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Aim To investigate the association between education level, occupa-
tion status (a proxy for socio-economic status), and consanguinity in
2 large data sets from Tunisia and Croatia countries with different

attitudes toward consanguinity.

Methods The sample of 1016 students, attending 5 university institu-
tions in Monastir, Tunisia, were interviewed about the educational
level and occupation status of their parentsand the degree of parental
relatedness. In Croatia, a sample of 1001 examinees from 9 isolated
island populations was interviewed about their own educational level,
occupation status, and consanguinity.

Results Prevalence of consanguinity (offspring of second cousins or
closer) among 1016 Tunisian students was 20.1%, and 9.3% among
1001 Croatian isolates. In Tunisia, the association between consan-
guinity and both parental degree of education and parental occupa-
tion status was highly significant in women (P<0.001), but not signifi-
cant in men. In Croatia, no statistically significant associations were
noted, although there was a consistent trend of increased prevalence
of consanguinity with lower education level or occupation status in
both genders, but more pronounced in women.

Conclusion Association between education level, socio-economic
status, and consanguinity needs to be taken into account in inbreed-
ing studies in human populations. The relationship may be specific for
cach studied population and highly dependent on the cultural context.

It is generally more pronounced among women in most settings.
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Consanguineous marriages are unions between
two persons who share at least one recent com-
mon ancestor (1). In clinical genetics, a con-
sanguineous marriage is commonly defined as
union between subjects related as second cous-
in or closer, equivalent to an inbreeding coef-
ficient in their progeny of F20.0156 (2). This
kind of union was known to increase the risk of
homozygous recurrence of deleterious recessive
genes (3,4), and this could explain the increase
of polygenic or multifactorially determined dis-
cases in populations with high prevalence of
consanguinity (1,5,6). A number of studies re-
ported that offsprings of consanguineous par-
ents had higher rates of neonatal, post-neonatal,
child, and infant mortality than those of non-
consanguineous parents (7-11):

It is widely perceived that consanguinity is
more prevalent among the underprivileged in
the society (12-14). However, it is possible that
factors that are not genetically determined, such
as education level and socio-economic status of
the subjects, have a confounding effect in the
studies on consanguinity. To explore this, we in-
vestigated the association between education lev-
el, occupation status (a proxy for socio-econom-
ic status), and consanguinity in 2 large data sets
available from Tunisia and Croatia. The analy-
sis in these two countries with different attitudes
toward consanguinity and causes and prevalence
of inbreeding could reveal whether the presumed
associations between education, occupation, and
inbreeding could be generalized, or whether they

are more complex and context-specific.

Participants and Methods

Tunisian sample

In Tunisia, we used a convenience sample of
1016 students attending five university institu-
tions in Monastir. The students were men and
women, aged 18-23 years, who agreed to partici-
pate in the survey. The study was conducted for
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17 months, from January 2003 to May 2004.
The students were surveyed about the education-
al level, profession, and the degree of biological
relatedness of their parents. Students were con-
sidered to originate from consanguineous unions
if their parents were related at the level of second
cousins or closer. Paternal education was classi-
fied into 4 groups: 1) incomplete primary school
or no education, 2) completed primary school,
3) completed secondary school, or 4) completed
high school or more. Father’s occupation status
was classified into three groups: 1) professional
(doctor, pharmacist, teacher, professor), 2) cler-
ical, and 3) others (services, agricultural work,
non-qualified employees, fisheries, day-laborers,
not classifiable). Mother’s occupation status was
classified into three groups: 1) professional (doc-
tor, pharmacist, teacher, professor), 2) housewife
(women without employment outside of home),
and 3) others (services, agricultural wotk, non-

qualified employees).

Croatian sample

The field study that recruited 1001 examinees
in Croatian island isolates was performed dur-
ing 2002 and 2003 by a team from the Andrija
Stampar School-of Public Health, Zagreb Uni-
versity School of Medicine, and the Institute for
Anthropological Research in Zagreb, Croatia.
The details of field methods were described in de-
tail elsewhere (15). Random samples of 100 indi-
viduals from 9 island settlements were collected.
Sampling was based on computerized random-
ization of the most complete and accessible pop-
ulation registries in each village, which includ-
ed medical records (Mljet and Lastovo islands),
voting lists (Vis island), and houschold numbers
(Rab island). Additional 101 examinees were re-
cruited from the immigrants from all 9 villages
who agreed to participate in the study, to form a
genetically diverse control population that shared
the same environment. Gender and age distribu-
tion in each sample and personal genetic histo-
ries of examinees (categorized as inbred, autoch-
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thonous, admixed, and outbred) were presented
elsewhere (15). An examinee in this sample was
considered consanguineous when the same (non-
marital) surname highly specific of the settle-
ment, was found in at least one of parent of the
student’s father and mother. In such cases, fur-
ther genealogical information was retrieved from
parish registries in the 9 villages and the com-
plete information on 3 ancestral generations for
each individual included in the study allowed
the assessment of the level of consanguinity. As
in Tunisian sample, examinees were considered
to originate from consanguineous unions if their
parents were related at the level of second cous-
ins or closer. The level of education of the exam-
inees was assessed as the number of completed
years in the school system; and their occupation
was recorded in each case. The examinees were
then categorized by both education level and oc-
cupation status, to match the categorization per-
formed in Tunisian sample and ensure the com-

parability of results.

