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Abstract This systematic review attempted to summarize
the associations between the Asn291Ser variant in the lipo-
protein lipase (LPL) gene and dyslipidemia, the risk of type
2 diabetes mellitus (T2DM), and coronary heart disease
(CHD). In addition, the relationships between the Asn291-
Ser variant and other metabolic diseases such as obesity and
high blood pressure were also investigated in this systematic
review. We systematically reviewed the literature by means
of a meta-analysis. Twenty-one articles, including 19,246
white subjects, were selected for this meta-analysis. The sum-
mary standardized mean difference (SMD) of plasma tri-
glyceride (TG) for carriers compared with noncarriers of
the Asn291Ser variant was 3.23 (P, 0.00001). The summary
SMD of plasma HDL-cholsterol (HDL-C) for carriers com-
pared with noncarriers of the Asn291Ser variant was �3.42
(P , 0.0001). The summary SMD of the association of the
Asn291Ser variant with plasma TG increased with increasing
age and weight gain. Significant interactions between the
LPL Asn291Ser variant and fasting glucose, T2DM, and
CHD were seen (P 5 0.02, 0.04, and 0.01, respectively). No
significant interactions were seen between the LPL Asn291-
Ser variant and body mass index, waist–hip ratio, and blood
pressure (P . 0.05). This meta-analysis indicates that the
Asn291Ser variant in the LPL gene is a risk factor for dys-
lipidemia, characterized by hypertriglyceridemia and low
HDL-C levels. And the Asn291Ser variant in the LPL gene
predisposes to more severe dyslipidemia with increasing
age and weight gain. Also, this meta-analysis shows that the
LPL Asn291Ser variant is associated with CHD and T2DM.—
Hu, Y., W. Liu, R. Huang, and X. Zhang. A systematic review
and meta-analysis of the relationship between lipoprotein
lipase Asn291Ser variant and diseases. J. Lipid Res. 2006. 47:
1908–1914.
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Lipoprotein lipase (LPL, E.C.3.1.1.34) is a key enzyme
that hydrolyzes triglyceride (TG) contained in the core of
both chylomicrons and VLDL particles (1–4). Because of

this central role, the function of LPL could be associated
with dyslipidemia and characterized by hypertriglyceridemia
and low HDL-cholesterol (HDL-C) levels. The Asn291Ser
variant in the LPL gene was first identified in 1994 (5). Since
then, many studies have examined the association between
the Asn291Ser variant in the LPL gene and dyslipidemia
(6–26). It has been observed that the Asn291Ser variant in
the LPL gene occurs more frequently in dyslipidemia subjects
than in control subjects. Based on 13 studies published up to
1997 (27), Asn291Ser heterozygous carriers had an average
increase in plasma TG of 31% and an average decrease in
HDL-C of 0.12 mM (P , 0.001). However, since then, a
number of other studies have been published in which no
association was observed (10, 18, 20, 21, 24). In addition to
study power and other methodological issues, interactions
with important dyslipidemic risk factors such as increasing
age and weight gain could have resulted in heterogeneous
findings. Indeed, the dyslipidemic phenotype is more severe
in older subjects or overweight/obese subjects. It has been
suggested that old age and obesity positively interact with
the Asn291Ser variant, thereby increasing dyslipidemic risk.

Also, given the large number of studies implicating the
LPL Asn291Ser variant in type 2 diabetes mellitus (T2DM)
and atherosclerosis, interactions between the LPL Asn291-
Ser variant and the risk of T2DM and coronary heart
disease (CHD) were investigated in this meta-analysis.

The aim of our study was, therefore, to review the lit-
erature systematically by means of a meta-analysis, and to
provide a quantitative summary estimate on the associa-
tions between the Asn291Ser variant in the LPL gene and
dyslipidemia, the risk of T2DM, and CHD. In addition, the
relationships between the Asn291Ser variant and other
metabolic diseases such as obesity and high blood pressure
(HBP) were also investigated in this meta-analysis.
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SUBJECTS AND METHODS

Search strategy

Studies were identified through a computerized Medline,
Cochrane Collaboration Library database, and Science Citation
Index search on studies published until January 2006 using the
free test words lipoprotein lipase, Asn291Ser variant, dyslipidemia,
type 2 diabetes mellitus, coronary heart disease, obesity, and high blood
pressure. References in relevant publications were also examined.
There were no language restrictions. The selection criteria of
publications for inclusion in this meta-analysis were as follows:
1) the Asn291Ser variant in LPL was studied; 2) family, cross-
sectional, case-control, or case-referent studies were included
that identified both Asn291Ser variant carriers and noncarriers;
3) data were reported on the relationship between at least one of
the variables TG, HDL-C, LDL-C, body mass index (BMI), waist–
hip ratio (WHR), systolic blood pressure, diastolic blood pres-
sure, fasting plasma glucose, the risk of T2DM or CHD and the
Asn291Ser variant in LPL.

