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Abstract

Background: Regional variations in mortality can be used to study and assess differences in disease prevalence and
factors leading to disease and mortality from different causes. To enable this comparison, it is important to
standardize the mortality data to adjust for the effects of regional population differences in age, nationality and
country of origin.

Methods: Standardized mortality ratios (SMR) were calculated for the districts and sub-districts in Israel, for total
mortality by gender as well as for leading causes of death and selected specific causes. Correlations were assessed
between these SMRs, regional disease risk factors and socio-economic characteristics. Implications for health policy
were then examined.

Results: Total mortality in the Northern District of Israel was not significantly different from the national average;
but the Haifa, Tel Aviv, and Southern districts were significantly higher and the Jerusalem, Central, Judea and
Samaria districts were lower.

Cancer SMR was significantly lower in Jerusalem and not significantly higher in any region. Heart disease and
diabetes SMRs were significantly higher in many sub-districts in the north of the country and lower in the
south. SMRs for septicemia, influenza/pneumonia, and for cerebrovascular disease were higher in the south.
Septicemia was also significantly higher in Tel Aviv and lower in the North, Haifa and Jerusalem districts.
SMRs for accidents, particularly for motor vehicle accidents were significantly higher in the peripheral Zefat
and Be'er Sheva sub-districts.

Conclusion: The SMR, adjusted for age and ethnicity, is a good method for identifying districts that differ
significantly from the national average. Some of the regional differences may be attributed to differences in
the completion of death certificates. This needs to be addressed by efforts to improve reporting of causes of
death, by educating physicians.

The relatively low differences found after adjustment, show that factors associated with ethnicity may affect
mortality more than regional factors. Recommendations include encouraging good eating habits, exercise,
cancer screening, control of hypertension, reduction of smoking and improving road infrastructure and
emergency care access in the periphery.
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Background

Data on geographic mortality patterns by cause of death
are an important, readily available indicator which may
reflect disease prevalence and quality of treatment, and
can guide policy makers on interventions and inequal-
ities that need to be addressed.

Israel has a unique multi-ethnic population, the major-
ity of whom are immigrants and their offspring, who
came from all the continents of the world. In addition,
about 20% of the population are Israeli Arabs. Ethnic
differences in mortality are well documented, such as in
the ‘Health in Israel’ publication of the Ministry of
Health (MOH) [1]. For example, Arab mortality has
been reported there as higher for most causes, in par-
ticular diabetes and heart disease, but was lower for
some cancers, such as female breast cancer. Jews of
European-American origin had higher rates of colorectal
and breast cancer while males of Asian origin had high
mortality from liver diseases. In order to correctly com-
pare regional differences, it is therefore necessary to ad-
just for the regional differences in ethnic composition
(country of origin and nationality). This was undertaken
in the past in a series of papers presented by Ginsberg et
al. [2-4] on standardized mortality ratios in Israel, for
the years 1967-1978, 1983-1986, and 1987-1994. In the
first and third papers, results were presented for Jews
only, age and gender standardized in the first paper, and
also for continent of birth in the third paper. The second
paper presented, in addition, results for Jews and non-
Jews standardized for age, gender, religion and continent
of birth.

In the thirty years since Ginsberg et al.’s results, there
have been major demographic and mortality profile
changes in Israel. Israel absorbed almost 900,000 immi-
grants from the Former Soviet Union (FSU), the major-
ity between 1990 and 1995, who comprised 10% of the
population in 2012. About 60,000 more immigrants also
came from Ethiopia, many in the big wave of immigra-
tion in 1990-1991. New cities were built, with mostly
younger population, in the Ramla, Petah Tiqwa and
Judea and Samaria sub-districts, such as Modi'in,Sho-
ham, Modi’in Ilit and Beitar Illit. Mortality rates have de-
creased considerably and since the end of the 90’s the
leading cause of death for both genders is now cancer,
followed by heart disease, cerebrovascular disease and
diabetes, as reported in the Ministry of Health’s publica-
tion, leading causes of death in Israel, 2000-2012 [5].
Mortality rates for cardiovascular diseases, in particular,
have decreased sharply [5]. The proportion of Israeli
born population has increased, including many of mixed
ethnic origins.

The Central Bureau of Statistics (CBS) in Israel pub-
lished age standardized mortality rates by region and
gender for those aged 45 and over in 2005-2009 [6] and
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for all ages by causes of death, regions, gender and
nationality for 2006—2008 [7], but not a regional meas-
ure standardizing for both age and ethnicity.

We have presented another measure on a regional
level in Israel; mortality rates from causes amenable to
health care, 2007-2009 [8]. However, also these rates
were not adjusted for ethnicity. Therefore, although this
measure showed considerable variation between regions,
this may be due in part to differences in the ethnic com-
position of the regional population, which may mask
other regional differences.

Geographic distribution of mortality has also been
studied worldwide and used to assess and improve care
and outcomes. Canada first published a mortality atlas
in 1980 [9], followed by the USA in 1996 [10], the Euro-
pean Union [11] and Australia [12].

Mortality differences in Europe for the mainland re-
gions of EU countries in the early 1990’s were discussed
in a paper by Shaw et al. [13], and an updated discussion
on cardiovascular mortality patterns in Europe in 2000
was presented by Muller-Nordhorn [14]. Filate et al. pre-
sented data in 1995-1997 on regional variations in car-
diovascular mortality in Canada together with analyses
to find relationships between the different rates and re-
gional risk factors and characteristics [15]. Sepsis mortal-
ity variations in the USA in 1995-2005 were described
by Wang et al. [16].

