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Novel locus for fibrinogen in 3′ region of LEPR
gene in island population of Vis (Croatia)

Željka Tomas, Matea Zajc Petranović, Tatjana Škarić-Jurić, Ana Barešić, Marijana Peričić Salihović
and Nina Smolej Narančić

Leptin, a possible mediator between energy homeostasis, inflammation and cardiovascular disease (CVD), acts via leptin

receptors. We investigated association of single-nucleotide polymorphisms (SNPs) and haplotypes of the leptin receptor gene

(LEPR) with several CVD risk factors: body mass index, waist circumference (WC), serum lipids, fibrinogen and C-reactive protein

levels. Thirty-one SNPs in and near LEPR gene were analyzed in 986 inhabitants of the island of Vis, Croatia and 29 SNPs in

the inland sample (N=499). We assessed linkage disequilibrium (LD), SNP and haplotype associations with the selected

phenotypes. rs4291477 significantly associated with fibrinogen (P=0.003) and rs7539471 marginally significantly with high-

density lipoprotein (P=0.004), but only in the Vis sample, while rs10493384 marginally significantly associated with

triglyceride levels (P=0.006) in the inland sample. SNPs were grouped into eight LD blocks in Vis and in seven blocks in the

inland population. Haplotype A-C-A-A-G-A in block 5 in Vis (rs1782754, rs1171269, rs1022981, rs6673324, rs3790426,

rs10493380) and haplotype A-A-A-A in block 4 in the inland data (rs1782754, rs1022981, rs6673324, rs1137100) were

nominally associated with WC, P=7.085×10−22 (adjusted P=0.0979) and P=5.496×10−144 (adjusted P=0.1062),

respectively.

Journal of Human Genetics (2014) 59, 623–629; doi:10.1038/jhg.2014.82; published online 9 October 2014

INTRODUCTION

Cardiovascular diseases (CVDs) are the leading cause of morbidity and
mortality in the world.1 The majority of CVDs is caused by risk factors
such as obesity, hypertension, diabetes, dyslipidemia and low-grade
systemic inflammation. Furthermore, these risk factors have synergis-
tic influence, conferring cardiovascular risk beyond that which is
associated with the sum of their individual effects.2

Leptin is an adipocyte-derived protein with an important role
in the regulation of food intake, metabolism, reproductive and
immune functions. It is considered to be a plausible candidate for a
mediator between the energy homeostasis, the inflammation and the
CVD. Leptin exerts its biological function through the activation of
leptin receptors (LepRs). LepR, encoded by a single gene on the
chromosome 1p31 (leptin receptor gene (LEPR)), is a single-
transmembrane protein with several alternatively spliced isoforms.
All LepR isoforms share the same extracellular leptin-binding domain
but differ in the length of the cytoplasmatic signal-transducing
domain.3,4 Short isoform is involved in the transport of leptin across
the blood–brain barrier, whereas long isoform, abundantly expressed
in the hypothalamus, modulates the expression of neuropeptides
controlling satiety and hunger.5

Increased circulating leptin levels, commonly found in obesity as a
reflection of the increased production in adipose tissue, indicate a
failure to signal satiety and curtail the progression of obesity. In
addition, clinical trials in hyperleptinemic obese patients have yielded

variable, at best modest, results, giving rise to the leptin resistance
hypothesis.6,7 Both the reduced transport across blood–brain barrier
and the impaired signalling are proposed possible causes of leptin
insensitivity in obese subjects with increased blood leptin levels.8

Beside its role in the obesity, leptin is a key factor in stimulating
inflammatory response.9,10 Furthermore, the results of several animal
model studies imply that leptin has prothrombotic effects.11,12 In
conclusion, numerous evidences strongly imply that leptin has
important role in CVDs, and, indeed, the elevated serum leptin level
was found to be independently associated with CVDs in several
studies.13–20

However, regardless of listed strong indications of the involvement
of leptin–leptin receptor system in the etiology of CVD, the results of
studies aiming to elucidate association of leptin and LEPR gene single-
nucleotide polymorphisms (SNPs) with CVDs and CVD phenotypes
are inconclusive and ambiguous.21,22 The most of the association
studies are designed on the basis of one-polymorphism-at-a-time
approach, ignoring the fact that SNPs are not independent, but that
the variation in some population is structured into haplotype blocks
inherited as a unit. In addition, testing haplotypes instead of SNPs
reduces dimensionality of association tests by reducing the total
number of statistical tests, as well as reducing the number of possible
combinations of genotypes when testing combined effect of two or
more SNPs, which may contribute to increased statistical power.23 In
this study, we investigated both individual association of SNPs and
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association of haplotypes in LEPR region with CVD risk phenotypes in
an isolated population of island of Vis, Croatia, characterized by a very
high prevalence of obesity, hypertension and metabolic syndrome.24,25

