysis
of fertility emphasis is placed on explaining the
numbers, timing or spacing of births. Whether any or all
12. A more complete specification would also treat female wage rates
as endogenous using a wage-accumulation equation which relates the
market wage to previous labour supply decisions, work experience

and the stock of human capital (Mincer,1974).
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of these quantitative indices of fértility are
associated with perinatal outcomes depends on the
strength of the relationship between the quantity and
quality or characteristics of births which are known to

influence perinatal health.
2.4.2 Income Effects

The impact of relative price .changes on health related
behaviour is also conditioned by increases/decreases in
income or changes in the distribution of income over
time. Changes in income may have a (dis) proportionate
effect on the budget shares of total expenditure
allocated to health related goods or services.
Relative expenditure on health care, for example, may
increase as a result of rising incomes. This may occur
when individuals decide to devote a greater
proportion of household income to health care or, in
the case of more centralised decisions outwith the
household, growth in real incomes spurs increased
public expenditure on health care in accordance with
rising community expectations regarding the level and
distribution of public expenditure. International
cross-sectional studies of the association between
national income and health care expenditure have
generally reported income elasticities greater than one
(Kleiman, 1974; Newhouse, 1977; Leu, 1986. The

classification of health care as a luxury good!?® based
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on these estimated elasticities, however, should be
tempered by the realisation that these aggregate level
studies are bedeviled by a number of theoretical and

empirical problems (Parkin, et al, 1987),14

Alternatively, higher incomes may engender life styles
or patterns of consumption that have adverse
consequences for health which may lead to increased
expenditure on health care. While this positive and
increasing relationship between income and expenditure
on health care may hold in general, health care can not
be classified as a luxury good over all income ranges,

particularly in low income groups where the opposite

13. This refers to the techmical definition of a luxury good based on

the income elasticity of demand or the ratio of the marginal

propensity to consume to the average propensity to consume and should

not be confused with other more common defitions or notions of

luxury, extravagance or indulgence.

14, The micro-foundations of these aggregate studies are usually

suspect as is the comsistency and reliability of data across

countries with different systems of health care and national income

accounting.
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‘relationship may be true due to the deleterious effect
of low income (poverty) on health and consequent need

for and use of health services.

Changes in income (measured by male earnings) can also
lead to changes in behaviour that may influence
perinatal health outcomes. For decades, economists have
argued in favour of a positive relationship between
income and fertility.!5 Studies using post-war time
series data generally support the hypothesis of a
positive income effect (Butz and Ward, 1979; Ermish,
1983; Shields and Tray, 1986; Spraque, 1988). These
results can be contrasted with other studies supporting
the existence of a neagative relationshipté as well as
the long term decline in fertility which has occurred
alongside economic growth. Following Becker (1960),
economists have adopted a plausible, though problematic,
explanation which relies on a trade-off between the
quantity and quality of children. As the income effect
on fertility is positive, assuming that children are not
15, See Thomas (1927) for an early study of aggregate economic

activity and fertility supporting a positive relationship between

fertility and income.

16. Negative income effects are usually found im cross-sectional and

panel studies.
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inférior goods, parents are assumed to react to
increasing income by devoting more income to each child
in an attempt to enhance child quality. Thus, an
increase in income would lead to an increase in the
demand for child quality at the expense of child

quantity.t?

As fertility patterns change so too may female 'labour
supply which, in turn, may react to actual or expected
unemployment of primary workers. For example, in
addition to its adverse effect on household income,
increases in male unemployment or decreases in male
activity rates may influence female labour supply and
fertility., Most studies of female labour supply find an
inverse relationship between the labour force
participation rate of married women and male
unemployment. This "discouraged worker effect" is a
consequence of the fact that the expected gains from
17. An auxiliary explanation forwarded by Becker for the inverse
association between income and fertility hinged on the assumption
that the effectiveness (or knowledge) of contraception increased with
income. Hence, wealthier people were more able to control the
"supply" of children. The inability of economists to concede that
children are inferior goods has spawned a literature in its own right

insisting on the "normality" of children,
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female job search fall below the expected costs of
obtaining a job. Increased competition and search
duration by female re-entrants to the labour market may
lead potential re-entrants to lower their expected
future earnings and hence reduce their labour force
participation rates with further adverse consequences
for household income. Alternatively, in response to
rising male unemployment rates female participation
rates may increase as women attempt to maintain family
income (added worker effect). The added worker and
discouraged worker effects may occur both in households
where males are currently unemployed and in households
which may anticipate possible future unemployment of
primary workers. The effect of male unemployment on
birth outcomes is thus not confined to direct (family)
income effects on patterns of household consumption but
may operate indirectly via the impact on female labour

supply and fertility.

2.5 "New" Home Economics

2.5.1 Investment in Perinatal Health Capital

The concept of human capital and the recognition that
people may invest resources in themselves (or others) to
enhance their education, skills, productivity, health or
other characteristics has a long history in political

economy . The modern theory of investment in human
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capital, however, emerged with Schultz’s (1960) work on
education and economic growth and Becker’s (1964)
influential study of rates of return to education.
These early studies, along with Becker’s (1965) related
work on the allocation of time and theory of household
production and consumption, have stimulated a vast
literature in labour economics, the economics of
education and human resources and the economics of the

household and family.!8

In their early work, both Schultz and Becker
acknowledged that investment in human capital could take

the form of improvements in health which,in turn,

generated a stream of consumption benefits (e.g., the '

direct utility arising from changes in health) and
investment benefits (e.g., increases in productivity due
to a healthier labour force). This conceptual separation
was also apparent in empirical work, although virtually
18. Bowever, despite encouraging and influencing analytical and
empirical studies by economists on previously unexplored or ‘“new"
subjects, such as household formation, fertility and schooling, the
theoretical propositions offered by the human capital approach have
been largely ignored (and sometimes ridiculed) by disciplines such as
demography whose traditional domain was invaded by the enthusiastic
application of neoclassical economics to what was and is still

regarded by some as beyond the outer )limits of economic analysis.
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all studies tended to focus on the impact of changes in
health on the productive capacity of the economy. The
evaluation of consumption benefits was relegated to a
subordinate position reflecting a pre-occupation with
the direct and more easily measured effects of
ill-health on the economy or, as was characteristic of
early cost-benefit studies of health programmes, the

economic return arising from improvements in health.

2.5.2 Grossman’s Model of the Demand for Health

Although elements of the human capital approach can be
found in the econometric "health producfion" study of
Austen et al (1969), the application of the human
capital framework to health is primarily due to Grossman
(1972) whose theoretical model of the demand for health
has been used to examine a diverse range of health
related behaviour. Grossman’s main contribution was the
development of a model, integrating the theory of
household production with standard capital theory, which
treats an individual’s demand for medical care as a
derived demand for a more fundamental commodity, namely
health.1? Individuals are assumed to inherit an initial
stock of health which depreciates over time but may be
19, See Wagstaff (1986) for a non-technical introduction to

Grossman’s model.
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augmented by investment in health. Such investment
could occur in a variety of ways. Individuals may, for
example, combine the use of medical services with inputs
of their own time, modify their diet, engage in exercise
or change other aspects of their behaviour regarded as
either detrimental or beneficial to health. The stock
of health at any point in time is also assumed to depend
on exogenous environmental and biological factors,
including initial genetic endowments. One of the most
important environmental variables in Grossman’s model is
education which, following the household production
paradigm, is hypothesised to influence the efficiency of
productive activities in the household, one of which is

investment in health.

Carefully distinguishing between the demand for health
and the demand for medical care, Grossman utilised
standard demand and capital investment theory t‘o
determine the optimal stock of health for individuals.,
Not surprisingly, given the assumptions of his model,
the optimal stock is derived from setting the value of
the marginal product of health capital equal to the user
cost or supply price of health capital. The marginal
benefits of gross investment in health capital must
equal the marginal cost of such investment: a standard
result in neoclasssical investment theory. The value of
the marginal product of health capital will reflect both

the investment (or production) aspects of improvements
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in health and the consumption benefits of health
represented by the direct impact of health on utility.
This traditional dichotomy between the investment and
consumption benefits of health is thus maintained by
Grossman who concentrated on developing and testing an
investment sub-model which ignored the consumption

benefits arising from increases in the stock of health.

Having defined the optimal stock of health, Grossman
investigated how the optimal stock should change over
the life cycle in response to variations in depreciation
rates, the influence of differences in age rates on the
demand for health and medical care and the impact of
education on both the production and demand for health.
The principal predictions which emerge from his model

are that:

B an increase in the rate of depreciation of health
capital will raise the price of health capital and cause

the demand for health to fall,

B an individual’s demand for health and medical care

should be positively associated with the wage rate,

B if education increases the efficiency of household
production and gross investment in health, more educated

individuals will demand a larger stock of health.
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Various assumptions about the elasticity of the demand
curve for health also enabled Grossman to make
predictions about the impact of depreciation rates,

wages and education on the demand for medical care.
2.5.3 Criticism of Grossman’s Model

Grossman’s model has dominated subsequent economics
analyses of the demand for health and medical care and,
to a much lesser extent, studies of the determinants of
health. Despite its prominence there have been
relatively few critical assessments of his theoretical
model. Nor has there been a critical review of the
empirical studies spawned by his model, in particular
whether the testable predictions of this theory are

confirmed or rejected by empirical evidence.

Most constructive criticism of his theoretical vmodel
takes the form of extensions to his original
contribution. That is, the general theoretical
framework is accepted but changed by relaxing one or
more of the more unrealistic or unnecessary assumptions
under-pinning his analysis. Most of the problems which
have attracted attention, moreover, were initially
acknowledged by Grossman himself. For example, despite
Arrow’s (1963) influential paper on the pervasive

effects of uncertainty on the medical care market,
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Grossman’s model was formulated arouﬂd the assumption
that individuals possessed perfect information on the
incidence of future illness and the marginal
productivity of medical care, their own time and other
market and non-market inputs on the productionLhealth.
This unrealistic assumption was later replaced by the
more plausible assumption that individuals maximise

expected utility.2°

The reasonableness of Grossman’s distinction and
mutually exclusive interpretation of health benefits as
either a pure investment of a pure consumption good has
also been challenged. Usher (1975) questioned whether
the motivation underlying an individual’s demand for
health and medical care is adequately captured by an
investment sub-model which concentrates entirely on the
monetary return (as measured by the wage rate) arising
from marginal improvements in health. Muurinen’s (1982)
20. Theoretical extensions of Grossman’s model, encorporating the
expected utility hypotheses, have been employed to analyse the joint
demand for health insurance and preventive medicine (Nordquist and
Wu, 1976; Phelps, 1978), the demand for prevention and the choice of
occupations hazardous to health (Cropper, 1977) and the optimal
consumption over the life cycle of goods (e.g. smoking, environmental
pollutants) which may increase the probability of adverse health

outcomes (Ippolito, 1981).
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generalisation of Grossman’s model also retains the
consumption/investment distinction but treats each of
these benefits as complements or joint products which

are produced from increases in the stock of health.

Muurinen (1982) also examined the implications of
relaxing two additional assumptions which Grossman
acknowledged were limitations of his model. First, she
allows for investment in health to occur without the use
of medical care inputs. In Grossman’s model, investment
in health capital could only occur as a result of
combining medical care with own time inputs. Although
this is a common assumption in many production studies
employing, for example a Cobb-Douglas production
function where all inputs must be used in production,
casual observations suggest that the non-use of medical
care should not be interpreted as zero investment in

health.

A second, more important, feature of her model is that
she treats the health capital depreciation rate as
dependent on a variety of decisions regarding health
related behaviour (e.g. diet, smoking, exercise). This
interpretation of use-related depreciation (again a
concept borrowed from standard capital theory) enables
her to abandon the household production paradigm which
led Grossman to argue that education could only

influence the production of health through its influence
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on the technical efficiency of household production and
consumption. Rather, she suggests that the role of
education is more important in improving the choice of
life style, ete., which in turn influences the rate at
which the health capital stock depreciates and the
extent of replacement investment which must occur to
maintain the stock at a desired level. The concept of
use-related depreciation also enables the analysis of
additional factors, such as environmental variables,
which at least at a conceptual level, can be treated as
influencing rates of depreciation and thus raising the
user cost of health capital, which could result in

individuals demanding less health.