The mortality atlases show disease patterns and their
possible causes. An important initial observation in the
Eurostat atlas [11] is that sharp international boundaries
between causes of death may be due to diagnostic and
coding practices, although this is less of a problem for
some specific diseases such as lung cancer and transport
accidents, which are more likely to be coded correctly.
Another problem noted there is of the deaths coded as
‘sudden death’ of unknown origin, which may often be
cardiovascular, but can only be reliably identified by aut-
opsy. Therefore countries with higher autopsy rates tend
to have higher cardiovascular mortality. This atlas notes
that higher diversity in mortality rates, such as those for
cardiovascular disease, suggest a high potential for pre-
vention by effective health policy. For example, ischemic
heart disease has higher levels in the north and east of
Europe, traditionally explained by the ‘Mediterranean
paradox; which suggests that a ‘Mediterranean’ diet rich
in olive oil, legumes, unrefined cereals, and fruit and
vegetables, and a moderate consumption of alcohol, can
reduce heart disease, even with a relatively high animal
fat consumption [11]. The importance of encouraging
this type of healthy diet as well as lifestyle changes, such
as increased physical activity and smoking cessation is
indicated by this data.

Our objectives in this study in Israel were to deter-
mine whether there are currently significant regional
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differences in overall and cause specific mortality, ad-
justed for age and ethnicity, and to determine how these
differences compare with those reported by Ginsberg et
al. [3] about thirty years earlier. We then assessed the
implications of these results on health policy. We
present the Standardized Mortality Ratio (SMR), to com-
pare regional mortality to the national average rates by
cause, after adjusting for the effects of different distribu-
tions of age and ethnicity (Arabs, and Jews and Others
by continent of birth).

Going into the study, we expected to find regional dif-
ferences in the SMRs and assumed these would reflect
factors such as variations in environmental conditions,
socio-economic conditions, education, lifestyle, genetics,
religiosity, access to healthcare, and comorbidity. As in
the paper of Filate et al. [15], we investigated some of
these relationships by calculating the correlations of
SMRs for overall mortality and leading causes with se-
lected socio-economic measures and risk factors.

Methods

Israeli mortality data was taken from the nationwide
database of causes of death prepared by the CBS for the
years 2009-2013, using underlying cause of death coded
according to ICD-10.
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Population data was also supplied by the CBS for these
years, by age group, gender, nationality and continent of
birth, district and sub-district.

Causes of death were chosen from the “List of 113
causes of death” of the WHO, associated with ICD-10,
with the addition of dementia, which has been increas-
ing in Israel in recent years [5], and was recently added
to the Eurostat database.

Israel is divided into 7 districts. 4 are divided into 13
sub-districts, while the remaining 3 districts of
Jerusalem, Tel Aviv and Judea and Samaria are not di-
vided. Hence there are 16 distinct geographical units, for
which the SMR was calculated, in addition to that for
the other 4 districts. A map showing the districts and
sub-districts in included as Additional file 1. The divi-
sions are for administrative purposes and do not, in gen-
eral, reflect geographical differences.

The 16 distinct geographical units vary in population
between the large Tel Aviv and Jerusalem districts with
populations of 1,290,000 and 957,000 respectively, to the
Golan, Kinneret and Zefat sub-districts with populations
of 43,000, 105,000 and 109,000 respectively, in 2011
(shown in Table 1). A table of demographic, socio-
economic, risk factor and health service characteristics
of sub-districts is shown in Additional file 2. There are

Table 1 Numbers of deaths and SMR' for total mortality by district, sub-district and gender, 2009-2013

Population? Number of deaths, all causes SMR, all causes
District and sub-
district/gender Total Total Male Female Total Male Female
All country 7,765.8 202,037 99,981 102,048 1.00 1.00 1.00
Jerusalem 956.9 18,835 9,484 9,351 0.96 ** 0.96 ** 0.97 **
North 1,291.9 27,781 14,397 13,382 1.01 1.00 1.01
Zefat 108.7 2,567 1,330 1,237 1.02 1.04 0.99
Kinneret 104.6 2,421 1,243 1,178 1.03 1.01 1.04
Yizre'el 458.9 10,245 5,259 4,985 1.02 * 1.01 1.03
Akko 577.1 11,959 6,263 5,695 0.99 0.99 0.98
Golan 42.6 589 302 287 0.92 * 0.83* 1.01
Haifa 919.9 30,722 14,842 15,878 1.02 ** 1.02 * 1.02 *
Haifa 543.2 22,712 10,760 11,951 1.02 * 1.02 * 1.02 *
Hadera 376.7 8,010 4,082 3,927 1.02 1.01 1.03
Central 1,874.7 45,374 22,607 22,767 0.95 ** 0.95 ** 0.95 **
Sharon 4145 10,751 5,412 5,339 0.96 ** 0.97 * 0.94 **
Petah Tigwa 636.3 15,636 7,729 7,907 0.95 ** 0.95 ** 0.95 **
Ramla 300.3 5,827 2,987 2,840 0.99 0.97 0.99
Rehovot 523.6 13,160 6,479 6,681 0.94 ** 0.93 ** 0.95 **
Tel Aviv 1,290.0 47,850 22,645 25,203 1.03 ** 1.03 ** 1.03 **
South 1,114.3 28,869 14,615 14,252 1.04 ** 1.06 ** 1.02 *
Ashgelon 483.5 14,748 7,350 7,396 1.03 * 1.04 * 1.01
Be’er Sheva 630.8 14,121 7,265 6,856 1.06 ** 1.09 ** 1.04 *
Judea and Samaria 318.3 2,518 1,360 1,158 0.87 ** 0.82 ** 0.90 **

1 SMR - Standardized Mortality Ratio for total population, standardized for age and ethnic group.

2 Mid year population, 2011, in thousands

p < 0.001 High, SMR>1
z 0.001 <= p<0.05 High, SMR >1
= p < 0.001 Low, SMR <1
: 0.001 <= p <0.05 Low, SMR <1
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significant differences between regions in many of these
characteristics. For example, the new immigrant popula-
tion (immigrated since 1990) is highest in the Ashkelon
sub-district (34%) followed by Haifa (25%) and Beer
Sheva (22%) compared to the national average of 17%.
The highest proportion of young people under 15 is
found in Judea and Samaria (41%) followed by Jerusalem
(35%) and Beer Sheva (34%) compared to the national
average of 28%. The sub-district with the largest propor-
tion of elderly, over 65, is Haifa (16%) followed by Tel
Aviv (15%) compared to the national average of 10%.