MATERIALS AND METHODS

For this study, we used genotypic and phenotypic data of 986 participants
randomly selected from the island of Vis (Croatia) adult population.26 Sample
consisted of 400 males and 586 females aged 18–93 years (mean age 56.29
years), and all the participants gave informed consent. The study was approved
by the Ethical Committee of the Medical School, University of Zagreb and the
Multi-Centre Research Ethics Committee for Scotland.
The analyses were also conducted in the inland sample from Split, Croatia

(The CROATIA-Split study). Split is the closest mainland large town (popula-
tion over 178 000) that has a similar climate and ecological environment as Vis,
with the only exception of not being isolated geographically. The sample
includes randomly selected participants whose ancestry does not trace back to
either Vis or any other island. It consisted of 286 females and 213 males; aged
18–85 years (mean age 49.04 years). The CROATIA-Split study was
approved by the appropriate ethics committees: the Ethics Committee of
the University of Split Medical School and the South East Scotland Research
Ethics Committee.
In both the Vis and Split population, blood samples were obtained by

venipuncture in fasting individuals (20ml EDTA (BD Vacutainer Systems,
Franklin Lakes, NJ, USA) for DNA extraction, 4.5ml citrate for clotting factors
and 10ml clotted blood for serum biochemistry). Biochemical analyses
included determining cholesterol (total, high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) cholesterol), triglyceride, fibrinogen and C-reac-
tive protein (CRP) levels. Serum for biochemical analyses of HDL, LDL, total
cholesterol and triglycerides was rapidly frozen, stored in 200 μl aliquots at
− 20 °C and transported to a biochemical laboratory in Zagreb, Croatia. For the
Vis sample, plasma used for the biochemical analyses of fibrinogen and CRP
levels was stored in a freezer at − 80 °C and frozen transported to the Institute
of Cardiovascular and Medical Sciences, Glasgow, Scotland. Fibrinogen was
measured by the Clauss method using an MDA 180 coagulometer (Biomerieux,
Marcy l’Etoile, France) with reagents from the manufacturer. The calibrant
used was the 8th British Standard (NIBSC). Highly sensitive CRP was measured
immunologically using the BNProSpec nephelometer (Dade Behring, Newark,
DE, USA) using calibrants and reagents provided by the manufacturer. DNA
was extracted from blood samples using Nucleon DNA purification kits
(Tepnel, Manchester, UK). Genotyping was performed using the Illumina’s
Sentrix HumanHap300 Genotyping BeadChip (v1) comprising 317 503 SNPs.
All available 31 single-nucleotide polymorphisms (SNP) in and near LEPR gene
were selected for the analyses, including two commonly investigated SNPs,
Arg109Lys (rs1137100) and Arg223Gln (rs1137101). SNPs in leptin gene region
(LEP) were not included in the list of SNPs genotyped using HumanHap300
chip and therefore were not available for the analyses.
In the Split sample, plasma for CRP levels was stored in a freezer at − 80 °C

and transported frozen to a Medical Research Council Human Genetics,
Edinburgh. Highly sensitive CRP was measured by enzyme-linked immuno-
sorbent assay (ELISA ; R&D systems, Minneapolis, MN, USA) using calibrants
and reagents provided by the manufacturer. DNA was extracted from blood
samples using Nucleon DNA purification kits (Tepnel). Genotyping was
performed using the Illumina’s Sentrix HumanHap370CNV Genotyping
BeadChip (v1) comprising 4370 000 markers. Two SNPs that were included
on the HumanHap300 chip, rs1171269 and rs10493384, were not on the
HumanHap370CNV chip. All three biochemical laboratories are internationally
accredited for performing the conducted analyses.
Cardiovascular risk phenotypes analyzed in this study were body mass index

