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Abstract: Apolipoprotein C3 (APOC3) is an important regulator of lipoprotein metabolism,
and has been shown to be strongly associated with hypertriglyceridemia. We tested whether
triglyceride-influencing genetic variants at APOC3 (T-455C, C-482T, C1100T, and SstI) are associated
with the onset of hypertension (HTN) among Korean adults stratified by lifestyle-related factors in
the Ansung—Ansan cohort within the Korean Genome and Epidemiology Study. After excluding
participants with preexisting cancer, cardiovascular diseases, diabetes, and HTN, a total of 5239
men and women were included at baseline (2001-2002), and followed up for a median of 9.8 years.
Carriers of the C allele of C1100T with body mass index <25 kg/m? showed a significantly lower
HTN risk (hazard ratio (HR) than non-carriers: 0.87, 95% confidence interval (CI): 0.77-0.98) after
adjusting for covariates. In addition, carriers of the C allele of T-455C and the T allele of C-482T with
low physical activity had lower incident HTN than non-carriers (HR: 1.14, 95% CI: 1.03-1.26; HR:
1.13, 95% CI: 1.02-1.25). Our results suggest that genotype effects in APOC3 on HTN risk have been
shown in lean carriers of the C allele of C1100T and in less active people having the C allele of T-455C
and T allele of C-482T in a large sample of the Korean population.
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1. Introduction

Hypertension (HTN) is one of the factors contributing to the morbidity and mortality associated
with cardiovascular disease (CVD) [1]. HTN prevalence has been continuously increasing, and the
2016 Korean National Health and Nutrition Survey reported that individuals having HTN accounted
for 29.1% of the Korean adult population aged >30 years [2].

Hypertension is a complex disease with strong interaction between genetic susceptibility and
environmental factors [3]. Among the risk factors affecting HIN incidence, several previous
cross-sectional [4,5] and prospective observations [6,7] reported that lipid phenotypes characterized by
increased triglyceride (TG) and decreased high-density-lipoprotein (HDL) cholesterol are associated
with HTN risk. It has been speculated that disorders of lipoprotein metabolism might lead to
endothelial dysfunction, altered nitric oxide production [8], structural changes in large arteries
following atherosclerosis [9], and an overstimulated renin-angiotensin—aldosterone system induced by
concomitant insulin resistance [10]. Apolipoprotein (apo) C3 is among the factors known to regulate
plasma TG levels; it is a low molecular weight protein that exchanges among all lipoprotein particles,
particularly very low-density lipoproteins (VLDL) and HDL. ApoC3 can inhibit the catabolism of
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TG-rich particles by both lipoprotein lipase and hepatic lipase, and can also impair the clearance
of the lipolytic remnants of these particles from the bloodstream [11]. Moreover, apoCIII has been
shown to have direct pro-inflammatory effects [12]. Collectively, these properties are felt to contribute
to the risk for cardiovascular disease associated with increased plasma apoC3 concentrations [13].
The gene encoding apoC3 is on chromosome 11q23 within the APOA1/C3/A4/A5 gene cluster [14].
Notably, rare loss-of-function mutations in APOC3 are associated with both reduced plasma TG and
decreased CVD risk [15]. A number of common single-nucleotide polymorphisms (SNPs) in the
APOC3 gene, including T-455C (rs2854116) and C-482T (rs2854117) in the promoter insulin-response
element, C1100T (rs4520) in exon 3, and Sstl (rs5128) in the 3’-UTR, have been extensively studied.
The minor allele of Sstl has shown to be in linkage disequilibrium with T-455C and C-482T [16]. These
genetic variants have been associated in some reports with hypertriglyceridemia, low HDL cholesterol
level, coronary heart disease, and/or nonalcoholic fatty liver disease [17-19]. On the other hand, lack
of genetic associations of apoc3 variants with circulating TG, HDL cholesterol, and nonalcoholic fatty
liver disease were also observed [20-23]. In addition to this, some studies have demonstrated that
these mutations have an influence on APOC3 concentration [24,25]. A previous study, conducted on
Asian India men, has suggested that variants in the APOC3 gene were related to increased serum
APOCS3 levels [25]. Given the role of apoC3 in TG metabolism, and the association of dyslipidemias
characterized by high TG and low HDL cholesterol with HTN, we tested whether common genetic
variants of APOC3 were associated with incident HTN according to the stratification of lifestyle-related
factors, specifically, obesity and physical activity level, in a community-based Korean cohort.