Data collection

For each study, information was collected concerning the char-
acteristics of the studies. These study characteristics were used to
evaluate sources of variation in effect estimates. All articles were
independently scored by two reviewers. Disagreements were
solved in consensus meetings.

Study characteristics

Twenty-one family, cross-sectional, case-control, or case-refer-
ent articles were included for this meta-analysis (6–26). All
studies included white subjects. We excluded one study because
it examined the expression of the mutation instead of the preva-
lence (28). Nine studies were excluded because they did not
provide clear data (29–37). Of the 21 included publications, it
was impossible to separate a small number of homozygous from
heterozygous individuals, and therefore these studies were just
divided into two groups, carriers and noncarriers of the
Asn291Ser variant.

Structural modeling for mutant LPL

LPL model structures were constructed using the molecular
modeling system INSIGHT II program (Accelyers, Inc.; Burling-
ton, MA) on a Silicon Graphics workstation and were based on
the crystal structures of the human and porcine pancreatic lipases
(PLs). The crystal structures of human and porcine PL (Protein
Data Bank accession numbers 1lpa and 1eth) were obtained from
the protein structure data base http://www.rcsb.org/pdb/).

Statistical analysis

Meta-analyses were performed on RevMan4.2.8 (the Cochrane
Collaboration; http://www.cochrane.co.uk). To check for pub-
lication bias, a funnel plot was constructed. The results were
reported using odds ratios and corresponding 95% confidence
intervals (95% CIs) for dichotomous data and weighted mean
difference and corresponding 95% CIs for continuous outcomes.
If different measurement units were applied for the same con-
tinuous variable, standardized mean difference (SMD) and cor-
responding 95% CIs were used for this continuous outcome.
Heterogeneity between trials was tested using a standard Chi
squared test. If there was no heterogeneity, a fixed-effect model
was used. If heterogeneity was found, sensitivity analysis was con-
ducted. If the reasons that led to the heterogeneity could not be
found by sensitivity analysis, the random-effect model was used.

RESULTS

Of the 21 included publications, nine provided separate
associations in different populations (7, 8, 11, 14, 16, 18, 21,
24, 26). These associations were considered as separate stud-
ies. All of the studies, which included 19,246 white subjects,
were selected for this meta-analysis. Funnel plots showed no
asymmetry, either visually or in terms of statistical signifi-
cance (P . 0.05) (Fig. 1), indicating no publication bias.

The SMD of plasma TG for carriers compared with non-
carriers of the Asn291Ser variant ranged from�4.38 to 17.17
(Fig. 2). The summary SMD was 3.23 (95% CI, 2.49–3.97;
P , 0.00001). Asn291Ser variant carriers had an average
increase in plasma TG of 32.3%. The results indicate that the
Asn291Ser variant is a risk factor for hypertriglyceridemia.

The SMD of plasma HDL-C for carriers compared with
noncarriers of the Asn291Ser variant ranged from �12.0 to
0.73 (Fig. 3). The summary SMD was �3.42 (95% CI �5.07–
�1.77; P , 0.0001). Asn291Ser variant carriers had an aver-
age decrease in plasma HDL-C of 34.2%. The results indicate
that the Asn291Ser variant is a risk factor for low HDL-C.

Also, our results from the meta-analysis showed a sig-
nificant effect of the Asn291Ser variant on plasma LDL-C
concentrations (data not shown). The SMD of plasma
LDL-C for carriers compared with noncarriers of the
Asn291Ser variant ranged from �0.10 to 2.10. The sum-
mary SMD was 0.53 (95% CI, 0.02–1.05; P = 0.04).

