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Abstract

Background: High-density lipoprotein (HDL) is associated with the incidence of metabolic syndrome (MetS). It is
unclear whether subjects with different HDL levels develop different components of MetS over time. Our study
aimed to determine what MetS components tend to emerge and change relative to different levels of HDL.

Methods: During the period 2007 to 2012, 4,905 adults in Tongren and Xiaotangshan Hospitals in Beijing were
included with no MetS, self-reported type 2 diabetes, or cardiovascular disease at baseline. An association rule was
used to determine the changes of MetS components over time.

Results: The incidence of MetS at follow-up was 3.40% for men and 1.50% for women in the high-normal HDL
group; 6.65% and 4.55%, respectively, in the normal HDL group; and 11.05% and 6.45%, respectively, in the low HDL
group. The most common transition was from healthy to healthy in normal-high or normal HDL groups (47.2% to
63.8%), whereas 11.7% to 39.9% of subjects with low HDL returned to healthy status or stayed unchanged in the
low HDL group. The most common new-onset components were elevated blood pressure (9.2 to 10.0%), elevated
high-density lipoprotein (5.5 to 11.0%), and raised fasting glucose (5.4 to 5.5%) in the groups with normal-high or
normal HDL.

Conclusions: The incidence of MetS increased in parallel with the decrease in HDL. Adults with a low HDL level
were more susceptible to developing MetS over time. Low HDL seemed to be a pre-existing phase of MetS and
may be a crucial status for MetS prevention.
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Background
Metabolic syndrome (MetS) is a complicated medical
condition that includes five components: high plasma
glucose, high triglycerides, low high-density lipoprotein
cholesterol, high blood pressure, and abdominal obesity.
MetS is associated with an increased risk of the develop-
ment of cardiovascular disorders worldwide. Patients with
MetS have a two-fold greater relative risk for cardiovascu-
lar disease (CVD), a five-fold greater risk for type 2
diabetes mellitus (DM), a 2.2-fold greater risk for stroke,
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and a 2.6-fold greater risk for chronic kidney disease [1-3].
A meta-analysis of 172,573 individuals demonstrated a
significantly higher risk of cardiovascular events associated
with MetS [4]. Lipid abnormalities, including low high-
density lipoprotein (HDL), in MetS may contribute sub-
stantially to these high cardiovascular risks [5].
It is not yet clear whether or not MetS has a single

cause, although it is known that insulin resistance is a
major underlying cause of MetS [6-8]. HDL has been
shown to be a key component in the prediction of CVD
risk and may trigger the pathogenesis of MetS [9]. A
cross-sectional study indicated that the HDL sub-class
ratio is strongly associated with HDL, insulin resistance,
as well as other MetS components in Japanese individuals
[10]. However, there have been few cohort studies
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investigating which MetS components tend to cluster
dominantly, and how the status of each component
changes over time [11-13]. These factors may hamper the
adequacy of management among individuals with MetS.
Our previous study revealed that people with optimal and
normal blood pressure were less susceptible to developing
MetS over a five year period, whereas abnormal blood
pressure seemed to be a pre-existing phase of MetS [14].
Multiple statistical methods, such as logistical regres-

sion, Cox proportional hazards regression model, a net-
work approach, latent transition, and factor analysis were
applied in the previous research [8,9,11-13]. However,
these methods can not deal with independent variables
that are correlated with each other. Thus association rule
mining (ARM), which is a popular data mining method
designed to identify groups of variables that are strongly
correlated with each other, or with respect to a specific
target variable, was used in the present study [15].
The purposes of this study were to investigate: 1)

whether or not there is a correlation between the level
of HDL and the incidence of MetS; 2) which compo-
nents tend to develop at each level of HDL; and 3) how
these components change with time.

