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Abstract

Background—Plasma high density lipoprotein (HDL) cholesterol (HDL-C) concentration is
highly heritable but is also modifiable by environmental factors including physical activity. HDL-C
response to exercise varies among individuals, and this variability may be associated with genetic
polymorphisms in the key regulators of HDL metabolism including endothelial lipase (LIPG).

Methods—We examined associations between variants LIPG T1111 (rs2000813) and LIPG i24582
(rs6507931), HDL and television viewing/computer use (“screen time”) as a marker for physical
inactivity in a population with high prevalence of metabolic syndrome. Subjects consisted of 539
White men and 584 women (mean £ S.D., 49 £ 16 years) participating in the GOLDN study.

Results—We did not observe an association with either LIPG SNP or HDL independently of screen
time. In multi-adjusted linear regression models, HDL interacted significantly with screen time as a
continuous variable in LIPG i24582 subjects with TT genotype (P < 0.05). By dichotomizing screen
time into high and low levels, we found significant genotype-associated differences in HDL in women
but not men. When screen time was >2.6 h/day, the concentrations of total HDL-C, large HDL, large
low density lipoprotein (LDL) were lower, the concentration of small LDL was higher and HDL and
LDL particle sizes were smaller in subjects with LIPG i24582 TT compared to CT and CC subjects
(P <0.05).

Conclusions—We found a significant gene-physical inactivity interaction for HDL and some LDL
measures for the LIPG 124582 polymorphism. Higher levels of physical activity may be protective
for HDL-C concentrations and low activity detrimental in LIPG i24582 TT individuals, especially

in women.
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1. Introduction

Low concentration of HDL-C is a primary independent risk factor for cardiovascular disease
(CVD). Reduced HDL-C concentration has become increasingly relevant in the context of
growing prevalence of overweight and metabolic syndrome because these conditions are often
associated with low HDL. Moreover, the distribution of HDL subfractions provides a more
refined tool for predicting CVD risk than total HDL-C concentration. Distributions shifted
towards larger particles confer greater protection [1].

Plasma HDL-C concentration is highly heritable, estimated at 50% [2], and many of its
identified genetic contributors function in cholesterol metabolism [3]. Genetic variants of
endothelial lipase (LIPG), a member of the triglyceride lipase family which also includes
hepatic lipase and lipoprotein lipase, are associated with HDL-C concentration [4,5].
Endothelial lipase (LIPG) preferentially hydrolyzes phospholipids, and decreases HDL
apolipoprotein through dose-dependent catabolism in an animal model [6].

Functional studies of LIPG in humans have demonstrated relationships between inflammation
and LIPG [7,8]. Further, plasma LIPG is positively correlated with features characterizing the
chronic inflammatory condition of metabolic syndrome. Obesity, triglycerides and
hypertension were positively associated with LIPG concentration and HDL-C negatively
associated with LIPG in overweight subjects [9].

In spite of the significant heritability of HDL-C concentration and the influence of traits such
as obesity, HDL-C is modifiable through behavioral factors including physical activity,
alcohol, smoking and diet [10]. While increased physical activity is associated with modestly
increased HDL-C, and increased television viewing, a proposed measure of physical inactivity,
is associated with decreased HDL-C [11], individual HDL-C responses to activity are highly
variable [12].

Genetic variants may contribute to inter-individual variability in HDL-C response to exercise
training as they do to baseline HDL-C [13]. Whether or not LIPG variants with a strong baseline
association for HDL-C will interact with exercise training isunknown. LIPG T1111 (Thr111lle)
and LIPG i24582 (T+2864C/In8) were among 20 LIPG SNPs identified through sequencing
of LIPG in a small population with HDL-C > 90th percentile, suggesting that their influence
on HDL-C may be substantial [5]. In a subsequent resequencing analysis in a larger, ethnically
variable population, the association of both SNPs with HDL-C was confirmed. In that study,
LIPG i24582 exhibited the strongest association with HDL-C compared to 6 other LIPG SNPs,
and, along with another intronic SNP, defined a haplotype present in 24% of the population
[15]. However, whether the LIPG i24582 association with HDL-C might be augmented by
habitual physical activity is unknown. For the second SNP of interest, LIPG T111l, exercise
training was previously shown to modulate HDL-C differentially according to genotype [14],
and we sought to replicate those results. Therefore, in the current study, we examined
associations between 2 LIPG variants, LIPG T111l and LIPG i24582, HDL and LDL
cholesterol, and physical inactivity in a population with high prevalence of overweight and
metabolic syndrome.
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2. Methods

