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Summary

 

We evaluated the trends and risk factors in infant mortality in Israel over five
decades (1950–2000), based on data obtained from the official notifications of live
births, and death certificates. Until the 1960s the main cause of infant mortality was
infectious disease; this was replaced by congenital anomalies in Moslems and
Druzes, and preterm birth in Jews and Christians. In 2000, there were 746 infant
deaths, and the national infant mortality rate (IMR) was 5.4 per 1000 live births (Jews
3.9; [95% CI 3.5, 4.3]; Moslems 9.2 [8.3, 10.3]; Christians 3.6 [1.4, 5.8]; Druzes 6.3 [3.6,
9.0]). Between 1955 and 2000 the overall IMR declined sevenfold (absolute declines of
56.8, 56.3, 45.0 and 28.3 per 1000 live births, in Moslems, Druzes, Christians and Jews,
respectively). The reduction in IMRs between 1990 and 2000 in all religious groups
(

 

>

 

45%) exceeded the goal set by the World Summit for Children in 1990 of 33%. In
2000, the main risk factors were birthweight 

 

<

 

1500 g [relative risk (RR) 

 

=

 

 69], major
congenital malformations (RR 

 

=

 

 22.0 [18.8, 25.7], and multiple births (RR of 9.3 and
4.2 in triplets and twins respectively). We conclude that the marked decline in IMRs
in Israel over five decades reflects a major improvement in population health. Today,
infant mortality in Israel represents a unique combination of high rate of congenital
malformations among Moslems, where consanguineous marriages are common, and
medical termination of pregnancy of malformed fetuses are infrequent; and relatively
high IMRs from preterm birth in Jews, associated with high rates of assisted
reproduction.

 

Introduction

 

The infant mortality rate (IMR) is widely accepted as
an index of general community health.

 

1

 

 As such, IMRs
are used internationally to compare standards of
health and health care in different countries. The first
goal set forth by the World Summit for Children,
assembled at the United Nations in 1990, was a reduc-
tion of the infant and under-5 child mortality rate by
one-third in 10 years.

 

2

 

In Israel, as in other countries, trends in infant mor-
tality of the various population groups are studied in
order to monitor changes in the health status of infants
and their mothers, inequalities in health and the qual-
ity of health services. They are also used to determine
factors in the physical and social environment that

influence the health of mothers and children and to
identify high-risk groups who require special health
care services and interventions.

The present report describes the national IMRs in
Israel and the specific IMRs of the four main religious
sub-groups since 1950. We analyse causes, trends and
risk factors for infant mortality and identify a plan of
action for a further reduction in IMRs.

 

Methods

 

For calculation of IMRs, the case definition of infant
mortality is dependent on the definition of live birth.
The definition of a live birth, adopted by the World
Health Assembly is: 

 

‘

 

the complete expulsion or extrac-
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tion from the mother of a product of conception, irre-
spective of the duration of pregnancy, which, after the
separation, breathes or shows any other evidence of
life, such as beating heart, pulsation of the umbilical
cord or definite movement of voluntary muscles,
whether or not the umbilical cord has been cut or the
placenta is attached.’

 

3

 

The WHO definition of IMR is: probability of dying
between birth and exactly one year of age expressed
per 1000 live births.

 

4

 

 In this report, IMRs were calcu-
lated by cohorts: i.e. the number of infants dying
between birth and exactly one year of age in a given
calendar year per 1000 live births in that year. The
difference between IMRs calculated by these two
methods is negligible since almost two-thirds of deaths
occur within one month of birth, and the variation
in the number of deliveries between two consecutive
cohorts is small. Data on infant mortality are collected
and analysed by the Central Bureau of Statistics and
by the Department of Mother, Child and Adolescent
Health, in the Ministry of Health. Data are based on
the National Population Register, on the official notifi-
cations of live births and on death certificates.

Demographic data, such as religion, maternal age,
birthweight and the type of delivery (singleton or mul-
tiple births), are registered in the official notifications
of births. The composition of newborns in Israel in the
year 2000 (

 

n

 

 

 

=

 

 136 390) by religion was: Jews 67.4%,
Moslems 26.2%, Christians 2.0%, Druzes 1.99%, no
defined religion 2.4%. The Druze community in Israel
is officially recognised as a separate religious entity
with its own courts and spiritual leadership. Their cul-
ture is Arab and their language Arabic but they are not
within mainstream Arab nationalism. Worldwide there
are probably about one million Druzes, with 104 000
in Israel. To assess whether cultural and socio-
economic differences between the various religious
groups in Israel may be significant health determi-
nants, with regard to infant mortality, the specific IMRs
for these four religion subgroups were calculated and
compared.

