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Lipoprotein lipase (LPL) is an enzyme involved in lipid metabolism and distribution of fatty acids hence
its role in the initiation and development of dyslipidemia and adiposity. Single nucleotide polymor-
phisms (SNPs) across the LPL gene have been associated with dyslipidemia, however, the association with
obesity has been limited towards specific populations. This study examined the association between LPL
gene polymorphisms with plasma lipid levels and body mass index (BMI) in the Kuwaiti population. We
examined a total of 486 adults (303 and 183 females and males respectively) with plasma lipid levels and
BMI. DNA samples were genotyped for two LPL gene polymorphisms (rs1534649 and rs28645722) using
TaqMan allelic discrimination. The relationship between the genotypes with both plasma lipid levels and
BMI were assessed using linear regression using ‘‘SNPassoc” package from R statistical software. Using an
additive genetic model, linear regression analysis showed the T-allele of rs1534649 to be associated with
increased BMI in a dose-dependent trend b = 2.13 (95% CI 1.33–2.94); p = 1.7 � 10�7. In addition, a bor-
derline significance was observed between the T-allele and low levels of high density lipoprotein-
cholesterol b = �0.04 (95% CI �0.08, �0.006); p = 0.02. There were no associations between
rs28645722 and plasma lipid levels (p > 0.05). However, a trend was observed between the A-allele
and increased BMI b = 1.75 (95% CI 0.14–3.35); p = 0.03. Our study shows intron one polymorphism
rs1534649 to increase the risk of obesity and dyslipidemia. Our findings warrant further investigation
of the mechanism of LPL on the development of obesity along with the role of intron one and its impact
on LPL gene activity.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Obesity is a disease in which excessive accumulation of body fat
results in health impairment. According to the world health orga-
nization the rate of obesity has tripled since 1975 with 50% of
adults above 18 years of age are estimated to be overweight/obese
(WHO, 2018). Moreover, Kuwait similar to its neighboring coun-
tries is an Arab state that is considered one of the most obese pop-
ulations worldwide with an estimated prevalence of obesity
reaching 50% (Ng et al. 2014). Although obesogenic environments
contribute towards the increase in prevalence, however, heritabil-
ity estimates suggest that 40–70% is due to genetic factors (Hill
et al. 2003; Farooqi and O’Rahilly 2000). In addition, genome-
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wide association studies (GWAS) have identified genetic variants
that increase ones’ susceptibility to obesity (Locke et al. 2015).
Such studies contribute towards understanding the mechanisms
involved in the initiation and development of obesity.

Lipoprotein lipase (LPL) is the rate-limiting enzyme responsible
for the hydrolysis of triglycerides (TG) in chylomicrons and very
low-density lipoproteins cholesterol (VLDL-C) (Eckel 1989). Gen-
eral LPL-knockout (lpl-/-) experiments on mice revealed an
increase in plasma TG and VLDL cholesterol levels (Weinstock
et al. 1995). Whereas, mice with heterozygous (lpl+/-) deficiency
have reduced expression of LPL and have shown an increase in
fat mass/lean mass ratio developed over time (Chen et al. 2008).
Although LPL is expressed in multiple tissues, including brain
and central nervous system, heart, liver, adipose and skeletal mus-
cle (Kirchgessner et al. 1989), its role in obesity is suggested as
being tissue-specific (Garcia-Arcos et al. 2013; Wang and Eckel
2009)

