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ABSTRACT
Introduction: The aim of this study was to investigate whether genetics may be considered an additional risk factor for health in
isolated and remote populations, compared with their populations of origin. In this study, two remote island population samples
from Croatia (from the islands of Vis and the Korcula) were compared with mainland controls from the coastal city of Split. The
analyses focused on gout, hyperuricaemia and osteoarthritis, as examples of complex, multifactorial diseases.
Methods: A total of 3006 examinees from all three sites in Dalmatia, Croatia were included in the descriptive part of the study,
within a large-scale project of 10 001 Dalmatians. Additionally, a subset of 2428 subjects was genotyped and information on three
genomic loci was used in this study. All three loci belong to SLC2A9 gene, considered to have a major role in the regulation of
serum uric acid concentration (rs6449213, rs1014290 and rs737267).
Results: There was a much a higher prevalence of gout in the isolated populations compared with the mainland sample (3.3% in
Vis, 2.2% in Korcula and 1.7% in Split, after age standardization). Furthermore, standardized prevalence of hyperuricaemia
(defined as serum uric acid ≥403 mmol/L) was 9.9% in Vis, 5.6% in Korcula and 6.1% in Split.
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Analysis of the allele frequencies for the three loci of SLC2A9 suggested that in all three instances the prevalence of deleterious
genotypes was highest in Vis, followed by Korcula, which had higher or comparable prevalence to the city of Split. Multivariate
analysis, adjusted for the main confounder effects indicated that those on the island of Vis, which has the higher degree of isolation,
had significantly higher odds ratio for both hyperuricaemia (odds ratio 1.90 95% confidence intervals [1.36-2.64]) and osteoarthritis,
but not gout (3.37 [2.14-5.32]). The difference between Split and Korcula included only greater odds for osteoarthritis (1.92 [1.203.06]).
Conclusions: Isolated and remote populations that maintain a sufficient level of genetic isolation may suffer not only from
consequences of geographic and social isolation, but their population genetic structure may also further contribute to poorer health
status and outcomes.
Key words: arthritis, Croatia, genetics, gout, health, island, policy, remote.

Introduction
Many published studies have established the worse health
status and outcomes of rural and remote populations1, due to
socioeconomic inequalities and poorer living conditions,
inadequate water supply, difficulties in healthcare access and
opportunities, lack of systematic health policies or insufficient
education of rural populations2-4. This universal problem has
most often been reported in remote areas of Australia and
Canada1,3. However some communities are experiencing the
reverse trend, with worsening conditions among highly urban
populations and improvements in more affluent and
socioeconomically favourable rural areas, especially in the
UK5.
Remote and isolated populations maintain their isolation in
many ways, including geographical barriers, cultural
practices, language, tribal or national identity, or religion6.
These populations are very interesting to genetics
researchers, due to several properties. First, the so-called
‘founder effect’ where a historical founding group of
individuals or first settlers of an isolated population possesses
unfavourable genetic variants which increase in prevalence
over time. The second mechanism, ‘genetic drift’, is defined
as change in the frequency of a gene variant (allele) in a
population, due to random sampling7. This mechanism can
change allele frequencies or completely remove a gene

variant from a population7. The third is increased
homozygosity in the isolated populations, due to reduced
partner choice6. All three mechanisms lead to substantial
reduction in diversity in isolated populations and thus cause
differences in the genetic structure of isolated populations
compared with the main population or population of origin8,9.
Croatian island isolates were initially involved in genetics
research studies in 1999, when an initial series of results
reported an increased prevalence of cancer in some of the
islands10,11. In addition, the populations of some of the islands
were also shown to have increased prevalence of other
diseases, including nephrolithiasis12, learning disabilities13,
hypertension14,15, hyperlipidaemia16, biochemical markers of
haemostasis17 or osteoporosis18. Subsequent studies aimed to
understand the main health determinants in these
populations6,19,20, but also converted this entire resource into
a large-scale biobank capable of producing top-end genetics
research results21-25.
The aim of this study was to investigate whether genetics may
be considered an additional risk factor for health in isolated
and remote populations, compared with their populations of
origin. For this purpose, the incidence of hyperuricaemia,
gout and osteoarthritis in the isolated communities on the
islands of Vis and Korcula and coastal city of Split were
compared.
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Methods
Setting
The 10 001 Dalmatians program was initiated in 1999, and
the first field work took place in 20016,19. The initial project
goals were to investigate the main determinants of health in
isolated populations and to understand the population
genetics of the islands. Over time, the resource was
developed and recently converted to a large-scale genetic
resource, entitled ‘The 10,001 Dalmatians’. The project
currently consists of more than 4500 subjects from five
isolated populations and the coastal city of Split.
All project subjects were measured for a number of clinically
relevant phenotypic traits, including digital ECG, spirometry,
anthropometry, eye examinations, retinal photography,
hearing threshold, and biochemical and urine analyses.
Furthermore, measurements included some novel
phenotypes and biomarkers20,26-29, producing a nearly unique
resource with over 1600 measured traits and available
genotyping information. All subjects involved were aged over
18 years, and the entire project was approved by the
appropriate Ethical boards in both Croatia and UK.