(BMI), waist-to-hip-ratio, waist circumference (WC), total cholesterol, HDL
cholesterol, LDL cholesterol, triglycerides, fibrinogen and C-reactive protein
level. Anthropometric measurements were taken according to the standard
International Biological Programme (IBP) Protocol.27 BMI was calculated as
weight in kilograms divided by squared height in meters (kgm−2). After quality
control of genotyping data, Arg109Lys (rs1137100) was excluded from analyses
in the Vis sample due to high genotyping failure rate (0.1997). Hardy–Weinberg
equilibrium and linkage disequilibrium (LD) structures in LEPR genomic region

were evaluated using Haploview software. The same software was used to define
haplotype blocks. The rs17448446 did not conform to Hardy–Weinberg
equilibrium in the Vis sample. As this SNP is the farthest from the end of
the coding region and was not a part of a haplotype block, it was excluded from
further analyses in both the Vis and the inland sample. Association of different
genotypes of the individual polymorphisms with the selected cardiovascular risk
phenotypes was tested by linear regression controlling for sex and age. The
differences in mean values of quantitative biochemical variables were tested
using t-test for independent samples. As mean age significantly differed between
the Vis and the inland sample in both sexes, we validated the results by testing
age-adjusted residuals obtained with linear regression. Statistical analyses were
performed using IBM SPSS Statistics Version 22, VALICON, Zagreb, Croatia. As
individual SNPs selected for the analyses could be in LD and therefore not
independent, application of Bonferroni correction for multiple testing would
probably result in overcorrection for the inflated false-positive rate and
significantly reduce the power. To overcome this problem, we applied a
correction for multiple testing based on spectral decomposition of matrices of
pair-wise LD between SNPs, implemented in SNPSpD (http://genepi.qimr.edu.
au/general/daleN/SNPSpD/).28,29 Unphased version 3.0.13 software was used for
haplotype association analysis.30 This analysis is based on a retrospective
likelihood, which is the probability of observing the parental and child
genotypes, given the trait values of all the children in a nuclear family. Unrelated
subjects were treated as children of missing parents. Correction for multiple
testing was conducted through permutation tests (1000 permutations).

RESULTS

The clinical characteristics of the Vis and the Split sample are
described and compared in Table 1. The given results confirm the
presumption on the elevated values of the CVD-risk-associated
anthropometric variables in the Vis sample but only in women: both
BMI and WC were significantly higher in women from Vis than in the
women from Split. Mean WC values in both sex inhabitants of Vis
and in females from Split were above cutoffs according to both Qiao
and Nyamdorj study and the International Diabetes Federation (IDF)
consensus for definition of the central obesity.31,32

Most of the biochemical parameters were also elevated according to
IDF and Adult Treatment Panel III Criteria for the Metabolic
Syndrome.33 Dyslipidemia was more pronounced in the Split sample
than in the Vis sample in both sexes, and the differences were
significant even after the age adjustment.
SNPs were grouped into eight blocks according to the LD

structure in the Vis sample and in seven blocks in the inland sample
(Figures 1 and 2). Individual SNPs, one in the haplotype block 1
located in the promoter region (rs3806318), and others in the
haplotype block 4 in intron 2 region (rs1171279) and in blocks 7
and 8 in the 3′ region (rs2186245 and rs7539471) of the LEPR gene,
were associated with serum lipids (Table 2). SNPs in the 3′ region of
the gene correlated with fibrinogen (rs1892534, rs12022410,
rs2211651, rs2889195, rs7539471, rs4291477) and with CRP levels
(rs2211651, rs2889195, rs12753193, rs7539471). However, after cor-
rection for multiple testing with experiment-wide multiple testing
significance threshold determined using SNPSpD set at 0.00314, only
rs4291477 showed significant association (P= 0.00282) with fibrino-
gen and rs7539471 marginally significant (P= 0.00379) association
with HDL. The minor G-allele carriers of rs4291477 had higher
fibrinogen, and the major G-allele carriers of rs7539471 had lower
HDL levels.
Although none of the above-mentioned results replicated in the

inland sample, rs10493384, which is in the same haplotype block as
rs4291477 and rs7539477, showed marginally significant association with
triglyceride levels (P= 0.006, threshold determined using SNPSpD=
0.00252). The minor T-allele carriers had higher triglyceride levels.

Novel locus for fibrinogen in 3′ region of LEPR
Ž Tomas et al

624

Journal of Human Genetics

http://genepi.qimr.edu.au/general/daleN/SNPSpD/
http://genepi.qimr.edu.au/general/daleN/SNPSpD/


Haplotype association results were as following: the strongest
association signal with any of the tested CVD risk phenotypes in all
the eight LD blocks in the Vis sample was shown by the haplotype A-
C-A-A-G-A in the fifth block with WC (P= 7.085× 10− 22), although
none of its six SNPs (rs1782754, rs1171269, rs1022981, rs6673324,
rs3790426 and rs10493380) was individually associated with WC
(Table 3). However, after permutation testing, neither this result nor
the other association signals proved to be statistically significant.

