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Abstract

Aim: To test the hypothesis that liver-expressed antimicrobial peptide 2 (LEAP2)
genetic variants might influence the susceptibility to human obesity.

Methods: Using data from the UK Biobank, we identified independent LEAP2 gene
single nucleotide polymorphisms (SNPs) and examined their associations with obesity
traits and serum insulin-like growth factor-1 (IGF-1) concentration. These associa-
tions were evaluated for both individual SNPs and after combining them into a
genetic risk score (GRS gapp) using linear and logistic regression models. Sex-
stratified analyses were also conducted.

Results: Five SNPs showed positive associations with obesity-related traits.
rs57880964 was associated with body mass index (BMI) and waist-to-hip ratio
adjusted for BMI (WHRadjBMI), in the total population and among women. Four
independent SNPs were positively associated with higher serum IGF-1 concentra-
tions in both men and women. GRS gaps Was associated with BMI and WHRadjBMI
only in women and with serum IGF-1 concentration in both sexes.

Conclusions: These findings reveal sex-specific associations between key LEAP2 gene
variants and several obesity traits, while also indicating a strong independent associa-

tion of LEAP2 variants with serum IGF-1 concentration.

KEYWORDS
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1 | INTRODUCTION

The liver-expressed antimicrobial peptide 2 (LEAP2) was recognized
as a novel hormone in 2018.1 The LEAP2 peptide is encoded by the

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Author(s). Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.

Diabetes Obes Metab. 2024;26:3565-3575.

wileyonlinelibrary.com/journal/dom 3565


https://orcid.org/0000-0001-8987-6348
https://orcid.org/0000-0002-4070-1229
mailto:helgi.schioth@uu.se
mailto:mario.perello@neuro.uu.se
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/dom
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fdom.15695&domain=pdf&date_stamp=2024-06-18

% | WILEY

ANDREOLI ET AL.

LEAP2 gene and is mainly secreted by hepatocytes and specialized
cells localized to the jejunum epithelium.2* Functionally, LEAP2 oper-
ates through the growth hormone secretagogue receptor (GHSR), a
G-protein-coupled receptor predominantly found in the central ner-
vous system, pituitary gland, and pancreas. This receptor was initially
identified as the receptor for the stomach-derived hormone ghrelin,
which is the only gastrointestinal hormone known to increase appe-
tite.»>® Moreover, studies in rodents have demonstrated a unique
antagonistic effect of LEAP2 on ghrelin actions, inhibiting not only its
stimulatory impact on food intake but also on growth hormone
(GH) secretion and glucose metabolism.>” Strikingly, plasma LEAP2
concentration is markedly higher than ghrelin concentration in lean
individuals, suggesting that LEAP2 may display greater control over
GHSR activity than ghrelin. In line with this possibility, in vitro studies
have shown that LEAP2 can abrogate some ghrelin-independent
actions of GHSR, including the receptor's constitutive activity® or its
ability to regulate other G-protein-coupled receptors.” Studies in mice
indicating that ghrelin exhibits limited accessibility to the brain have
led to the hypothesis that LEAP2 may differentially affect certain cen-
tral effects of GHSR that are marginally influenced by plasma ghre-
[in.2° Currently, the specific anatomical location and physiological
implications of the putative role of LEAP2 beyond its function as a
ghrelin antagonist are under investigation.

LEAP2 plays a pivotal role in the regulation of energy balance in
humans. LEAP2 infusion in healthy individuals reduces food intake,
glycaemia, GH secretion, and lipolysis.” Plasma LEAP2 concentration
decreases in the fasting state and it has been proposed that the upre-
gulation of GHSR signalling, associated with the fall of LEAP2, is cru-
cial for the short-term regulation of energy balance.!® In contrast,
plasma LEAP2 concentration is higher in individuals with obesity,'2
but whether elevated LEAP2 concentration has a primary role in the
onset of obesity or whether it increases as a consequence of fat
accretion is not clear. Notably, the circulating LEAP2 concentration
demonstrates a direct correlation with body mass index (BMI), fat
mass, blood glucose and serum triglycerides (TG), while having an
inverse association with hunger.'?> Some of these characteristics of
LEAP2 parallel those observed in other peptide hormones crucial for
modulating energy homeostasis in humans, such as leptin®® and insu-
lin.}* These hormones are known to increase in the context of obesity
and contribute to controlling appetite and glycaemia, among other
effects.*>* Consequently, LEAP2 emerges as another unique poten-
tially crucial adaptive response in obesity, aimed at mitigating
increases in glycaemia, appetite, and fat gain.

