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Abstract Background: The purpose of this study was to examine the incidence of malignant

diseases among Holocaust survivors in Israel compared with European and American immi-

grants who did not experience the Holocaust.

Methods: Study subjects included Holocaust survivors born in European countries under Nazi

occupation before 1945, who immigrated to Israel after 1945 and were alive as of the year

2000. Living survivors were identified based on recognition criteria in accordance with the Ho-

locaust Survivor Benefits Law. The comparison group consisted of Clalit enrollees who were

born before 1945 in European countries not under Nazi occupation and were alive in 2000 or

were born in any European country or America, immigrated to Israel before 1939 and were

alive in 2000. The incidence of malignant diseases was compared in univariate and Poisson

regression models analyses, controlling for age, smoking, obesity, diabetes and place of resi-

dence.

Results: The study included 294,543 Holocaust survivors, and the mean age at the beginning

of follow-up was 74 � 8.7 years; 43% males. In multivariable analyses, the rate ratio (RR)

values for males and females were 1.9 and 1.3 for colon cancer, 1.9 and 1.4 for lung cancer,

1.6 and 1.4 for bladder cancer and 1.2 and 1.3 for melanoma, respectively. For prostate cancer

in males, the RR was 1.4, while for breast cancer in females, it was 1.2.
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Fig. 1. T
Conclusions: The incidence of malignant diseases among Holocaust survivors residing in Israel

was higher than that among non-Holocaust survivors. These associations remained statisti-

cally significant in a multivariable analysis and were stronger for males.

ª 2018 Elsevier Ltd. All rights reserved.
1. Introduction

The Holocaust, the genocide of six million Jews between

1939 and 1945 at the hands of the Nazi regime in Europe,

spawned extreme living conditions such as hunger and
very low caloric intake, poor hygiene and mental and

physical injuries. As of 2015, there are 189,000 Holocaust

survivors living in Israel. Approximately 25% of them live

below the poverty line and most live on an allowance

constituting about one-third of the average national

salary [1]. Three-quarters of these survivors report at least

one medical problem [1].

Several studies have reported associations between
the Holocaust and long-term outcomes among survivors

(Fig. 1). Studies conducted during the 1950s examined

mainly the psychological effects suffered, termed “con-

centration camp syndrome” [2]. Studies that examined

the long-term health effects in adults born during the

Holocaust demonstrated a higher prevalence of cardio-

vascular risk factors (e.g. hypertension, dyslipidaemia,

obesity and diabetes mellitus), chronic heart failure,
depression and cancer ([3e5], Fig. 1).

One of the adverse health effects found in Holocaust

survivors as described in the literature [6e9] is cancer. It

is the leading cause of death in Israel today with an

incidence rate for all types of cancer of approximately

20/1000 in individuals older than 70 years; the most
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Previously published Israeli studies are described in

Fig. 1. The relative risks of various types of cancer

investigated in one study [6] ranged from 1.2 to 3.5 in
men and from 1.3 to 2.3 in women, depending on the

birth cohort [6,7]. Another study [8] showed a hazard

ratio (HR) of 1.1 for cancer in general, as well as a

higher risk of lung and colorectal cancers [8, Fig. 1].

Several studies describe the incidence of malignancies

related to harsh life conditions and similarly show an

elevated risk of cancer. These include studies conducted

on the Cambodian population exposed to genocide
during the Pol Pot regime [10] and a study on women

suffering from severe caloric restriction during World

War II (WW II) with a subsequent risk of breast cancer

[11].

Because of the lack of information specifically

regarding malignancies, as well as the fact that legal

decisions concerning compensation of Holocaust survi-

vors afflicted by cancer are based solely on one former
study [8] and include just lung and colorectal cancer, it

became necessary to establish the relationship between

surviving the Holocaust and the incidence of cancer. In

addition, in previous studies, no adjustments were made

for certain individual risk factors. For these two
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reasons, therefore, we conducted the most comprehen-

sive study done to date of the risk of cancer in Israeli

Holocaust survivors. Furthermore, while most research

studies have defined Holocaust survivor status based on

country of birth and year of immigration, we used a

more specific definition for living survivors based on the

legal recognition of Holocaust survivorship, as

explained in the Methods section, while only deceased
survivors were identified on the basis of country of birth

and year of immigration.