2. Materials and Methods

2.1. Study Participants

The study population was the Ansan-Ansung cohort, which is the part of the Korean Genomic
Epidemiologic Study (KoGES). A detailed description of the KoGES has been published elsewhere [26].
Briefly, the Ansan—Ansung cohort (KoGES-ASAS) is an ongoing prospective community-based cohort
that was established in 2001-2002 to collect data from Koreans residing in urban (Ansan) and rural
(Ansung) areas. For the baseline investigation, a total of 10,030 individuals aged 4069 years were
recruited in 2001-2002, and the participants were followed up biennially. Differences in baseline
characteristics according to residence are as follows: Mean age of participants who lived in Ansan
and Ansung was 47.5 and 53.6 years, respectively. Participants who resided in urban ares were more
likely to be men, to have a higher body mass index (BMI), to do less exercise, to drink more and
smoke less, and have a higher level of education and income than those who resided in rural areas.
Also, the participants who were in urban areas developed HTN (20.9%) less than the participants in
another area (36.1%) during 9.8 follow-up periods. However, the distributions of APOC3 genotypes
were similar in both area groups. Person-years for each participant were calculated from the date of
administration of the baseline questionnaire to the date of the first HTN diagnosis, the date of last
contact, or the end of the follow-up (November 2012), whichever came first. We excluded the loss
of the follow-up period from the entirety of the person-years. The median follow-up period was
9.8 years. At each examination, data on demographic and lifestyle characteristics, metabolic profiles,
medical history, and disease incidence were collected. For this study, 8841 subjects who completed
DNA genotyping and quality control were investigated. Among them, participants with preexisting
cancer (n = 104), CVD (n = 243), diabetes (n = 1060), and HTN (n = 2165) at the time of enrollment in
the study were excluded. We also eliminated participants whose TG levels were >600 mg/dL (1 = 30).
Thus, the final group for analysis consisted of 5239 individuals. Informed consent was obtained from
all study participants, and the study protocol was approved by the Institutional Review Board of
the Korea Centers for Disease Control and Prevention (KBP-2016-062) and the Institutional Review
Board at Korea University (KU-IRB-16-EX-272-A-1). The study was conducted in accordance with the
Declaration of Helsinki.
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2.2. General Characteristics

At each examination visit, participants in KoGES-ASAS were individually interviewed by trained
technicians, and we obtained demographic and behavioral data, including age, gender, area, education
level, physical activity, daily total energy intake, and smoking and drinking status, from questionnaire
surveys. Education level was classified into four groups reflecting the highest educational level
achieved by the participants: elementary school, middle school, high school, or university. Daily
intakes of total energy were derived from semi-quantitative food frequency questionnaire, which
was previously validated [27]. Smoking status and alcohol consumption were classified as current
smokers/drinkers and nonsmokers/drinkers, and current smokers and current drinkers were defined
as those who smoked cigarettes or drank alcoholic beverages at the time of the survey. Physical activity
was assessed using the metabolic equivalents (METs, h/day). The value of total METs was calculated
by multiplying the METs during each type of activity (2.4 for light, 5.0 for moderate, and 7.5 for intense
activities) [28].