2.1. Study design and subjects

Study subjects were recruited from the NHLBI Family Heart Study [16] to participate in the
Genetics of Lipid Lowering Drugs and Diet Network (GOLDN) Study. The GOLDN study
was designed to evaluate genetic factors that modulate dietary and fenofibrate responses, and
its methods have been previously described [17]. Study sites were located in Minnesota and
Utah and the predominantly White subjects were genetically similar. Study protocol approval
was obtained from the Human Studies Committee of Institutional Review Board at the
University of Minnesota, University of Utah, and Tufts University/New England Medical
Center. All participants provided written informed consent. Questionnaires were used to collect
demographic, lifestyle, medical history, medication and dietary data. Lifestyle data included
the number of hours per day spent viewing television or using a computer (referred to
subsequently as “screen time”) as a measure of physical inactivity.

2.2. Laboratory methods

Total concentrations, large and small particle concentrations, and particle size were measured
for HDL and LDL cholesterol. HDL-C was measured using a cholesterol esterase, cholesterol
oxidase reaction (Roche Diagnostics) on the Hitachi 911. Low density lipoprotein cholesterol
was measured using a homogenous direct method on the Hitachi 911. Lipoprotein particle size
and particle concentration were measured using proton nuclear magnetic resonance
spectroscopy. Repeatability was assessed by analyzing duplicate samples from 5% of
participants and was determined to be >90% for all lipids. Detailed laboratory methods,
including definitions for particle size, have been previously described [17].

2.3. Genetic analysis

Genomic DNA was isolated from peripheral blood lymphocytes by standard methods.
Endothelial lipase SNPs LIPG T111l (rs2000813) and LIPG 124582 (rs6507931) were
genotyped using the ABI Prism TagMan multiplex system (Applied Biosystems, Foster City,
California). Linkage disequilibrium (LD) between the two SNPs was estimated as a correlation
coefficient (r2) in unrelated subjects using Haploview software version 4.0 [18].

2.4, Statistical analyses

All continuous variables were examined graphically for normal distribution. The relationship
between LIPG genotype and screen time on plasma lipids were evaluated by analysis of
variance techniques. We used the generalized estimating equation (GEE) approach with
exchangeable correlation structure implemented in the SAS GENMOD procedure to adjust for
familial relationships. Interactions between screen time and LIPG polymorphisms were tested
in a multi-adjusted interaction model controlling for potential confounders including age,
alcohol, smoking, diabetes, hormone use in women, anti-lipemic medication, total energy, total
fat intake, sugar intake and test site. The population mean value for screen time was used to
dichotomize this variable into high and low levels. Screen time was also evaluated as a
continuous variable by computing predicted values for each subject from the adjusted
regression model and plotting the predicted values against screen time by genotype. Analyses
were performed for the whole sample and separately by sex using SAS (Version 9.1 for
Windows). A P value of 0.05 was considered significant.

3. Results

Subject characteristics are presented in Table 1. Abdominal obesity prevalence is higher and
metabolic syndrome prevalence is lower in women than in men. Genotype frequencies for the
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two LIPG SNPs did not deviate from Hardy-Weinberg equilibrium expectations. Minor allele
frequency for LIPG 124582 (C) was 0.45 and for LIPG T1111 (A) was 0.27. Evaluation of
linkage disequilibrium (LD) between the two SNPs revealed an r2 value of 0.257, indicating
weak LD.