The LPL gene encodes 448 amino acids and consists of 10 exons
found on chromosome 8p22 (Wion et al. 1987). Single nucleotide
polymorphisms (SNPs) in the LPL gene have been found to be asso-
ciated with multiple phenotypes including coronary artery disease
(Shahid et al. 2017; Bogari et al. 2020), dyslipidemia (Al-Bustan
et al. 2018), Alzheimer’s disease (Xu et al. 2013) and obesity
(Radha et al. 2007; Prakash et al. 2018). A number of these studied
polymorphisms have been located across the LPL gene around cis-
acting regulatory elements in the promoter and 5 -untranslated
regions which span the sequences of exon one and intron one
which are known to impact LPL gene expression levels (Tanuma
et al. 1995). In addition, recent studies sequencing the LPL gene
have reported intron one to comprise the majority of uncommon
variants (Pirim et al. 2014; Al-Bustan et al. 2018) suggesting the
need to for further investigate the region. Moreover, a study by
Hua et al., found intron one of the mouse lpl gene to comprise a
response sequence element that is suggested to have a regulatory
role and that the mouse lpl gene is mapped to a region on chromo-
some 8 that is homologous to that of humans (Hua et al. 1991). Due
to the limited studies investigating variants in intron one of the LPL
gene we therefore were interested in investigating common vari-
ants (minor allele frequency > 5%) within intron one in relation
to plasma lipid traits and body mass index (BMI). Two SNPs in
intron one were selected (rs1534649 and rs28645722). The SNP
rs1534649 was previously reported to be associated with lipid
traits (Liao et al. 2008) whereas rs28645722 (Tag SNP) was found
to be in linkage disequilibrium (r2 > 0.8) with 127 SNPs in the
LPL gene (release 93 of 1000 genome project) (Zerbino et al. 2018).

The aim of this study is to assess the relationship between two
SNPs within intron one in relation to plasma lipid levels and BMI in
a Kuwaiti population.
2. Methods

2.1. Study subjects

The study included 486 adults all of whom were of Kuwaiti
nationality. For each subject information regarding history of
metabolic disorders, family history, smoking, medication, and
BMI, were documented with a standardized questionnaire. Blood
samples were collected randomly from the study subjects attend-
ing local polyclinics, Mubarak Al-Kabeer hospital and Al-Amiri hos-
pital during their routine blood chemistry check-up from 2012 to
2016. The inclusion criteria were: 18 years or above, lipid profile,
BMI measurements and Kuwaiti nationality. Whereas exclusion
criteria were: confirmed clinical diagnosis chronic heart disease,
type 2 diabetes mellitus, and taking any medication that may alter
plasma lipid levels.
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The Ethics Committee from the Kuwait Ministry of Health
approved (Reference number: VDR/JC/256) the study which
adheres to the Declaration of Helsinki on ethical principles for
medical research involving human subjects. The study was
explained to all participants, and consents were obtained. Only
subjects that gave informed consent were included in the study
and were requested to provide fasting blood samples.

2.2. Anthropometric measurements

Anthropometric measurements were done for all participants
by qualified investigators using standard techniques. Participant’s
weight (kilogram (kg)) to the nearest 0.1 kg and height (centime-
ters (cm)) to the nearest 0.1 cm were taken while dressed in light-
weight clothing without shoes. BMI was calculated as weight (kg)
divided by the square of height (m2). Biochemical analysis and
genomic DNA extraction were done on the fasting blood samples
collected in Ethylenediaminetetraacetic acid (EDTA) tubes. Stan-
dard lipid profile of total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C) were analyzed on
an automated analyzer (Beckman Unicel DxC 800, Beckman Corpo-
ration, Brea, CA, USA). Low-density lipoprotein cholesterol (LDL-C)
and very low density lipoproteins cholesterol (VLDL-C) were calcu-
lated using the Friedewald formula (Friedewald, Levy, and
Fredrickson 1972). The reference used in the current study are
those set by the Kuwait Ministry of Health where: HDL-C = 0.91–
2.5 mmol/L, TC = 3.0–5.17 mmol/L, TG = 0.40–1.7 mmol/L, VLDL-
C = 0.1 to 1.7 mmol/L and LDL-C = 1.8–3.2 mmol/L.

