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t he theoretical framework of Fetal Origin of Adult Diseases 
(FOAD) [1] focused on prenatal growth patterns reflected 

in low birth weight, and suggested that fetal experiences may 
determine the long-term risk for a variety of chronic diseases 
(coronary artery disease, hypertension, obesity and insulin 
resistance) through fetal programming [1]. The FOAD theory 
was later expanded to include not only conditions associated 
with the metabolic syndrome but also nervous system dis-
eases, mental health and cognitive function [2]. This theory 
is based on the biological fact that one genotype may give 
rise to different phenotypes, depending on environmental 
and other influences during development. Therefore, poor 
nutritional conditions of the pregnant mother cause biologic 
and metabolic – but not genetic – adaptations of the fetus that 
serve to prepare it for survival in an environment in which 
resources are scarce [3]. The benefit of this phenotypic plastic-
ity is that under changing environmental conditions it ensures 
the development of a phenotype that is best matched to the 
current environment [4].

When malnutrition occurs during fetal development it may 
be compensated for by accelerated growth thereafter. In ani-
mals, rapid/compensatory growth responses include shorten-
ing of the protective ends of the chromosomes (the telomeres) 
and increased cell death and organ degradation, which offer 
a potential explanation for certain associations between low 
birth weight and morbidity observed in humans [4]. Other 
explanatory mechanisms have been proposed:
•	 lower birth weight may indicate less functional capacity in 

key organs, such as the kidney, explaining the association 
with hypertension [5]

•	 consequential changes in the setting of certain hormones 
and metabolic pathways following prenatal and early life 
malnutrition also change the long-term susceptibility to 
chronic conditions [5]

•	 elevated oxidative stress associated with malnutrition and 
experienced in critical time windows during early devel-
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opment may affect, directly or indirectly, growth patterns 
and gene expression [6]

•	 societal and environmental factors associated with fetal 
malnutrition, such as lower attained education and socio-
economic status, indirectly impact late-onset morbidity [7]. 

Some of the data that support this hypothesis were derived 
from studies addressing outcomes of war-related famine 
exposures, such as those occurring during the Second World 
War (WWII) in Europe, i.e., the Dutch cohort [8], the Siege 
of Leningrad cohort [9] and the British Channel Islands 
cohort [10]. The findings of the studies conducted on these 
cohorts confirmed a relationship between prenatal and early 
life exposure to famine and later-life higher susceptibility for 
adult obesity, impaired glucose metabolism, hypertension, car-
diovascular disease and the metabolic syndrome. These results 
were further supported by more recent publications referring 
to the great Chinese famine in 1959–1961 [11] and to maternal 
and child under-nutrition in low- and middle-income coun-
tries [7]. However, only a few studies so far [12-16] referred 
to Jewish Holocaust survivors who were born during the War 
years, even though this unique population was often exposed 
to pre- as well as postnatal severe malnutrition and horrific 
conditions. Most of these studies [12-15] focused on mental 
morbidity while, to the best of our knowledge, only two [15,16] 
addressed the issue of long-term physical consequences. 

The aim of the current study was to investigate the associa-
tion between being conceived and born during the Holocaust 
and later chronic conditions in a non-convenience sample of 
Jewish residents in northern Israel. 

suBJects and metHods

All Israeli citizens are covered by the National Health Insurance 
Law and health services are delivered to the entire population 
by four health maintenance organizations (HMOs). The Clalit 
Health Services (CHS) is the second largest HMO worldwide and 
the largest one in Israel, covering over 4,000,000 Israeli subjects 
(52.3% of the total population in 2011), about 900,000 of them 
living in the northern district of Israel (69.4% of the total popula-
tion in this area). The study population of the current survey was 
derived from the Jewish members of CHS, northern district. 

