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Abstract 
 

Experimental caloric restriction (CR) in laboratory animals extends longevity and 
profoundly reduces the risk for age-related diseases such as cancer, cardiovascular 
disease and type II diabetes mellitus. Data on CR in humans are largely derived from 
wartime under-nutrition (WU) experiences, and the long-term consequences associated 
with this exposure are not always in line with those expected based on animal studies. 

Jewish Holocaust survivors were exposed to extreme under-nutrition during World 
War II (WWII) for extended time periods. In this chapter we will describe in detail two 
Israeli studies that explored cancer risk in Jewish Holocaust survivors. The first, a 
retrospective cohort, referred to overall cancer incidence and used a proxy for the 
exposure, which was defined as being in Europe during WWII. The second, a population-
based case-control study, focused on breast cancer and used an individualized, 
cumulative, measurement tool to assess WWII-related under-nutrition. Both studies 
disclosed higher cancer risk in those more exposed. The results of the retrospective 
cohort indicated that overall cancer rates, as well as breast, colorectal and lung 
carcinoma, were higher in those living in Europe through WWII and the younger the age 
at exposure, the higher the risk. In the case-control study, breast cancer risk was higher in 
women exposed to more severe WU, with age at exposure as an independent predictor: 
the younger the age, the higher the risk. 
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These studies are in accordance with some previous studies on non-Jewish WWII 
survivors. Under-nutrition is suspected to be an etiologic factor in this association. 
However, other explanations, such as post-traumatic stress disorder (PTSD) and 
interactions between the various exposures, cannot be ruled out. 

In conclusion, the Holocaust studies and the other WU studies in humans disclose 
associations with higher cancer risk, in contrast to caloric restriction studies in laboratory 
animals which show lower cancer risks. Therefore caution is needed when extrapolating 
findings from animal studies into human subjects. In the particular case of Jewish 
Holocaust survivors, they seem to form a high risk group for cancer, especially breast, 
colorectal and lung cancer. WU may play an important etiologic role. These observations 
have direct impact on the health of Holocaust survivors in Israel and elsewhere, and on 
their caregivers' approach and policy regarding cancer screening. Moreover, these 
findings are of relevance not only to WWII survivors, but to other communities that had 
been or are exposed to severe – but transient – under-nutrition. 
 
 

Introduction 
 
Holocaust ('Shoah' in Hebrew) is a word of Greek origin meaning "sacrifice by fire". It 

refers to the systematic, bureaucratic, state-sponsored persecution and murder of millions of 
Jews by the Nazi regime and its collaborators in the period between the election of Adolf 
Hitler as the chancellor of Germany (January 30th, 1933) and the end of World War II 
(WWII) in Europe (May 8th, 1945). During this time, Jews in Europe were subjected to 
outlawing and progressively harsh persecution that ultimately led to the murder of 6, 000, 000 
Jews (of them 1.5 million children) and the destruction of 5, 000 Jewish communities. These 
deaths represented two-thirds of European Jewry and one-third of world Jewry at the time, 
and were part of the "final solution", a Nazi policy aimed to clear the 'Third Reich' of Jewish 
presence [1-4]. Following WWII, many of the European Jewish survivors had immigrated to 
Israel (officially established in 1948) and to North America. Currently, the world largest 
community of Holocaust survivors resides in Israel and counts approximately 225, 000 
subjects [5, 6]. 

It is important to state, that the term "Holocaust survivor" has a legal aspect and therefore 
should be used with caution. Some of the Jewish WWII survivors were compensated by the 
Israeli or the German parliaments provided they fulfilled certain criteria (not necessarily 
identical in both countries) and were thus legally defined as "Holocaust survivors". For the 
purpose of this Chapter, we used a very wide definition in the ecological cohort study (Table 
1), and a more conservative one in the case-control survey (Table 1). However, both 
definitions were independent of the legal definitions. 

The immediate and short-term health consequences of the Holocaust on the survivors 
were obvious and included infectious diseases (such as tuberculosis), chronic diseases 
(hypertension, thyroid dysfunction, heart diseases), orthopedic symptoms, psychiatric 
diseases and others [7]. Longer-term consequences were less studied for various reasons [8] 
and mostly included mental health outcomes [9, 10] and osteoporosis [11]. 

The first reports on the potential long-term effects of war-induced famine on cancer risk 
were based on European populations exposed to diverse levels and periods of under-nutrition 
during WWII and have been published in the 1990's [12-14].  
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Although these early publications did not support a direct relationship, this research 
direction, combined with the observation that Israeli Jewish subjects of Europe-America 
origin (many of whom are Holocaust survivors) continually present with the highest cancer 
incidence rates as evident from the Israeli National Cancer Registry database, has raised the 
question, whether Israeli Holocaust survivors form a high risk group for cancer incidence. 
Indeed, only very recently, scientific attention was drawn to chronic morbidity as a potential 
long-term consequence [15] of the exposure to the atrocities of the Holocaust [16, 17]. 

In this chapter, we will present the data available to date on cancer incidence in Israeli 
Holocaust survivors. Two studies were published so far; the first, a retrospective cohort, was 
ecologic in nature and aimed to assess overall cancer incidence in Israeli Holocaust survivors 
by using a proxy for the exposure, which was defined as being in Europe during WWII. The 
second, a population-based case-control study, further referred to individual risk factors that 
may have been associated with increased breast cancer risk and used an individualized, 
cumulative, measurement tool to assess WWII-related under-nutrition. Both studies disclosed 
higher cancer risk in those more exposed (Table 1 summarizes these studies). We will discuss 
the main findings of these studies and point future research directions needed to be explored 
in order to clarify the associations disclosed. 

 
Table 1. Summary of the Israeli studies described in this Chapter 

 
 Cohort study Case-control study 
Study type A retro-prospective cohort study  A population-based case control 

study 
Population All Israeli citizens born in Europe in 

1920-1945 who immigrated to Israel 
up to 1989  

Israeli women born in Europe 
before 1945 who lived under 
direct Nazi regime for at least 6 
months during WWII and who 
immigrated to Israel up to 1989  

Exposure 
definition 

Being in Europe during WWII as a 
proxy for a "holocaust survivor" 
definition vs. not being in Europe 
during WWII 

Being exposed to severe vs. being 
exposed to mild hunger during 
WWII in Europe 

Exposure data Ecological 
(Population registry data) 

Individual 
(self report data) 

Outcome studied Overall and specific cancer 
incidence 

Breast cancer 

Comparison 
groups 

Exposed = immigration to Israel in 
1945-1989; 
Non exposed = immigration to 
Israel before 1945  

Cases = those diagnosed with 
breast cancer in 2005-10 Controls 
= those not diagnosed with the 
disease 

Main conclusions Overall cancer rates, as well as 
breast, colorectal and lung 
carcinoma, are higher in those living 
in Europe through WWII and the 
younger the age at exposure, the 
higher the risk 

Breast cancer risk is higher in 
women exposed to more severe 
WU; the younger the age at 
exposure, the higher the risk 
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Caloric Restriction and Cancer 
 
As in other wars, one of the characteristics of WWII had been limited food supply, which 

affected, at one time or another and especially towards the end of the War, many European 
communities. Limited food supply results in limited calorie intake, which in this chapter will 
further be referred to as Wartime Under-nutrition (WU), to distinguish it from experimental 
calorie restriction (CR), a well-defined laboratorial concept. 