Indirect standardization to calculate the SMR was used
since it is preferred where some cells have small values,
as were some of the denominator population cells in our
data. The groups used for calculation were based on 6
age categories (under 25, 25-44, 45-54,55-64, 65-74,
75+), and 5 ethnic groups (Jews and Others divided by
their continent of birth: Israeli, Europe-American, Asian
and African, and Arabs). The 65-74 and 75 and over
age groups were pooled for the Arabs due to small num-
bers in some sub-districts, giving 29 age-ethnic groups
used for standardization.

For each age-ethnic group, the group specific overall
mortality rate and cause specific rates were calculated
for the years 2009-2013 for the total population of
Israel, used as reference population. These rates were
then applied to each district and sub-district according
to their specific age-ethnic population distribution to ob-
tain an expected number of deaths. The SMR was calcu-
lated as the ratio between the observed number of
deaths and this expected number of deaths in the
region:

__ observed number of deaths N

SMR = =
expected number of deaths ), p;r;

where N = observed number of deaths in district/sub-
district.

p; = population size of i™ age-ethnic group in district/
subdistrict.

r; = total national mortality rate for i™ age-ethnic
group.

An SMR greater than 1 indicates that the number of
actual deaths was higher than expected, based on aver-
age national rates, while an SMR less than 1 indicates a
lower number of deaths than expected. Gender specific
SMRs were similarly calculated using the total popula-
tion rates by gender as reference.

We present the SMR for total mortality, leading causes
in Israel [5] and for specific causes, by district and sub-
district. Confidence intervals for the SMR were calcu-
lated by the method suggested by Ulm [17]. We marked
values which were significant on the p < 0.001 and
p < 0.05 level in the tables. This enables trends across
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the country to be seen, which may include results of
lower significance. However we report and discuss only
the highly significant results, given the large number of
comparisons. It should be noted that the SMR reflects
the comparison of each region separately with the
national rates and therefore should not be compared be-
tween regions.

Pearson correlations were calculated between the total
SMR, SMRs by gender and SMRs for leading causes with
selected socio-economic measures, disease prevalence
(cancer, diabetes and hypertension) and the risk factor of
smoking, in 15 distinct regions. The Golan sub-district
was excluded from this analysis, because of uncertainty
in its characteristics and wide confidence intervals for
SMR, due to its small size. The measures were taken
from the health profile of districts published by the CBS
and the Ministry of Health (MOH) [18], or other CBS
survey data.

Although not all findings have an obvious explanation,
we suggest some factors that may be the cause of geo-
graphical differences.

Results

Total mortality in Israel by district and sub-district, 2009-
2013

There were about 202,000 deaths in Israel between 2009
and 2013. Figure 1 shows the SMR for total mortality by
sub-district with 95% confidence intervals, and Table 1
shows the number of deaths and SMR values for total
mortality by district, sub-district and gender. SMRs
showed mortality significantly lower than the national
average by 4-6% in the Rehovot, Petah Tiqwa, Sharon
and Jerusalem sub-districts and 13% lower in Judea and
Samaria. Significantly higher rates were found in the
Be’er Sheva sub-district, and in Tel Aviv 6% and 3%
higher than the national average respectively. In other
sub-districts differences with the national average were
smaller or not statistically significant. . The gender spe-
cific SMRs were generally similar to the total.

For comparison, we calculated these SMRs adjusting
for age only and not ethnic origin. The range of SMR
was greater, as shown in Additional file 3, between 18%
lower than the national average in Judea and Samaria to
10% higher in Be’er Sheva, and there were also signifi-
cant changes in some sub-districts compared to that ad-
justed for ethnic origin as well.

Mortality for leading causes of death in Israel by district
and sub-district, 2009-2013

Table 2 shows SMR values for mortality from leading
causes of death in Israel by district and sub-district. In
line with their low total mortality, the Jerusalem, Central
and Judea and Samaria districts were found to have
lower mortality than the national average for most
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Fig. 1 SMR by sub-district, 2009-2013. Standardized for age and ethnic group, with 95% Cl error bars

leading causes Significantly low values were found in the
Jerusalem district for septicemia (0.75), cancer (0.93),
and cerebrovascular disease (0.90), in the Judea and
Samaria district for diabetes (0.61), and in the Central
district for septicemia (0.91), heart disease (0.94) and in-
fluenza/pneumonia (0.89). The only exceptions in
Jerusalem were dementia, where the SMR was signifi-
cantly high (SMR = 1.25) and heart disease (SMR = 1.06),
statistically of lower significance.

In the Northern and Haifa districts SMRs for septi-
cemia were low compared to the national average, while

those for diabetes and heart disease were high, in par-
ticular for diabetes in the Yizre'el and Hadera sub-
districts and for heart disease in the Yizre’el and Haifa
sub-districts. SMRs were also high for influenza/pneu-
monia in the Northern district, with a particularly high
SMR in the Akko sub-district (SMR = 1.59), but were
low in the Haifa and Hadera sub-districts (SMR = 0.85
and 0.42, respectively). In the Haifa sub-district, demen-
tia’s SMR was also low (SMR = 0.83), but that of kidney
disease was significantly high (SMR = 1.33). SMR for
dementia was also significantly high in the Hadera sub-

Table 2 SMR' for mortality by leading causes of death, district and sub-district, 2009-2013