Trends of IMRs over the years are reported sepa-
rately for all four religious groups. However one
should stress the fact that Moslems, Druzes and most
Christians are considered by themselves and the Israeli
Central Bureau of Statistics as Arabs. They share the
same Arabic language and basically the same social
values. For the purpose of comparison and due to the
relatively small numbers of the population of Chris-
tians and Druzes and people who consider themselves

as without religion and national identity, the other
demographic variables are reported for Jews and the
other religious groups combined as a single category
(Arabs).

In Israel, over 99% of the deliveries in the Jewish
population have been in hospital since the 1950s. How-
ever, in the Arab population the rate of deliveries in
hospital was low in the 1950s and 1960s, and increased
to 90% only in 1970 by providing social security incen-
tives.

 

5

 

 This rate has been 

 

>

 

99% since the 1980s. Thus,
data of IMRs and the cause of death in the Arab pop-
ulation before 1970 are less accurate and are incom-
plete. Major congenital malformations found on
physical examination or other investigations carried
out on newborns before discharge from the nursery,
are reported to the Department of Mother, Child and
Adolescent Health at the Ministry of Health from all
29 neonatal departments in Israeli hospitals. The com-
pleteness of these reports is about 85%. Mortality rates
were computed arithmetically. Differences in specific
IMRs between groups are reported as crude rates or
percentages.

 

Results

 

Rates and general trends during five decades

 

In general, IMRs have been declining steadily over the
past decades in all the four religious sub-populations
(Fig. 1). The national IMR in the year 2000 was 5.4 per
1000 live births; Jews 3.9 [95% CI 3.5, 4.3]; Moslems 9.2
[8.3, 10.3]; Christians 3.6 [1.4, 5.8]; Druzes 6.3 [3.6, 9.0].
Rates in Moslems were approximately twofold higher
than in Jews over the years. However, the difference in
IMRs between Jews and Moslems has decreased con-
siderably from 33.7 per 1000 live births in 1955 to 5.2
per 1000 live births in the year 2000.

A comparison of IMRs in 1955 and 2000 shows that
the greatest absolute decline in the infant mortality
was in the Moslem and Druze population, where
infant mortality has declined by 56.8 and 56.3 per 1000
live births over the 45-year period respectively. Infant
mortality declined by 45.0 per 1000 among Christians
and by 28.3 per 1000 among Jews.

 

Causes of death

 

The IMRs by main causes of death are described for
Jews (Fig. 2) and Arabs (Fig. 3). Due to the incomplete
data among Arabs during the 1950s, data in this pop-
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ulation are provided only for the years 1963–2000. Over
these periods there has been a general decline in IMRs
from all causes among both Jews and Arabs. There was
a marked decline in IMR from infection over the years.
Infectious diseases were the most common cause of
infant mortality in Jews during the early 1950s and
1960s and in Arabs through the early 1960s and during
1969–71. In the year 2000, the IMRs from infections
were only 0.12 [0.05, 0.19] and 0.36 [0.18, 0.55] per 1000
live births in Jews and Arabs respectively. In the year

2000, the major causes of infant mortality were preterm
birth (IMR: 2.1 [1.8, 2.4] and 2.5 [2.0, 3.0] per 1000 live
births in Jews and Arabs respectively), and congenital
malformations (IMR: 0.9 [0.7, 1.1] and 3.4 [2.9, 4.0] per
1000 live births in Jews and Arabs respectively).

 

Age at death

 

About half (44.6%) of all infant deaths in the year 2000
were in the first week of life (early neonatal period)

 

Figure 1.

 

Infant mortality rates by religious 
groups in Israel during 1950–2000.
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Figure 2.

 

Trends in infant mortality rates 
among Jews in Israel by main cause of 
death, 1950–2000.
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Figure 3.

 

Trends in Infant mortality rates 
among Arabs in Israel by main cause of 
death, 1963–2000.Infectious diseasesCongenital anomalies
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and 63% were within the first 28 days of life (neonatal
mortality). The proportion of deaths in the early
neonatal period was larger among Jews than among
Arabs (49.2% vs. 39.8%). Post-neonatal mortality rates
(deaths occurring between 28 and 365 days) accounted
for 30.9% of all infant deaths among Jews and 42.9%
among Arabs. However, the difference in post-neona-
tal mortality rates between Jews and Arabs is espe-
cially striking: 1.2 [1.0, 1.4] and 3.7 [3.1, 4.3] per 1000
live births in Jews and Arabs respectively (Table 1).
Mortality at this age is primarily related to congenital
malformations.