 
 

Caloric Restriction (CR) and Cancer in Laboratory Animals 

 
Experimental CR in laboratory animals involves a life-long moderate (10%–30%) or 

severe (40%–80%) reduction in calorie intake in a closely controlled environment and 
through a balanced diet with respect to macro- and micronutrients, that is, a state of “under-
nutrition without malnutrition” [18]. Throughout the last century, numerous experiments 

indicated that lifelong CR may extend longevity by up to 50% in rodents and profoundly 
impact age-related diseases, i.e., reduced risk of cancer, neurodegenerative disorders, 
autoimmune disease, cardiovascular disease and type II diabetes mellitus [19-21]. Data on CR 
outcomes in humans are limited, but extrapolating from animal experiments may be 
misleading, since CR in humans is usually very different from the life-long, controlled and 
balanced CR in experimental settings. CR in humans is often much more dramatic with 
respect to the caloric reduction involved, not necessarily balanced in terms of macro- and 
micronutrients, and usually transitional, sometimes followed by a period of over-nutrition. In 
fact, even in laboratory animals, change of the experimental setting largely diminishes the 
beneficial outcomes attributed to CR. Tannenbaum [22] reported in 1950 that intermittent 
fasting in mice failed to inhibit the formation of mammary carcinoma [22]. Two more recent 
animal experiments that examined the effect of short-term CR during and after chemical 
induction of breast cancer in female rats disclosed that short-term CR may decrease the risk 
of mammary gland cancer [23, 24]. However, when caloric restriction for any period after 
tumor initiation was followed by ad libitum feeding, it failed to show the same protecting 
effect with respect to mammary gland tumors, and was even associated with increased breast 
cancer risk [23]. Furthermore, Kritchevsky et al. noticed that when rats were transferred from 
calorie-restricted diet to ad libitum feeding, they developed hyperphagia, accelerated weight 
gain, transient mammary hypertrophy and enhanced tumor growth [24]. Indeed, recent 
publications suggest that the beneficial outcomes associated with experimental CR in rodents 
may be an artifact of domestication [21] and are modified by genetic factors [25]. 

 
 

CR and Cancer in Human Subjects 

 
As mentioned earlier, data on CR in humans and on related outcomes are limited 

and based on early experiments [26-28], epidemiological studies in anorexia nervosa (AN) 
patients [29-31], special dietary groups [21, 32] and wartime under-nourished populations 
[12-14, 33-40]. 
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The early experiments were mostly war-motivated, and referred to short-term outcomes 
of starvation. Following World War I, Benedict et al. [26] conducted an experiment on 
American college students who were exposed to a restricted diet and whose physical and 
nutritional status was extensively studied. They concluded that "protein curtailment is an 
assured and physiologically sound procedure, and a reduction in calories is possible for long 
periods, but definite and significant disturbances of blood composition, normal sex 
expression, and neuro-muscular efficiency, and the appearance of mental and physical unrest 
are deterrent factors in too sweeping generalizations as to the minimum calories being 
synonymous with an optimum level" [26]. Towards the end of WWII, Keys et al. [27] 
conducted the Human Starvation Study, a clinical study performed at the University of 
Minnesota between November 1944 and December 1945. The investigation was designed to 
determine the physiological and psychological effects of severe and prolonged dietary 
restriction and the effectiveness of dietary rehabilitation strategies, which were planned to be 
utilized to guide the Allied relief assistance to famine victims in Europe and Asia at the end 
of the War. The results indicated that most of the participants experienced periods of severe 
emotional distress and depression, were preoccupied with food, lost their sexual drive and 
showed signs of social withdrawal and isolation [27]. Medical experiments on famine 
outcomes in humans were also carried out by Nazi officers in German concentration and 
death camps during WWII [28]. 

Long term outcomes of human under-nutrition were mostly reported from more recent 
studies. AN patients are exposed to chronic, often extreme, self-inflicted CR. Many of them 
never regain normal calorie intake. A Danish study on AN patients indicated a slight, non-
significant, lower risk for overall cancer [29]. Two Swedish studies that followed, disclosed a 
significantly lower risk of breast cancer in AN patients compared to the general population 
[30], which was modified by age at AN onset and by parity [30, 31]. 

A movement calling for caloric restriction for extended longevity has gained popularity 
in the US in the last decades and in 1995 a Society for "Caloric Restriction with Optimal 
Nutrition" (CRON) had been established. Although its founder, Ray Walford, died at age 79 
due to a genetic disease (Amyotrophic Lateral Sclerosis), members of the Society, the 
CRONies, were studied in the first half of the last decade and found to have remarkable 
health status consistent with the anticipated beneficial effects of engaging in CR. However, 
the CRONies are clearly a self-selected population and their assessment was not done within 
the framework of a randomized controlled trial, so attributing the observed health effects to 
CR is problematical [21]. The few clinical trials that did take place in this field (i.e., 
Biosphere 2) indicated that short-term caloric restriction invoked a decline in metabolic rate, 
body temperature and systolic and diastolic blood pressure. Blood glucose, insulin, and 
thyroid hormone levels were also reduced. In summary, the physiological and biochemical 
alterations were similar to those of caloric restricted rodents and non-human primates [32]. 
Moreover, studies focusing on the Okinawan population, renowned for their reduced 
morbidity and mortality and for having the greatest percentage of centenarians anywhere in 
the world, concluded that their nutrition is responsible for these effects. The Okinawans 
consume a nutrient-dense diet lower in calories compared to the rest of Japan by 20% and the 
United States by 40%. The diet consists mainly of vegetables, grains, fruits, soy, seaweed, 
and fish. This diet mimics the well-balanced calorie restricted dietary interventions imposed 
on experimental animals and appears to also mimic the beneficial effects of the CR diet in 
animals [32]. 
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However, the case of wartime under-nutrition (WU) and its outcomes may be of more 
relevance with respect to Holocaust survivors (Table 2). Four Norwegian studies [12, 13, 33, 
34] that focused on the long-term effects of the restricted Norwegian diets during World War 
II (average daily energy intake per person of 1, 240 kcal in the winter of 1945 compared to a 
pre-War value of 2, 500 kcal) found positive associations between caloric intake and breast 
cancer risk. The series of Dutch studies by Dirx et al. [14, 35, 36], which were mostly based 
on ecological exposure data, detected no association between caloric restriction (average daily 
energy intake per person of approximately 800 kcal) and breast [14] or prostate [35] cancer. 
However, a weak inverse relationship between energy restriction early in life and subsequent 
colon carcinoma has been reported for both men and women [36]. Elias et al. [37], in a 
different Dutch cohort, used individual exposure data (based on self-reports) to investigate the 
relationship between exposure to the Dutch famine and subsequent breast cancer risk. They 
reported an increased risk for women who were severely exposed to this short but extreme 
famine (i.e., average daily energy intake per person of 800 kcal; hazard ratio [HR] = 1.48, 
95% confidence interval [CI] = 1.09 to 2.01) and a dose–response effect [37]. Moreover, in a 
preliminary study Painter et al. [38] assessed 475 women born around the 1944-1945 Dutch 
famine and found that women exposed to prenatal famine were more likely to report a history 
of breast cancer than non-exposed women (HR = 2.6; 95% CI = 0.9 to 7.7) [38]. In Guernsey, 
a British Channel Island that was occupied by Germany between June 1940 and May 1945, 
the residents had an average daily energy intake per person of 1, 200 kcal for almost a year 
(between June 1944 and May 1945). Breast cancer risk was elevated among women who 
remained in the island under German occupation and were aged 10-18 years in 1944 
compared with those who were evacuated, but the risk estimate failed to reach statistical 
significance (HR = 1.28, 95% CI = 0.61 to 2.75) [39]. Another recently published study [40] 
is of special interest. This study focused on survivors of the siege of Leningrad, which lasted 
from September 1941 through January 1944, who were exposed to severe starvation (average 
daily energy intake per person of 300 kcal that contained virtually no protein). The study 
results indicated that women exposed to the siege were at a higher risk of dying from breast 
cancer (HR = 2.50, 95% CI = 0.92 to 6.80) than those who were not exposed. Among those 
aged 10-18 years at the peak of the siege in 1941-1942, these findings were statistically 
significant (HR = 9.9, 95% CI = 1.1 to 86.5) [40]. Thus, when war-related under-nutrition is 
concerned, the evidence with regard to cancer outcome is different from the evidence 
accumulating in studies based on long term, controlled human CR, and is more supportive of 
a potential positive association. 