2.3. Anthropometric and Biochemical Measurements

For anthropometric and biochemical measurements, procedures and assay methods for
KoGES-ASAS were used as described elsewhere [29]. Blood pressure (BP) measurements were
measured twice to the nearest 2 mmHg with a mercury sphygmomanometer. Two readings were taken
on the left and right arms of each subject in a sitting position after a 5-min rest between readings, and
systolic and diastolic BPs were determined as their average. Height and body weight were measured
to the nearest 0.1 cm or 0.1 kg, from which the BMI (kg/m?) was calculated as the weight in kilograms
divided by the height in square meters. Blood samples were collected after a minimum 8-h fast for
biochemical measurements. Fasting levels of blood glucose (mg/dL), total cholesterol (TC, mg/dL),
HDL cholesterol (mg/dL), and TG (mg/dL) were measured using an automatic analyzer (ADVIA
1650 and 1680; Siemens, Tarrytown, NY, USA). LDL cholesterol was calculated using the Friedewald
equation as follows: TC (mg/dL)—HDL cholesterol (mg/dL)—(TG (mg/dL))/5 in subjects with TG of
<400 mg/dL [30].

2.4. Genotyping

DNA preparation and genotyping were performed as previously described for KoGES [29].
Briefly, DNA was isolated from peripheral blood leukocytes and genotyped using the Affymetrix
Genome-Wide Human SNP Array 5.0 (Affymetrix, Inc., Santa Clara, CA, USA). For accuracy of
genotyping, Bayesian robust linear modeling by the Mahalanobis distance genotyping algorithm
was used. In KoGES-ASAS, a total of 352,228 SNPs became available after excluding SNPs with
a high missing genotype call rate (>0.05) and/or low minor allele frequency (<0.01), those not in
Hardy-Weinberg equilibrium (p < 1 x 107°), and those with sex mismatch. After excluding 48,003
additional SNPs not in Hardy-Weinberg equilibrium at a significance of p < 1 x 107> through the
EIGENSTRAT software package, the remaining 304,225 SNPs were subjected to further analyses.
Among the 9 SNPs at APOC3 previously known to be associated with circulating TG levels [15,31],
in the present study, the genotypes of four SNPs at APOC3 (T-455C, C-482T, C1100T, and Sstl) available
in the KoGES database were selected for testing the associations with cardiometabolic traits.

2.5. Definition of Incident HTN

Incident HTN was self-reported on the basis of biennial questionnaires. Subjects were considered
to be positive for HTN if they were currently taking an anti-hypertensive medicine or undergoing
treatment for HIN, had a previous diagnosis of HTN, or had systolic or diastolic BP >140 or
>90 mmHg, respectively.
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2.6. Statistical Analyses

The data are presented as means + standard errors for continuous factors, and as counts and
percentages for categorical factors. Mean differences between participants in general characteristics
and biochemical parameters according to HTN were evaluated using Student’s ¢-test and chi-squared
test for continuous and categorical variables, respectively. A generalized regression model was used
to investigate linear trends in the biochemical markers after adjusting for age, gender, and residence
(Ansan vs. Ansung). The relationships between the APOC3 gene polymorphisms and cardiometabolic
risk factors were examined using a linear regression model with an additive scale. To estimate the
genetic effect of APOC3 on HTN risk, Cox regression models with time-since-enrollment as a time-scale
were used, including incident events occurring during follow-up. Cox proportional hazards models
were constructed after adjusting for potential confounders (i.e., age, gender, area, total energy intake,
physical activity, education level, smoking status, alcohol use, and BMI at baseline). In addition, we
conducted analyses stratified by potential risk factors, including demographic and lifestyle measures.
The results are presented as estimated hazard ratio (HR), and/or regression coefficient (3) with the
95% confidence interval (CI). All statistical analyses were performed using Stata SE 13.0 (StataCorp.,
College Station, TX, USA).

3. Results

3.1. Characteristics of Study Participants

The risk allele frequencies APOC3 gene polymorphisms (C allele of T-455C, T allele of C-482T,
C allele of C1100T, and G allele of SstI) were 0.469, 0.463, 0.403, and 0.324 respectively. General
information and baseline characteristics of the study population are presented in Table 1. The mean age
of total population was 50.0 &= 0.2 years, and the proportion of the male was 45.8%; 58.2% of participants
lived in urban, Ansan. The average of METs and BMI were 18.5 + 0.2 h/day and 24.06 + 0.04 kg/m?,
respectively. At baseline, the level of systolic and diastolic BPs, TG, and HDL cholesterol reached
112.3 mmHg, 74.8 mmHg, 143.0 mg/dL, and 45.3 mg/dL. Table 2 shows biochemical parameters of
the population according to APOC3 genotype. There were significant associations of all APOC3 SNPs
with TG levels. Subjects with the minor alleles of T-455C, C-482T, and Sstl were more likely to have
a higher TG level ( = 0.011, p = 0.009; 3 = 0.011, p = 0.011; and = 0.017, p < 0.001, respectively),
whereas participants having the C allele of the C1100T SNP had a significantly lower TG level and a
higher HDL cholesterol level (3 = —0.016, p < 0.001; and 3 = 0.515, p = 0.014).

