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Abstract Lipoprotein lipase (LPL) polymorphism corre-

lated with LPL activity is associated with plasma lipid and

lipoprotein levels. We aimed to investigate the frequency

of LPL PvuII polymorphism and effects of LPL PvuII

polymorphism and niacin intake on the prevalence of

metabolic syndrome (MetSyn) in Koreans. Lifestyle ques-

tionnaires, anthropometry, and dietary records were com-

pleted, and LPL PvuII polymorphism, LPL mass, and lipid

profiles were determined in 548 Koreans (MetSyn: 278,

Non-MetSyn: 270). The MetSyn group showed a signifi-

cantly lower frequency of P1P1 (wild type) and a higher

frequency of P1P2 (hetero type) than the non-MetSyn

group. The P2P2 (mutant type) group significantly showed

lower levels of HDLc and LPL mass and a higher level of

TG than the P1P1 group. As niacin intake increased, LPL

mass decreased in the P2P2 group (r2 = 0.07). In partic-

ular, the lowest niacin intake group (B14.82 mg/day)

increased more than 3 times with regard to a higher risk of

MetSyn than the others in the P2P2 mutant groups. How-

ever, the MetSyn risk declined 74% at the optimal levels of

niacin intake (14.83–17.80 mg/day) in the P2P2 group

compared to those of the P1 allele group. The findings

indicate that optimal levels of niacin intake effectively

decreased Korean MetSyn prevalence in the P2P2 mutant

group.

Keywords LPL mass � LPL PvuII gene polymorphism �
Metabolic syndrome � Niacin � Recommended intake

Introduction

Metabolic syndrome is prevalent worldwide and is highly

associated with morbidity and mortality for chronic dis-

eases such as diabetes, hypertension, and cardiovascular

diseases. Especially in Korea, metabolic syndrome (Met-

Syn) poses a serious problem; 1 of every 4 adults is

affected and 30% of obese children are susceptible to this

syndrome (Ministry of Health and Welfare 2006; Haung

et al. 2007). Standardized criteria for the diagnosis of

MetSyn can be modified according to the race and sex of

the affected individuals (Ekelund et al. 2009; Pan et al.

2008; Levesque and Lamarche 2008; Motta et al. 2009).

Among various criteria, lipid and lipoprotein levels are
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associated with lipoprotein lipase (LPL) activity. LPL is

synthesized and secreted by the parenchymal cells of

extrahepatic tissues, mainly the adipose tissue and then

transported to the luminal surface of vascular endothelial

cells of the tissues (Sakayama et al. 2001). The human LPL

catalyzes a key step in the removal of TG from the circu-

lation, generating fatty acids for storage in the adipose

tissue or for oxidation in the skeletal muscle. Hydrolysis of

TG by LPL raises HDLc levels (Ukkola et al. 2001). LPL

PvuII polymorphism is the result of C ? T transition in

the restriction site of the LPL gene intron 6, 1.57 kb from

the splice acceptor (Fisher et al. 1987; Gotoda et al. 1989;

Ahn et al. 1993). LPL PvuII polymorphism was related to

the incidence of carotid artery disease, because the P2

mutant allele was associated with high TG and low HDLc

levels (Chamberlain et al. 1989). The P2P2 genotype

showed higher TG and lower HDLc levels in Koreans

(Chung et al. 1999). The P2 allele is also positively cor-

related with body mass index, which is one of the risk

factors for coronary artery disease in Koreans (Park et al.

2000).

Niacin (nicotinic acid or vitamin B3) is considered a

broad-spectrum lipid-modulating agent and generates

significantly beneficial effects on atherogenic dyslipide-

mia (Chapman et al. 2010). Meanwhile, the pharmaco-

logical level of niacin required to treat lipid disorders

and CVD is 1–2 g/day; it decreases the TG, VLDLc, and

lipoprotein(a) levels and increases the HDLc level

(Kamanna and Kashyap 2008). Niacin prevents free fatty

acids from mobilizing from the peripheral adipose tissue

to the liver, which leads to a decrease in hepatic syn-

thesis of TG and VLDL, and then it causes the releasing

of smaller VLDL holding less TG (Rosenson 2009). In

addition, niacin decreases synthesis of apoB, which is

vital to assemble VLDL particles, and promotes the

catabolism of VLDL through induction of LPL (Rosen-

son 2009). Although useful effects of niacin on lipids

have been shown in populations with MetSyn, diabetes,

and atherosclerosis (Canner et al. 2006; Vittone et al.