This was a cross-sectional study. Through the CHS northern 
district computerized database, all 2007–2012 Jewish members 
born between 1940 and 1945 were identified. The members’ 
place of birth was used as a proxy for the exposure status: 
those born in European countries that had been occupied 
by the Nazis during WWII were defined as born during the 
Holocaust, or ‘exposed’. Those born in Israel in the same time 
period, whose parents (mother and/or father) were born in one 
of these European countries, were defined as ‘non-exposed’. In 
total, 808 exposed and 505 non-exposed eligible subjects were 

identified. Of them, 155 (19.2%) in the exposed group and 72 
(14.2%) in the non-exposed group (P = 0.02) died before 2012. 
The mean (± SD) age at death was 59.4 ± 9.3 years and 58.0 
± 8.9 in the exposed and non-exposed groups, respectively 
(P = 0.284). The CHS electronic medical records (EMRs) are 
available since 2000 and are kept for 5 years following death; 
therefore, most clinical data for deceased persons were missing 
and were excluded. Thus, 653 exposed and 433 non-exposed 
participants were included in the analyses.  The study was 
approved by the CHS Ethics Board Committee.

studY variaBles

Demographic variables included gender, date and place of birth, 
personal status, and having children or not. Fee exemption, 
which meant lower or no payment on medications and extra 
services, was initially planned to be used as a proxy for a lower 
socioeconomic status. However, it was later clarified that fee 
exemption is determined according to being defined as belong-
ing to a “special population” (Holocaust survivors included), or 
being diagnosed with certain diseases, or both, and does not 
necessarily reflect socioeconomic status. Thus it was mostly used 
as a validation for the exposure status. Smoking (current, past, 
none), height and weight were determined from the EMRs, and 
body mass index (BMI) was calculated as weight in kilograms 
divided by height in meters, squared. 

The prevalence of certain medical conditions was determined 
by a physician’s diagnoses in the EMR in 2007 through 2012: 
hyperlipidemia/hypercholesterolemia, hypertension, diabetes 
mellitus, coronary heart disease, myocardial infarction (MI), 
valvular heart disease, congestive heart failure (CHF), cere-
brovascular accident (CVA), carotid artery disease (CAROD), 
peripheral vein disease (PVD), osteoporosis, hip fracture, cancer 
(breast, prostate, colorectal), asthma and chronic obstructive 
pulmonary disease (COPD). In addition, we used the medical 
prescription database of the CHS to confirm some of these diag-
noses by repeated purchases (i.e., in the last 5 years) of certain 
drugs, for example, statins (dyslipidemia), bisphosphonates 
(osteoporosis), insulin and oral diabetes medications (diabetes 
mellitus). Information regarding repeated purchases of anxio-
lytics and anti-depressive agents was collected as well. We also 
used laboratory results of low density lipoprotein (LDL) and 
hemoglobin A1C levels to further validate the diagnoses of dys-
lipidemia and diabetes, respectively. Consecutively we created 
variables reflecting the prevalence of certain conditions based 
on a combination of a physician’s diagnosis and appropriate 
medication and/or biochemical test, for example, dyslipidemia 
diagnosis combined with statin treatment, diabetes diagnosis 
combined with use of oral medications or insulin, osteoporosis 
diagnosis combined with bisphosphonates treatment, etc. 

We grouped the diagnoses: coronary artery disease and/or 
MI and/or CHF were grouped into “ischemic heart disease” 
(yes/no). Likewise, we grouped the diagnoses of CVA and/
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of the exposed and the non-exposed, respectively, were born 
in 1945 while the rest were born in 1940–44 (P < 0.001). The 
exposed were more likely than the non-exposed to be fee-
exempted (62.2% vs. 18.5%, respectively, P = 0.001); however, 
among the fee-exempted exposed subjects, 90% were defined as 
a “special population” (a category that includes Holocaust sur-
vivors), 4% had certain diseases and 6% had both. The relevant 
proportions among the non-exposed were 66%, 30% and 4% 
(data not shown). 

The gender distribution was significantly different (P = 
0.002) between the exposed (males, 45.8%) and non-exposed 
(males, 55.4%) groups. The exposed were also somewhat 
older and had fewer children. In addition, the exposed were 
significantly more likely to be shorter, heavier and have a 
higher BMI compared to the non-exposed; however, for the 
variable ever-smoking the difference between the groups was 
statistically insignificant [Table 1]. 