2. Methods

This retrospective cohort study was based on the data

warehouse of Clalit, with about 4.5 million enrollees, Is-

rael’s largest healthcare organisation. The database con-

tains information regarding the recognition of Holocaust

survivors who are entitled to special benefits, including

benefits from the Israeli health services, such as a refund

of copayment for medications and various treatments,

defined under Israeli legislation, including the Disabled
Due to War against the Nazis’ Law (1954), the Disabled

due to Nazi Persecutions’ Law (1957) and the Benefits for

Holocaust Survivors’ Law (2007). These laws define

Holocaust survivorship as pertaining to individuals who

lived in countries under Nazi occupation or Nazi influ-

ence and immigrated to Israel before October 1953 or

those who lived in ghettos, death camps or labour camps,

even if they immigrated to Israel after October 1953.
Furthermore, one previous study [12] reported high

validity for various chronic disorders contained within

this database, as reflected by parameters such as sensi-

tivity and specificity.

Study subjects comprised Clalit enrollees who were

Holocaust survivors born in European countries under

Nazi occupation before 1945, immigrated to Israel after

1945 and were alive as of the year 2000. For Clalit
enrollees who are currently alive, we included only those

recognised as Holocaust survivors. This information

was missing for enrollees who died between 2000 and

2015; therefore, these individuals were categorised only

on the basis of country of origin, year of birth and year

of immigration. The comparison group consisted of

Clalit enrollees who (1) were born before 1945 in Eu-

ropean countries not under Nazi occupation, or in
North or South America, and were alive in 2000 or (2)

were born in any European country, immigrated to

Israel before 1939 and were alive in 2000.

Demographic data suchasage, sex and typeof residence

ofparticipants (i.e. urban versus rural)were extracted from

the database, as was information related to chronic un-

derlying medical conditions and cancer diagnoses,

including the exact date the diagnosis was first listed in the
database. Only incident cancer cases diagnosed between

2000 and 2015 were included in the present study.

Data analysis was limited to the six most common

types of cancer, that is, lung, colon, breast, prostate,
bladder and melanoma, found in the study population,

the prevalence of which largely coincided with the inci-

dence of malignant diseases in Israel, with the exception

of non-Hodgkin lymphoma instead of malignant mela-

noma being the sixth most common type of cancer [13].
2.1. Statistical analysis

Data were analysed using SPSS for Windows, version

22. Differences between Holocaust survivors and the

comparison group were identified using two sample t-

tests, the ManneWhitney test, as well as either the chi-

squared test or Fisher’s exact test, depending on the

variable type and whether it is normally distributed.

For every year between 2000 and 2015, we extracted
for each study participant data related to enrolment in

Clalit. Follow-up time in person-years was based on the

sum total of years of enrolment and was concluded on

whichever date came first: the date of cancer diagnosis,

the date of death or December 31, 2015.

Univariate associations between exposure to the

Holocaust and cancer diagnosis were estimated using

univariate Poisson regression, separately analysed for
males and females. Rate ratios (RRs) were estimated by

comparing the incidence density of exposed and unex-

posed enrollees. Multivariable Poisson regression

models were then built for estimating those RRs asso-

ciated with exposure to the Holocaust, while at the same

time, we controlled for confounders such as age, obesity

(defined as body mass index over 30 kg/m2), smoking,

diabetes, type of residence (urban versus rural) and
geographic location (central Israel versus the northern

or southern regions). Data were analysed separately for

males and females, using the group of non-Holocaust

survivors as the reference population. For breast can-

cer, data analysis was limited to females; similarly, for

prostate cancer, only males were included; 95% confi-

dence intervals were calculated for RRs.

To distinguish among exposures to the Holocaust in
utero, during childhood and during young adulthood,

we divided the study population into three groups: in-

dividuals born during the Holocaust (i.e. <6 years old in

1945), those who experienced the Holocaust as children

(i.e. 6e18 years old in 1945) and those who experienced

at least some of this period as adults (i.e. >18 years old

in 1945).

This study was approved by the Data Extraction
Committee of Clalit and by the Institutional Review

Board of Meir Medical Center.
3. Results

Study participants included 294,543 Holocaust survivors

(2.2 million person-years, mean age 73 � 8) and 55,340

comparison group subjects (456,000 person-years, mean

age 77 � 10; Table 1). A similar sex distribution was



Table 1
Demographic and clinical characteristics in Holocaust survivors and the comparison group, Israel, 2000e2015, by study group.