Cerebro-
Distict and sub- Heart vascular Kidney Influenza/
district/Cause’ Cancer di di Diabet di Septicemia CLRD Accidents Dementia Pneumonia
Number of deaths | 51,929 33,536 11,677 11,450 8,036 7,098 5,882 5,598 5,099 4,526
Jerusalem 0.93 ** 1.06 * 0.90 ** 0.95 1.00 0.75 * 1.00 0.91* 1.25 ** 1.02
North 1.02 1.05 ** 0.99 1.11* 0.97 0.71 ** 1.05 1.01 0.91* 1.16 **
Zefat 0.97 0.93 0.87 1.05 1.00 0.57 ** 1.35* 1.43* 1.19 0.94
Kinneret 1.04 1.12* 1.00 1.28 * 0.88 0.65 * 1.06 1.05 0.74 0.97
Yizre'el 1.06 * 1.10 ** 1.02 1.28 ** 0.95 0.54 ** 1.1 0.93 1.06 0.78 *
Akko 1.01 1.04 0.97 0.98 1.00 0.90 0.95 1.00 0.74 ** 1.59 **
Golan 0.92 0.84 1.49* 0.80 1.15 (0.60) 1.23 0.90 (0.67) (0.68)
Haifa (district) 1.01 1.06 ** 0.95 * 1.15 ** 1.24 ** 0.60 ** 0.95 0.96 0.94 0.75 **
Haifa 0.99 1.10** 0.92 * 1.09 * 1.33* 0.60 ** 0.86 ** 0.98 0.83 ** 0.85 **
Hadera 1.05 * 0.95 1.02 1.33 ** 0.95 0.63 ** 1.18 0.92 1.34 0.42 **
Central 0.97 * 0.96 ** 0.97 0.97 0.98 0.91 ** 0.97 0.95 1.01 0.89 **
Sharon 0.97 0.98 0.96 1.05 0.84 ** 0.79 ** 0.91 1.08 1.23* 0.75 **
Petah Tiqwa 1.00 0.94 * 1.00 0.99 1.00 0.86 ** 0.99 0.96 1.07 0.94
Ramla 0.96 0.95 1.13* 1.01 1.10 1.05 1.18* 0.96 0.86 0.87
Rehovot 0.95* 0.97 0.89 * 0.85 ** 1.02 1.00 0.90 * 0.87 * 0.83* 0.94
Tel Aviv 1.02 * 1.00 1.07 ** 0.95 * 0.94 * 1.28 ** 1.09 * 1.05 1.03 1.03
South 1.04* 0.90 ** 1.08 * 0.89 ** 0.93 * 1.56 ** 0.90 * 1.08 * 0.90 * 1.26 **
Ashgelon 1.05 * 0.93 ** 1.15* 0.90 * 0.96 1.28 ** 0.86 * 0.95 0.73** 1.62 **
Be'er Sheva 1.02 0.88 ** 1.01 0.89 * 0.90 * 1.88 ** 0.94 1.20 ** 1.12* 0.85*
Judea and
Samaria 0.90 * 0.90 0.78 * 0.61 ** 0.75* 0.80 1.01 1.22* 1.01 0.89

' SMR - Standardized Mortality Ratio for total population, standardized for age and ethnic group.

) Rate based on 5-19 deaths

= p <0.001 High, SMR>1
* 0.001 <= p <0.05 High, SMR >1
** p < 0.001 Low, SMR <1
* 0.001 <= p <0.05 Low, SMR <1

21ICD10 codes: Cancer (malignant neoplasms) C00-C97, Heart diseases 100-109, 111,113,120-151, Cerebrovascular diseases 160-169, Diabetes mellitus E10-E14, Kidney
diseases (nephritis, nephrotic syndrome and nephrosis) NO0O-N07, N17-N19, N25-N27, Septicemia A40-A41, CLRD (Chronic Lower Respiratory Disease) J40-J47 Acci-

dents V01-X59, Y85-Y86, Dementia FO1,F03, Influenza/pneumonia J09-J18
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district (SMR = 1.34), but low in the Akko sub-district
(SMR = 0.74). SMR for mortality due to accidents
showed 43% higher rates than expected from national
ones in the Zefat sub-district.

In line with their high total SMRs, Tel Aviv and the
Southern district and sub-districts showed high SMRs
for several leading causes. In the Tel Aviv district signifi-
cantly high SMRs were found for cerebrovascular disease
(1.07) and septicemia (1.28). Similarly in the Southern
district, the SMR was high for septicemia (1.56) and also
for influenza/pneumonia (1.26), in particular in the
Ashquelon sub-district, where cerebrovascular disease
SMR was also significantly high (SMR = 1.15). Accident
SMR was significantly high in the Be’er Sheva sub-
district (SMR = 1.20). However, the SMRs for heart
disease and diabetes were significantly low in the
Southern district (0.89 and 0.90, respectively).

Mortality for selected sub-causes of death in Israel by dis-
trict and sub-district, 2009-2013

Table 3 shows the SMR values for selected sub-groups of
the leading causes of interest: the major cancer groups,
ischemic heart disease, motor vehicle traffic accidents
(the largest sub-group of accidents), and suicide. As for
total cancer mortality, we found little regional variation
for particular subgroups, with the exception of lung
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cancer mortality which was significantly lower in the
Jerusalem district (SMR = 0.79) and higher in the Tel
Aviv district (SMR = 1.08) and colorectal cancer mortal-
ity, higher in the Ashquelon sub-district (SMR = 1.17).

Ischemic heart disease mortality was significantly
higher than the national average in the Haifa sub-district
and lower in the Hadera, Petah Tiqwa and Be’er Sheva
sub- districts.

Motor vehicle traffic accident deaths were particularly
high in the Zefat and Be'er Sheva sub-districts
(SMR = 2.08 and 1.38, respectively), and in the Judea
and Samaria district (SMR = 1.57), and significantly low
in the Jerusalem district (SMR = 0.74). Suicide was also
significantly lower in the Jeusalem district (SMR = 0.64).

Additional files 4, 5 and 6 show the SMRs presented
in Tables 1, 2 and 3 with 95% confidence intervals.

Correlations of SMR with regional characteristics

Table 4 shows the Pearson correlation with regional
socio-economic, disease prevalence and risk factor
characteristics.