2007), an overdose of niacin ([2,000 mg/day) causes

flushing, nausea, vomiting, hepatic toxicity, and glucose

intolerance (McKenney 2003; Al-Shaer and AbuSabha

2004). However, there has been no research focusing on

niacin intake corresponding to the RI for prevention of

MetSyn or on the correlation between LPL gene poly-

morphisms, LPL mass, and niacin intake. Therefore, this

study was conducted to investigate the association of

lipid profiles, LPL mass, and lifestyle factors related to

MetSyn prevalence according to LPL PvuII polymor-

phism. In addition, our study aimed to determine the

effects of dietary niacin, one of the suitable drugs for

dyslipidemia, on MetSyn prevalence in people with the

LPL PvuII polymorphism.

Subjects and methods

Subjects

This Korean MetSyn Research Initiatives (KMSRI)-Seoul

Study was conducted for the diagnosis and treatment of

MetSyn and for the development of new techniques for

MetSyn among Koreans. The inclusion criteria were as

follows: sex, men or women; age, [20 years; fasting glu-

cose (FBS) level, [5.6 mmol/L; blood pressure (BP),

[130/85 mmHg; waist circumference (WC), [90 cm for

men and [85 cm for women; HDLc level, \1.0 mmol/L

for men and \1.3 mmol/L for women; TG level, [1.7

mmol/L. MetSyn was defined when [3 out of 5 modified

NCEP ATP III and IDF criteria were fulfilled and non-

MetSyn, when \2 out of 5 modified NCEP ATP III and IDF

criteria were met (Pan et al. 2008; Tan et al. 2004; Lottenberg

et al. 2007). Exclusion criteria consisted of previous dysli-

pidemia cases treated with any lipid-lowering drug, includ-

ing niacin and familial lipid disorders. The study subjects

comprised 548 outpatients (374 men; 174 women) who

visited the Seoul Medical Center and Severance Hospital,

Yonsei University, from May 2006 to June 2007. The sub-

jects voluntarily participated in this study and provided

physical measurements, underwent biochemical tests, and

completed a lifestyle questionnaire at their first visit. Of the

548 subjects, only 269 underwent a nutrition examination at

the second visit, since those with missing data were exclu-

ded. All the study subjects signed the consent forms for

genetic examination and participation in the Seoul City R

and BD program, based on the law on Bioethics and Safety.

Medical history and anthropometry

The subjects were not only asked about demographic

characteristics such as age and sex but also about their

history of exercise (yes/no), cigarette smoking (current

smoker, ex-smoker, or non-smoker), and alcohol con-

sumption (current drinker, ex-drinker, or non-drinker). BMI

(kg/m2) was calculated from height and weight. WC was

horizontally gauged at 3 cm above the umbilicus without

pushing the skin. For BP, systolic blood pressure (mmHg)

and diastolic blood pressure (mmHg) were measured by

placing a suitably sized cuff on the arm circumference after

resting for at least 5 min.

Biochemical analysis

Blood was collected after fasting for [12 h; whole blood

and serum were stored at -80�C for gene and biochemical

analysis, respectively. The risk factors for MetSyn—FBS,

TC, TG, and HDLc levels—were measured using the

Hitachi-7600 analyzer (Hitachi Ltd., Tokyo, Japan), and
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LDLc level was calculated using the Friedewald formula,

i.e., TC—HDLc—(TG/5) (Friedewald and Gotto 2000).

Insulin level was determined by enzyme-linked immuno-

sorbent assay (ELISA; Mesdia Co., Seoul, Korea), and an

index of insulin resistance, i.e., homeostasis model

assessment of insulin resistance (HOMA-IR), was calcu-

lated by the formula of Matthews et al., i.e., fasting plasma

insulin (lU/mL) 9 fasting plasma glucose (mmol/mL)/

22.5 (Matthews et al. 1985).

LPL mass

Instead of LPL activity, LPL mass, which is proved to have

a strongly positive correlation with LPL activity (r = 0.70,

P \ 0.0001), was estimated (Kastelein et al. 2000). LPL

mass in the heparin-treated plasma was measured by

sandwich ELISA, using a specific monoclonal antibody

against bovine milk LPL, as described by Kobayashi et al.

(1993, 2007). A commercial kit procured from Daiichi Pure

Chemicals (Tokyo, Japan) was used.