Dyslipidemia, dyslipidemia combined with statin treat-
ment, hypertension, diabetes, diabetes combined with use of 
oral medications or insulin, coronary artery disease, CVA, 
CAROD, COPD, and the use of anti-depressive agents were all 
more prevalent and the “chronic morbidity” indicator was sig-
nificantly higher in the exposed compared to the non-exposed 
group [Table 2]. No significant differences were noted with 
respect to the prevalence of MI, CHF, valvular heart disease, 
PVD, osteoporosis, osteoporosis combined with bisphospho-
nate treatment, cancer (in general, and breast, prostate and 
colorectal cancer in particular), asthma and use of anxiolytics 
(data not shown). The combined variable of ischemic heart dis-
ease (coronary artery disease/MI/CHF) was more prevalent in 

or CAROD and/or PVD into “vascular disease” (yes/no). In 
addition, we created a variable expressing the level of chronic 
morbidity, referring to the prevalence of any of nine health 
conditions (hypertension, diabetes, coronary artery disease, 
CAROD, CHF, osteoporosis, cancer, asthma, COPD), its values 
ranging between “0” (none) and “9” (all of these conditions) – 
the chronic morbidity indicator. Unfortunately, we were unable 
to directly evaluate the prevalence of the metabolic syndrome, 
and therefore created a proxy variable based on the simultane-
ous occurrence of diabetes (as a proxy for fasting hyperglyce-
mia), hypertension, obesity and dyslipidemia (as a proxy for 
hypertriglyceridemia). Participants with all four conditions 
were considered as potentially having the metabolic syndrome.

Last, we also had data on the use of health services and 
compliance, including uptake of cancer screening (mammog-
raphy and fecal occult blood test), immunizations, and visits 
to the family physician, to medical specialists and to the emer-
gency room in 2011–2012, as well as the number of days of 
hospitalization in general and in the internal medicine ward in 
particular, the number of prescriptions issued and the number 
of prescriptions purchased. 

data analYses

We compared the demographic variables, the risk factors, clini-
cal conditions and health services utilization indicators between 
the exposed and the non-exposed groups, using chi-square test, 
Fisher’s test or independent Student t-test, as needed. A sub-
analysis examined the differences between “exposed” and “non-
exposed” born in 1940–44 and in 1945 separately. Multivariable 
logistic regression models, using prevalence of certain chronic 
conditions as the dependent variable, were used to assess the 
independent association with the exposure variable following 
adjustments to potential confounders. All models were adjusted 
for gender, age, obesity and dyslipidemia. Fee exemption, which 
was based, among others, on being a Holocaust survivor, was 
closely related to the main exposure variable and was also found 
to be closely related to gender. Among the northern district 
CHS Jewish female members, 43.7% were fee-exempted as 
compared to 38.6% of the males (P = 0.017). Therefore, in order 
to avoid overmatching, this variable was not included in the 
models. Smoking rates did not differ significantly between the 
groups and in fact seemed to be underestimated. Therefore, 
this variable was not included in the models either. The models 
referring to ischemic heart disease and vascular disease were 
further adjusted to the prevalence of diabetes and hypertension.

Significance level was set at 0.05 and all analyses were car-
ried out using the IBM-SPSS Statistics 21 package.

results

A total of 1086 subjects, 653 exposed and 433 non-exposed, 
took part in this study. A quarter (26.2%) and a fifth (20.1%) 

table 1. Demographic and health-related characteristics of the 
study population

exposed
(n=653)

non-exposed
(n=433) P value*

gender, % (n)
Males
Females

45.8 (299)
54.2 (354)

55.4 (240)
44.6 (193)

0.002

no. of children, % (n)
0
1–2
3–4
5+

37.8 (247)
49.9 (326)
10.8 (70)
1.6 (10)

24.7 (107)
55.4 (240)
19.1 (83)
0.7 (3)

< 0.001

smoking**, % (n)
Current or past
Never

3.5 (15)
96.5 (416)

1.6 (5)
98.4 (315)