We did not observe associations between plasma lipids and LIPG T111I independently of
“screen time” (representing combined television viewing/computer use). For LIPG i24582, the
minor C allele was associated with lower small LDL particle concentration (P = 0.042) in
women but no significant associations were observed in men (Table 2). Interactions between
physical inactivity and both SNPs were examined by dichotomizing screen time according to
the mean population value and evaluating relationships to plasma lipids. We did not observe
significant interactions between LIPG T111I and screen time for HDL or LDL.

For the LIPG 124582 SNP, significant interactions for screen time and lipids were observed in
women but not in men nor in the combined population (Table 3). Screen time was dichotomized
based on the population mean for women into high (>2.6 h/day) and low (<2.6 h/day) levels.
Significant interaction terms between screen time and genotype in women were obtained for
total HDL-C (P =0.0003), large HDL particles (P = 0.0003), HDL particle size (P = 0.0007),
large LDL particles (P = 0.001) and LDL particle size (P = 0.025) (Table 3). Adjustments for
potential confounders included age, waist circumference, smoking, alcohol, diabetes, anti-
lipemic medication, hormone use, test site, total energy, fat and sugar intake. For women with
high screen time (>2.6 h/day) reflecting a low level of physical activity, significant differences
in lipid values were observed with lower concentrations of total HDL-C (P = 0.005), large
HDL particles (P = 0.003), large LDL (P = 0.026), higher concentration of small LDL (P =
0.023) and smaller HDL size (P = 0.005) and LDL size (P = 0.025) in TT subjects compared
to CC and CT subjects (Table 3). Inwomen with low physical activity, TT genotype contributes
0.6% of the variance in total HDL-C. No significant differences in HDL or LDL between TT
compared to CC and CT subjects were observed at low levels of screen time.

We further examined interactions between inactivity and LIPG genotype in women by
evaluating total HDL-C at tertiles of screen time for TT subjects and for C allele carriers for
LIPG i24582. For TT subjects only, HDL-C decreases significantly as screen time tertile
increases (P for trend, 0.002, data not shown).

We also examined interactions between screen time as a continuous variable and LIPG 124582
on HDL in women. Predicted values for HDL-C are plotted against screen time for TT subjects
(P =0.004) and C allele carriers (P = 0.639) for LIPG 124582 in Fig. 1. As screen time increases,
HDL-C is decreased significantly in TT subjects but not in subjects carrying the C allele.

4. Discussion

We have identified a significant interaction between the LIPG i24582 polymorphism and
screen time in women, in which a high level of television viewing/computer use, a proposed
marker for low physical activity, was associated with significant differences in HDL and LDL
measures between LIPG 24582 genotypes. When screen time was >2.6 h/day, total HDL-C
concentration, large HDL concentration, HDL size, large LDL concentration and LDL size
were lower and small LDL concentration was higher in women with TT genotype compared
to CT and CC genotype. Each of these interactions reflects a more atherogenic lipid profile for
women lacking the C allele in the context of low levels of physical activity. Associations
between a LIPG polymorphism and HDL measures were not apparent when the population
was considered in its entirety, independently of screen time, and were not observed in men.

Considerable variability in individual HDL-C response to activity level or exercise training
has been documented [12]. Genetic contributors to this variability strongly overlap with
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modulators of baseline HDL-C concentration including APOAL and hepatic lipase (LIPC)
[13,19]. In a previous study investigating relationships between LIPG, HDL and exercise,
LIPG T1111 was shown to be associated with altered baseline and exercise-associated increases
in total HDL-C, with trends for altered HDL subfractions [14]. In the current study, no
significant associations in HDL were observed with this SNP, but associations for another SNP,
LIPG i24582, were observed for women with high screen time. Differences between the
previous intervention study and current cross-sectional study could be related to population
phenotypic differences and differences in study design. Specifically, in the previous study,
subjects were limited to those with BMI < 37 mg/kg?, diabetics, smokers and those with CVD
were all excluded, women were required to be at least 2 years past menopause, and subjects
were not using medications which could alter lipoprotein concentrations. Further, intervention
subjects also received extensive dietary instruction designed to shift them towards the
American Heart Association Step 1 Diet, and weight loss was achieved in both genotype
groups. In contrast, these exclusions and dietary interventions were not applied in the GOLDN
population, where the high prevalence of overweight and metabolic syndrome may mask
potential genotype interactions.

