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PREFACE

From 1941 through 1975, infant and child mortality rates were
significantly higher in the poorest states than in the other states of
Peninsular Malaysia. This Note investigates possible reasons for those
higher rates, using household-level data that document infant and child
mortality and their correlates. The results should be of interest in
countries whose mortality rates differ between low- and high-income
regions.

This research complements (a) previous Rand work exploring reasons
for the decline in infant mortality in Malaysia since World War II and
differences between mortality correlates in high- and low-mortality eras
(DaVanzo and Habicht, 1984 and 1986), and (b) a paper investigating
reasons for the inverse relation between the infant mortality rate and
economic development, considering the regional and temporal dimensions
of developing simultaneously (DaVanzo, 1985).

This research was supported by grants to The Rand Corporation from
the Ford Foundation, Rockefeller Foundation, and William and Flora
Hewlett Foundation.

Khairuddin Yusof is Professor of Social Obstetrics and Gynecology
at the University of Malaya Medical School, Kuala Lumpur, Malaysia.
Jean-Pierre Habicht is James Jamison Professor of Nutritional
Epidemiology, Division of Nutritional Sciences, Cornell University, and

a consultant to Rand.
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SUMMARY

In Peninsular Malaysia, the poorest, most rural, and northernmost
states of Kedah, Kelantan, Perlis, and Trengganu (KKPT) have the highest
average infant and child mortality rates. This study uses individual-
level retrospective data on infant and child mortality and their
correlates (from the Malaysian Family Life Survey) to examine the
factors that accounted for the higher mortality rates in these poorest
states in the years 1941-1975. Were the higher rates in KKPT due to
lower levels of factors known to reduce mortality? Or are they due to
differences between KKPT and the rest of Peninsular Malaysia in the
nature of the relationships between mortality and its correlates?

Our results indicate that the higher average infant mortality rate
(IMR) in KKPT over the 1941-1975 period can be explained by differences
in family characteristics and environmental conditions measured in this
data set. Poorer sanitation and the lesser incidence of hospital births
are important factors in accounting for the higher IMR in KKPT.

However, the major factor is the difference in ethnic composition
between the two regions: Chinese in Malaysia have IMRs far below those
for Malays; KKPT have a much smaller proportion of Chinese in their
population than do the other states of Peninsular Malaysia. In our
data, only 17 percent of the births in KKPT were to Chinese mothers,
compared with 46 percent in the other states. Furthermore, other things
the same, the Malay/Chinese IMR differential is greater in KKPT than in
the other states.

The IMR difference between KKPT and the other states would have
been even greater had it not been for the pattern of breastfeeding in
KKPT. While, on the average, women in KKPT supplemented their
children's feeding sooner during the period considered here, they
continued to breastfeed for much longer after supplementation began.
Furthermore, breastfeeding has a significantly more important beneficial
influence on infant survival in KKPT than in the rest of Peninsular
Malaysia, with the effect being three to four times stronger in KKPT.

This is due to the much greater impact of breastfeeding on survival when
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environmental conditions are poor. Hence, breastfeeding declines in
KKPT will-be dangerous until environmental conditions improve to a level
comparable with the other Peninsular states.

Child mortality is influenced by the same factors as infant
mortality except for proximate determinants at birth, such as the child's
birthweight, which have no effect on child mortality. Mother's
education has a stronger influence on child mortality than on infant
mortality. In addition, whereas there are no significant differences
between the Infant mortality rates of Indians and Malays in either KKPT
or the other states, Indian children are much more likely than Malay
children to die between the ages of one and five in KKPT. In the other
states, however, there is no significant differential between Indian and
Malay child-mortality rates.

Both infant and child mortality, especially the latter, declined
more rapidly in KKPT than in the other states between the 1940s and the
1970s in both relative and absolute terms. (This result is true whether
or not other mortality correlates, and their changes over time, are
controlled). The Malaysian government has been attempting to close the
gap in mortality and in health care services between these two areas.
Both our results and Vital Statistics data for Malaysia indicate that
the government has been succeeding. The closing of the mortality gap
may well reflect the increasing proportion of public expenditures that
are made in KKPT.

The continued efforts of the Malaysian government to improve health
services and modernize sanitation and water supplies in KKPT should
further reduce the gap in mortality. Piped water appears to be
especially important in reducing child mortality in KKPT. However, such
improvements take time to implement and for their effects to take hold.
During the interim, the maintenance of high levels of breastfeeding can
help keep IMRs from rising. From 1941 through 1975, the states of KKPT
experienced only modest declines in breastfeeding. Efforts should be
made to prevent any further decline in breastfeeding in these poorer
states until environmental conditions have improved sufficiently to

reduce the impact of breastfeeding on infant mortality.



- vii -

ACKNOWLEDGMENTS

We wish to thank John Haaga for his very helpful comments and

William Rogers for his statistical advice.






- ix -

CONTENTS
BREFACE . e iii
SUMMARY o i v
ACKNOWLEDGMENTS ... .it ittt et tttiieeenanasnoan e, vii
TABLES .. e e e xi
Section
I. INTRODUCTION .. iiititttinineneeeecnenenennesennenaennenanns 1
II. DATA AND METHODS .. ittt it tinee e iae e ienneneanenenns 4
2 o 4
Methods ... .. i i e e e e e e 10
IIT. EMPIRICAL RESULTS . iiiittiieiieesennrenneanneneeenneaneennnss 14
How Correlates of Mortality Differ Between KKPT
and the Other States ..........uiiiniviinnrrnneenneennennns 14
What Happens to the Regional IMR Differential
When Other Mortality Correlates Are Controlled ............. 16
Allowing for Differing Structures of Relationships
in KKPT and the Other States ........c.viieriienannennnnnnnn 18
How Much Lower (Higher) Would the IMR Have Been
in KKPT had KKPT had the Characteristics of
the Other States? .......iiiiiiiitiiienneennernneeanennnnns 22
Analysis for Malays Only .....uiintinininneenneennernnennenns 25
Recent Infant Mortality Differences ...........eeeevneeennnnn. 27
IV. DETERMINANTS OF CHILD MORTALITY ...t vvnutrnnennntannannennnennns 31
Comparison of Influences on Infant Mortality
and on Child Mortality ..........cc.iuuiniieiininnninnenns 31
Allowing for Differing Structures of Relationships
in KKPT and the Other States ...........iiiiuiiiiinininnnens 34
V. SUMMARY, CONCLUSIONS, AND POLICY IMPLICATIONS ...........ccuovv... 38
REFERENCE S oottt ittt ettt e e eennoeneroneseasoaneanonanans 43






10.

11.

- xi’-

TABLES

Infant Mortality Rates by State, 1970 and 1980 ...........ccvuunn 2

Means of Variables for KKPT and for the Other States of
Peninsular Malaysia .........cuuiiininininnnneneenennennenennn 15

Logit Regressions for Infant Mortality Showing the
Effects of Controlling Other Covariates on Coefficient
of KKPT Indicator ..........iuiiitiinrnnnenneenneenocenannnnnan 17

Logit Regressions Explaining Infant Mortality for KKPT and the
Other States of Peninsular Malaysia, Allowing for
Different Coefficients in the Two Regions ...............cc.... 19

Predicted Infant Mortality Rates Using One Region's Coefficients
and the Others' Variable Values ............vevveveeeennnnnnnnnn. 22

How Much Different Would the IMR Have Been in KKPT Had Each
Variable Had the Value of the Other States, and Vice Versa? ..... 24

Logit Regressions Explaining Infant Mortality for Malays Showing
the Effects of Controlling Other Covariates on
Coefficient of KKPT IndicatOr ......viviinrennnneneennnnnnnns 26

Logit Regressions for Malays Explaining Infant Mortality for KKPT
and Other States, Allowing for Different Coefficients
in the TWo Regions ... .itiiiiiiiniiin e ieteteneenerneaneannnnn 28

How Much Different Would the IMR for Malays Have Been in KKPT
Had Each Variable Had the Value of the Other States,
and Vice Versal .......iiieinnerenteneenenens teneeennennannnns 29
Comparison of Influences on Infant and Child Mortality ............ 32
Logit Regressions Explaining Child Mortality Probability for KKPT
and Other States, Allowing for Different Coefficients

in the TWo RegiOoNS . ...iiiiitniintinen i reeenenneneennnnenns 35

Variable Means for KKPT and Other States for Malays ............... 42






I. INTRODUCTION

Infant and child mortality rates vary considerably among the states
of Peninsular Malaysia, but there is a noticeable clustering of states
with similar mortality rates: The states with the highest mortality
rates tend to be the poorest, most rural, northernmost states.! This
paper focuses on four northern states--Kedah, Kelantan, Perlis, and
Trengganu (KKPT). The Fourth Malaysia Plan, issued in 1981, categorized
those four states as "low-income" states, with the lowest Gross Domestic
Product (GDP) per capita among all states; the GDP per capita for KKPT
combined has been half that of the seven other states.? In addition,
these states lag behind in availability of medical services, higher
education, and public utilities. They also have the highest ratios of
persons/doctor and persons/hospital bed and the lowest use of public
water systems per capita in Peninsular Malaysia (Fourth Malaysia Plan,
1981).

Infant mortality rates in 1980 were higher in KKPT than in any of
the "high-income" or "middle-income" states, as categorized in the
Fourth Malaysia Plan; this was generally true in 1970 as well as (see
Table 1). Child mortality rates (ages 1 to 5 at time of death) also
were higher in KKPT than in the other states (Vital Statistics, 1967 and
1974).