0.077

Age (years, mean ± SD) 69.4 ± 1.9 69.2 ± 1.7 < 0.001

Height (cm, mean ± SD) 163.7 ± 9.1 166.5 ± 9.1 < 0.001

Weight (kg, mean ± SD) 78.3 ± 14.6 76.4 ± 14.5 0.040

Body mass index  
(kg/m2, mean ± SD)

29.2 ± 5.1 27.5 ± 4.3 < 0.001

*Chi-square test for categorical variables; independent t-test for continuous 
variables
**Data are partial and available for 431 (66%) of the exposed and 320 
(73.9%) of the non-exposed



Focus

 209

IMAJ • VOL 17 • AprIL 2015

tors and chronic conditions in the exposed compared to the 
non-exposed, although in the smaller group of those born 
in 1945 (a total of 258) these results did not reach statistical 
significance while in those born in 1940–44 (n=828) they did 
(data not shown).

In order to estimate the independent association between the 
exposure and the chronic conditions studied, we used logistic 
regression models adjusted for potential confounders, where 
certain health conditions (diabetes, hypertension, ischemic heart 
disease, vascular disease) were the dependent variables [Table 
3]. Being born during the Holocaust (exposure) remained sig-
nificantly associated with hypertension [odds ratio (OR) = 1.52] 
and with diabetes (OR = 1.60) later in life, even after adjusting 
for age, gender, obesity and dyslipidemia. Obesity and dyslipid-
emia were significant covariates in both conditions.  Age (OR = 
1.08) was independently associated with hypertension but not 
with diabetes while gender was independently associated with 
diabetes (OR for males 1.33) but not with hypertension [Table 
3, models 3a, 3b]. Following adjustments, being born during the 
Holocaust was no longer significantly associated with ischemic 
heart disease. However, significant covariates were age (OR = 
1.11), gender (OR for males 3.23), obesity (OR = 1.45), dys-
lipidemia (OR = 5.42), diabetes (OR = 1.52) and hypertension 
(OR = 3.18) [Table 3, model 3c]. In the case of vascular disease, 
being born during the Holocaust had an independent effect (OR 
= 1.99), as did gender (OR for males 1.71), dyslipidemia (OR = 
3.80) and hypertension (OR = 2.47) [Table 3, model 3d]. 

We also studied the relationship between being born during 
the Holocaust and (proxy) metabolic syndrome, and found it to 

the exposed (borderline significance). The combined variable of 
vascular disease (CVA/PVD/CAROD) was significantly more 
prevalent in the exposed as compared to the non-exposed, as 
was the proxy variable for the metabolic syndrome [Table 2]. 

When health services utilization was compared between the 
groups, it was clear that the exposed were less likely than the 
non-exposed to undergo cancer screening tests (mammogra-
phy 86.7% vs. 91.2%, fecal occult blood test 63.6% vs. 67.4%), 
but these differences did not reach statistical significance. The 
exposed were also less likely than the non-exposed to undergo 
adult immunizations: 83.6% vs. 89.8% (P = 0.004). The exposed 
had fewer visits to their family physician in 2011–2012: 18.9 
± 14.0 as compared to 20.9 ± 13.5 in the non-exposed (P = 
0.021), but no major differences were noted with respect to 
visits to medical specialists, emergency rooms, total number 
of hospitalization days (as well as total number of days in the 
internal medicine ward), number of prescriptions issued and 
number of prescriptions purchased (data not shown).

A sub-analysis of those born in 1940–44 and those born 
in 1945 yielded similar findings to those of the total study 
population with respect to a higher prevalence of risk fac-

table 2. Prevalence of chronic conditions in the study population

chronic condition
% (n)

exposed
(n=653)

non-exposed
(n=433) P value*

Dyslipidemia
Dyslipidemia combined with 
statin treatment

80.7 (527)

74.4 (486)

72.4 (322)

67.2 (291)

0.013

0.017

Hypertension 67.2 (439) 53.3 (231) < 0.001

Diabetes
Diabetes combined with use of 
oral medications or insulin

41.0 (268)

31.2 (204)

27.7 (120)

22.8 (99)