2.3. Selection of SNPs and Genotyping

Samples were analyzed for two SNPs in intron one of the LPL
gene: rs1534649 (G/T) reported to being associated with TG (Liao
et al. 2008) and rs28645722 (G/A) in linkage disequilibrium
(r2 > 0.8) with 127 SNPs (Zerbino et al. 2018).

Genomic DNA was extracted from whole blood using a salt
extraction method (Miller, Dykes, and Polesky 1988) and standard-
ized to a final concentration of 10 ng/ul. DNA quality and quantity
were ascertained using a nanodrop spectrophotometer. Genotyp-
ing of the two variants (rs1534649 and rs28645722) was con-
ducted using TaqMan allelic discrimination assay (Life
Technologies, CA, USA) performed by ABI 7500 fast real-time PCR
system SDS software (Life Technologies, CA, USA) according to
standard manufacturer protocols.

2.4. Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences software (version 23; SPSS Inc., Chicago, IL,
USA) and R statistics using ‘‘SNPassoc” package (Gonzalez et al.
2007). Results were expressed as mean ± standard deviation
(SD), and percentages where appropriate. Deviation from Hardy
and Weinberg Equilibrium (HWE) was tested in R statistics. Anal-
ysis of variance using Kruskal-Wallis ANOVA test was used to com-
pare plasma lipid levels between the genotypic groups. Linear
regression was used to assess the association between the SNPs
and continuous variables represented by Beta-coefficient (b) and
95% confidence intervals (CI) after adjusting for age, gender, BMI
and TG where appropriate. In addition, multivariate analysis using
general linear model (glm) was further used to assess predictor
factors for significant traits. Normality was assessed using
Kolmogorov-Smirnov test. Where appropriate lipid parameters
were log-transformed for their association with LPL variants to
ensure an approximate normal distribution. We considered an
additive genetic model to assess the dose-dependent association
of the minor allele. Bonferroni correction was applied and signifi-
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cance was set at p < 0.025. We used the Power and Sample Size Cal-
culation Software to set the power at 80% (Dupont and Plummer
1998).

3. Results

Our cohort included 486 subjects with an average age of 29.8
7 ± 13.02 years and comprised of 62.3% women (Table 1). Geno-
types were all found to be in HWE (p > 0.05). The frequency of
the minor allele (T) of rs1534649 was 35.5%, whereas the fre-
quency of the minor allele (A) of rs28645722 was 6.3% (Table 1).

BMI, body mass index; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol; TC, total choles-
terol; TG, triglyceride; VLDL, very low-density lipoprotein. If
percentages are not indicated, the values given indicate
means ± standard deviations.

3.1. Relationship between LPL polymorphisms and plasma lipid levels

The relationship between LPL polymorphisms and plasma lipid
levels was assessed (Table 2). After adjusting for age, gender and
BMI we observed a dose-dependent trend between rs1534649 T-
allele and low levels of HDL-C b = �0.04 (95% CI �0.08, �0.006);
p = 0.023 using an additive genetic model (Table 2). No other asso-
ciations were observed between rs1534649 and plasma lipid levels
(p > 0.05). Whereas for rs28645722 no significant association with
plasma lipid levels was observed (p > 0.05) (Table 2). We further
conducted a multivariate analysis using glm to assess predictor
factors of HDL-C levels (Table 3). TG, gender and LPL rs1534649
were predictors of HDL-C levels (p < 0.05) (Table 3).

3.2. Relationship between LPL gene polymorphisms and BMI

Using linear regression, we assessed the relationship of the LPL
polymorphisms (rs1534649 and rs28645722) with BMI using an
additive genetic model (Table 4). The T-allele of rs1534649 was
found to be associated with increased BMI in a dose-dependent
trend b = 2.13 (95% CI 1.33–2.94); p = 1.7 � 10�7 after adjusting
for age, gender and TG (Table 4). Whereas, rs28645722 showed a
dose–response trend with the A-allele increasing BMI, however
this was not significant after adjusting for multiple testing
(Table4). We further conducted a multivariate analysis for
rs1534649 using glm to assess predictor factors of BMI (Table 5).
The LPL rs1534649 was found among the predictor variables along
Table 1
Characteristics of the studied cohort.