Sub-samples
Three sub-samples of the entire resource, obtained according
to sufficient size and the existence of appropriate genotyping,
were from: the island of Vis, the island of Korcula and the
city of Split.
The island of Vis: The first sub-sample (N=1025) was
recruited on the island of Vis, one of the most remote islands
with a standing population of over 1000 inhabitants. These
subjects were initially invited and involved in the project in
2003 and 2004, and later re-visited in 2007 and 2011. Most
subjects from this sub-sample originated from the two main
settlements on the island, Vis and Komiza, while a lesser
number of subjects wase drawn from the central settlements.
Population-based sampling was employed with postal

invitations sent to all island inhabitants, explaining the details
of the project and the benefits of participation (a number of
clinically relevant traits were measured by trained measurers,
and participants were immediately given personal results and
interpretations).
The island of Korcula: Subjects for the second sub-sample
(N=969) came from the island of Korcula, and participated in
the project in 2007. Recruitment mainly focused on the
eastern part of the island, including the settlements Korcula,
Zrnovo, Lumbarda and Racisce. A similar sampling frame
was used, with the addition of email invitations to local
activity groups, and radio and local presentations to ensure
maximum participation. The island of Korcula has a well
established healthcare system, which includes a number of
specialist and consultant visits organized from the mainland
on a regular basis, offering better health opportunities and
more accessible health care than on the island of Vis.
The city of Split: The third sub-sample (N=1012) was
recruited from the city of Split in the same way in 2008 and
2009. The majority of the Split sample originated from highly
urbanised areas, and this sample was therefore considered to
be the urban control for the two island sub-samples.

Measurements
All three sub-samples were measured using the same
approach and standard operating procedures. Laboratory
measurements were performed at the same laboratory,
ensuring the sub-samples were directly comparable in terms
of the measured traits.
Information from the subjects’ medical histories (diagnosis of
gout and osteoarthritis), and biochemical measurements
(serum uric acid and creatinine) were used in this study. Uric
acid was converted to a binary variable and hyperuricaemia,
defined as uric acid >403 mmol/L, was considered to be the
upper limit of the referent laboratory range (Labor central
laboratory, Zagreb, Croatia). In addition, data on BMI
(obtained by anthropometric measurement) and several
lifestyle
indicators
were
included.
Lifestyle
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indicators included self-reported intake of meat, fish,
legumes and alcohol. An index was developed for meat
intake, containing seven different types of meat (poultry,
pork, beef, veal, meat derivates, insides and preserved meat).
A similar index containing four items was developed for fish
intake (blue fish, white fish, seafood, fish derivates). Legume
intake was assessed from a single survey question regarding
frequency of intake. Alcohol intake was based on three
different alcohol types (beer, wine and spirits) to provide
information on average daily alcohol intake.

predictors were used in all three models, with age and
gender, thus providing adjusted odds ratio and 95%
confidence intervals estimation. Analyses were performed
using IBM SPSS v19 (IBM Corporation Armonk, NY) with
significance set at p<0.05.

Phenotypic measurements of genetic information was also
used for a subset of subjects. The sample from Vis island was
genotyped with Illumina HumanHap 300 v1 (Illumina Inc; San
Diego, CA, USA), with 317 000 single-nucleotide
polymorphisms (SNP), while Korcula and Split were
genotyped with Illumina CNV370 with 346 000 SNPs. For the
purposes of this study only information from three loci was
used. All three loci are from the SLC2A9 gene on
chromosome 4, which is considered to be the main regulator
of serum uric acid and involved in determination of risk for
development of gout (rs6449213, rs1014290 and
rs737267)30.