This Note examines the factors accounting for higher infant and
child mortality in KKPT over the period 1941-1975. We pose the

following questions:

'For example, in their evaluation of mortality data from Malaysian
vital statistics, Hirschman and Joo (1971) found that infant mortality
rates over the period 1946 to 1968 were highest in the states with the
lowest percentages of urban population based on the 1957 Census.

?In 1970, the GDP per capita was M$654 in KKPT and M$1364 in the
rest of Peninsular Malaysia; in 1980, the figures were M$1059 and M$1917
respectively. The GDP figures for both years are given in 1970
Malaysian dollars. In that year, one U.S. dollar equaled 3.09 Malaysian
dollars; thus, M$654 was US$212.



Table 1

INFANT MORTALITY RATES BY STATE, 1970 AND 1980

Infant
Mortality Rate

State 1970 1980

High-income Selangor

Selangor 29.4 22.8
Middle-income
Johore 36.7 27.1
Malacca 43.8 23.6
Negri Sembilan 39.7 24.5
Pahang 43.3 27 .4
Perak 41.7 29.2
Penang 38.0 25.0
Low-income
Kedah 42.3 30.6
Kelantan 58.7 38.3
Perlis 35.5 33.4
Trengganu 56.3 37.7

SOURCE: Fourth Malaysia Plan, 1981

Is the mortality differential due to the different levels of
factors known to reduce mortality, such as modern sanitation or
mothers' education?

If so, which deficiencies are the most responsible for the
higher mortality rate in the poorest states and therefore might
require specific government actions to alleviate them?

Do variations in these factors entirely explain the mortality
differential, or does the nature of the relationships between
mortality and its determinants differ as well between the

poorest and the other states of Peninsular Malaysia?



* Which factors have the strongest influence on infant and child

mortality in the poorest states?

To analyze the differences in infant and child mortality between
KKPT as a group and the rest of Peninsular Malaysia, we use data from
the Malaysian Family Life Survey (MFLS). The MFLS retrospectively
covers births in Peninsular Malaysia between 1941 and 1976. Like the
vital statistics data, the MFLS reveals a significantly higher infant
mortality rate in KKPT. The MFLS infant mortality rate in KKPT for the
period 1941-1975 was 68.0 deaths per thousand live births; in the other
states, the rate was 49.4 deaths per thousand live births. Child
mortality was also higher in KKPT: 29.0 deaths between ages one and five
per thousand children born five or more years before the survey,
compared with 23.0 deaths per thousand in the other states combined.?
While child mortality in the period did not vary greatly between KKPT
and the other states, in earlier years the differential was quite
substantial. The MFLS shows that in the period 1941-1955, the
probability of a child dying after his first birthday but before his
fifth nearly three times greater in KKPT than in the rest of the
peninsula (88.5 deaths per thousand versus 31.8).

Our empirical research focuses on factors that have both showed a
strong influence on infant mortality in our previous research and
reflect socioeconomic and demographic characteristics that differ
between KKPT and the other seven states. In Sec. II, we describe the
MFLS data and the variables we use in the analysis, and discuss our
methodology. Sections III and IV present the results of our empirical
analysis for infant and child mortality, respectively. The final

section discusses the implications and conclusions of our analyses.

3The measure of child mortality used in this analysis differs from
the child mortality rate published in the Vital Statistics, in that it
includes all deaths that occurred between age 1 and 5, not just those
occurring in a given year. Thus, our child mortality figure represents
the probability of a child alive at age 1 dying before his fifth
birthday. The rate computed in the Vital Statistics is the number of
deaths ages 1 to 5 in year t divided by the number of children aged 1 to
5 in year t; it is the death rate in a given year and does not reflect
the child mortality of a cohort of children (i.e., the death rate over a
4-year period). Therefore, our child mortality figure is much higher
than the one used in the Vital Statistics.
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iIt. DATA AND METHODS

DATA

We use data from the 1976-1977 Malaysian Family Life Survey (MFLS)
(Butz and DaVanzo, 1978). The population-based probability sample for
this survey consists of randomly selected private households that each
contained at least one ever-married woman 50 years old or younger at the
initial visit. A total of 1262 households (88 percent of the eligible
probability sample) completed Round 1 of the survey. These households
are contained in 52 primary sampling areas in Peninsular Malaysia. Of
these areas, 49 were randomly selected; the other three were purposively
selected to give additional representation to Indian households and
households in fishing communities. Fifteen of the 52 areas are in the
states of KKPT.!

The key questionnaire for this analysis is the Round 1 Female
Retrospective Life History questionnaire (MF2), which covers life events
as early as the 1940s for some respondents. It includes a complete life
history of all of a woman's pregnancies and related events. For each
pregnancy, the woman was asked the date and type of outcome. The sample
for the multivariate analysis of infant mortality consists of the 5320

singleton live births that occurred in Peninsular Malaysia between 1941

'The MFLS is essentially a random sample of women in their
childbearing years at the time of the survey in 1976, and hence should
provide a random sample of births around that time. It will not,
however, provide a random sample of births in earlier years. Because
there was upper age limit (age 50 in 1976) in selecting women for the
MFLS sample, the retrospective survey will not document the experiences
of older women in earlier years. For example, in 1960 the oldest women
in the sample were age 34 and in 1950 they were age 24. The MFLS survey
design could lead to two other possible biases: (1) The MFLS sample will
not be a random sample of all women in the birth cohorts that are
represented, because some women in these cohorts will have died or
emigrated before the date of the survey and their fertility and infant
mortality experiences will not be recorded. (2) Since the MFLS sample
is restricted to ever-married women, the experiences of those who have
never been married will not be represented. This should result in
negligible bias since out-of-wedlock childbearing is very rare in
Malaysia.
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and 1975 to women in the MFLS sample; the child mortality sample
consists of singleton births between 1941 and 1971 that survived their
first year of life.?

For each of these live births, information was collected on the
infant's birthweight, its durations of unsupplemented and supplemented
breastfeeding, and whether the child died and, if so, the date of death.
The retrospective data also contain a residential history, including
characteristics of houses where respondents have lived (such as type of
water and toilet sanitation). Hence these variables can be defined to
refer to the time of the birth of each child. Another questionnaire,
the household roster, documents the mother's ethnicity and education

level.

Variables Considered in This Analysis
With this information we have computed the following variables for
each live birth to women in our sample. For each, we describe how the

variable is measured and why it should affect infant or child mortality.

M Infant mortality: whether the child died in its first year of
life.
d Child mortality: whether a child who survived its first year of

life died in its second to fifth year.

2Twins and triplets are excluded from the multivariate analyses both
because their mortality rates are higher and because the nature of
influences on mortality is different for them. We do include multiple
births in the sample when we make comparisons of mortality rates with
Vital Statistics data.

The infant mortality analysis excludes births that occurred less
than a year before the date of interview; the child mortality analysis
excludes births that occurred less than five years before the date of
interview and excludes children who died in their first year of life.
Both analyses exclude births that occurred outside Peninsular Malaysia.
This variable refers to where the child was born and not
sarily where he lived between ages 0 and 5. However, there is
e migration between KKPT and the rest of Peninsular Malaysia over
age range. For example, the data show that between the ages 0 and
y one-half of one percent of children moved into or out of KKPT.
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® KKPT: a dichotomous variable that equals one if the child was
born Kedah, Kelantan, Perlis, or Trengganu; zero otherwise.?
(Births outside Peninsular Malaysia are excluded from the
analysis).

* Mother's education: years of schooling completed. Higher
mother's education is a well-established correlate of lower
infant mortality (see review in Hobcraft, McDonald and
Rutstein, 1984). We expect a similar effect on child
mortality. When its effect on infant/child mortality is
independent of income, it probably reflects the mother's
knowledge of how to care for children and her awareness and use
of appropriate health care services. Since income is not
included in our analyses, our education variable will
undoubtedly also reflect effects of income, which measures a
household's ability to afford the inputs--a good diet, modern
medical care--that can contribute to good health.

* Household water and sanitation: whether the house where the
family lived when the child was born had piped water or toilet
sanitation. These presumably measure exposure to
gastrointestinal diseases through contaminated water and to
other infectious diseases through poor hygiene.

®* Breastfeeding: number of months of unsupplemented and
supplemented breastfeeding in the first twelve months of life.*

Duration of breastfeeding may measure nutritional intake and

3This variable refers to where the child was born and not
necessarily where he lived between ages 0 and 5. However, there is
little migration between KKPT and the rest of Peninsular Malaysia ever
this age range. For example, the data show that between the ages 0 and
1 only one-half of one percent of children moved into or out of KKPT.

“If a baby dies soon after birth or for reasons unrelated to
this feeding, breastfeeding will be short becguse the baby died or was
ill-unto-death. Such a reverse-causation bias can result in serious

overestimates of the apparent effect of breastfeeding in reducing infant
mortality (Habicht, DaVanzo, and Butz, 1986). We have tried to correct
for this potential bias in the infant mortality analysis by imputing the
length of breastfeeding to all infants whose mothers said that the
reason they did not breastfeed or that they breastfed less than three
months was because the baby died or was ill. We also impute
breastfeeding durations to babies who stopped breastfeeding within the
last 12.5 percent of their lifespan; these infants who nursed until
shortly before death are more likely both to have ceased nursing and to
have died because of third causes (illness) than to have died because
they ceased nursing. The procedures we use to do this are described in
Habicht, DaVanzo, and Butz (1986).
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protection against certain diseases through maternal
Vantibodies. The extent of supplementation or substitution
reflects the likelihood of ingesting pathogens with breastmilk
supplements or substitutes.® For the child mortality analysis,
children with longer durations of breastfeeding in the first
year of life may be healthier at the start of their at-risk
period (ages 1 to 5) and thus have a better chance of surviving
the period.