Characteristics Subjects (n = 486)

Age, years 29.87 ± 13.02
Females (%)

Males (%)
303 (62.3%)
183 (38.7%)

BMI (kg/m2) 27.17 ± 6.62
Weight (kg) 74.94 ± 20.08
Height (cm) 165.73 ± 8.49
TC (mmol/L) 4.67 ± 0.93
HDL-C (mmol/L) 1.18 ± 0.32
LDL-C (mmol/L) 3.08 ± 0.79
TG (mmol/L) 0.93 ± 0.72
VLDL (mmol/L) 0.39 ± 0.32
rs1534649

GG
GT
TT

207 (42.5%)
213 (44%)
66 (13.5%)

rs28645722
GG
GA
AA

429 (88.2%)
53 (11%)
4 (0.8%)
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with age and TG for BMI (p < 0.0001) (Table 5). Exploratory analy-
sis was conducted, samples were divided into two groups based on
BMI; normal (BMI < 25 kg/m2) and overweight/obese (BMI � 25 kg/
m2). The distribution of the T-allele for rs1534649 was found to be
more prevalent in the overweight/obese group compared to the
normal group (p < 0.001) (Supplementary Table S1).
4. Discussion

In this study, we observed an association between rs1534649
polymorphism with both obesity and dyslipidemia. The T-allele
was strongly found to be associated with increased BMI in a
dose-dependent trend. In addition, we observed a borderline asso-
ciation between the T-allele and low levels of plasma HDL-C. After
multiple testing we did not observe any association between the
variant rs28645722 and any of the phenotypic traits analyzed.

Various LPL gene polymorphisms have been found to be associ-
ated with lipid traits including those found in GWAS (Shahid et al.
2017; Ayyappa et al. 2017; Al-Bustan et al. 2018; Middelberg et al.
2011). However, association with obesity has only been reported in
two studies (Radha et al. 2007; Prakash et al. 2018). These studies
found the LPL promoter SNP rs1800590 to be associated with obe-
sity in an Asian population, suggesting that the relation between
LPL polymorphisms and obesity may be population specific. Our
intron one SNP rs1534649 has been investigated in three indepen-
dent studies to date (Smith et al. 2010; Voruganti et al. 2010; Liao
et al. 2008). Only one study assessed the relationship with BMI and
failed to report any association (Voruganti et al. 2010). For the tag
SNP rs28645722, prior to multiple testing the variant was found to
be associated with increased BMI however this was not considered
significant after adjusting for p < 0.025 in our study. This finding
should not be overlooked, especially that the variant is in LD
(r2 > 0.8) with 127 SNPs. Our association with obesity is consistent
with the role of LPL in the initiation and development of obesity
which has been reviewed intensively (Wang and Eckel 2009).
Briefly, LPL impact on obesity is tissue-specific, with studies show-
ing both deletion and overexpression of LPL in adipose and muscle
tissues impacts body weight and composition (Wang and Eckel
2009; Garcia-Arcos et al. 2013). Fatty acids (FA), products of the
TG-hydrolysis by LPL are taken up by adipose and muscle tissues
where they are stored and oxidized respectively (Hollenberg
1966; Wang and Eckel 2009), hence the role of LPL in distribution
of fatty acids in the body. A study by Garcia-Acros et al., demon-
strated tissue-specific knockout experiments where mice with
LPL adipose tissue deletion showed an increase in white adipose
tissue (Garcia-Arcos et al. 2013). However, mice with deleted LPL
in adipose tissue showed reduction in fat accumulation only when
LPL activity was high in skeletal muscles (Garcia-Arcos et al. 2013).
Moreover, mice with overexpression of LPL in skeletal muscle are
protected from weight gain and have an increased metabolic rate
(Wang and Eckel 2009). Such findings support that LPL is an obe-
sity gene.