Variable Holocaust survivors

(n Z 294,543)

Comparison group

(n Z 55,340)

p value

Definition of Holocaust survivor:

Based on place of birth and year of immigration 210,890 (72%) N/A N/A

Based also on official recognition as a Holocaust

survivor

83,653 (28%)

Age:

Mean 74 � 9 77 � 10 <0.001

Median 74 78

Range 56e115 56e107

Age in 1945:

<6 years 24,561 (8.3%) 4610 (8.3%) <0.001

6e18 years 115.219 (39%) 14,958 (27%)

>18 years 154,763 (53%) 35,772 (65%)

Male sex 125,511 (43%) 23,225 (42%) 0.005

Lives in rural setting 15,245 (5.2%) 9749 (18%) <0.001

Lives in Northern/Southern Israel 51,413 (18%) 7571 (14%) <0.001

Diabetes mellitus 83,855 (29%) 11,941 (22%) <0.001

Obesity 57,118 (19%) 6774 (12%) <0.001

Smoking status

Current smoker 36,146 (12%) 6877 (12%) 0.309

Past smoker 13,760 (4.7%) 2188 (4.0%) <0.001

Any smoker 49,883 (17%) 9065 (16%) 0.001

Place of origin

East Europe 284,057 (96%) 28,075 (51%) <0.001

West Europe 10,486 (3.6%) 12,943 (23%)

America 0 (0%) 14,326 (26%)

Years since immigration in the year 2000 30 � 20 54 � 21 <0.001

Mean number of person-years 7.5 � 5.9 8.2 � 5.5 <0.001

N/A, not applicable.
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found for both groups; however, there was a statistically

significant difference between the groups in terms of

type of residence, as Holocaust survivors were less likely
to live in rural settings (5.2% versus 17%). In addition, a

statistically significant higher prevalence of risk factors

such as obesity (19% versus 12%) and chronic diseases

such as hypertension (28% versus 21%) was found in

Holocaust survivors as compared with the other group.

Crude incidence rates of common cancer types,

stratified by sex and survival status, are presented in

Table 2. Holocaust survivors had a higher incidence rate
than the comparison group of all cancer types examined.

The crude incidence rates per 1000 person-years for

Holocaust survivors and the comparison group,

respectively, were 4.4 and 3.2 for colon cancer, 2.2 and

1.4 for lung cancer, 2.0 and 1.4 for bladder cancer and

1.6 and 1.4 for melanoma. This pattern also held true for

sex-specific incidence rates (Table 2). In addition, inci-

dence rates for breast cancer in female Holocaust sur-
vivors were 3.3 versus 2.7 and for prostate cancer in

male Holocaust survivors were 2.7 versus 1.8.

A univariate analysis using RRs is presented in

Table 3. Higher RRs of lung cancer (1.2), bladder cancer

(1.2), melanoma (1.2) and breast cancer (1.3) were found

in female Holocaust survivors than in comparison group

females. In addition, no elevated risk for colon cancer

was found in females (RR: 1.1). Similarly, positive
associations were found between surviving the Holo-

caust and colon cancer (RR: 1.9), lung cancer (2.0),

melanoma (1.2), bladder cancer (1.5) and prostate can-
cer (1.6) in males (Table 3).

In multivariable analysis (Table 4), after controlling

for confounders and stratifying by sex, it was concluded

that being a Holocaust survivor is a statistically signifi-

cant risk factor for all types of cancer examined by this

study, both in males and in females. The RR values for

males and females, respectively, were 1.9 and 1.3 for

colon cancer, 1.9 and 1.4 for lung cancer, 1.6 and 1.4 for
bladder cancer and 1.2 and 1.3 for melanoma. The RR

for breast cancer in females was found to be 1.2 and for

prostate cancer in males was 1.4. In addition, compared

with female Holocaust survivors, males had higher RRs

for colon, lung and bladder cancers.

