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Background: Asthma and allergy are common chronic diseases caused by genetic and environmental factors.
Objective: To study the effect of different environments on the prevalence of both diseases in an isolated founder population

that resettled in different geographic and environmental areas (namely, the genetically homogeneous population that immigrated
to Israel from Cochin, India, 50 years ago).

Methods: Respiratory and allergy symptoms were recorded by a questionnaire. The relative contribution of genetic factors on
asthma and allergy was established by comparing Cochin with non-Cochin Jews living in the Jerusalem mountains; the relative
contribution of the environment was determined by comparing mountain Cochin Jews with those living in the desert. The study
was conducted from January to October 2004.

Results: A total of 983 individuals (481 mountain Cochins, 353 desert Cochins, and 149 non-Cochins) were studied. The
overall prevalence of asthma in Cochins was 23.7%; and of allergy, 29.5%. The rate of asthma and/or allergy in Cochins in the
mountains was significantly higher than in control non-Cochins. The rates of both asthma and allergy among Cochin Jews in the
mountains were significantly higher than those among Cochin Jews in the desert, the former because of a higher prevalence of
allergic asthma. The rates of nonallergic asthma and allergy without asthma were similar in both environments.

Conclusions: Two different asthma and allergy phenotypes were detected that share a distinct genetic background but differ
in the environmental influences. Allergic asthma is strongly determined by both genetic and environmental factors, whereas
nonallergic asthma or atopy without asthma is determined mainly by genetic factors and is less influenced by environmental
factors.
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INTRODUCTION
Asthma is characterized by an inflammatory airway disease
associated with intermittent respiratory symptoms leading to
reversible airflow obstruction and bronchial hyperresponsive-
ness. It forms part of the spectrum of atopic diseases, involv-
ing activation of T cells to produce a range of cytokines that
induce the synthesis of IgE and recruitment of mast cells,
basophils, and eosinophils that mediate secretion. Asthma
and atopy are common, with a reported prevalence of 10% to
25% in different populations.1,2

Both asthma and atopy show a strong genetic component
that follows a complex mode of inheritance, involving inter-
actions between exogenous environmental factors and genet-
ically determined endogenous factors with complex genetic
inheritance.3–10 The mechanisms responsible for inheriting

asthma and atopy are not yet completely understood because
of the influence of the environment on disease expres-
sion.10–14

Closed populations are ideal for studying the genetics of
asthma and other complex diseases.15–18 Isolated inbred pop-
ulations with a high prevalence of asthma or allergy that are
exposed to different environments may allow analysis of the
relative contribution of both environmental and genetic fac-
tors that influence the disease phenotype. The Israeli popu-
lation includes many previously isolated subpopulations orig-
inating from different ethnic groups that immigrated after
many centuries of isolation, such as the Jews of Cochin, who
exhibit a high prevalence of asthma and atopy. They are
named for Cochin, the capital of Kerala in southwest India,
and are thought to originate from a small number of Jewish
travelers who arrived in Cochin, nearly 2000 years ago; they
remained isolated from other Jewish communities inside or
outside India. After their immigration to Israel in 1954, they
settled in agricultural communities in different parts of the
country with extremely dissimilar environments and until
recently continued to intermarry. Today, approximately a
third of the 7,000 to 8,000 Cochin Jews are still living in
those communities. This gave rise to the unique opportunity
to study the interaction between the genetic and environmen-
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tal factors that underline the development of allergy and
asthma.

Controlling for the environmental or genetic factors allows
the study of the relative contribution of each factor in the
pathogenesis of asthma and allergy.

METHODS
The study protocol and informed consent were approved by
the Hadassah-Hebrew University Medical Center Institu-
tional Committee for Human Studies. The study was con-
ducted from January to October 2004.

