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SO DIFFERENT BUT EQUAL: 33 LONGEVITY
GENES' LOCI IN THE ROMA AND IN THE
GENERAL POPULATION OF CROATIA

ABSTRACT: The age pyramid of Roma populations tips strongly towards the younger age groups and is characterized by
a low number of elderly individuals. There is a vast range of environmental factors that influence the age structure of Roma
populations. To explore whether a genetic risk for premature mortality also exists in this ethnic minority, 33 single nucleotide
polymorphisms (SNPs) in 23 putative longevity genes were investigated in 308 adult Roma living in Croatia, and in
Croatian population sample, composed of 314 "Old" (85- 101 yrs.) and 97 "Young" (20-35 yrs.) subjects. The cumulative
effect of the investigated SNPs, which have previously been related to human longevity, was summarized within Genetic
Longevity Score (GLS). After Bonferroni correction the "Old" and "Young" Croatian age groups differ only in the allele
Srequency in MRE11A locus (rs533984), while the Roma had significantly different allele frequencies from the surrounding
majority population in most of the investigated longevity genes loci (in 16 out of the 33 SNPs). However, the Roma's GLS
is equal to those in the "Young" and "Old" Croatian cohorts implying identical chances of surviving to the age of 85 among
Roma as in the majority Croatian population, when only genetics is taken into account.
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INTRODUCTION attributed to the increase in food production and the role

of the industrial revolution in the regular supply of food,
Global average life expectancy by 1800 was between 30  with the improvement of hygienic conditions and advances
and 40 years of age, and over the last 200 years it has  in medicine. However, there are quite large inequalities
almost doubled (Finch 2007). This change is mainly = within and between countries, and between different
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population groups. There is growing evidence that
socioeconomic deprivation is a major cause of differences
in mortality (Boruzs ef al. 2018). Today, the highest life
expectancy (over 84 years of age) has been found in some
developed countries such as Hong Kong, Japan, Italy,
Singapore, and Switzerland, and it is higher in women
than in men. With the median age of 43.9 years, Croatia
is the 18" country with the oldest population in the world
(Central Intelligence Agency 2020). The estimates for
2020 indicate a total fertility rate of 1.42 children born
per woman, and that the proportion of people aged 65
years and above in total population amounts to 21.06%
(Croatian Bureau of Statistics, 2021).

Roma (Gypsy) are the largest European transnational
minority population of common Indian origin consisting
of 12 million people. The Roma were migrating
throughout most of their history and retained the
nomadic way of life as their cultural pattern. Today,
most Roma have a permanent residence, but they
generally live separated and excluded from the majority
communities in several ways: physically - in outskirts
of towns and villages, often in overcrowded settlements
with poor sanitation and lack of other housing facilities
(Anthonj et al. 2020), economically - underprivileged,
poorly educated and unable to find a regular job (EU-
FRA 2014), and socially - discriminated considering
the prejudices of majority populations and their hostility
(Kende et al. 2017). Poverty and social exclusion, along
with a number of lifestyle specifics, could have an
adverse impact on the health of the Roma population,
which indeed shows poorer health status, increased
morbidity and mortality compared to other populations,
and a shorter average life expectancy.

Most countries do not report detailed ethnic data in
their national census data, but one of the rare official
documents is the European Public Health Alliance
which shows that in all EU member states, the estimated
life expectancy of the Roma was lower than that of the
surrounding majority non-Roma population (The
European Public Health Alliance 2018). The estimated
life expectancy gap between Roma and non-Roma varied
from 2-10 years lower in the UK Roma than in the UK
non-Roma, to as muchas 20 years lower life expectancy
of the Italian Roma in comparison with Italian non-
Roma. The age structure of the Roma in all EU states
is much younger than the national average, with a much
higher proportion of young people and a relatively
smaller size of the elderly population (Frazer, Marlier
2011). In Hungary, both birth rates and mortality are
far higher among the Roma population than in
Hungarians: there are 2 times more Roma aged <15