Grossman’s hypothesis regarding the impact of education
on health, based on no more than the assertion or belief
that education enhances the efficiency of household
production, has also attracted criticism which has led
to alternative formulations or hypotheses which could
account for the widely observed positive correlation
between educational levels and health status. In
addition to Muurinen’s model which emphasises the
'allocative’ as opposed to 'technical®! effects of
education, Fuchs (1982) explored the possible role
played by differences in time preference as an
explanation for the links between education and health,
Fuchs argues that individual variation in time

preference could explain both investment in education
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and health. Individuals with low rates of time
preference would tend to invest in more years of
schooling and would also invest in health enhancing
activities. Thus schooling would have no direct effect
on health (or the efficiency of household production)
since both schooling and health are jointly determined
by rates of time preference. Fuchs also suggests that
schooling could also affect rates of times preference,
perhaps leading to situations where individuals with
more education would be willing to engage in health
investments with lower rates of return. Although Fuch’s
empirical study confirmed a correlation between
schooling and time preferences and between time
preference and health investment the true direction of

causality was difficult to identify.

Working with the household production paradigm,
Rosenzweig and Schultz (1981) also attempt to
distinguish between the allocative and technical
efficiency effects attributable to education in a study
of the production of child health. Measuring child
health in terms of birth outcomes (birthweight and
birthweight standardised for gestational age) they found
little empirical support for the hypothesis that
mother’s education augments child health, given her
choice of health related behaviour and inputs. Rather,
if education plays any role it seems to be that of

improving the allocation of inputs.
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Additional questions about Grossman’s hypothesis that
education improves the technical efficiency of
investment in health concern the direction of causality
between health and schooling. It could be that persons
with better health endowments are more efficient in
schooling activities. Poor health during childhood, for
example, may limit later educational attainment. Other
possible hypotheses linking education and health could
build on the idea that common underlying variables could
determine both education and health. Thus education may
be associated with health simply because education is
correlated with income, consumption patterns, life
style, decision making ability, occupational health
risks and other factors known to be associated with

health.

A more fundamental problem with Grossman’s model has
risen as a by product of critiques levied at both the
human capital approach (Blaug, 1976; 1980) and the
household production model (Pollack and Wachter, 1975).
The human capital research programme and, more
specifically, the wide ranging contributions of Becker
(1976, 1981) which provided the intellectual framework
for Grossman’s model of health, has been questioned by
Ben-Porath (1982), Hannan (1982) and particularly Blaug
(1976, 1980) who offers a methodological criticism of

the human capital approach and models such as Grossman’s
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which represent one strand of the new hoﬁe economics.
Blaug’s general criticisms about the intellectual
imperialism of Becker, who seeks to extend traditional
micro-economic theory into areas previously ignored or
beyond the reach of economists yet fails to satisfy a
number of methodological requirements which would enable
the rigorous testing of his model’'s predictions and
insights, can also be applied to Grossman’s model and
much of the empirical work based on it. Although not
directed explicitly at Grossman, the inherent problems
and limitations of the household production model
discussed by Pollak and Wachter (1975) who argue that
such models do not provide an appropriate nor logical
framework for analysing activities involving joint
production and Bockstael and McConnell (1983) who
demonstrate that the household production function
offers almost no testable hypotheses involving the
production and consumption of ’basic’ commodities (like
health), raise serious doubts about the applicability of
the household production framework in studies of
health-related activities and decision-making. Further
criticism of the household production approach has
focused on the narrow neoclassical view of production
which has been thrust upon the activities of households
and families. By concentrating entirely on differences
in prices and technologies as factors influencing the
production of goods which families produce for their own

consumption, Pollak (1985) argues that the household

43




production approach could be usefully supplemented and
perhaps replaced by a transaction cost approach that
recognised the importance of the internal organisation

and structure of families and households.

Finally, the generality of Grossman’s model, including
its high degree of abstraction and its reliance on
largely unobserved variables such as the demand for
health, or the technology of household production, make
it very difficult to assess whether any empirical
evidence could be produced that would be inconsistent
with his theory. The failure of the model to produce
well specified empirical tests of its propositions has
also led to the ad hoc inclusion or exclusion of
variables, eccentric interpretations of results and to
what Usher (1975) suggested was a body of empirical
results which could probably stand regardless of the
elaborate theoretical framework proposed by Grossman.
If the basic insights offered by Grossman’s model of the
demand for health are no more illuminating (nor
testable) than those generated by models of the demand
for physical capital by firms where the desired level of
capital is derived from equating the value of the
marginal product of capital to the rental price of
capital, it could be argued that although the theory may
be applicable, its usefulness as way of furthering our
understanding of the health related behaviour of

individuals is questionable. Indeed, the technical
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sophistication of. the theoretical models proposed by
Grossman and others do little more than provide a
framework for clarifying thought and organising the
structural relations which ideally should be estimated

from available data.
2.5.4 Grossman’s Model and Perinatal Health

Grossman’s model, and subsequent theoretical extensions,
have been largely formulated and tested using data on
the demand for health and medical care by adults. The
generality of the basic model, however, has led to
several empirical studies in the field of child health
which owe allegiance to his original contribution
(Grossman and Jacobowitz, 1981; Corman and Grossman,
1985; Corman, Joyce and Grossman, 1987; Joyce 1987a;
1987b). No major changes or extensions to the model
have emerged as result of applying the theory to the
study of children’s health. This probably reflects more
the degree of abstraction which characterises the
theoretical elaboration of his model rather than the
evolution of the model in response to thé particular
characteristics of the demand for and production of
children’s health. Many of the empirical studies of
child health, moreover, are more closely related to the
economic models of fertility behaviour associated with
either the Chicago/Columbia approach or that of

Easterlin and his colleagues at the University of
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Pennsylvania (Forbes, 1983). Considering the few
testable predictions of Grossman’s model it is important
to consider the changes which the model must undergo if

it is going to be applicable to the study of perinatal
health.

First, the investment sub-model is not likely to be
relevant in perinatal health studies. The marginal
benefits of improvements in health are more sensibly
regarded as consumption benefits enjoyed by the child’'s
parents or caretakers. While it is true that
investments in health during infancy and childhood may
lead to financial or monetary returns later in 1life,
this narrow measure of health benefits ignores what is
arguably the more important direct impact on both the
child’s and the partners’ utility derived from
improvements in child health. This is not to deny that
investment benefits, in the limited human capital sense,
could occur but that, in relation to consumption
benefits, they are likely to be less important for
decisions regarding immediate investments in child
health.21

21. One implication of this is that, given the absence of easily
obtainable estimates of such consumption benefits, empirical studies
will be constrained to use proxy measures of comsumption benefits or
forced to adopt the investment sub-model, which though of limited

relevance, could be applied in much the same way as cost-benefit
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A related feature of child health is that the principal
decision-makers make decisions not about investment in
their own health but but about the health of their
children. When viewed from a family perspective the
health of children can be regarded as public good whose
benefits are conferred on both the immediate and (to a
lesser degree) the extended family members.
Encorporating this into models of health requires a
framework for the interdependence of the utility
functions of family members of auxiliary assumptions
regarding the nature of the family’s utility function or
Jjoint welfare function or the dominance of one family
member’s utility function which includes as arguments
the levels of health and well-being enjoyed by other

family members (Becker, 1981).

This latter approach, following the altruistic model of
Becker (1981), tends to be employed in studies of child
health. Inman (1976) for example, assumes that the
decision maker for the family’s demand for and
production of child health is the mother who is
concerned with both her and her family's direct
consumption benefits associated with healthy children.
studies of child health programmes where the human capital approach

to generate monetary values for health improvements is employed.
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Other studies simply enter child health as arguments
into their parent’s utility functions and analyse the
demand for child health as they would analyse the demand
for a consumer durable which generates a stream of
consumption benefits. The publicness of child health
and its treatment in models of health related behaviour
has yet to be fully examined. For example, the effect
of differences in family composition and size on
investment in child health could reflect the fact that
single parent families will tend to invest in lower
levels of child health since the benefits of such
investment will extend to fewer individuals. Thus,
while this lower level of investment is optimal for
single parents, a similar level of investment for two
parent families would be sub-optimal since the public
nature of child health ensures that the sum of family
benefits would be higher. If a higher level of child
health were to be achieved in single-parent families the
costs of investment in health capital faced by such

families would have to subsidised.

2.6 Biological Supply Considerations

As it stands, the above taxonomy emphasises a demand
side orientation to identifying possible sources of
change in perinatal mortality and other reproductive
outcomes. This approach, viewing child health as the

consequence of household decisions constrained and
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conditioned by prices and income, is consistent with the
"Chicago-Columbian" economic model of fertility which
treats birth outcomes as wholly demand determined. The
usefulness of this demand side focus as a way of
understanding fertility behaviour and outcomes, has
been challenged by the emergence of competing, more
general analytical approaches that recognise and
explicitly encorporate the importance of exogenous
supply side fertility determinants; many of which are
biological in nature (Easterlin, Pollak and Wachter,

1980; Behrman and Wolfe, 1984).

Biological, as well as behavioural, factors are also
important determinants of perinatal mortality. Just as
household decisions are conditioned and constrained by
prices and incomes, so too are household (community)
allocative decisions and reproductive health outcomes
conditioned and constrained by exogenous variation in
biological supply factors. A variety of exogenous
supply factors can be identified including women’s
health status (during and Dbefore pregnancy), previous
reproductive outcomes and the genetic endowment

inherited by the newborn.

Changes in the health and well being of the child
bearing population over time may influence reproductive
health outcomes. The health and physique of women has

long been recognised as an important (pre-) determinant
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of reproductive outcomes. Many perinatal health
outcomes are associated with the health of women during
their pregnancy. The relationship between the health of
women and reproductive outcomes, however, is likely to
be more complex and subtle. Pregnancy outcomes may be
influenced by health both during and prior to
pregnancy. Lags between past health and pregnancy
outcomes may extend over a long time period and may even
be linked over successive generations.2?

Another biological constraint that may condition
allocative behaviour and constrain the attainment of
desired levels of ©perinatal health is a woman’s past
obstetric history. A variety of previous reproductive
outcomes are closely linked to current reproductive
outcomes. Longitudinal studies have demonstrated the
likely repetition of low birthweight, pre-term delivery
and intrauterine growth retardation in successive
pregnancies in the same women. Since all of these
factors influence the risks of perinatal mortality, a
similar repetitive pattern has been established for
perinatal deaths. The likelihood of maternal disease
22. Baird (1980), for example, suggests that the level of what he
terms "reproductive efficiency"” observed for a particular cohort of
women may be a consequence of the level of health attained by that
cohort during earlier stages of the life cycle, going as far back as

infancy and evenr the period when the cohort was in utero.
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occurring in pregnancy is also related to the
occurrance of disease in preceding pregnancies. For
example, the incidence pre-eclampsia (a toxaemia of
late pregnancy) in second pregnancies is dependent on
the pre-eclampsia state of the first pregnancy None of
these studies, however, are able to distinguish whether
the increased risk of adverse reproductive outcomes is
related to the previous occurrance of these outcomes or
is due to the predisposition of women to such outcomes.
Nevertheless, irrespective of these competing
explanations, the interdependence of pregnancy careers
and outcomes represents an important, largely exogenous

biological determinant of change in perinatal mortality.

A third biological supply factor that influences
reproductive health outcomes is the genetic endowment
of the fetus and newborn which may be inherited or de
novo in origin. Recurrent fetal loss (spontaneous
abortion), the incidence of certain congenital
malformations (e.g., Downs Syndrome) and many other
aspects of the health and development of the newborn
are genetically determined. The genetic endowment of
the fetus may act as a constraint on health during the
perinatal period and also condition behaviour as
genetic information {or the health outcome resulting
from the genetic endowment) is detected during the
pregnancy. For example, the pre-natal detection of

chromosomal or neural tube defects is now commonly
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followed by an induced abortion to prevent the birth 'of
a child with a severe congenital malformation. This
form of "supply-induced" demand may excert an influence
on the observed perinatal mortality rate, depending on
the population incidence of malformations, the
associated risks of mortality in malformed fetuses and
newborns and the behavioural reaction to newly acquired

information during the pre-natal period.