Mechanisms by which activity level could interact with endothelial lipase to modulate HDL
are unclear but may involve inflammation, which is related to endothelial lipase in the
endothelium and systemically [9,20-22]. Endothelial lipase concentrations are not available
for our population, so we cannot evaluate relationships between inflammatory markers,
endothelial lipase concentration or activity and LIPG genotype. However, growing evidence
including upregulation of LIPG m-RNA and activity by inflammatory mediators,
demonstration of endothelial lipase-mediated catabolism of HDL in an animal model and a
positive association between endothelial lipase concentration and metabolic syndrome suggest
that inflammation modulates endothelial lipase [9,21,22]. In contrast, exercise training
attenuates the pro-inflammatory effects which are associated with overweight as demonstrated
by interventions which decrease inflammatory markers [23]. However, without measurement
of endothelial lipase concentration or activity, the proposed mechanisms remain theoretical.

An alternative and similarly hypothetical mechanistic explanation for the association between
activity and endothelial lipase is suggested by two independent but related lines of research.
In cultured endothelial cells, mechanical forces such as fluid shear stress increased endothelial
lipase mMRNA [24]. In support of this in vitro evidence, endothelial lipase MRNA expression
was greater in hypertensive animals [25]. One possibility is that altered physical forces
associated with elevated blood pressure could modify endothelial lipase concentration or
activity. Altered endothelial shear stress may also result from exercise, and adaptations to these
mechanical forces may alter gene expression and synthesis of mediators which regulate
endothelial function [26-28]. In addition to local, physically mediated effects of exercise on
the endothelium, exercise reduces blood pressure [29] which is often elevated in overweight
subjects. Integration of these findings linking shear stress, exercise, hypertension, and
endothelial lipase concentrations suggest complex interrelationships in which endothelial
lipase-mediated HDL-C concentration could be a clinically important by-product of
hypertension and a sedentary lifestyle.

The reasons that the observed associations and interactions were limited to women are unclear,
but similar gender-specific results have been reported in other studies investigating television
viewing and CVD risk. Television viewing of >20 h/week increased the risk of metabolic
syndrome, in women but not men across all levels of physical activity [30]. In another study,
HDL-C in women but not men was significantly negatively correlated with television viewing,
implying a different relationship between television and metabolic risk according to gender
[11]. Gender-specific differences in metabolic outcomes may reflect differences in complex
behaviors. In women but not in men, television watching is positively associated with other
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sedentary behaviors and negatively associated with leisure time physical activity, implying
that television is a better marker of overall physical activity in women than in men [31].

There are several limitations to the current cross-sectional study, one is its use of television
viewing and computer use (screen time) as a marker of low physical activity, and we recognize
that screen time and activity are not necessarily completely reciprocal. While others have
confirmed associations between television viewing and HDL-C in women [11], television
viewing may be confounded by factors such as altered dietary intakes. We have adjusted by
nutritional factors reported to affect HDL-C to help address this limitation. Another limitation
is our inability to determine whether endothelial lipase concentration or activity differs between
C allele carriers and TT subjects of the LIPG 124582 variant, and whether exercise modifies
endothelial lipase concentration or activity. Without evidence of altered endothelial lipase in
association with genotype or response to activity, mechanisms proposed to explain our results
remain theoretical. Ideally, these hypothetical mechanisms could be tested and the limitations
of our cross-sectional design could be addressed by conducting a controlled exercise
intervention comparing endothelial lipase and HDL-C concentrations across LIPG genotypes
and at different activity levels. Further, the interactions we observed could be evaluated in
additional populations.