Population and Environment
All participating Cochin Jews in this study can trace their
ancestry and all are related, descending from the same family
tree. The participants of this study live in 2 different geo-
graphic areas in Israel: the Jerusalem Mountains (20 km west
of Jerusalem, 400 m above sea level), which have a typical
Mediterranean climate and flora; and the Negev desert (170
m above sea level). The Jerusalem mountain population is
distributed over several villages within a radius of 5 km of a
small town with 30,000 citizens. Most Cochin Jews work in
either this town or Jerusalem. Approximately 20% of house-
holds grow chickens and olive trees. The population in the
Negev desert is located in 1 village 15 km southeast of Be’er
Sheva (population, 155,000), where most of the Negev Co-
chin Jews work. Approximately 30% of households grow
flowers. Chickens and olive trees are considered major aller-
gens in the mountains. Green house flowers were grown by
the Negev Cochin Jews for commercial purposes in the past;
however, because of the increased onset of asthma in this
population, the for-profit production was discontinued.

Data Collection
Attempts were made to reach all the inhabitants of these
villages. After explaining the aim of the study and with the
assistance of the local health care professionals, all inhabit-
ants were personally approached in their homes to ensure a
higher level of participation. All participants were asked to
answer a standard questionnaire, presented by research phy-
sicians (E.Y., Z.S., and Y.N.), not the family physician or a
research nurse. Parents answered the questionnaire for their
children. The participation level was more than 50%; no data
of nonparticipating inhabitants are available. A participant
was considered to be of Cochin origin only if both parents
and all 4 grandparents were from Cochin. All other individ-
uals were not considered to be of Cochin origin. The different
groups were studied in parallel.

Questionnaire
Medical histories were obtained by using a standard ques-
tionnaire translated into Hebrew.18 The questionnaire re-
corded the presence of respiratory symptoms, such as cough,
sputum, and wheezing; the presence of other chest disorders,
including recent upper respiratory tract infection; allergic
history; asthmatic attacks, including onset, offset, confirma-
tion by a physician, prevalence, severity, and precipitating

factors; other illnesses; smoking history; and all medications
used within the previous 3 months. A physician-confirmed
asthmatic attack was the principal criterion for a diagnosis of
asthma. Wherever possible, we obtained details of the family
pedigree.

Disease Classifications

Asthma
Asthma was classified based on 1 of the following: (1)
physician’s diagnosis (except if made when the patient was
�60 years), (2) documented recurrent episodes of wheezing
and/or cough and/or shortness of breath associated with de-
fined triggers or in atopic individuals, (3) individuals re-
sponding to bronchodilators, or (4) individuals experiencing
cough, wheeze, sputum production, or breathlessness with
atopy who were younger than 40 years. All asthmatic patients
had to have a negative history of smoking.

Respiratory symptoms were classified based on those with
respiratory symptoms who did not meet the criteria for
asthma. Allergy included patients with a history of recurrent
and episodic nasal itching and ocular discharge, irritation, or
atopic eczema. Allergic asthma included individuals with
both asthma and allergy.

Data Analysis
To determine the relative contribution of genetic factors, we
compared the rate of asthma and allergy among the Cochin
population living in the Jerusalem mountain area with the rate
of a heterogeneous population of Jews of non-Cochin origin
living in the same villages or in the same area (within a 2-km
radius). The inhabitants of these villages have a similar
socioeconomic level, standard of living, and occupations. All
the villages in the area have been observed for many years by
the same medical staff, ensuring a higher reliability of med-
ical diagnosis.

To determine the relative contribution of the environment,
we compared the rate of asthma and allergy among the
Cochin population living in the Jerusalem mountain area with
the rate of those living in the desert area.

Statistical Analysis
The different groups (Cochin/non-Cochin and desert/moun-
tain) were compared using the t test for continuous variables
and the �2 test for categorical variables; all statistical tests
were 2-tailed. Logistic regression was used to control for age
and sex, which are potential confounders. Data analysis was
performed with SPSS for Windows (SPSS Inc, Chicago,
Illinois).