* Length of preceding pregnancy interval: whether the
interpregnancy interval preceding this child's birth was short
(<15 mos).® A short pregnancy interval could be due to (1)
gestational prematurity, which increases the risk of death
(even when birthweight is controlled); it could also be
associated with (2) nutritional depletion of the mother, which
may reduce the baby's birthweight, and, even for a given
birthweight, impair the mother's lactation, or with (3)
competition of a previous young and surviving infant for the
mother's attention. (See DaVanzo, Butz, and Habicht, 1983, for
a more detailed discussion of these effects).

* Proportion of short interpregnancy intervals: proportion of all

other interpregnancy intervals (except the ones immediately

Actual lengths of unsupplemented and supplemented breastfeeding in
the first year of life are used for the child mortality analysis. The
total amount of breastfeeding is truncated to twelve months if the child
was breastfed more than a year, to deal with the problem of reverse
causation. We also tried a specification where we truncated the total
length of breastfeeding to 10.5 months to adjust for children who may
have died shortly after their first birthday but who may have been ill
for a couple of months prior and stopped suckling because of that
illness rather than normal weaning processes. The results, however, did
not differ from the twelve-month truncation, which is the one we report.

*This is particularly likely where environmental and water
contamination are high. Hence, the impact of breastfeeding should be
less where water supplies are hygienic and toilets are used. Likewise,
the detrimental effects of inadequate water and sanitation should be
less the longer is breastfeeding. In other work (Butz, Habicht, and
DaVanzo, 1984), we found significant interactions of breastfeeding with
toilet sanitation and with piped water in the total sample. However,
these interactions were generally insignificant within the KKPT and
other states samples, and, for ease of exposition, we present
specifications without those interactions in this Note.

®This variable is defined only for birth orders of two or higher.
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before and after the birth under consideration) with length
less than 15 months. This variable attempts to proxy recurrent
gestational prematurity, which increases the risk of infant
death (DaVanzo, Butz, and Habicht, 1983).

®* Birthweight: a dichotomous variable indicating whether the
infant weighed less than 2.5 kilograms at birth. Birthweight
is a strong correlate of mortality. Babies that weigh less
than 2.5 kg at birth are significantly more likely to die in
infancy (DaVanzo, Butz, and Habicht, 1983).

* Infant's place of birth: an indicator of whether the child was
born in a hospital.” In these data, babies born in hospitals
have lower infant mortality rates (DaVanzo, Butz, and Habicht,
1983).°8

* Year of child's birth: This variable serves as a proxy for
other influences accompanying socioeconomic development beyond
those already discussed.

* Mother's ethnicity: Chinese, Indian, or Malay (the omitted
group). Infant mortality rates in Malaysia show consistent
ethnic variation (Malaysian Department of Statistics, various
years), even when one controls for other mortality determinants
that are correlated with ethnicity (DaVanzo, Butz, and Habicht,
1983).° '

’Place of birth was recorded only for each woman's first and most
recent births. An indicator variable for whether the birth was the
first or most recent one for a given mother was included in the
regression specification, but is not reported here.

%Use of a hospital may be endogenous and its "effect" on mortality
would hence be biased (Schultz, 1984). Appropriate treatment of this,
e.g., by using an instrumental-variable approach, is beyond the scope of
this Note.

°This list of variables is shorter than that examined in our
earlier analysis (DaVanzo, Butz, and Habicht, 1983). We exclude from
these analyses variables that had no statistically significant effect on
infant mortality as a whole in that earlier analysis.

A notable exclusion, particularly for an analysis on determinants
of mortality in the poorest states relative to the rest of Peninsular
Malaysia, is household income. The income variable used in our previous
study was constructed from retrospective reports of hours worked and
wages of the mother and her husband, and of his other income. It was
adjusted by complex imputation procedures, which were based on the more
detailed data on families' income and wealth at the time of the study
and on retrospective information on income correlates (e.g., occupation,
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Quality of the MFLS Data on Infant Mortality

Haaga (1986) investigated the quality of the MFLS retrospectively
reported data on infant mortality and associated life events, and found
that the secular trend in infant mortality in the MFLS data and the
mortality differences between Malays and Chinese are generally similar
to those indicated by Malaysian Vital Statistics.!® The data show no
evidence for decreased reporting of mortality events in the distant
past.

The MFLS infant mortality rates for KKPT and for the other states
are fairly similar to those in the Vital Statistics. The IMR between
1965 and 1969 in KKPT calculated from the MFLS is 50 deaths per
thousand, while Vital Statistics for 1967 show an IMR of 57.!! For the
other states, the figures are 42 and 40, respectively. For the period
1970-1975, the MFLS IMR for KKPT was 41 deaths per thousand, identical
to the 1974 Vital Statistics rate; for the group of other states, the
MFLS rate was 34, and Vital Statistics reported 33.

employment status, type of area of residence). The resulting income
variable was probably liable to greater error than any other variable in
that study and was never significantly related to infant mortality
there. Given the well-known problems in constructing an appropriate
measure of income even when good information is available on its
components (e.g., see Kusnic and DaVanzo, 1980), we decided that we
could not measure income retrospectively with sufficient reliability to
include it in the analysis. Since education is highly correlated with
income, especially in explaining income growth in Malaysia (Smith,
1983), our education variable should reflect income differences to some
extent. The water and sanitation variables also are positively
correlated with income and should also reflect its influence.

'°The MFLS infant mortality rate for Indians is higher than that
indicated by Vital Statistics for the entire population of Malaysian
Indians. The MFLS Indian sample is relatively small.

!1The lower KKPT infant mortality rate in the MFLS may be partly
due to sampling error. The standard error of the IMR in KKPT in the
MFLS was 11.4 deaths per thousand for the period 1965-1969. Thus, the
MFLS IMR for the years around 1967 is within one standard error of the
Vital Statistics rates for those years. The age composition of mothers
in the MFLS may also account for the lower MFLS rates in KKPT. The
oldest women in the MFLS were 41 in 1967; hence babies born to mothers
over age 40, who tend to have higher mortality rates than those borm to
younger mothers, are underrepresented. Since KKPT tended to have a
larger proportion of their births from mothers over the age of 40 in
that period (Malaysian Vital Statistics, 1967), the MFLS IMR for KKPT
would be more affected by the exclusion of births to such mothers than
the rate for the other states.
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METHODS
Overview

We first estimate the extent to which controlling the variables
listed above affects the regional difference in mortality. We then
examine whether the nature of the relationships between infant and child
mortality and their determinants differs between KKPT and the other
states, and assess the importance of these structural differences in
explaining the higher mortality rates in KKPT. Finally, we calculate,
separately for each explanatory variable, how much higher (lower) the
KKPT mortality rate would have been had the value of that variable in
KKPT been the same as in the other states, other things the same. Such
an exercise identifies the main variables that account for the regional
difference in mortality rates, as well as those that have kept the

difference from being even greater. ''Impact of

impact of Differences in Mortality Determinants Assuming the Same
Structure in Relationships in KKPT and Other States

The simple t-tests for difference in mean values of infant and
child mortality between KKPT and the other seven states (presented ahead
in Table 2) show a significantly higher IMR in KKPT than in the other
states, but no significant difference for the child mortality rate.
However, these tests do not control for any of the factors related to
infant and child mortality and to location. To examine how the
relationship between location and mortality changes when other factors
are controlled, we estimate several logit regressiomns.'? We first
estimate a regression that includes only an indicator for whether the
child was born in KKPT. We then add two alternative sets of other
mortality correlates to assess their effect on the mortality
differential between KKPT and the other states of Peninsular Malaysia.
One set of correlates represents those factors whose differences could

have led to the higher mortality in KKPT; the other set contains those

'2Technically, a hazard model is the appropriate technique when the
dependent variable is a duration (length of life). However, when the
cumulative survival rate is high, as it is here, logit analysis gives
practically the same results as a hazard model.
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factors whose differences, by themselves alone, would have led to lower
mortality in KKPT. The final regression combines these two sets of
factors to examine the full impact of controlling them on the size and
significance of the mortality differential between KKPT and the other

states.

Allowing Effects to Differ

The analysis just described assumes that the poorest étates and the
other states of Malaysia have the same structures of relationships
explaining mortality variations. However, given the very substantial
socioeconomic, demographic, and public health differences between the
two sets of states (shown ahead in Table 2), the nature of the
relationships could differ as well.!?

To assess the role of structural differences, we have pooled the
samples for these two regions and have estimated logit regressions that
allow for different coefficients in the two regions. We do this by
interacting each variable with a dichotomous variable for KKPT. We then
test whether the KKPT and other states' coefficients differ for each
variable.

With this regression, we examine the extent to which the difference
in structural relationships between the two regions accounts for the
higher mortality rates in KKPT. We apply the KKPT coefficients to the
other states' observations to see how well the KKPT coefficients would
predict mortality in the rest of Malaysia.'® We also repeat this
exercise reversing the process, applying the other states' coefficients
to the KKPT observations to see if the other states' coefficients can

explain mortality in the poorest states. The difference between the

12DaVanzo and Habicht (1986) and Preston (1976 and 1980) have found
structural differences in comparing high- and low-mortality eras.
13To predict the IMR using the KKPT coefficients (Bk) and the other

states' observations, (Xo), we calculate a probability of dying for each

birth in the other states using the formula Po= 1/(1 + e(-BkX&). We

then take the average of these predicted probabilities and compare it
with the actual IMR in the other states to assess the role of structural
differences in explaining KKPT's higher IMR. (It would be inappropriate
to take the average of the predicted logits and convert that to a
probability because of the nonlinearity of the logit transformation).