3.2. Associations of APOC3 Gene Polymorphism with HTN Risk According to Risk Factors

After a median follow up of 9.8 years, 1428 participants had a diagnosis of HTN. Cox proportional
regression analysis showed that none of the four tested SNPs (T-455C, C-482T, C1100T, and SstI)
was associated with incident HTN in total subjects. We also performed the stratification analyses
by dichotomizing the demographic factors, including gender, smoking and drinking status (current
or nonsmoker/drinker), BMI (normal: BMI < 25 kg/ m? or obesity: BMI > 25 kg/ m?), and physical
activity (METs <median or METs >median; the median of METs level in the total population was
13.2 h/day) (Figure 1). Based on the stratification analysis according to the level of METs, the C allele
of T-455C and the T allele of C-482T were significantly related to HTN incidence in subjects with
METs below the median (HR: 1.14, 95% CI: 1.03-1.26; HR: 1.13, 95% CI: 1.02-1.25). Correspondingly;,
a high level of physical activity attenuated HTN risk (Figure 1; HR: 1.06, 95% CI: 0.95-1.15). In the
multivariate analysis, we assessed the discrepancy in the associations of APOC3 C1100T genotype with
development of HTN, stratified by BMI levels. From the stratification analysis, among the subjects
with BMI < 25 kg/m?, the TG-decreasing allele of C1100T was associated with a significantly lower
HTN risk (Figure 1; HR: 0.87, 95% CI: 0.77-0.98). However, no significant result was observed among
subjects with higher BMI. With regard to the associations with circulating levels of TG and HDL
cholesterol, the C allele in T-455C and the T allele in C-482T were significantly related to higher levels
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of TG only in subjects with a low level of physical activity; however, in participants with a high level
of physical activity, these relationships disappeared (Figure 2). In addition, among the subjects with
BMI < 25 kg/m?, the TG-decreasing allele of C1100T was associated with a higher level of blood HDL
cholesterol, whereas this was not observed among those with higher BMI (Figure 2).

Table 1. General characteristics of the population at baseline.

Total
(n = 5239)
Age, years 50.0 (49.8, 50.3)
Male, % (n) 45.8 (2399)
Area, % (n)
Ansung, urban 41.8 (2192)
Ansan, rural 58.2 (3047)
Education level, % (n)
<Elementary school 26.8 (1392)
<Middle school 23.8 (1236)
<High school 35.1 (1825)
>University 14.3 (744)
Metabolic equivalents, h/day 18.5 (18.3,18.7)
Current smoking, % (n) 26.3 (1357)
Current drinking, % (n) 47.8 (2483)
Body mass index, kg/ m? 24.06 (24.02, 24.10)
Systolic BE, mmHg 112.3 (112.0, 112.6)
Diastolic BP, mmHg 74.8 (74.6, 75.0)
Biochemical markers
Triglyceride, mg/dL 143.0 (141.0, 145.0)
Total cholesterol, mg/dL 187.4 (186.5, 188.3)
HDL cholesterol, mg/dL 45.3 (45.0, 45.6)
LDL cholesterol, mg/dL 114.0 (113.2, 114.8)
Fasting glucose, mg/dL 82.4 (822, 82.6)
Genotype ?
T-455C (TT/TC/CC, %) 27.6/51.1/21.3
C-482T (CC/CT/TT, %) 28.1/51.1/20.8
C1100T (TT/TC/CC, %) 35.0/49.4/15.7
Sstl (CC/CG/GG, %) 45.1/44.9/10.0

BP, blood pressure; C, cytosine; G, guanine; HDL cholesterol, high-density-lipoprotein cholesterol; LDL cholesterol,
low-density-lipoprotein cholesterol; T, thymine. Data are presented as means with ranges or the percentages for
continuous and categorical variables. Some variables included missing values. ? The genotype of each SNP was
presented as common homozygous, heterozygous, and rare homozygous.
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Table 2. Biochemical parameters of the population according to APOC3 genotype.

