
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ilal20

Download by: [Hagai Levine] Date: 26 August 2016, At: 07:30

Leukemia & Lymphoma

ISSN: 1042-8194 (Print) 1029-2403 (Online) Journal homepage: http://www.tandfonline.com/loi/ilal20

Risk of Hodgkin lymphoma according to
immigration status and origin: a migrant cohort
study of 2.3 million Jewish Israelis

Hagai Levine, Merav Leiba, Yael Bar Zeev, Lital Keinan-Boker, Estela Derazne,
Adi Leiba & Jeremy D. Kark

To cite this article: Hagai Levine, Merav Leiba, Yael Bar Zeev, Lital Keinan-Boker, Estela
Derazne, Adi Leiba & Jeremy D. Kark (2016): Risk of Hodgkin lymphoma according to
immigration status and origin: a migrant cohort study of 2.3 million Jewish Israelis, Leukemia &
Lymphoma, DOI: 10.1080/10428194.2016.1220552

To link to this article:  http://dx.doi.org/10.1080/10428194.2016.1220552

View supplementary material 

Published online: 26 Aug 2016.

Submit your article to this journal 

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=ilal20
http://www.tandfonline.com/loi/ilal20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10428194.2016.1220552
http://dx.doi.org/10.1080/10428194.2016.1220552
http://www.tandfonline.com/doi/suppl/10.1080/10428194.2016.1220552
http://www.tandfonline.com/doi/suppl/10.1080/10428194.2016.1220552
http://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/10428194.2016.1220552
http://www.tandfonline.com/doi/mlt/10.1080/10428194.2016.1220552
http://crossmark.crossref.org/dialog/?doi=10.1080/10428194.2016.1220552&domain=pdf&date_stamp=2016-08-26
http://crossmark.crossref.org/dialog/?doi=10.1080/10428194.2016.1220552&domain=pdf&date_stamp=2016-08-26


ORIGINAL ARTICLE: RESEARCH

Risk of Hodgkin lymphoma according to immigration status and origin:
a migrant cohort study of 2.3 million Jewish Israelis

Hagai Levinea,b� , Merav Leibac,d�, Yael Bar Zeevd , Lital Keinan-Bokere,f , Estela Derazned,g,
Adi Leibad,g,h and Jeremy D. Karka

aHebrew University-Hadassah Braun School of Public Health and Community Medicine, Jerusalem, Israel; bDepartment of Preventive
Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA; cMultiple Myeloma Service, Division of Hematology, Sheba
Medical Center, Tel Hashomer, Ramat-Gan, Israel; dSackler Faculty of Medicine, Tel Aviv University, Tel-Aviv, Israel; eThe National
Cancer Registry, Israel Center for Disease Control, Ministry of Health, Jerusalem, Israel; fSchool of Public Health, University of Haifa,
Haifa, Israel; gThe Israel Defense Forces Medical Corps, Jerusalem, Israel; hDepartment of Medicine and Medical Education, Mount
Auburn Hospital, Harvard Medical School, Boston, MA, USA

ABSTRACT
Hodgkin Lymphoma (HL), a common early adulthood malignancy, has a complex etiology. We
conducted a migrant cohort study to assess immigration status and origin as predictors of HL in
Israel, which has among the highest rates of HL worldwide. Nationwide data on 2,285,009
16–19-year-old Jewish adolescents, collected from 1967–2011, were linked to Israel’s Cancer
Registry to obtain the incidence of HL until 2012. Two thousand and ninety-three HL cases were
detected during 47.0 million person-years of follow-up. Using multivariable-adjusted Cox propor-
tional hazards modeling, risk was higher for Israeli-born compared to immigrants, similarly across
origin groups (HR¼ 1.59; 95%CI 1.32–1.92 for the dominant nodular sclerosis subtype). Risk of
HL was greater for more recent year of birth, higher BMI, taller stature, and apparently for
women. These findings suggest that exposure to as yet unidentified elements of the Israeli envir-
onment increase the risk of nodular sclerosis HL, and should aid in directing research efforts.

Abbreviations: BMI: body mass index; CI: confidence interval; EBV: Epstein-Barr virus; HL:
Hodgkin lymphoma; HR: hazard ratio; IARC: International Agency for Research on Cancer; ICD:
International Classification of Diseases; INCR: Israel National Cancer Registry; MC: mixed cellular-
ity; NS: nodular sclerosis; NOS: not otherwise specified; SD: standard deviation; SEP: socioeco-
nomic position
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Introduction

Hodgkin Lymphoma (HL) is a common malignancy in
early adulthood,[1] accounting for approximately 30%
of all lymphomas.[2] HL is postulated to have three
forms, defined primarily by age-incidence curves: a
rare childhood form (ages 0–14 years), a young adult
form (15–34 years), and an older adult form (55–74
years), differing in the male/female ratio, histologic
subtypes, association with EBV, and other risk fac-
tors.[3] Within classical HL, which accounts for 95% of
all HL cases, there are four histologic subtypes as
defined by the World Health Organization classifica-
tion: nodular sclerosis (NS), mixed cellularity (MC),
lymphocyte-rich and lymphocyte-depleted.[2] The age
at onset, sex distribution, sociodemographic

characteristics, and the anatomic extent of the disease
are associated with the histologic subtype.[4]