- 12 -

actual IMR in a region and that predicted by that region's variable
values and the other region's structure is the portion attributable to
structural differences.

We then seek to understand the roles of particular variables in
contributing to the overall IMR difference due to differences in
explanatory variables. To do this we pose the following type of
question: Other things the same, how much lower would the IMR have been
in KKPT had KKPT had as many births to households with piped water as
the other states did over this period? We ask this question for each
explanatory variable. We then perform the reverse experiment and ask,
for example, how much lower would the IMR have been in the other states
if babies there breastfed as long as babies did in KKPT over the study
period?

To answer these questions, we compute for each subsample the change
in the IMR implied by a one-unit change in each explanatory variable,
Xi’ when all other variables are held constant at their mean values for
the subsample: P/3X, = B,P(1-P). We then multiply each of these first
derivatives by the actual difference between the mean of the variable in
KKPT and the other states. That is, to answer the question of how much
higher the IMR would have been in KKPT had KKPT had the same value of
the piped water variable as the other states, we compute

B Pk (1 - Pk) (W° - wk) x 1000,

wk

where Bwk = logit coefficient of water variable for KKPT,
Pk = average IMR in KKPT, and
Wi = mean value of water variable in the other

states (i = o) or KKPT (i = k).

Analyzing Child Mortality ,

The simple difference in average child mortality between KKPT and
the other states is not statistically significant, as shown in Table 1.
With no significant mortality differential to explain, we did not repeat
the first step of the infant mortality analysis, i.e., examining the

impact of controlling mortality correlates on the child mortality



- 13 -

differential between the two regions. Our objective, rather, was (1) to
see whaf factors influence child mortality, and how these differed from
the influence of these factors on infant mortality, and (2) whether
those relationships differed between KKPT and the other states. We
estimate a logit regression explaining child mortality and compare its
results with those from infant mortality. We then repeat the same
process used for infant mortality to test whether the effects of child

mortality determinants differ between KKPT and the other states.
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t1. EMPIRICAL RESULTS

HOW CORRELATES OF MORTALITY DIFFER BETWEEN KKPT AND THE
OTHER STATES

Table 2 displays, for KKPT and the other states, infant and child
mortality probabilities and means of the key mortality correlates
reported in our data. We have divided these correlates into two groups,
based on our previous research with thgse data (DaVanzo, Butz, and
Habicht, 1983): (1) those correlates whose differences between KKPT and
the other states could explain the higher mortality rate in KKPT, and
(2) those whose differences, other things equal, should lead to lower
mortality in KKPT. The right-most column of Table 2 presents
t-statistics indicating the statistical significance of the difference
between the means for KKPT and for the other seven states. All but one
of the differences shown in Table 2 are statistically significant.

Table 2 shows seven variables whose differences could explain the
higher mortality rates in KKPT. For example, there are pronounced
differences for water, sanitation, and ethnicity--factors which all have
strong relationships with infant mortality in Malaysia (DaVanzo, Butz,
and Habicht, 1983). However, Table 2 also reveals several significant
differences that, other things the same, should have led to Jower infant
and child rates in KKPT. The greatest difference of this type occurs
for supplemented breastfeeding, whose average duration in KKPT was 70
percent longer than in the other states. The duration of unsupplemented
breastfeeding, however, was 33 percent shorter on average in KKPT during
our analysis period,! and may have offset the advantage of its longer
supplemented breastfeeding, especially since unsupplemented
breastfeeding has a greated impact on mortality in early infancy than
supplemented (DaVanzo, Butz, and Habicht, 1983; Habicht, DaVanzo, and
Butz, 1986). The following discussion of our empirical results will
examine some of the questions raised by these differences among

correlates of mortality such as:

!Statistics in DaVanzo (1985) reveal that the duration of
unsupplemented breastfeeding was longer in the other seven states in
KKPT only for births before 1960.
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Table 2

MEANS OF VARIABLES FOR KKPT AND FOR THE OTHER STATES
OF PENINSULAR MALAYSIA

Rest of
Peninsular Significance
KKPT Malaysia of Difference
Variable (n=1372) (n=3948) (t-statistic)
Mortality (deaths/1000)
Infant -mortality probability 60.5 43.6 2.53
Child mortality probability (a) 28.9 22.4 1.20
Factors whose difference would
lead to higher mortality in KKPT
Mother's education (yr) 1.97 2.57 -6.28
Piped water (D) 0.233 0.486 -16.78
Toilet sanitation (D) 0.604 0.856 -20.55
Unsupplemented breastfeeding (b) 0.856 1.29 -5.19
Child born in hospital (D) 0.266 0.497 -9.38
Chinese (D) 0.170 0.455 -9.41
Indian (D) 0.026 0.169 -13.70
Factors whose difference would
lead to lower mortality in KKPT
Supplemented breastfeeding (b) 8.19 4.82 22.52
Preceding interval < 15 months (D) 0.092 0.151 -5.56
Proportion of other intervals 0.084 0.150 -10.25
< 15 months
Birthweight < 2.5 kg (D) 0.083 0.113 -3.16

NOTES:
See Sec. II for definitions of these variables.

All explanatory variables refer to the time of each
child's birth.

D = dichotomous variable.

(a) Sample sizes for the child mortality probability are n=1037
for KKPT and n=3131 for the other states.

(b) Number of months in first year of life.
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* To what extent do the inferior environmental conditions in KKPT
7 account for their higher infant and child mortality?.

*  How much higher would mortality have been in KKPT had the level
of supplemented breastfeeding been the same as in the rest of
the country during our sample period?

®* Was the shorter duration of unsupplemented breastfeeding in
KKPT over this period an important reason for its higher infant

mortality rate?

WHAT HAPPENS TO THE REGIONAL IMR DIFFERENTIAL WHEN
OTHER MORTALITY CORRELATES ARE CONTROLLED

Table 3 shows the impact on the coefficient of the KKPT indicator
of controlling the other explanatory variables considered. In column
(1) an indicator for KKPT is the only explanatory variable; its
statistically significant coefficient indicates the higher probability
of an infant dying in KKPT (a log odds ratio 0.346 higher). This
parallels the significant difference between the mean infant mortality
rates of the two state groups seen in Table 2. The size and
significance of this difference, however, change as alternative groups
of infant mortality correlates are added in cols. (2) - (&4).

When we control for factors that may be responsible for the higher
mortality rates in KKPT, the remaining difference in probability of
infant mortality indicates a Jower IMR in KKPT than in other states;
however, the difference is statistically insignificant. This implies
that, assuming the same structure of relationships in KKPT and other
states, all of the infant mortality differential between the two areas
can be explained by the lesser incidence of modern plumbing and
sanitation facilities in KKPT, the lower ievels of mother's years of
schooling and unsupplemented breastfeeding, the smaller proportion of
babies born in hospitals, and the larger proportion of Malays; i.e.,
that the poorer states have more of the characteristics associated with
higher mortality.

In contrast, the differential in infant mortality increases when
only factors that might lead to a lower IMR in KKPT than in other states
are included along with the KKPT indicator (column (3)). The
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Table 3

LOGIT REGRESSIONS FOR INFANT MORTALITY SHOWING THE EFFECTS OF
CONTROLLING OTHER COVARIATES ON COEFFICIENT OF KKPT INDICATOR

(n

= 5320)

Alternative Regression Specifications

Explanatory (1) 2) (3) (4)
Variables
Location -
KKPT (D) 0.346 -0.154 0.470 0.0906
(2.52) (-0.99) (3.21) (0.57)
Possible causes of higher
mortality in poorest states
Piped water (D) -0.0419 -0.0821
(-0.25) (-0.48)
Toilet sanitation. (D) -0.381 «0.446
(-2.48) (-2.83)
Mother's education (yr) -0.0869 -0.0705
(-3.10) (-2.41)
Chinese (D) ~0.961 -1.28
(-5.00) (-6.38)
Indian (D) -0.0619 ~0.541
(-0.29) (-2.42)
Child born in hospital (D) ~0.595 ~0.568
(-2.18) (-2.06)
Months unsupplemented -0.169 -0.213
breastfeeding (-3.50) (-4.45)
Possible causes of lower
mortality in poorest states
Preceding interval 0.766 0.668
< 15 months (D) (4.93) (4.05)
Proportion of other 0.391 0.317
intervals < 15 months (1.33) (0.99)
Birthweight < 2.5 kg (D) 0.915 0.998
(5.70) (5.85)
Months supplemented -0.0009 -0.0852
breastfeeding (-0.07) (=5.51)
Other controls
Year of child's birth -0.0474
(e.g., 1970=70) (-5.40)
Intercept -3.09 -2.06 -3.45 1.22
(-39.6) (-13.9) (-26.5) (2.13)
x? 6.095 108.84 61.43 220.96
Mean dependent variable 0.0479

NOTE: D = dichotomous variable; t-statistics are in parentheses beneath

coefficients.
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differential in relative odds (P/[1 - P]) increases by 13 percent
compared with column (1) and is statistically significant. This
correspohds to a rise in the IMR between KKPT and the other states from
16.9 deaths per thousand to 23.3. This implies that the infant
mortality differential would have been even greater had it not been for
the lesser incidence of short interpregnancy intervals and of low-weight
births and the longer duration of supplemented breastfeeding in KKPT.

We combine the two variable groups in col. (4) to see which effects
dominate. Again, as in col. (2), the IMR in KKPT is totally explained
by the levels of the covariates in KKPT. The coefficient of the KKPT

indicator is small and statistically insignificant.?