6 of 14

Genotype ? Triglyceride (mg/dL) ® Total Cholesterol (mg/dL) HDL Cholesterol (mg/dL) LDL Cholesterol (mg/dL)  Fasting Glucose (mg/dL)
T-455C
T/T (n = 1445) 140.9 (139.0, 142.8) © 187.4 (186.5, 188.3) 45.3 (45.0, 45.6) 114.2 (1134, 115.0) 82.5 (82.3, 82.7)
T/C (n = 2677) 142.4 (140.9, 143.9) <4 187.3 (186.6, 188.0) 45.4 (45.2, 45.6) 113.9 (113.3, 114.5) 82.3 (82.1, 82.5)
C/C (n =1117) 147.5 (145.2, 149.8) 4 187.8 (186.8, 188.8) 449 (44.6,45.2) 114.1 (113.1, 115.1) 82.4 (822, 82.6)
p value 0.009 0.816 0.350 0.823 0.590
C-482T
C/C (n =1473) 140.4 (138.4,142.4) ¢ 187.3 (186.4, 188.2) 45.3 (45.0, 45.6) 114.2 (113.4, 115.0) 82.5(82.3, 82.7)
C/T (n = 2676) 142.7 (141.2, 144.2) <& 187.5 (186.8, 188.2) 45.4 (45.2, 45.6) 113.9 (113.3, 114.5) 82.3 (82.1, 82.5)
T/T (n =1090) 147.0 (144.7, 149.3) 4 187.6 (186.6, 188.6) 449 (44.6,45.2) 114.0 (113.1,114.9) 82.3(82.1, 82.5)
p value 0.011 0.797 0.329 0.897 0.569
C1100T
T/T (n = 1833) 147.2 (145.4, 149) 4 187.6 (186.8, 188.4) 449 (44.7,45.1) 113.9 (113.2, 114.6) 82.4 (82.2, 82.6)
T/C (n = 2586) 142.8 (141.3, 144.3) ¢ 187.3 (186.6, 188.0) 454 (45.2, 45.6) 113.9 (113.3, 114.5) 82.3 (82.1, 82.5)
C/C (n = 820) 134.2 (131.8, 136.6) © 187.2 (186.0, 188.4) 45.9 (45.5, 46.3) 114.7 (113.6, 115.8) 82.4 (82.1,82.7)
p value <0.001 0.744 0.014 0.620 0.884
Sstl
C/C (n =2365) 139.4 (137.9,140.9) € 187.2 (186.5, 187.9) 45.5 (45.3,45.7) 114.2 (113.6,114.8) 82.3 (82.1, 82.5)
C/G (n=2352) 143.9 (142.4,145.4) © 187.4 (186.7, 188.1) 45.3 (45.1, 45.5) 113.9 (113.3,114.5) 82.4 (82.2, 82.6)
G/G (n=522) 155.4 (151.7,159.1) ¢ 188.2 (186.7, 189.7) 445 (44.1,44.9) 113.8 (1124, 115.2) 82.7 (82.3,83.1)
p value <0.001 0.590 0.052 0.697 0.302

C, cytosine; G, guanine; HDL cholesterol, high-density-lipoprotein cholesterol; LDL cholesterol, low-density-lipoprotein cholesterol; T, thymine. Data are presented as means with ranges
for clinical parameters. Differences in the genotype were determined using Student’s analysis of variance (ANOVA). Significance was tested using generalized linear model. Some
variables included missing values. ® The genotype of each SNP was presented as common homozygous, heterozygous, and rare homozygous. P Circulation triglyceride was tested after
log transformation. “d The same lower-case letter means non-significant difference among groups.
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Risk factors Subjects / Cases T-455C HR (95% Cls) C-482T HR (95% Cls)
Total —+ 5239/1,428 $ 1.062 (0.987, 1.142) + 1.065 (0.990, 1.145)
Men I+  2399/688 0 1.051 (0.935, 1.180) —0 1.051 (0.935, 1.180)

