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ABSTRACT

High density lipoprotein cholesterol (HDL-C) particles remove fat molecules from cells which need to export fat molecules. The aim
of this study was to assess the association of SNP related to fat mass and obesity associated gene (FTO) with HDL-C change in a
subset of participated families in Tehran Lipid and Glucose Study (TLGS). In this study 914 individual (with age>3) including 126
families with size 8.49+3.10 were selected from participants in TLGS. Genomic DNA was extracted from peripheral blood using
standard salting-out method. HDL-C measured in four time point from March 1999 to December 2011 with a 3-year follow-up
period. We examine the association via a latent growth curve model. To achieve the study target we used the latent growth curve
model (LGCM) in R in TLGS family data. Adjusted association by sex and age between some FTO genes and changes of HDL-C
overtime are significant. Our findings provide basis for searching for genes affecting change in HDL-C.
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INTRODUCTION

High-density lipoproteins (HDL) are one of the five
major groups of lipoproteins. Lipoproteins are complex
particles composed of multiple proteins which trans-
port all fat molecules (lipids) around the body within
the water outside cells. They are typically composed
of 80-100 proteins per particle and transporting up
to hundreds of fat molecules per particle. Unlike the
larger lipoprotein particles which deliver fat molecules
to cells, HDL particles remove fat molecules from cells
which need to export fat molecules. The fats carried
include cholesterol, phospholipids, and triglycerides;
amounts of each are quite variable. Increasing concen-
trations of HDL particles are strongly associated with
decreasing accumulation of atherosclerosis within the
walls of arteries. This is important because atherosclero-
sis eventually results in sudden plaque ruptures, cardio-
vascular disease, stroke and other vascular diseases. HDL
particles are sometimes referred to as “good cholesterol”
because they can transport fat molecules out of artery
walls, reduce macrophage accumulation, and thus help
prevent or even regress atherosclerosis. However, studies
have shown that HDL-lacking mice still have the ability
to transport cholesterol to bile, suggesting that there are
alternative mechanisms for cholesterol removal. Also
heritability of low HDL-C is demonstrated, (Asselbergs
et al. 2012). Qureshi et al. have shown FTO genes have
association with HDL-C in Pakistani people, (Qureshi
et al. 2016).

In both epidemiological and clinical studies, as well
as the meta-analyses thereof, low plasma levels of high-
density lipoprotein (HDL) cholesterol (HDL-C) identified
individuals at increased risk of major coronary events.
In line with a causally protective effect, HDLs exert a
broad spectrum of potentially anti-atherogenic proper-
ties. Moreover, atherosclerosis was decreased or even
reverted in several animal models by transgenic over-
expression or exogenous application of apolipoprotein
(apoA-I) the most abundant protein of HDL,(Zhang et al.
2008).

However, to date, drugs increasing HDL-C, such as
fibrates, niacin, and inhibitors of cholesteryl ester trans-
fer protein (CETP), have failed to consistently and signif-
icantly reduce the risk of major cardiovascular events,
especially when combined with statins. Moreover, muta-
tions in several human genes as well as targeting of
several murine genes modulate HDL-C levels without
changing cardiovascular risk and atherosclerotic plaque
load, respectively, in the opposite direction as expected
from the inverse correlation of HDL-C levels and car-
diovascular risk in epidemiological studies. Because of
these controversial data, the pathogenic role and, hence,
suitability of HDL as a therapeutic target has been
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increasingly questioned. Because of the frequent con-
founding of low HDL-C with hypertriglyceridemia, it has
been argued that low HDL-C is an innocent bystander
of (postprandial) hypertriglyceridemia or another culprit
related to insulin resistance or inflammation, (Gordon
et al. 1977; Silventoinen et al. 2007). Genetic associa-
tion of HDL-C is demonstrated in some population,(Kim
& Lee 2013; Nirengi et al. 2016; Bandarian et al. 2016).