ALLOWING FOR DIFFERING STRUCTURES OF RELATIONSHIPS IN KKPT
AND THE OTHER STATES

Which Coefficients Differ Between KKPT and the Other States?

Although the levels of its explanatory variables appear to explain
the higher infant mortality in KKPT, there may still be structural
differences in the effects of those variables between the two state
groups. We investigate this possibility in Table 4. Column (1)
presents the logit coefficients for KKPT, col. (2) gives those for the
other states, while col. (3) presents t-statistics indicating whether

the coefficients in cols. (1) and (2) differ significantly.

2The results in col. (4) for the individual explanatory variables
are similar to those in cols. (2) and (3), with several notable
exceptions. Infant mortality is significantly lower for Indians
relative to Malays in col. (&), whereas in col. (2) the difference is
much smaller and statistically insignificant. Indian babies tend to
weigh less at birth and their births are more closely spaced than other
babies (DaVanzo, Habicht, and Butz, 1984). When those "mortality-
increasing'" factors are controlled, Indian babies have a significantly
lower IMR than Malays--24.7 deaths per thousand births lower on average.
The influence of supplemented breastfeeding is much larger in absolute
value and becomes statistically significant, and the effect of
unsupplemented breastfeeding increases also, when the two variable
groups are combined. The importance of breastfeeding in reducing
mortality is more apparent when we control for modern water, sanitationm,
and education (all of which are negatively correlated with duration of
breastfeeding in Malaysia).
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Table &

LOGIT REGRESSIONS EXPLAINING INFANT MORTALITY FOR KKPT
AND THE OTHER STATES OF PENINSULAR MALAYSIA, ALLOWING FOR
DIFFERENT COEFFICIENTS IN THE TWO REGIONS

(1) (2) (3)
Coefficient Coefficient t-Statistic
for KKPT for Other Indicating
[n=1371] States Whether (1)
[n=3948) and (2) Differ
Significantly
Socioeconomic factor
Mother's education 0.0796 -0.0638 -0.23
(-1.31) (-1.89)
Sanitation, nutrition, and
medical variables
Piped water (D) -0.277 -0.0463 -0.50
(-0.65) (-0.24)
Toilet sanitation (D) -0.349 -0.476 0.38
(-1.32) (-2.39)
Months unsupplemented -0.460 -0.162 -1.71
breastfeeding (-2.74) (-3.34)
Months supplemented -0.164 -0.0412 -3.84
breastfeeding (-6.35) (-2.19)
Birthweight < 2.5 kg (D) 0.981 0.987 -0.01
(2.69) (5.03)
Child born in -0.400 -0.658 0.38
hospital (D) (-0.67) (-2.07)
Demographic variables
Preceding interval 0.0127 0.886 -1.96
< 15 months (D) (0.03) (4.79)
Proportion of other 1.13 0.149 1.31
intervals < 15 months (1.74) (0.40)
Ethnicity
Chinese (D) -2.04 -1.05 -1.55
(-3.43) (-4.78)
Indian (D) -1.60 -0.376 -1.07
(-1.43) (-1.59)
Year of child's birth -0.0615 -0.0390 -1.15
(e.g., 1970=70) (-3.79) (-3.64)
Intercept 2.98 0.301 3.10 (Year = 41)
( 2.85) (0.42) 2.08 (Year = 75)
x? 246.4
Mean of dependent variable 0.0605 0.0436

NOTE: D = dichotomous variable; t-statistics

coefficients.

are in parentheses beneath
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Column (3) indicates that three coefficients and the intercept
differ significantly between the areas. Both unsupplemented and
supplemented breastfeeding have much larger negative effects on infant
mortality in KKPT than elsewhere. This presumably reflects the fact
that the beneficial effect of breastfeeding in preventing infant deaths
is much greater when environmental conditions are poor, as reflected in
significantly positive interactions between the breastfeeding and the
water and sanitation variables seen in the total sample (Butz, Habicht,
and DaVanzo, 1984). However, such interactions were not significant
within the KKPT and other states samples. It appears that the most
important variation in environmental conditions, insofar as they affect
the influence of breastfeeding, occurs between (rather than within)
these regions.

The intercept is significantly larger in KKPT as well. The tests
reported in col. (3) of Table &4 set child's year of birth at its minimum
and maximum values in our sample (41 [1941] and 75 [1975].° Hence, when
all explanatory variables except year take on a value of zero, infant
mortality rates are significantly higher in KKPT.

While their coefficients may not differ significantly between the
two regions, there are some other interesting differences in how factors
affect infant mortality in the state groups. Although Chinese infants
have a significantly lower mortality rate than Malays in both regions,
the differential in infant mortality between Chinese and Malays is much
larger in KKPT and is very nearly significantly different from the
Chinese-Malay differential in the other seven states. The Indian-Malay
differential is also much larger in KKPT. In fact, Malay and Indian
rates are remarkably similar in the other states. Within KKPT, there is
no significant difference between the mortality rates of Chinese and
Indian infants (t = -0.37); however, in the other states, the infant
mortality rate of Chinese is significantly lower than that of Indian

infants (t = =-2.63).

3Since year of child's birth is not less than 41 (1941) in our
data, the appropriate test must account for year of birth as a positive
number rather than zero.
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Another interesting difference is that the advantage of being born
in a hospital is statistically significant in the other states, and
greater than the hospital/nonhospital differential in infant mortality
in KKPT. The insignificant effect of giving birth in a hospital on
infant mortality in KKPT may result because other variables are
capturing the effect. Regressions (not reported) examining the choice
of a hospital as the place of birth indicate that, in KKPT, mothers with
higher education, of Chinese ethnicity, or closer to hospitals are much
more likely to give birth in hospitals. The effects of these variables
on choice of birth institution are much weaker in the other seven
states. Thus, in the KKPT infant mortality equation, education and
ethnicity may be capturing the hospital effect.

One curious result is the reversal between the two state groupings
in the effects of a preceding short interval and the proportion of
previous births with short intervals. We tested to see whether this
puzzling result might be due to collinearity between our two short-
interval variables, by alternately dropping each variable to see the
effect on the remaining one. The individual effects of each variable
were the same regardless of whether they were entered separately or

together."

Covariate Differences vs. Structural Differences

In Table 5 we apply the KKPT coefficients to the other states'
observations, and vice versa, to assess the relative roles of
differences in values of the covariates and differences in the
structures of relationships in accounting for the mortality differential
between the two regions. Consistent with the findings of Table 3,
differences in variable values account for the vast majority (88 to 98
percent) of the difference in the IMRs.

When the other states' coefficients are applied to the observations
from KKPT, the average predicted IMR is 58.4 deaths per thousand. The
actual IMR in KKPT was 60.5 deaths per thousand; thus structural

%It is also possible that births (and deaths) following short
intervals may be underreported in KKPT (see Table 2).
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Table 5

PREDICTED INFANT MORTALITY RATES USING ONE REGION'S
COEFFICIENTS AND THE OTHERS' VARIABLE VALUES

Explanatory
Variables for IMR Differences Due
to Differences in
Other Values of
IMR KKPT States Explanatory Variables
Predicted IMR using
KKPT coefficients 60.5 44.0 16.5
Predicted IMR using other
states' coefficients 58.4 43.6 14.8
IMR difference due to
difference in coefficients 2.1 0.4

Actual IMR
KKPT 60.5
Other states 43.5

Difference 16.9

differences account for only 2.1 deaths per thousand of the 16.9 deaths
per thousand differential. When the procedure is reversed, applying the
KKPT coefficients to the other states' observations, the average
predicted IMR for the other states is only 0.4 deaths per thousand
higher than the actual rate of 43.6. Hence, the vast majority of the
IMR differences between KKPT and the other states is due to differences

in the values of the explanatory variables considered here.

HOW MUCH LOWER (HIGHER) WOULD THE IMR HAVE BEEN IN KKPT
HAD KKPT HAD THE CHARACTERISTICS OF THE OTHER STATES?

We answer this question by multiplying the average effect of each
variable in KKPT (measured by the first derivative of the logit function

evaluated at the mean IMR for KKPT) by the difference in the mean values
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of that variable for KKPT and for the other states. We multiply these
figures‘by 1000 so that they can be interpreted as difference in the
IMR. Note that each of these figures, presented in col. (1) of Table 6,
is calculated assuming all other variables remain at their KKPT levels.
The opposite exercise is presented in col. (2), which asks the question:
How much higher (lower) would the IMR have been in the other states had
they had each of the average characteristics of KKPT?

We see in col. (1) that if KKPT had had the same average level of
mothers' education over the 1941-1975 period as the other states, its
IMR would have been 2.7 points lower. Had KKPT had the same incidence
of piped water as the other states, its IMR would have been 4.0 points
lower. Toilet sanitation and hospital births are even more important,
being associated with IMR differentials of 5.0 and 5.2 deaths/per
thousand, respectively.

However, the most important variables in Table 6 are the
breastfeeding and ethnicity variables. Had KKPT had the same proportion
of its births to Chinese women as the other states, its IMR would have
been 33 points lower! Increasing the proportion of births to Indian
women in KKPT would also reduce its IMR substantially (by 13 points).

The shorter average duration of unsupplemented breastfeeding in
KKPT for the cohort of women studied here (women < age 50 in 1976) also
contributed to the higher IMR of their infants. Had they full-breastfed
their babies as long as their counterparts in the other states over the
1941-1975 period, their IMR would have been 11.4,points lower. However,
this is more than offset by the effect of the sﬁbstantially longer
duration of supplemented breastfeeding in KKPT. This longer duration of
supplemented breastfeeding kept the IMR in KKPT from being 50 percent
higher than it would have been had the duration of supplemented
breastfeeding in KKPT been the same as in the other states over the
1941-1975 period. On net, had women in this cohort in KKPT had the same
breastfeeding behavior as women in the other states, their IMR would
have been around 20 deaths per thousand higher than it actually was.

