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Abstract

Background: Lipid metabolism depends on Lipoprotein
lipase enzyme whose variants were reported associated with
type 2 diabetes mellitus (T2DM) and obesity. The lipoprotein
lipase (LPL) gene was linked to lipoprotein metabolism, while
its pathogenic genetic variants were linked to obesity, insulin
resistance (IR) and so diabetes.

Aimof Study: To study the association between LPL
(rs1801177, rs320) variants and diabetes regarding disease
incidence and susceptibility to obesity.

Patients and Methods: This case control study included
280 subjects, T2DM (n=140) compared to healthy control
subjects (n=140). Lipoprotein lipase variants (rs1801177,
rs320) across the lipoprotein lipase gene were genotyped
by real-time PCR using the TagMan allele discrimination

assay.

Results: The studied variant genotypes frequency was
significantly different between diabetic and non diabetic
subjects, p-value=0.008 & 0.034 for rs1801177, rs320, re-
spectively. A significant association was detected between
LPL genersl801177 & rs320 variants and BMI, waist
circumference and HbA1C, FBG, TG & HDLc. There'sa
positive correlation between BMI and LPL rs 1801 177 variant
(r=0.367, p=0.001), There's a moderate positive correlation
between waist circumference and LPL rs1801177 variant
(r=0.383, p=0.001), positive correlation with FBG (r=0.342,
p=0.001), positive correlation with HbA1c (r=0.405, p<0.001)
and a moderate positive correlation between TG level and
LPL rs1801177 variant (r=0.464, p=0.025). A weak negative
correlation between HDL level and LPL rs320 variant
(r=—0.225, p=0.007).

Conclusions: Both variants were significantly associated
with parameters related to obesity and T2DM (BMI, waist
circumference, FBG, HbA1c, TG & HDLc). Dueto the poly-
genic nature and the high prevalence of obesity & T2DM,
further studies with larger study population are needed to
assess our results.
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Introduction

INCREASED insulin resistance and decreased
insulin secretion, the two pathogenic alterations
that determine the development of type 2 diabetes
mellitus (T2DM), are impacted by a number of
variables, including hereditary and environmental
ones. Increased adipose tissue storage as a result
of dysfunctional lipid metabolism eventually leads
to obesity, and consequently increased risk of
T2DM development. Lipoprptein lipase (LPL)
play asignificant role in the transport, storage, and
hydrolysis of triglyceridesin the form of chylom-
icrons and low-density lipoprotein plasma 1] .

Changesin the LPL normal function could
result in an increase serum free fatty acids, meta-
bolic disorders development is limited aslong as
excess fats can be stored in adipose tissue. Once
the adipocyte storage capacities are exceeded, fat
accumulates in muscle and liver cells, which could
then result in insulin resistance or aloss of insulin
sensitivity in tissues, which could speed up the
development of type 2 diabetes [2].

The LPL geneisfound on the chromosome 8
(8p22) with a 35kb length, that consists of 10
exons. Many variations are found in the coding
and non-coding regions of this gene [3].

Number of single-nucleotide variants (snv) in
the LPL gene have been described. Some of those
variants were related to disturbed lipid concentra-
tion. Several gain-of-function mutationsin LPL
have been associated with lower plasmartriglycer-
ides, aswell, confirming itsrolein triglyceride
metabolism [4].

Interestingly, several SNVswereidentified in
the introns and exons of LPL gene and were re-
ported to be associated with triglyceride levels and
T2DM in Mongolian, Russian, Brazilian popula-
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tions but no association was reported in Chinese
population [5].

The purpose of our work is thusto study the
association between LPL (rs1801177, rs320) var-
iants and diabetes regarding disease incidence,
susceptibility to obesity which will allow usto
design a predictive system for the dydlipidemia
treatment using gene variation, family history of
diseases and anthropometric indicators. To the best
of our knowledge, thisisthefirst study in Egypt
on those variants regarding diabetes and obesity
patients.

Patients and M ethods

Study population:

Our study was case control one conducted over
8 months from January 2021 to October 2022. The
study including 280 participants; 140 patients with
T2DM who were recruited from the Diabetes Out-
patient Clinic, Kasr Al-Ainy Hospital and 140
normal healthy age and sex matched subjects as a
control group. Patients with T2DM should have
either Fasting blood glucose (FBG) levels of
2126mg/dL and/or postprandial glucose levels of
>200mg/dL and/or hemoglobin Alc (HbAlc) levels
of >6.5%, patients with other endocrinological
disorders as thyroid disorders were excluded. The
study was approved by Ethical committee of the
Kasr Al-Ainy, faculty of Medicine (MS-22-2022)
and all patients and controls gave awritten in-
formed.