Importantly, all of these studies were conducted among non-Jewish populations whose 
World War II experiences were considerably different, and probably less severe, than those of 
the European Jewish population. The average daily energy intake per person in Jewish ghettos 
and in concentration camps was, roughly, 220-800 kcal [16, 17], and the length of the 
exposure to this daily diet of 220-800 kcal was substantial: many of the European Jews were 
interred in concentration camps and ghettos at the beginning of the War and remained there - 
or in other types of camps - for very long periods of time. In fact, the long-term exposure of 
Jews to calorie-restricted diet often resulted in malnutrition, which was clinically manifested 
as marasmus (severe protein-energy malnutrition), quashiorcor (severe protein deficiency), 
goiter, rickets, night blindness, anemia, and scurvy [16, 17]. 

 
 



 

Table 2. Summary of studies on wartime under-nutrition and its main outcomes 
 

Study [ref] Location, N Famine duration Daily calorie intake/person % calorie reduction Exposure definition and main results 

Vatten [12] 
1990 

Norway 
N=23, 831 
 
BC1 cases= 236 

1944-5 Pre-War:  
2, 500 1944-5: 1, 240 

Appr. 50%, balanced 
diet2 

Exposure defined by adult height as a proxy for 
childhood nutrition. 
Adult height is associated with breast cancer risk: 
SIR=2.03, 95%CI 1.36, 3.01 

Tretli [13] 
1996 

Norway 
N=23.365 million person 
years 
 
BC1 cases= 20, 111 

1944-5 Pre-war:  
2, 500 1944-5: 1, 240 

Appr. 50%, balanced 
diet2 

Exposure defined as age during WWII with 
adolescenc presenting higher susceptibility. 
Breast cancer risk in women who were 
adolescents during WWII is lower compared to 
older and younger birth cohorts 

Nilsen [33] 
2001 

Norway 
N=25, 204 
 
BC1 cases= 215 

1944-5 Pre-War:  
2, 500 
1944-5: 1, 240 

Appr. 50%, balanced 
diet2 

Exposure defined as adult height as aproxy for 
childhood nutrition. 
Among women born during WWII, higher adult 
height is associated with higher breast cancer 
risk: RR=2.5, 95%CI 1.2-5.5. No such association 
is observed in other birth cohorts 

Robsahm [34] 
2002 

Norway 
N=597, 906 
 
BC1 cases=  
7, 311 

1944-5 Pre-War:  
2, 500 
1944-5: 1, 240 

50%; balanced diet2 Exposure defined as residence during WWII (in 
food producing or. non food-producing areas). 
Higher breast cancer rates observed in food-
producing vs. non food producing municipalities 
in Norway during WWII: RR=1.17,  
95%CI 1.10; 1.24 

Dirx [14] 1999 The Netherlands 
N=62, 573 
 
BC1 cases=  
1, 009 

Sep 1944-May 
1945 

Sep 1944:  
1, 500 
Winter 1944/5: 800 

70% in adults and 50% 
in children; balanced 
diet2 

Exposure defined by residence during WWII and 
father's employment status. 
No clear evidence for the hypothesis that energy 
restriction in adolescence leads to a decreased 
breast cancer risk. 

Dirx [35] 
2001 

The Nether-lands 
N=58, 279 
 
PC3 cases= 903 

Sep 1944-May 
1945 

Sep 1944:  
1, 500 
Winter 1944/5: 800 

70% in adults and 50% 
in children; balanced 
diet2 

Exposure defined by residence during WWII and 
father's employment status. 
No evidence for the hypothesis that energy 
restriction early in life decreases prostate cancer 
risk later in life. 

Dirx [36] 
2003 

The Nether-lands 
N=120, 852 
 
CC4 cases= 807 
 

Sep 1944-May 
1945 

Sep 1944: 1, 500 
Winter 1944/5: 800 

70% in adults and 50% 
in children; balanced 
diet2 

Exposure defined by residence during WWII and 
father's employment status. 
A weak inverse relation found between energy 
restriction early in life and subsequent colon 
carcinoma risk for men (RR=0.85, 95%CI 0.62; 
1.16) and women (RR=0.80, 95%CI 0.59; 1.09). 



 

Table 2. (Continued) 
 

Study [ref] Location, N Famine duration Daily calorie intake/person % calorie reduction Exposure definition and main results 

Elias [37] 
2004 

The Nether-lands 
N=15, 000 
BC1 cases= 585 

Sep 1944- 
May 1945 

Sep 1944: 1, 500 
Winter 1944/5: 800 

70% in adults and 50% 
in children; balanced 
diet2 

Exposure defined by a famine exposure score, 
based on self reports regarding hunger, cold, and 
weight loss. 
The risk of breast cancer is increased in women 
severely exposed to a short but severe famine 
decades earlier: HR=1.48, 95%CI 1.09; 2.01. 

Painter [38]  
2006 

The Nether-lands 
N=475 
 
BC1 cases= 15  

Sep 1944- 
May 1945 

Sep 1944: 1, 500 
Winter 1944/5: 800 

70% in adults and 50% 
in children; balanced 
diet2 

Exposure defined by place (Amsterdam) and time 
of birth. 
Women exposed to prenatal famine more often 
reported a history of breast cancer than non-
exposed women: HR=2.6, 95%CI 0.9; 7.7. 

Fentiman [39] 
2007 

Island of Guernsey 
(UK) 
N=2, 377 
BC1 cases= 97 

Jun 1944- 
May 1945 

Jun-Dec 1944:  
1, 200 
Dec 1944-May 1945: 
1660 

50%; balanced diet2 Exposure defined by self- or maternal whereabouts 
of Guernsey residents in 1940-5. 
A non-significantly higher incidence of breast 
cancer in the subgroup born from 1926 to 1934: 
HR=1.30, 95%CI 0.62; 2.76. 

Koupil [40] 
2009 

Leningrad 
(Russia) 
N=5, 330 
BC1 deaths= 19  
PC3 deaths= 37  

Sep 1941-  
Jan 1944 

At hunger peak, 1941-1942: 
300 
 

80%; unbalanced diet Exposure defined as living in Leningrad in 1941-
2.Women who were 10-18 years old at the peak of 
starvation had a higher breast cancer mortality 
compared to unexposed women born during the 
same period: age-adjusted HR=9.9, 95%CI 1.1; 
86.5.  
Prostate cancer mortality was nonsignificantly 
higher in exposed men. 