Biological supply factors are not uniformly distributed
in the population. The heterogenous and stochastic
nature of exogenous supply factors may influence the
demand for health and related allocative behaviour of
decision-makers within and outwith the  household.
Women’s past and present health status, obstetric
history and the genetic endowment of the fetus and
newborn are important supply-side signals which convey
information that can lead to compensatory behaviour on
the part of women and health care providers.
Examples of such behaviour include the differential
care and treatment offered to women with maternal
disease, a history of perinatal loss or other
characteristics who are classified as "high risk"
cases and the impact of information on the health of
the fetus acquired using electronic fetal monitoring on

the management of labour and delievery. However,
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whether compensatory behaviour or specific interventions
conditioned by biological supply factors improve

perinatal health is an empirical question.
2.7 Conclusions

This chapter surveyed the economic approach to the
analysis of mortality determinants with particular
reference to changes in perinatal survival in
populations over time. An aggregate model which
captures the important causes of the decline in
perinatal mortality would distinguish the contribution
of evolving population characteristics from that
arising from changes in the nature of public health
services provided for the care of the obstetric and
newborn population. Ideally, interaction between the
population and public health sectors would be
allowed. The population or household sector relies on
medical care inputs provided and rationed by the public
health or government sector. The state influences
income and other (e.g., information) constraints facing
households. Unemployment, poor housing and other
non-medical factors associated with adverse health
outcomes may be consequences of government policies.
Decisions taken by households will also play a role in
influencing both the demand and supply of public health
services. Fertility trends may shift the governments

perceived need for maternity services. On the supply
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side, the cost of attaining some target level of
perinatal mortality may be influenced by changes in the

level of risk inherent in the population.

The theoretical models based on the "new home economics"
provide one description of individual behaviour. Blaug
(1980) has described this approach, attempting to
explain social phenomenon by tracing its roots back to
individual Dbehaviour, as that of "methodological
individualism". This mode of economic analysis,
beginning with the behaviour of individuals, has a long
tradition in economics that can be traced back to
Schumpeter. Throughout the human capital research
programme, including that concerned with health, the
emphasis is on testing the hypotheses of behavioural
models constructed at the individual 1level.
Consequently, little attention has been directed
towards developing aggregate level models nor to
investigating their possible micro-foundations. This
is an important gap in the human capital literature
since it is not readily apparent whether an individual
level focus is the most appropriate or advantageous way
of investigating collective behaviour or the ways in
which households and governments may interact with each

other in health, education and other public sectors.
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Since no detai.led specification of aggregate level
models has yet emerged from the human capital research
programme, previous studies conducted at the aggregate
level use the human capital paradigm as the point of
departure for empirical analyses in the spirit of
previous work formulated at the micro-level. Thus
aggregate studies of health, fertility behaviour and
labour force participation tend to rely on the
micro-level perspective to suggest explanatory
variables that are subsequently included in empirical

models.

The micro-based approach has undoubtedly improved the
thinking (of economists at least) about health and
population phenomena. However, it provides only limited
information about the precise specification of aggregate
models which allows for the dynamic, multi-variate
nature of demographic change in populations. Perhaps
inadvertantly because of an over-reliance on tenuous and
generally unchallenged theoretical constructs the
associated empirical analysis has tended to be overly
restrictive. Models based on an edifice of untested
restrictions can easily lead not only to less
understanding but misunderstanding (Behrman and Wolfe,
1984). One thing though is certain. Despite their

ambitions, economists like all other investigators from
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other disciplines are unlikely to explain everything
concerning the evolving pattern of health in newborn

populations.
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CHAPTER 3 Empirical Studies of Perinatal Health

3.1 Introduction

Empirical studies of health during the earliest
stages of the life cycle which employ the human
capital theoretical framework are reviewed in this
chapter. The primary focus is on studies which
have either examined outcomes of pregnancy during
the perinatal period (the immediate period
surrounding birth) or investigated the
determinants of health in infancy or between the
period from birth to one year of age. Many of the
features of these studies (i.e., methods, data
limitations) are also common in investigations of
the health of older children and the utilisation

of paediatric care.

3.2 Theory and Empirical Models

Although the household production model has
dominated emprical studies of infant  health
conducted by economists, this relatively small and
slowly growing literature is dwarfed by decades of

work by clinicians, epidemiologists, demographers,
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social scientists and others who have examined
various aspects of infant health using different
or less theoretical perspectives.? However,
despite their collective allegiance to the
household production approach, most of the studies
reviewed below closely resemble empirical studies
which have traditionally employed little or no
theoretical framework. This general feature of
the literature echos the remarks of Usher (1975)
who, commenting on an early study by Grossman,
suggested that much if not all of the reported
empirical results could stand independent of his

elaborate theoretical model.

In principle, the theoretical models provide a
context for structuring empirical studies and
suggesting what variables could be important
determinants of health. In practice, particularly

in studies using aggregate data, they are rarely

1. Bconomists analyzing the determinants of health do not
always use theoretical models to structure their empirical
work. For example, see the series of studies of perinatal
mortality conducted by Martin Feldstein: perhaps the most
emminent economist ever to work in the field of health
(Feldstein, 1965; Feldstein 1966; Feldsteim and Butler,

1966).
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used to define and estimate structural
relationships between measurable variables as a
way of establishing the causal influences on
infant health or pregnancy outcomes. Furthermore,
its use in formulating empirical models which
convincingly test theoretical predictions and
enable discrimination between competing
theoretical models or alternative explanations for
observed empirical regularities has been limited.
This may reflect the embryonic development and
consequent application of these models to infant
health as well as the problems arising from the
generality of ﬁhe theoretical framework, a lack of
competing theoretical models (economic or
otherwise), the paucity of testable predictions
concerning the health of infants and the
formidable data requirements which must be
satisfied to allow the estimation of structural

relations between largely unobservable variables.

The lack of concordance between theoretical and
empirical models of infant health is perhaps best
illustrated by the fact that many studies fail
both to distinguish between and explicitly model
the simultaneous nature of the demand for infant
health (or infant health care) and the production
process which influences the supply curve of

infant health. The distinctions between the demand
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for health and the supply of health which is such
a prominent feature of the theoretical frameworl;
is usually unclear and often ignored. For example,
studies estimating the demand for child health
inputs like medical care typically adopt a single
equation approach to the estimation of demand
functions which ignore the production of health.
Likewise, studies which concentrate on estimating
the technical relations between inputs and health
outputs using the household production framework
tend to ignore the simultaneous demand for health
or incorporate information on prices and income
into what Rosenzweig and Schultz (1983) refer to
as "hybrid" health equations which are neither

supply nor demand equations.

The general equation estimated using this
"hybrid" approach takes the form of:

H = h(x,t,p,Y,u) (3.1)

where H is a measure of child health, x is a
vector of market goods or services which may
influence child health, t is parents’ time input
into the production of child health, p is a vector
of exogenous prices, Y is a budget constraint and
u represents family specific influences on child

health, such as environmental or genetic factors,
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which may be known to the family but are typically
unobgserved by researchers. Such equations have
been employed to assess the effect of inputs such
as medical care. Corresponding coefficients have
been interpreted as though they represented
marginal products derived from production
functions. Rosenzweig and Schultz (1983)
demonstrate that such hybrid equations provide
biased estimates of the true technical
relationship between an input like medical care
and child health.2 Since ordinary least squares
estimates of equation (3.1) can be biased, two
stage least squares (or other simultaneous
equation methods) need to be employed in studies
of infant health using the Grossman type
distinction between the demand for and production
of health. Increasingly, this two-stage approach
is being adopted in empirical studies of infant
health. The first application of this Jjoint
approach to estimation was that of Rosenzweig and
Schultz (1983) who first estimate demand equations
for health related inputs and then employ these
2. This bias essentially reflects the fact that the hybriad

marginal products, estimated from an equation like (3.1), are

influenced by both the technical properties of production and

the families’ preferences.
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estimates to obtain second-stage estimatés of
birthweight and birthweight-for-gestational age
production functions. This approach thus allows
for the endogenous effect of pre-natal care,
smoking and fertility on estimates of infant

health production functions.?

An alternative approach, which recognises the
interdependence of health production and input
demand equations, was adopted by Inman (1976) in a
study of ear, nose and throat (ENT) infections in
children. Inman develops a model of family demand
for preventive and curative health services in
which health attribute production functions are
integrated into specifications of the demand for
health-related goods and services (including time
inputs into the production of child health).
Estimates of the average impact of curative doctor
visits, preventive care and parents’ time on ENT
(as well as the variability or uncertainty of
average effects) derived from estimating "hybrid"
health production functions are used as
3, Studies which follow the lead of Rosenzweig and Schultz

(1983) Include corman, Joyce and Grossman (1987) and Joyce

(1987a, 1987b).
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independent variables in the demnd functions to
test for the influence of differences in health
care technology on the demand for health-related
goods and services.

This two-part approach, however, beginning with
production function estimates and then. moving on
to encorporating these estimates into demand
functions simply introduces bias into the
estimated demand functions arising from the hybrid
nature of Inman’s health production function which
includes family income per person as inputs into
the production of health. Thus, although Inman’s
intentions and explicit modelling of the
interaction between the production of health and
the demand for health are in the right direction,
his model suffers from the bias demonstrated by
Rosenzweig and Schultz (1983) in so far as both
the average and variable effects of health care
and parents’ time on child health will be biased
since they reflect both the technological
properties of the health production process and

the families’ preference orderings.

3.3 Measuring Health Outcomes
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Studies of the detérminants of health in infancy
have employed two different types of dependent
variables as measures of perinatal and infant
health. First, death rates have been used. This
reflects a traditional approach to measuring
health during the perinatal period and throughout
the first year of life. Although death is a finite
event whose measurement is less difficult,
compared to other measures of illness and health,
the interpretation of death rates, particularly

during the perinatal period, can be problematic.4

- o e e e et e O

4. Definitions of the perinatal period may differ, depending
on the criteria used to distinguish late fetal deaths from
spontaneous abortions and whether only first week deaths or
all neonatal deaths during the first fomr weeks following
birth are regarded as perinatal deaths. Pefinitions may also
vary if the population at risk includes all births
(irrespective of birthweight, gestatiom or other infant
characteristics) or only those infants borm, for instance,
after a specific gestational age or weighing more than some
arbitrary birthweight. The perimatal period in the U.S., for
example, is the period from twenty weeks gestation up to
seven days of life, following Dbirth, whereas Ia the United

Kingdom the lower age limit is 28 weeks gestation.
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Variou's mortality rates have been employed as
dependent variables in infant health production
function studies.5 Perinatal mortality rates for
hospitals were investigated by Williams (1979) and
the impact of prenatal care on the probability of
survival during the perinatal period was examined
by Harris (1982). Neonatal mortality has been
frequently employed (Williams, 1975; Grossman and
Jacobowitz, 1981; Goldman and Grossman, 1982;
Hadley, 1982; Harris, 1982; Corman and Grossman,
1985; Corman, Joyce and Grossman 1987; Joyce,
1987a, 1987b). Post-neonatal mortality was
analysed by Goldman and Grossman (1982) and Hadley
(1982). Finally, infant mortality was investigated
by Goldman and Grossman (1982), Hadley (1982) and

Rosenzweig and Schultz (1983).

Although several of these studies examine sex and
race specific mortality rates, no further
adjustments to crude mortality rates tend to be
made in these studies. The usefulness and
interpretation of crude overall mortality rates in
health production studies is questionable. First,
5. Definitions of perinatal, stillbirth, neonatal,

post-neonatal and infant mortality rates are presented in a

Glossary at the end of this Chapter.
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unlike most age-specific mortality rates,
perinatal, neonatal and post-neonatal mortality
rates are defined over an age range in which the
risk of death varies enormously. For example,
pre-term infants born before 37 weeks gestation
face a risk of mortality some 120-170 times
greater than the risk faced by full term infants
born at 38-42 weeks. Likewise, the risk of death
during the first 24 hours following birth is much
greater than at any time during the first year of

life.

A more fundamental problem in using overall
mortality rates in health production studies is
the powerful impact of birthweight on the risk of
death. Weight-specific mortality rates can vary
6-7 hundred fold depending on birthweight. Since
the distribution of birthweight varies between
different populations separated by space or time,
the impact of birthweight distribution on overall

mortality rates can be considerable.