LPL gene polymorphism analysis

LPL gene polymorphism was analyzed by polymerase chain

reaction (PCR)-restriction length fragment polymorphism

(RFLP) analysis (Botstein et al. 1980). After collection of

blood in an ethylenediaminetetraacetic acid (EDTA) tube,

template DNA was extracted using the LaboPassTM Blood

Mini DNA Purification Kit (Cosmo Genetech, Seoul,

Korea) and stored at -80�C until analysis.

The primers (located on intron 6) used for LPL PvuII

polymorphism analysis were as follows: 50-TAGAGGTTG

AGGCACCTGTGC-30 (forward) and 50-GTGGGTGAAT

CACCTGAGG-30 (reverse). The complex for determining

the response was prepared by taking 100–200 ng of genomic

DNA as the template and mixing 0.5 lM each of the forward

and reverse primers, 109 PCR buffer (50 mM KCl, 10 mM

Tris–HCl [pH 8.3], 2 mM MgCl2), 2.5 units of Taq DNA

polymerase (KOMA Biotech Inc., Seoul, Korea), 200 lM of

deoxynucleotide triphosphates (dNTPs), and 50 lL distilled

water. The complex was denatured at 94�C for 5 min in

iCycler iQTM multi-color real time PCR system (Bio-Rad,

Hercules, CA, USA) and then amplified (30 cycles) at 94�C

for 1 min, at 65�C for 2 min, and at 72�C for 2 min. PvuII

restriction enzyme was added to the amplified PCR products,

after which they were incubated at 37�C for 2 h. Electro-

phoresis was then performed on 2% agarose gel, and the

results were confirmed with an ultraviolet transilluminator

after ethidium bromide staining. Only 858-bp band, both

858-bp band and division into 592- and 266-bp bands, and

only division into 592- and 266-bp bands observed for the

LPL PvuII gene indicated P1P1 (wild type), P1P2 (hetero

type), and P2P2 (mutant type) genotypes, respectively.

Assessment of nutrient intake

At the first visit, a 24-h food recall recording the type and

amount of food eaten in a day was conducted through a

direct interview of the subjects by an investigator. Then,

3-day dietary records were assessed with a 24-h food recall

method in the subjects at home (including 2 non-consec-

utive weekdays and 1 day on the weekend). The nutrition

examination data of 269 (165 men; 104 women) of the 548

subjects, excluding those with missing values, were ana-

lyzed using the CAN-Pro 3.0 software, a commonly used

nutrient analysis software for the Korean diet (The Korean

Nutrition Society, Korea) to evaluate the niacin intake.

Since the total calorie intake can be a primary critical

factor for the risk of disease, energy-adjusted nutrients, as

used by Willett et al. (1997) to explain the correlation

between niacin and diseases, were used in this study.

Statistical analyses

Data were analyzed using the SPSS statistical package

(Version 14.0, Chicago, IL, USA). The frequencies within

our sample estimate the probability that an individual has a

particular genotype, given that they are MetSyn (or not

MetSyn). Bayes’ theorem provides a means to estimate

probabilities associated with the inverse relationship, i.e.,

the probability of becoming obese given that you have a

particular genotype (Wacker et al. 2008). Mean ± SD was

calculated using t-test or one-way ANOVA. Frequencies of

exercise, smoking, and alcohol consumption were analyzed

using v2 test. P \ 0.05 was considered statistically signif-

icant. Unconditional logistic regression models were used

to calculate the crude and multivariate ORs and corre-

sponding 95% CIs. Multivariate models were simulta-

neously adjusted for sex (men, women), age (\50, C50),

BMI (\25, C25), energy-adjusted niacin, exercise (yes,

no), smoking (smoker, ex-smoker, non-smoker), and

alcohol consumption (drinker, ex-drinker, or non-drinker).

In addition, the P-value for linear trend was calculated by

using the median of each tertile category as a continuous

variable in the logistic regression models. Correlation

between LPL mass and niacin intake was evaluated by

linear regression analysis.

Results

Probability of LPL PvuII genotypes with regard

to the existence of MetSyn

On the basis of the Korean MetSyn criteria for diagnosis

used in this study, 278 (50.7%) subjects were diagnosed

with MetSyn; they comprised 205 (54.8%) men and 73
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(42.0%) women. The average age of the study subjects was

49.16 ± 11.52 years. The frequency of LPL PvuII poly-

morphism was higher in the P2 mutant allele (0.669) than

in the P1 wild allele (0.331). The frequency of the P2

mutant allele in Koreans was similar to that among Asians

but higher than that in Caucasians (Chung et al. 1999;

Sepetiba et al. 2007; Javorsky et al. 2006; Song et al. 1999;

Kosaka et al. 2006; Narita et al. 2004; Ukkola et al. 1995).