Among socio-economic factors, education had the lar-
gest number of significant correlations, showing an
inverse relationship with SMRs for total mortality, total
male and total female mortality, and for cancer and dia-
betes mortality. Unemployment rate showed a significant

Table 3 SMR' for mortality by selected causes of death, by district and sub-district, 2009-2013

Trachea, Motor vehicle
District and sub- Colorectal brochus, lung Breast Prostate Ischemic heart traffic
district/Cause’ cancer cancer cancer cancer di accidents Suicide
Number of deaths 6,645 8,855 5,040 2,002 21,076 1,829 2,095
Jerusalem 1.05 0.79** 0.99 1.04 0.99 0.74** 0.64 **
North 1.04 1.03 1.01 0.93 1.06* 1.12* 1.06
Zefat 0.98 0.90 0.94 1.19 0.99 2.08** 1.01
Kinneret 1.18 1.24* 0.95 0.97 1.14* 117 1.25
Yizre'el 1.13* 0.99 1.11 0.96 1.07* 0.98 117
Akko 0.94 1.07 0.97 0.86 1.06* 1.1 0.92
Golan 1.14 0.64* (0.67) . 0.95 (0.94) (1.22)
Haifa (district) 1.01 1.00 0.95 0.97 1.09** 0.87 1.04
Haifa 0.96 1.00 0.93 0.96 1.16** 0.86 1.04
Hadera 1.15* 0.99 1.00 1.03 0.86** 0.89 1.04
Central 0.98 0.97 0.99 0.96 0.96* 0.94 0.97
Sharon 0.88* 1.04 0.96 0.97 0.95 1.02 0.90
Petah Tiqwa 1.04 0.97 0.99 1.00 0.92** 0.89 0.96
Ramla 0.98 0.93 0.92 1.06 1.00 0.86 0.90
Rehovot 0.97 0.94 1.03 0.87 0.99 0.98 1.05
Tel Aviv 0.93* 1.08** 1.10* 1.04 1.01 0.86* 116 *
South 1.07* 1.04 0.93 1.06 0.91* 1.32* 1.07
Ashgelon 147 1.08 0.93 1.00 0.94* 1.22* 1.03
Be’er Sheva 0.96 1.01 0.94 1.13 0.88** 1.38** 1.10
Judea and Samaria 1.05 0.91 0.82 0.90 0.84* 1.57* 0.70 *

' SMR - Standardized Mortality Ratio for total population, standardized for age and ethnic group.

() Rate based on 5-19 deaths
.. Less than 5 deaths.

= p < 0.001 High, SMR>1
2 0.001 <= p <0.05 High, SMR >1
= p < 0.001 Low, SMR <1
8 0.001 <= p <0.05 Low, SMR <1

21CD10 codes: Colorectal cancer C18-C21,Trachea,bronchus,lung cancer C33-C34, Breast cancer C50, Prostate cancer C61, Ischemic heart disease 120-125, Motor ve-
hicle traffic accidents V02-V04,V09,V12-V14,V19-V79,V82-V87,V89, Suicide X60-X84, Y87.0



Table 4 Pearson correlations of SMRs with socio-economic, disease and risk factors for 15 regions

Gordon et al. Israel Journal of Health Policy Research (2017) 6:39

Page 7 of 13

Socio-economic data Disease occurrence and risk factors
Supplemen

New tary health Current
SMR Education immigrant Unemploy insurance Income Income |Cancer Diabetes Hypertensi smokers
/characteristic  |years! %? ed %! %2 male? female® |incidence* %? on %? %"°
Total -0.708 *  0.234 0.385 -0.356 -0.393 -0.325 0.522 % 0.489 0.680* 0.667 *
Total male -0.698 *  0.287 0.360 -0.259 -0.360 -0.281 0.549* 0.383 0.599 *  0.595 *
Total female -0.647 *  0.139 0.365 -0.459 -0.394 -0.314 0.468 0.514* 0.693* 0.626*
Cancer -0.711* 0.131 0.257 -0.524* -0.325 -0.312 0.388 0.662* 0.691* 0.479
Heart disease -0.247 -0.270 0.570* -0.560* -0.297 -0.164 0.217 0.426 0.440 0.003
Cerebrovascular [-0.423 0.326 -0.039 -0.286 0.090 0.082 0.360 0.500 0.585* 0.273
Diabetes -0.631* -0.295 0.463 -0.571* -0.312 -0.211 0.229 0.731* 0.645* 0.560 *
Kidney disease 0.019 0.285 -0.039 0.097 0.256 0.265 0.777 ** -0.125 0.440 0.287
Septicemia -0.087 0.452 -0.247 0.156 0.145 0.113 0.166 -0.227 -0.061 -0.111
CLRD -0.118 -0.540 * 0.096 0.081 -0.192 -0.132 -0.307 0.127 -0.161 0.507
Accidents 0.049 -0.141 0.166 0.379 -0.293 -0.334 -0.301 -0.190 -0.357 0.327
Dementia 0.018 -0.269 -0.148 0.134 -0.056 0.079 -0.318 -0.204 -0.406 -0.094
Flu/Pneumonia |-0.096 0.319 0.191 -0.114 -0.209 -0.280 0.086 0.022 0.014 -0.192

** P-value <0.001 * P-value <0.05
Significant positive association

Significant negative association

Sources and definitions.

1 Calculated from CBS Labour force survey data, average for 2009-2011 for population aged 15 and over. Immigrants - from 1990. Unemployed: for last year.

2 CBS and MOH Health and social profile of localities, 2005-2009 [18], based on Health Survey, 2009, for ages 50-74, hypertension and diabetes prevalence (%).
3 CBS and MOH Health and social profile profile of localities, 2005-2009 [18], average monthly salary, 2009 National Insurance Institute data.

4 CBS and MOH Health and social profile profile of localities, 2005-2009 [18], based on Cancer Registry in Ministry of Health, average for 2005-2009 for all

cancers, rate/100,000.
5 CBS Social survey, 2010, data for ages 20 and over

positive correlation with heart disease mortality, and rate
of supplementary health insurance (a proxy measure of
socio-economic status) had an inverse relation with can-
cer, diabetes and heart disease mortality. New immigrant
proportion showed a significant negative correlation
with chronic lower respiratory disease (CLRD) mortality.
No significant correlations were found for average in-
come (male and female).

Smoking and hypertension showed numerous signifi-
cant positive correlations, with total mortality (total,
male and female) and diabetes mortality, while hyperten-
sion also showed a significant association with cerebro-
vascular disease and cancer SMRs.

Cancer incidence was associated significantly with
total and total male SMRs and also with kidney disease
SMR, while diabetes prevalence was associated with the
diabetes and cancer SMRs as well as total female mortal-
ity SMR.

Discussion

We presented SMRs for the period of 2009-2013, which
can be used to compare mortality in different regions
with the national average, after controlling for differ-
ences in age and ethnic composition. We found statisti-
cally significant differences between geographical regions
for total mortality and specific causes of death.