1 BC=Breast Cancer; 2 balanced in terms of macro- and mirco-nutrients through constructed rations; 3 PC=prostate cancer; 4 CC= colon cancer. 
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Furthermore, some Jews were very young when they were exposed to these severe 
conditions during the Holocaust, and an increasing body of evidence supports the hypothesis 
that events occurring early in a person’s life may strongly influence their subsequent health, 
including their risk of cancer [38, 41-47]. 

 
 

Cancer in Israeli Holocaust Survivors 
 
To date, very few studies relating to this issue had been carried out in Israel. In this 

section we will describe the studies we conducted so far in this respect, as summarized earlier 
(Table 1). 

 
 

A Retrospective Cohort Study 

 
In order to investigate the hypothesis that exposure to the Holocaust may account for the 

higher cancer incidence rates continually observed in Israeli subjects of European origin 
(compared to Israelis of other origin), we have planned a retrospective cohort study [48]. 

The study cohort was derived from the Israeli National Population Registry database and 
included all Israeli Jewish subjects who were born in European countries from 1920 through 
1945 and who resided or had resided in Israel in 1983 and onward through December 31, 
2004 (n = 315, 544). The exposure to the Holocaust was defined as living as a Jew in Europe 
directly or indirectly under a Nazi regime during World War II (i.e., from 1939 through 
1945). However, since no individual information regarding actual exposure was available,  
we used a proxy variable that was based on the date that Europe-born Jews immigrated to 
Israel: after 1945 (i.e., after potential exposure to the World War II Holocaust) to define the 
exposed group and up to 1945 (i.e., before and during World War II) to define the non-
exposed group [48]. 

Thus, the non-exposed group included Jews born in 1920 through 1945 in Europe who 
immigrated to the area that would become Israel before or during World War II (i.e., up to 
1945). We assumed that the ability to immigrate during the War years reflected, in itself, 
being non-exposed to the Holocaust. This non-exposed group contained 57, 496 subjects and 
so was small. The exposed group included Jews who were born in Europe from 1920 through 
1945 who immigrated to Israel after the end of World War II (i.e., after 1945) (n = 258, 048). 
Exclusion criteria included immigration to Israel after 1989 because in 1989 and the years 
that followed, Israel experienced a massive wave of immigration from the former Soviet 
Union. These immigrants may have suffered further prosecutions and under-nutrition under 
the Soviet regime, not necessarily experienced by those immigrating to Israel immediately 
following the War. Thus to isolate as much as possible the impact of WWII under-nutrition 
these immigrants were excluded from the exposed group [48]. According to the Israeli 
Central Bureau of Statistics, 85% (approximately 268, 212) of the study population 
immigrated to Israel before 1960 and 15% immigrated to Israel between 1960 and 1989 [49]. 

The main study outcome was the occurrence of a histologically diagnosed malignant 
disease. The study cohort was linked with the Israeli National Cancer Registry database, to 
identify relevant cancer diagnoses since 1960 up to the end of 2004 [48]. The Israel National 
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Cancer Registry was established in 1960, and since 1982 it has been compulsory that all 
newly diagnosed cancers in persons in Israel be reported to this registry. Data collected by the 
Israel National Cancer Registry include demographic information (sex, date of birth, country 
of birth, date of immigration to Israel if applicable, and date of death if applicable), date and 
location of cancer diagnosis, histological type of the malignant tumor and disease stage at 
diagnosis. Completeness of this registry is estimated at approximately 93% for solid tumors 
[50]. For the purpose of the retrospective cohort study, we included all subjects diagnosed 
with a first primary malignant tumor, except for basal and squamous cell skin carcinomas. 
Second primary tumors were excluded [48]. 

The study cohort was divided into five birth cohorts (1920-1924, 1925-1929, 1930-1934, 
1935-1939, and 1940-1945) to represent the different ages at exposure. Person-years of 
follow-up were calculated by sex and exposure status for each birth cohort. Cancer rates in 
the exposed were compared to cancer rates in the non-exposed group, which represented the 
number of expected cases. SIR (standardized incidence ratios) and then also relative risk (RR) 
estimates and 95% confidence intervals (95% CIs) were calculated for all cancer sites and for 
specific cancer sites, stratified by sex and birth cohort, and adjusted for time period. These 
calculations were done only for those diagnosed in 1983 onwards, because detailed 
population data for the denominators required for these calculations were available for the 
study cohort from the Israeli Bureau of Statistics only since this year [48]. 

Participants contributed a total of 4, 919, 700 person-years to the follow-up: 908, 436 
person-years from the non-exposed group (48.8% from men and 51.2% from women) and 4, 
011, 264 person-years from the exposed group (43.7% from men and 56.3% from women). 
Between January 1, 1960, and December 31, 2004, a total of 69, 297 participants were 
diagnosed with cancer in the study cohort, 13, 237 in the non-exposed group (6, 652 men and 
6, 585 women) and 56, 060 in the exposed group (24, 773 men and 31, 287 women) (Table 
3). The most common cancer in non-exposed men was prostate cancer (16.8% of all 
malignant tumors) and the most common cancer in exposed men was colorectal cancer 
(17.8% of all malignant tumors). The most common tumor in both non-exposed and exposed 
women was breast cancer (30.4% and 31.4%, respectively, of all malignant tumors) [48]. 

 
Table 3. Distribution of cancer diagnoses by exposure status,  

sex, and birth cohort, 1960-2004 [48] 

 

Group Non-exposed group. Exposed group 
Men Women Men Women 

 No. of 
diagnoses 

Rate1 No. of 
diagnoses 

Rate1 No. of 
diagnoses 

Rate1 No. of 
diagnoses 

Rate1 

Total 6,652 1496.6 6,585 1419.3 24,773 1372.5 31,287 1418.1 
Birth cohort         
 1920-1924 3,726 2357.5 3,248 2015.8 10,082 2534.2 11,692 2251.3 
 1925-1929 1,823 1429.5 1,926 1448.9 6,554 1913.2 8,655 1756.5 
1930-1934 863 845.7 1,105 986.5 4,202 1288.3 5,141 1327.8 
 1935-1939 215 549.5 260 646.1 2,448 723.2 3,352 887.4 
 1940-1945 25 140.9 46 260.7 1,487 371.9 2,447 570.0 

1 Crude rate = number of diagnoses per 100, 000 person-years. 
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Table 4. Association between exposure and risk of overall cancer,  

diagnosed in 1983-2004, stratified by sex and birth cohort
1
 [48] 

 

Birth cohort Observed No. Expected No. RR (95% CI) 
Men    
1920-1924 8,153 7,155.00 1.17 (1.13; 1.23) 
1925-1929 5,591 3,857.58 1.50 (1.41; 1.58) 
1930-1934 3,703 2,320.65 1.62 (1.50; 1.76) 
1935-1939 2,197 1,577.68 1.37 (1.19; 1.59) 
1940-1945 1,286 376.13 3.50 (2.17; 5.65) 
Women    
1920-1924 8,474 6,995.29 1.30 (1.24; 1.36) 
1925-1929 6,639 5,239.30 1.33 (1.26; 1.41) 
1930-1934 4,164 2,848.11 1.48 (1.37; 1.59) 
1935-1939 2,838 1,835.50 1.55 (1.34; 1.79) 
1940-1945 2,161 933.36 2.33 (1.69; 3.21) 