Results

Statistical analysis
In the descriptive part of the study, percentages and absolute
numbers were used as categorical variables, while means and
standard deviations were numeric. Since three sub-samples
were compared, analysis of variance was the main analytic
approach for numerical data, while the χ2 test was used for
categorical data. The same test was also used for allele
frequencies calculation and analyses. In order to allow direct
comparison of the study results across sub-samples, direct age
standardization of gout, hyperuricaemia and osteoarthritis
prevalence was performed according to the new European
population (based on Health for All database information31). In
addition, a logistic regression was used to adjust for the
commonest confounders.
A total of three separate models were made, for
hyperuricaemia, gout and osteoarthritis. A set of eight

Ethics approval
This research was approved by Ethical Board of the Medical
School, University of Split (#2181-198-03-04/10-11-0008).

This study included a total of 3006 participants in three
cohorts: Vis (N=1025; 34.1%), Korcula (969; 32.2%) and
Split (1012; 33.7%). The age and sex structure of the three
sub-samples differed (Table 1). Similarly, the prevalence of
gout, hyperuricaemia and arthritis were also different, with
even stronger differences recorded in the age-standardized
prevalence (Table 1). The mean serum uric acid showed a
similar trend with the highest values in the population of Vis,
intermediate in the population of Korcula and the lowest
values in the population of the coastal city of Split (Table 1).
A comparison of basic socioeconomic characteristics indicated
that the Vis sample was least favourable on this parameter,
while the Split sample was most favourable
(Table 1). Multivariate analysis for hyperuricaemia, gout and
osteoarthritis indicated that those on the most isolated island,
Vis, had significantly higher odds for hyperuricaemia,
compared with inhabitants of the city of Split, similar
(insignificant) odds for gout, and increased odds for
osteoarthritis (Table 2). The less isolated island of Korcula
had higher odds only for osteoarthritis, compared with Split
city (Table 2).
Analysis of allele frequencies of the three loci within SLC2A9
indicated significant differences across the study sample, with
the highest proportion of deleterious genotypes (rare
homozygotes) in Vis, an intermediate proportion in Korcula
and the lowest in Split (Table 3).
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Table 1: Demographics, health status and behavioural pattern breakdown within the studies samples from the
Croatian islands of Vis and Korcula and coastal city of Split
Variable
Age - mean±SD
Gender - n (%)
Men
Women
Material status index - mean±SD
Education (years schooled) - mean±SD
BMI - mean±SD
Serum uric acid (mmol/L) - mean±SD
Meat intake index - mean±SD
Fish intake index - mean±SD
Legumes intake† - mean±SD
Serun creatinine (mmol/L) - mean±SD
Beer intake¶ - mean±SD
Wine intake¶ - mean±SD
Hard liqour intake¶ - mean±SD
Hyperuricaemia - n (%)
Standardized prevalence
Gout - n (%)
Standardized prevalence
Arthritis - n (%)
Standardized prevalence

Vis
56.10±15.62

Location
Korcula
56.26±14.15

Split
50.28±14.42

<0.001

426 (41.6)
599 (58.4)
9.45±2.75
9.98±3.60
27.25±4.07
309.65±94.62
16.1±3.6
10.9±2.3
3.1±0.9
91.74±31.59
0.4±1.4
0.2±1.3
0.04±2.52
143 (14.0)
9.9
65 (6.4)
3.3
110 (10.9)
6.3

345 (35.6)
624 (64.4)
10.47±2.79
10.86±3.35
27.85±3.91
292.86±76.90
21.2±4.8
12.8±7.3
3.6±1.8
91.61±16.98
0.3±1.5
0.3±1.6
0.03±2.17
84 (8.8)
5.6
46 (4.7)
2.2
62 (6.4)
3.2

395 (39.0)
617 (61.0)
11.29±2.45
13.14±3.02
26.73±4.00
285.65±79.94
17.0±2.0
19.0±8.3
2.6±0.6
99.13±11.13
0.5±1.4
0.4±1.2
0.07±3.19
79 (8.3)
6.1
32 (3.2)
1.7
30 (3.0)
1.8

0.024
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.045
0.009
0.012
<0.001
<0.001
0.003
<0.001
-

P

†Legume intake assessed as 1:daily intake, 2: 2-3 times weekly, 3: once a week, 4: once a month, 5: rarely; 6: never.
¶Alcohol intake units = daily consumption in litres.