However, caution must be exercised in interpreting
these differences. Langford has demonstrated [19] that
where the number of expected cases is small, such as in
small sub-districts, or diseases with few cases, relative
risk, such as that shown by the SMR, is likely to have ex-
treme values. Similarly, small differences in SMR are
more likely to be statistically significant in areas with
larger populations. We saw this in Fig. 1, where the con-
fidence intervals were larger in smaller areas, and in
Table 2, where differences in SMR values were larger for
causes of death with small numbers, such as septicemia
and influenza/pneumonia compared to cancer. This does
not necessarily mean the differences are more meaning-
ful. We therefore present results only for causes with
large numbers of deaths, for a combined five year period,
and concentrate on results with a high level of statistical
significance, but still have to bear in mind that smaller
areas and causes tend to have more extreme SMRs.

Health policy implications of differences

We first note the relatively small range of SMR for total
mortality, and that differences have narrowed compared
to those reported by Ginsberg [3] for all the population
in 1983-1986, also adjusted for age and ethnic origin,
which ranged from 8% higher in the Ramla sub-district
to 9% lower in the Jerusalem district. (Ginsberg did not
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report on Judea and Samaria due to the small number of
deaths there in those years.) In addition, surprisingly our
study did not show higher rates at the most significant
level in any region for the leading cause of death in
Israel [5], cancer. However, when we did not adjust for
ethnicity, the variation in SMR’s was greater (Fig. 1 com-
pared to Additional file 3).

These results show relative regional equality in Israel
for total and cancer mortality, after “smoothing out” dif-
ferences due to ethnicity, perhaps a compliment to equal
regional health care coverage giving people living
throughout the country access to mortality preventing
healthcare, but also no doubt due to the small geo-
graphic size of Israel, with small distances between many
regions allowing easy access to health facilities, and simi-
lar environmental influences. But the converse of this is
that there remain differences in health associated with
ethnicity, which affect mortality more significantly than
regional factors. These mortality differences have been
reported by the CBS and MOH [13, 14] and need to be
addressed by health policy, as detailed below.

Similarly, in the amenable mortality study [8], also un-
adjusted for ethnicity, we found low rates in the
Jerusalem and Central districts, but higher rates in the
Northern district, which we did not find here, which
probably reflect ethnic differences. In addition, since
amenable mortality is defined as deaths from selected
causes below age 75, it is possible that there is an excess
of deaths at younger ages in the North from causes
amenable to health care, compared to other regions. In
Tel Aviv, we found the reverse, lower amenable mortal-
ity rates, but higher total SMR, perhaps reflecting older
ages of mortality there.

We found the most significant socio-economic factor
associated with mortality was years of education (Table 4),
which was strongly inversely correlated with total
mortality SMR, and the leading causes of cancer and
diabetes. Filate et al. [15] similarly found significant in-
verse associations of cardiovascular disease rates with
post-secondary education. In Israel, Jaffe et al. have shown
a significant decrease in mortality with increasing educa-
tion [20]. Hence, whatever can be done to increase the
education level of all sectors of the population, should
contribute to better health outcomes.

The most significant risk factor effect shown was with
smoking, significantly correlated with SMRs for total
and diabetes mortality. We recommend, as did Filate et
al. who found similar results, that efforts to decrease
smoking rates are an important health policy priority.
Encouraging control of hypertension, also strongly asso-
ciated with SMRs, particularly cancer, diabetes and cere-
brovascular disease is also important.

We found few other significant correlations with
socio-economic factors. Exceptions were unemployment,
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positively associated with heart disease mortality, as
found by Filate et al., and supplementary health insur-
ance inversely associated with diabetes, cancer and heart
disease mortality. The absence of supplementary health
insurance, an indicator of low socio-economic status in
Israel where the rates of coverage are generally high (see
Additional file 2), is seen to be associated with higher
mortality from diabetes, cancer and heart disease.

Heart disease, the second leading cause of death, and
diabetes showed more regional variations in SMR that
were statistically significant than cancer. These diseases
had significantly higher SMRs in the Northern and Haifa
districts, and lower SMR’s in some Central and Southern
sub-districts. Interestingly, this south to north gradient
for heart disease was reported in the European atlas in
other countries, too, such as the UK and Ireland [11], al-
though its cause is unclear. Kidney disease also showed
higher mortality than expected in the Haifa sub-district.
The proportion of diabetics among new patients receiv-
ing renal replacement therapy in Israel has been rising
[21], so this kidney disease mortality may be found to-
gether with the high diabetes and heart disease SMRs we
found in this region, and perhaps reflect high prevalence
of these diseases.

Israel reported higher rates of revascularization proce-
dures in the Northern district in 2011, higher CABG
rates in the Northern and Haifa districts, and higher
PTCA rates in the Northern district, but also high revas-
cularization rates in the Southern district [22]. It is to be
hoped that early interventions with these procedures will
prevent more severe heart disease and reduce its mortal-
ity in the north and in the Haifa sub-district, and that
the lower mortality in the south will be maintained.
These results may also support the importance of the
MOH policy decision in recent years to increase cardi-
ology facilities in the north.

Another important priority in preventing heart and
kidney disease, diabetes and cancer, which would help
reduce resulting mortality, is education to healthy living,
particularly important in high mortality regions and for
those of low socio-economic status. The inter-
ministerial program for healthy and active living [23], for
example, is an important initiative encouraging good
eating habits and exercise.

Screening tests for cancer, mammography and guaiac
faecal occult blood tests can contribute to reducing cor-
responding cancer mortality. In the USA, decreasing
colorectal cancer incidence and mortality rates have
been found with increasing screening, and Zauber
discusses its connection with screening tests [24]. In
Israel, too, where free, annual, high-sensitivity guaiac
faecal occult blood tests was introduced in 2005, rates of
incidence and mortality from colorectal cancer have
been decreasing [25]. The program for Quality Indicators
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in Community Healthcare [26] has documented increases
in coverage of these tests, but there is room for improve-
ment, which should particularly be encouraged for occult
blood tests in the Southern region where we found higher
mortality than the national average.