1 Analyses were adjusted for age and period. RR = relative risk; CI = confidence interval. 
 

Table 5. Association between exposure and risk of breast cancer,  

diagnosed in 1983-2004, among women, stratified by birth cohort
1 
[48] 

 
RR (95% CI) Expected No. Observed No. Birth cohort 
1.21 (1.10; 1.33) 1, 773.03 1, 996 1920-1924 
1.20 (1.08; 1.33) 1, 538.04 1, 761 1925-1929 
1.62 (1.41; 1.86) 828.51 1, 328 1930-1934 
1.63 (1.29; 2.06) 683.48 1, 124 1935-1939 
2.44 (1.46; 4.06) 373.60 896 1940-1945 

1 The analysis was adjusted for age and period. RR = relative risk; CI = confidence interval. 
 

Table 6. Association between exposure and risk of colorectal cancer,  

diagnosed in 1983-2004, stratified by sex and birth cohort
1
 [48] 

 
RR (95% CI) Expected No. Observed No. Birth cohort 
   Men2 

1.31 (1.19; 1.45) 1, 341.40 1, 682 1920-1924 
1.56 (1.37; 1.78) 705.20 1, 053 1925-1929 
1.84 (1.51; 2.24) 359.38 658 1930-1934 
1.75 (1.19; 2.59) 213.38 388 1935-1939 
   Women2 

1.33 (1.19; 1.48) 1, 305.28 1, 617 1920-1924 
1.52 (1.31; 1.75) 806.70 1, 151 1925-1929 
1.51 (1.25; 1.82) 427.48 638 1930-1934 
1.93 (1.25; 3.00) 196.74 374 1935-1939 

1 The analysis was adjusted for age and period. RR = relative risk; CI = confidence interval. 
2 Data for the birth cohort 1940-1945 are not presented because the small number of cancers diagnosed 

did not allow calculation of the risk estimate. 
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Table 7. Association between exposure and risk of lung and bronchial cancer,  

diagnosed in 1983-2004, stratified by sex and birth cohort
1
 [48] 

 
RR (95% CI) Expected No. Observed No. Birth cohort 
   Men2 
1.59 (1.39; 1.83) 605.79 944 1920-1924 
2.27 (1.89; 2.72) 355.18 755 1925-1929 
2.04 (1.59; 2.61) 226.69 452 1930-1934 
1.66 (1.04; 2.65) 160.79 263 1935-1939 
   Women2 
1.15 (0.96; 1.37) 492.91 545 1920-1924 
1.35 (1.09; 1.69) 357.34 447 1925-1929 
1.93 (1.39; 2.68) 135.80 261 1930-1934 
1.05 (0.56; 1.95) 117.16 121 1935-1939 

1 The analysis was adjusted for age and period. RR = relative risk; CI = confidence interval. 
2 Data for the birth cohort 1940-1945 are not presented because the small number of cancers diagnosed 

did not allow calculation of the risk estimate. 
 
As explained earlier, only cancers diagnosed between January 1, 1983, and December 31, 

2004, were used to compute risk estimates, and therefore a total of 55, 488 participants with 
cancer were eligible for these analyses (80.1% of all cancer patients), 10, 282 in the non-
exposed group (5, 501 men and 4, 781 women) and 45, 206 in the exposed group (20, 930 
men and 24, 276 women.  

The risk of a cancer at any cancer site was statistically significantly higher in the exposed 
group than in the non-exposed group across all birth cohorts and both sexes (ranging from 
RR=1.17, 95% CI 1.13; 1.23 to RR=3.50, 95% CI 2.17; 5.65). Risk was considerably higher 
for both sexes among younger birth cohorts than among older birth cohorts (for men born in 
1940-45, RR=3.50, 95% CI 2.17; 5.65; for women of the same birth cohort, RR=2.33, 95% 
CI 1.69; 3.21) (Table 4). 

Similar patterns, with higher risk estimates in the exposed group compared to the non-
exposed, and with a risk gradient across birth cohorts the higher the risk were observed also 
for breast cancer in women (Table 5) and for colorectal cancer in both men and women 
(Table 6). Excess risk for lung cancer in exposed men and women, but with no clear gradient 
across birth cohorts, was observed as well (Table 7). 

This retrospective cohort study [48] was the first to refer specifically to the population of 
Israeli Jewish survivors of WWII with respect to cancer incidence. Its main advantage is that 
the study cohort is based on all Israeli citizens who fulfill the study inclusion criteria, not 
merely a sample of the reference population. Additionally, the large cohort size made the 
analyses of specific cancer sites possible and contributed to the study power, and the data 
analyses took into account the potential scatter in the birth cohorts by using exponential 
Poisson regression models. 

The study limitations call for caution when interpreting the findings. The study focused 
on World War II survivors, an inherently selective population. Moreover, it focused only on 
WWII survivors residing in Israel and did not include survivors living in other countries. Still, 
the Israeli population of Jewish Holocaust survivors is currently the largest worldwide [5, 6]. 

The exposure in this study (i.e., living as a Jew in Europe during WWII under Nazi 
regime) was not measured directly but rather was assessed with a proxy variable that was 
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based on the date of immigration to Israel (before 1939 or after 1945). The Jewish population 
in pre-World War II Europe included more than 8, 500, 000 individuals, with more than 3, 
000, 000 living in Poland alone. According to the Molotov–Ribbentrop Pact (August 1939), a 
total of 1, 200, 000 Polish Jews became Soviet citizens after the Nazi occupation of Poland in 
September 1939 and around 300, 000 Polish Jews moved into the Soviet parts of Poland 
between September 1939 and February 1940. Some returned to Poland, some found 
themselves under Nazi occupation after the German invasion of the former Soviet Union in 
June 1941 and many others retreated into the Soviet areas. Other European Jews may have 
also been relatively protected during the War because of a successful escape from occupied 
territories to non-occupied countries in Europe, such as the United Kingdom, Sweden, Spain, 
Portugal, or Switzerland. Since many of these people immigrated to Israel when the War was 
over, some of those defined as exposed may, in fact, have been misclassified and should have 
been defined as non-exposed. However, this misclassification is not expected to be large [48]. 

The outcome in this study - cancer incidence - was ascertained since 1960 when the Israel 
National Cancer Registry was established. Participants who were diagnosed with cancer 
before this date are not included. This practice may have also caused a misclassification, 
especially for childhood cancer in the youngest birth cohort. However, childhood cancers 
diagnosed among Israeli citizens account for no more than 1% of all cancers diagnosed each 
year. Additionally, when the Israel National Cancer Registry was established in 1960, the 
youngest birth cohort (1940-1945) would have been 15-20 years old and participants in that 
cohort could still have been diagnosed with childhood cancer [48]. 

Finally, no individual data were available concerning other exposures that might have 
contributed to a higher cancer incidence in World War II survivors, such as smoking or 
alcohol consumption. However, the fact that all cohort members were of European origin, 
lowered the risk for different genetic backgrounds (i.e., BRCA mutations) [48].  

In conclusion, Jewish survivors of World War II who were potentially exposed to the 
Holocaust are at a higher risk for cancer occurrence later on in life than those not exposed. 
The risk appears to be modified by age at exposure, with younger age at exposure being 
associated with higher risk [48].  