To the best of our knowledge, a comprehensive exploration of
the genetic variants within the LEAP2 gene is currently lacking. A

1.3 in 2016, uncovered

genome-wide study, conducted by Volkov et a
an association between methylation quantitative trait loci of the
LEAP2 gene and traits linked to the adverse metabolic consequences
of obesity, such as elevated fasting glycaemia.’®> Furthermore, the
genetic variant rs57880964 within the LEAP2 gene was reported to
impact LEAP2 plasma concentration,*® while rs10491278 was found
to be associated with its gene expression level in the liver.” Notably,

the role of the LEAP2 gene in encoding a peptide hormone was

unknown before 2018 and these observations remained overlooked.
Given the current recognition of LEAP2 as a key metabolic player,2?®
and as a possible target for novel drug treatments, it is reasonable to
postulate that genetic variants within LEAP2 may influence suscepti-
bility to obesity development. Remarkably, the T2D Knowledge Portal
(https://t2d.hugeamp.org), a resource for exploring genetic associa-
tions related to type 2 diabetes,® reveals that different genetic vari-
ants of the LEAP2 gene are associated with various obesity traits.
However, weighing the implications of these associations for the
LEAP2 gene is challenging, as genetic variants within this gene that
exhibit associations with traits independently of each other
(i.e., independent single-nucleotide polymorphisms [SNPs]) have not
been reported.

The UK Biobank is a detailed prospective study with deep
genetic, physical, and health data collected from ~500 000 individuals
across the United Kingdom.'” This initiative is a groundbreaking
opportunity to understand the genetic basis of obesity. Although
extensive research has been conducted on the association of SNPs
with obesity-related traits such as BMI, fat mass, and waist-to-hip
ratio (WHR),?%?* the associations of the genetic variants of the human
LEAP2 gene with obesity traits remain unexplored. Notably, UK Bio-
bank data include serum insulin-like growth factor-1 (IGF-1) concen-
tration, which provides a reliable measure of GH activity status
because, unlike GH concentration, it lacks daily pulsatility.?? GH
status strongly depends on the counterregulatory effects of LEAP2
and ghrelin.?® Indeed, it has been proposed that reduced GHSR tone
mediates the reduction in GH secretion and serum IGF-1 concentra-
tion observed in individuals with obesity.24 In turn, several studies
have shown that serum IGF-1 concentration displays a negative asso-
ciation with BMI and central adiposity independently of race/ethnicity
or sex factor.>%?

In this study, we aimed to map the genetic variants of the human
LEAP2 gene, identify the independent SNPs, and evaluate their associ-
ations, individually as well as combined in a genetic risk score
(GRS gap2), With several obesity traits (BMI, WHR, serum TG concen-
tration) using data from the UK Biobank. We also evaluated the asso-
ciations of the independent SNPs of LEAP2 and the GRS gapy With
serum |IGF-1 concentration. Since certain aspects of LEAP2

12.3031 55 well as obesity traits such as WHR,3! display sexual

biology,
dimorphism, all association analyses were separately performed in

men and women.

2 | METHODS

21 | Study population

The UK Biobank cohort recruited approximately 500 000 participants
aged 40 to 69 years from England, Scotland and Wales between 2006
and 2010. The cohort has been described elsewhere,*® and detailed
information is available on the UK Biobank website (www.ukbiobank.
ac.uk). Baseline data collection included a large range of data from

sociodemographic and lifestyle information, medical history,
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FIGURE 1 LEAP2 genetic

variants. (A) LEAP2 genetic (A)
variants selection process.

60 SNPs in LEAP2 gene via dbSNP

(B) Representation of the location
of the five independent single-
nucleotide polymorphisms (SNPs)

—{ = Deletion orinsertion/deletion (n = 4)

selected for the LEAP2 gene.
MAF, minor allele frequency.