 

Risk factors for infant mortality in the year 2000

 

Birthweight

 

Infant mortality rates rise steeply for infants with
birthweight 

 

<

 

 2500 g for both Jews and Arabs, and
slightly for infants with birthweight 

 

>

 

 4000 g, in Jews
(Fig. 4). The specific IMRs of infants with birthweight

 

<

 

1500 g are not shown. In the year 2000, the IMRs in
infants with birthweight 

 

<

 

 1000 g were 422 and 600 per
1000 in Jews and Arabs respectively. The IMRs in
infants with birthweight of 1000–1499 g were 37.8 and

 

Figure 4.

 

Infant mortality rates in Jews and 
Arabs by birthweight in Israel, year 2000. Jews
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Table 1.

 

Infant mortality rates by age at death, maternal age and education in Jews and Arabs, for the year 2000 (rates [95% CI] per
1000 live births)

Jews Arabs RR Arabs/Jews

Early neonatal (0–7 days) 1.9 [1.6, 2.2] 3.5 [2.9, 4.0] 1.8 [1.4, 2.2]
Late neonatal (8–28 days) 0.8 [0.6, 1.0] 1.5 [1.1, 1.9] 1.9 [1.4, 2.7]
Post-neonatal (29–365 days) 1.2 [1.0–1.4] 3.7 [3.1, 4.3] 3.1 [2.4, 3.9]
All IMR (0–365 days) 3.9 [3.5–4.3] 8.7 [7.8, 9.6] 2.2 [1.9, 2.6]
Mother’s age (years)

 

<

 

21 16.0 [9.4, 22.7] 20.0 [15.0, 25.6] 1.3 [0.8, 2.0]
21–25 5.2 [4.1, 6.3] 9.4 [7.8, 11.1] 1.8 [1.4, 2.4]
26–30 4.0 [3.3, 4.7] 7.4 [5.9, 8.9] 1.8 [1.4, 2.4]
31–35 2.9 [2.2, 3.5] 6.9 [5.1, 8.8] 2.4 [1.7, 3.4]
36–40 3.9 [2.8, 5.0] 7.7 [4.9, 10.5] 2.0 [1.2, 3.1]

 

>

 

40 3.0 [1.2, 4.7] 7.0 [1.4, 12.6] 2.3 [0.9, 6.3]
Mother’s years of schooling

 

a

 

0–8 8.3 [2.2, 14.4] 11.1 [8.9, 13.3] 1.3 [0.6, 2.9]
9–12 4.3 [3.5–5.9] 7.9 [6.7, 9.1] 1.9 [1.5, 2.3]

 

>

 

12 3.0 [1.8–3.9] 5.5 [3.4, 7.5] 1.8 [1.4, 2.3]

RR, relative risk; IMR, infant mortality rate.

 

a

 

Missing data on mother’s school years in 34 448 cases.
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75.5 per 1000 live births in Jews and Arabs respectively.
Overall, in the very-low-birthweight (VLBW) category
(

 

<

 

1500 g), which comprises 1.24% of all neonates, there
were 344 deaths out of 1690 live births (IMR of 204 per
1000 live births). By contrast, there were 398 infant
deaths among the 134 700 live births with a birth-
weight of 

 

≥

 

1500 g (IMR of 2.95 per 1000 live births).
Thus the relative risk (RR) for infant death for those
with VLBW compared with infants with a birthweight
of 1500 g and over was 69. Overall, the principal causes
of death for infants with this birthweight are related to
preterm birth. In 2000, preterm birth accounted for
53% of infant deaths among Jews and 29% among
Arabs.

The lowest IMR was found for Jewish infants with
birthweight of 3500–3999 g: 0.6 [0.3, 0.9] per 1000 live
births. The rate was slightly higher (1.1 [0.8, 1.5] per
1000) for infants with birthweight of 3000–3499 g.

 

Congenital malformations

 

In the year 2000, we have received notifications of
major congenital malformations in 2740 infants (2.0%
of all newborns). There were 232 deaths among those
infants (8.5%), compared with 515 deaths among
133 650 infants where there were no reported major
congenital malformations (0.39%). The RR for infant
mortality in newborns with major congenital malfor-
mations, compared with those without reported major
malformations, was 22.0 [18.8, 25.7].

There were large differences in the IMRs resulting
from major congenital malformations between Jews
and Arabs (0.9 [0.7, 1.1] and 3.4 [2.9, 4.0] per 1000 live
births respectively, a RR of 3.8 [2.9, 5.0] in Arabs).
Overall, congenital malformations accounted for most
of the difference between IMRs in Jews and Arabs (3.9
and 8.7 per 1000 live births respectively).