Septicemia

Septicemia is a severe condition defined as systemic in-
flammatory response syndrome which is often the im-
mediate cause of death. However, unless nothing else at
all is known about a patient, it should not be used as the
underlying cause of death, as it is considered an ill-
defined condition [27]. Rather, the source of the infec-
tion should also be written on the notification of death
(NOD) form, if possible. Septicemia rates are very high
in Israel compared to other countries, the 6th leading
cause of death in 2010-2012 [5, 28], and this may be be-
cause the NOD form is not completed according to this
directive. We have found hospital variations in propor-
tion of deaths from septicemia, as well as whether it is
listed as the only cause. These differences in NOD form
completion may contribute to the regional significant
differences in SMR for septicemia which we found.

In addition, to correct this problem, it is important to
train physicians on how to complete the NOD form.
The MOH is currently embarking upon a web based
training program that might become compulsory for all
medical graduates. We recommend speedy implementa-
tion of this program, for medical students and hospital
physicians, particularly in those hospitals with high pro-
portions of deaths from septicemia. In a recent MOH re-
search initiative, hospital records are also being checked
for some of these cases, to see if the correct underlying
cause can be established.

Wang et al. [8] suggest that differences in sepsis mor-
tality may reflect differences in sepsis treatment, or for
example medical comorbidity, health behavior or socio-
economic status.

The high mortality rate in general from septicemia,
and in the Southern and Tel Aviv districts in particular,
indicate the importance of encouraging prevention of ac-
quired blood stream infections (BSI) in institutions. This
is one of the aims of the MOH Center for Infection
Control and Antibiotic Resistance which is responsible
for directing and coordinating activities connected to in-
fection control and prevention in medical institutions,
and the issue of antibiotic resistance in institutions and
in the community. The Center sets national policy,
standards and interventional methods, and maintains
data to be used as a basis for improving the quality and
safety of treatment (https://www.health.gov.il/English/
MinistryUnits/HealthDivision/InfectionControl/Pages/de
fault.aspx). Their data from monitoring the acquired
central line associated BSI rate in Israel have shown a
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50% reduction in the infection rate in a 4 years period
(unpublished). The Center has extended its ongoing in-
terventions to a national program to prevent acquired
healthcare infections which was begun in 2016. This in-
cludes staff training programs and incentives to encour-
age hospitals to invest resources in improving
implementation of MOH guidelines and standards to
prevent infections, and succeed in reducing acquired in-
fection rates (https://www.health.gov.il/English/News_-
and_Events/Spokespersons_Messages/Pages/
25012017_1.aspx).

Although this program should encourage hospitals to
work on reducing infections, the available facilities and
manpower also need to be improved in Israel. A recent
article by Humphreys [29] reports studies showing that
overcrowding and understaffing in hospitals can lead to
increased acquired infections. This problem needs to be
addressed in Israel, which has very high hospital occu-
pancy rates and low population rates of practising nurses
compared to most OECD countries [28]. Overcrowding
may be particularly acute in the Southern district, where
the age adjusted rate of hospital beds in 2011 was 1.6
per 100,000 population compared to the national aver-
age of 1.9, and 2.3 in the Jerusalem and Haifa districts.
The new hospital in Ashdod may help alleviate this, but
still more beds are needed nationwide. Also, hospital
bed occupancy rates were particularly high in the Tel
Aviv district, over 112% in 2011 compared to 98% in the
Jerusalem district and 90-93% in other regions, and
should be reduced [30].

Accidents

Accidents had significantly higher SMRs in the Zefat
and Be’er Sheva sub-districts. This was seen even more
strongly in the SMRs for the largest group of accidents,
motor vehicle traffic accidents, also significantly higher
in the Judea and Samaria district and lower in Jerusalem.
The high SMRs may reflect the longer distances traveled
in these more sparsely populated peripheral areas, often
on narrow, poorly maintained and badly lit roads, which
increase the chance of accidents. In addition, when acci-
dents do occur, it may take longer for emergency ser-
vices to arrive. We recommend an improvement in the
infrastructure of roads in these regions, and additional
emergency health care centers which may help over-
come this difference.

As Ginsburg notes [3], in the large urban areas of
Jerusalem and Tel Aviv, there are lower average vehicle
speeds. Since speed is a key risk factor in road traffic in-
juries [31], also shown in Israel in a study by Richter et
al. [32], these lower speeds may lead to lower accident
fatality rates and contribute to the lower SMRs for acci-
dents we found in these regions.
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Explanatory factors

We found low SMRs for total mortality and for many
causes, in the Jerusalem, Judea and Samaria and Central
districts. In the Central district this may be accounted
for by the high socio-economic level in many cities of its
sub-districts Sharon, Petah Tigwa and Rehovot,

In the Judea and Samaria district the socio-economic
level is high only in a few settlements. But the popula-
tion of the Judea and Samaria district is very young, with
over 40% under 15, and only 3% over 65, compared to a
national average of 28% and 10%, respectively (see
Additional file 2). It is possible that age-standardization
using 10 year age bands (for ages over 24) with an oldest
age group of 75 and over, does not compensate ad-
equately for such a different age composition and may
help explain the very low SMRs found. In contrast to
this, in sub-districts with older population, such as Tel
Aviv and Haifa, where 14% and 16%, of the population
are over 65, respectively, Ginsberg points out [3, 4] that
the wide 75 and over age band tends to lead to an
underestimation of expected deaths and consequently
higher SMRs.

The SMR in the Jerusalem district, which has a rela-
tively low socio-economic level, may also be influenced
by the relatively large religious population there, and
similarly in the Judea and Samaria district. A recent
study by Sharoni et al. [33] showed that the social capital
of the religious population, such as strong family and
community connections and high level of volunteer ac-
tivities may compensate for their lower socio-economic
level, and explain their low mortality rates. Kark et al.
[34] also found significantly lower mortality amongst the
religious, in a study comparing religious and secular kib-
butzim, as did Jaffe et al. [35] in a study on the effect of
religiously affiliated neighborhoods on mortality. Hence,
lower mortality among the religious population could
contribute to the low SMRs in these regions. In particu-
lar, the SMR for suicide was significantly low in
Jerusalem. The religious population there may be pro-
tected from suicide by religious prohibitions and spirit-
ual beliefs, as by a strong cohesive community with
shared values [36], although it may also be that suicide
is under-reported due to religious stigmas, as noted in
an Australian Parliamentary inquiry on suicide deter-
mination [37]. In the Tel Aviv district, a region with a
less religious population, somewhat higher suicide mor-
tality was found.