In the Framingham study, high density lipoprotein
is shown as a protective factor against coronary heart
disease,(Gordon et al. 1977). In some studies on Ira-
nian population, low HDL-C is reported as a risk fac-
tor of coronary artery disease(Sharifi et al. 2009; Sharifi
et al. 2008; Hatmi et al. 2007).Also Akbarzadeh et al.
have shown some genes association with HDL-C in the
Iranian people without any results about the trend of
HDL-C(Akbarzadeh et al. 2011; Alavi Majd et al. 2010).
Among Iranian people as well as Tehranian people the
topic has been proven (Zarkesh et al. 2012).

An advanced, powerful and flexible framework to
model the latent variables is structural equation mod-
eling (SEM). In recent years, in genetic analysis of longi-
tudinal family data, SEM has made significant progress.
One of these models is Morris and his colleagues that it
would be in addition to the relationships between vari-
ables over time, taking into account the simultaneous
equations to analyze genetic family data(Morris et al.
2010). The model can be able to run a wide range of
genetic models with latent variables under SEM, and in
recent months the model R package, strum, has been
released(Song et al. 2015).

According to our knowledge, up to this point about
the relationship between HDL-C changes related genes
in Iran has not been investigated. The aim of this study
was to assess the association of SNP in the gene fat mass
and HDL-C-associated gene (FTO) with HDL-C change
in a subset of participated families in Tehran Lipid and
Glucose Study (TLGS). To achieve this target we used the
latent growth curve model (LGCM) in STRUM R package
in TLGS family data.

MATERIAL AND METHODS

Population and sample: The TLGS is an ongoing longitu-
dinal large-scale community-based study, with a 3-year
follow-up period, designed to estimate the prevalence
of non-communicable disorders (NCD) and included a
representative sample of residents of 13 districts of Teh-
ran, capital of Iran. The TLGS has been implemented in
a multistage stratified (district) cluster (families) random
sampling technique, to select more than 15000 people
aged > 3 years, from March 1999 to December 2011.The
phases II, III, and IV were prospective follow-up studies
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FIGURE 1. The path diagram of the latent growth curve model p: polygenic
effects; e: random effects; I: intercept; S: slope; sqrtHDL i: Squared meas-
urement of the HDL-C at ith time point; sex and age: gender and age of

individuals.

and were performed from 2002 to 2004, 2006 to 2008,
and 2009 to 2011, respectively, (Azizi et al. 2002; Azizi
et al. 2009). A total of 14761 individuals (valid case)
were selected from the total participating cases in TLGS,
including 3980 families, with an average number of 3.38
individuals, among the phase I (baseline).

This family-based study was conducted on families
who participated in TLGS, with at least two members
affected with syndrome metabolic (Mets).The design of
TLGS includes two major components, a cross-sectional
prevalence study of CVD and associated risk factors and
a prospective 20-year follow up in five phases(14). In
the study 914 individual including 126 families with size
8.49+3.10 person from participated people in TLGS. Par-
ticipants provided informed consent and the study was
approved by the institutional ethics committees of the
Research Institute for Endocrine Sciences affiliated to
Shahid Beheshti University of Medical Sciences, Tehran,
Iran. Information on age, sex, demographic and medica-
tion usage for treatment diabetes, hypertension and lipid
disorders were collected with a standardized question-
naire.

SNP Selection and Typing: Genomic DNA was
extracted from peripheral blood using standard salting-
out method(Koshy et al. 2016). 5 selected polymorphisms
(rs708272, rs1864163, rs1558902, 1s7202116, rs9939609)
studied by Tetra ARMS method, by determining through
the NCBI site. MAF among for the five markers is mini-
mum 0.039 and maximum 0.363. Which is as follows:
Our T-ARMS assay with different inner allele specific
primers to produce allele-specific PCR products. Two
outer primers will produce a PCR product to be used as
an internal control for reaction. For all studied SNPs,
the PCR reaction was optimized in a 12.5 pl total vol-

ume containing 1.5 p DNA template, 6.25 pl Master Mix
containing (MgCl2, Smart Taq polymerase (Cinna Gene
Co; Iran) and BSA 0.1% (TaKaRa; Japan) and 2 pl primer
containing (outers and inners ) and 2.75 ul water.