< 0.001

< 0.001

Coronary artery disease 26.8 (175) 21.5 (93) 0.046

CVA 9.5 (62) 3.5 (15) < 0.001

CAROD 5.4 (35) 2.1 (9) 0.007

COPD 5.5 (36) 2.1 (9) 0.005

Use of anti-depressive agents 29.6 (193) 23.8 (103) 0.037

chronic morbidity indicator**
0
1–2
3–4
5+

16.7 (109)
54.9 (358)
25.6 (167)
2.9 (19)

23.6 (102)
59.2 (256)
15.7 (68)
1.6 (7)

0.001

Ischemic heart disease*** 27.8 (178) 22.2 (96) 0.059

Vascular disease^ 17.6 (115) 8.8 (38) < 0.001

Metabolic syndrome (proxy) ^^ 17.2 (112) 8.8 (38) < 0.001

*Chi-square test or Fisher’s test when cell numbers were smaller than 10
**Based on the prevalence of any of these conditions: hypertension, diabetes, 
coronary artery disease, CHF, osteoporosis, cancer, asthma and COPD
***Ischemic heart disease = coronary artery disease and/or MI and/or CHF 
^Vascular disease = CVA and/or PVD and/or CAROD
^^Metabolic syndrome proxy = the simultaneous occurrence of diabetes, 
hypertension, obesity and dyslipidemia 
CHF = congestive heart failure, COPD = chronic obstructive pulmonary 
disease, MI = myocardial infarction, CVA = cardiovascular accident, PVD = 
peripheral vascular disease, CAROD = carotid artery disease

table 3. Logistic regression models to study the independent association of the exposure 
with selected chronic conditions, adjusted for potential confounders (OR, 95%CI)

variable
model 3a:
Hypertension

model 3b:
diabetes

model 3c:
ischemic heart disease*

model 3d:
vascular disease**

R2 0.166 0.192 0.259 0.127

Exposure
(yes vs. no)

1.524 
(1.167–1.992)

1.604 
(1.210–2.127)

1.132 
(0.818–1.565)

1.992 
(1.326–2.994)

Age, years
(continuous)

1.085 
(1.009–1.166)

1.051 
(0.977–1.130)

1.108 
(1.020–1.204)

1.049 
(0.953–1.155)

Gender
(males vs. 
females)

1.215 
(0.933–1.581)

1.335 
(1.019–1.749)

3.235 
(2.354–4.4445)

1.714 
(1.191–2.468)

Obesity
(yes vs. no)

2.663 
(1.998–3.549)

2.075 
(1.576–2.733)

1.449 
(1.055–1.991)

1.240 
(0.858–1.794)

Dyslipidemia
(yes vs. no)

3.668 
(2.683–5.015)

8.427 
(5.192–13.677)

5.420 
(2.955–9.941)

3.802 
(1.859–7.777)

Diabetes 
(yes vs. no)

1.525 
(1.114–2.089)

1.092 
(0.754–1.581)

Hypertension
(yes vs. no)

3.181 
(2.175–4.654)

2.466 
(1.549–3.926)

*Ischemic heart disease = coronary artery disease and/or MI and/or CHF
**Vascular disease = CVA and/or PVD and/or CAROD
CVA = cardiovascular accident, PVD = peripheral vascular disease, CAROD = carotid artery disease
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ity (diabetes mellitus, ischemic heart disease, vascular disease, 
hypertension, metabolic syndrome) [17]. 

Holocaust survivors of all ages suffered from severe starva-
tion, extreme mental stress, exposure to infectious agents, and 
cold winter temperatures [18,19]. It is reasonable to assume 
that those born during this time period were exposed to these 
conditions in utero and following birth, and shifted, at a certain 
point in their life course, from a life-long lack of resources to 
an environment abundant with food. This mismatch may have 
set the stage for late-life morbidities through the aforemen-
tioned developmental plasticity, which is mediated, at least 
partly, by epigenetic processes such as DNA methylation and 
histone modification. The interaction between the genome 
and the epigenome determines the mature phenotype and the 
susceptibility to adult diseases [20]. 