Sample size:

G* Power software was used for sample size
calculation [6] . Primary outcome measure is the
relationship between gene variant and T2DM and
obesity. Using two-way ANOV A with two factors
(main effects), we will get 2 possible groups (2
levelsfor factor A * 2 levelsfor factor B) and an
interaction (numerator) degree of freedom of one
([2-1] * [2-1]). So, itiscalculated that a sample
size of 140 patients and 140 control (total 280
patients) achieves 80% power to detect a medium
effect size (Cohen f) of 0.28 assuming a numerator
degree of freedom of 1 and a confidence level of
95% (alphaerror of 0.05).

Data collection:
Sudy participants wer e subjected to:

- Detailed history, including associated co-
morbidities and current treatment. Careful clinical
examination with anthropometric measurement
including: Height, weight and waist circumfer-
ence measurement.
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- Routine laboratory tests including FBG, HbA1c,
HDL cholesterol and triglycerides levels.

- DNA Extraction and Genotyping: Three ml pe-
ripheral venous blood samples were collected
into sterile Ethylene di amine tetra acetic acid
(EDTA) vacutainer tubes. According to the man-
ufacturer's recommendations, genomic DNA was
isolated from the whole blood using a QIAamp
DNA blood mini kit (Qiagen, Germany) and
stored at 20° C. Genotyping of the (rs1801177)
and (rs320) of LPL gene was done across all
participants sample sets using the TagMan Allelic
Discrimination Assay Kit (probe ID
C__ 8804865 30and C__ 1843003_10) respec-
tively, Applied Biosystems, Foster City, CA,
USA); and these SNPs were analyzed on StepOne
Real-Time Polymerase Chain Reaction System
(Applied biosystems CA 94404, Foster City,
USA).

Satistical methods:

The statistical package for the social sciences
(SPSS) (IBM Corp., Armonk, NY, USA) used for
quantitative values, standard deviation, mean, and
median. Frequencies and percentages used for
categorical variables. For comparisons of normally
distributed quantitative variables unpaired t test
or ANOVA analysis were used, for the multiple
comparisons post hoc test was used. When the
expected frequency islessthan 5, Chi square test
was used to compare categorized data [7]. Correla-
tions between quantitative variables were cal cul ated
by Pearson correlation coefficient. To identify
independent predictors of BPA, linear regression
analysis was used. Results with p-values less than
0.05 were defined as Statistical significance.

Results

This study consisted of 280 participants; divided
into two groups as the following: 140 diabetic
patients, and 140 healthy control subjects.

There'sasignificant statistical difference be-
tween diabetic patients and control subjects regard-
ing BMI, waist circumference, FBG, TG (p-value
<0.001).

There's asignificant difference between diabet-
ics and control groups regarding both genes vari-
ants. LPL rs 1801177 genotypes AA, AG, GG
distribution was 84.3%, 9.3%, 6.4% in diabetic
patients versus 71.4%, 22.9%, 5.7 in the control
group, p-value=0.008. Similarly LPL geners 320
AA, AT and TT distribution was 47.1 %, 43.6%
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and 9.3% versus 62.1%, 32.9% and 5% in the
diabetic and control group respectively, p-value=
0.034.

In diabetic patients, rs 1801177 mutant variant
was significantly associated with BMI and waist
circumference, HbAlc, FBG, TG, p-value <0.001.
There's was also a significant association between
geners 1801177 variant and HDLc, p-value=0.01.
Furthermore, in the control subjects rs1801177
mutant variant was associated with BMI, p-value
=0.031 & waist circumference, p-value=0.007 and
TG, p-value=0.017.

Regarding LPL rs320 variant in diabetic pa-
tients, the mutant variant was significantly associ-
ated with BMI (p-value=0.029), waist circumfer-
ence (p-value=0.037), HbA1C (p-value=0.002),
FBG (p-value=0.001), TG (p-value=0.01) and
HDLc (p-value=0.02). In Addition, control subjects
with the mutant variant of LPL rs 320 had signifi-
cantly higher FBG (p-value=0.045) and significant-
ly lower HDLc (p-value=0.004).