The Bayes’ theorem requires an estimate for the overall

frequency of MetSyn in the background population.

Therefore, we use the estimate that one-fourth of Koreans

are MetSyn based on the Korea National Health and

Nutrition Examination Survey (KNHANES)-III (Ministry

of Health and Welfare 2006). In Table 1, the difference in

genotype frequency suggests that P1P2 and P2P2 geno-

types are almost 1.5 times as likely to become MetSyn

compared to the P1P1 genotype in our subject. Also, the

probability in women with the P1P2 genotype is about 2.25

times higher than the P1P1 and P2P2 genotypes, whereas

men with P1P2 and P2P2 genotypes are slightly higher

than in those with the P1P1 genotype. In particular, post-

menopausal subjects with the P1P2 genotype are about 2.7

times higher than those with the P1P1 genotype.

General characteristics of the subjects

The average values of the physical measurements and

lipid-related factors are shown in Table 2. In the MetSyn

group, except TC level, factors such as WC, BP, FBS level,

TG level, BMI, and insulin resistance-related factors such

as serum insulin and HOMA-IR were significantly higher

and the HDLc level was significantly lower than those in

the non-MetSyn group (P \ 0.001). The results did not

show any correlation of the above factors with LPL PvuII

polymorphism. However, in the non-MetSyn group, sub-

jects with the P1P1 genotype had a significantly lower TG

level and BMI than those with the other genotypes. The

HDLc level was significantly the lowest in the subjects

with the P2P2 genotype in the MetSyn group and the

highest in the subjects with the P1P1 genotype in the non-

MetSyn group (P \ 0.001). Further, the LDLc level was

the lowest in the subjects with the P2P2 genotype in the

MetSyn group; this indicated that the LPL gene was not

related to the LDLc level. The average LPL mass of

MetSyn patients (35.98 ± 17.38 ng/mL) was significantly

lower than non-MetSyn patients (43.49 ± 17.96 ng/mL;

P \ 0.001). It was the lowest in the MetSyn patients with

the P2P2 genotype and the highest in the non-MetSyn

subjects with the P1P1 genotype.

Energy intake of the MetSyn patients was significantly

higher than that of the non-MetSyn group subjects

(P \ 0.05), but there was no significant difference with

regard to LPL PvuII polymorphism. Further, there was no

any significant difference with regard to niacin intake

adjusted with energy intake. However, niacin intake tended

to be higher in the subjects with the P1P2 genotype than in

those with P1P1 and P2P2 genotypes, regardless of the

existence of MetSyn.

When frequencies of lifestyle-related factors were

investigated by cross-analysis, the frequency of exercise

was not found to differ according to the existence of

MetSyn and LPL PvuII polymorphism. However, the fre-

quencies of smoking (non-smoker/ex-smoker/smoker) and

alcohol consumption (non-drinker/ex-drinker/drinker) were

higher in the MetSyn group, especially in the subjects with

P2 allele than in those with P1 allele (Table 2).

Factors affecting the risk (ORs) of MetSyn prevalence

Table 3 shows the ORs (95% CIs) for the risk of MetSyn

prevalence in LPL PvuII genotypes according to tertiles of

LPL mass (1st, B34.20; 2nd, 34.21–49.50; 3rd, C49.51 ng/

mL). After the adjustment of sex, age, BMI, and the 3

lifestyle-related factors (exercise, smoking, and alcohol

consumption), the risk of MetSyn for the 3rd tertile of LPL

mass was reduced to 0.494 (95% CI, 0.323–0.758), com-

pared to that for the 1st tertile (Ptrend = 0.002) in all sub-

jects. The odds ratio for the risk of MetSyn was 0.571 (95%

CI, 0.340–0.959) in the P2P2 genotypes as compared to that

in the P1P1/P1P2 genotypes within the 1st tertile of LPL

mass. The risk of MetSyn was decreased in the P1P1/P1P2

genotype group within the 3rd tertile of LPL mass and in the

P2P2 genotype group within the 2nd and 3rd tertiles of LPL

mass as compared to that in the P1P1/P1P2 genotype group

within the 1st tertile. However, when an energy-adjusted

niacin intake was added with adjustment factors of sex, age,

BMI and the 3 lifestyle-related factors, it did not cause a

significant decrease in the risk of MetSyn with an increase

in LPL mass (Ptrend = 0.489; Table 3).