The epidemiology of HL has proven to be complex
and its etiology remains largely unknown. Childhood
characteristics such as birth order and socioeconomic
status have been shown to be associated with HL in
some studies, with associations differing by HL sub-
types and age at onset, and have helped direct the
search for a childhood infection etiology.[5–8] There is
increasing evidence that Epstein-Barr virus (EBV) infec-
tion is causally associated with development of EBV-
positive HL, supported by differing epidemiologic pat-
terns and the presence of EBV in the neoplastic
cells.[9] Meta-analyses have found taller stature and
higher body mass index (BMI) to be risk factors for
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HL,[10,11] and several studies have linked smoking
with increased risk.[12,13]

Incidence rates are higher in males and in more
developed countries (Europe, North America, and
Australia), but also in Western Asia, whereas they are
particularly low in Eastern and South-Eastern Asia.[14]
The incidence of HL in Israel is among the highest in
the world,[15] with similar rates in the Jewish and
non-Jewish populations,[16]. Based on GLOBOCAN esti-
mates for 2012,[15] Israeli males have the second high-
est age-standardized incidence rate of HL worldwide
(3.9/100,000), with the neighboring Lebanese males
presenting with the highest (4.2/100,000). The corre-
sponding rate in U.S. males is 2.8/100,000, similar to
that in U.K. males. Israeli females have the highest
age-standardized incidence rate of HL worldwide
(3.6/100,000), followed by the neighboring Palestinian
(3.3/100,000) and Lebanese (3.2/100,000) females. The
corresponding rate in U.S. females is 2.2/100,000, and
in U.K. females, 1.9/100,000. From 1960 through 2005,
Israel experienced a sharp rise in the age-standardized
incidence of HL among Israeli-born Jews of both sexes
(men from 2.27 to 3.61/100,000; women from 2.01 to
3.36/100,000).[17]

Immigrant populations are a valuable resource of
information for epidemiological studies of cancer, as
they provide a means of investigating the relative
importance of genetic factors as compared to environ-
mental factors in the etiology of the disease.
Comparing incidence rates following immigration from
low-risk countries/regions to a higher risk location and
demonstration of a migrant effect is informative for HL
research, as was previously described for immigrants
from South Asia to England,[18] from China to British
Columbia,[19] and from various regions to the U.S.[20]

Extensive immigration to Israel took place since the
establishment of the state in 1948, mainly of Jews from
Europe, Western Asia, and North Africa. Israel is multi-
ethnic society with �80% being Jewish. The unique set-
ting in Israel and our extensive dataset allowed us to
conduct a large-scale, population-based migrant cohort
study. Our objective was to evaluate migration status
and country of origin as predictors of HL, and to exam-
ine the extent to which these associations are explained
by other risk factors such as sex, year of birth, sociode-
mographics and anthropometric characteristics.

Materials and methods

Study design, setting and population

All Jewish Israeli adolescents are obligated to report
for a medical board examination, usually at age 17,

prior to conscription of the majority into military ser-
vice. The examination includes a medical interview, a
review of the medical history provided by the primary
care physician and a detailed physical examination.
The data gathered during these pre-recruitment med-
ical assessments are stored in an extensive database in
which full computerized records are available as far
back as 1967. This database provides a generally repre-
sentative sample of Jewish men in Israel at late adoles-
cence, but not of Jewish women as almost 30%
claimed exemption as orthodox religious women,[21]
were not obligated to military service, and were not
required to undergo examination. The unique identifi-
cation numbers assigned to all Israeli citizens at birth
or immigration enable accurate, unambiguous cross-
referencing of individuals’ data across multiple, linked
databases. This permits the design of an extensive
migrant cohort study of Israeli Jewish men and
women followed from adolescence to adulthood.

The study population consisted of those examined
from 1 January 1967 until 31 December 2011. We
included Jewish men and women aged 16–19 at exam-
ination (N¼ 2,285,009), with no history of a cancer diag-
nosis and excluded those with missing country of origin
data (N¼ 102,946, among them 76 HL cases). The study
protocol was approved by the Institutional Review
Board of the Israel Defense Forces Medical Corps.