This study refers to the first generation of Holocaust survi-
vors and adds information to the body of evidence regarding 
the relationship between early exposures and adult diseases. 
However, the question whether these effects are trans-gen-
erational and also affect the next generations of Holocaust 
survivors remains open. Studies of laboratory animals were 
able to show that epigenetic changes induced by stress to a pre-
pregnant or pregnant mother are carried forward to the next 
generations [21-23]. Several previous studies on offspring of 
non-Jewish survivors of WWII addressed this point [4-6], but 
research on the offspring of Holocaust survivors is still scarce. 
Recently, Flory at al. [24] investigated self-reported health 
complaints of 82 offspring of Holocaust survivors and 55 com-
parisons, and found that maternal but not paternal exposure 
was associated with greater use of psychotropic (23% vs. 6%, 
P = 0.01) and other (57% vs. 38%, P = 0.03) medications, a 
higher proportion of having two or more conditions of the 
metabolic syndrome (15% vs. 2%, P = 0.01), and significantly 
lower self-rating of emotional and physical health [25]. Shrira 
et al. [25] also studied the potential trans-generational effects 
of trauma in Holocaust survivors’ offspring and reported that 
the offspring had significantly more major health problems 
and symptoms and used more medications than their coun-
terparts. However, more data are needed. 

The results of the current study should be interpreted cau-
tiously, keeping in mind its limitations. Although great efforts 
were made to use a random sample, we had no access to the 
medical data of the deceased and therefore had to exclude 
them from the analyses. The proportion of deceased among 
the exposed (19.2%) was significantly higher than among the 
non-exposed (14.2%), which may indicate a selection bias. As 
said, we had no information regarding background morbidity 
of the deceased or their cause of death and thus compari-
sons across the study groups were not possible. However, the 
average age at the time of death was similar in both groups, 
implying that for the most part these were not premature 
deaths. Since the exposed group was slightly older than the 

be independently associated [OR = 2.14, 95% confidence inter-
val (CI) 1.48–3.47], following adjustment for gender and age 
(which were both statistically insignificant) (data not shown).

discussion

This cross-sectional study focused on the association between 
fetal and early-life exposures and long-term chronic mor-
bidity in a unique population of Holocaust survivors whose 
pregnancy, infancy and at times also early childhood took 
place during WWII in Europe. The study findings indicate 
that the exposed were more likely to present with a heavy 
burden of chronic conditions, including dyslipidemia, hyper-
tension, diabetes mellitus, vascular disease and the metabolic 
syndrome. They also exhibited lower use of health services 
but used anti-depressive agents more often compared to the 
non-exposed. 

The results of the current study on fetal and early childhood 
exposure to malnutrition and hunger and the subsequent long-
term outcomes are in accordance with previously published 
data from research on non-Jewish populations [8-11]. So far, 
only two studies referred to the late-term physical health of 
Jewish Holocaust survivors. Barel et al. [15], in 2010, published 
a thorough meta-analysis of 71 samples involving thousands of 
Holocaust survivors, focusing on whether the Holocaust expe-
rience affects survivors across different mental, cognitive and 
physical health domains. They reported that in non-selected 
samples Holocaust survivors did not show poorer physical 
health than their counterparts, but in the set of six selected 
samples which included 1067 participants a significant differ-
ence was found in physical health between Holocaust survivors 
and comparisons [15]. However, this meta-analysis was not 
limited to those exposed during pregnancy or at early infancy 
and childhood, but included all Holocaust survivors. Sperling 
et al. [16] reported in 2012 on differences in the physical 
health of a small sample of patients with Holocaust- and non-
Holocaust-related post-traumatic stress disorder (PTSD). The 
results disclosed an increase in myocardial infarction, chronic 
degenerative diseases, and cancerous changes in the group of 
Holocaust-related PTSD patients compared to the non-Holo-
caust-related PTSD comparison group. The small sample size 
and the fact that all participants had PTSD make interpretation 
of these results difficult [16]. A very recent Israeli pilot study 
[17], which compared chronic morbidity in a convenience 
sample of Holocaust survivors born during the Holocaust and 
their origin-matched counterparts, disclosed a significantly 
higher prevalence of obesity, dyslipidemia, diabetes, hyperten-
sion, cardiovascular morbidity, malignancy and peptic diseases 
in the exposed [17]. These results are very similar to the results 
reported here. In both studies, the main differences between 
the exposed and the non-exposed were noted for disease risk 
factors (e.g., obesity, dyslipidemia) and related chronic morbid-
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in Israel in general and in the northern district in particular 
(covering about 70% of the total population in this geographic 
area). Since the analyses involved data mining of a computer-
ized database, non-participation and non-response biases were 
avoided. Furthermore, since the CHS makes special efforts to 
improve the data quality especially with respect to certain 
chronic conditions such as dyslipidemia and diabetes mellitus, 
the validity of these diagnoses is high.