We further examined whether the association of the
Asn291Ser variant with plasma TGs depended on the age
of the subject. Subjects aged 35 to 65 years old were in-
cluded, and they were divided into three groups: 35–45
years old (four studies), 45–55 years old (five studies), and
55–65 years old (four studies). The summary SMD increased
with the age of the subjects (Fig. 4). The SMD rose from 0.92
(95% CI, 0.20–1.64) for subjects aged 35 to 45 years to 3.25
(95% CI, 1.83–4.67) for subjects that were 55 to 65 years old.
Also, similar effects of the Asn291Ser variant on HDL-C
stratified by age were observed. The SMD was reduced from

Fig. 1. Funnel plot for subjects with the Asn291Ser variant ver-
sus subjects without this variant, unadjusted. Dashed line indi-
cates total summary odds. SE, standard error; SMD, standardized
mean difference.
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�1.12 (95% CI, �1.94–�0.31) for subjects aged from 35 to
45 years to �5.29 (95% CI, �6.80–�3.77) for subjects that
were from 55 to 65 years old (data not shown).

Weight gain, another environmental factor, may influ-
ence lipid metabolism. We examined whether the asso-
ciation of the Asn291Ser variant with lipid metabolism
depended on weight gain. Subjects were divided into three
groups: normal weight (BMI ,25 kg/m2), overweight
(BMI 25–30 kg/m2), and obese (BMI .30 kg/m2). Our
meta-analyses also suggest that the Asn291Ser variant in
the LPL gene predisposes to more severe dyslipidemia
with weight gain (data not shown).

Given the large number of studies implicating the LPL
Asn291Ser variant in subjects with obesity, HBP, T2DM, and
atherosclerosis, interactions between the LPL Asn291Ser

variant and the above metabolic disease parameters were
investigated by meta-analysis (Table 1). Significant interac-
tions between the LPL Asn291Ser variant and fasting glucose,
T2DM, and CHD were seen (P 5 0.02, 0.04, 0.01, respec-
tively). No significant interactions were seen between the LPL
Asn291Ser variant and BMI, WHR, or blood pressure (P .

0.05). The results indicate that the Asn291Ser variant is a risk
factor for T2DM and CHD but not for obesity and HBP.

DISCUSSION

One of the aims of the present meta-analysis was to
investigate the relationship between the Asn291Ser variant
in the LPL gene and dyslipidemia, and the results show

Fig. 2. Meta-analyses of all studies of the effect of the Asn291Ser variant on plasma triglyceride (TG). Size
of squares indicating mean values is proportional to the weight that each study contributed to the ag-
gregated result. Aggregated means with 95% confidence intervals are shown by diamond symbols. CI, con-
fidence interval.

1910 Journal of Lipid Research Volume 47, 2006

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


that the Asn291Ser variant in the LPL gene is a risk factor
for dyslipidemia and is characterized by hypertriglyceride-
mia, low HDL-C levels, and low LDL-C concentrations.

How could the Asn291Ser variant in the LPL gene in-
fluence the susceptibility to dyslipidemia?

LPL plays a central role in TG metabolism. The main ac-
tivity of LPL is to hydrolyze TGs contained in the core of both
chylomicrons and VLDL particles (1–4). LPL is a 55 kDa
glycoprotein that is primarily synthesized in adipocytes, muscle
cells, and macrophages. The enzyme is active as a noncovalent
dimer and the dissociated monomer enzyme has no activity
(38). Activated LPL is bound to the surface of endothelial cells
and can be released into the blood by heparin. Genetic defects
of LPL are responsible for the reduced TG-rich lipoprotein
clearance, and mutations in the LPL gene have been shown to
play a central role in the development of dyslipidemia in the

general population (32, 38–40). The human gene encoding
for LPL is located on chromosome 8p22 and consists of 10
exons that span approximately 35 kb (2).

To explore the molecular mechanism underlying the
correlation between the LPL Asn291Ser variant and its
activity, we constructed a three-dimensional (3-D) model of
human LPL based on the known crystal structure of human
PL (1LPA and 1LPB, http://www.rcsb.org/pdb). The 3-D
model of LPL shows that Asn291 is located at the back of the
molecule, in the region of heparin binding and homodimer
formation and close to the activation center of the LPL
protein. This important location of Asn291 (Fig. 5) could
easily suggest its critical role in LPL activity. The Asn291Ser
mutation may alter the heparin binding and consequently
favor monomerization, as opposed to dimerization. This
conformation change in Asn291 has been suggested to

Fig. 3. Meta-analyses of all studies of the effect of the Asn291Ser variant on plasma HDL-cholesterol.
Results are depicted as in Fig. 2.
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change the hydrogen bond pattern between Asn291 and its
structural neighbors and to lead to a rapid dissociation from
the active dimer to the inactive monomer (41).