Several basic approaches to adjusting for the
influence of birthweight in studies of infant or
perinatal mortality have been suggested. First,
the effect of birthweight can be "controlled" by
analysing mortality in different birthweight

groups (Erkkola et al, 1982; Forbes et al, 1987).
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Weight-specific mortality rates began to be
reported in the 1940’s when rates were compared
for "premature" (birthweight below 2.5kg) and
"mature” infants whose weight was greater than or
equal to 2.5kg. Subsequent improvements in
birthweight recording and statistics have enabled
the reporting of weight-specific mortality rates
in more refined weight categories conventionally
divided into 500 or 250 gram intervals, or broader
groups defined as low birthweight (less than

2.5kg) and very low birthweight (less than 1.5kg).

A second approach to the problem of adjusting for
the effect of birthweight on mortality is
standardisation (Chalmers et al, 1978; Kleinman,
1982). Both direct and indirect standardisation
techniques and related procedures involving
standardised mortality ratios have been employed.
This popular technique, however, has been strongly
criticised by Wilcox and Russell (1983)¢ who
suggest that standardisation is more likely to

confuse rather than illuminate differences in

6. Wilcox and Russell (1983) demonstrate that birthweight

standardisation is inherently biased against populations with

heavier birthweights (i.e., populations whose birthweights

have a greater mean).
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perinatal mortality. Nevertheless, other workers
(Kleinman, 1984) have stressed the usefulness of
standardised rates when comparing the mortality
experience of different hospital or regional

populations.

Another largely experimental approach to adjusting
for birthweight effects involves the development
of statistical models. Wilcox and Russell (1986)
have proposed a statistical model of perinatal
mortality which includes two components: the
frequency distribution of birthweight and the

curve of weight-specific mortality.?

_Despite the importance of controlling for the
effect of birthweight, only two health production
studies have employed birthweight-specific or
birthweight standardised mortality as dependent
variables. Harris (1982) examined the impact of
pre-natal care on neonatal mortality in two
different weight groups (<2500 and >2500g).
This approach involves dividing the total sample
7. Chapman and Fryer (1980) have also examined the utility of

statistical models for examining the social and emvironmental

influences on birthweight.
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into two groups and regressing the weight-specific
mortality rates on an identical set of independent
variables. An alternative measure of perinatal
health was employed by Williams (1979) who
calculated birthweight standardised perinatal
mortality ratios and then regressed this indicator
on various hospital characteristics (e.g. size,
teaching affiliation, urban location) thought to
influence inter-hospital variations in perinatal

mortality.

If mortality rates are employed in infant health
production functions and adjustments for
birthweight are made, weight-specific mortality
rates are preferable to standardised rates.
Compared to overall or total mortality rtes,
weight-specific mortality offers a basis for
estimating how the marginal impact of various
medical care inputs may vary across different
sub-groups of the newborn population. The
activiéies associated with the care of a 1000g
infant are vastly different from those routinely
provided for the majority of newborns. Attempting
to estimate the marginal product of an intensive
neonatal care unit using a health production
function that employs overall neonatal mortality
as a dependent variable is likely to result in

marginal products that are biased towards zero
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since the impact of intensive care on the small
risk of mortality in normal weight infants
(>2.5kg), who account for 92-95 per cent of all
births, will be negligible. Standardised
mortality rates or ratios, such as that employed
by Williams (1979) obscure these differences and
suffer from the methodological weakness noted by

Wilcox and Russell (1983).

Another aspect of using mortality rates as
dependent variables in health production studies
involves the disaggregation of mortality by
gestation or cause of death within birthweight
strata. Gestational age exerts an important
independent influence on mortality which,
particularly at very early stages of the life
cycle (e.g. 32 weeks gestation) may be a more
powerful determinant of survival than even

birthweight.

The influence of various medical and non-medical
inputs on the risk of mortality may also vary
depending on cause of death. The value of
analyses of perinatal and infant mortality without
information on the causes of death will be limited
as has been well recognised, at least in Scotland,
for over 40 years due to the work of Baird and his

colleagues in Aberdeen.




Causes of death can be classified using a number
of schemes ranging from standard disease
classifications® to various typologies with
clinical or pathological orientations. Ideally,
deaths should be distinguished to enable the
evaluation of different aspects of medical and
non-medical inputs on the risk of mortality. For
example, a distinction should be drawn between
deaths which could reflect varying degrees of
effectiveness in antenatal screening programmes
for congenital malformations, obstetric management
and the delivery of intensive care to the high
risk very low birthweight infant (Wigglesworth,

1980).¢

8., For example, the World Health oOrganization’s

International Classification of Diseases, Injuries and Causes

of Deaths (ICD) that is widely used throughout the world.

9. These classlifications attempt to ascribe death to the

initial factor that eventually led to the badby’s death, not

to the immediate cause of death.
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3.4 Non-mortality health outcomes

Health production function studies that define
health outcomes in terms of mortality use
aggregate data for hospitals (Williams, 1979),
counties (Grossman and Jocobowitz, 1981; Goldman
and Grossman, 1982; Corman and Grossman, 1985;
Corman, Joyce and Grossman, 1987; Joyce, 1987a,
1987b), county groups (Hadley, 1982) or states
(Williams, 1975). Although two micro level studies
(Rosenzweig and Schultz, 1983; Harris, 1982) have
employed mortality rates, it is more common for
studies based on pregnancy outcomes of individual
women to focus on other indicators of health,
principally birthweight and gestational age.
Birthweight and gestational age can be regarded as
intermediate outcomes of pregnancy which have an
important impact on both the immediate risk of
mortality and the subsequent health and

development of the child.

Birthweight has been used as a health outcome
measure in a variety of ways. Lewit (1983) and
Rosenzweig and Schultz (1983), for example,
estimate reduced form health production functions
where the dependent variable is actual

birthweight. This specification assumes that
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birthweight is a linear indicator of infant
health: a questionable assumption given the wéll
established non-linear relationship between
birthweight and mortality. Kehrer and Wolin (1979)
adopt a different specification and measure
birthweight as a qualitative dependent variable
taking the values 1 or O depending on whether
actual birthweight is below or above a threshold
level defined as the lower limit of the optimal
birthweight range (3001 grams or 6.6 pounds):
optimal birthweight simply refers to the weight
range (3001-4000 grams) where infants have the

greatest expectation of survival.

A second birth outcome measure that has been
employed in infant health production studies is
gestational age or the duration of pregnancy.
Although not starting from a theoretical model of
health production, Harris (1982) develops a
statistical model to test the hypothesis that
prenatal care affects the length of gestation.
Rosenzweig and Schultz (1982) estimate several
health production functions for wvarious birth

characteristics, including gestational age.

Neither study provides details of the method used
to calculate gestational age or the reliability

and accuracy of estimated gestations. Gestation is
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usually measured' as the interval from the day of
the last menstrual period to the day of delivery.
However, since dates of the last menstrual period
may be unknown or difficult to establish with
certainty, the length of gestation will often be
missing or measured with error. This problem of
errors in variables, moreover, can not be
completely overcome using other methods of
estimating gestation based on serial ultrasound
measures or clinical assessment of the newborn
infant. Excluding cases where gestation is either
unknown or uncertain, as was done by Harris
(1982), will introduce bias into health production
studies or epidemiological studies of the

determinants of health outcomes.

Harris (1982), Lewit (1983) and Rosenzweig and
Schultz (1982, 1983) examine birthweight
conditional on gestational age. This approach
attempts to develop a model of fetal growth as
proxied by changes in the distribution of
birthweight at different gestational ages.
Rosenzweig and Schultz (1983) employ birthweight
standardised for gestational age in their health
production functions. Birthweight is standardised
by calculating the ratio of actual to expected
birthweight where expected birthweight is

estimated from a polynomial fetal growth function
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whi;:h relates birthweight to gestation. Harris
(1982) develops a more sophisticated model of
fetal growth, allowing for both the impact of
gestation and several additional explanatory
variables reflecting characteristics of women and

their use of prenatal care on birthweight.

Both of these models, however, suffer from the
difficulty of estimating true rates of fetal
growth from a series of cross-sectional
observations. The process of fetal growth is
largely unobservable, despite the potential of
using serial ultrasonic measures throughout
pregnancy of the fetus in situ. The definition of
small-for-gestational age infants is problematic
since the true trajectories of normal (and
abnormal) fetal growth may bear little resemblance
to the actual distribution of birthweights
observed for different gestational ages {Forbes
and Smalls, 1983). The birthweight distribution of
pre-term (less than 37 weeks gestation) infants is
unlikely to be equivalent to the distribution of
birthweight, at 36 weeks gestation, for fetuses
who survive until term. This reflects the fetal
selection process which occurs throughout
pregnancy where the less healthy fetuses are

'0
progressively eliminated as gestation increases.
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- 3.5 Multiple outputs and joint products

Many health production studies analyse a single
output, like neonatal mortality, in conjunction
with a single production process (e.g. Grossman
and Jacobowitz, 1981; Corman and Grossman, 1985;
Lewit, 1983). By concentrating on a single output
measure, other outputs are often ignored. A few
studies extend this restrictive model to encompass
a set of multiple outputs, such as birthweight and
gestation, where each output is produced by a
separate production process. Rosenzweig and
Schultz (1982), for example, specify separate
birth characteristics production functions for
birthweight, gestation and birthweight normalised
for gestation. Their production functions take the

general form of,

&
1

= h (X;u)

&
n

h: (X;u) (3.2)

10. This may occur either naturally or as a result of

gselective medical interventions accelerating the delivery of

tetuses with specific clinical indications (e.g. severe

growth retardation) associated with higher risks of adverse

health outcomes.
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Hs = hy (X;u)

where H;, H: and H; represent birthweight,
gestation and birthweight-for-gestation, X is a
vector of inputs into the production process and u
is a vector of genetic and environmental factors
that influence production. This recognition of the
multi-dimensional aspect of birth outcomes,
however, fails to reflect the fact that multiple
outputs may be both interdependent and
simultaneously produced. Hence, a more appropriate

specification of (3.2) could be written as,

H; h; (H2,X,u)

Hz

hz (H,X,u) (3.2a)
Hs = hs (Hi,H:,X,u)

where birthweight (Hi1) is determined partly by
gestation (Hi:), gestation is influenced by
birthweight and birthweight normalised for
gestation and (Hs) is determined by both

birthweight and gestation.
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Both single and multiple output approaches,
however, are inappropriate if outputs are joint
products, i.e., when two or more outputs are
produced simultaneously from a single production

process. Formally this can be expressed as,

f(Hi,H:) = h(X,u) (3.3)

Whether at the level of individuals or
populations, Jjoint production is a pervasive
feature of many, if not all, health production
processes. The same is true for infant health
production functions. Birthweight, gestation and
many other attributes describing the health and
development of newborn infants are jointly
determined by what can best be interpreted as a
single production process. Outputs such as
birthweight and gestation are neither independent
not produced in isolation from each other in
separate production processes. Inputs into the
production of one output (medical care,
environmental factors, behavioural inputs such as
smoking) can be shared or employed to produce
several simultaneous outputs which collectively

describe the health and development of the infant.
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Although the implications of joint production for
the household production approach have been
addressed from a theoretical perspective, most of
the discussion is focussed on the problems arising
from the "confounding" of both technology and
tastes within the shadow prices for fundamental
commodities (such as health). Pollak and Wachter
(1975), for example, demonstrate that if the
household technology exhibits joint production,
demand functions based on commodity prices will
depend on the household’s technology, the price of
inputs into the household production function and
the commodity bundle consumed. Since commodity
prices will not be independent of household
preferences (as reflected in differences in
commodity bundles) they are not capable of playing
the same role accorded to exogenous prices in

traditional consumer theory.t!

11. Pollak amd Wachter’s results were also extended by
Bockstael and McConnell (1983) who showed that unique
Marshallian demand curves cannot be derived for commodities
produced in the household production frameowrk and, as a
consequence, welfare measurement using commodity demand

functions is not feasible.
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Although Pollak and Wachter (1975) suggest that
estimation of the household technology is
possible, though more complicated, when joint
production is present it does require an explicit
approach using data on both inputs and commodity
outputs. Indirect approaches applying dual methods
to estimate production functions from cost
functions are not applicable since the marginal
cost of each commodity will depend on the
composition of output or bundles of commodities
chosen and produced by the household. Since the
marginal costs, or shadow prices, of commodities
cannot be regarded as independent of the vector of
outputs, the dual relation between the cost
function and the production function will not

hold.