 

Singleton and multiple births

 

The rate of multiple births in Israel has been steadily
increasing from 1.94% of all births in the years 1977–
80,

 

6

 

 to 3.36% during the years 1990–93,

 

7

 

 3.69% in 1993–
96,

 

8

 

 and 4.82% in the year 2000 (5.3% and 3.58% in Jews
and Arabs respectively).

In the year 2000, IMR was 4.6 per 1000 singleton live
births, compared with 20.8 per 1000 live births in mul-
tiple births (19.2 and 42.9 per 1000 live births in twin
births and in triplets or quadruplets respectively).
Compared with singletons, the RR for infant mortality

was 4.5 in multiple births (RR of 4.2 in twins, and 9.3
in triplets or quadruplets).

 

Maternal age

 

Among both Jews and Arabs, IMRs were highest for
infants of mothers 

 

<

 

21 years of age, and lowest for
infants of mothers in the age of 31–35 years (Table 1).
The RR for infant mortality between these two age
groups was 5.6 [3.5, 9.0] in Jews, and 2.9 [2.0, 4.3] in
non-Jews.

 

Maternal education

 

In each population group, IMRs decrease with increas-
ing years of education of the mother (Table 1). In 2000,
the IMR among infants born to mothers with 0–8 years
of schooling was 2.8 [1.3, 6.0] and 2.0 [1.3, 3.1] times
higher than that of infants born to mothers with

 

>

 

12 years of education in Jews and non-Jews
respectively.

 

Discussion

 

IMRs in Israel over 50 years show a dramatic decline
in the whole population, and in all the four major
religious groups. Data on IMRs are presented for Jews
from 1950 and for the other three religion groups from
1955. Due to the fact that in the Jewish population over
99% of the deliveries were in hospital from the begin-
ning of the 1950s, the completeness and accuracy of the
data are likely to be satisfactory. However, in the Arab
population the rate of deliveries in hospital reached
90% only in 1970

 

5

 

 and reached 

 

>

 

99% during the 1980s
and thereafter. Thus, data on IMRs and the causes of
death in the Arab population before 1970 are probably
less accurate. Nevertheless, the reduction in IMRs, in
all four religious groups, is steady and at similar rates
since 1955. The reduction in the national IMR between
1990 and 2000 was 45%. Reduction of the specific IMR
in all religious groups ranged between 41% in Moslems
and 51% in Jews. These reductions markedly exceeded
the goal set by the World Summit for Children in 1990
of 33% reduction in 10 years.

 

2

 

 Although the gap in IMR
between Jews and Moslems has decreased consider-
ably over the years, the relative difference in IMR
between Arabs and Jews remained quite stable over
the decades (about twofold) and calls for action.

A recent report, entitled 

 

We the Children

 

 – end decade
review of the follow-up to the World Summit for Chil-
dren, prepared for the UN General Assembly special
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session on children – states that only 63 countries have
achieved this goal. In over 100 countries there was only
a one-fifth reduction.

 

9

 

Differences in IMRs between population groups in
Israel were previously reported for the years 1977–80,

 

10

 

and were still high in the year 2000 (Jews 3.9; Moslems
9.2; Christians 3.6; and Druzes 6.3 per 1000 live births).
Such differences between ethnic population groups are
not uncommon. In the US, IMRs in 1999 in Black non-
Hispanic and White non-Hispanic were 14.1 and 5.8
per 1000 respectively.

 

11

 

 In England, perinatal mortality
rate in infants of Pakistani origin was 1.86 times higher
than in those whose mothers were born in the UK.

 

12

 

 In
Malmo and Sweden, perinatal mortality was 4.3 times
higher in infants of sub-Saharan origin than in those
whose mothers were of Swedish origin.

 

13

 

 Recently, a
study from Turkey reported a two- to threefold higher
perinatal mortality rate in a population with low socio-
economic status, predominantly rural and semi-urban
than in a population in an economically more devel-
oped region.

 

14

 

Over the years there were marked changes in the
main causes of death in Israel. In the 1950s the main
cause of infant mortality was infectious disease. Infant
mortality from this cause decreased both in Jews and
Arabs to very small proportions, due to a significant
improvement in preventive and curative health care
services alongside improvements in environmental and
socio-economic conditions. In Israel, 100% of the pop-
ulation has supply of improved drinking water, and
92–96% of one-year-old children are fully immunised
against DTP, polio, MMR, HBV and HIB. Israel was the
first country in the world to implement a national pro-
gramme for immunisation for hepatitis A virus.