In addition, the eighth block, although it included the individually
significant rs4291477, showed no association with any of the tested
phenotypes. Haplotype A-A-A-A in block four in the inland data
(rs1782754, rs1022981, rs6673324 and rs1137100) was also nominally
associated with WC, P= 5.496 x10−144. This haplotype block consisted
of three SNPs that were also part of haplotype block five in the Vis
data and spanned approximately the same region. This result did not
survive permutation testing, either (Table 4).

Figure 1 Haploview-generated graphical representation of LD in LEPR gene region in the Vis sample. Thirty-one SNP spanning from position 65885357 to
66191075 according to GRCh37.p10 assembly were grouped into eight blocks as indicated by triangles in the picture. Length of each block is provided in
kilobases (kb), and pairwise LD (D′) is given for each SNP combination (showed in box). The color code in the haploview plot follows the standard color
scheme for Haploview: white, |D′|o1, LODo2; shades of pink/red, |D′|o1, LOD⩾2; blue, | D′| =1, LODo2; red, |D′| =1, LOD⩾2. A full color version of this
figure is available at the Journal of Human Genetics journal online.

Table 1 Comparison of clinical parameters of the Vis and inland (Split) population

Variables
Male

P-value
Female

P-value

Vis Split Vis Split

Sample size (N) 400 213 586 286

Age (years) 56.25±14.90 47.92±15.51 o0.001 56.33±16.04 49.88±16.04 o0.001

BMI (kgm−2) 27.57±3.73 28.10±3.86 NS* 27.16±4.65 26.06±4.22 o0.001*

Waist circumference (mm) 985.23±99.80 971.76±110.92 NS 939.94±128.60 863.95±107.94 o0.001*

Total cholesterol (mmol l−1) 5.06±1.01 5.83±1.31 o0.001* 5.13±0.95 5.92±1.22 o0.001*

HDL (mmol l−1) 1.11±0.17 1.20±0.26 o0.001* 1.11±0.15 1.51±0.32 o0.001*

LDL (mmol l−1) 3.22±0.98 3.82±1.09 o0.001* 3.24±0.90 3.82±1.05 o0.001*

Triglycerids (mmol l−1) 1.69±0.99 1.98±2.10 o0.05* 1.72±1.00 1.28±0.66 o0.001*

Fibrinogen (g l−1) 3.64±0.98 3.63±1.17 NS 3.81±1.00 3.99±1.15 o0.05*

CRP (mg l−1) 2.62±4.71 2.63±2.63 NS 2.47±3.58 2.49±2.76 NS

Abbreviations: BMI, body mass index; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NS, not significant. Asterisks (*) relate to the significant differences
obtained from the age-adjusted residuals calculated using linear regression with age and age squared as single predictors.
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To allow for more accurate phasing of the haplotypes and to further
evaluate possible correlation of haplotypes with the studied pheno-
types, we tested the subsample of only family-related individuals in the
Vis sample (number of nuclear families N= 366, number of indivi-
duals N= 576). None of the weak association signals detected in the
subsample survived permutation testing.

DISCUSSION

LEP and LEPR are among the most frequently studied genes regarding
their impact on obesity and obesity-related phenotypes. Owing to the
strong indication of link between leptin and CVDs, the association of
polymorphisms in leptin gene and/or LEPR with CVDs or CVD risk
factors is being investigated intensively.21,34–37 However, most of these
researchers focused on the influence of individual polymorphisms on
the studied phenotype, and only a few investigated the role of
haplotype blocks as well.
To take the advantage of strong LD in and near LEPR gene and

well-defined haplotype blocks, we investigated the association of both
individual polymorphisms as well as the association of eight haplotype
blocks spanning wide LEPR gene region with phenotypes of interest.
Several of the 31 investigated SNPs showed individual association
signals: SNPs located in the promoter region (rs3806318), intron 2
region (rs1171279) and 3′ region (rs2186245, rs7539471) of the LEPR
gene were associated with serum lipids. However, after correction for
multiple testing, only rs7539471 remained marginally associated with