The numbers in col. (2), showing how the other states' IMR would
differ if those states had the characteristics of KKPT, are generally
considerably smaller than their counterparts in col. (1). This is due

to (a) the lower IMR in the other states,® and (b) the fact that many of
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Table 6

HOW MUCH DIFFERENT WOULD THE IMR HAVE BEEN IN KKPT HAD EACH
VARIABLE HAD THE VALUE OF THE OTHER STATES, AND VICE VERSA?

(1) (2)
Change in KKPT Change in Other
had the Mean Value States IMR had
of This Variable the Mean Value
Been the Same as of This Variable
in the Other States Been the Same as
in KKPT
Socioeconomic factor
Mother's education -2.7 +1.6
Sanitation, Nutrition, and ~
Medical Variables
Piped water -4.0 +0.5
Toilet sanitation -5.0 +5.0
Months unsupplemented -11.4 +2.0
breastfeeding
Months supplemented +31.4 -5.8
breastfeeding
Birthweight < 2.5 kg + 1.6 -1.2
Child born in hospital -5.2 +6.3

Demographic variables
Preceding interval +0.0 2.2
< 15 months

Proportion of other +4.2 -0.4
intervals < 15 months

Ethnicity
Chinese -33.0 +12.5
Indian ~-13.0 +2.2
Year of child's birth +1.3 -0.6
Mean of IMR 60.5 43.6

NOTE: + => higher IMR;
- => lower IMR.
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the variables have smaller relative effects (i.e., logit coefficients)
in the other states than in KKPT. Nonetheless, the general conclusions
are similar to those in col. (1). The most policy-relevant result in
col. (2) is that the IMR in the other states would have been reduced by
over 10 percent had women in the other states had a duration of
supplemented breastfeeding as long as did women in KKPT.

' The results in Table 6 suggest that much of the regional
differential in the IMR is due to a difference that is not easily
changed by policies or programs: the ethnic composition of the
population. However, trying to bring KKPT to equity with the other
states along dimensions that policymakers can more easily affect--e.g.,
improving water and sanitation, increasing education, and access to
hospitals--would in themselves go a long way toward closing the regional
differential in the IMR.

ANALYSIS FOR MALAYS ONLY

Because of the overwhelming importance of ethnicity, we have
repeated these analyses within the subsample of Malays, the only ethnic
group with ample observations in both regions.® Even for the Malay
subsample, the IMR is higher in KKPT than in the other states (70.7 vs.
64.1), but the difference is no longer statistically significant. (A
simple logit regression controlling only for KKPT reveals no significant
difference in mortality for Malays between the two regions: t = 0.67.)
The regression results in Table 7 suggest that the somewhat higher IMR
for Malays in KKPT is generally due to the same differences that are
important for the population at large. In fact, piped water, maternal
education, hospital births, and unsupplemented breastfeeding have even
stronger relative influences for the Malay subsample than for the total
population; the offsetting influences of supplemented breastfeeding and

birthweight are stronger as well.

®Recall, each average effect is estimated by multiplying the logit
coefficient by Pj(l - Pj), where Pj is the average IMR in region j.

®Appendix Table A.1 provides, for Malays, the means of the
regression variables for KKPT and the other states. The table also
includes t-statistics to determine whether the differences in the means
between the two regions are significant.
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Table 7

LOGIT REGRESSIONS EXPLAINING INFANT MORTALITY FOR MALAYS
SHOWING THE EFFECTS OF CONTROLLING OTHER COVARIATES
ON COEFFICIENT OF KKPT INDICATOR

(n = 2585)
Explanatory
Variable (1) 2)
Location
KKPT (D) 0.011 0.201
(0.67) (1.13)
Possible causes of higher
mortal ity in poorest states
Piped water (D) -0.369
(-1.52)
Toilet sanitation (D) -0.259
(-1.44)
Mother's education (yr) -0.0810
(-2.00)
Child born in hospital (D) -1.57
(-2.59)
Months unsupplemented -0.333
breastfeeding (~4.44)
Possible causes of lower
mortal ity in poorest states
Preceding interval 0.729
< 15 months (D) ( 3.40)
Proportion of previous 0.321
intervals < 15 months ( 0.74)
Birthweight < 2.5 kg (D) 1.436
( 4.39)
Months supplemented breastfeeding -0.125
(-6.99)
Other controls -
Year of child's birth -0.0541
(-5.02)
Intercept -2.681 1.900
(-25.32) (2.77)
x? 0.44 161.16
Mean dependent variable .0669

NOTE: D = dichotomous variable.
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When we allow the coefficients to differ between KKPT and the other
states for the Malay subsample (Table 8), the results parallel those for
the popuiation at large. Again, breastfeeding is more important in
KKPT, but otherwise there are few structural differences.

Table 9 repeats the exercise of Table 6 for the Malay subsample.
Maternal education and hospital birth are now more important than in
Table 6. Had Malay women in KKPT had the same level of education as
those in the other states, their IMR would have been seven deaths per
thousand lower. Had they delivered as many of their babies in hospitals
as women in the other states, their IMR would have been 12.9 deaths per
thousand lower.

As in the total sample, breastfeeding differences between KKPT and
the other states have important implications for their infant mortality
differences. But, for the Malay subsample, the beneficial influence of
their longer supplemented breastfeeding in KKPT is offset by the
detrimental influence of their shorter duration of unsupplemented
breastfeeding in those states, and hence, for them, breastfeeding
differences, on net, play little role in explaining the higher IMR in
KKPT. For the total sample, differences in breastfeeding patterns had
the net effect of substantially reducing the IMR difference between the
KKPT and the other states.

RECENT INFANT MORTALITY DIFFERENCES

As IMR declined up to the time of the MFLS survey in 1976, so did
the difference between the IMR in KKPT and in the other seven states.
In light of these narrowing differences in infant mortality over time,
we investigated whether the pattern of effects for the period of
1941-1975 still holds when the sample is restricted to more recent
births. We repeated the analysis for all births occurring between 1960
and 1975. In that period, the average IMR for singleton births was 46.3
deaths per thousand for KKPT and 34.2 deaths per thousand for the other
states, a difference that is statistically significant (t = 1.72). As
before, this differential becomes insignificant (t = 1.21) when other
variables are added. The qualitative results for the post-1960 period

are quite similar to those for the 1941-1975 period.7 Toilet sanitation,

"For this reason, the results for the post-1960 period are not
presented in this Note.



- 28 -

Table 8

LOGIT REGRESSIONS FOR MALAYS EXPLAINING INFANT MORTALITY FOR KKPT AND
OTHER STATES, ALLOWING FOR DIFFERENT COEFFICIENTS IN
THE TWO REGIONS

(1) (2) (3
Coefficients Coefficients t-Statistic
for KKPT for Other States Indicating
[n=1103]} [n=1482] Whether (1)
and (2) Differ
Explanatory Variable Significantly
Socioeconomic factor :
Mother's education T -0.140 0.0507 -1.01
(-0.43) (-0.98)
Sanitation, nutrition,
and medical variables
Piped water (D) -0.200 -0.437 0.43
(-0.43) (-1.53)
Toilet sanitation (D) -0.261 -0.221 -0.11
(-0.97) (-0.90)
Months unsupplemented ~-0.512 -0.279 -1.14
breastfeeding (-2.72) (=3.54)
Months supplemented -0.176 -0.081 -2.67
breastfeeding (-6.69) (-3.36)
Birthweight < 2.5 kg (D) 0.871 1.077 -0.41
(2.14) (3.60)
Child born in -1.676 -1.626 -0.04
hospital (D) (-1.59) (-2.16)
Demographic variables
Preceding interval 0.079 1.079 -1.98
< 15 months (D) (0.18) (4.20)
Proportion of other 1.145 -0.0212 1.29
intervals < 15 months (1.59) (-0.04)
Year of child's birth -0.0615 -0.0524 -0.03
(-3.79) (-3.64)
Intercept 2.610 1.360 0.88
(2.42) (1.48)
x* 176.4
Mean of dependent
variable 0.0707 0.0641

NOTE: D = dichotomous variable; t-statistics are in parentheses beneath
coefficients.
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Table 9

HOW MUCH DIFFERENT WOULD THE IMR FOR MALAYS HAVE BEEN IN KKPT
HAD EACH VARIABLE HAD THE VALUE OF THE OTHER STATES, AND VICE VERSA?

(1) (2)
Change in KKPT Change in Other
IMR had Mean Value of States IMR had the
This Variable Been Mean Value of This
the Same as in Variable Been the
the Other States Same as in KKPT
Socioeconomic factor -7.0 + 2.3
Mother's education '
Sanitation, nutrition, and
medical variables
Piped water - 2.6 + 5.3
Toilet sanitation - 3.4 + 3.3
Months unsupplemented breastfeeding -27.2 +13.6
Months supplemented breastfeeding +25.9 -10.9
Birthweight < 2.5 kg + 1.8 - 2.0
Child born in hospital -12.9 - +11.4

Demographic variables
Preceding interval + 0.2 - 0.2
< 15 months

Proportion of other + 4.1 ‘ - 0.1
intervals < 15 months

Year of child's birth - 2.8 + 2.2

Mean of IMR 70.7 64.1

NOTE: + => higher IMR.
- => lower IMR.
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ethnicity, and breastfeeding are still important factors in explaining
the mortality differential, although the coefficients and levels of
signifidance are usually smaller, partly due to the smaller total sample
size of 3772 births. The structures of the relationship between
mortality and its determinants do not differ much between KKPT and the
other states.® Thus, even in a subperiod when the differential in

infant mortality was smaller, the story remains virtually the same.