There's a positive correlation between BMI and
LPL rs 1801177 variant (r=0.367, p=0.001), There's
amoderate positive correlation between waist
circumference and LPL rs 1801177 variant ( r=0.383,
p=0.001), positive correlation with FBG ( r=0.342,
p=0.001), positive correlation with HbA1c
(r=0.405, p<0.001) and a moderate positive corre-
lation between TG level and LPL rs 1801177 variant
(r=0.464, p=0.025). A weak negative correlation
between HDL level and LPL rs320 variant
(r=-0.225, p=0.007).
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Table (1): Characteristics of clinical and biochemical param-
eters of studied diabetic and control subjects.

glazbe?)ttlg Control p-
(N0.=140) (No.=140) value

Sex (No., %):

Male 63 (45%) 66 (47.1%) 0.550a

Female 77 (55%) 74 (52.9%)
Age:

(Mean=SD) 49.17+10.96 48.35+10.98 0.535b
BMI:

(Median, IQR) 36.69,8.15 33.57,8.83 <0.001°¢
Waist circumference:

(Median, IQR) 96.75, 11 90, 12.75 <0.001¢
HbAL C:

(Median, IQR) 7.75,207 49,06 <0.001¢
FBG:

(Median, IQR) 169.5, 97.75 103, 22.5 <0.001¢
Age of onset of T2DM:

(Median, IQR) 43,15 -
TG:

(Median, IQR) 205,93.75 107,21 <0.001¢
HDLc:

(Median, IQR) 27,11 275,9 0.238¢
Oral antidiabetics 140 (100%) -

(No., %)

Combined ora 86 (61.4%) — -

+Insulin (No., %)

BMI : Body massindex.
HbA1c: Hemoglobin Alc.

FBG : Fasting blood glucose.
T2DM : Type 2 diabetes mellitus.
TG : Triglycerides.

HDLc : High density lipoprotein cholesterol.

a: Chi-sguare test.
b: Independent samples t-test.
¢: Mann-whitney test.

Table (2): Genotype distributions of LPL rs 1801177, and LPL rs320 gene variant in the

study groups expressed.

Genotype/ Diabetic patients Control non diabetic p-
Gene/SNP haplotype (No.=140) (No.=140) value*
LPL rs1801177  Wild (AA) 118 (84.3%) 100 (71.4%) 0.008

Hetero (AG) 13 (9.3%) 32 (22.9%)

Mutant (GG) 9 (6.4%) 8 (5.7%)
LPL rs320 Wild (AA) 66 (47.1%) 87 (62.1%) 0.034

Hetero (AT) 61 (43.6%) 46 (32.9%)

Mutant (TT) 13 (9.3%) 7 (5%)

*: Chi-square test.
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Table (3): Relation between LPL Rs1801177 gene variants and demographic and biochemica parameters among the study

groups.
) LPL Rs1801177 p-
Variable Group value
Wild Mutant Hetero
Sex:
Male Gl 57 (48.3%) 4 (44.4%) 9 (69.2%) 0.786a
Female 61 (51.7%) 5 (55.6%) 4 (30.8%)
G2 60 (54.1%) 3(33.3%) 11 (55%) 0.478a
51 (45.9%) 6 (66.7%) 9 (45%)
Age: Gl 49,50+ 11.14 47.55+12.5 46.46+8.16 0.422c
(MeantSD) G2 48.08+ 10.69 53.11+14.93 47.75+10.74 0.406¢
BMI: Gl 36.01, 8.06 40, 6.33 39,115 <0.001b
(Median, IQR) G2 33.9,8.25 27.2,9.46 29.39, 7.6 0.031b
Waist circumference: Gl 95.5, 9.526 109, 22.5 105, 6 <0.001b
(Median, IQR) G2 91, 10 83,125 89.5, 11.5 0.007b
HbA1 C: Gl 7.8,2.15 8,12 7.3,1.25 <0.001b
(Median, IQR) G2 4.9, 0.57 5.1,0.5 4.8,0.7 0.214b
FBG: Gl 169.5, 110.25 185.5, 80.5 165, 58.5 <0.001b
(Median, IQR) G2 105, 16 100, 32.5 100, 17 0.488b
Age of onset of DM: Gl 43,15 45,105 42, 10.25 0.817b
(Median, IQR)
TG: Gl 198, 66 380, 164.5 250, 132 <0.001b
(Median, IQR) G2 107,21 100, 2 107, 18.75 0.017b
HDL: Gl 27,11 14,85 30,9 0.01b
(Median, IQR) G2 27,9 30, 3.75 28,9.5 0.054b

BMI  : Body massindex.
HbA1 ¢ : Hemoglobin Alc.
FBG : Fasting blood glucose. HDLc : High density lipoprotein cholesterol.