years (37% vs. 16.8%) and 5 times less Roma >60 years
of age (3.9% vs. 20.2%). A similar trend is observed in
Ireland (42% vs. 20% <l4-year-olds, and 2.7% vs. 11%
>65-year-olds), Italy (45% vs. 15% <l6-year-olds, and
0.3% vs. 25% >60-year-olds), and Slovakia (43.6% vs.
25.5% <14-year-olds, and 3.6% vs. 14.5% >60-year-olds),
but also in the Czech Republic, Romania and Spain
(Frazer, Marlier 2011).

There is a vast spectrum of environmentalinfluences
that could cause the observed younger age structure of
the Roma population. In Croatia, poor education and
traditional attitudes towards female reproductive health
all contribute to a high-fertility reproductive pattern
present in this population (Skarié-Juri¢ ez al. 2007,
Klasnic¢ et al. 2020). The young-leaning age structure of
Roma population is a consequence of high fertility rate,
but also of higher mortality at almost all ages (i.e. in
periods of childhood,adolescence and early adulthood,
as'well as in middle ages). The higher risk of mortality
in this population has multiple causes: malnutrition,
infections; violent deaths, deaths related to multiple
parities, and especially higher prevalence of chronic
diseases related to several risk factors (Zeljko er al. 2008,
Zeljko et al. 2011). In all ages, a low socioeconomic
status and a lack of continuous access to health care
(Skari¢-Juri¢ e al. 2007) modulate the adverse health
outcomes, including mortality rates. Namely, if a person
is not employed (as is the case with the vast majority of
Roma), the periods in which he/she has health insurance
in Croatia are during the maternity period (during
pregnancy and until the end of the first year of the child)
or while in the education system (for those who do not
attend university education health insurance ends at 18
years of age). In addition, citizenship or immigration
papers are obligatory to obtain health insurance.

A situation similar to that in Croatia is also present
among Roma in other countries: Roma are generally
poorly educated and many of them are early school-
leavers (more than 70% of 45+ year-old Roma in Greece
and Portugal did not complete any level of formal
education, FRA 2018), have lower odds of achieving
dietary recommendations (Hungary: Llanaj et al. 2020)
or have inferior diet diversity (Slovakia: Hijova et al.
2014; Czeck Republic: OliSarova et a/. 2018; Romania:
Ciaian ef al. 2018) than non-Roma, and have high
prevalence of chronic diseases. Recent research on
Hungarian Roma has shown that the prevalence of
cardiovascular risk factors and the risk of cardiovascular
diseases (estimated by Framingham Risk Score, the
Systematic Coronary Risk Evaluation, Pooled Cohort
Equations and Revised Pooled Cohort Equations) show
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an unfavourable picture in the Roma population in
relation to the majority population (Piko et al. 2021).
Furthermore, recent meta-analyses of seven CVD risk
factors showed that Roma, compared to non-Roma from
16 European countries, carry significantly higher
burdens of CVD risk factors related to smoking,
diabetes, abdominal obesity and metabolic syndrome,
with lower burdens for hypertension and BMI
> 25 kg/m? (Zajc Petranovi¢ et al. 2021).

In addition to environmental and lifestyle factors, it
seems that there may be genetic reasons behind the
differences in the frequency of CVD risk factors between
Roma and non-Roma populations. The increased
prevalence of diabetes in Czech Roma (Hubacek et al.
2020), increased mean BMI and waist circumference
(Llanaj et al. 2020) and the reduced prevalence of
hypertension (Soltesz et al. 2020) in the Hungarian
Roma population, may be related to different frequencies
of risk alleles in genes associated with the development
of these phenotypes.