Details of the primers information and final frag-
ments are mentioned in table 1. The optimized thermo
cycling conditions were as follows: 5 min at 95 °C; 10
cycles of 45 sec at 94°C, 30 sec at 63°C, and 35 sec at
72°C; followed by 25 cycles of 45 sec at 94°C, 30 sec at
61°C, and 30 sec at72°C; and final extension at72°C for 5
minutes. When the PCR products were separated by size
via agarose gel electrophoresis, each genotype generated
a special band. Accuracy of results was confirmed by
direct sequencing of 10% samples using outer primers.

Statistical Model: An advanced, powerful and flex-
ible framework to model the latent variables is structural
equation modeling (SEM).Structural equation modeling
evaluates the relationships among manifest variables,
manifest-latent variables and latent variables. Moreo-
ver the latent growth curve modeling (LGCM) has been
recently developed in longitudinal study (Bollen€t Cur-
ran 2006). One of advantage of the model is that allows
for individual changes to be analyzed in the SEM frame-
work and includes additional latent factors in the lin-
ear model for testing a linear, quadratic, cubic, or spline
growth trajectory (Xitao & Xiaotao 2005).0ne advan-
tage of this model compared to the routine analytical
methods for longitudinal data is that modeling latent
variables over time and also the intercept and slop mod-
eled as latent variables.

The recent presented SEM is capable to model a broad rela-
tionships between latent variables based linkage or association
analysis. In strum a novel score test developed. This method
is a computationally rapid test of association with many SNPs
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in GWAS data (Song et al. 2015). In this new score test, we
first assessed the null model fit without any SNPs in the model
to confirm the appropriateness of the model for the data. In
the research, HDL-C measured in 4 time point. We examined
association of 5 markers of FTO genes with change of HDL-C
in Tehranian pedigrees using strum R package.

The graphical representations of analysis model with
latent variable for longitudinal HDL-C are shown for the
latent growth curve model in figure 1. Variable sqrtHDL-
C is the main trait values corrected for the use of nor-
mality. Nodes marked with: “p” are polygenic effects,
and “e” are random effects. “I” is the intercept and S is
the slope.

After removing the SNPs with no variation in the data
set or with no score test results, the remaining 18 SNPs
were tested for association with the main trait by coding
additively as 0, 1, or 2 based on the minor allele count.

RESULTS AND DISCUSSION

The genomic inflation factors were 1.01 and 1.02 for
each model. The MAF (minor allele frequency) of all
SNPs are greater than 5% and they are informative for
association analysis. Also the CFI (comparative fit index)
of the conceptual model was 99% shown that the model
had good fitness. The association between 5 FTO markers
and slop of HDL-C was significant (ie, P value<1.0e-5).
Table 1 shows the characteristics and P values.

Changing in HDL-C in human is certainly under
genetic influence(Kim € Lee 2013; Nirengi et al. 2016;
Bandarian et al. 2016). Actually, the changes of HDL-C
is a latent variable. A preferable understanding way to
the change discovery is measuring by natural indica-
tor such as HDL-C. The study is the first to simultane-
ously analyze level and change in HDL-C using a popu-
lation-based longitudinal study of individual including
families. We found a siginificant genetic influence on
change in HDL-C for four known markers. The modeling
assumes that long-term (15 year) individual HDL-C tra-
jectories in the four waves of young adults aged 3-83
years at baseline is adequately described by individual
initial level and rate of change.

Table 1. SNPs associated with HDL-C in
analysis models

SNP Al MAF P value
15708272 G/T 0.1232 3.320E-16
rs1558902 | G/T 0.1102 2.045E-13
157202116 C/T 0.1851 1.489E-06
1s9939609 | T/T 0.1448 2.276E-06
1s6696438 | C/T 0.1476 4.462E-06
Al: major/minor alleles; MAF: minor allele frequency
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CONCLUSION

Our findings provide basis for searching for genes
affecting change in HDL-C. We assume that the genetic
influence on change in HDL-C has a polygenic origin
with finite known markers. However, trying to identify-
ing genetic variants for HDL-C change may be require
a whole human genome wide scan in the target popula-
tion.
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