Statistical analyses

We first divided the Tunisian and Croatian sam-
ple into sub-samples defined by gender-and by
level of education or occupation status catego-
ries. Then, within each country and for each gen-
der, we tested the null-hypothesis. that the pro-
portions of consanguineous individuals (found
within these sub-samples) did not statistically
differ between the sub-samples. This hypothesis
was tested using x> tests for independent samples
and with appropriate number of degrees of free-
dom (3 for education level and 2 for occupation
status).

Results

We compared the two samples at three lev-
els (Tables 1 and 2): 1) education level, occupa-
tion status, and consanguinity between Tunisia
and Croatia; 2) education level, occupation sta-
tus, and consanguinity between men and wom-

en; and 3) association between consanguini-
ty and education level/occupation status. The
first analysis showed that consanguinity was two
times more prevalent among Tunisian students
(20.1%) than among Croatian remote island iso-
lates (9.3%), whereas the level of education and

Table 1. Association between education level and consanguini-
ty in the Tunisian and Croatian sample
No. of consanguineous examinees/total
number of examinees in each gender and
education level category (%)*

Education level Tunisia Croatia
Total:
men 204/1016 (20.1) 43/455 (9.5)
women 204/1016.(20.1) 50/546 (9.2)
Less than primary school:
men 15/73 (20.5) 6/38 (15.8)
women 48/181 (26.5) 13/82 (15.9)
Completed primary school:
men 30/123 (24.4) 10/78 (12.8)
women 56/228 (24.6) 171172 (9.9)
Completed secondary school:
men 93/427 (21.8) 21/261 (8.0)
women 76/420 (18.1) 171231 (7.4)
Completed high school:
men 66/393 (16.8) 6/78 (7.8)
women 24/187 (12.8) 3/61 (4.9)
Statistics:
men P=0.183 (x%=4.85) P=0.296 (x%=3.70)
women P<0.001 (x%,=36.32) P=0.081 (x*=6.74)

*In Tunisia, the total number of examinees in each gender and education level
category refers to parents of the examined students (thus the total number was
n=2x1016). In Croatia it refers to the examinees themselves (n=1001).

Table 2. Association between occupation status and consangu-
inity inthe Tunisian and Croatian sample
Number of consanguineous examinees/
total number of examinees in each gender
and occupation status category (%)*

Occupation status Tunisia Croatia
Total:
men 204/1016 (20.1) 43/455 (9.5)
women 204/1016 (20.1) 50/546 (9.2)
Professional:
men 49/291 (16.8) 3/29 (10.3)
women 30/206 (14.6) 1/43 (2.3)
Clerical:
men 36/181(19.9) 1/28 (3.6)
women - 3/74 (4.1)
Housewives:
men - -
women 163/685 (23.8) 20/193 (10.4)

Agriculture, fishery, services,
non-qualified employees, day
laborers, and non-classifiable:

men 119/544 (21.9) 39/398 (9.8)

women 11/125 (8.8) 26/236 (11.0)
Statistics:

men P=0.223 (x%,=3.00) P=0.546 (x%,=1.21)

women P<0.001 (x?,=19.71) P=0.109 (x% =6.05)

*In Tunisia, total number of examinees in each gender and occupation category refers
to parents of the examined students (thus the total number was n=2x1016), while in
Croatia it refers to the examinees themselves (n=1001).




occupational status was generally higher in Tu-
nisia than in Croatia (Tables 1 and 2). The latter
was expected given the nature of the samples of
university students’ parents in Tunisia vs remote
islanders in Croatia. The second analysis showed
that in both societies men were better educated
than women. This was more pronounced in Tu-
nisia, although among the professionals there
were about as many (Tunisia) or more (in Cro-
atia) women than men (Tables 1 and 2). In Tu-
nisia, nearly 70% of examinees’ mothers were
housewives, compared with less than 40% house-
wives in the sample from Croatia.

Eight separate statistical tests were performed
to analyze the association between education lev-
el and consanguinity in each gender (Table 1)
and between occupation status-and consanguin-
ity (Table 2). In Tunisia, men with the highest
education level and professionals had the lowest
prevalence of consanguinity, but these differenc-
es were not statistically significant. Similar trends
were observed for men in Croatia for their edu-
cation level, with the decline in consanguinity
prevalence from 15.8% to 7.8%, but not for oc-
cupation status. However, these differences did
not reach statistical significance. For women in
Tunisia, a strong trend of increasing prevalence
of consanguineous marriages with decreasing ed-
ucation level and occupation status of student’s
mothers was noted (both £<0.001). In Croatia,
similar trend was noted and was more apparent
than in men (Tables 1 and 2), but the differenc-
es between groups did not reach formal statistical
significance (P=0.076 for education level and
P=0.115 for occupation status, respectively).