Table 2: Predictors of the hyperuricaemia, gout and osteoarthritis in logistic regression models
Variable
P
Cohort
Split (Ref.)
Vis
Korcula
Sex
Age
Diet and lifestyle
Meat
Fish
Legumes
Creatinine
Beer
Wine
Hard liqour

Hyperuricaemia
OR (95% CI)

P

Gout
OR (95% CI)

P

Osteoarthritis
OR (95% CI)

<0.001
<0.001
0.696
<0.001
<0.001

1.00
1.90 (1.36-2.64)
1.07 (0.77-1.49)
0.30 (0.22-0.40)
1.02 (1.01-1.03)

0.628
0.337
0.574
<0.001
<0.001

1.00
1.29 (0.76-2.19)
1.15 (0.70-1.90)
0.42 (0.27-0.67)
1.04 (1.02-1.05)

<0.001
<0.001
0.006
<0.001
<0.001

1.00
3.37 (2.14-5.32)
1.92 (1.20-3.06)
2.14 (1.43-3.21)
1.04 (1.03-1.05)

0.232
0.637
0.028
<0.001
0.005
0.600
0.001

1.01 (0.99-1.04)
1.02 (0.93-1.12)
0.86 (0.76-0.98)
1.03 (1.03-1.04)
1.28 (1.08-1.51)
0.98 (0.92-1.05)
1.16 (1.06-1.26)

0.865
0.415
0.074
0.001
0.006
0.865
0.022

1.00 (0.96-1.04)
0.92 (0.76-1.12)
0.81 (0.66-1.03)
1.02 (1.01-1.03)
1.33 (1.09-1.63)
0.99 (0.93-1.07)
1.15 (1.02-1.29)

0.202
0.134
0.099
0.856
0.892
0.494
0.132

1.02 (0.99-1.05)
1.11 (0.97-1.28)
0.85 (0.72-1.10)
1.00 (0.99-1.01)
0.97 (0.66-1.44)
1.02 (0.96-1.08)
0.83 (0.65-1.06)
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Table 3: The allele frequencies of the three loci from SLC2A9 gene in samples from the Croatian islands of Vis and
Korcula and coastal city of Split
SLC2A9 loci
SNP rs1014290
Men
TT
CT
CC
Women
TT
CT
CC
SNP rs6449213
Men
TT
CT
CC
Women
TT
CT
CC
SNP rs737267
Men
GG
GT
TT
Women
GG
GT
TT

Vis

Location frequency - n (%)
Korcula

Split

185 (45.2)
182 (44.5)
42 (10.3)

211 (63.0)
108 (32.2)
16 (4.8)

126 (57.5)
90 (41.1)
3 (1.4)

<0.001

279 (48.9)
230 (40.3)
62 (10.9)

394 (65.0)
178 (29.4)
34 (5.6)

163 (56.6)
108 (37.5)
17 (5.9)

<0.001

226 (56.1)
151 (37.5)
26 (6.5)

236 (70.9)
86 (25.8)
11 (3.3)

139 (63.5)
77 (35.2)
3 (1.4)

<0.001

332 (58.6)
194 (34.2)
41 (7.2)

432 (71.5)
147 (24.3)
25 (4.1)

184 (63.9)
94 (32.6)
10 (3.5)

<0.001

204 (49.9)
170 (41.6)
35 (8.6)

233 (69.6)
94 (28.1)
8 (2.4)

146 (66.7)
72 (32.9)
1 (0.5)

<0.001

300 (53.0)
215 (38.0)
51 (9.0)

426 (70.6)
156 (25.9)
21 (3.5)

188 (65.3)
91 (31.6)
9 (3.1)

<0.001

Discussion
The results of this study show that isolated and remote
populations may suffer from an unfavourable genetic
structure, which may contribute to poor health status. This
finding was demonstrated using the example of the
prevalence of gout, hyperuricaemia and osteoarthritis, and
supported by the allele frequencies of SLC2A9, a major
determinant of urate metabolism30,32-36. Urate metabolism
disorders in isolated and remote populations are prevalent
not only in Croatia12, but also in Iceland37, Fiji38 and the
Canary islands39. These findings suggest rather widespread
existence of urate-disrupting mechanism in isolated
populations. While this present a promising research target in