The results of this retrospective cohort, the first to report on Jewish Holocaust survivors 
in relation to cancer incidence, were partially confirmed by two other yet unpublished studies. 
One study used a large cohort of Holocaust-exposed and non-exposed Israeli Jews in which 
exposure was defined based on financial claims submitted – and either approved 
(="exposed") or not approved (="non-exposed") - by WWII survivors, and disclosed a higher 
risk for lung and colorectal cancers but not for breast cancer in those defined as "exposed". 
The other study compared cancer incidence in bereaved parents, and concluded that cancer 
prevalence prior to bereavement was higher in parents who were Holocaust survivors in 
comparison to those who were not exposed to the Holocaust [Personal communication: Kohn 
R et al.]. 

 
 

A Case-Control Study (Breast Cancer) 

 
The findings described herewith provided some new facts, that Jewish Holocaust 

survivors do have higher cancer incidence rates, but being based on ecological-type evidence, 
have offered no etiological clues, thus stressing the need for further epidemiological studies. 
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We felt that detailed information on individual risk factors is essential in order to assess 
certain Holocaust-related exposures while controlling for potential confounders. Breast 
cancer, the most common malignancy in Israeli women [51], had been extensively studied in 
non-Jewish populations with respect to WWII-related CR [12-14, 33, 34, 37-40] and thus we 
have carried out a case-control study, aimed to assess breast cancer risk in Israeli Holocaust 
survivors [52]. 

The case-control study population comprised of Israeli women who were exposed to the 
Nazi regime during WWII. The inclusion criteria included being a current Israeli Jewish 
resident born in Europe prior to 1945 and having lived under the Nazi regime during WWII 
(years 1939-1945) for at least 6 months. Exclusion criteria included a previous diagnosis of 
primary cancer (excluding squamous cell and basal cell skin carcinoma), dementia or 
Alzheimer’s disease, and immigration to Israel after 1989, for the reasons detailed before. 

Cases were breast cancer patients diagnosed in 2005 through 2010, with a histological 
confirmation (based on a review of their medical records) of in- situ or invasive breast 
malignant tumor. The cases were recruited in five large medical centers in Israel. Based on 
identified medical records in the participating medical centers and the Israeli cancer registry, 
111 breast cancer patients met the inclusion criteria of the study and 65 of them (58.6%) 
agreed to participate. The mean time between diagnosis and the interview was 2.36 years 
(SD=1.42). 

The controls were population-based and randomly located through various voluntary 
assistance organizations for Jewish WWII survivors. Of the 368 women offered to take part in 
the study and meeting the inclusion criteria, 204 (55.4%) agreed to participate. In total, 65 

breast cancer patients and 200 controls took part in the study. 
All cases and controls were interviewed in their homes by a trained interviewer. The 

questionnaire collected self-reported demographic data (i.e., age, country of birth, marital and 
employment status, education, income, degree of religious observance), health behavior data 
(i.e., current BMI, physical activity, smoking status, alcohol consumption), obstetrical and 
gynecologic factors (i.e., age at menarche, menstrual patterns, number of pregnancies, 
number of live-born children, age at first child birth, age at last child birth, difficulty 
conceiving, using fertility treatment, overall duration of breastfeeding, use of oral 
contraceptives and menopausal characteristics such as age at menopause, hormonal 
replacement therapy, surgical operation and surgical menopause, family history of breast and 
ovarian cancer including BRCA1 and BRCA2 mutations). Additionally, the questionnaire 
referred to data that enabled the ranking of the exposure status of the participants with respect 
to WU during WWII. This novel and unique study tool was especially developed for the case-
control study and was tested in a preliminary pilot study [53]. Briefly, the exposure 
ascertainment in the case-control study was based on three indices: 

 
 The hunger exposure score: The score was calculated for each participant based on 

her reported different staying locations during WWII (e.g., ghettos, work/ 
concentration/death camps, living under false identity, hiding away or living in the 
open etc). The different locations were ranked by the level of CR experienced in each 
of them, based on historical data and on the pilot study results [45]. These ranks were 
subsequently multiplied by the amount of time spent in each location (in months), 
covering the total period of WWII (September 1, 1939 – May 8, 1945), and then 
summed up across locations, yielding an individual, continuous hunger exposure 
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score. Additionally the individual hunger score was categorized to “mild hunger, ” 

“moderate hunger, ” or “severe hunger”, based on tertiles [53]. 
 The hunger signs score: Each participant was asked whether she had experienced any 

of 17 hunger-related symptoms and signs in each of the different staying locations 
during WWII. The following symptoms and signs were considered hunger-related: 
weight loss, watery diarrhea, abdominal edema, edema of the feet and the hands, 
polyuria, vitamin deficiencies (such as scurvy, rickets, night blindness), anemia, 
goiter, amenorrhea or irregular menses, hirsutism and voice change [54]. Each 
symptom/sign reported was counted only once, and all symptoms/signs were 
summed to form a hunger signs score (ranging from 0-17) [53]. 

 Self- perceived hunger score: Each participant was asked whether she experienced 
hunger in each of the different staying locations during WWII and was asked to rank 
it. The scale ranged between 1=not at all, and 4=to a great extent. The score was 
averaged over all WWII whereabouts to form the self-perceived hunger score [53]. 

 
The results of the pilot study indicated that all three indices had higher values (i.e., 

represented higher exposure to hunger) in the cases compared to the controls. Furthermore, 
there was a positive and statistically significant correlation (r=0.51) between the hunger 
exposure score and the hunger symptoms score [53]. 

Differences between the case and the control subgroups were tested. The relationship 
between each WWII hunger index (e.g., hunger exposure score, hunger symptoms score 
and self-perceived hunger score) and BC risk were assessed using logistic regression models 
and controlling for potential confounders. Additionally, the data were stratified for age 
during WWII. 

Most cases and controls reported that they were under direct Nazi rule (63.1% and 
83.5%, respectively, p<0.001) during WWII. Eight (12.3%) women were born during WWII 
in the case group compared to fifteen (7.5%) in the control group (p=0.308). The mean age at 
interview in the breast cancer cases (76.2 ± 5.7) was lower compared to the controls (78.27 ± 
5.56). In the case group most women reported having academic degrees (32.3%) while in the 
control group most women reported having no degree at all (46.5%). No marked differences 
were observed between the cases and controls with respect to monthly household income, 
level of religious observance and marital status. Regarding health related behavior character-
istics, women in the control group were more likely to be overweight, while women in the 
case group were more likely to be obese (p=0.014), and no significant differences were 
observed with respect to smoking status, alcohol consumption and current physical activity. 
With respect to WWII experiences, the cases reported a younger age at the beginning of 
WWII (p=0.003). Furthermore, the breast cancer cases had a higher hunger exposure score 
(i.e., were more exposed to CR) compared to the controls (mean of 167.33 vs. 119.54, p 
<0.001), and were more frequently categorized as being under severe hunger (61.5%) during 
the War, while the controls were more likely to be categorized as being under moderate 
hunger (38%) [52]. 

No statistically significant differences were observed between the cases and the controls 
with regard to the hunger signs score and the self-perceived hunger score, although the trends 
were similar. Baseline characteristics of the cases and the controls are summarized in Table 8. 
No significant differences were observed between the cases and controls regarding 
reproductive and gynecological characteristics (data not shown). 
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A multivariate logistic regression model, using breast cancer as the dependent variable 
and the hunger exposure score as the independent variable and controlling for age at the 
beginning of WWII, education and current BMI indicated that current BMI was not a 
significant predictor once adjusted for the other variables.  