HDL cholesterol. Neither was this, nor were the other three
mentioned SNPs previously reported as being associated with serum
lipid levels. In some studies, two coding polymorphisms in LEPR gene,
Asn656Lys (rs1805094) and Gln223Arg (rs1137101), were reported as
significant predictors of serum lipids levels, whereas in other studies
no association or linkage of any of the investigated LEPR polymorph-
isms with serum lipids was found.37–44 The Gln223Arg (rs1137101)
polymorphism was tested in this study but showed no association with
lipid levels.
The strongest individual associations of SNPs in and near 3′ region

of the LEPR gene were with fibrinogen (rs1892534, rs12022410,
rs2211651, rs2889195, rs7539471, rs4291477) and CRP levels
(rs2211651, rs2889195, rs12753193, rs7539471). Among these,
rs4291477 was found to be significantly associated with fibrinogen
even after applying correction for multiple testing. rs4291477 is
located 87,899 bases away from the stop codon of the 3′ region of
the LEPR gene and to this date there is no information on the possible
functional effect of this SNP. Still, as this particular association with
fibrinogen was not found previously, but, interestingly, Ridker et al.45

found the association of the same locus with CRP levels, we presume
that this polymorphism has an important role in the inflammation
process. Moreover, that group reported that all four LEPR SNPs linked
with CRP, which did not survive the correction for multiple testing in
our sample, were significantly associated with CRP in Women’s
Genome Health Study sample. In addition to that, two SNPs that in

Figure 2 Haploview-generated graphical representation of LD in LEPR gene region in Split (inland) sample. Twenty-nine SNPs spanning from position
65885357 to 66191075 according to GRCh37.p10 assembly were grouped into seven blocks as indicated by triangles in the picture. Length of each block
is provided in kilobases (kb), and pairwise LD (D′) is given for each SNP combination (showed in box). The color code in the Haploview plot follows the
standard color scheme for Haploview: white, |D′|o1, LODo2; shades of pink/red, |D′|o1, LOD⩾2; blue, | D′| =1, LODo2; red, |D′| =1, LOD⩾2. A full color
version of this figure is available at the Journal of Human Genetics journal online.
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our sample lost significance for their association with fibrinogen after
the correction (rs1892534, rs12022410), significantly associated with
CRP levels in Ridker’s sample. The rs1892534 was found to statistically
significantly associate with CRP levels also by Curocichin et al.46 and

by Wu et al.47 The association of LEPR SNP rs12753193 with CRP
levels, which in our sample did not survive the correction, was found
also by Sabatti et al.,48 while Marzi et al.49 reported its association with
both CRP and fibrinogen levels. Several other LEPR polymorphic loci
were also found to be associated with CRP levels, and one study
reported association of haplotype block that included three commonly
investigated LEPR missense SNPs, Lys109Arg (rs1137100), Gln223Arg
(rs1137101) and Asn656Lys (rs1805094), with both CRP and fibrino-
gen serum levels.21,34,45,50

CRP and fibrinogen are involved in inflammatory response as
acute-phase reactants, proteins whose serum levels change in response
to high cytokine levels in acute, but also in chronic inflammatory state
that is often present in obesity, and has a key role in atherosclerosis
and CVDs.10,51 Therefore, it was proposed that proinflammatory state,
characterized by elevated CRP levels, and prothrombotic state,
characterized by elevated fibrinogen levels, may be metabolically
interconnected.33 In our study, fibrinogen is associated with individual
SNP in 3′ region of the LEPR gene, which codes for the variable
intracellular signaling part of the LepR.52 The quest for genes that
determine variance in obesity-related traits (including BMI, WC,
waist-to-hip ratio and so on) has been extensive: the LEPR poly-
morphic loci contribute to this variance as well.53–57 Although SNPs
Arg109Lys (rs1137100) and Arg223Gln (rs1137101) were reported as
being associated with obesity or obesity-related phenotypes in some
studies, other researchers found no association, which could possibly
be attributed to inadequate power because of small sample sizes.58–68

However, a systematic meta-analysis of linkage and association of the
three most commonly investigated LEPR polymorphisms located in