In summary, we observed an association between LIPG i24852 and HDL and LDL
concentrations and subfractions in women, which for HDL became apparent only when
evaluated in light of low physical activity as reflected by high television/computer use. The
overall health benefits of increased physical activity for inactive individuals are indisputable
and wide-ranging, and these benefits may be mediated in part through reduced obesity.
However, even within at-risk, overweight populations, higher levels of physical activity may
be protective for HDL and LDL distributions and low activity detrimental, especially for
individuals with the LIPG i24582 TT genotype. Knowledge of a genetically based increased
atherogenic risk from a sedentary lifestyle could be used as a motivation tool to help selected
individuals to adopt a more active lifestyle, but does not refute the overriding recommendation
for greater physical activity in individuals of all genotypes.

5. Conclusions

We have identified an interaction between LIPG variant i24582 and physical inactivity which
may contribute to inter-individual variability in HDL response to exercise. At low levels of
activity, individuals with LIPG 24582 TT genotype may experience increased risk of a more
atherogenic lipid profile characterized by lower total HDL-C, lower large HDL, smaller HDL
particles, smaller LDL particles and higher concentration of small LDL. Communication of
genetic information to those individuals who are at increased risk of dyslipidemia due to a
sedentary lifestyle may enhance compliance to interventions intended to decrease that risk.
However, these results do not diminish the public health message that increased physical
activity is generally beneficial, regardless of genotype.
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Fig. 1.

Predicted values of total HDL-C in women by LIPG i24582 genotypes plotted against
television viewing/computer use (“screen time™) (h/day) as a continuous variable. Predicted
values for HDL-C were calculated from the regression model after adjustment for age, alcohol,
smoking, total energy, total fat intake, sugar intake, test site, waist circumference, anti-lipemic
medications, hormone use, and diabetes. P-values indicate the statistical significance of the
adjusted regression coefficient for TT and CT or CC subjects.
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Table 1

Demographic, anthropometric, biochemical, dietary and genotypic data, by sex?.

Men (n =539) Women (n = 584) P-Value

Age (years) 49.0+16.4 48.2+16.4 0.392
BMI (kg/m?) 285+4.9 28.0+6.2 0.129
Abdominally obese, n (%)P 214 (40.0) 321 (55.1) <.0001
Metabolic syndrome, n (%)C 217 (40.3) 180 (30.8) <.0001
Waist (cm) 100.8 £14.8 92.7+17.2 0.0005
LDL-C (mg/dL) 123.2+30.3 119.7 +32.1 0.202
HDL-C (mg/dL) 415+98 52.2+13.7 <.0001
Triglyceride (mg/dL) 153.3+142.3 125.3+82.1 <.0001
Glucose (mg/dL) 105.6 + 20.8 97.8+15.7 <.0001
Energy intake (kcal/day) 24925 + 1403.3 1767.3 +785.1 <.0001
Total fat (% of energy) 35.9+6.9 34.9+6.9 0.013
Total sugar (% of energy) 123+6.2 125+6.9 0.472
Screen time (h/day) 28+17 27+16 0.339
Alcohol user, n (%) 266 (49.4) 296 (50.7) 0.590
Smoker, n (%) 42 (7.8) 44 (7.6) 0.162
Diabetes, n (%) 37 (6.9) 52 (8.9) 0.220
Anti-lipemic medications, n (%) 29 (5.4) 13(2.2) 0.005
LIPG 24582, n (%)

TT 165 (30.8) 166 (28.5)

cT 263 (49.2) 288 (49.4)

cc 107 (20.0) 129 (22.1)
LIPG T111l, n (%)

GG 282 (52.5) 326 (55.9)

AG 224 (41.7) 206 (35.3)

AA 31(5.8) 51 (8.8)

a\/alues are mean + S.D. or n (%).

bAbdominal obesity: waist >102 cm in men, >88 cm in women.

CMetabolic syndrome, definition from the 2005 National Cholesterol Education Program Adult Treatment Panel I11 guidelines.
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