RESULTS
The study population included 834 individuals (50.7% fe-
males), composing 71% of the total village population, who
were Cochin Jews according to our definition and who com-
pleted the questionnaire. A total of 481 subjects lived in the
Jerusalem mountain area and 353 lived in the desert. Their
mean (SD) age was 32.7 (20.9) years (median, 31 years;

234 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



range, 1–92 years), with an abnormal age distribution show-
ing 2 peaks, at age 10 to 15 years and 40 to 45 years.

Overall, among the Cochin Jewish population, the preva-
lence of asthma was 23.7%; and of allergy, 29.5% (Table 1).
There was no sex difference in the prevalence of asthma
(males, 25.3%; females, 22.2%). Ninety-eight individuals
(11.8%) reported a smoking history (20.0% males and 4.1%
females, P � .001) and were not included; 99 individuals
(11.9%) reported respiratory symptoms that were not classi-
fied as asthma according to our criteria. The mean (SD) age
at onset of asthma was lower for the total Cochin study
population compared with non-Cochin controls (23.6 [2.5]
years vs 38.1 [4.9] years; P � .02). In the desert, 58%
developed asthma before the age of 5 years compared with
only 31% in the mountains (P � .002). Because a higher rate
of allergic asthma was detected in the mountain area (results
given later), our results suggest that prolonged exposure to
allergens is necessary to develop allergic asthma.

As indicated in Table 1, the prevalence of allergic asthma
(defined as individuals with both asthma and allergy) was
significantly higher than that of nonallergic asthma (defined
as individuals with asthma who did not have symptoms of
allergy) (14.0% vs 9.7%; P � .001).

Asthma and Allergy Prevalence Among Cochin and Non-
Cochin Jews: The Contribution of Genetic Factors
To determine if the Cochin Jews show an increased preva-
lence of asthma and allergy, they were compared with non-
Cochin Jews (n � 149) living in the Jerusalem mountain area.
The rate of asthma among the Cochin Jews in this area was
27.4%, significantly higher than that of 8.7% among the
control non-Cochin Jews; the odds ratio (OR) was 3.4 (95%
confidence interval [CI], 2.1–5.7; P � .001), using logistic
regression, controlled for age and sex. The increased rates of
asthma among Cochin Jews were mainly due to a higher
prevalence of allergic asthma (18.7% vs 4.7%; OR, 3.9; 95%
CI, 2.0–7.7; P � .001). The rate of nonallergic asthma was
9.7% compared with 4.0% among non-Cochin Jews (OR, 2.2;
95% CI, 1.0–4.8; P � .08) (Table 1).

Similarly, the allergy rate was significantly higher among
Cochin Jews compared with non-Cochin Jews (34.5% vs
6.7%; OR, 6.99; 95% CI, 3.95–12.30; P � .001). The rate of
allergy without asthma was 15.8% among Cochin Jews com-
pared with 2.0% among non-Cochin Jews (OR, 10.2; 95% CI,
3.2–32.7; P � .001). Overall, 43.2% of Cochin Jews in this
area experienced allergy and/or asthma, significantly more
than the 10.7% of non-Cochin Jews (OR, 5.96; 95% CI,
3.7–9.5; P � .001). All results are controlled for age and sex.

Asthma and Allergy Prevalence Among Cochin Jews Living
in Different Areas: The Relative Contribution of
Environmental Factors
The rate of asthma among the Cochin Jews living in the
Jerusalem mountain area was significantly higher than that of
Cochin Jews living in the desert (27.4% vs 18.7%; OR, 1.7;
95% CI, 1.3–2.2; P � .003). The increased rates were
mainly because of the higher prevalence of allergic asthma:
18.7% in the Jerusalem mountain area compared with 7.6% in
the desert (OR, 2.7; 9% CI, 1.9–4.0; P � .001). The rate of
nonallergic asthma was similar for both environments (ie,
8.7% vs 11.0%; OR, 1.3; 95% CI, 0.90–1.98; P � .26)
(Table 1).