Data sources and variables

Risk factor data

Sociodemographic and anthropometric data, a docu-
mented medical history and a systematic physical
examination were obtained at the recruitment centers
during the obligatory call-up. Information was gath-
ered about country of birth, his/her parents’ country
of birth, and his/her paternal grandfather’s country of
birth. Immigration status was determined by country
of birth, divided into two groups: Israeli-born or immi-
grant. We also subdivided immigrants by age at
migration:�10.0 years or>10.0 years.[22] Origin was
defined by country of birth for immigrants to Israel
(first generation), by paternal country of birth for the
Israeli born, or by paternal grandfather’s country of
birth if the father was also Israeli-born (second and
third generations, between which we are unable to
distinguish in this data set). Consequently, seven
mutually exclusive origin categories were formed: (a)
Israeli-born: European origin (including the Americas,
Australia, and Southern Africa), Asian origin (predomin-
antly Western Asia: 82.3% from Iraq, Yemen, Iran, and
Turkey), North African origin, and Israeli origin
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(�fourth generation Israelis); (b) Immigrants:
European-born, Asian-born, and North African-born.
We did not use maternal country of birth because this
variable is available only for more recent years, and as
maternal and paternal origin are well correlated.[22]

Education prior to military service was grouped
into�9, 10, 11, and�12 years of schooling. Residential
socioeconomic position (SEP) was based on the locality
of residence at the time of the examination, according
to a national classification of clusters by geographical
units,[22] categorized as low, medium, or high. Height
and weight were measured by trained medical personnel
using a stadiometer and a beam balance. Subjects wore
only a shirt and underwear and were barefoot. Height
was categorized according to the U.S. Centers for
Disease Control (CDC) percentiles (<5; 5 to <10; 10 to
<25; 25 to <50; 50 to <75; 75 to <90; 90 to <95; �95).
BMI was similarly grouped, but with a further subdivision
of the 75 to <90 percentiles, to 75 to <85 and 85 to
<90.[23] We applied U.S.-CDC sex- and age-specific
percentiles (by month), to account for still growing
16–19-year-old adolescents, particularly males.

Outcome data

Incident cases of cancer in our cohort were identified
by linkage to the Israel National Cancer Registry (INCR).
The INCR, a population-based registry in operation
since 1960, meets internationally accepted require-
ments for the coding system (ICD-O-Version 3) and
completeness of data. Reporting has been mandatory
by Israeli law since 1982. The registry is considered to
be 94% complete for all solid tumors, and has main-
tained consistently high coverage since its incep-
tion.[24] Case completeness was similar both before
and after 1982. We included HL diagnoses (morpho-
logic codes 9650-9667), registered between 1 January
1967 and 31 December 2012, the last year with com-
plete data at the time of linkage. Ninety-eight percent
of HL diagnoses were histologically verified. Nodular
sclerosis (NS), represented by morphologic codes 9663-
9667, mixed cellularity (MC), represented by morpho-
logic code 9652, and not otherwise specified (NOS),
represented by morphologic code 9650, were also
analyzed separately in subgroup analyses.

Statistical methods

Characteristics of the sample free of HL and those who
developed it were described using means ± standard
deviation (SD) for continuous variables and percen-
tages for categorical variables. Follow-up began at the
pre-recruitment medical examination and ended at the

time of the first cancer diagnosis, at death or on 31
December 2012, whichever came first. Data on emigra-
tion were not available. Cox proportional hazards
modeling was used to assess the association (hazard
ratios (HRs) and 95% confidence intervals (CI))
between immigration status or paternal country of ori-
gin (in separate models) and time to event. All models
(‘univariable’ and multivariable) included year of birth,
which was associated both with the incidence of HL
and with immigration status. Multivariable adjustment
for potential confounders included also sex, BMI and
height, which predicted HL in the univariable analyses
and that were associated with immigration status/ori-
gin, but not socio-demographic characteristics, which
did not predict HL in the univariable analyses. The
anthropometric variables were introduced as linear
terms per percent of BMI and height, based on mid-
point CDC percentile groupings. In additional analyses
we split immigration status: (a) By year of migration;
and (b) By origin (European or Asian or North African),
comparing Israeli-born to immigrants. Interaction
between sex and immigration status was tested. We
also present separate analysis for men and women as
well as analysis with year of birth grouped into five
categories as dummy variables instead of incremental
years as an interval variable. We performed an analysis
of subgroups to assess the possibility of the masking
of associations by grouping together cases of pre-
sumed differing etiologies: (a) Restriction of the
follow-up to below 35 years of age so as to include
only young adulthood HL (76.3% of our cases);
(b) Restriction to NS, the most common histologic sub-
type of HL, also in our cohort (60.0%); (c) Restriction
both to age under 35 years and to NS (48.6%);
(d) Restriction to MC HL (11.4%), as EBV-associated HL
is more common in the cases with this histology; and
(e) Restriction to NOS HL, the second most common
histologic grouping of HL (24.8%). Inspection of log
minus log plots for each variable verified the assump-
tion of proportionality of the hazards. Analyses were
performed with IBM SPSS version 22 (Armonk, NY).

Results

Study population

Altogether, 2,285,009 Israeli Jewish men (59.5%,
n¼ 1,360,060) and women (40.5%, n¼ 924,949) were
eligible for the study and were followed for an aver-
age of 20.6 years (men: 21.4, women: 19.3), constitut-
ing 47.0 million person-years. The mean age at
migration among immigrants (15.0% of the study sam-
ple, n¼ 343,016, 65.7% males) was 8.6 years (SD¼ 5.5).
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Overall, 2,093 incident cases were detected. Of these,
57.1% were men (n¼ 1,196) 42.9% were women
(n¼ 897), and 87.9% were Israeli-born (n¼ 1,840).
Mean age at diagnosis was 29.6 years (men: 31.0,
women: 27.7 years); 1,596 (76.3%) cases were diag-
nosed at an age younger than 35 years. Age-specific
incidence rates were higher below 35 years of age.
Women had higher age-specific incidence rates than
men below 35 years of age, but lower thereafter
(Figure 1). One thousand two hundred and fifty-seven
cases (60.0%) were classified as NS, 55.8% among men
and 65.8% among women, 61.7% for Israeli-born and
48.2% for immigrants.