An age-stratified analysis, presented in Table 5,

shows the significantly elevated risks for all types of

cancer found in female study participants who experi-
enced the Holocaust as adults, that is, were >18 years

old in 1945. In contrast, some cancer types (e.g. colon

and lung) were significantly more common in males,

regardless of age of exposure, while for others

(e.g. bladder, melanoma and prostate), elevated risks

were found only in male study participants who expe-

rienced the Holocaust as children, that is, were <18

years old in 1945.



Table 2
Crude incidence rates of common cancer types in Holocaust survivors and the comparison group, Israel, 2000e2015, by sex and study group, per

1000 person-years.

Cancer

type

Male Holocaust

survivors

(n Z 125,511)

Female Holocaust

survivors

(n Z 169,032)

All Holocaust

survivors

(n Z 294,543)

Males, comparison

group (n Z 23,225)

Females, comparison

group (n Z 32,115)

All, Comparison

group (n Z 55,340)

Colon 5.4 3.5 4.4 2.9 3.3 3.2

Lung 3.0 1.5 2.2 1.5 1.2 1.4

Bladder 3.4 0.9 2.0 2.2 0.7 1.4

Melanoma 1.5 1.7 1.6 1.3 1.4 1.4

Breast N/A 3.3 N/A N/A 2.7 N/A

Prostate 2.7 N/A N/A 1.8 N/A N/A

N/A, not applicable.

Table 3
Univariate rate ratios of common cancer types in Holocaust survivors

and the comparison group, Israel, 2000e2015, by sex and study group

(Poisson regression model).

Cancer

type

Female Holocaust

survivors

(versus females,

comparison)

Male Holocaust

survivors

(versus males,

comparison)

All Holocaust

survivors

(versus all,

comparison

group)

Colon 1.1 (0.9e1.2) 1.9 (1.7e2.1) 1.4 (1.3e1.5)

Lung 1.2 (1.0e1.4) 2.0 (1.7e2.3) 1.6 (1.4e1.8)

Bladder 1.2 (1.0e1.5) 1.5 (1.3e1.7) 1.5 (1.3e1.7)
Melanoma 1.2 (1.0e1.4) 1.2 (1.0e1.4) 1.2 (1.0e1.4)

Breast 1.3 (1.2e1.4) N/A N/A

Prostate N/A 1.6 (1.4e1.8) N/A

N/A, not applicable.
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4. Discussion

The current population-based study is one of the largest

conducted studies in the field. Our results confirmed that

the incidence of malignant diseases in Holocaust survi-

vors was higher; when adjusted for cofounders and

stratified by sex in multivariable analysis, they demon-

strate that being exposed to the Holocaust is an inde-
pendent risk factor for developing malignancies such as
Table 4
Multivariable rate ratios of common cancer types in Holocaust sur-

vivors and the comparison group, Israel, 2000e2015, by sex and study

group (Poisson regression model).

Sex Multivariable rate ratios (95%

confidence intervals) for Holocaust

survivors

Females Males

Colon cancer 1.3 (1.2e1.5) 1.9 (1.7e2.1)

Bladder cancer 1.4 (1.1e1.7) 1.6 (1.4e1.8)
Lung cancer 1.4 (1.2e1.6) 1.9 (1.7e2.2)

Melanoma 1.3 (1.1e1.5) 1.2 (1.0e1.5)

Breast cancer 1.2 (1.1e1.4) N/A

Prostate cancer N/A 1.4 (1.3e1.6)

N/A, not applicable.

All models were controlled for age, smoking, obesity, diabetes,

geographic location (central Israel versus the southern or northern

regions) and type of residence (rural versus urban).
breast cancer in women, prostate cancer in men and

melanoma and colon, bladder and lung cancer in both

sexes.

Our results support the findings of a recent study [8]
that included 152,622 survivors, comparing individuals

entitled to compensation for suffering persecution dur-

ing WW II with individuals who were denied such

compensation. Like the present study, they reported a

significantly increased risk among Holocaust survivors

for colorectal and lung cancer (HR Z 1.1 and 1.3,

respectively). Contrary to their findings, however, we

found that Holocaust survivors have increased risks of
breast cancer in women, prostate cancer in men and

melanoma in both sexes.