Women I+  2840/740 T 1.074 (0.979, 1.180) 0 1.082 (0.986, 1.188)
Non-smoker -l 3813/1,005 . 1.079 (0.994,1.171) —a— 1.072 (0.986, 1.165)
Smoker | 1357/396 B 1.037 (0.890, 1.207) = 1.039 (0.892,1.209)
Non-drinker -O- 2712/ 728 —_— 1.000 (0.901, 1.110) e W 0.999 (0.900, 1.109)
Drinker -O- 2483 /683 O 1.096 (0.984, 1.220) O 1.096 (0.984, 1.221)
BMI <25 @ 3386/782 ® 1.080 (0.975, 1.195) 4+—0— 1.083 (0.979,1.198)
BMI >25 @ 1853/646 —— 1.006 (0.905, 1.119) —_—— 1.013 (0.910,1.128)
MET <median —>- 2884 /702 —_—— % 1.139 (1.030, 1.259) —— % 1.126 (1.018, 1.246)
MET >median ~>-  2355/726 > 0.974 (0.872, 1.086) > 0.973 (0.871, 1.086)

0.8 1.0 1.2 1.4 0.8 1.0 1.2 1.4

Hazard Ratio (95% CIs) Hazard Ratio (95% CIs)

Figure 1. Cont.
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HR (95% ClIs)

Sstl

8 of 14

HR (95% Cls)

Risk factors Subjects / Cases C1100T
Total —4— 5239/1428 ——
Men I+ 2399/688 —{

Women € 2840 /740 —_—f{T

Non-smoker - 3813/1005 —1—

Smoker B 1357/39%6 ——

Non-drinker -O- 2712/728 —O—

Drinker -O- 2483/683 —t0—

BMI <25 @ 3386/782 * ——

BMI >25 - 1853/646 T
MET <median -~ 2884 /702 1
MET >median -  2355/726 —T1

0.6 0.8 1.0 1.2

Hazard Ratio (95% CIs)

0.949 (0.875, 1.030)

1.011 (0.917, 1.117)
0.936 (0.824, 1.062)

0.942 (0.837, 1.059)
0.943 (0.839, 1.057)

0.981 (0.873, 1.102)
1.031 (0.931, 1.144)

0.872 (0.772, 0.983)
1.074 (0.967, 1.194)

1.031 (0.942, 1.128)
0.913 (0.781, 1.066)

1.0
Hazard Ratio (95% ClIs)

1.2

1.031 (0.953, 1.116)

1.003 (0.884, 1.137)
1.086 (0.986, 1.199)

1.011 (0.922, 1.110)
1.077 (0.925, 1.254)

0.932 (0.831, 1.045)
1.117 (0.998, 1.250)

1.110 (0.999, 1.233)
0.967 (0.860, 1.088)

1.088 (0.971, 1.219)
0.987 (0.885, 1.101)

14

Figure 1. Associations of APOC3 polymorphism with hypertension risk according to candidate lifestyle-related factors. BMI, body mass index; HR, hazard ratio; MET,

metabolic equivalent. The median level of MET in the total population is 13.2 (h/day). Tested by Cox regression analyses adjusted for age, gender, area, total energy

intake, physical activity, education level, smoking status, alcohol use, and BMI. Some variables included missing values. * Significant p value (p < 0.05).
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T-455C C-482T
170 7 p=0004 p=0016  Ns. 170 1 p=0004 p=0014 NS.
160 = i
~ b = 160 b
= 150 u a a "?n 150 - b a
kS 140 <5 140 -
2 5
S 130 2130 A
= < E .
SEES NN NEY IR BER EEN B
Total MET <13.2 MET =13.2 Total MET <132 MET =132
[]n=1445 []n=816 [] n=629 O n=1473 [ n=832 [] n=641
O n=2,677 [ n=1,436 [] n=1,241 [ n=2,676 [ n=1,436 [] n=1,240
B o=1.117 W n=632 W n=485 =109 [l n=616 W n=474
Cl1100T Cl1100T
lgp | P<000L p=0003 p=o018 51 1 p=0012 p=0045 NS.