Risk for HL by sex, year of birth,
sociodemographic and anthropometric
characteristics

In both univariable (Table 1) and multivariable
(Table 2) analyses, the risk for HL increased with each
incremental year of birth (HR per year¼ 1.02; 95%CI
1.01–1.02). The univariable model (adjusted for year of
birth) showed a higher risk for women than for men
(HR¼ 1.16, 95%CI 1.06–1.26), which was moderately
attenuated in the multivariable model (HR¼ 1.11;
95%CI 1.02–1.21). BMI and height differed by origin,
were significantly independently associated with risk
of HL, and were thus considered in the analysis as pos-
sible confounders. In the multivariable model, BMI
CDC percentiles (HR¼ 1.003 per percent; 95%CI
1.002–1.005) and height CDC percentiles (HR per per-
cent; 1.004; 95%CI 1.003–1.006) remained positively
associated with HL (Table 2). SEP and years of school-
ing were not associated with HL in the univariable

model (Table 1) and were not included in the multi-
variable model.

Risk of HL by immigration status and origin

In univariable analysis (adjusted for year of birth), the
HR for incident HL was higher for the Israeli-born com-
pared to immigrants (HR¼ 1.32; 95%CI 1.15–1.50; Table 1).
Further adjustment for sex, BMI, and height did not alter
this association (HR¼ 1.29; 95%CI 1.13–1.47; Table 2).
Risk of HL was very similar for those who immigrated
�10.0 years compared to those who immigrated >10.0
years of age (Supplementary Table SI). Adjusting for the
same covariates, HL incidence was similarly lower
among the first generation immigrants in all origin
groups (European, Asian, or North African) compared to
Israeli-born of European origin (Table 3). HL incidence
was similar among the Israeli-born in all three origin
groups. To further assess the difference in the risk of HL
by origin, we directly compared Israeli-born and immi-
grants, stratified by origin (combined for Asian and
North African origin), adjusting for the same covariates.
HL incidence among the Israeli-born was higher for
both origin groups: European (HR¼ 1.27; 95%CI 1.06–1.
51, p¼ .008) and Asian/North African (HR¼ 1.34; 95%CI
1.07–1.67, p¼ .010).

Subgroup analyses

The association between immigration status and HL
incidence appeared to be stronger in men (HR¼ 1.41;
95%CI 1.19–1.76) than women (HR¼ 1.16; 95%CI
0.94–1.43) (Supplementary Table SII), although a test
for interaction was not statistically significant (p¼ .
246). The association between immigration status and
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Figure 1. Age-specific incidence of HL, overall and by sex (per million person years).
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HL incidence was not materially changed (HR¼ 1.27;
95%CI 1.11–1.45) in a multivariable model adjusted for
year of birth categorized into five groups and intro-
duced as dummy variables (Supplementary Table SIII).
In an analysis with follow-up restricted to below age
35 years (1596 cases), the association was modestly
accentuated for the Israeli-born (HR¼ 1.38; 95%CI 1.
17–1.61) and for women vs. men (HR¼ 1.26; 95%CI 1.
14–1.39; Table 2). When the analysis was limited to NS
(1257 cases), the association was enhanced among the
Israeli-born (HR¼ 1.59; 95%CI 1.32–1.92) and for
women vs. men (HR¼ 1.27; 95%CI 1.14–1.42 (Table 2).
The association with NS was further enhanced (HR¼ 1.
77; 95%CI 1.33–2.37) when the Israeli-born were com-
pared to those who immigrated at>10.0 years of age
(Supplementary Table SI). In a subgroup analysis
restricted to those under age 35 years with NS (1016
cases), the association was accentuated for the Israeli-

born (HR¼ 1.61; 95%CI 1.30–1.99, p< .001) and for
women vs. men (HR¼ 1.38; 95%CI 1.22–1.56, p< .001).

On restriction of the analysis to MC (239 cases),
the higher risk in Israeli-born individuals was ablated
(HR¼ 1.09; 95%CI 0.77–1.54). In contrast with the overall
pattern, the frequency of MC declined over time,
women exhibited lower risk than men (HR¼ 0.70; 95%CI
0.53–0.93) and there was no association with BMI or
height (Table 2). When restricted to NOS (520 cases),
there was similarly no evidence for higher risk among
Israeli-born (HR¼ 0.94; 95%CI 0.74–1.20; p¼ .63).
Associations with birth year, sex, BMI, and height were
comparable to the overall pattern (Table 2).