56 SNPs extracted from the UK Biobank

= MAF <0.01 (n = 44)

= Dependent according to linkage
disequilibrium matrix (n = 6)

= Hardy—Weinberg equilibrium not
verified (n = 1)

v

5 independent SNPs

(B)

rsg803221 (C>T)

132,874,744
rs708459 (C>T) rs57880964 (G > C)
132,872,476 132,874,982
rs765760 (C > T) rs1634959 (T > C)
132,873,169 132,875,160
5 UQCRQ d,' IEXOII 1 ] [ Exon 2 J ‘Exon 3, ; 3’
132,868,847 132,873,668 132,875,046
3 GDF9 wih AFF4 5
132,866,051 132,875,395

medication use, physical measurements, and biological samples. The
North West Multi-Centre Research Ethics Committee approved the
UK Biobank study protocol and the Regional Ethics Committee of
Uppsala (Sweden) further approved the data use. All participants pro-
vided written informed consent. We excluded participants with with-
drawn consent (n = 231), missing genetic data (n = 15 208), failed
quality control of the genotyped data (n = 80 153), non-European
ancestry (n = 69 624), high heterozygosity or high missing rate
(n=265), and missing data either for WHR or BMI outcomes
(n = 1183). Consequently, the current study included 335 955 partici-
pants (Supplementary Figure S1).

22 |
selection

Genotyping and LEAP2 genetic variant

Genotyping was performed using the UK BIiLEVE and UK Biobank
Axiom arrays.2 Sixty genetic variants spanning the LEAP2 gene were
identified using the dbSNP database (NCBI-National Institutes of
Health [NIH]). Five independent SNPs of the LEAP2 gene (rs803221,
rs57880964, rs1634959, rs708459 and rs765760 [Figure 1]) were
selected after excluding deletion or insertion/deletion genetic variants

(n = 4), SNPs with a minor allele frequency <1% (n = 44, Supplemen-
tary Table S1), dependent SNPs according to linkage disequilibrium
(LD matrix, LDlink platform, National Cancer Institute, NIH; ?>0.8,
n = 8) and SNPs which did not verify Hardy-Weinberg equilibrium
(p<1x10%n=1).

2.3 | Geneticrisk score

For each independent SNP, the risk allele was defined as the allele sig-
nificantly associated with higher WHR or BMI in our study population.
For rs765760, no risk allele could be defined. Hence, rs765760 was
not included in the LEAP2 genetic risk score (GRS, gapy). Genetic vari-
ants rs57880964 (risk allele: G), rs1634959 (risk allele: T), rs708459
(risk allele: C) and rs803221 (risk allele: C) were coded O for no risk
allele, 1 for one risk allele (heterozygous), and 2 for two risk alleles
(homozygous). Then, the GRS gapp, Was calculated by summing the
score of the four genetic variants. The GRS gap> ranged from O to
8 and was categorized as low (0-2), medium (3-5) and high (6-8).
These categories were established due to the uneven distribution of
participants across different score ranges to ensure comparable

groups.

85U8017 SUOWIWIOD BA181D) 8|cealdde ) Aq peusenob a.e sejolue YO '8SN JO S8|nJ 10} ARIq1T8UIIUO AB|IM UO (SUONIPUOD-PUE-SWS)ALI0Y A8 | 1M Ale.q Ul Uo//:Sthiy) SUORIPUOD pue SWLB | 81 89S *[202/TT/.0] Uo Ariqisuluo Ao |im ‘Ariq) AisieAiun efesddn Aq G69ST WOp/TTTT 0T/I0p/Lod Ul |uowniesel | poid-sejoLied sqnd-wopy/sdny wouy pepeojumod ‘6 ‘v20Z '9ZETEIT



% | WILEY

ANDREOLI ET AL.

24 | Anthropometric outcomes

The WHR was calculated by dividing waist circumference (cm) by hip
circumference (cm). WHR was then dichotomized due to non-normal
distribution using the sex-specific cut-offs: 0.9 for men and 0.85 for
women according to the World Health Organization criteria.>® BMI
was calculated from measured weight/height? (kg/m?) and used as a

continuous variable.