TG

T2DM : Type 2 diabetes mellitus.
: Triglycerides.

a: Chi-sguare test.

b: Kruskal-wallis test.
c: Oneway ANOVA test.

G1: Among diabetic group.

G2: Among control group.

Table (4): Relation between LPL Rs320 gene variants and demographic and biochemical parameters among all study

groups as expressed.
Variabl G LPL Rs320 p-
ariable roup
Wild Mutant Hetero value
Sex:
Mae Gl 31 (47%) 5 (38.5%) 34 (55.7%) 0.366a
Female 35 (53%) 8 (61.5%) 27 (44.3%)
G2 47 (54%) 4 (57.1%) 24 (52.2%) 0.797a
40 (46%) 3 (42.9%) 22 (47.8%)
Age: Gl 48.5+10 50.6+ 13.56 495+115 0.758¢
(Mean=SD) G2 48.93+10.58 43.71+10.78 47.97+11.78 0.541¢
BMI: Gl 36.19, 8.32 39,4.12 35.5, 10.05 0.029b
(Median, IQR) G2 34.78, 8.6 37.46,9.5 314,82 0.918b
Wiaist circumference: Gl 97.25, 12 105, 135 95, 8 0.037b
(Median, IQR) G2 90, 13 92,10.75 89,5 0.191b
HbA1 C: Gl 7.75,2.72 11,6.15 74,12 0.002b
(Median, IQR) G2 49,0.7 48,08 4.9, 0.525 0.231b
FBG: Gl 165, 107.5 300, 166 155, 80.5 0.001b
(Median, IQR) G2 103, 24 103, 36 101, 15.25 0.045b
Age of onset of DM: Gl 42,14.25 45,16 44,14.5 0.894b
(Median, IQR)
TG: Gl 233, 111.25 241, 1925 190, 73 0.010b
(Median, IQR) G2 107, 19 98, 23 102, 10 0.558b
HDL: Gl 29, 12.25 21,13 27,11 0.020b
(Median, IQR) G2 33,3 24,9.25 27,9 0.004b
BMI  : Body massindex. T2DM : Type 2 diabetes mellitus. a: Chi-sguare test. G1: Among diabetic group.
HbA1 ¢ : Hemoglobin Alc. TG : Triglycerides. b: Kruskal-wallis test. G2: Among control group.

FBG : Fasting blood glucose. HDLc : High density lipoprotein cholesterol.  ¢c: One way ANOVA test.
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Table (5): Correlation between LPL Rs1801177, and LPL
Rs320 gene polymorphism and demographic and
biochemical parameters among diabetic group.

H * p-
Variable Genotype r value
Age LPL Rs1801177 -0.088 0.3

LPL Rs320 0.05 0.558
BMI LPL Rs1801177 0.367 0.001
LPL Rs320 0.074 0.384
Waist circumference  LPL Rs1801177  0.383 0.0001
LPL Rs320 0.011 0.896
FBG LPL Rs1801177 0.342 0.001
LPL Rs320 0.109 0.199
HbA1C LPL Rs1801177  0.405 0.001
LPL Rs320 0.107 0.208
TG LPL Rs1801177 0.464 0.001
LPL Rs320 -0.096 0.257
HDLc LPL Rs1801177  0.007 0.936
LPL Rs320 -0.225 0.007

BMI : Body massindex.
HbA1c: Hemoglobin Al c.

FBG : Fasting blood glucose.
T2DM : Type 2 diabetes mellitus.
TG : Triglycerides.

HDLc : High density lipoprotein cholesterol.

*: Spearman correlation.

Discussion

Obesity isahighly prevalent health issue with
great impact on the society, health facilities, it's
associated with increased risk of other comorbid-
itiesincluding insulin resistance and T2DM [g].