The rate of allergy among Cochin Jews living in the
Jerusalem mountains was 34.5%, significantly higher com-
pared with 22.7% among Cochin Jews living in the desert
(OR, 1.78; 95% CI, 1.36–2.32; P � .001). The rate of allergy
without asthma was similar for both environments: 15.8% in
the Jerusalem mountains and 15.0% in the desert (OR, 1.05;
95% CI, 0.72–1.55; P � .76).

Overall, 43.2% of Cochin Jews living in the Jerusalem
mountains experienced allergy and/or asthma, significantly
more than the 33.7% of Cochin Jews living in the desert (OR,
1.50; 95% CI, 1.18–1.90; P � .006). All results are con-
trolled for age and sex.

DISCUSSION
Both asthma and atopy show a strong genetic component that
follows a complex mode of inheritance, involving interac-

Table 1. Prevalence of Asthma and Allergy Phenotypes Among Cochin and Non-Cochin Jews Living in Different Geographic Areasa

Variable

Cochin group
Non-Cochins living in
Jerusalem mountains

(n�149)
Total

(N�834)
P

valueb

Those living
in the desert

(n�353)

P
valuec

Those living in
Jerusalem mountains

(n�481)

Age, mean (SD), y 31.6 (20.3) .002 31.1 (20.3) .49 32.1 (20.3) 38.3 (23.6)
Asthma total 198 (23.7) �.001 66 (18.7) .003 132 (27.4) 13 (8.7)

Nonallergic asthma 81 (9.7) .02 39 (11.0) .26 42 (8.7) 6 (4.0)
Allergic asthma 117 (14.0) .002 27 (7.6) .001 90 (18.7) 7 (4.7)

Allergy total 246 (29.5) �.001 80 (22.7) .001 166 (34.5) 10 (6.7)
Allergy with no asthma 129 (15.5) �.001 53 (15.0) .76 76 (15.8) 3 (2.0)
Allergy and/or asthma 327 (39.2) �.001 119 (33.7) .005 208 (43.2) 16 (10.7)

a Data are given as number (percentage) of each group unless otherwise indicated.
b Comparison between total Cochins and non-Cochins living in the Jerusalem mountain area.
c Comparison between Cochins living in the desert and Cochins living in the Jerusalem mountain area.
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tions between exogenous environmental factors and geneti-
cally determined endogenous factors with complex genetic
inheritance.3–10 By controlling for the environment and com-
paring the rates of asthma and allergy among Cochin Jews
with Jews of different ethnic origins who lived in the same
environment, we found a 3.4-fold increased risk for asthma
and a 6.99-fold increased risk for allergy in Cochin Jews.
These figures may determine the relative contribution of the
genetic factors for asthma and allergy in this population. It is
unclear if this value is similar in other populations. Lebowitz
et al19 examined the genetic background for asthma in 344
families in Arizona. In families in which neither parent had
asthma, 6% of the children had the disease; in those with 1
asthmatic parent, 20% of the children had asthma; and in
families with 2 parents who had asthma, 60% of the children
were asthmatic.19 Using data from monozygotic and dizygotic
twins, estimates of heritability of asthma liability have been
reported to be as high as 60% to 70%.20,21

Asthma is generally divided into 2 major phenotypes,
allergic asthma and nonallergic asthma, which was confirmed
by our study. Although both types may share common im-
munopathologic mechanisms, nonallergic asthma was con-
stantly shown to have a highly distinct phenotype.24,25 Pa-
tients with allergic and nonallergic asthma differ by many
biological parameters (eg, C-reactive protein levels,26 respon-
siveness to cold air,27 patterns of T-cell activation, and cyto-
kine production28). By controlling for the genetic factor and
comparing Cochin Jews who live in the mountains with those
who live in the desert, we found that the prevalence of
allergic asthma was much higher among individuals living
in the mountains (OR, 2.7), whereas the prevalence of non-
allergic asthma was comparable in both environments (OR,
1.3). Similar results were found for nonasthmatic allergy.
This indicates that both nonallergic asthma and allergy with-
out asthma are distinct phenotypes, defined mostly by genetic
factors, and are less environmentally dependent.