2.5 | Blood samples

Triglycerides were quantified using routine enzymatic methods. Serum
IGF-1 concentrations were measured by chemiluminescent immuno-
assay. Details regarding the assay methods and quality control proce-

dures are described elsewhere 343>

2.6 | Sociodemographic information

Age, sex, and education level were collected at the baseline of the
study. Education level was recoded from the education qualifications
data as having obtained a college or university degree as done in pre-
vious studies.>*3” The Townsend deprivation index (TDI) was used as

a proxy of socioeconomic status.>&3?

2.7 | Statistical analysis

Associations between LEAP2 genetic variants and WHR were evaluated
using logistic models due to non-normal distribution. The regression
model was additionally adjusted for BMI to investigate the association
between LEAP2 genetic variants and WHR independent of BMI (this ana-
lytical model is referred to as WHRadjBMI hereafter). The same approach
has been adopted previously.*® Furthermore, associations of LEAP2
genetic variants with BMI, TG or IGF-1 were evaluated using linear
models. All models were adjusted for assessment centre, age, sex, and
SNP chip (i.e., UK BiLEVE or UK Biobank Axiom arrays). The same models
were performed with GRS, gaps as the exposure. Since earlier studies and
some biological characteristics of LEAP2 point towards sex-specific

effects,1230:51

additional analyses were performed separately in men and
women to explore sex-specific associations. Finally, sensitivity analyses
were conducted after further adjusting all models for education and TDI,
knowing that these confounding factors may affect the outcomes. All
p values were corrected for multiple testing with false discovery rate
correction,** and a p value <0.05 was considered statistically significant.
Statistical analyses were carried out with R version 4.2.1 (R Foundation

for Statistical Computing, Vienna, Austria; www.R-project.org).

3 | RESULTS

Table 1 shows the characteristics of the total sample as well as the
separated characteristics of men and women. The mean (standard

deviation) age of the study participants was 57 (8) years and 53.71%
of the participants were women. A total of 42.75% of the participants
were overweight, and 24.11% had obesity. Supplementary Table S2
shows the characteristics of the sample stratified by sex and WHR

classification.

3.1 | LEAP2 genetic variants are associated with
WHR, BMI and serum TG and IGF-1 concentrations

Table 2 and Figure 2 show the association of LEAP2 genetic variants
with WHR, WHRadjBMI, BMI, and TG and IGF-1 concentration. Being
heterozygous for rs765760 was associated with higher WHR and
WHRadjBMI in the total sample, however, no significant association
was found in homozygotes for the rs765760 T allele. Conversely,
being homozygous for rs57880964 G or rs803221 C alleles was asso-
ciated with a high WHR and WHRadjBMlI in the total sample. Further-
more, the rs57880964 G, rs1634959 T and rs708459 C alleles were
associated with higher BMI in the total sample. After stratification by
sex, the rs57880964 G allele was associated with higher WHR,
WHRadjBMI, and BMI in women, and being homozygous for the
rs803221 C allele was associated with higher WHR also only in
women. No significant associations were found in men.

Regarding blood biomarker measurements, being homozygous for
the rs57880964 G allele was associated with an increased TG concen-
tration. Carrying the rs1634959 T, rs708459 C or rs803221 C allele
was associated with higher serum TG concentration in the total sam-
ple. In addition, the rs57880964 G, rs1634959 T, rs708459 C and
rs803221 C alleles were associated with higher serum IGF-1 concen-
tration in the total sample. After stratification by sex, being homozy-
gous for the rs57880964 G allele was associated with an increased
TG concentration in women, while the rs803221 C allele was associ-
ated with higher serum TG concentration in men. The rs57880964 G,
rs1634959 G, rs708459 C and rs803221 C alleles were associated
with higher serum IGF-1 concentration in both men and women.

The results of the sensitivity analysis performed after additionally
adjusting for education and TDI were comparable to those of the main
analysis (Supplementary Table S3). Overall, the rs57880964 G allele
was consistently associated with higher WHR, WHRadjBMI, BMI, and
TG and IGF-1 concentrations. Most of the significant associations
were driven by women except for IGF-1 concentration, which was
associated with rs57880964 G, rs1634959 G, rs708459 C and

rs803221 C alleles in both men and women.