The conceptual complexity introduced by the
presence of joint production is also accompanied
by methodological problems arising from ignoring
joint production completely or mis-specifying
joint outputs as multiple (and independent)
outputs produced by separate production processes.
First, OLS techniques are generally appropriate if
a single output process is analysed or when
multiple outputs are independently and separately
produced. If the production process is that given

by (3.2a) where multiple products are produced
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simultaneously, TSLS or some other simultaneous
equation procedure is generally required, although
OLS procedures will, under certain conditions, be

applicable.

However, if Jjoint production is a characteristic
feature of the production process, neither OLS nor
TSLS are strictly speaking appropriate for
estimating equations 1like (3.3) since each
procedure only allows for one dependent variable
in each equation (Chizmar and Zak, 1983). In this
case alternative, largely experimental, procedures
have been suggested (Vinod, 1968, 1976) which
specify a single production function encompassing
the joint outputs. Vinod's (1976) joint production
model, however, is not applicable to the case of
infant health outcomes since it requires what he
terms the "output transformation curve" to be
declining; i.e., with resources fixed, more of one
output must result in less of another. However,
many birth outcomes violate this condition. The
most obvious instance instance is the positive
relationship between birthweight and gestational
age.12 Modelling of joint health outputs as
12. If OLS is used, interactioms between the output variables

are ignored and the estimated effects of various inputs on

outputs will be biased if noe account is taken of the
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single or multiple outputs is thus likely to
remain a characteristic feature of health

production studies.
3.6 Inputs into production

The inputs into health production processes
typically include an array of biological, social,
environmental, behavioural and medical factors. It
could be expected that Grossman’s (or any other)
model would provide a theoretical justification or
some guidance regarding the selection of inputs.
However, with the exception of education no
particular arguments derived from the theoretical
model are put forward to include or exclude
spécific inputs in infant health production
studies. Variables are often introduced as inputs
simply because, on the basis of clinical and/or
epidemiological studies, they are already well
established co-variates of infant health outcomes.
jointness of production. The direction and importance of such

bias in estimated parameters, such as the marginal products

and marginal rates of substitution of exogenous inputs, will

depend on a variety of factors including the extent of

jointness, the interaction and interdependence of different

outputs and the estimation procedure employed.
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The similarity of healtﬁ production studies and
empirical studies which are not dependent on (or
even cognizant of) the "new home economics"
emphasises the fact that, irrespective of the
theoretical framework, a common set of inputs is

used in empirical studies of infant health.

Another, perhaps more important, influence on the
specification and measurement of inputs is data
availability which inevitably limits the possible
set of inputs included in empirical studies. No
study estimating a health production function has
been based on data collected specifically for the
purpose of testing economic models of health
production. Rather health production studies have
been constrained to opportunistic use of existing
registration, survey or administrative data, most
of which was collected for different less

ambitious purposes.13

13. To varying degrees, most studies are based on routinely

collected registration data of births aad infant deaths, ad

hoc birth surveys (Rosenzweig and Schultz, 1982) or hospital

activity data (Williams, 1979).
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The range of‘ inputs employed in infant health
production studies can be catgorised into four
main groups. First, all studies employ one or
more measures of medical care expenditure,
availability, quality or utilisation. In most
cases, medical care inputs do not measure the use
of specific services, but rather service
availability. Generally, quantitative indicators
of per-capita resource availability are employed.
These may range from crude indices of per-capita
distribution of doctors or hospital beds to more
refined measures of specific services for the care
of pregnant women and newborn children. Alongside
these measures of availability several studies
have also included expenditure on medical care
which reflects both resource availability and the

use of services.

A major weakness of health production studies
which attempt to estimate the impact of medical
gservices on infant health outcomes is that
information in the use of specific services is
frequently unavailable. Only four studies have
included utilisation measures as co-variates of
infant health. Of these, the two micro-level
studies, using the individual as the unit of
observation, have both analysed the effect of

antenatal care on health outcomes (Harris, 1982;
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Lewit, 1983). Furthermore, even when data on
utilisation is available, information on the
quality of services is not. No adjustments for
qualitative differences in inputs into production
can be made. This is an important omission and
potential source of bias in health production
studies.14 Although several studies acknowledge
that the quality as well as quantity of care could
be an important determinant of infant health,
explicit measure of quality have only been
employed by Williams (1979) and Hadley (1982).
Williams (1979) investigates whether several
characteristics of hospitals (e.g. size, teaching
affiliation) are related to perinatal mortality
whereas Hadley (1982) analyses qualitative
differences in labour inputs (physician age and

certification status).

14, Feldstein’s work on the components of cost escalation in
the hospital sector emphasise the importance of qualitative
changes in the context of health care (Feldstein, 1974).
Goldman and Grossman (1978) employed a hedonic characteristic
approach to measurinf the qualitative differences in health

care in a study of medical care utilisatiomn by children.
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A second set of inputs employed in infant health
production studies are biological and demographic
variables. These may relate to either the mother
or newborn child. Characteristics of the mother
include age, parity (birth order) race and prior
obstetric history (previous fetal/infant loss).
Several of these factors (maternal age and parity)
can also be classified as behavioural outcomes
which result from decisions taken by women
regarding the numbers and timing of births.
Maternal age, parity and previous fetal/infant

loss are also interdependent.

Several physiological characteristics of infants
have also been included as inputs into the
production of subsequent health outcomes. Infant
sex, birthweight and gestation are amongst the
most important determinants of survival during the
perinatal period and throughout the first year of
life. However, there are no firm rules as to
whether these factors should be regarded as inputs
into a production process, intermediate outputs or

final outputs.

A third set of variables included in health
production studies are socio-economic
characteristics of individuals or populations. At

an individual (or household) level it is difficult
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to distinguish many socio-economic characteristics
from behavioural factors. All of the
socio-economic variables employed in infant health
studies (education, income, wages, geographical
area) summarise to some extent the outcomes of
decisions regading investment in human capital.
The theoretical justification for and
interpretation of specific variables like
education in health production functions can be
ambiguous (see Section 2.4 in Chapter 2). For
example, Rosenzweig and Schultz (1981) attempt to
distinguish between the "efficiency" and
"allocative" roles of education in production

(Welch, 1970). That is, education can:

8 enhance the efficiency of household production
by augmenting the marginal product of one or

more inputs in household production

and/or

B improve the allocation of resources within the

household

The improved allocation of resources is assumed to
be due to a decrease in the costs of information

and changes in the perceptions of the technology
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of health production arising from education which
enable a more informed choice regarding health

inputs.

Thus, education may have no impact on the
efficiency of production but may inf luenée health
outcomes via the demand for goods (and activities)
affecting health. Rosenzweig and Schultz’s (1981)
results support the hypothesis that education
significantly affects health input choices but
fail to support the efficiency role accorded to
education, principally by Grossman, in health
production studies. Thus, if education plays any
role in infant health production it does not
appear to be that of augmenting the marginal
productivity of health inputs; a central tenet of
the human capital theories of how education
affects the efficiency of market and non-market

activities.

Like the Rosenzweig and Schultz study of education
and health outcomes, the analysis by Kehrer and
Wolin (1979) of how income may affect the
incidence of low birthweight provides or at least
identifies a possible rationale for expecting
socio-economic factors to have an impact on infant
health outcomes. Kehrer and Wolin investigate

whether the income transfers, provided as part of
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the income maintenance experiment., conducted in
Gary, Indiana, affect the incidence of low
birthweight among the poor. Three possible links
between increased income and improvements in low
birthweight were suggested. First, increased
income could lead to more use of antenatal care,
either by increasing ability to pay and/or
subgsidising true cost (loss of earnings)
associated with antenatal care. This assumes that
early and more frquent use of antenatal care could

have a beneficial impact on birthweight.

A second mechanism linking income and birthweight
is via the impact of income transfers on household
diet and maternal malnutrition and weight gain
during pregnancy. Finally, a third link involves
the impact of work (paid employment) on
birthweight. If employment during pregnancy
influences reproductive outcomes like birthweight,
the reduction in labour force activity permitted
by the income maintenance may have a beneficial
effect on birthweight. However, having specified
these different channels, data limitations
precluded any empirical tests which could be used
to discriminate between and assess the relative
inmportance of the likely mechanism linking income

transfers and birthweight.
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A final set of factors entered as inputs into
infant health production processes are those
measuring health related behaviour. Several of
these have already been mentioned. Fertility
decisions, choices regarding abortion and the use
of antenatal care are all aspects of behaviour
which may influence infant health outcomes.
Cigarette consumption during pregnancy and women’s
preferences for infant feeding are two additional
factors that have been entered into health
production studies. Behavioural decisions taken by
parents have been explicitly modelled most
extensively by Rosenzweig and Schultz (1981, 1982,
1983). They estimated demand equations for several
health related behavioural variables!® and then
used the fitted values of these variables in
second stage estimates of infant health production

functions.

18. Birth order, delay after conception in seeking medical

care during pregnancy, mother’s rate of smoking while

pregnant, mother’s age, duration of breast feeding and delay

by the mother after the child’s birth in returning to work.
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3.7 Production sets and functional form

A variety of functional forms have been employed
to characterise the relationship between inputs
and health outputs. As in all production studies

when the technology of production is not given or

fixed by engineering considerations, the precise

form of input/health output relations can not be
unambiguously determined. All that can reasonably
be accomplished is that restrictions on the
production process can be identified and then
tested. This aproach, however, is very much the
exception, rather than the rule, in infant health
production studies where functional forms are
arbitrarily imposed on the data with little, if
any, attention given to the corresponding
restrictions and interpretation arising from
different assumptions regarding the link between

inputs and outputs.

Perhaps the most ambitious and potentially
misleading endeavour in this area is the
uncritical attempt to apply textbook concepts to
an area like health. The concept of a production
function, for example, as conventionally
understood and applied may be an inappropriate way
of characterising/modelling the determinants of

health outcomes. Many of the criticisms levied at
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the conventional economic theory of production
when applied to the study of education
effectiveness (Murnane and Nelson, 1984) also

extend to the health sector.

For example, underlying the standard theory of
production are several assumptions which may not
be appropriate in studies of health "production",

viz.,

n Inputs and techniques of production are
rationally chosen from a set of well-defined and
well-known possibilities so as to best achieve
objectives. Organisations and firms (or
households) thus operate at the frontier of their

production sets or on their production functions,

| Observed inputs/output combinations are of
situations when exploration of the technical
efficiency of alternative techniques and input
combinations is essentially complete. The process
of production is essentially distinct from that

of experimentation,

n The requisite inputs and techniques are
generally available. All organisations face the

same production function.
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| 'fhe creation of new techniques occurs through
separate research and development activities.
Innovation is thus due to research and development
and there are no particular problems in
transferring knowledge from the research and

development setting to actual use.

Murnane and Nelson (1984) argue convincingly that
the standard theory, embracing these four
assumptions, is likely to describe the empirical
reality of input-output relations in a field such
as education or any activity or sector where
techniques are idiosyncratic or poorly

articulated.

Can the standard theory of production be applied,
at least as a first approximation, to the
prodﬁction of infant health? While it is easy to
identify health outcomes and examine the influence
of various factors on these outcomes, it is
erroneous to assume that household activities
conform to a set of constructs that have been
developed to analyse productive activities of
firms (and industries) in the manufacturing,
transportation and energy sectors. In particular,
at the household level, it is difficult to see how
the traditional theory is applicable to what is in

reality a "lumpy" process involving very little if
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any repetition. Many households may only engage
once or twice in the process of "producing" a
child, offering very 1little scope for
investigating the impact of alternative
combinations of inputs on outputs or potential for
learning by doing. Many health inputs,
particularly biological or genetic factors, are
fixed whereas other resources may not be readily
available. Education, information and other
parental inputs may be rationed. The scope for
innovation may be limited. Despite the
proliferation of birth guides etc., techniques of
production may not be well articulated, easily
obtainable or transfer able from household to
household. The production set will have a single
point (or very small set of points) representing
the input-output combinations which actually
characterise the households activities and infant
health outcomes - many of which may be
unconnected.