P

the study of genetics, it has completely different implications
for public health. The existence of such a mechanism
demonstrates there can be no ‘one size fits all’ policy in
addressing the healthcare needs of isolated and remote
populations, and that each population requires detailed
investigation, needs assessment, a specific approach and
targeted activities aimed at disease-burden reduction.
As well as the effects of founder and genetic drift on isolated
populations, genetic theory predicts that isolation will also
increase the amount of homozygosity, due to reduced mate
choice or prevalent consanguinity6. These will increase the
chances of the occurrence of a range diseases in affected
populations, from early-onset disorders to the complex
diseases of adult life6,10,40,41. The accumulation of rare
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recessive alleles will lead to an increase in the genetic load
and increased prevalence of deleterious alleles in the
population. In the present study, the highest prevalence of
deleterious homozygous for the three loci was reported in
Vis, also the most genetically and geographically isolated
island8,42. With a reduction in isolation and increased
population mobility and mixing, allele frequencies tend to
change and reduce the degree of homozygosity, which also
increases population diversity. This was clearly demonstrated
in a lower frequency of the most deleterious genotypes in
Korcula and the lowest frequency in Split, which has a much
more admixed population than either of the islands. This
finding suggests that there is a dose-effect relationship
between the amount of genetic isolation and disease burden,
and that the smallest remote and isolated populations could
have the highest disease burdens.
This and the other mechanisms that define the genetic
structure of isolated populations could also be responsible for
some findings in other populations. For example, an
increased prevalence of metabolic and renal diseases in an
Australian Aboriginal population43 could, at least partly, also
be attributed to the genetic isolation of this population44.
Other studies have also reported worse health status in
isolates than in their populations of origin9,16,45-47. This finding
becomes interesting if the main result is inverted: if isolated
populations have worse health status, then the ‘break-up’ of
isolation through urbanization should have beneficial effects
on health. This notion was indeed supported by some studies,
suggesting that increased population mobility and mixing
could be very important mechanisms contributing to secular
trends and improvements in life expectancy, intelligence and
health48-50.
The Croatian island isolates have an added interest for public
health research, due to the widely reported better health
status of coastal Mediterranean populations compared with
their continental counterparts51. Such differences have been
reported for the last 50 years, commonly referring to
unhealthy behavioural patterns, especially a fat-rich diet in
continental locations and commoner adherence to healthier
dietary patterns in the coastal population51. However, studies

have suggested that this might not be true for the islands,
where much worse health indices were recorded, including
higher a prevalence of incident hypertension, unregulated
hypertension and overweight than in continental locations of
the country52. The results of this study reflect the less
favourable situation of the more remote island populations,
supporting the idea that islanders require more specific and
targeted public health approaches. This finding was
confirmed by the multivariate analysis, where even after
adjustment some results retained their significance. This was
especially true for osteoarthritis, which was found to have a
much higher disease burden in the isolated populations. A
possible explanation could lie in the way of life, where more
agricultural activities and greater physical activity was likely
among islanders, compared with those in the city of Split.
Additionally, the more isolated island of Vis had greater odds
for hyperuricaemia, thus also confirming the previous finding
and supporting the idea of an increased burden of disease in
more genetically isolated populations.

Limitations
The limitations of this study include the possibility that these
results could be limited to the Croatian population and may
not be replicated elsewhere. However, the similarity of the
results of this study with those previously published suggests
that similar mechanisms also could at work in different
populations.

Conclusions
While researchers in genetics have used this information in
numerous studies previously, genetics has only recently
begun to enter the field of public health and health policy.
The findings from this study are especially interesting for
rural and remote policy-makers. Until now, most policies for
the improvement of rural and remote health have involved
interventions in access to, and the organization of health care
or mobility, without consideration of a population’s genetic
structure. Based on the results reported here and other
studies, it is now evident that genetics will not only change
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clinical medicine and introduce a personalized approach, but
it will also have a substantial effect on public health in the
future. Future policies for remote and isolated populations
should therefore consider and include at least the estimated
amount of genetic isolation as a potential factor that can affect
population health.
Attempts to provide equal health opportunities in genetically
isolated populations may be even more demanding than was
previously believed. If such populations are provided with
even the same level of health care as their population of
origin, this may not be sufficient to offset their genetic load.
Paradoxically, in order to achieve equal health opportunities
across the entire population, it appears that genetically
isolated populations require an even greater level of basic
research and needs assessment before any intervention and
healthcare improvement can be deployed.
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