3.1.1 | GRS comprising LEAP2 genetic variants is
associated with obesity traits and serum IGF-1
concentration

As shown in Table 3, compared to participants with no or a lower
number of risk alleles (0-2), participants with three or more risk alleles
had significantly higher odds for greater WHR measurements. More-
over, a GRS gap2 > 5 was associated with an overall 4% increased
odds of having a WHR greater than 0.9 (men) or 0.85 (women). After
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TABLE 1
sample.

Characteristics of the study
Characteristics

Age,? years

Education (college or university degree)®

Townsend Deprivation Index?

Height,? cm
Weight,® kg

WHR 20.90 (men)P
WHR 20.85 (women)®

BMI,? kg/m?
TG,> mmol/L
IGF-1,>° nmol/L

Total Men Women
n = 335 955 n = 155491 n = 180 464
56.88 (7.99) 57.12 (8.09) 56.67 (7.9)
105 930 (31.53) 51530(33.14) 54 400 (30.14)
-1.58(2.93) —1.54(2.99) —1.61(2.88)
168.84 (9.24) 175.95 (6.75) 162.71 (6.21)
78.31(15.87) 86.21 (14.24) 71.51(13.93)
165 902 (49.38) 110 965 (71.36) 54 937 (30.44)
27.39 (4.75) 27.02(5.13) 27.83 (4.22)
1.76 (1.02) 1.98 (1.14) 1.56 (0.86)
21.41 (5.66) 21.94 (5.52) 20.95(5.73)

Abbreviations: BMI, body mass index; IGF-1, insulin-like growth factor-1; TG, triglycerides; WHR, waist

to hip ratio.

?Data are presented as mean (SD).

bData are presented as n (%).

5% missing values.

adjustment for BMI (WHRadjBMI), only participants with higher num-
ber of risk alleles (GRS gap> 26), showed a significant 3% increase in
the odds of having a higher WHR. Furthermore, a GRS gaps >2 was
associated with increased BMI and higher serum concentrations of TG
and IGF-1 in the total sample. In the sex-stratified analyses, the asso-
ciations between GRS gap> and WHR, WHRadjBMI, BMI, and serum
TG concentration were observed only among women, while the asso-
ciation between GRS gap> and serum IGF-1 concentration was
observed among both men and women. Similar results were obtained
after further adjustment for education and TDI (Supplementary
Table S4).

4 | DISCUSSION

To the best of our knowledge, this is the first study to show that
LEAP2 genetic variants are differentially associated with obesity traits
and serum IGF-1 levels (Figure 2). Among the independent SNPs stud-
ied, the rs57880964 variant showed the strongest association with
BMI, WHR and circulating TG, particularly in women. The associations
reflected by this variant as well as the combined impact of all SNPs in
GRS eap2 suggest a potential contribution of LEAP2 genetic variants,
mainly rs57880964, in enhancing certain features of obesity, such as
body size and fat distribution, in a sexually dimorphic manner.

The relationships identified in this study strongly indicate that
LEAP2 variants are associated with overall body size (i.e., BMI) and
abdominal obesity (i.e., WHRadjBMI). The analysis of the LEAP2 vari-
ants for the total population revealed that the rs57880964 G allele is
the only allele positively associated with obesity-related traits and
serum TG concentration. Moreover, the rs1634959 T allele
and rs708459 C allele (population frequencies of 53.8% and 53.8%,
respectively) are positively associated with BMI without being associ-
ated with WHRadjBMI. Conversely, the rs803221 C allele (population
frequency = 74.5%) was positively associated with WHRadjBMI