Furthermore, when the relationship between the di-

etary restriction suffered by Holocaust survivors and

breast cancer was examined, it was found that the

younger the female survivor was when subjected to these

harsh conditions, the greater her subsequent risk of

developing breast cancer [11]. Interestingly, however,
our study results prove to be inconsistent with this as-

sociation (Table 5). Contradicting the results of previous

studies of dietary restriction in animals and humans, our

results not only show a direct association between

caloric intake and risk of breast cancer [14.15] but also

indicate that other factors may well influence the in-

crease in cancer incidence [16]. Similar associations be-

tween caloric intake and cancer have been shown
regarding colorectal cancer [17,18]. Moreover, our re-

sults concerning breast cancer agree with those reported

by Keinan-Boker et al. [6], who demonstrated an

increased risk for breast cancer in female Holocaust

survivors.

As mentioned, other studies (Fig. 1) have described

the incidence of malignancies related to stress and

hunger. An increased risk of breast cancer was seen in
survivors of the siege of Leningrad who suffered severe

caloric restriction, cold and psychological stress during

WW II [19,20]. Similarly, the Cambodian population,

which suffered genocide over a period of 5 years, was

found to have a high incidence of lung, liver, prostate,

colorectal and stomach cancer in men and a high inci-

dence of breast, lung, colorectal, cervical and thyroid



Table 5
Multivariable rate ratios of common cancer types in Holocaust survivors and the comparison group, Israel, 2000e2015, by sex and study group,

stratified by sex and age during the Holocaust (Poisson regression model).

Sex Multivariable rate ratios

(95% confidence intervals) for Holocaust survivors, by age in 1945

Females Males

Age in 1945 <6 years 6e18 years >18 years <6 years 6e18 years >18 years

Colon cancer 1.0 (0.7e1.4) 0.9 (0.8e1.1) 1.5 (1.3e1.7) 7.1 (4.1e12) 2.5 (2.1e3.0) 1.3 (1.1e1.5)
Bladder cancer 1.2 (0.6e2.1) 1.2 (0.9e1.5) 1.5 (1.1e1.9) 3.0 (1.8e4.9) 2.7 (2.2e3.3) 1.0 (0.9e1.2)

Lung cancer 1.0 (0.6e1.4) 1.1 (0.9e1.4) 1.6 (1.3e2.0) 3.3 (2.2e4.8) 2.3 (1.8e2.8) 1.3 (1.0e1.6)

Melanoma 1.3 (0.9e2.0) 1.1 (0.9e1.3) 1.4 (1.1e1.7) 3.5 (1.9e6.6) 1.7 (1.3e2.2) 0.7 (0.6e1.0)

Breast cancer 1.1 (0.9e1.4) 1.0 (0.9e1.2) 1.6 (1.4e1.8) N/A N/A N/A

Prostate cancer N/A N/A N/A 5.7 (3.6e8.9) 2.2 (1.9e2.6) 0.9 (0.8e1.1)

N/A, not applicable.

All models were controlled for age, smoking, obesity, diabetes, geographic location (central Israel versus the southern or northern regions) and type

of residence (rural versus urban).
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cancer in women [10]. Findings of the Netherlands
cohort study [21] also reinforce the association between

caloric restriction and cancer, suggesting that epigenetic

changes due to low levels of insulin and an insulin-like

growth factor during the early years of life may be

responsible for the decreased risk of colorectal cancer

developing in adulthood. A number of additional

studies have shown that Holocaust survivors are more

obese and suffer from a higher body mass index than
non-Holocaust survivors [4,5]. These data correspond to

the results of a review [22] which showed that associa-

tions for only 11 types of cancer, including breast and

colon, were supported by strong evidence. In our

multivariable analysis, the results were adjusted for

obesity yet still indicated that Holocaust survivors had a

higher risk of breast and colon cancer.

However, there are studies that present results to the
contrary. A Norwegian study [23] compared the inci-

dence of breast cancer found in food-producing and

nonefood-producing areas in Norway with regard to

the effects of WW II on diet; greater decline in breast

cancer incidence was observed in the group residing in

nonefood-producing areas.