 
Table 8. Selected characteristics of the study participants 

by study group [52] 

 

Characteristic Cases 
(n = 65) 

Controls 
(n = 200) 

P-
Value 

Age at interview, Mean±SD 76.2 ± 5.6 78.3 ± 5.6 <0.001 
Education, N (%) 

No degree  
High school degree 
Academic degree 

 
17 (26.2)  
27 (41.5) 
21 (32.3) 

 
93 (46.5) 
79 (39.5)  
28 (14.0) 

 
<0.001 

Marital status, N(%) 
 Married/cohabitating 
Single/divorced/widowed 

 
62 (95.4) 
3 (3.4) 

 
198 (99.0)  
2 (1.0) 

 
0.09 

Religion observance level, N(%) 

Secular 
Traditional/religious/orthodox 

 
61 (93.8) 
4 (6.2) 

 
170 (85.0) 
30 (15.0) 

 
0.08 

Income1, N(%) 

< 4,000 NIS 
≥4, 000 NIS  
 Refused to report 

 
7 (10.8) 
47 (72.3) 
11 (16.9) 

 
38 (19.0) 
128 (64.0) 
34 (17.0) 

 
0.29 

Alcohol consumption, N(%)  

Ever 
Never  

 
9 (13.8) 
56 (86.2) 

 
49 (24.5) 
151 (75.5) 

 
0.07 

Cigarette Smoking, N(%) 

Ever 
Never  

 
28 (43.1) 
37 (56.9) 

 
80 (40.0) 
120 (60.0) 

 
0.66 

Current physical activity  

(≥ 20 m/week), N(%) 
 
36 (55.4) 

 
137 (68.5) 

 
0.07 

Body mass index (kg/m2), N(%)  

BMI ≤ 25 
Overweight ( 25 ≤BMI <30) 
Obese (BMI ≥ 30) 

 
21 (35.6) 
18 (30.5) 
20 (33.9) 

 
65 (36.1) 
84 (46.7) 
31 (17.2) 

 
0.01 

Age at the beginning of WWII (years), N (%) 

0-4 
5-15 
≥ 15 

 
21 (32.3) 
32 (49.2) 
12 (18.5) 

 
30 (15.0) 
102 (51.0) 
68 (34.0) 

 
0.003 

Hunger signs score, Mean±SD 1.9 ± 2.2 1.8 ± 1.8 0.715 
Self-perceived hunger score  

(Mean ± SD) 
2.8 ± 1.2 2.5 ± 1.1 0.241 

Hunger exposure score, Mean±SD  167.3 ± 69.8 119.5 ± 53.2 <0.001 
Hunger exposure score2, N(%) 

 Mild hunger 
Moderate hunger 
Severe hunger 

 
14 (21.5) 
11 (16.9) 
40 (61.5) 

 
50 (25.0) 
76 (38.0) 
74 (37.0) 

 
<0.001 

1 The income rank was based on the average gross monthly income per +65 year old subjects in Israel 
which is 4, 439 NIS (equivalent to 1, 300 USD). 

2 Tertiles. 
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In the final model, the hunger exposure score was a significant predictor of breast cancer 
odds, while age at the beginning of WWII and education had an independent effect on the 
outcome as well (Table 9) [52]. 

 
Table 9. Odds ratios for breast cancer according to hunger exposure,  

age at the time of WWII for breast cancer cases and controls 

in Jewish WWII survivors living in Israel, 2007-2010 [52] 

 
Overall P-Value P-Value 95% CI OR Factors 
 
 
 
0.002 

 
0.07 
0.55 
-- 

 
0.9-6.8 
0.6-3.1 
-- 

 
2.5 
1.3 
ref 

Age at the time of WWII (years) 

0-4 
5-15 
 ≥ 15 

 
 
 
<0.001 

 
-- 
0.220 
0.002 

 
-- 
0.7-3.6 
1.7-10.2 

 
ref 
1.6 
4.1 

Education  

No degree 
High school degree 
Academic degree 

 
 
 
<0.001 

 
-- 
0.872 
<0.001 

 
-- 
0.4-2.9 
2.7-13.5 

 
ref 
1.1 
6.0 

Hunger exposure score 

Mild hunger 

Moderate hunger 

Severe hunger 

 
The inter-relationships between these variables and the extent to which they are 

independently associated with BC risk were assessed in separate analyses (using stratification 
techniques or multivariable logistic models as appropriate); no statistically significant 
interactions were detected [52]. 

This case-control study has several limitations. Since most of the data collected in it was 
self-reported and referred to events that took place 65 years ago, recall bias cannot be ruled 
out. Still, the exposure data was based not on what was actually consumed but on the 
whereabouts of each participant, which are probably easier to remember and less prone to 
recall bias. Additionally, the participants' testimonies were in accordance with historical data 
and published literature. 

Of the three indices developed to assess WU exposure, full use was made only of the 
hunger exposure score, since the limited range of the other two indices created a variance that 
was too small to detect significant differences between the cases and the controls. However, 
the trends were similar. 

The study has some important advantages as well. Focusing on exposed women only, i.e., 
including WWII survivors only, did limit our ability to detect differences in WU exposure 
between the cases and the controls but helped to avoid potential selection bias. Furthermore, 
the hunger exposure score, which was the main exposure measurement tool, was cumulative 
and took into account the changes in the exposure throughout the War years. This approach is 
unique and was never done before, as all exposure tools used in similar studies referred to a 
single, dichotomous variable, often based on self report or ecological factors and reported per 
one point in time, and were not able to capture the cumulative nature of this WU exposure 
[53]. 
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In conclusion, the results of this case-control study support our former results [48] and 
the results of other studies based on the WU exposure of non Jewish populations [37-40], and 
offer some etiological clues, such as an independent effect of exposure to severe WU on 
subsequent breast cancer, diagnosed many years later. Age at exposure plays a role in this 
association [52]. 

 
 

The Impact of Famine? 
 
Obviously, the immediate question that now rises is what mechanisms can explain the 

associations observed, and whether wartime under-nutrition (WU) is indeed the major 
etiologic factor. 

Elias et al. [37] suggested that the higher breast cancer risk observed in women severely 
exposed to the Dutch “hunger winter” in 1944-1945 may have been related to the abrupt halt 
of the famine and the subsequent availability of unlimited food supply, which permanently 
and irreversibly affected basic hormonal levels and subsequently modified the long-term risk 
of breast cancer. Indeed, Elias et al. [55] showed that circulating levels of insulin-like growth 
factor I (IGF-I), a hormone involved with epithelial cells turnover and associated with higher 
risk for postmenopausal breast cancer, were statistically significantly elevated in those with 
the greatest exposure to the Dutch famine [55]. The concept of differential WU effects 
according to famine circumstances, e.g., timing, duration, type and mode of ending, was also 
offered in 2006 by Kyle and Pichard, who explored the pathophysiological mechanisms of 
long-term consequences of the Dutch famine [56] and in 2007 by Elias et al. [57]. In our 
studies on Holocaust survivors [48,52] we had no data on the nature of returning to normal 
nutrition following the end of WWII and these circumstances probably varied from one 
subject to another, due to their different post-War experiences. This fact may have added an 
additional aspect to the complex exposure to WU that was created during the Holocaust. 