Sensitizing allergens in the desert may be different from
those in the mountains. Although the allergen Alternaria was
shown to play a major role in the development of asthma in
children raised in a desert environment,29 horticulture and air
conditioning are changing the environment, and allergens
such as house dust mite and local pollens are more common
risk factors for asthma and allergy in desert climates.30,31 In
desert countries, the prevalence of asthma and allergy is
increasing and approaches that of temperate climate areas. In
countries such as Kuwait, Qatar, and Saudi Arabia, asthma
used to be rare; however, its incidence is rapidly increasing.
Urbanization, increased use of air conditioners, sandstorms,
and pollens from imported plants are all thought to be con-
tributing factors.32–34 In our study, the desert environment
lowered the probability for allergic asthma from 18.7% to
7.6%, but did not influence nonallergic asthma and/or non-
asthmatic allergy.

The situation in which a closed population has changed
its environment and resettled in 2 different climatic areas is
unique. The different reactions to these environments can

be attributed to the environmental component because we
assume that all individuals share the same genetic compo-
nents. The different climate does not influence the nonaller-
gic phenotype.

The older members of the Cochin population do not recall
asthma cases while living in India and confirmed that it
developed only years after settling in Israel. Similarly, in
immigrants to Australia from southeast Asian countries dur-
ing the past 20 years an increase in asthma and allergic
disease was observed. Epidemiologic data showed that the
prevalence rates of asthma and allergic disease increased with
the duration of residence in Australia; after 10 years, up to
60% of southeast Asian immigrants developed hay fever
while 15% showed symptoms of asthma, suggesting that the
environment plays an important role in the pathogenesis of
asthma and allergy. With respect to nonallergic asthma, the
prevalence was similar in the different environments.35 This
suggests that even nonallergic asthma, although genetically
determined, may require an external trigger. Although sensi-
tization to inhalant allergens, such as house dust mite and
grass pollen, is apparently important, other yet undefined
local factors are likely to contribute significantly to the over-
all increase in prevalence.

Another result of our study is the finding that genetics
exerts a strong impact on allergy, which was already impli-
cated at the beginning of the 20th century, after the obser-
vations that allergic subjects had a significantly higher inci-
dence of family histories of disease compared with controls.
Follow-up studies have shown that if 1 parent has aller-
gies, a child has a 33% chance of developing allergies and if
2 parents are allergic the chance increases to 70%.22 Analysis
of several hundred pairs of twins clearly showed that quan-
tifiable traits associated with allergic diseases, such as total
serum IgE levels, skin test results, and methacholine sensi-
tivity in the lungs, show intrapair correlation coeffi-
cients 2-fold higher for monozygotic than dizygotic twins.23

Comparing the rates of allergic asthma of Cochin Jews with
those of non-Cochin Jews exposed to a similar environment
showed a 3.9-fold increased risk for allergic asthma and a
2.4-fold increased risk for nonallergic asthma in Cochin Jews.
Likewise, the relative risk for allergy development without
asthma was 10.2-fold higher among Cochin Jews. These
results point to a clear genetic impact on the development of
asthma and allergy in this population and define the relative
effect of the genetic factor. Further studies in different pop-
ulations are needed to define the relative risk of genetic
factors on the development of asthma and allergy.

This study has several limitations, mainly the definitions of
asthma and allergy that were based on subjective report and
not objective evidence. Also, no information is available for
nonresponders.

The results of this study demonstrate 2 different asthma
and allergy phenotypes that have distinct genetic back-
grounds and different environmental influences. The results
show that allergic asthma is strongly determined by both
genetic and environmental factors and that nonallergic
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asthma or atopy without asthma is determined mainly by
genetic factors and is less influenced by environmental fac-
tors. Studies using large or closed populations to identify
genetic markers for asthma or allergy should, therefore, clas-
sify the patients according to the different phenotypes before
performing statistical analysis.
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