®0nly the effects of length of interpregnancy interval and
supplemented breastfeeding differ significantly between the areas. A
short interpregnancy interval has no effect on mortality in KKPT, but a
large positive effect in the other states; supplemented breastfeeding
reduces mortality in KKPT but has no significant effect in the other
states.
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IV. DETERMINANTS OF CHILD MORTALITY

COMPARISON OF INFLUENCES ON INFANT MORTALITY
AND ON CHILD MORTALITY

To assess the effects of infant mortality correlates on mortality
in childhood, we regressed an indicator of child mortality (whether the
child died between ages 1 and 5) on our set of infant mortality
correlates. Table 10 presents a logit regression explaining child
mortality for the total sample of all births in Peninsular Malaysia, and
provides a comparison between infant and child mortality for each
variable's effects.

‘ Several factors that influence infant mortality continue to have
strong effects on subsequent mortality of children. Mother's education,
which may represent both a mortality influence in its own right as well
as a proxy for household income, continues to be associated with reduced
mortality of her children beyond infancy. In fact, the logit
coefficient, representing the effect on the relative odds of dying, is
larger for child mortality than for infant.! Better informed mothers
(and/or wealthier households) may be better able to prevent or combat
childhood illnesses, presumably through better nutrition, health care,
and child care practices.? This continues the pattern found in DaVanzo,
Butz, and Habicht (1983) for subperiods of infancy, where the influence
of education increased as the infant became older.

The amount and type of breastfeeding in the first twelve months
significantly affects subsequent mortality. The effects are not as
strong as for infant mortality, but the healthier start provided by

longer breastfeeding, especially unsupplemented, reduces the child's

'In logit regressions with no other controls, the effect of
mother's education on child mortality is twice that on infant mortality:
[-.0266 (t = -4.42)] vs. [-.011 (t = =4.27)].

2Another possibility is that we have included more of the
intermediate variables through which mother's education has its effect
at early ages (e.g., birthweight, hospital birth) than at later ages
(where factors such as health care utilization, which we have not
included, may be important mediating variables).



- 32 -

Table 10

COMPARISON OF INFLUENCES ON INFANT AND CHILD MORTALITY
[Table entries are logit coefficients and t-statistics]

Explanatory Infant Mortality Child Mortality
Variable (n=5320) (n=4168)
Location
KKPT 0.0906 -0.113
(0.57) (-0.45)
Socioceconomic factor
Mother's education N -0.0705 -0.210
(-2.41) (-3.32)
Sanitation, nutrition, and
medical variables
Piped water (D) -0.0821 -0.853
(-0.48) (-2.92)
Toilet sanitation (D) -0.446 -0.0895
(-2.83) (-0.36)
Birthweight < 2.5 kg (D) 0.998 0.248
(5.85) (0.76)
Months unsupplemented breastfeeding -0.213 -0.127
(-4.45) (-2.21)
Months supplemented breastfeeding -0.0852 -0.0315
(-5.51) (-1.30)
Child born in hospital (D) -0.568 -0.529
(-2.06) (-1.08)
Demographic Variables
Preceding interval 0.668 -0.187
< 15 months (D) ( 4.05) (-0.60)
Proportion of other 0.317 0.376
intervals < 15 months ( 0.99) (0.70)
Ethnicity
Chinese (D) -1.28 -0.940
(-6.38) (-3.02)
Indian (D) -0.541 0.525
(-2.42) (1.58)
Year of child's birth -0.0474 -0.0548
(-5.40) (-3.60)
Intercept 1.22 0.625
(2.13) (0.64)
XZ 220.1 80.08

NOTE: D = Dichotomous variable.
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probability of dying between ages 1 and 5. We tested for nonlinearities
in the effect of unsupplemented breastfeeding by entering a spline for
each four-month interval. The effect at any interval of unsupplemented
breastfeeding was insignificant in its effect on child mortality.
Interestingly, though, the magnitudes of the effects were the same for
0-4 and 5-8 months, while the effect of an additional month of
breastfeeding in the range of 9-12 months of unsupplemented
breastfeeding was less than half that of a month of breastfeeding in the
first eight months. Hence the beneficial effect of unsupplemented
breastfeeding in infancy on subsequent child mortality appears to drop
off after about eight months of breastfeeding. This pattern is
consistent with the literature, which suggests that very long
unsupplemented breastfeeding (more than six months) can be detrimental
to a child's health (Plank and Milanesi, 1973) because it does not
provide enough energy to the older infant (Rowland et al., 1981).

The relative importance of the effects of piped water and toilet
sanitation reverse themselves from those for infant mortality: The
presence of piped water has a strong effect in reducing child mortality,
while toilet sanitation no longer seems to have an effect beyond
infancy. It may be that, after infancy, the child has greater immunity
or protection from diseases fostered by poor sewage facilities. With
breastfeeding, particularly unsupplemented, decreasing after the first
year, children may now be more susceptible to diseases transmitted
through ingestion of contaminated water supplies. It is also possible
that children are more susceptible than infants to diseases that are
preventable by frequent hand washing.?

Ethnicity continues to be related to mortality beyond the first
year of life. Children of Chinese parents continue to have
significantly lower mortality than Malays; the relative difference is
nearly as large as for infant mortality. Indians, however, have a

higher incidence of child mortality than Malays and Chinese, other

3We also tried including interactions of breastfeeding with piped
water and with toilet sanitation to test whether the effects of
breastfeeding become smaller when water and sanitation improve. None of
the interactions was significant.
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thingsrthe same. For infant mortality, by contrast, col. (1) of Table
10 reveals a significantly Jower mortality rate of Indianms. Howevér, as
shown above in Table 3, the Indian-Malay IMR difference is much smaller
and not statistically significant when factors such as low birthweight
and short birth intervals that were more prevalent among Indian babies
are not controlled. The higher level of child mortality for Indians may
reflect the poorer nutritional status among Indian children in Malaysia
(Rampal, 1977). Very poor nutritional status is a well-known correlate
of higher mortality in childhood (Martorell and Ho, 1984).

Finally, child's year of birth, proxying aspects of social and
economic development not captured elsewhere, has a negative effect on
child mortality, as it does on infant mortality. The relative effects
are remarkably similar in magnitude. The logit coefficient corresponds
to an average annual decrease in the probability of child mortality of
one death per thousand at risk.

Table 2 showed that the child mortality rate does not significantly
differ between the states of KKPT and the rest of Peninsular Malaysia.
This continues to be true when other mortality correlates are
controlled, as can be seen by the insignificant coefficient on the KKPT

indicator in Table 10.

ALLOWING FOR DIFFERING STRUCTURES OF RELATIONSHIPS
IN KKPT AND THE OTHER STATES

In Table 11 we look for differences between KKPT and the other
states in the structural relationships between the explanatory variables
and child mortality. For this analysis, we excluded the variables that
do not affect child mortality in Table 10, and that had little or no
effect on infant mortality after the firét 6 months of life in these
data* (DaVanzo, Butz, and Habicht, 1983).

The structural relationships of several variables with child
mortality differ significantly between the two groups of states.
Mother's education has no effect on child mortality in KKPT, but is an

important and significant correlate of child mortality outside of KKPT.

“These excluded variables are birthweight, a preceding short
interval, proportion of other short intervals between pregnancies, and
child's place of birth.
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Table 11

LOGIT REGRESSIONS EXPLAINING CHILD MORTALITY
PROBABILITY FOR KKPT AND OTHER STATES, ALLOWING
FOR DIFFERENT COEFFICIENTS IN THE TWO REGIONS

(1) (2) 3)
Coefficients Coefficients t-Statistic
for KKPT for Rest of Indicating
[n=809] (a) Peninsular Whether (1)
Malaysia and (2) Differ
Explanatory Variable [n=3131] Significantly
Socioeconomic factor
Mother's education 0.0039 -0.268 2.08
(0.04) (=3.56)
Sanitation, nutrition, and
medical variables
Piped water (D) (b) ~0.544 (c)
(-1.76)
Toilet sanitation (D) 0.303 -0.131 0.84
(0.73) (~0.42)
Months unsupplemented -0.0904 -0.132 -0.25
breastfeeding (-0.61) (-2.04)
Months supplemented -0.0608 ~0.028 -0.59
breastfeeding (-1.26) (-1.03)
Ethnicity
Chinese (D) ~1.13 -1.01 -0.11
(~1.06) (-3.06)
Indian (D) 2.15 0.177 2.52
(3.08) ( 0.50)
Year of child's birth -0.105 -0.0302 -2.25
(~3.78) (-1.66)
Intercept 3.38 -0.608 1.09 (Year = 1941)
(2.04) (-0.53) ~1.60 (Year = 1971)
«? 86.6
Mean of dependent 0.0371 0.0224

variable

NOTE: D = dichotomous variable; t-statistics are in parentheses beneath
coefficients.

a) Sample for KKPT excludes 228 children born into households with piped
water because none of these children died. Those 228 children were dropped
so that the estimate of the effect of piped water on child mortality in

the remaining states would not be influenced by the absence of deaths in
KKPT households with piped water.

b) Because no child died in KKPT in a household with piped water, the
effect could not be directly estimated. However, a likelihood ratio
test between a regression dropping the piper water variable in KKPT
and a regression dropping observations in KKPT with piped water,

shows that the effect of piped water in KKPT is significantly
different from zero.

c) Because no coefficient could be estimated for KKPT, we could not test
whether the effect differed between the two regions.
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The difference in the coefficients is statistically significant. Hence
the effect of education appears to become stronger with development.
This result parallels that found in our study of the decline in infant
mortality rate (DaVanzo and Habicht, 1986), where education had more
effect on infant mortality once mortality rates had begun to fall.s

We could not test whether the effect of piped water, a strong
correlate of child mortality, differed between KKPT and the rest of the
country because none of the 30 child deaths in KKPT occurred in the 228
households that had piped water. This made the lack of piped water a
"perfect" predictor of child mortality in KKPT, and under a logit
specification a coefficient cannot be estimated. Therefore, in our
pooling method described in Sec. II, we could not interact "piped water"
with the KKPT indicator and test for a difference in effect between our
two state groups. However, we were able to test whether piped water had
an effect significantly different from zero in KKPT and found that it
definitely did.®

Another significant difference between KKPT and the other states is
in the Indian/Malay mortality differential: Indian children are
significantly more likely than Malay children to die between the ages of
one and five in KKPT; there is no such differential in the other seven

states.’