If the familiar theory of cost and production is
not applicable the measurement of efficiency,
marginal products, elasticity of input
substitution, etc., is problematic in the case of
infant health. Several studies either implicitly,
or explicitly proceed as if they were estimating
health production functions. Rosenzweig and

Schultz (1982, 1983) present a series of estimates
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of "health technology" using linear, Cobb-Douglas
and translog specifications of production derived
from the generalised Leontief-Diewert (Diewert,
1971) production function. The flexible functional
form provided by the generalised Leontief-Diewert
enabled Rosenzweig and Schultz to test the
restrictions imposed by different specifications
of technology. Both the sign and magnitude of
estimated marginal products are sensitive to the
specification of technology within the household.
The criterion for choosing one specification over
another is not the reasonableness of the
restrictions imposed on the input-output relations
but rather statistical tests used to discriminate
between competing models of production. This
testing strategy, however, leads to the acceptance
of Cobb-Douglas technology which seems implausible
given the assumptions underlying this well known
but restrictive functional form. Returns to scale
may not be constant nor equal to one. Clearly,
infant health can be produced without using all
available inputs whereas the Cobb-Douglas
specification dictates that all inputs must be
employed otherwise output is zero.l® The impact of
16. If one imput level is zero, output will be zero by

definition im the Cobb-Douglas case. Inputs such as

cigarettes are clear examples where this condition 1is
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an input like education or income may not be

independent of the level of input utilisation.

3.8 Findings of previous studies

A common feature of infant health production
studies is their poor explanatory power,
particularly in cross-sectional investigations
conducted at the individual level. With the
exception of Lewit (1983), the series of
individual level studies by Rosenzweig and Schultz
(1981, 1982, 1983) fail to explain over 20% of the
variation in birthweight, gestation or birthweight
standardised for gestation. The aggregate level
studies of Grossman and his co-workers manage to
explain about 25 to 30% of the variation in white
neonatal and infant mortality rates but can only
account for 12-20% of the variation in neonatal
and infant mortality rates in black infants.
Hadley’s (1982) analysis of variations in
mortality at the county level achieved slightly

greater explanatory power.

3.8.1 Individual Based Studies

unlikely to be satisfied.
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The results of individual based studies are
generally consistent with the findings of clinical
and epidemiological studies of the effects of
biological and demographic characteristics of
mothers (and infants) on infant health outcomes.
Women at the extremes of the age and parity
distribution tend to have the greatest risk of
poor or adverse pregnancy outcomes. Black women
and women who have a previous history of poor
obstetric performance also face higher risks of
low birthweight, pre-term delivery and perinatal
and infant mortality. Many of these effects,
however, are not significant, particularly when
birthweight and, to a lesser degree, gestation are
controlled for. Birthweight is by far the most
important determinant of infant survival. The
effects of factors such as maternal age and parity
on perinatal mortality appear to act via shifts in
the distribution of birthweight and gestation,
which in turn, influence the probability of
survival.!? The results of studies which fail to
17. This finding is also consisteat with recent

epidemiological investigations of the utility of using

birthweight-specific mortality rates as a way of

standardising for the effects of demographic and

socio-economic factors that have been traditionmally

associated with poor reproductive performance.
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include birthweight as a regressor in an equation
attempting to explain the variation in infant
mortality (Rosenzweig and Schultz, 1983) are thus
difficult to evaluate due to the bias arising from

omitting birthweight.

The estimated effect of socio-economic factors on
infant health outcomes generally fails to support
the predictions of the Grossman model. Lewit
(1983), for example, reports that more educated
women have lighter babies; a finding which
contradicts the expected impact of education on
health. Rosenzweig and Schultz (1981) detect a
slight effect of education on birthweight: a 10%
increase in educational attainment is associated
with a 0.77% increase in birthweight (25 grams).
Given an average of 11 years of formal schooling,
a woman who completed four years of post-secondary
schooling could, according to these estimates,
expect an increase of about 100 grams or 3% in the
weight of her baby. Furthermore, no significant
impact of education on birthweight standardised
for gestation or on the marginal product of health
inputs (efficiency hypothesis) was demonstrated in

their study.
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In contrast to education, the results of Kehrer
and Wolin’s (1979) study suggested that income
maintenance programmes could have a beneficial
impact on birthweight. Depending on a woman’s age,
pregnancy interval and smoking behaviour, income
transfers resulted in an average weight gain of
between 174 and 530 grams (5% to 15%). An
important finding of their study is that the
effect of a socio-economic variable like income is
likely to be conditional on other household or
individual characteristics. Their use of a Tobit
model where the response of the dependent variable
to a change or shift in an independent variable
depends on the particular values taken by all
other independent variables permits a more
realistic, if more complex, assessment of the

effects of specific factors.

Several studies examine the effect of antenatal
care on health outcomes. In fact this is virtually
the only health or medical care factor that is
included in health production studies conducted at
the individual level. Harris (1982) finds a weak
positive, though statistically insignificant,
effect of the timing of antenatal care on
birthweight (60 to 100 grams). Contrary to
expectations prevalent in the clinical literature,

Harris demonstrated an inverse association between
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the start of antenatal care and bi.rthweight
gspecific mortality: a result explained by the
process of fetal selection which results in a
smaller proportion of high risk fetuses in the
mothers remaining pregnant into the third
trimester. Alternately it could be that women who
expect a poor outcome based, say, on their
previous obstetric history, would attend earlier
for antenatal care. After taking account of fetal
selection, his results suggest that the duration
of care has a small favourable effect, again not
significant, on perinatal survival. The complete
absence of care would result in a 20% proportional
increase in perinatal mortality, conditional on

birthweight and gestational age.

Rosenzweig and Schultz (1982, 1983) also examined
the effect of antenatal care on various infant
health outcomes. Delay in attendance for care was
not significantly associated with birthweight or
gestation. A six month delay in attendance
appeared to only reduce birthweight by 45 grams
and gestation by 1.6 weeks. Their results
examining the effect of care on mortality are

consistent with those reported by Harris (1982).

3.8.2 Aggregate Level Studies
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Throughout the 1980’s Gross;mn' and his colleagues
have published a series of relateci studiesl® on
the determinants of black and white neonatal
mortality rates in the U.S. All of these studies
employ essentially the same cross-sectional
regression model estimated using population based
data. The level of aggregation is the "large"
U.S. county: a geographical (and administrative)
area with a population of at least 50,000.12 The
determinants examined include poverty, education
(schooling), Medicaid, maternal and infant care
projects, community health centres, federallly
subsidized family planning services for low-income
women, special supplemental Food Program for
Women, Infants and Children, the legalization of
abortion and the availability of physicians,
obstetricians, gynecologists and neonatal
intensive care. A characteristic feature of this
18. The complete series of studies published to date include

Grossman and Jacobowitz (1981), Corman and Grossman (1985),

Corman, Joyce and Grossman (1987), Joyce (1987a, 1987b).

19. The number of counties analysed ranges from 357 for
neonatal mortality amongst black infants to 677 for neonatal
mortality for white infants. These counties account for

approximately 80 per cent of the U.S. population.
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literature is t;he attempt to "explain" the recent
improvement in U.S. neonatal mortality rates over
time using the cross-sectional regression
coefficients applied to national trends in this

set of (partly) exogenous variables.

Several salient results emerge from these studies.
The first is the sensitivity of findings to
relatively small changes in model specification or
variable measurement. This is perhaps best
illustrated in the estimated impact of the legal
abortion rate on the neonatal mortality rate.

Grossman and Jacobowitz (1981) conclude that:

"the increase in the legal abortion rate is the
single most important factor in reductions in both
white and nonwhite neonatal mortality rates. Not
only does the growth in abortion dominate the
other public policies but it also dominates

schooling and poverty"

Although not reported, the estimated elasticity of
the neonatal mortality rate with respect to the
legal abortion rate (per 1000 births) was -0.304
for whites and -0.365 for blacks. Using a
different measure of abortion??Corman and Grossman

- o o

20. Abortion providers (public hospitals, private hospitals,
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(1985) report results that suggest elasticities of
-0.210 for whites and -0.625 for blacks. However,
when abortion is treated as an endogenous factor
and the percentage of low birthweight births is
controlled for, the elasticity drops to -0.014 for
whites and -0.024 for blacks (Corman, Joyce and
Grossman, 1987). This dramatic change in the
estimated impact of abortion on neonatal mortality
was also confirmed by Joyce (1987a) who reported
elasticities of -0.048 for whites and -0.068 for
blacks.2! A similar pattern of erratic estimates
also emerges for the impact of family planning and

neonatal intensive care.

- = o = = - - -

non-hospital clinics and office based physicians per 1000

women aged 15-44)

21. The ambiguous effect of the abortion rate has‘also been
confirmed by a recent report from the National Bureau of
Economic Research on nutrition and infaamt health in Japan.
Using cross-sectional data, Yamada, Yamada and Chaloupka
(1987) found that the availability of abortion was positively

(although insignificantly) related to infant mortality.

103



Second, female education is associated with lower
neonatal mortality rates, particularly for whites.
Corman and Grossman (1985) suggest that schooling
affects mortality by "influencing the mix of
inputs selected by families to produce healthy
infants". This "allocative" role assigned to
female education, however, is not explicitly
tested. Schooling, in fact, is dropped from the
models estimated by Corman, Joyce and Grossman
(1987) and Joyce (1987a, 1987b) who focus instead
on more direct inputs into the production of
infant health such as smoking and prenatal care.
Thus, even if there is a link between education
and more informed choice or behavioural change,
education has been largely superseded by more

direct measures of inputs into infant health.

Third, several of these studies attempt to
estimate the impact of different factors on the
improvement in neonatal mortality over time.
Essentially, the assumption of fixed coefficients
is adopted: i.e., that the impact of factors such
as neonatal intensive care, abortion and family
planning on neonatal mortality is time invariant.
This seems an unreasonably assumption,
particularly in the case of neonatal intensive
care. Over the last two decades care provided for

sick newborns has changed dramatically culminating
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in the highly technical, diagnostic and
therapuetic techniques that characterise modern
intensive care. As the mix of services change so

too may the marginal product of newborn care.2?2

The same criticism can also be applied in the
case of abortion. As the characteristics of women
{and their aborted fetuses) change over time so
too will the impact of abortion on neonatal
mortality. Joyce (1987a), for example, suggests
that abortion "lowers the rate of unfavourable
birth outcomes". This assumes that allowing women
to terminate an unwanted pregnancy reduces the
distribution of high risk births. While this may
be true for the 2.0 to 3.0 per cent of abortions
conducted in Scotland due to risk of fetal
abnormality, most of the increase in abortion has
22. Trends in weight-specific mortality are often cited as
evidence of the changing effectiveness of neonatal care.
However, the most comvincing demonstratiom of how the mix of
newborn care can influence outcomes is the economic
evaluation of intensive care conducted by Boyle et al (1983)
who showed that the introduction of a regional perimatal
program in 1970 resulted in increased health outcomes for a
1973 to 1977 birth cohort compared to a 1964 to 1969 birth

cohort.
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occurred in women aged 16-24 who typically face
below average risks of perinatal mortality. 111
timed pregnancies may not necessarily lead to

intrinsically less healthy infants.

Another important cross-sectional analysis of
infant mortality was reported by Hadley (1982).
Using U.S. data for 1969-1973 aggregated into
county groups alongwith a Cobb-Douglas
specification, Hadley estimated a series of infant
health production functions. Although not
formally dependent on the "new home economics"
approach the empirical analysis is virtually
indistinquisable from the empirical models

estimated by Grossman and his colleagues.

Infant mortality is broken down into its neonatal
and post-neonatal components. Separate production
functions are estimated for different infant sex
and race groups. A host of medical care
variables and social policy variables are
introduced into the analysis as well as as
measures of population risk which controll for
variation in birthweight, age-sex-race differences
in weight-specific mortality, mother’s age and the
percentage of births in hospitals. Following the

lead of Grossman and Jacobowitz (1981) Hadley also
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considers the impact of Medicaid coverage of
unborn children and abortion law liberalization on

infant mortality.