Table 2 SNPs nominally associated with CVD risk phenotypes

SNP Minor allele MAF Phenotype Beta S.e. P-value

(a) Vis
rs3806318 G 0.214 Total cholesterol −0.128 0.063 0.042

rs3806318 G 0.214 LDL cholesterol −0.120 0.061 0.048

rs1171279 T 0.251 Fibrinogen −0.125 0.054 0.021

rs1892534 T 0.357 Fibrinogen −0.103 0.047 0.028

rs2186245 T 0.157 HDL cholesterol −0.025 0.010 0.016

rs12022410 A 0.428 Fibrinogen 0.088 0.045 0.051

rs2211651 T 0.357 Fibrinogen −0.112 0.047 0.018

rs2211651 T 0.357 CRP −0.446 0.195 0.022

rs2889195 T 0.357 Fibrinogen 0.105 0.047 0.024

rs2889195 T 0.357 CRP 0.422 0.197 0.032

rs12753193 G 0.342 CRP −0.404 0.197 0.041

rs7539471 A 0.353 CRP 0.470 0.204 0.021

rs7539471 A 0.353 HDL cholesterol −0.022 0.008 0.004

rs7539471 A 0.353 Fibrinogen 0.106 0.048 0.028

rs4291477 G 0.494 Fibrinogen −0.134 0.045 0.003*

(b) Split
rs3806318 G 0.307 Triglycerides 0.224 0.104 0.031

rs2025805 T 0.45 CRP −0.354 0.170 0.038

rs10158579 C 0.123 CRP 0.577 0.258 0.026

rs1171278 T 0.171 CRP −0.454 0.222 0.042

rs1137100 G 0.261 HDL cholesterol −0.048 0.022 0.027

rs1137101 G 0.492 HDL cholesterol −0.035 0.018 0.042

rs2186245 T 0.174 HDL cholesterol 0.050 0.025 0.042

rs2186244 A 0.182 HDL cholesterol 0.054 0.023 0.02

rs10493384 T 0.17 Triglycerides −0.348 0.126 0.006

Abbreviations: CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein. The alleles are reported in forward orientation with respect to the genome. Table shows
unadjusted P-values, asterisk (*) relates to associations significant after correction for multiple testing.

Table 3 Vis sample: the presentation of nominal associations

(unadjusted P-values) of haplotypes with the investigated CVD risk

phenotypes.

Phenotype Haplotype block No. Haplotype alleles P-value

BMI 1 A-T 0.003

5 A-C-A-A-G-G 0.027

6 A-A-G-T 0.016

Waist circumference 5 A-C-A-A-G-A 7.085×10−22*

G-T-G-A-G-A 2.215×10−6

Total cholesterol 7 A-A-C-G-T-T-G 0.005

HDL cholesterol 7 A-A-C-G-T-T-G 0.417×10−5

LDL cholesterol 5 A-C-A-G-G-G 0.046

6 G-G-G-T 1.269×10−8

7 A-A-C-G-T-T-G 0.001

Triglycerides 6 A-A-G-T 0.055

Fibrinogen 7 A-G-T-A-T-T-A 0.065

CRP 5 A-C-A-A-G-G 0.066

8 A-G-G 0.084

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; CRP, C-reactive protein;
HDL, high-density lipoprotein; LDL, low-density lipoprotein. None of the haplotype associations
remained significant after permutation testing.
*Adjusted P-value from permutation test: 0.0979.
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the coding region of the gene, Arg109Lys (rs1137100), Arg223Gln
(rs1137101) and Lys656Asn (rs1805094), with BMI and WC showed
no evidence of association.69 Our results support the later findings; we
investigated two out of three SNPs in Heo’s study, Arg109Lys
(rs1137100) and Arg223Gln (rs1137101), and none of them showed
association with any of the investigated obesity-related phenotypes.
Although our sample comprises more than one-third of the adult

inhabitants of the island of Vis, however, sample size is quite modest
for a study of this design. In addition, despite the fact that shared
ecological environment does provide an advantage in the association
studies, it does not exclude the possibility of uncontrolled confound-
ing variables. Our results did not replicate in the only available
independent sample with a similar ecological environment. However,
one should have in mind that our results may be affected by
inadequate statistical power resulting from a small inland sample size
(N= 499). Therefore, we propose that results regarding association of
individual SNPs with lipids, fibrinogen and CRP, as well as the
association of haplotypes with WC, should be further investigated in a
metapopulation of Croatian island isolates, which all show surprisingly
high prevalence of cardiovascular risk phenotypes.70,71

To conclude, regardless of the strong LD between individual SNPs
in LEPR gene region and clear haplotype block structure, haplotype
association analysis did not provide any advantage over analysis of
individual SNPs. Analyzed haplotypes spanning wide LEPR gene
region were not found to be significant predictors of cardiovascular
risk phenotypes, showing only marginal association with waist
circumference. However, in the Vis population rs4291477 was
associated with fibrinogen levels. Although this association did not
replicate in additional, inland sample, which might be due to the small
sample size, it does have a potential for use in preventive medicine,
specifically, in the early detection of people with predisposition for
inflammatory and collagene vascular diseases.
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