Therefore, Table 4 showed that the risk of MetSyn in

the LPL PvuII genotypes was investigated according to the

tertile levels of energy-adjusted niacin intake (1st, B14.82;

Table 1 Estimates of the probability of this subject becoming met-

abolic syndrome given a LPL PvuII genotypes

Genotype Probabilitya

Total Male Female Post-menopause

P1P1 0.19 0.22 0.16 0.13

P1P2 0.29 0.26 0.36 0.35

P2P2 0.23 0.25 0.17 0.19

a Calculations made using Bayes’ theorem described in ‘‘Methods’’.

The theorem requires an estimate for the overall frequency of obesity

in the background population. We use the estimate that 1/4 of the

Korean adult population is prevalence of MetSyn based on the

KNHANES-III
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2nd, 14.83–17.80; 3rd, C17.81 mg/day; Table 4). After

the adjustment of sex, age, BMI, and the 3 lifestyle-related

factors, the risk of MetSyn within the 2nd and 3rd tertiles

of energy-adjusted niacin intake was significantly reduced

to 0.471 (95% CI, 0.284–0.783) and 0.464 (95% CI,

0.279–0.771), respectively, compared to that within the 1st

tertile (Ptrend \ 0.01). In particular, the risk of MetSyn in

the P2P2 genotype group within the 1st tertile of niacin

intake increased by about 2.2 times (95% CI, 1.157–4.351)

as compared to those of P1P1 or P1P2 genotype groups,

even after the adjustment of sex, age, BMI, and the 3

lifestyle-related factors. However, the risk of MetSyn was

reduced to 0.256 (95% CI, 0.115–0.571) in the P2P2

genotype group for the 2nd tertile of niacin intake, com-

pared to that in the subjects with P1P1 or P1P2 genotype

groups within the 1st tertile of niacin intake. This result

suggested that optimal levels of niacin intake prevented

MetSyn prevalence more effectively in the LPL PvuII

polymorphism.

Correlation between LPL mass and energy-adjusted

niacin intake was examined with LPL PvuII polymorphism

with respect to gender difference. The subjects with the

P1P1 genotype showed a slightly increased LPL mass with

higher niacin intake, but the significance was not found

(Fig. 1a). However, in the subjects with the P2P2 geno-

type, even more niacin intake was associated with a sig-

nificant decrease in LPL mass. In particular, men with the

P1P1 genotype showed a positive correlation between LPL

mass level and energy-adjusted niacin intake, whereas

women with the P2P2 genotype showed a significantly

negative correlation (P \ 0.1; Fig. 1b)

Discussion

This study is the first to report the effects of LPL gene

polymorphism, LPL mass, blood biochemical levels, nia-

cin intake, and other factors on the risk of MetSyn prev-

alence in Koreans. In particular, this is the first data that

suggest that the optimal levels of niacin intake reduce the

risk of MetSyn prevalence.

The LPL PvuII mutant allele frequencies were recorded

to be 0.672 and 0.665 for the non-MetSyn and MetSyn

groups, respectively. This study is similar to those previ-

ously recorded for Japanese subjects (0.640) and Chinese

subjects (0.693) (Chung et al. 1999; Shen et al. 2000; Song

et al. 1999; Kosaka et al. 2006; Narita et al. 2004). How-

ever, they are higher than those recorded for Turks (0.518)

and Finns (0.460) (Susleyici Duman et al. 2005; Ukkola

et al. 1995). A high-frequency value was expected to cause

the future occurrence of dyslipidemia in Koreans. The

difference in genotype frequency suggests that those pos-

sessing the P1P2 and P2P2 genotypes are almost 1.5 timesT
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as likely to become MetSyn as those with the P1P1

genotype among our study subjects. In particular, post-

menopausal women with the P1P2 genotype are about 2.7

times higher at risk than women with the P1P1 genotype.