Not surprisingly, the most important factor
explaining the variation in overall mortality
amongst white infants is the wvariation in
birthweight distribution. Medical care (Medicare
expenditures per enrolles and the numbers of
obstetricians and paediatricians per 1000 births)
is negatively associated with mortality. An
increase of 10 per cent in medical care spending
per capita is associated with a 1.5 to 2.0 per
cent reduction in mortality rates. A similar
increase in the number of obstetricians and
paediatricans per 1000 live births would lead to a

0.6 to 0.8 per cent decline in mortality.

Quality of care variables such as the age and
qualifications of physicians had little impact on
mortality. The percentage of hospitals with
neonatal intensive care facilities was negatively
but insignificantly associated with neonatal
mortality. The results for black infants were
generally similar. The coefficients in the black
equations, however, were unstable when different

specifications (i.e., different sets of variables)
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were employed as regressors: a result attributed
to the twin problems of multicollinearity and

mis-specification.

The problems of multicollinearity and
specification also constrained the robustness of
Hadley’s results regarding the impact of Medicaid
coverage and abortion. After dropping expenditure
on medical care from the equations, the restricted
model suggests that Medicaid coverage and abortion
law liberalisation improves infant health
outcomes. The impact of abortion is small. The
estimated elasticities (-0.04 for whites; -0.01
for blacks) correspond closely with those reported

by Joyce (1987a).

Following the attempts by other workers to
"explain" time series of mortality rates using
cross-sectional results, Hadley considers the
decline in infant mortality between 1969-138378 and
concludes that the most important factor was the
reduction in the incidence of low birthweight
births, followed by the availability of
obstetricians and paediatricians. Hadley does
caution that the reliability of the predicted
changes decreases as one moves further from the
mean values of the variables used to generate the

cross-sectional estimates.
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3.9 Conclusions

This survey of empirical studies of perinatal and
infant health conducted within an economic
framework has highlighted a number of points.
First, all of the studies are cross-sectional and
are based on U.S. data. No time series or
longitudinal study has been reported largely due
to the fact that a consistent and reasonably long
time series on infant health outcomes and inputs
has not been assembled. Attempts to bridge this
gap have tended to take the form of "explaining"
the change in neonatal and infant mortality over
time using cross-sectional regression coefficients
in conjunction with national trends in the
"exogenous" variables. The limitations of this
approach highlight the need for a direct
examination of time series data as a way of
improving our understanding of the factors which
have contributed to the improvement in health

outcomes over time.
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A common features of the aggregate ievel studies
is the relatively limited set of mortality rates
that have been used to measure infant health
outcomes. Although mortality rates have been
disaggregated by age, sex and race no study has
analyzed how inputs may differentially influence
the survival of infants in different birthweight

- groups or strata. Another obvious and long

overdue disaggregation of mortality data is by v

cause of death. Although the results based on
total or overall mortality rates provide an
estimate of the average impact this may obscure a
wide range of effects in different sub-groups of

the population.

Relating inputs to outputs is a perennial problem
in health production studies. Many characteristic
features of input-output relations in infant
health fail to conform to the standard models of
production that have been routinely employed in
previous health production studies. At the micro
or individual 1level input substitution
possibilities are limited, many inputs are fixed
and there is often little scope for exercising
choice over different input combinations. Inputs
may have positive, negative or no impact on

output. Many inputs have no observable effect on
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output until a certain threshold level is passed.
Furthermore, all inputs are not required for

production.

The production process itself is not routine and
largely unobservable during the production period.
Long lags occur between the utilisation of inputs
and eventual outputs. There is very little scope
for innovatibn or learning by doing since the
production process is unlikely to be replicated
more than once for most individuals. The
unobservable nature of production introduces an
important element of qualitative uncertainty which

is difficult for decision-makers to avoid.

At the aggregate level, there is greater scope for
input substitution. Although the production
process is more routine and standardised, there
are possibilities for innovation and the
development and adoption of new techniques over
time. There is still a lag between the use of some
inputs and eventual outputs. At the aggregate
level, the marginal product of inputs also may be

positive, negative or zero.

The choice of functional form for relating inputs
to outputs should therefore not be based on

convenience - a practice which imposes familiar

1



functional forms borrowed from textbook analyses
of production functions - but rather according to
careful empirical testing of different
specifications which are flexible enough to
accommodate realistic relationships between inputs
and health outputs. This point can be expanded
further into a more general criticism of the

methods used in health production studies.

A characteristic features and inherent limitation
of all of the empirical studies surveyed is their
uncritical approach to model specification,
validation and testing. This is particularly
evident in the work of Grossman and his colleqgues
who use econometrics to illustrate the theories
of household production which they believe
independently. This approach, recently
characterised by Gilbert (1986), starts with the
unproven assertion that the theory is correct,
generates coefficient estimates for the variables
of interest and then addresses the pathological
features of the regression results (serial
correlation, multicollinearity, etc) which
presumably have led to the usual collection of
disappointing/unexpected results (insignificant
coefficients and "wrong" signs).2% Thus poor

23. A graphic illustration of this approach is inherent in
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results imply problems of consistency and
efficient estimation of the "true" model. This
approach, as Hendry (1980) suggested in his
inaugural lecture at the London School of
Economics too often constitutes a recipe for

disaster due to:

"Simply writing down an "economic theory",
manipulating it into a "condensed form" and
"calibrating" the resulting parameters using a
pseudo-sophisticated estimator based on poor data

which the model does not adequately describe"”.

An alternative approach, derived in large part
from the early work of Denis Sargan (1964) and
most closely associated with the work of David
Hendry, is to begin with a very general
specification which is systematically reduced or
simplified and then rigorously tested. This
general to specific model simplication does not
assume that one knows the "correct" or "true"

model but rather that well conducted specification

the following quotation taken from the study by Grossman and
Jacobowitz (1981): "Because the poverty rate has the "wrong"
sign for blacks it is excluded in regressions A2, A4, B2 and

BA".
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searches and "destructive" model testing will
increase the likelihood of discovering models that
adequately characterise the available data. The
hallmark of this approach involves the full
disclosure of the path leading to a preferred
model and the results generated by tests
addressing the problem of "quality control" of the

preferred model (McAleer et al 1985).

Perhaps one of the most succinct summaries of the
potential benefits of Hendry’s methodological
approach is embodied in a question suggested by
McAleer et al (1985) that should be posed in any
empirical study, namely, "Is the Model a Lemon?".
"This question is never addressed, let alone
answered, in the corpus of literature on the
determinants of infant health. However, the
empirical studies surveyed in this Chapter does

leave one with a distinctive tart aftertaste.
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Glossary
Stillbirth - child born after 28 weeks gestation,
not breathing nor showing any signs of life.

Stillbirth rate - stillbirths per 1000 total

births (live births and stillbirths)
Neonatal - first 28 days of life.

Neonatal mortality rate - deaths at ages under 28

days per 1000 live births.

Post-neonatal - period from 28 days up to one year

following live birth.

Post-neonatal mortality rate - deaths during first
year of life (excluding neonatal deaths) per 1000

live births.
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Infant -~ first year of life.

Infant mortality rate - deaths during first year

of life per 1000 live births.

Perinatal - period from 28 weeks gestation to 7 or

28 days after birth.

Perinatal mortality rate - stillbirths and first
week (or neontal) deaths per 1000 total births

(live births and stillbirths).
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CHAPTER 4 POST-WAR TRENDS IN SCOTTISH PERINATAL
MORTALITY

4.1 Introduction

Post-war research on perinatal mortality in Scotland has
its roots in the work of Sir Dugald Baird in Aberdeen
(Baird and Wyper, 1841; Baird, 1945; Baird, 1947; Baird,
1949) and in an important, though less prominent, study
conducted in Edinburgh by Drillien (1947). These local
investigations were complemented by a series of national
reviews by Charlotte Douglas and Peter McKinlay
throughout the 1940’s and 1950’s (Douglas, 1945;

Douglas, 1954; Douglas and McKinlay 1959) which were

subsequently updated in the 1960’s by numerous studies.!

In the late 1970’s a series of annual national inquiries
into perinatal deaths (McIlwaine et al, 1978) integrated
Baird’s obstetric classification of perinatal deaths and
the population based approach epitomised by the early

work of Douglas and McKinlay. These perinatal inquiries

1. This national perspective was followed by local studies
which, for example, investigated the posgible causes underlying
the above average perinatal mortality traditionally recorded
for residents of Glasgow (Richards et al, 1969; Mcllwaine et

al, 1974).
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were superseded by similar national studies conducted on
a routine basis as part of the information system of the
Scottish National Health Service (McIlwaine et al 1985;

Cole et al, 1986).2

These diverse reports describe different aspects of
perinatal mortality at different points of time in the
Scottish population. Although some recent studies have
examined trends in Scottish perinatal mortality during
the 1970’s (Forbes et al, 1982) and the impact of
demographic and social factors on the risks of perinatal
mortality over the period 1960-1982 (Forbes and
Pickering, 1985) no overall review of Scottish perinatal
mortality during the post-war period is available.
This chapter examines post-war trends in Scottish
perinatal mortality and reports a time series of
dis-aggregated perinatal mortality rates that have been
constructed especially for use in the estimates of the
health production functions estimated in Chapters 6 and
7. Perinatal mortality rates are sub-divided according
to specific cause of death. Neonatal mortality rates
2. Other notable contributions include that of Sir Dugald

Baird published towards the end of his long career where he

restated his belief that perinatal mortality depends as much on

antecedent social and ecomomic factors as on effective

perinatal care (Baird, 1980).
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are dis-aggregated by age at death. Perinatal mortality
rates are also calculated for different birthweight
groups. Each specification of the dependent variable
permits the estimation of a set of health production
equations which may provide further insight into the
determinants of different components of perinatal

mortality.

Stillbirth and neonatal death rates can be specified in
a variety of ways. The most general measure is
stillbirths and neonatal deaths from all causes in all
birthweight groups. Although these aggregate indices of
the two main components of perinatal mortality are
readily available from published statistics they easily
obscure the changing pattern of perinatal mortality in
post-war Scotland and provide a poor basis for assessing
the influence which social and medical factors may have
had on perinatal mortality in different population

sub—-groups.

The chapter is structured as follows. Section 4.2
describes data sources, variabledefinitions and summary
measures used to examine trends in perinatal mortality
over time. Section 4.3 presents a general review of
long run trends in perinatal mortality. General trends

in stillbirth rates and neonatal mortality rates are
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distinguished. Additional insight into the changing
pattern of neonatal deaths is provided by an analysis of

age specific death rates during the neonatal period.

In Section 4.4 cause-specific perinatal mortality rates
are reviewed in two ways. First, selected
cause-specific still-birth and neonatal death rates are
calculated over the period 1950-1985 using registered
causes classified according to the Sixth to Ninth
revisions of the International Statistical
Classification of Diseases, Injuries and Causes of Death
(World Health Organization, 1950; 1955; 1965; 1977).
Second, the Aberdeen classification of perinatal deaths
(Baird and Wyper, 1941; Baird, Walker and Thomson, 1954)
is used as a comparative frame of reference for
reviewing trends in specific causes of perinatal
mortality. Reflecting an obstetricians view of
perinatal events, the Aberdeen system classifies deaths
according to their predisposing obstetric event. Since
its introduction the Aberdeen classification has been
employed in a variety of hospital and population based
studies throughout the U.K. culminating in a series of

national enquiries into perinatal death in Scotland.