8]
T b &b b
g 170 - b Z 48 - , aa
%D b a % q 4
= 150 - b g 4 1
= a by 2
= 3}
[=]}] e & 4
= =
SEEE BEN NED EEaEMEEE RN BN
Total  BMI<25  BMI>25 Toal ~ BMI<25 BMI>25
O n=1.833 [J0=1.179 [ n=654 O n=1.833 [Jo=1.179 [] n=654
O n—2.58 [0 n=1.681 [ n=905 O n=258 [0 0=1.681 [ n=905
B =320 [l =526 [H n=2% Wo=320 [l =526 [ n=2%
[ ]Common homozygous [] Heterozygous [J] Rare homozygous

Figure 2. Association of APOC3 genotype with triglyceride and HDL cholesterol by stratification
for physical activity or BMI level. BMI, body mass index; HDL cholesterol, high-density-lipoprotein
cholesterol; N.S., not significant; MET, metabolic equivalent. The median level of METs in the total
population is 13.2 (h/day). Significance was tested using generalized linear model with Bonferroni’s
multiple comparisons after adjusting for age, gender, area, total energy intake, physical activity,
education level, smoking status, alcohol use, and BMI. Some variables included missing values.
Circulating triglyceride was tested after log transformation. *® The same lower-case letter means
non-significant difference among groups.