without being associated with BMI. This denotes the specificity of the
genetic variants of LEAP2 regarding these obesity traits. Notably,
the rs57880964 G allele (population frequency 83.4%), was identified
in a large proteomics study connecting genes and proteins as a cis-
acting genetic variant inversely associated with serum LEAP2 concen-
tration.'® Thus, it can be hypothesized that individuals carrying the
rs57880964 G allele are more susceptible to obesity due to their lim-
ited ability to exhibit an obesity-induced increase in plasma LEAP2
concentration. Recently, the plasma proteomic profiles have been
analysed for some UK Biobank participants, however, the LEAP2 pep-
tide was not included in the initial analysis, which hindered our ability
to assess the implications of other genetic variants of LEAP2 on its
plasma concentration.*? Given that the independent genetic variants
of LEAP2 identified here are situated outside the coding region, they
do not affect peptide sequence or length. Thus, the biological mecha-
nisms through which they influence certain traits remain to be eluci-
dated. It can be hypothesized that these variants modulate protein
levels by affecting regulatory regions of the LEAP2 gene, such as pro-
moters or enhancers, altering the binding affinity of transcription fac-
tors and thereby influencing transcription initiation rates. Moreover,
they could impact RNA stability or processing, leading to variations in
mRNA levels available for translation. Additionally, non-coding vari-
ants might influence epigenetic modifications, such as DNA methyla-
tion or histone modifications, which in turn can regulate chromatin
accessibility and gene expression. Future studies will be instrumental
in exploring and validating these potential mechanisms.

In this study, we report a robust and sex-independent positive
association between four out of the five independent SNPs of the
LEAP2 gene and serum IGF-1 levels. IGF-1, a protein hormone primar-
ily synthesized in the liver, plays pivotal roles in growth regulation
during childhood and anabolism in adults.**** GH is the most sensi-
tive physiological response to GHSR activation,»”23*> and IGF-1
serves as the principal peripheral mediator of GH activity. LEAP2 infu-
sion in humans decreases GH levels,” while LEAP2 blockage or LEAP2
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knockout mice show increased GH levels.>*¢ Given that genetic vari-
ants of LEAP2 may impact its gene expression and plasma concentra-
tion, it is plausible that these alterations could ultimately influence GH
activity and affect serum IGF-1 concentration. Alternatively, LEAP2
and IGF-1 genes may be subject to similar regulatory mechanisms in
the liver. Notably, plasma concentrations of IGF-1 and LEAP2 increase

during the pubertal growth spurt, and show a positive correlation in

006 -0.03 000 003 006 -06 -03 00 03 06

girls.3! However, serum concentrations of LEAP2 and IGF-1 are not

correlated in adults,*”®

indicating that the link between these pep-
tide hormones is dynamic and depends on the life stage. In this regard,
it is interesting to mention that IGF-1 concentration is significantly
associated with BMI in young (20-58 years) and old (67-86 years)
individuals, but not in middle-aged (58-66 years) individuals,?® while

LEAP2 is positively correlated with age in subjects over 60 years
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TABLE 3 Association between LEAP2 genetic risk score and waist to hip ratio, body mass index, triglycerides and insulin-like growth factor-1

in the total population and in men and women.

WHR? WHRadjBMI? BMIP TGP IGF-1°
p p p p
n OR (CI) value* OR (CI) value* B (SE) value* B (SE) value* B (SE) p value*
Total
0-2 45009 Reference Reference Reference Reference Reference
3-5 118 676  1.03(1.01-1.05) 0.0424 1.02(1-1.04) 0.2359  0.067 0.0210 0.013 0.0319 0.109 0.0017
(0.026) (0.006) (0.031)
6-8 172056 1.04(1.02-1.06) 0.0070 1.03(1.01-1.05) 0.0275 0.056 0.0319 0.020 0.0015 0.207 <0.0001
(0.025) (0.005) (0.030)
Men
0-2 20963 Reference Reference Reference Reference Reference
3-5 55061 1.00(0.96-1.04) 0.9427 1.00(0.96-1.04) 0.9137 0.023 0.7180 0.016 0.253 0.138 0.0110
(0.034) (0.009) (0.045)
6-8 79371 1.02(0.98-1.06) 04220 1.02(0.98-1.06) 0.4220 0.018 0.7303 0.021 0.063 0.217 <0.0001
(0.033) (0.009) (0.043)
Women
0-2 24 046 Reference Reference Reference Reference Reference
3-5 64 615 1.05(1.01-1.09) 0.0164 1.03(0.99-1.07) 0.0596 0.104 0.0164 0.010 0.1397  0.083 0.0596
(0.039) (0.007) (0.043)
6-8 92685 1.05(1.01-1.09) 0.0115 1.04(1.00-1.08) 0.0260 0.087 0.0264 0.016 0.0164 0.201 <0.0001
(0.037) (0.006) (0.041)

Abbreviations: BMI, body mass index; Cl, confidence interval; IGF-1, insulin-like growth factor-1; OR, odds ratio; TG, triglycerides; WHR, waist to hip ratio;

WHRadjBMI, waist to hip ratio adjusted for body mass index.