Section 4.5 presents birthweight specific perinatal
mortality rates. Using a variety of published and
unpublished data a unique time series of birthweight

specific perinatal mortality rates is constructed and
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used to examine how the relative risk of perinatal
mortality has changed in different birthweight groups
over time. The chapter’s conclusions are summarised in

Section 4.6.
4.2 Data Sources and Methods
The Perinatal Period

Since 1939, perinatal deaths in Scotland have been
defined to include stillbirths or late fetal deaths, of
at least 28 weeks gestation, and either (i) all babies
dying within one week of birth or (ii) all neonatal
deaths or babies dying within four weeks or one month of
birth.? Baird and Wyper (1941) argued that since most
neonatal deaths are related to pregnancy and childbirth
they should be analysed alongwith stillbirths to gain an
appreciation of the number of infants, who despite
3. In contrast to England and Wales, where data on perimatal
deaths are available from 1927 omwards, the analysis of
perinatal mortality is only feasible from 1939 for the Scottish
population. Although the Registrar Gemeral (Scotland) began
publishing data on first month deaths im 1910, first week
deaths in 1922 and first day deaths in 1931, the registration
of stillbirths was not initiated until 1939 following the

Registration of Stillbirths (Scotland) Act of 1938.
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reaching ‘the stage of viability, failed to survive.
Beginning in the 1950’s, however, late neonatal deaths
(between the ages of one week and one month) tended to
be excluded from the calculation of perinatal mortality
rates. This concentration on events during the
immediate period surrounding birth can also be seen in
the brief use of the term "obstetric death rate"
{Duncan, Baird and Thomson 1952) to describe the number
of stillbirths and deaths in the first week of life per
1000 total births (live and still). Although there were
some notable exceptions such as the 1958 British
Perinatal Mortality Survey (Butler and Bonham, 1963)
which defined perinatal deaths as stillbirths and
neonatal deaths, the narrow definition of perinatal
mortality remained popular. Recognition that most
neonatal and indeed many infant deaths have causes
rooted in the perinatal period has coincided with a
return to Baird and Wyper’s original suggestion as can
be seen in recent reports on perinatal death in Scotland
which analyse stillbirths alongside both early and late

neonatal deaths (Cole, 1988).

Unless otherwise stated throughout this chapter
perinatal deaths include stillbirths and neonatal
deaths. Stillbirths include all fetal deaths whose
gestational age is estimated to be greater than 27
completed weeks. Neonatal death is defined to include

all deaths occuring within four weeks of birth. Prior
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to 1958 neonatal deaths include all deaths occurring
within one month of birth. Neonatal deaths are
sub-divided into three mutually exclusive age groups:
less than 24 hours, 1-6 days and 7-27 days following
birth. All data on stillbirths, neonatal deaths and
live births was extracted from the annual reports of the

Registrar General Scotland (various years).

Cause-specific Perinatal Mortality

The examination of national trends in cause-specific
perinatal mortality requires a consistent classification
over time of the certified causes of both stillbirths
and neonatal deaths. Certified causes of death,
however, are classified in Scotland according to
conventions established by the International Statistical
Classification of Diseases, Injuries and Causes of
Deaths (ICD) which has been revised four times since
1948. Furthermore, although cause-specific stillbirth
rates were reported in 1939 by the Registrar General, a
perinatal classification was not introduced in Scotland
until 1958 when an experimental scheme was adopted which
classified neonatal deaths using the existing stillbirth
list. This scheme continued until 1968 when the Eight
Classification (ICD-8) introducted a "P" list of 100

causes of perinatal death for the common classification
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of stillbirths and neonatal deaths. One consequence of
ICD-9 was that the initial "P" list was superseded in

1979 by a revised version containing 62 causes.

These evolving classifications introduce a series of
discontinuities which limit the number of cause-specific
death rates that can be calculated on a consistent basis
over the entire post-war period. Within the time domain
of a specific ICD revision, however, consistent
comparisions can be made. It is thus possible to
examine cause-specific stillbirth and neonatal mortality
rates over the periods 1958-1967, 1968-1978 and
1979-1985. By linking successive revisions, moreover,
three important causes of neonatal mortality (congenital
malformations, prematurity and asphyxia) can be
monitored across as well as within these time periods.
Data on stillbirth and neonatal deaths classified
according to certified causes was extracted from the
Annual Reports of the Registrar General Scotland

(various years).

The Aberdeen clinical classification of perinatal
" mortality, introduced by Baird and Wyper (1941) and
developed further by Baird, Walker and Thomson (1954),
provides an alternative to a classification based on
certified causes of death recorded by the Registrar
General. This classification subdivides perinatal

deaths according to clinically diagnosable
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maternal/fetal conditions. Eight categories of
perinatal death are distinguished The Aberdeen
classification adopts an obstetric perspective on the
causes of perinatal death in contrast to other
classifications based on detailed pathological analysis
(Bound, Butler and Spector, 1956) or simplified
pathological sub-groups (Wigglesworth, 1980). Although
the Aberdeen classification has been widely used it has
not escaped criticism. One common complaint concerns
the classification’s lack of specificity since the
commonest cause of perinatal death is invariably
"birthweight < 2500g" which they suggest is as
unsatisfactory as classifying most adult deaths to old
age. The classification’s maternal/obstetric focus also
takes little account of the babies’ individuality and
the underlying clinico-pathological processes within the

baby which may have culminated in perinatal death.

However, despite these difficulties, the Aberdeen
classification represents the only alternative to
registered causes of death when documenting trends in
cause-specific post-war perinatal mortality in Scotland.
Prior to 1977 data on (Aberdeen cause-specific perinatal
mortality was assembled from a range of scattered
studies reported in the literature. Later data was
obtained from the published reports of the Scottish

Perinatal Mortality Survey.
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Birthweight Specific Perinatal Mortality

Prior to 1963 data on birthweight specific perinatal
mortality in Scotland was confined to ad hoc local
studies and one national survey conducted in 1854
(Douglas and McKinlay, 1955). Beginning in 1963 annual
data on birthweight specific stillbirth and neonatal
mortality rates can be obtained in disaggregated form
from the Local Health Authorities Statistics (Form 15)
completed for each county and burgh in Scotland. A
detailed breakdown by 500 gram intervals is only
available for births weighing less than 2501 grams.
Weight specific mortality rates for all births weighing
more than 2500 grams can be estimated by subtracting the
sum of low birthweight births and perinatal deaths from
the total births and perinatal deaths recorded by the
Registrar General. The series was discontinued

following the 1974 reorganisation of the NHS.

In 1969 birthweight began to be recorded for births
occurring in maternity hospitals and wards which
participated in a new hospital information scheme. The
Scottish Morbidity Record - 2 (SMR2), a hospital record
specially designed for maternity discharges, contained
details of the other’s health during pregnancy, a
description of intrapartum events and birth outcomes.

Population coverage gradually improved as more hospital
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joined the SMRZ scheme. From 1976 onwards birthweight
is recorded for more than 97 per cent of registered
(total) births.t The series reported below thus
represents a linkage of local surveys (1956-1962), the
LHA Form 15 series (1963-1973) and the SMR-2 series

(1974-1985).

Perinatal Mortality: Rates and Indices of Change

A variety of mortality rates are presented in this
chapter. Perinatal mortality rates are defined as the
number of stillbirths and neonatal deaths per 1000 total
births (live and still births). Stillbirth rates are
defined as the number of stillbirths per 1000 total
births. Age specific mortality rates throughout the
neonatal period are defined as the number of deaths in a
particular age group per 1000 live births.
Cause-specific stillbirth, neonatal and perinatal
mortality rates are defined as the number of
stillbirths, neonatal deaths and perinatal deaths
4. Compared to the earlier LEA series, the birthweight
intervals are shifted downwards by 1 gram (e.g. 1000-1499
versus 1001-1499). Due to rounding and digit preference when
recording birthweight, this change in reported birthweight
intervals introduces a negligible discontinuity into the data

series.,
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attributed to a particular cause of fetal or neonatalh
death per 1000 total or, in the case of neonatal deaths,
live births. Birthweight specific perinatal mortality
rates are defined as the number of stillbirths and
deaths of infants occurring within one week of birth in
a specific birthweight interval per 1000 live and
stillbirths whose birthweight falls within that

interval.

Average annual percentage rates of change in mortality
rates are calculated using geometric means.
Mortality rates are also expressed using index numbers
(I ) where the rate in the base year (t) is set to 100.
Denoting the base year by t and the terminal year of the
series by t+n, the proportion of decline in mortality

which occurred over the interval t to t+i is given by
[(It - Tessi )/(Tr - T1+n)1100

where i < n.

Proportional mortality rates, defined as the percentage

of total deaths in a specific age, cause of death or

birthweight group, provide another perspective on the

changing composition of perinatal mortality over time.

All charts were produced using the Quattro spreadsheet

on an IBM-AT compatible micro-computer.
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4.3 Trends in Scottish Perinatal Mortality

Figure 4.1 presents annual stillbirth, neonatal and
perinatal mortality rates from 1939 to 1985. 1In 1939
4.2 per cent of all births in Scotland were stillborn
whereas 3.7 per cent of all live born babies failed to
survive the first month of life. The Scottish perinatal
mortality rate of 77.3 per thousand births was about 18%
above that in England and Wales, primarily due to

Scotland’s higher neonatal mortality rate.

Scotland’s necnatal mortality rate of 36.6 per thousand
live births represented a static rate which had shown
little improvement since 1911. During the interwar
years neonatal mortality rates had ranged from a high of
39.9 (1921) to a low of 35.0 (1938). In contrast, the
infant mortality rate declined from 112.5 in 1911 to
68.5 in 1939, reflecting a reduction in late infant

deaths due to infections.

Over the period 1939 to 1985 the perinatal mortality
rate declined by 86 per cent from 77.3 to 10.9 per
thousand births. This represented an average rate of
decline of -4.2 per cent per annum. By 1985 stillbirth
and neonatal mortality rates were identical (5.5 per
thousand), as a result of respective average annual

rates of decline of -4.3 and -4.0 percent. These long
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run average rates of change, lr':ouever, were not uniform
over this 46 year period (Table 4.1). During the war
years (1939-45) both stillbirth and neonatal mortality
rates declined by about 4 per cent per year. These
rates of improvement were not sustained over the next
two decades. Between 1955 and 1965, for example, the
stillbirth rate declined by 3.1 per cent per annum
whereas the neonatal mortality rate only declined by 2.1
per cent per annum. Rates of improvement began to
accelerate during the late 1960’s, first for stillbirths
and then, particularly from 1975 onwards, for neonatal
mortality rates. Over the period 1975 to 1985 neonatal
mortality rates declined by 7.4 per cent per annum: a
rate of decline more than double that of the previous

decade (-3.0 per cent).

Another perspective on these differential rates of
improvement is provided by Figure 4.2 where index
numbers (1939 = 100) of perinatal mortality rates are
presented alongside the proportion of overall change
which occurred over time. Index numbers of stillbirth
and neonatal death rates are contained in Figure 4.3 By
1945, 25 per cent of the overall decline in perinatal
mortality recorded over the 1939-1985 period had already
occurred. Another 25 per cent of the overall decline
had occurred by 1953. Three quarters of the overall
decline, however, was not registered for another 16

years in 1969 with the final quarter again taking 16
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years. Thus, although 50 per cent of the overall
decline in perinatal mortality had occurred in 14 years
(1939-1953), the remaining 50 per cent required 32

years.

This general pattern of rapid decline in the 1940’s and
early 1950’s followed by a relatively long period of
less impressive falls in perinatal mortality during the
mid-fifties and sixties which was supplanted by an
accelerating rate of improvement beginning in the
mid-seventies was true for both stillbirth and neonatal
mortality rates (Figure 4.3). By 1957, 50 per cent of
the overall declind in the stillbirth rate and 55 per
cent of the overall decline in the neonatal mortality
rate had occurred. By 1968, 75 per cent of the total
improvement in both stillbirth and neonatal mortality
rates had been achieved. Most of the remaining 25 per
cent had occurred by 1979 in the case of stillbirths.
Improvement in the neonatal mortality rate lagged
behind that of stillbirths. However, over the period
1977-1985, an accelerating rate of decline in neonatal
mortality accounted for a fifth of the overall

improvement in neonatal mortality.

These rates of decline had relatively little impact on
the distribution of perinatal deaths between stillbirths
and neonatal deaths (Figure 4.4). Over the period

1939-1985 the proportion of perinatal deaths accounted
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for b& stillbirths ranged from 43.9 per cent in 1977 to
56.8 per cent in 1953, Until the early 1970’s over half
of the perinatal deaths in Scotland were due to
stillbirths. The stillbirth proportion dropped below 50
per cent during the next decade due to the faster rate
of improvement in the stillbirth rate compared to the
neonatal mortality rate.s By 1985 perinatal deaths
were equally distributed between stillbirths and

neonatal deaths.
Age Composition of Neonatal Mortality

The overall neonatal mortality rate obscures
differential rates of improvement in component
age-specific rates of mortality during the first four
weeks after births. Age-specific morality rates are
presented in Figure 4.5 for three mutually exclusive age
groups (<1 day, 1-6 days and 7-27 days): corresponding
annual rate