Discussion

Among a cohort of 2.3 million men and women, an
association was found between being born in Israel

Table 1. Population characteristics and Cox proportional HRs for HL with 95% confidence intervals (CI) among Israeli men and
women examined from 1967 to 2011 and followed up through 2012 (N¼ 2,285,009; 2093 cases), univariable analysis adjusted
for year of birth.
Variable Total number (%) without HL Number (%) of HL cases HRs (95%CI) p value

Year of birth (per incremental year) 2,282,916 (100) 2093 (100) 1.019 (1.014–1.023) <.001
Year of birth (by five groups) <.001

1947–1956 258,597 (11.3) 305 (14.6) 1.0
1957–1966 398,477 (17.5) 494 (23.6) 1.25 (1.08–1.44) .003
1967–1976 546,588 (23.9) 668 (31.9) 1.70 (1.47–1.97) <.001
1977–1986 641,937 (28.1) 509 (24.3) 1.74 (1.49–2.04) <.001
1987–1995 437,317 (19.2) 117 (5.6) 1.72 (1.36–2.17) <.001

Immigration status <.001
Immigrant 343,016 (15.0) 253 (12.1) 1.0
Israeli-born 1,939,900 (85.0) 1840 (87.9) 1.32 (1.15–1.50)

Sex .001
Men 1,358,864 (59.5) 1196 (57.1) 1.0
Women 924,052 (40.5) 897 (42.9) 1.16 (1.06–1.26)

BMI, CDC percentilesa .002 (for trend)
<5 144,739 (6.3 115 (5.5) 1.0
5–10 118,491 (5.2) 96 (4.6) 1.01 (0.77–1.32) .94
10–25 346,027 (15.2) 304 (14.5) 1.10 (0.88–1.36) .41
25–50 596,811 (26.1) 561 (26.8) 1.17 (0.96–1.43) .12
50–75 576,636 (25.3) 518 (24.7) 1.14 (0.93–1.40) .19
75–85 216,707 (9.5) 207 (9.9) 1.26 (1.00–1.58) .047
85–90 99,055 (4.3) 106 (5.1) 1.46 (1.12–1.90) .005
90–95 97,101 (4.3) 100 (4.8) 1.46 (1.12–1.91) .006
�95 87,349 (3.8) 86 (4.1) 1.56 (1.18–2.06) .002

Height, CDC percentilesa <.001 (for trend)
<5 141,646 (6.2) 111 (5.3) 1.0
5–10 134,964 (5.9) 95 (4.5) 0.90 (0.69–1.19) .47
10–25 449,501 (19.7) 381 (18.2) 1.11 (0.90–1.37) .33
25–50 635,665 (27.8) 581 (27.8) 1.21 (0.99–1.49) .063
50–75 549,442 (24.1) 526 (25.1) 1.30 (1.06–1.60) .012
75–90 237,677 (10.4) 254 (12.1) 1.48 (1.18–1.85) .001
90–95 70,596 (3.1) 78 (3.7) 1.53 (1.15–2.05) .004
�95 63,425 (2.8) 67 (3.2) 1.51 (1.12–2.05) .008

SEP .36
Low 551,767 (24.3) 506 (24.4) 1.0
Medium 1,187,733 (52.3) 1051 (50.7) 0.97 (0.87–1.08) .59
High 530,372 (23.4) 518 (25.0) 1.05 (0.93–1.19) .45

Years of schooling .98
�9 172,153 (7.5) 203 (9.7) 1.00 (0.86–1.17) .95
10 129,859 (5.7) 140 (6.7) 0.98 (0.83–1.17) .86
11 147,817 (6.5) 157 (7.5) 1.03 (0.88–1.22) .67
�12 1,831,741 (80.3) 1592 (76.1) 1.0

aSex- and age- adjusted percentiles of BMI and height according to U.S. Center for Disease Control and Prevention 2000 growth charts.[23]
BMI: body mass index; CDC: Centers for Disease Control; HL: Hodgkin Lymphoma; HR: hazard ratio; SEP: socioeconomic position.
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and subsequent occurrence of HL. This association was
independent of paternal country of origin, year of
birth, sex, sociodemographic characteristics, BMI,
and height. Remarkably, the elevated risk appeared
within one generation; the low incidence of HL
observed for immigrants from Western Asia was no
longer evident among Israeli-born individuals of Asian
origin. Among immigrants, there was no difference by
age at migration. The higher risk was driven largely by
an elevated risk for the predominant NS subtype, with
an HR of 1.59 (95%CI 1.32–1.92).

Information regarding the incidence of cancer in
migrant populations is of specific value, as it provides
insight into possible genetic vs. environmental etiolo-
gies. Indeed, several studies have been conducted
with the aim of evaluating the risk for HL in immigrant
populations. Abramson et al. reported a positive cor-
relation between the proportion of Israeli-born Jews in
geographic areas in Israel and the risk of HL, based on
a case-control study conducted between 1960 and
1972.[25] Iscovich et al. studied lymphomas in
migrants to Israel and their offspring, using a different
methodology to ours with limited power (802 cases),
by comparing incidence rates among origin groups in
those under age 30 years from 1960–1989, adjusted
for sex, age, and period.[24] They reported no signifi-
cant differences between migrants from Asia, Africa or
Europe/America, relative to the small group of Israel-
born individuals with Israel-born parents, or for Israeli-
born whose fathers migrated from the respective
areas, except from Asia (RR¼ 1.29; 95%CI 1.01–1.65).
Our well-powered cohort design with individualized
data on confounders enabled better assessment of HL
risk by immigration status and origin.