The main question of the present study was whether
the young age structure and premature mortality
characterizing Roma worldwide could be at least partly
attributed to the genetic risk load present in this specific
population. To investigate the matter, our study explored
whether the Croatian Roma have fewer "longevity
variants" compared to the surrounding majority (non-
Roma) Croatian population, and the principal working
hypothesis of the study was that the genetic landscape of
the Roma population contributes to their shorter lifespan.

In order to illuminate this issue, a genetic score,
composed of summed genotypic valuesof effect alleles
of the selected "longevity variants" was constructed.
The genetic score gives an opportunity to summarize
and compare the degree of genetic load between different
ethnic groups (Werissa et al. 2019; Hubacek et al. 2020,
Soltész et al. 2020). The Genetic Longevity Score (GLS)
in the present study enabled us to examine the
cumulative effect of genetic factors related to human
longeyvity since it sums the genotypic values attributed
to each locus, where effect alleles were those found to
contribute to longer lifespan in other studies.

Additionally, this study aims to test whether the loci
found to be relevant for longevity in other populations
had the same effect on the Croatian majority population,
by observing the difference between two age extreme
cohorts.

Specifically, this study aims to:

(1)present the Croatian Roma longevity variants' allele
and genotype frequencies and compare them with
those found in the Croatian majority population;

(2)compare longevity variants' allele and genotype
frequencies of Croatian "Old" (85+) and "Young"
(20-35 yrs.) cohorts;

(3)calculate and compare genetic scores of longevity
variants between the Roma minority, Croatian
majority "Old" and "Young" cohorts.

MATERIALS AND METHODS

Study populations
The informed consent was obtained from each study

participant and the research was approved by the Ethics

Committee of the- Institute for Anthropological

Research, Zagreb.

(1)The Roma population (age span: 18-75 yrs.). The
biological material of 321 adult Roma was collected
in multiple field studies (2005-2012), which were
part of the ongoing multidisciplinary anthropological,
molecular-genetic and epidemiological community-
based research of Roma populations in Croatia. The
fieldwork was carried out in several regions of Croatia
with the highest number of Roma minority
inhabitants according to the census data (Croatian
Bureau of Statistics 2013). Our sample represents
approximately 4.4% of the adult Roma population
according to the 2011 Census (when 43.6% of the
Roma population was 19 years and older), and if we
assume that the same ratio of adult and minor Roma
was in 2001 (officially available data from the 2001
Census are not presented separately for minors and
adults), 7.8% of the adult Roma population according
to the 2001 Census. Therefore, we consider our
sample as representative for the adult Roma
population living in Croatia. The participants were
informed about the goals, methods and expectations
of the study with the help of linguistically and
culturally competent and trained Roma volunteers.

(2)Croatian population (age span: 20-101 yrs.). The
Croatian sample consists of adult unrelated
participants of both sexes who belong to two extreme
adult age groups: 327 people aged 85 years and older
(the "Old" cohort) and 102 young people aged 20-35
years (the "Young" cohort). The "Old" cohort sample
was collected in 2007-2009 (for the Croatian project
on longevity). In order to counterpart the "OId"
cohort representing longevity phenotype, a sample
of the "Young" cohort was collected in 2019 (within
the course of the CSF project HECUBA), covering
a similar age range at the opposite side of the age
distribution. Two disparate adult samples were



chosen in order to mimic extreme phenotypes while
investigating the possible impact of longevity genes
on selective mortality in the Croatian population.
The gender asymmetry of the "OIld" sample is the
result of women being more represented in the
population over 85 years of age (Croatian Bureau of
Statistics 2001), and the "Young" sample follows this
gender distribution.

Genotyping

The genomic DNA was isolated from the peripheral
blood using the salting out method (Miller ez al. 1988).
Genotyping was conducted in a commercial company
using the Kompetitive Allele Specific PCR (KASP)
method. The KASP genotyping assay is a form of
competitive allele-specific PCR combined with
homogeneous fluorescent SNP genotyping system,
which determines the alleles at a specific locus within