In previous studies (23, 28), in vivo and in vitro ex-
periments showed that mutant Asn291Ser LPL exhibited
decreased catalytic activity. Also, in our unpublished ob-

servations, in vitro experiments showed that the mutant
Asn291Ser LPL exhibited both decreased catalytic activity
(about 60% of wild-type activity) and secretion ability
(about half that of the wild type), supporting the idea that
the Asn291Ser mutation is a pathogenic cause for de-
creased LPL activity and dyslipidemia.

Fig. 4. Meta-analyses of all studies of the effect of the Asn291Ser variant on plasma TG by age of subjects.
Results are depicted as in Fig. 2.

TABLE 1. Meta-analyses of all studies of effect of the Asn291Ser variant on BMI, WHR, SBP, DBP, FPG, T2DM, and CHD

Outcome N (Carriers/Noncarriers) Test for Heterogeneity Model Overall Effect z P

m2 P WMD/OR 95% CI

BMI 211/3,022 89.94 0.00001 Random 0.08 �0.42–0.58 0.32 0.75
WHR 95/1,378 242.7 0.00001 Random 0.02 0.00–0.05 1.67 0.09
SBP 132/836 20.03 0.0002 Random 7.18 �1.00–15.4 1.72 0.09
DBP 132/836 11.16 0.01 Random 3.26 �0.15–6.68 1.87 0.06
FPG 74/185 6.10 0.01 Random 0.42 0.06–0.79 2.29 0.02
T2DM 31/164 6.68 0.04 Random 2.26 1.02–4.99 2.02 0.04
CHD 1,203/6,192 13.84 0.003 Random 1.48 1.09–2.00 2.54 0.01

BMI, body mass index; WHR, waist–hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; T2DM,
type 2 diabetes mellitus; CHD, coronary heart disease; OR, odds ratio; SMD, standardized mean difference.

Yaomin Hu, Yan Ren, Robert Z. Luo, Xiang Mao, Xiaomin Chen, Xiujun Li, Xu Cao, Lu Guan, Xiang Chen, Jianwei Li, Yang Long, Xiangxun
Zhang, Haoming Tian, unpublished data.
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Our meta-analysis also indicates that the Asn291Ser vari-
ant in the LPL gene predisposes to more severe dyslipidemia
with increasing age and weight gain. It is thus conceivable
that the functional role of LPL is of particular importance
when the lipolytic system becomes challenged by envi-
ronmental factors such as increasing age and weight gain.

In addition, this meta-analysis has indicated that the
Asn291Ser variant is a risk factor for T2DM and CHD but
not for obesityandHBP. Ourstudyhas demonstrated that LPL
Asn291Ser variant carriers have a less favorable lipid profile.
Thus, the observation that the LPL Asn291Ser variant, which is
linked to a deleterious lipid profile, is associated with CHD is
not surprising. Could the deleterious lipid profile result from
the LPL Asn291Ser variant link to T2DM? Studies have shown
that the primary increase in plasma TG and nonesterified fatty
acid (NEFA) levels could lead to insulin resistance and im-
paired insulin secretion, which usually are required to mani-
fest T2DM by multiple converging mechanisms. Through
inhibition of both glucose oxidation and nonoxidative glucose
metabolism (mostly glycogen synthesis), increased NEFA up-
take is thought to be responsible, at least in part, for the
skeletal muscle insulin resistance of type 2 diabetic patients
(42). In the liver, increased NEFA oxidation may inhibit glu-
cose oxidation and stimulate gluconeogenesis, thereby con-
tributing to the inappropriate glucose production found in
type 2 diabetic patients (43). There is evidence that chronic
exposure of theb-cell to elevated FFA levels can cause damage
to its function (44). Typically, this occurrence would result in
the damage to b-cells characteristically seen in T2DM. The
potential mechanisms underlying islet lipotoxicity might be
involved in the fatty acid–mediated upregulation of inducible
nitric oxide synthase and/or ceramide synthesis, either or
both of which might lead to b-cell apoptosis (44).

In conclusion, this meta-analysis, including all available
evidence to date, indicates that the Asn291Ser variant in the
LPL gene is a risk factor for dyslipidemia, characterized
by hypertriglyceridemia and low HDL-C levels. And the
functional role of LPL is of particular importance when the
lipolytic system becomes challenged by environmental fac-
tors such as increasing age and weight gain. Also, this meta-
analysis shows that the LPL Asn291Ser variant, which is
linked to a deleterious lipid profile, is associated with CHD
and T2DM.

This study was supported by the National Scientific Foundation
of China (No. 30570882)
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