 

15

 

The major causes of infant death in the year 2000
were congenital malformations in Moslems and
Druzes, and preterm births in Jews and Christians. The
high IMR in Moslem Arabs is mainly accounted for by
major congenital malformations, which are 3.8 times
more common than among Jews. This large gap is
explained by very high rates of consanguinity in Mos-
lem Arabs in Israel (33–45%) for both social and
economic reasons.

 

16–18

 

 This phenomenon is well estab-
lished in Moslem countries in the whole Middle East.
The rate of major congenital malformations in children
of consanguineous parents in Moslems in Israel has
been reported as 15% due to inbreeding within
extended families in one study

 

19

 

 and 8.7% among chil-
dren of first degree cousins in a more recent study.

 

18

 

Furthermore, most Moslems oppose termination of

pregnancy, even in the case of a severe malformation
in the fetus, on religious grounds. In a recent survey in
Israeli Arab women only 36% said they would agree
to a termination of pregnancy in the event of a severely
affected fetus.

 

20

 

The situation is very different among the small
Christian Arab community in Israel (2789 live births
and 10 infant deaths in the year 2000, IMR of 3.6 [1.4,
5.8] per 1000, even lower than the IMR in Jews). This
community shares many demographic indicators with
the Jewish population in terms of improved socio-eco-
nomic status, lower fertility rate, relatively higher age
of marriage and higher education, and lower rates of
consanguinity than with Moslem Arabs.

Low birthweight, and especially VLBW, was found
to be the strongest risk factor for infant mortality. The
rate of multiple births resulting in VLBW in Israel
increased steeply during the past two decades, mainly
due to a sharp increase in assisted reproductive tech-
nology: 

 

in vitro

 

 fertilisation (IVF) and intracytoplas-
matic sperm injection (ICSI). A comparison of assisted
reproductive technology in 48 countries showed that
in Israel, the national rates of IVF/ICSI cycles were the
highest of all the 48 surveyed countries.

 

21

 

 The rate of
multiple births in Israel in the year 2000 (4.82%; 5.3%
and 3.58% in Jews and Arabs respectively) was much
higher than that of the US (3.07% in 1999).

 

11

 

 In infants
conceived with use of assisted reproductive technol-
ogy, the RR for VLBW among singleton infants was 2.6,
compared with that in the general US newborn popu-
lation.

 

22

 

 Also, the RR for a major congenital malforma-
tion after ICSI or IVF was 2, compared with natural
conception.

 

23

 

 The RR for IMR in multiple births com-
pared with singletons in Israel and in the US is com-
parable (4.5 and 5.3).

 

11

 

Thus, the extensive use of assisted reproductive
technology in Israel caused a marked increase in
multiple births, reduced birthweight and VLBW, and
might have contributed to birth defects. All of these
variables are strong risk factors for infant mortality.

The national IMR in Israel is slightly higher than in
most of the European Community countries (range 3–
6 per 1000 live births), and lower than the rate in the
US (7 per 1000 live births).

 

4

 

 The IMRs among Jews and
Christians in Israel are lower than that of most of the
European Community countries. By contrast, the IMR
among the Arab population in Israel is relatively high,
yet markedly lower than most of those reported from
Moslem Middle East countries in 2000 (United Arab
Emirates –8; Kuwait –10; Oman –12; Qatar –12; Saudi
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Arabia –24; Syria –24; Lebanon 

 

-

 

32; Jordan –34; Egypt
–37; Yemen –85; and Iraq 

 

-

 

130 per 1000 live births).

 

4

 

We conclude that marked decline in IMRs in Israel
over five decades reflects a major improvement in
population health. In 2000, the main risk factors were
VLBW, major congenital malformations and multiple
births.

Today, infant mortality in Israel represents a unique
combination of: high rates of congenital malformations
among Moslems, where consanguineous marriages
are common and medical termination of pregnancy of
malformed fetuses is infrequent; and relatively high
IMRs from preterm births in Jews, associated with high
rates of assisted reproductive technology. Neverthe-
less, the national IMR is well within the range of most
developed countries, and the specific IMRs for Jews
and Christians are comparable with that of the coun-
tries with the lowest IMRs in the world. Gaps in IMRs
between Moslems and Druzes on the one hand and
Jews and Christian on the other hand call for intensi-
fication of intervention programmes to reduce infant
mortality among Moslems and Druzes. Such interven-
tions are in process, via health education and health
promotion emphasising the avoidance of consanguin-
eous marriage, utilisation of genetic counselling and
periconceptional consumption of folic acid, to reduce
certain birth defects.
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