In conclusion, this is one of very few studies addressing 
the issue of adult health and diseases in Holocaust survivors 
born during World War II. Its results identify a high risk 
group for chronic morbidity, and call for higher clinical atten-
tion of health caretakers in this respect. 

These results need to be consolidated in large prospective 
studies which, in turn, will provide policy makers with the 
evidence needed to plan tailored strategy for the primary and 
secondary prevention of these conditions in this population. 
Such intervention programs may involve specific outreach 
strategies, taking into account the fact that this population 
tends to utilize health system services less frequently than do 
non-Holocaust survivors.

Another urgent matter is the question of higher susceptibil-
ity to chronic morbidity in the next generations, which also 
calls for appropriate large-scale cohort studies. This should be 
placed high on the list of national health priorities because 
of the high burden of these chronic conditions that can be 
avoided through primary prevention as well as early detection. 
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Human cancer genome projects have provided a wealth of 
information about mutations that reside within the coding re- 
gions of genes and drive tumor growth by functionally altering 
protein products. However, this mutational portrait of cancer is 
incomplete: A growing number of mutations are being found 
within gene regulatory regions. Mansour and colleagues de- 
scribe an intriguing example of this in a study of a childhood 

cancer, T cell acute lymphoblastic leukemia. An oncogene 
known to drive the growth of this cancer is expressed at high 
levels in the leukemic cells because the cells harbor mutations 
that create a powerful superenhancer (a DNA sequence that 
activates transcription) upstream of the oncogene.

Science 2014; 346: 1373
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a super-enhancer in leukemia development

Trials of endovascular therapy for ischemic stroke have 
produced variable results. Campbell et al. conducted this 
study to test whether more advanced imaging selection, 
recently developed devices, and earlier intervention improve 
outcomes. They randomly assigned patients with ischemic 
stroke who were receiving 0.9 mg of alteplase per kg body 
weight less than 4.5 hours after the onset of ischemic stroke 
either to undergo endovascular thrombectomy with the 
Solitaire FR (Flow Restoration) stent retriever or to continue 
receiving alteplase alone. All the patients had occlusion of 
the internal carotid or middle cerebral artery and evidence 
of salvageable brain tissue and ischemic core of < 70 ml on 
computed tomographic (CT) perfusion imaging. The co-primary 
outcomes were reperfusion at 24 hours and early neurologic 
improvement (≥ 8 point reduction on the National Institutes 
of Health Stroke Scale or a score of 0 or 1 at day 3). Secondary 

outcomes included the functional score on the modified 
Rankin scale at 90 days. The trial was stopped early because 
of efficacy after 70 patients had undergone randomization (35 
patients in each group). The percentage of ischemic territory 
that had undergone reperfusion at 24 hours was greater in the 
endovascular therapy group than in the alteplase-only group 
(median, 100% vs. 37%, P < 0.001). Endovascular therapy, 
initiated at a median of 210 minutes after the onset of stroke, 
increased early neurologic improvement at 3 days (80% vs. 
37%, P =0.002) and improved the functional outcome at 90 
days, with more patients achieving functional independence 
(score of 0 to 2 on the modified Rankin scale, 71% vs. 40%, P = 
0.01). There were no significant differences in rates of death or 
symptomatic intracerebral hemorrhage.
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