The relationship between rs1534649 and plasma lipid levels has
been investigated in three independent populations (Voruganti
et al. 2010; Smith et al. 2010; Liao et al. 2008). The association of
this variant with TG was observed in Caribbean Hispanics (Liao
et al. 2008) and Alaskan Eskimos populations (Voruganti et al.
2010), whereas, no association was observed in a UK population
(Smith et al. 2010) which is consistent with our study. In addition,
all three studies reported no association with HDL-C. Findings from
a GWAS has reported associations between variants in the LPL gene
with HDL-C and TG (Middelberg et al. 2011). However, the GWAS
did not report any associations with our studied variant. This can
be explained by the differences in allelic frequencies found
between different populations which are reported by the 1000



Table 2
Relationship between LPL polymorphisms and plasma lipid levels using linear regression.

rs1534649 GG
(n = 207)

GT
(n = 213)

TT
(n = 66)

b (95% CI) P

TC (mmol/L) 4.73 ± 0.95 4.6 ± 0.95 4.76 ± 0.76 �0.07(�0.19, 0.04) 0.33
HDL-C (mmol/L) 1.21 ± 0.34 1.17 ± 0.31 1.12 ± 0.29 �0.04(�0.08, �0.006) 0.02
LDL-C (mmol/L) 3.1 ± 0.77 3.02 ± 0.82 3.2 ± 0.74 �0.02(�0.12, 0.08) 0.71
TG (mmol/L) 0.95 ± 0.75 0.91 ± 0.73 0.97 ± 0.57 �0.01(�0.08, 0.04) 0.57
VLDL (mmol/L) 0.4 ± 0.33 0.38 ± 0.33 0.4 ± 0.24 �0.01(�0.05, 0.01) 0.32

rs28645722 GG
(n = 420)

GA
(n = 61)

AA
(n = 5)

b (95% CI) P

TC (mmol/L) 4.67 ± 0.95 4.71 ± 0.8 4.46 ± 0.46 �0.07 (�0.3, 0.15) 0.51
HDL-C (mmol/L) 1.18 ± 0.32 1.17 ± 0.35 1.16 ± 0.48 0.009(�0.06, 0.08) 0.81
LDL-C (mmol/L) 3.08 ± 0.79 3.1 ± 0.77 2.93 ± 0.55 �0.06(�0.26, 0.12) 0.5
TG (mmol/L) 0.93 ± 0.74 0.99 ± 0.59 0.91 ± 0.4 �0.001(�0.12, 0.12) 0.98
VLDL (mmol/L) 0.39 ± 0.32 0.42 ± 0.26 0.38 ± 0.15 �0.01(�0.08, 0.05) 0.7

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; VLDL, very low-density lipoprotein. The values
given indicate means ± standard deviations.

Table 4
Relationship between LPL polymorphisms and BMI using linear regression.

rs1534649 BMI (kg/m2) b (95% CI) P

GG (2 0 7)
GT (2 1 3)
TT (66)

26.06 ± 5.5
27.03 ± 6.4
31.17 ± 8.5

2.13 (1.33–2.94) 1.7 � 10�7

rs28645722 BMI (kg/m2) b (95% CI) P
GG (4 2 0)

GA (61)
AA (5)

26.99 ± 6.5
27.86 ± 6.5
38.17 ± 9.5

1.75 (0.14–3.35) 0.03

Table 3
Multivariate analysis using linear regression model to assess the predictor factors
associated with HDL-C.

Variable b (95% CI) P

Gender 0.77 (0.73–0.82) <0.0001
Age (+1 year) 1.001 (0.99–1.003) 0.18
TG (mmol/L) 0.94 (0.9–0.98) 0.01
LPL rs1534649 0.9 (0.82–0.98) 0.02
BMI (kg/m2) 0.99 (0.9–0.98) 0.16

TG, triglyceride; BMI, body mass index; LPL, lipoprotein lipase

Table 5
Multivariate analysis using linear regression model to assess the predictor factors
associated with BMI.