Logistic model adjusted for centre, age, sex (total sample only) and single-nucleotide polymorphism (SNP) chip.

PLinear model adjusted for centre, age, sex (total sample only) and SNP chip.
*p values after false discovery rate correction.

old.*’ Unfortunately, we are unaware of studies reporting plasma con-
centrations of LEAP2 and IGF-1 only in patients aged between 40 and
69 years, corresponding to the age range of UK Biobank participants.
Thus, potential increases in LEAP2 and IGF-1 concentrations in the
elderly and age-related differences in anthropometric features may
condition the associations of the genetic variants of LEAP2 with serum
IGF-1 and obesity-related traits. Notably, the associations uncovered
in the current study for the newly identified independent SNPs of the
LEAP2 gene with various obesity traits and serum IGF-1 levels display
a high degree of agreement with the associations found in the T2D
Knowledge Portal for those SNPs, further confirming the accuracy of
our analysis.

In this study, we found that the rs57880964 G allele displayed a
strong sexual dimorphism, as it was positively associated with both
body size and fat distribution in women but not in men, indicating
that this genetic variant might mediate susceptibility to obesity in a
sex-specific manner. This association was unexpected because
genetic loci that show sexual dimorphism are usually associated
with body fat distribution, rather than body size, and are located
near genes expressed in adipose tissue.’® Furthermore, plasma
LEAP2 concentration is known to display a strong sexually dimor-
phic effect, with higher levels observed in women compared to
men.'? Thus, it is evident that the LEAP2 system, at both peptide

and genetic levels, exerts sexually dimorphic effects. Indeed, we

were unable to identify any association between the genetic vari-
ants of the LEAP2 gene and anthropometric variables or plasma TG
concentration in the male population, despite the sample size of the
UK Biobank dataset. These observations emphasize the more signif-
icant role of LEAP2 in women than in men.

To study the combined effect of the independent genetic var-
iants of the LEAP2 gene, we calculated a GRS gap, based on the
alleles that were significantly associated with higher WHR or BMI
in the four SNPs. This investigation is not only important to help
assess an individual's genetic predisposition to gain weight but
also for personalized medicine, to guide tailored interventions. In
this study, the proposed GRS gap> highlights the robust positive
associations of the studied LEAP2 genetic variants with body size
and fat mass distribution and emphasizes that such associations
are significant in women but not in men. Overall, we observed
very small effect sizes for these associations, which are consistent
with previous reports investigating the distribution of effect sizes
across susceptible genetic variations. The report suggests that
there is an increasing number of susceptibility loci with decreasing
effect sizes for complex traits, regardless of the trait being stud-
ied.>* Therefore, the combination of LEAP2 risk alleles could mod-
estly affect the obesity risk through its possible impact on
increased WHR, BMI, and circulating TG concentrations, especially

among women.
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This study has several strengths. The UK Biobank is a large-
scale cohort with deep phenotypic information that allowed us to
account for detailed confounding factors, and conduct sex-
stratified and sensitivity analyses. Nevertheless, the study also has
some limitations that need to be acknowledged. Since UK Biobank
participants were aged between 40 and 69 years, caution is
needed when extending our results to other age groups, especially
considering that anthropometric and metabolic traits as well as
IGF-1 concentration are age-dependent. Moreover, our analysis
was limited to data on people of European descent as they repre-
sent approximately 90% of the UK Biobank population and the
remaining ancestry groups are too small to be stratified. It would
be necessary to continue research in different populations in order
to extend the role of LEAP2 genetic variants to other ethnic
groups.

In conclusion, this study identifies the most relevant LEAP2
genetic variants and reveals their significant and sex-specific associa-
tions with anthropometric variables linked to obesity. Additionally, the
study highlights a very strong association of the genetic variants of
LEAP2 with serum IGF-1 concentrations, which seems to be indepen-

dent of the anthropometric factors.
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