Kastelein et al. showed that LPL mass is strongly cor-

related with LPL activity (r = 0.70, P \ 0.0001); hence,

low LPL mass can be interpreted to inhibit the rate-limiting

step in the removal of TG-rich lipoproteins from the cir-

culation, similar to LPL activity (Kastelein et al. 2000). In

a previous study, the LPL mass of Japanese subjects with

type 2 diabetes was significantly lower than that of normal

persons (Miyashita et al. 2002). The average LPL masses

Table 3 Odds ratio (95% CI) for the risk of MetSyn according to levels of LPL mass with LPL gene polymorphism

LPL PvuII genotype LPL mass (ng/mL)

Tertile range

Non-MetSyn

N (%)a
MetSyn

N (%)a
OR (95% CI)b OR (95% CI)c

P1P1/P1P2 Tertile 1d 234.20 21 (11.7%) 48 (25.4%) 1.00e 1.00e

Tertile 2 34.21–49.50 30 (16.7%) 39 (20.6%) 0.73 (0.43–1.25) 0.85 (0.36–1.98)

Tertile 3 349.51 44 (24.4%) 24 (12.7%) 0.35 (0.20–0.62) 1.04 (0.49–2.21)

P2P2 Tertile 1 234.20 35 (19.4%) 47 (24.9%) 0.57 (0.34–0.96) 0.70 (0.34–1.47)

Tertile 2 34.21–49.50 29 (16.1%) 20 (10.6%) 0.46 (0.25–0.83) 0.67 (0.28–1.63)

Tertile 3 349.51 21 (11.7%) 11 (5.8%) 0.39 (0.19–0.78) 1.15 (0.42–3.13)

P for trend 0.002 0.588

Total subject Tertile 1 234.20 56 (31.1%) 95 (50.3%) 1.00e 1.00e

Tertile 2 34.21–49.50 59 (32.8%) 59 (31.2%) 0.82 (0.55–1.21) 0.89 (0.48–1.67)

Tertile 3 349.51 65 (36.1%) 35 (18.5%) 0.49 (0.32–0.76) 1.26 (0.69–2.32)

P for trend 0.002 0.489

a Excluding 90 subjects for control and 89 subjects for MetSyn with missing or unreliable data
b ORs and 95% CI calculated by unconditional logistic regression, adjusted for sex (men, women), age (\50,350), BMI (\25,325), physical

activity (yes, no), smoking habits (smoker, ex-smoker, non-smoker), alcohol consumption (drinker, ex-drinker, non-drinker)
c ORs and 95% CI calculated by unconditional logistic regression, adjusted for sex (men, women), age (\50, 350), BMI (\25, 325), energy-

adjusted niacin (continue), regular physical activity (yes, no), smoking habits (smoker, ex-smoker, non-smoker), alcohol consumption(drinker,

ex-drinker, non-drinker)
d Each cutoff point of tertile was based on the distribution of total subject
e Reference category

Table 4 Odds ratio (95% CI) for MetSyn according to levels of dietary niacin intake with LPL gene polymorphism

LPL PvuII genotype Niacin (mg/day)

Tertile range

Non-MetSyn

N (%)a
MetSyn

N (%)a
OR (95% CI)b OR (95% CI)c

P1P1/P1P2 Tertile 1d 214.82 26 (20.5%) 24 (17.1%) 1.00e 1.00e

Tertile 2 14.83–17.80 21 (16.5%) 28 (20.0%) 1.08 (0.58–2.04) 1.26 (0.65–2.47)

Tertile 3 317.81 21 (16.5%) 29 (20.7%) 1.07 (0.57–2.02) 0.71 (0.36–1.41)

P2P2 Tertile 1 214.82 17 (13.4%) 30 (21.4%) 2.39 (1.25–4.56) 2.24 (1.16–4.35)

Tertile 2 14.83–17.80 23 (18.1%) 9 (6.4%) 0.34 (0.16–0.72) 0.26 (0.12–0.57)

Tertile 3 317.81 19 (15.0%) 20 (15.0%) 0.71 (0.36–1.40) 0.71 (0.46–1.10)

P for trend 0.149 0.038

Total subject Tertile 1 214.82 43 (33.9%) 54 (38.6%) 1.00e 1.00e

Tertile 2 14.83–17.80 44 (34.6%) 37 (26.4%) 0.47 (0.29–0.76) 0.47 (0.28–0.78)

Tertile 3 317.81 40 (31.5%) 49 (35.0%) 0.61 (0.38–0.98) 0.46 (0.28–0.77)