Other studies have examined HL incidence in immi-
grant populations elsewhere. The incidence of HL in
Hispanic and Asian/Pacific Islander populations living
in Californian residential neighborhoods classified as
ethnic enclaves, were inversely associated with the
proportion of the ethnic group in the enclave, espe-
cially in women.[26] The U.S.-born Hispanics, foreign-
born Hispanics, and whites differed by EBV-positive
tumor prevalence and HL risk, especially for the NS
subtype.[27] Another report found that U.S.-born
Hispanics and Asian/Pacific Islanders ages 20–39 years
had a higher incidence of HL compared to their for-
eign-born counterparts.[20] Similarly, the age-adjusted
incidence of HL between 1970 and 1994 in Chinese
immigrants to British Columbia showed an increase
over the 25 year period, mainly accounted for by
young patients with the NS subtype, which was inter-
preted as a tendency for the Chinese population ofTa

bl
e
2.

Ri
sk

of
H
L
ac
co
rd
in
g
to

im
m
ig
ra
tio

n
st
at
us

an
d
ot
he
r
fa
ct
or
s,
Co

x
pr
op

or
tio

na
l
H
Rs

w
ith

95
%

co
nf
id
en
ce

in
te
rv
al
s
(C
I)
am

on
g
Is
ra
el
i
m
en

an
d
w
om

en
(N

¼
2,
28
5,
00
9)

ex
am

in
ed

fr
om

19
67

to
20
11

an
d
fo
llo
w
ed

up
th
ro
ug

h
20
12
,m

ul
tiv
ar
ia
bl
e
an
al
ys
es

a .
M
od

el
1:

Al
lH

L
ca
se
s

(2
09
3
ca
se
s)

M
od

el
2:

<
35
-y
ea
r-
ol
d
at

dx
(1
59
6
ca
se
s)

M
od

el
3:

no
du

la
r
sc
le
ro
si
s

(1
25
7
ca
se
s)

M
od

el
4:

m
ix
ed

ce
llu
la
rit
y

(2
39

ca
se
s)

M
od

el
5:

no
t
ot
he
rw
is
e

sp
ec
ifi
ed

(5
20

ca
se
s)

Va
ria
bl
e

H
Rs

(9
5%

CI
)

p
va
lu
e

H
Rs

(9
5%

CI
)

p
va
lu
e

H
Rs

(9
5%

CI
)

p
va
lu
e

H
Rs

(9
5%

CI
)

p
va
lu
e

H
Rs

(9
5%

CI
)

p
va
lu
e

Ye
ar

of
bi
rt
h
(p
er

in
cr
em

en
ta
ly
ea
r)

1.
01
6
(1
.0
11
–1
.0
21
)

<
.0
01

1.
01
6
(1
.0
11
–1
.0
21
)

<
.0
01

1.
02
0
(1
.0
14
–1
.0
26
)

<
.0
01

0.
97
5
(0
.9
62
–0
.9
88
)

<
.0
01

1.
03
9
(1
.0
28
–1
.0
49
)

<
.0
01

Im
m
ig
ra
tio

n
st
at
us

<
.0
01

<
.0
01

<
.0
01

.6
3

.6
3

Im
m
ig
ra
nt

1.
0

1.
0

1.
0

1.
0

1.
0

Is
ra
el
i-b

or
n

1.
29

(1
.1
3–
1.
47
)

1.
38

(1
.1
7–
1.
61
)

1.
59

(1
.3
2–
1.
92
)

1.
09

(0
.7
7–
1.
54
)

0.
94

(0
.7
4–
1.
20
)

Se
x

.0
20

<
.0
01

<
.0
01

.0
13

.3
6

M
en

1.
0

1.
0

1.
0

1.
0

1.
0

W
om

en
1.
11

(1
.0
2–
1.
21
)

1.
26

(1
.1
4–
1.
39
)

1.
27

(1
.1
4–
1.
42
)

0.
70

(0
.5
3–
0.
93
)

1.
09

(0
.9
1–
1.
29
)

BM
I,
pe
r
CD

C
pe
rc
en
tb

1.
00
3
(1
.0
02
–1
.0
05
)

<
.0
01

1.
00
2
(1
.0
01
–1
.0
04
)

.0
11

1.
00
4
(1
.0
02
–1
.0
06
)

<
.0
01

1.
00
0
(0
.9
95
–1
.0
05
)

.9
6

1.
00
2
(0
.9
99
–1
.0
05
)

.2
2

H
ei
gh

t,
pe
r
CD

C
pe
rc
en
tb

1.
00
4
(1
.0
03
–1
.0
06
)