Surprisingly, although we found cancer incidence asso-
ciated with total mortality, the association with cancer
mortality was not significant. It is possible that this is
due to high survival rates for some cancers [28], or mo-
bility of the population after cancer diagnosis. The rela-
tively high cancer survival rate may also explain the high
association we found of cancer incidence with the SMR
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for kidney mortality, since kidney disease is a com-
mon complication of cancer [38] and cancer risk was
found to be higher in patients with end-stage renal
disease [39].

Despite significant variations in income levels and new
immigrant proportions between sub-districts, the corre-
lations of these factors with SMRs were not significant,
unlike Filate et al. who found low income significantly
associated with ischemic heart disease and immigrant
population with cardiovascular disease. It appears that
after controlling for differences in mortality due to age
and ethnic group, income and immigration effects are
small. It is also possible that because variations in in-
come within sub-districts are great, the average income
does not reflect the true income distribution, and in
addition since Israel has had national health insurance
since 1995 and 95% coverage before then, allowing uni-
versal access to medical treatment independent of in-
come, the income effect may be low.

Another surprising finding for which we do not have
an explanation, was the negative association of new im-
migrant proportion with CLRD mortality, particularly in
view of recently reported higher respiratory mortality
among immigrants from the Chernobyl area [40] .

Changes over time

The mortality patterns we found were on the whole re-
markably similar to those presented by Ginsberg [3].
Noteworthy differences include that the SMR for total
mortality in the Ramla and Hadera sub-districts were no
longer significantly high. In Ramla, this is probably due
to the new socio-economically strong cities of Modi'in
and Shoham.

Addressing ethnic inequality

We have shown that ethnic factors appear to contribute
more than regional factors to mortality inequalities, and
need to be addressed. In a keynote presentation at a re-
cent conference [41], Basharat highlighted the need to
target the Arab population to improve their health out-
comes, and reduce their high rates of obesity and dia-
betes, in particular by preventive medicine such as
encouraging the use of whole-wheat breads by subsidies
and education, and medical leadership through family
physicians. An important program reported by the Clalit
Health fund in the Sharon and Shomron area for the
Arab population [42], included culturally attuned pro-
grams for healthy living amongst Arab women. Among
successful outcomes was an increase in a quality index
score for the region, becoming higher than the national
average, increased drug usage for some diabetes drugs
improving control, and increased flu vaccination cover-
age. Such programs must be encouraged and expanded.
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Screening for cancer is another important preventive
measure as discussed above, which can be encouraged
for ethnic groups at higher risk for particular cancers.

Strengths and limitations

The strength of our study is that it is based on complete
mortality data over a period of five years, enabling re-
gional comparisons at a leading cause level. Our
standardization for age and ethnic group allows us to
look for wvariations beyond differences in population
composition.

However, our adjustment for ethnic group, based on
country of birth, may not be adequate. As Ginsburg
notes [3, 4], there may be considerable genetic and cul-
tural differences between people born on the same con-
tinent, for example Yemen and Iran, who are grouped
together for purposes of standardization, and similarly
the Israeli born group is very heterogeneous, including
offspring born to immigrants from all continents.
Amongst the Arab population there are also different
sub-groups.

Drawing conclusions from comparisons between dif-
ferent regions in Israel may be problematic, since to
compare two population groups in a meaningful way,
the variation between them should be larger than within
them, as per Shaw et al. [13]. This requires relatively
homogenous groups, of similar size, while the sub-dis-
tricts in Israel vary greatly in size and many, particularly
the larger ones, have a very heterogeneous population,
with a wide range of socio-economic levels.

Our study is based on the underlying cause of death,
which is coded by the CBS from notification of death
forms completed by the physician who certifies the
death. There may be regional differences in how physi-
cians fill in the form, deciding on the chain of events
leading to death and the underlying cause. For example,
in our paper on high mortality rates from diabetes and
renal failure [43], we discuss whether it is possible that
these diseases are listed as the underlying cause instead
of heart disease or stroke more often in Israel than other
countries,. The choice and coding of underlying cause is
done by a small number of coders at the CBS, and is un-
likely to contribute to regional differences.

We attempted to look for associations using regional
data, although our correlations are ecological in nature
as we do not have individual level data on socio-
economic and risk factors, and are therefore subject to
potential ‘ecological fallacy’ (https://en.wikipedia.org/
wiki/Ecological fallacy). In addition, since many factors,
such as education, diabetes and hypertension prevalence
and unemployment, were survey based and subject to
sometimes large relative sampling errors and the SMRs
also had sometimes wide confidence limits, the results
may be misleading. Therefore it is not surprising that
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correlations were not very high, although in general sig-
nificant associations were as expected. In view of the
multiple comparisons, we considered the Bonferroni
correction. Only some of the total mortality and cancer
SMRs with education and hypertension remaining statis-
tically significant and maybe the above conclusions
should be limited to them.

It would be useful if administrative data, such as that
from the program for Quality Indicators in Community
Healthcare [26] based on health fund records, were
available by district and sub-district, which would enable
research on regional differences with more accurate
data.

Conclusion

The SMR, adjusted for age, and ethnicity showed some
districts that differ significantly from the national aver-
age, beyond that expected from differences in population
structure.

Some of the regional differences may be attributed to
differences in the completion of NOD forms by physi-
cians. This needs to be addressed by efforts to improve
reporting of causes of death, by training of medical stu-
dents and refresher courses for qualified physicians.

The relatively small significant differences found after
our adjustment, shows the importance of targeting fac-
tors causing ethnic inequalities, rather than regional
ones. Recommendations include raising the education
level, reducing smoking, control of hypertension,
encouraging healthy lifestyles and screening for cancer.
This is particularly important for those of a low socio-
economic level.
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