P for trend 0.044 0.003

a Excluding 143 subjects for control and 138 subjects for MetSyn with missing or unreliable data
b ORs and 95% CI calculated by unconditional logistic regression, adjusted for sex (men, women), age (\50, 350), and BMI (\25, 325)
c ORs and 95% CI calculated by unconditional logistic regression, adjusted for sex (men, women), age (\50,350), BMI (\25,325), physical

activity (yes, no), smoking habits (smoker, ex-smoker, non-smoker), and alcohol consumption (drinker, ex-drinker, non-drinker)
d Each cutoff point of tertile was based on the distribution of total subject
e Reference category
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for the total number of subjects, MetSyn patients, and

non-MetSyn subjects were 39.64 ± 18.05 ng/mL, 35.98 ±

17.38 ng/mL, and 43.49 ± 17.96 ng/mL, respectively,

which indicated that the LPL activity was significantly low

in the MetSyn patients (P \ 0.001); this result was the

same as that of another study that measured LPL mass with

regard to the existence of MetSyn (Saiki et al. 2007). The

previous study found that the MetSyn group had a signif-

icantly lower LPL mass than non-MetSyn group and more

MetSyn risk factors further decreased LPL mass signifi-

cantly (Saiki et al. 2007). In addition, this study revealed

that the P2P2 genotype was associated with a significantly

low LPL mass than other genotypes (P \ 0.001). Further,

Watanabe et al. reported that there was no significant

gender difference in LPL mass, but showed that the LPL

activity in women (45.9 ± 17.3 ng/mL) was higher than

that in men (35.7 ± 17.4 ng/mL) (Watanabe et al. 1999).

The LPL mass in women was slightly higher than about

40 ng/mL (35 ng/mL for males), which was the optimal

serum LPL mass cutoff point shown in a study wherein the

receiver operator characteristic analysis was performed to

predict the presence of intra-abdominal visceral fat area

(C100 cm2) (Kobayashi et al. 2007). Men with the P2P2

genotype showed a lower LPL mass (30.45 ± 15.98

ng/mL) than the optimal LPL mass cutoff point. The results

of meta-analysis conducted by Wittrup et al. revealed that

the S447X variant of the LPL gene is not related to LPL

activity (Wittrup et al. 1999).

In previous studies on the correlation between LPL

PvuII polymorphism and lipid profiles, subjects with the

P2P2 genotype, e.g., patients with cerebral infarction and

Turks with coronary artery disease had higher TG levels

and lower HDLc levels (Xu et al. 2008; Duman et al.

2004). Our subjects with the P2P2 genotype showed a

significantly low HDLc level; a high TG level was

observed only in the subjects with the P2P2 genotype in the

non-MetSyn group. Other studies, like those of Susleyici

et al. with Turks and of Gerdes et al. with Danes, have

shown no significant correlation between LPL gene poly-

morphism and lipid profiles (Susleyici Duman et al. 2005;

Gerdes et al. 1995). Lack of LPL due to LPL PvuII poly-

morphism causes inhibition of lipolysis and increases

chylomicron and VLDLc levels and degradation of adi-

pocyte TG increases free fatty acid content in the blood

(Merkel et al. 2002). This elevated plasma TG level

induced by reduction of useful lipids in tissues can lead to

MetSyn with a decrease in HDLc level. Hitsumoto et al.

revealed that LPL mass was negatively correlated with TG

level and positively correlated with HDL level in Japanese

subjects (Hitsumoto et al. 2000); this is the same as that of

our study (data not shown). Other research that examined

the correlation between intra-abdominal visceral fat and

preheparin LPL mass in hyperlipidemia Japanese patients

and normal persons reported that LPL mass is negatively

correlated with intra-abdominal visceral fat (Kobayashi

et al. 2007).

This study also investigated the correlation between

LPL mass and energy-adjusted nutrients and showed that

LPL mass in the P1P1 and P1P2 genotype groups was

positively correlated with intakes of animal lipids and

different types of fatty acids, while that in the P2P2

genotype was negatively correlated with intakes of total

proteins, animal proteins, niacin, cholesterol, and polyun-

saturated fatty acids (data not shown). Since niacin

decreases the levels of lipoproteins such as LDLc and

VLDLc, including phospholipids and apolipoprotein B, and

increases those of apo AI and HDLc significantly, these are

powerful predictors of the risk of coronary heart disease

(National Coordinating Committee on Food and Nutrition

(NCCN) 2005; McKenney 2004). National Cholesterol

Fig. 1 Correlation between lipoprotein lipase mass and energy-adjusted niacin intake according to lipoprotein lipase PvuII genotype (a) on

gender difference (b). LPL, lipoprotein lipase; P1P1 genotype, wild type; P1P2 genotype, hetero type; P2P2 genotype, mutant type