<
.0
01

1.
00
5
(1
.0
03
–1
.0
07
)

<
.0
01

1.
00
5
(1
.0
03
–1
.0
07
)

<
.0
01

0.
99
9
(0
.9
94
–1
.0
04
)

.6
6

1.
00
5
(1
.0
02
–1
.0
09
)

.0
01

a M
ut
ua
lly

ad
ju
st
ed

fo
r
ye
ar

of
bi
rt
h,

im
m
ig
ra
tio

n
st
at
us
,s
ex
,B

M
I,
an
d
he
ig
ht
.

b
Se
x-

an
d
ag
e-

ad
ju
st
ed

pe
rc
en
til
es

of
BM

Ia
nd

he
ig
ht

ac
co
rd
in
g
to

U
.S
.C

en
te
r
fo
r
D
is
ea
se

Co
nt
ro
la

nd
Pr
ev
en
tio

n
20
00

gr
ow

th
ch
ar
ts
.[2
3]

CD
C:

Ce
nt
er
s
fo
r
D
is
ea
se

Co
nt
ro
l;
H
R:

ha
za
rd

ra
tio

.

6 H. LEVINE ET AL.



British Columbia to acquire a Western pattern of HL,
possibly due to environmental factors.[19]

Thus, our data and those of others suggest that
immigration from a low-risk to a high risk location,
mostly to locales with a modern lifestyle and environ-
ment, is associated with an increase in HL incidence
(mainly the NS subtype) within short periods, making
genetic drift unlikely as a causal explanation.
However, the Israeli life-style and environment, either
independently or by gene–environment interaction,
may pose exceptional risks for HL, as suggested by
the very high and increasing incidence in Israel and
the increased risk even among Israeli-born of
European origin compared to European-born immi-
grants. Further research is warranted to identify the
specific risk factors in Israel, which differs from other
high-income countries by several factors which may
affect the risk for HL such as family structure (large
families), very close contact among children from an
early age, crowding, diet, climate, environmental
exposures, and the stress of conflict. We found lower
risk of HL among immigrants compared to Israeli-
born, independent of age at migration. Cautious
interpretation is required as our study had limited
power to assess the association between age at
migration and HL risk, although we were able to
detect such an association with the risk of cutaneous
melanoma in this cohort. [22]

In accordance with findings in other Westernized
populations,[1,3] our HL cases were mostly young
(76% diagnosed under age 35) with the predominant
subtype being NS (60%). However, the generally
young age of our cohort at termination of follow-up
also contributed to this age pattern. Although the
sample size and the overall number of HL cases were
large, there were insufficient cases in all HL subgroups
to allow further detailed analysis. Nevertheless, it is

clear that the increased risk of HL associated with birth
in Israel is highest among NS subtype and among
those diagnosed under age 35. NS, which is the most
common form, has previously been associated with an
environmental etiology.[1,3] Despite evidence for an
environmental etiology, very few risk factors have
been identified. There is increasing evidence for the
developmental origins of health and disease, with dif-
ferent possible mechanisms, including epigenetic
changes or endocrine disruption.[28] There is increas-
ing evidence on the role of prenatal stress in offspring
development, including cancer development, espe-
cially for hematological malignancies.[29] These data,
together with high incidence rates among the neigh-
boring Lebanese and Palestinian populations, suggest
that risk of HL (the NS subtype) is increased by expos-
ure to as yet unidentified elements of the Israeli envir-
onment, possibly including stress that may be related
to chronic regional conflict, and lifestyle. There is also
a genetic affinity between these neighboring popula-
tions, particularly between the Palestinians and the
Israelis.[30] Human Leukocyte Antigen (HLA) has been
shown to be associated with HL, with different associa-
tions by ethnic group and tumor EBV status.[31–33]
This is a topic to further explore in the Israeli context
as interaction of environmental exposures with suscep-
tibility genes may play a role.[34] Critical windows of
exposure could be preconception, prenatal, or during
early life.

A modestly increased risk for HL was associated with
female sex in the current study. This differs from recent
reports based on GLOBOCAN data which showed male
predominance.[4,5] However, the sex differences should
be interpreted cautiously due to possibility of selection
bias, as a significant portion of religious women were
exempted. The independent association of BMI and
height with HL incidence in this study concurs with

Table 3. Risk of HL according to origin, Cox proportional HRs with 95% confidence intervals (CI) among Israeli men and women
examined from 1967 to 2011 and followed up through 2012, multivariable analysesa.