We offer a number of possible explanations for this

increased risk of several types of cancers. The first is
related to the starvation and extreme caloric deprivation

(i.e. approximately 220e800 Kcal/day) [24,25] that Ho-

locaust survivors endured over extended periods of time,

as well as suffering in ghettos and concentration camps

from starvation, marasmus and kwashiorkor. In

contrast, a possible explanation for the non-conclusive

results of previous studies concerning breast and colon

cancer is that suggested by Keinan-Boker et al. [6]. Most
studies [17,18,21] conducted on this topic, they claim,

examined non-Jewish populations who experienced WW

II under less stringent conditions, that is, less severe

caloric restriction and shorter exposure times to star-

vation, than those experienced by Jewish Holocaust

survivors. Other negative studies were conducted on

animals and involved limited caloric restriction that did

not cause nutritional deficiencies [15].
The second explanation related to the increased risk
of melanoma in Holocaust survivors of both sexes

concerns lengthy exposure times, from sunrise to sunset

[24]; lacking protective attire, they were excessively

exposed to ultraviolet light, a known major risk factor

for melanoma. Additionally, most of the survivors

examined in this study, being from Eastern Europe,

were known to have light skin, which is also a risk factor

for melanoma [26,27]. These factors serve to reinforce
the accuracy of our conjecture.

The third explanation for increased risk of several

types of cancers pertains to the proximity of Holocaust

survivors to incinerators while they lived in concentra-

tion camps, one consequence of which was daily expo-

sure to toxic waste over periods of several years. This

explanation is supported by Garcia-Perez et al. [28], who

showed increased cancer mortality, especially from
bladder and colorectal cancer, in the overall population

that resided in the vicinity of incinerators.

Most of the studies, including some conducted in the

Netherlands [17,18], that failed to show any association

between survivorship of WW II and cancer were based

on aggregative data (e.g. place of residence) rather than

on definitions of individualised exposure.

The present study exhibits several strengths, among
them the fact that its population-based data (i.e. free

from the so-called Berksonian bias) were derived from a

large database, and whose validity for diagnoses such as

cancer and chronic disease is high [12]. Information

specifically related to cancer is expected to be even more

valid because the healthcare provider organisation is

credited by the Ministry of Health with a budget sup-

plement; therefore, these diagnoses are even more
consistently documented in the database. Another

strength of the present study is the availability of data

on individualised risk factors which enabled us to con-

trol for personal cofounders. Finally, unlike in previous

research, we used an exact definition of Holocaust sur-

vivorship for the 28% of Holocaust survivors still alive

based on recognition status as defined by the Holocaust

Survivor Benefits Law rather than simply on country of
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birth and year of immigration; this distinction leads to a

more valid definition of the term ‘exposure.’

At the same time, this study has certain limitations.

First, it is, nevertheless, impossible to verify recognition as

defined by the Holocaust Survivor Benefits Law for the

72% of survivors who died between the years 2000 and

2015. Another limitation is that, theoretically, study

participants could have been born in a country not
occupied by the Nazis but immigrated to Israel from a

country under occupation (or vice versa). This situation

could lead to amisclassification of exposure, although it is

likely to be non-differential. In addition, our study

investigated the incidence of only six common, not all,

types of cancer. The fourth limitation involves the lack of

existing information about lifestyle habits such as physical

activity, alcohol consumption and nutrition; additionally,
any information concerning smoking, weight and

height and diabetes may have been collected while cancer

was already present (even if not clinically recognised), due

to the long latency period of solid tumours, thus referring

to prevalent, rather than incident, risk factors. The fifth

limitation concerns the fact thatHolocaust survivorswere

considered to be a homogenous population, even though

theymayhave differed in terms of exposure to harsh living
conditions (e.g. concentration camps, ghettos or hiding in

villages or forests), thus introducing a survival bias (we

studied persons who managed to survive the Holocaust,

not necessarily reflecting exposure in all victims of the

Holocaust). Finally, survival bias must also be caused

because some Holocaust survivors may have died before

the year 2000 because of comorbidities other than cancer

and, in fact, could have had overall higher mortality rates
than the comparison group.

In conclusion, incidence rates of malignant diseases

were higher in Holocaust survivors living in Israel

compared with individuals who were not subjected to

the Holocaust. These associations remained statistically

significant in a multivariable analysis and were stronger

among males. It is critical that the Israeli healthcare

system recognise this to be the case and give this high-
risk population the special attention it deserves. For

example, recognition of other types of cancer, not just

colon and lung cancers, as long-term effects of the Ho-

locaust would be one important step. In addition, based

on the results of the present study and future studies,

legislation concerning the compensation extended to

Holocaust survivors with cancer may change.
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