It is possible that, in less developed areas, education and
sociceconomic status are highly correlated, and the individual effect of
education is confounded with other factors. As development progresses
and the proportion of the educated in the population grow, education may
begin to exhibit its independent effect.

*We performed a likelihood ratio test between two logit
regressions: one which dropped the piped water x KKPT interaction and
another which not only dropped the interaction from the equation but
also excluded from the sample those births in KKPT with piped water in
the household. Minus two times the difference in the log likelihood
between these two logit regressions produces a x? of 8 with one degree
of freedom, which is highly significant. Thus, the effect of piped
water is significantly different from zero in KKPT.

"However, the sample sizes for Indians are small. There were 32
Indian children in KKPT, of whom &4 died between age 1 and age 5; in the
other seven states, 16 deaths occurred among 542 Indian children.
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The influence of child's year of birth differs significantly
between the two state groups; the relative decline over time in child
mortality is much steeper in KKPT than in the other states. The same
type of difference was seen for infant mortality also, but it was not
large nor was it statistically significant.

When year of birth is set to 41 (1941), the difference in
intercepts is not statistically significant. However, when year of
birth is 71 (1971, the maximum for the child mortality sample), the
intercept is smaller in KKPT (t = -1.60), because of the much steeper
decline over time in KKPT. Hence, by the end of the period covered by
our data, when all explanatory variables except date are held consistent
at zero, child mortality is actually lower (though not quite

statistically significantly so) in KKPT than in the other states.
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V. SUMMARY, CONCLUSIONS, AND POLICY IMPLICATIONS

In this Note we have shown that the higher average infant mortality
rate (IMR) in Kedah, Kelantan, Perlis, and Trengganu (KKPT) over the
1941-1975 period is due mostly to the lesser presence in these states of
measured factors associated with reduced mortality. Poorer sanitation
and the lesser incidence of hospital births contribute to KKPT's higher
IMR. While both the prevalence of piped water and the average level of
mother's education are significantly lower in KKPT, those factors do not
seem to be very important in explaining KKPT's higher average IMR.

The most important factor accounting for the higher IMR in KKPT is
its ethnic distribution. In Peninsular Malaysia Chinese infants had the
lowest average IMR over this period, oftentimes as little as one half
that of Malays; this difference persists even when other mortality
correlates are controlled. Only 17 percent of the births in KKPT
occurring between 1941 and 1975 were to Chinese women, compared with 46
percent in the other states of Peninsular Malaysia. Furthermore, when
other factors are held constant, the relative Malay/Chinese differential
is greater in KKPT than in the other states. Thus the smaller
proportion of Chinese in KKPT relative to the other states of Peninsular
Malaysia is the primary reason for the differential in IMR between the
two regions.

The difference in IMRs between KKPT and the other seven states,
however, would have been much greater had it not been for their very
different patterns of breastfeeding. Although, on average over the
entire 1941-1975 period considered, women in KKPT supplemented their
children's feeding sooner (which in itself increases the mortality
differential between KKPT and the other states),! they continued to
breastfeed much longer after supplementation began (which in itself
reduces the mortality differential). Furthermore, breastfeeding is a

significantly more important influence on infant mortality in KKPT than

'As noted earlier, this was no longer true for babies born after
1960.
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in the other states of Peninsular Malaysia: The effect of breastfeeding
is three to four times stronger in KKPT. This is undoubtedly due to the
fact that the impact of a change in breastfeeding is much greater when
environmental conditions are poor (Butz, Habicht, and DaVanzo, 1984).2
If the breastfeeding pattern in KKPT had been the same as in the other
states, the average IMR in KKPT would have been 20 deaths per thousand
higher than it actually was. Until environmental conditions (sanitation
and exposure to contaminated water) improve in KKPT to be on a par with
the rest of the country, breastfeeding declines in KKPT would be
especially dangerous and, therefore, government policy should try to
prevent them. Such declines in KKPT would put upward pressure on the
IMR, as breastfeeding declines did in Malaysia as a whole over the
period from 1946 to 1975 (DaVanzo and Habicht, 1986).

The influences on child mortality are generally similar to those on
infant mortality, aside from proximate determinants at birth, such as
birthweight, which in these data have no effect on child mortality.
However, mother's education is a more important influence on child
mortality than on infant mortality. This result conforms to the pattern
over subperiods of infancy found in DaVanzo, Butz, and Habicht
(1983)-~-that the effect of education increases as infants become older,
while those of proximate determinants at birth begin to wane. The
relative influence of education on child mortality is small and
insignificant in KKPT, but is large and significant in the other states.
This is similar to a finding in our study of mortality decline in
Malaysia (DaVanzo and Habicht, 1986)--that the influence of education
appears to become more important after mortality has begun to fall.

Both infant and child mortality, especially the latter, declined more
rapidly in KKPT than in the other states between the 1940s and the 1970s
in both relative and absolute terms. (This result is true whether or
not other mortality correlates, and their changes over time, are

controlled). The Malaysian government has been attempting to close the

2The stronger beneficial effect of supplemented breastfeeding in
KKPT may also be due to differences in the extent of supplementation;
i.e., infants in KKPT may also receive more breastmilk relative to the
supplement than those in the other states, or in the type of supplement
used.
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gap in mprtality and in health care services between these two areas.

Both our results and Vital Statistics data for Malaysia indicate that

the govefnment has been succeeding. The closing of the mortality gap

may well reflect the increasing proportion of public expenditures that
are made in KKPT.

The Third Malaysia Plan (1976-1980) allotted 17.6 percent of its
public development allocation for dates to KKPT, while the Fourth Malaysia
Plan (1981-1985) allocated 20.5 percent. The benefits of this increased
spending over the past decade can be seen in such indicators as the
decreased number of persons per doctor (the number fell by a third in
KKPT) and increased use of public water supplies (per capita water
consumption in KKPT rose 60 percent) (Fourth Malaysia Plan, 1981).

Since a quarter of the population of Peninsular Malaysia lives in KKPT,

the proportion of public expenditures is approaching equality on a per
capita basis with the rest of the country. Furthermore, by the early 1980s
the proportion of government population and health expenditures in KKPT
exceeded KKPT's population share (Fourth Malaysia Plan, Appendix A).

The continued efforts of the Malaysian government to improve health
services and modernize sanitation and water supplies in KKPT should
further reduce the gap in mortality. Piped water appears to be
especially important in reducing child mortality in KKPT.?® However, such
improvements take time to implement and for their effects to take hold.
During the interim, the maintenance of high levels of breastfeeding can
help keep IMRs from rising. From 1941 through 1975, the states of KKPT
experienced only modest declines in breastfeeding.* Efforts should be
made to prevent any further decline in breastfeeding in these poorer
states until environmental conditions have improved sufficiently to

reduce the impact of breastfeeding on infant mortality.

3Although we could not estimate the effect directly, because no
children in households with piped water died, we were able to determine
that piped water has an effect highly significantly different from zero
in KKPT.

“In KKPT, the average length of breastfeeding in the first year of
life (unsupplemented plus supplemented) fell from 9.7 months in the
early 1950s to 8.2 months in the 1970s; the decline in breastfeeding was
much sharper in the other seven states--from 8 months to 4.6 months
between those two periods.
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Appendix
Table A.1

VARIABLE MEANS FOR KKPT AND OTHER STATES FOR MALAYS

Rest of
Peninsular Significance
KKPT Malaysia of Difference
Variable (n=1103) (n=1482) (t-statistic)
Mortality (deaths/1000)
Infant mortality probability 70.70 64.10 0.66
Child mortality probability 39.20 32.70 3.37
Factors whose difference
would lead to higher mortality
in KKPT
Mother's education (yr) 1.74 2.50 -7.05
Piped water (D) 0.126 0.327 -12.70
Toilet sanitation (D) 0.524 0.724 -10.60
Unsupplemented breastfeeding (a) 0.740 1.55 -8.49
Child born in hospital (D) 0.132 0.249 -4.60
Year of child's birth 64.20 63.50 2.34
(e.g., 1970=70)
Factors whose difference should
lead to lower mortality in KKPT
Supplemented breastfeeding (a) 9.12 6.88 12.74
Preceding interval < 15 months (D) 0.077 0.129 -4 .37
Proportion of other intervals 0.074 0.129 -8.02
< 15 months
Birthweight < 2.5 kg (D) - 0.067 0.098 -2.85

NOTE:

D = dichotomous variable.

a) Number of months in first year of life.
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