Various variants of LPL gene have been linked
to changesin TG and HDL-C levelsin obese
individuals. Previous studies have also demonstrat-
ed that people with different BMIs had variable
LPL activity in addition to variable insulin level
and activity. Collectively, these studies could ex-
plain an interaction between LPL genotype and
obesity, insulin resistance & T2DM [9,10].

Our study was aiming to investigate whether
or not LPL gene (rs 320) and (rs 1801177) variants
were associated with association T2DM and obesity
susceptibility.

We detected a statistically significant difference
between diabetic and non diabetic subjectsin LPL
rs 1801177 genotypes AA, AG, GG distribution,
as the frequency was 84.3%, 9.3%, 6.4% in diabetic
patients versus 71.4%, 22.9%, 5.7 in the control
group, p=0.008. Similarly LPL geners 320 AA,
AT and TT distribution was 47.1%, 43.6% and
9.3% versus 62.1%, 32.9% and 5% in the diabetic
and control group respectively, p=0.034.
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In our study, LPL (rs 1807711) was associated
with dyslipidemiawith triglyceride-rich lipoprotein
metabolism and lipoprotein remodeling including
HD, as patients with the mutant variant had statis-
tically significant higher levels of TG, lower levels
of HDL than other variants. Interestingly, this
difference was also evident in the TG levelsin non
dydlipidimic control subjects. Similar to our study
significant association was found in the study done
by Marateb et al. [11].

Whilein the study of Izar et al. [12], thelipid
parameters in diabetic patients were not affected
by LPL (rs 1801177) variant.

We found significant association between L PL
(rs 1801177) variant with high fasting blood sugar
and HbA1C in diabetic patients having the mutant
variant (p<0.001).

Lottaet al., [13] findings were similar to ours
where LPL( rs1801 177) minor allele (MAF=1.9%)
in the patients was associated with lower insulin
sensitivity, higher fasting glucose, higher levels
of liver markers and higher risk of type 2 diabetes
(p=0.0086).

Regarding LPL (rs320) variant our study re-
vesaled a significant association between the mutant
variant and BMI of the patients ( p=0.029). Aswell
aswaist circumference (p=0.037), high HbA1C
level (p=0.002) and high FBG (p<0.001). The
mutant variant was al so associated with higher
TG, Lower HDL in diabetic patients (p=0.01, p=
0.02) respectively. Further more control subjects
with the mutant variant had lower HDL levels
(p=0.003).

These data are consistent with the results ob-
tained by others such as Bushuevaet al., [14] in
the Russian population, Javorsky” et a. [15] in the
Slovak population, and Vardarl et a. [16] in the
Turkish population. They showed that the mutant
genotype of the rs320 locus of the LPL geneisa
marker for the development of T2DM and dyslip-
idemia without possible relationship with gender
was identified.

Similar results were also detected by Hubacek
et al., and Kahn et al., who reported that L PL
(rs320) variant was associated with hypertriglyc-
eridemiaand T2DM among Russian and Mexican
population [17,18] .

On the other hand, Kochetova et a., [10] studied
LPL (rs320) variant in 930 Russian individuals
and they didn't detect an associations with anthro-
pometric parameters. However, similar to our
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results the mutant variant is arisk factor for the
development of T2DM in individuals with normal
body weight.

In contradiction, Durgawale et al., showed no
association between LPL (rs320) variant and the
occurrence T2DM [1].

Oppositeto our findingswereHe T et a., who
suggested that therisk allele for LPL (rs320) variant
wasthe T allele [19] and that the G/A (minor alleles)
allele exerts a protective role in the populations of
Asia, but not Europe, since Europeans have a
reverse relationship with the G alele. Aswe have
found.

Similar studiesin Saudi and Chinese Han pa-
tients failed to report any association with devel-
opment of T2DM [20,21] . Another interesting study
among Polish and Russian athletes showed that
rs320 SVP has variable phenotypic effects of T2DM
depending on the type and intensity of physical
activity [22].

Conclusion:

In our study, LPL (rs1801177) and LPL (rs320)
variant distribution were significantly different
between diabetic and non diabetic subjects. Both
variants were significantly associated with param-
etersrelated to obesity and T2DM (BMI, waist
circumference, FBG, HbA1c, TG & HDLc). Even
in the non diabetic subjects, the studied variants
were associated with some of these parameters.
Due to the polygenic nature and the high prevalence
of obesity & T2DM, further studies with larger
study population are needed to assess our results.
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