Another possible link between exposure to WU and breast cancer is through epigenetic 
mechanisms such as global DNA hypomethylation that may result in chromosomal instability 
and oncogene activation, and thus increase breast cancer risk [58]. Prenatal famine in humans 
has been associated with various later-life consequences, depending on the gestational timing 
of the insult and on the sex of the exposed individual [59-63]. Epigenetic mechanisms have 
been proposed to underlie these associations. However, it remains unclear how common 
changes in DNA methylation are and whether they are sex- and timing-specific paralleling the 
later-life consequences of prenatal famine exposure [63]. 

The role of age at the time of under-nutrition or caloric restriction in cancer etiology is of 
interest and further implies a complex mechanism. Elias et al. [37] reported that the 
association between famine exposure and BC risk was stronger in women who were exposed 
to severe hunger between the ages of 2 and 9 years than for women who were exposed at 
older ages, but this observation was based on only 14 cases in the 2-9y age group [37]. 
Fentiman et al. [39] disclosed a non-significantly higher incidence in the subgroup born in 
1926 through 1934 and aged 10-18 in 1944, at the peak of the occupation-related under-
nutrition [32]. This age range is also consistent with the results of the Leningrad Siege 
studies, which indicated significantly higher breast cancer mortality in the group of women 
who were exposed to CR when they were 10-18 years of age [40]. In our retrospective cohort 
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[48] we observed a similar association: the younger the age at exposure to WWII, the higher 
the risk for subsequent cancer was [48]. Our case-control study results also suggested a role 
for age at exposure, though no statistically significant interactions were traced. However, the 
women in the case group of our case-control study were, on average, 7.9 years old at the 
beginning of WWII (range: 0-20), and significantly younger than women in the control group 
(average age: 11.4, range: 0-28) [52]. 

As mentioned earlier in this chapter, exposures, including antenatal ones, have previously 
been proposed [41-47] as modifiers of the individual susceptibility for future chronic 
morbidity. The mechanisms involved possibly include long-term impact on growth patterns, 
sensitivity of hormone receptors, basic hormonal levels, and behavioral responses that might 
alter long term susceptibility to certain diseases [41-47]. 

However, it may well be that WU is not the only "player" in this field; other, direct or 
indirect, explanations for the increased cancer risks among those exposed include exposure to 
prolonged psychological stress, and/or to long-standing World War II-related posttraumatic 
stress disorder. The few studies that have investigated the association between psychological 
stress and cancer incidence have reached inconclusive results [64]. Two studies [65, 66] 
observed a positive relationship between self-reported stress levels and the incidence of breast 
and prostate cancers, but their findings were not supported by results of other studies [67, 68]. 
A systematic review on stress and breast cancer [69] concluded that stress does not seem to 
increase the incidence of breast cancer. 

Post traumatic stress disorder (PTSD) is unique, because it combines an exposure to 
traumatic circumstances and individual self-perception and response to it, which obviously 
changes from one subject to another, and may be long-standing [70]. World War II survivors 
present a high risk group for PTSD [71-73]. PTSD may be related to cancer either directly, 
through hormonal [74, 75] and immunologic [76-78] pathways, or indirectly, through the 
adoption of certain lifestyles or behaviors that have been associated with increased cancer risk 
in the long run, for example, tobacco smoking. As with other addicting substances, tobacco 
smoking is often practiced by people suffering from PTSD [71]: Hapke et al.[79] found that 
smoking was statistically significantly more prevalent among patients with PTSD than among 
those without the disorder (OR=1.28, 95%CI 1.09; 1.28) and that their addiction tendency 
was higher (OR=2.21, 95%CI 1.16; 3.90) [79]. These findings were more pronounced in men 
than in women [80]. Interestingly, in the study referring to the survivors of Leningrad siege 
[40], past and current smoking were reported more frequently by those exposed (80.9% and 
20.7% in men and women, respectively) compared to those not exposed (78.8% and 13.4% in 
men and women, respectively) to the siege [40]. The breast cancer cases in our case-control 
study were also more likely than the controls to report ever smoking, but the differences were 
minor and statistically insignificant. It should be kept in mind, though, that both subgroups 
(cases and controls) in this study suffered a certain level of stress and WU due to the fact that 
they were all WWII survivors (all "exposed"), and this fact may account for the insignificant 
differences [52]. Likewise, the breast cancer cases in our case-control study were more likely 
to have a BMI≥30.0 (p=0.01) and to report being less physically active (p=0.07) [52]. 

To date, only one study referred to the association between PTSD in the general 
population and cancer risk [81]. Interestingly, this study focused on a sample (N=1, 456) of 
elderly German subjects (60-85y). Self-report data were used with respect to past traumatic 
events and chronic morbidity. PTSD diagnosis was based on a valid questionnaire. Of the 1, 
456 participants, about 29.1% (N=423) subjects were exposed to trauma without PTSD (over 
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72% reported at least one WWII-related traumatic event) and 4.6% (N=67) were diagnosed 
with PTSD (of them, 55.2% had at least one WWII-related traumatic event). Cancer 
diagnosed within the last 5 years was reported by 1%, 4.9% and 14.9% of the non-
traumatized, traumatized without PTSD and PTSD subjects, respectively. The results 
indicated a higher cancer risk for the traumatized without PTSD subgroup (OR=5.12, 95% CI 
2.25; 11.60) and for those with PTSD (OR=3.61, 95% CI 1.59; 8.18), compared to non-
traumatized subjects [81] In fact, in our case-control study, we had a preliminary indication of 
an independent role for Holocaust-related PTSD on breast cancer risk which warrants further 
investigation (data not shown) [52]. 

Another potential etiologic factor may be the exposure of Holocaust survivors to various 
infectious diseases and poor hygienic conditions during WWII. This, too, could, at least in 
theory [82], contribute to an increased risk of cancer. 

Interactions between these unique exposures cannot be ruled out and may be playing an 
important etiologic role as well. Both WU and PTSD are thought to act through the 
hypothalamic-pituitary axis [57, 82], and combined exposure to them both, may cause the 
outcomes observed in Jewish Holocaust survivors. 

 
 

Conclusion 
 
Based on the data available to date, the Holocaust studies and the other WU studies in 

humans disclose associations with higher cancer risk, in contrast to caloric restriction studies 
in laboratory animals which show lower cancer risks. Therefore caution is needed when 
extrapolating findings from animal studies into human subjects. In the particular case of 
Jewish Holocaust survivors, they seem to form a high risk group for cancer, especially breast, 
colorectal and lung cancer. Exposure to under-nutrition during WWII may play an important 
role in this association. Exposure to Holocaust-related PTSD may also be an important 
etiologic factor. 

These observations have direct impact on the health of Holocaust survivors in Israel and 
elsewhere and on their caregivers' approach and policy regarding cancer screening and 
periodical medical examinations [83]. 

The findings described in the chapter, are of relevance not only to WWII survivors, but to 
other communities that had been or are exposed to severe – but transient – under-nutrition, 
including war-related experiences. 

Future study directions should focus on confirmation of these findings in other 
populations, e.g., Chinese subjects exposed to the great Chinese famine of 1959-1961 that 
cost the lives of 20-30 million people [84]. The potential role of PTSD as an etiologic factor 
and the possible interactions between the various exposures should also be explored. 

Of high importance is the issue of Holocaust offspring. The Dutch studies [56,57] suggest 
an inter-generation effect of CR, and attention should be directed to the potential 
consequences of the Holocaust on the health of the offspring of Holocaust survivors. 
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