In Tunisia, 20.1% of consanguineous mar-
riages in the sample was equivalent to a mean in-
breeding coefficient « of 8.40 x 107, In Croatia,
this coefficient was two times lower. Among the
related parents in Tunisia, 112 (54.9%) were re-
lated as first cousins. In Tunisia, 23.5% of wom-
en in consanguineous marriages had no edu-
cation (ie, were illiterate), in comparison with
16.4% in non-consanguineous unions. In Croa-
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tia, both first-cousin marriages and illiteracy were
extremely rare (under 3%). In Tunisia, the pro-
portion of housewives was greater in the consan-
guineous group (79.9%) than that in the non-
consanguineous group (64.3%), whereas the
proportion of skilled women was higher in non-
consanguineous group (21.7%) than in the con-
sanguineous group (14.7%). Similar trends, al-
though not as pronounced, were also observed in
the Croatian sample.

Discussion

This study investigated the association between
consanguinity, education level, and occupation
status in two very different societies: the group of
students in Tunisia and the isolates living on re-
mote Croatian islands. There are different causes
for the high prevalence of consanguinity in the
two socicties. In Tunisia, consanguinity is preva-
lent because of cultural factors, while in Croatia
it occurs because of very limited mate choice on
isolated and remote island communities. Still, the
prevalence was twiceas high in Tunisia as in Cro-
atian islands, and in general population it would
probably be even higher than-in the sample of
students. However, in Croatia the prevalence of
consanguinity would be much lower in general
population than among isolated islanders. It was,
therefore, of interest to investigate whether the
same associations between consanguinity, edu-
cation level, and occupation status apply in both
communities with prevalent consanguinity, but
in entirely different contexts.

As the practice of consanguineous marriag-
es is influenced by cultural, social, economic, re-
ligious, geographic, and demographic factors
(16-18), some authors suggested that the high-
est rates of consanguineous unions were strong-
ly associated with lower parental educational lev-
els, marriage at an early age, low socio-economic
status, illiteracy, and rural residence (19-24). This
would, therefore, represent a major confounding
effect in inbreeding studies conducted by genet-
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ic epidemiologists. However, our study showed
that this association, although present to some
extent, is not of the scale that would affect results
conducted in populations where consanguinity
is prevalent solely because of isolation and limit-
ed mate choice. Even in countries where consan-
guinity is prevalent because of cultural practices,
the association with education level and occupa-
tion status is mainly seen among women, but not
in men. These findings have clear implications
for design and conduct of genetic epidemiologi-
cal studies that investigate the effects of consan-
guinity on human health. The observed associa-
tions seem to be considerably more pronounced
in women, regardless of a society and cultural
context. Associations between consanguinity and
women’s education level were reported in several
other societies (20,24-27), although Hussain and
Bittles could not confirm this negative correla-
tion for women with primary school education
(28). For men, the nature of association strong-
ly depends on the cultural context, with reported
examples ranging from negative correlation be-
tween inbreeding and social status (20,29), to a
notion that more educated men were more likely
to be married to cousins (27).

This study has several potential limitations.
First, the sample in Tunisia is not likely to be
representative of the general population, as uni-
versity students were recruited and they are more
likely to have parents of higher education and
possibly also of higher socio-economical status.
Second, consanguinity status, occupation sta-
tus, and education level was not recorded for stu-
dents themselves but for their parents. Therefore,
an indirect measure of the relationship between
consanguinity and education/occupation  sta-
tus was obtained, as the Tunisian sample only
allowed an assessment of the likelihood of per-
sons engaged in a consanguineous marriage (and
who are not necessarily consanguineous them-
selves) to be better educated or of better occupa-
tion status. In Croatia, this measure is direct (all
3 variables are measured in each individual), but

the sample is also not representative of the gen-
eral population, but only of the isolate resource
where limited mate choice, rather than culture
or tradition, was a cause of inbreeding. Also, the
data on consanguinity in the Croatian sample
were verified in parish records, whereas the data
on Tunisian sample were collected as the self-re-
port survey. These problems limited cross-coun-
try comparisons, and they were therefore not
performed. The differences across education and
occupation status were investigated within coun-
tries and specific gender categories, which was
still valid in both cases. Also, non-representative-
ness of both samples for general population may
act in favor of the study design, as the analysis
in these two samples from the populations with
quite different attitudes toward consanguinity,
causes and prevalence of inbreeding would allow
us to assess whether the presumed associations
between education, occupation, and inbreedi ng
can be generalized, or are they more complex and
context-specific.

The mean coeflicient of inbreeding found in
Tunisia (8.4x107%) was higher than that found
in European and. American populations, such
as Netherlands (0.1x1073), Northeast of Uru-
guay (1.7x107), or Northern Sweden (2.0x107)
(24-26). However, as hypothesized earlier, it was
lower than in the majority of Arab and Mus-
lim populations, eg, Egypt (10.0x107), Turkey
(15.4x107%), Oman (17.6x1073), and west India
Muslims (20.1x107) (30-33).

In conclusion, association between education
level, socio-economic status, and consanguini-
ty needs to be taken into account in inbreeding
studies in human populations, and the relation-
ship will often be highly specific for each studied
population and strongly dependent on the cul-
tural context.
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