Variable b (95% CI) P

Gender �0.035 (�1.18, �1.11) 0.95
Age (+1 year) 0.09 (0.05–0.13) <0.0001
TG (mmol/L) 2.01 (1.2–2.82) <0.0001
LPL rs1534649 2.13 (1.33–2.94) <0.0001

TG, triglyceride; LPL, lipoprotein lipase
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genome project for the variant rs1534649 suggesting that our find-
ings are population specific. Moreover, a positive correlation
between HDL-C and LPL activity has been previously reported with
mutations in the LPL gene resulting in LPL-deficiency showing
decreased HDL-C concentrations (Bijvoet et al. 1996). The hydroly-
sis of TG via the LPL enzyme produces remnants required for the
maturation of HDL particles such as free cholesterol, phospholipids
and apolipoproteins and therefore low activity of LPL may result in
less mature HDL (Brunzell 1995).

The association of the T-allele of rs1534649 with increased BMI
and low levels of HDL-C in our study may suggest the SNP to be
involved in lowering LPL gene activity through gene regulation.
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However, functional studies are required to assess the role of this
variant in relation to the LPL gene activity. The polymorphism
rs1534649 is located in intron one of the LPL gene. Intron one lies
between two important regions, exon one, encodes for the signal
peptide and exon two, includes the protein domain that binds
the lipoprotein substrate which are all pivotal for transportation
(Deeb and Peng 1989). A study by Pirim et al., reported that intron
one comprises the majority of variants in the LPL gene (Pirim et al.
2014). Moreover, a recent study by Al-Bustan et al., reported a sim-
ilar finding with intron one of the LPL gene to also comprise the
majority of variants, along with a novel polymorphism in an intro-
nic region to be associated with HDL-C (Al-Bustan et al. 2018). In
addition, intron one of the mouse lpl gene comprises a response
sequence element that is suggested to have a regulatory role
(Hua et al. 1991) and that the mouse lpl gene is mapped to a region
on chromosome 8 that is found to be homologous to that of
humans (Liu et al. 2008). Moreover, well studied intron one poly-
morphisms associated with obesity such as those of the fat-mass
obesity (FTO) gene have been suggested to act as long range targets
of other genes related to lipid metabolism (Smemo et al. 2014)
which may suggest our selected variant may have a similar mech-
anism. Therefore, it is possible that the variant rs1534649 is sur-
rounded by regulatory sequence elements however such claim
needs to be further validated. In addition, data from the 1000gen-
ome project indicate our variant to be in linkage disequilibrium
(LD) (r2 > 0.8) with a regulatory SNP (rs10091649) upstream the
LPL promoter region. The SNP (rs10091649) is located approxi-
mately 42 kb upstream the promoter region and is surrounded
by transcription factor binding sites suggesting a regulatory role
of our studied variant which may be acting as a proxy SNP
(Zerbino et al. 2018).

A limitation of this study is that we lacked any LPL activity mea-
sures that could be assessed with our selected SNPs. Although we
found a borderline association with HDL-C, power calculation
showed that to detect a power of 80% we require a larger sample
size. On the other hand, the strength of this study is the association
with BMI, power calculation showed that the sample size was suf-
ficient to detect a power over 80% for the relationship between
rs1534649 and BMI. Moreover, we took multiple-testing into
account to avoid any type one errors in our study.

In conclusion, this is the first study to observe an association
between rs1534649 with both BMI and HDL-C and therefore repli-
cation studies are necessary to validate our findings. Moreover, no
previous studies have reported an association between LPL poly-
morphisms and obesity in an Arab state. Such findings have major
metabolic consequences and is of great interest for understanding
the mechanisms involved in the development of obesity.
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