Total cohort
(N¼ 2,285,009) N (%)

HL cases
(2093 cases) N (%)

Model 1: All HL cases
(2093 cases)

Model 2: <35 years at dx
(1596 cases)

Model 3: nodular sclerosis
(1257 cases)

HRs (95%CI) p value HRs (95%CI) p value HRs (95%CI) p value

Origin .005 .003 <.001
Israeli-born

European origin 743,561 (32.5) 578 (36.2) 1.0 1.0 1.0
Asian origin 559,670 (24.5) 374 (23.4) 0.98 (0.87–1.09) .67 0.93 (0.82–1.06) .30 0.98 (0.84–1.13) .73
North African origin 505,550 (22.1) 385 (24.1) 1.09 (0.97–1.22) .15 1.04 (0.91–1.19) .55 1.01 (0.88–1.18) .85
Israeli origin 132,959 (5.8) 87 (5.5) 0.96 (0.78–1.18) .70 0.95 (0.76–1.19) .67 0.92 (0.71–1.19) .52

Immigrants
European-born 238,739 (10.4) 134 (8.4) 0.81 (0.69–0.96) .015 0.78 (0.64–0.94) .008 0.65 (0.52–0.82) <.001
Asian-born 49,302 (2.2) 19 (1.2) 0.74 (0.52–1.06) .10 0.61 (0.38–0.96) .031 0.47 (0.26–0.83) .009
North African-born 55,228 (2.4) 19 (1.2) 0.72 (0.53–0.96) .028 0.53 (0.34–0.85) .008 0.63 (0.41–0.97) .034

aMutually adjusted for year of birth, origin, sex, BMI, and height.
HL: Hodgkin Lymphoma; HR: hazard ratio.
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most previous studies; recent meta-analyses have
shown high BMI, obesity, and taller stature to be risk
factors for HL.[10,11] Childhood and adolescent BMI
and obesity have increased in Israel over the last deca-
des.[35] It is possible that the secular increase in obesity
and height may have contributed to the increase in HL
incidence in Israel, although an increase in childhood
obesity in the U.S.A. has not been followed by a parallel
increase in HL incidence. Our measures of socioeco-
nomic status might have been insufficiently refined to
detect an association with the risk of HL, if one indeed
exists in our population.

EBV is present in all populations, infecting more
than 95% of humans, predominantly during the first
decades of life, but the timing of primary infection dif-
fers between populations.[36] We have reported previ-
ously in our population that 87% were EBV
seropositive by age 18, relatively high compared to
findings in other developed countries.[37]
Furthermore, 56% of those that were seronegative
converted during 3 years of military service, a finding
that is corroborated by long-term infectious mono-
nucleosis (IM) surveillance data.[38]

IM has been associated with an increased risk of HL,
depending on timing of the primary infection, implying
a role for EBV in its etiology.[5,39] In tropical regions,
up to 100% of classical HL cases are EBV-positive, while
in developed countries EBV genomes have been
detected in 30–50% of HL tissues. EBV-associated HL is
more common with Hispanic ethnicity and with the MC
subtype.[40] In a study conducted in Southern Israel,
the proportion of EBV-positive HL was 30%: predomin-
antly of the MC subtype (45% of MC compared to 21%
among NS cases).[41] However, in the current study we
did not have direct information on the presence of EBV
in the tumor specimens or a history of IM, EBV titers, or
serology status. Further study will be required to ascer-
tain whether there is a causal relationship between the
timing of EBV infection among young Israeli adults and
the elevated risk for HL in this population, including a
possible interaction with immigration status.

The elevated risk of HL for Israeli-born was driven
by an elevated risk for NS, not for MC or NOS. Glaser
et al. found also greater rate stability with immigration
for the MC than for the NS subtypes, suggesting a
stronger environmental contribution to NS eti-
ology.[27] NS and MC differ by other characteristics,
such as the sex distribution, as MC is more common in
men,[6,42] a finding that was replicated in our study.
Furthermore, our findings of different trends over time
in NS and MC incidence, and differing associations
with BMI and height, support histology-specific etiolo-
gies, as was suggested by others.[5]

Study limitations are lack of information on EBV sta-
tus of the HL tumors, and lack of data on smoking sta-
tus, which has been linked to an elevated risk of
HL.[12,13] Another limitation is that data on emigra-
tion during follow-up were not available. The analysis
of origin was based on the paternal place of birth
because data on maternal origin is limited to more
recent years. However, as we reported previously espe-
cially in the earlier cohorts, father’s place of birth usu-
ally indicates the mother’s birth place, as most
marriages were within the same origin group.[22] Our
sample is representative of Jewish Israeli male adoles-
cents. However, it is not necessarily representative of
female adolescents as �30% are not examined. It is
possible that the associations differ in the excluded
population; therefore, the female excess in risk should
be interpreted with caution. We cannot rule out pos-
sible effects of changes over time in definitions and
classification of HL, but 98.3% of the cases in our
cohort were diagnosed since 1976, when the ICD-O-
Version 3 was introduced.

Conclusion

In a cohort of 2.3 million Jewish adolescent males and
females followed for up to 45 years, being born in
Israel was associated with an elevated risk for nodular
sclerosis HL, similarly across origin groups, independ-
ent of other risk factors such as female sex, more
recent year of birth and higher BMI and height. Our
data support a rapidly-acquired environmental compo-
nent in the etiology of HL, possibly due to preconcep-
tion, prenatal or early life exposures to a changing
lifestyle and environment and its interaction with sus-
ceptibility genes. Research efforts should be directed
to further exploring these relationships.
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