4. Discussion

In the present study, the associations of four common genetic variants distributed across the
APOCS3 gene region (T-455C, C-482T, Sstl, and C1100T) with blood metabolic parameters and BP were
tested in a community-based cohort from the Korean population. T-455C and C-482T are reported
to confer resistance to insulin-mediated downregulation of APOC3 gene transcription and induce
elevated TG and HDL cholesterol levels and increased CVD risk [32]. In some studies, the C1100T
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and C3238G gene variants were associated with plasma apoC3 and TG concentrations [24,33], but
other studies failed to replicate these associations [34,35]. We observed here that the minor alleles of
T-455C and C-482T were significantly associated with a higher circulating TG level after adjusting
for covariates, whereas the C allele of C1100T was associated with lower circulating TG and higher
HDL cholesterol. Moreover, the minor allele of Sstl was associated with a higher circulating TG
level. Although the physiological mechanisms by which these genetic variations lead to alterations in
TG metabolism remain unknown, the observed associations with circulating levels of TG and HDL
cholesterol raise the question of whether lifelong exposure to either a beneficial or an atherogenic blood
lipid profile due to genetic factors could be associated with future HTN development. In this study
of a large prospective cohort that was initially free of HTN at baseline, Cox proportional regression
analysis revealed that none of the tested genetic variants at APOC3 was associated with incident
HTN after a median 9.8-year follow-up. Although several previous studies reported associations of
APOCS3 gene polymorphisms with the development of type 2 diabetes mellitus [36] and coronary artery
disease [17,37], limited information is available as to whether genetic variations in APOC3 predict
HTN development. It was reported that APOC3 3238C/G SNP is associated with susceptibility to
essential HTN in Egyptians [38]. In that study, it was speculated that the association of the variant with
HTN was in part explained by its effect on blood levels of oxidized LDL [38]. A cross-sectional study
of multi-ethnic populations also demonstrated that the -455C allele of APOC3 was associated with
high BP [39]. The discrepancy of this result with ours could be explained by ethnic differences in allele
frequency [36], or other characteristics of the study participants, i.e., Koreans, as well as an insufficient
length of follow-up. On the other hand, HTN is a complex disease in which there are strong interactions
between genetic susceptibility and environmental factors. It has been shown that the relationship of
APOC3 genetic variants with metabolic syndrome risk is modified by diet [40]. It was also reported that
variants in APOC3 promoters increased type 2 diabetes risk only in lean populations, not in overweight
individuals [41]. On the other hand, a previous study showing the effect of APOC3 mutations on the
risk of ischemic vascular disease reported that there were no interactions between APOC3 genetic
variants and some potential risk factors including BMI, physical inactivity, and HTN, which can be
partly accounted for by the lack of statistical power [42]. In the present study, we next carried out the
stratification analyses by certain lifestyle-related factors. Of interest is our finding that the significant
association between two APOC3 gene polymorphism (T-455C and C-482T) and incident HTN risk
was only observed in participants with low physical activity. In addition, C1100T polymorphism
was correlated with future HTN development among subjects with BMI < 25 kg/m?, while such
an effect was not shown in obese participants. Regular physical activity is known to be associated
with decreased circulating levels of TG [43] and increased levels of HDL cholesterol [44]. In addition,
the effects of exercise on BP and incident HTN are well documented [45]. Our results demonstrated
that the risk allele of the T-455C variant on the APOC3 promoter might confer an increased HTN
risk in individuals with decreased physical activity. Presumably, regular physical activity would
blunt the genotype effects of these risk variants on circulating TG and future HTN development.
The underlying mechanism behind the beneficial effect of the physical activity on APOC3 genetic
variants determining incident HTN requires further study. Endothelial dysfunction, arterial stiffness,
and insulin resistance are likely to play important roles in this pathway [5,9,46]. It is generally accepted
that endothelial dysfunction is integral not only in the atherosclerotic process, thrombosis, and insulin
resistance, but also in the hypertensive process [5]. TG-rich lipoproteins have been shown to be toxic to
endothelial cells [46]; therefore, it is possible that long-term exposure to endothelial dysfunction due to
atherosclerotic dyslipidemia may lead to increased peripheral vascular resistance, and thus, to arterial
HTN [5]. In addition, dyslipidemia has been shown to cause HIN by increasing arterial stiffness
and decreasing arterial compliance of the carotid artery [46]. This lipoprotein lipase-mediated TG
mechanism is further supported by previous results showing that physical activity at the population
level is associated with improved endothelium [47], arterial stiffness [48], and insulin resistance [49].
Apart from the effects of APOC3 on TG-rich lipoprotein metabolism, other pro-atherogenic and
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vascular effects of APOC3 have been suggested [50], highlighting APOC3 management as a therapeutic
measure for cardiovascular risk reduction. Also, in the present study, we found that carriers of the
C allele of C1100T associated with decreased TG and increased HDL cholesterol had a significantly
lower HTN risk only when they were of normal weight. It can be speculated that in states of adequate
insulin signaling, this SNP contributes to a healthy lipoprotein phenotype manifested by low TG
and high HDL cholesterol, whereas in obesity, which is generally accompanied by insulin resistance,
the SNPs became irrelevant for the regulation of APOC3 expression, and consequently, their effects on
TG metabolism may have been absent.

The strengths of our study include the large community-based sample of men and women, and
the adjustment for potential confounders. In addition, the use of a relatively long follow-up allowed
observation over time of the impact of APOC3 gene variants on incident HTN. The use of self-reported
outcomes could be considered a potential limitation, but self-reported HTN has been shown to be a
valid and reliable measure [51,52]. Additionally, the lack of blood APOC3 measurement further limits
the evaluation of the functional association of these variants with HTN development. Also, caution
should be exercised in relation to the generalization of our findings, as this cohort was collected in
only two communities for the subjects aged 40-69 years; in other words, they are not representative of
the general Korean population.

5. Conclusions

In conclusion, we showed that the genotype effects of APOC3 on HTN risk were evident in
lean carriers of C allele of C1100T or in physically-inactive participants having the risk alleles of
T-455C and C-482T in a prospective study with large Korean population. Also, we confirmed previous
observations that common genetic variants at APOC3 are associated with circulating levels of TG
and HDL cholesterol. Exploring genetic susceptibility is pivotal for the personalized prevention of
HTN. Our results confirm and extend current understanding of the contribution of APOC3 gene
polymorphism to the blood lipid profile and HTN risk in the Korean population.
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