338 Genes Nutr (2012) 7:331–341

123



Education Program reported that immediate-release (IR)

niacin increased the HDLc level by 15%–35% and reduced

the LDLc and TG levels by 5–25 and 20–50%, respectively

(National Cholesterol Education Program 2001). In addi-

tion, niacin intake of \2,000 mg/day produces nearly

maximal HDLc levels (National Coordinating Committee

on Food and Nutrition (NCCN) 2005). But niacin intake

of C2,000 mg has been reported to cause side effects, such

as flushing following vasodilatation, nausea, vomiting,

hepatic toxicity, and glucose intolerance (McKenney 2003;

Al-Shaer and AbuSabha 2004; National Coordinating

Committee on Food and Nutrition (NCCN) 2005). The

2005 Korea national survey on public health and nutrition

revealed that the average niacin intake of Korean adults

aged [20 years was 15.4 mg/day (men, 17.1 mg/day;

women, 13.7 mg/day; Korea Center for Disease Control

and Prevention 2007). Sets of Dietary Reference Intakes

for Koreans (KDRIs) indicated the recommended intakes

(RIs) of niacin as 16 and 14 mg/day for men and women,

respectively, aged [20 years (Korean Nutrition Society

2005), which is the same as RI levels recommended by the

Food and Agriculture Organization (FAO)/WHO (2004),

and the United States Institute of Medicine (IOM 1998)

(National Coordinating Committee on Food and Nutrition

(NCCN) 2005). Our female subjects with the P2P2 geno-

type showed a significantly negative correlation between

LPL mass and energy-adjusted niacin intake. In particular,

the energy-adjusted niacin intake of [14.82 mg/day sig-

nificantly reduced the risk of MetSyn. The MetSyn risk in

the subjects with P2P2 genotype was 2.4 times higher than

that in the subjects with P1 allele when they had niacin

intake lower than 14.82 mg/day. The subjects with the

P2P2 genotype showed a decreased risk of MetSyn at the

optimal niacin intake (14.83–17.80 mg/day) as compared

to those with high intake of niacin ([17.81 mg/day) but

still decreased their MetSyn risk compared to those with

low intake of niacin (\14.83). The result suggests that

higher niacin intake than the RI level may be protective

against MetSyn, especially with regard to the P2P2 geno-

type group. Although an increase in LPL mass was asso-

ciated with a decrease in MetSyn prevalence, there was no

significant decrease in MetSyn prevalence when energy-

adjusted niacin intake was considered. However, since

most niacin trials used daily doses of B2 g to treat CVD or

lipid disorders, it was difficult to compare their results with

niacin intake from the usual diet and its effect on the risk of

MetSyn, as shown in this study (McKenney 2004).

Niacin inhibits elimination of HDL apoAI by blocking

the putative hepatocyte HDL catabolism receptors. Since

niacin intake decreases HDL apoAI catabolism, it increases

HDL half-life and concentration of Lp-AI HDL subfrac-

tion, leading to increased cholesterol efflux and reverse

cholesterol transport (Kamanna and Kashyap 2008).

However, we found that MetSyn patients with the P2P2

genotype did not show increased LPL mass even after more

niacin intake. The result suggested that niacin intake was

more effective in prevention than in treatment of MetSyn.

We concluded that (1) LPL PvuII polymorphism was

associated with a high TG level, low LPL mass, and low

HDLc level, (2) high LPL mass decreased the risk of

MetSyn prevalence, (3) niacin intake in the usual diet

reduced the risk of MetSyn even in subjects with LPL

PvuII polymorphism. Otherwise, more niacin intake could

not increase LPL mass in subjects with the P2P2 genotype.

This study was not a randomized clinical intervention

design for niacin in MetSyn according to LPL PvuII

polymorphism but our data showed that the low niacin

intake (\14.81 mg/day) increased the prevalence of Met-

Syn. We suggested that our results, based on the modified

Korean MetSyn criteria, might be one explanation as to

why personal differences regarding the risk of MetSyn

prevalence could exist. Moreover, different optimal level

of niacin intake for the prevention of MetSyn might be

considered in different genotype of LPL PvuII.
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