Methods
Survey methodology
Subjects’ health records from routine physical check-ups
have been computerised since 2007 at Beijing Tongren
and Xiaotangshan Hospitals. We selected the records of
adult visitors who had a physical check-up, using entries
in 2007/2008 as the baseline, and 2011/2012 as the end
point. In total, 6,888 people who had check-up records
at both baseline and the follow-up were enrolled. Firstly,
438 people with any medical history of stroke, cerebral
infarction, myocardial infarction, or coronary heart dis-
ease, or in use of any hypoglycaemic, anti-dislipidemic,
or anti-hypertensive treatments were excluded. Secondly,
13 people aged less than 20 years and 991 people aged
over 65 years were excluded. Lastly, 538 subjects who
had MetS at baseline were ruled out. The final cohort
was composed of 4,905 subjects.

Measurements and laboratory tests
The participants underwent routine physical examina-
tions including measurements of weight, height, blood
pressure (BP), and analyses of blood biochemistry pa-
rameters. Height and body weight were measured in the
upright position to the nearest of 0.5 cm and 0.1 kg, re-
spectively. Electronic sphygmomanometers were used by
a trained nurse to measure the BP of each subject in the
sitting position after a 10-minute rest period. During the
30 min preceding the measurements, the subjects were
required to refrain from smoking or consuming caffeine
[16]. The readings of systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were recorded, when the
second measurement was in an extent of 5 mmHg. Three
systolic and diastolic blood pressures were recorded, with
an interval of at least 1 minute between readings, and the
average of the last two measurements was used for data
analysis [16].
Blood samples were collected from an antecubital vein

in the morning after an overnight fasting period and
placed in tubes containing EDTA. The samples were ana-
lysed immediately after pre-treatment or stored at -80°C
in the ISO 15189 accredited medical laboratories of the
hospital for further analysis. Serum HDL concentration
was measured photometrically (Hitachi 704; Roche,
Mannheim, Germany), and TG and FPG concentrations
were determined enzymatically (Hitachi 717; Roche Diag-
nostics). All analyses were performed in accordance with
the manufacturer’s recommendations. The intra- and
inter-assay coefficients of variation for all laboratory tests
were under 5%.

Diagnosis of metabolic syndrome
Diagnostic criteria for the assessment of MetS compo-
nents were determined according to the Joint Interim
Statement Criteria [17]. Body mass index (BMI) was
regarded as a substitute for the component of obesity,
which was strongly correlated with waist circumference
(WC) in patients with MetS [18], as WC was not obtained.
The parameters used were as follows:
Overweight: 25 ≤ BMI < 30 kg/m2; obese: BMI ≥

30 kg/m2 [19];

� Raised TG level (drug treatment for raised
triglyceride level is an alternative indicator) ≥
150 mg/dL (1.7 mmol/L) [17];

� Reduced HDL level (drug treatment for reduced
HDL level is an alternative indicator): < 40 mg/dL
(1.0 mmol/L) in men; < 50 mg/dL (1.3 mmol/L) in
women [17];

� Raised BP (anti-hypertensive drug treatment in a
patient with a history of hypertension is an
alternative indicator ): systolic pressure ≥ 130
and/or diastolic ≥85 mm Hg [17];

� Raised FPG level (drug treatment with raised
glucose is an alternative indicator) ≥ 100 mg/dL
(5.6 mmol/L) [17];

� Participants fulfilling at least three out of these five
components were diagnosed as having MetS.

Association rule mining (ARM)
ARM, also known as market basket analysis (MBA), is a
popular data mining method designed to identify groups
of variables with respect to a specific target variable [15].
The strength of this method is that ARM measures the
support and confidence, as explained below. The support
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rate of transitions is defined as the percentage of initial
status to another status in all possible transitions, and
the confidence rate represents the number of cases tran-
sitioned within a certain status. In this study, support
rate and confidence rate were used to evaluate which
were the relatively frequent transition patterns and
which status increased most, respectively. More details
on the a priori algorithm underpinning ARM are avail-
able elsewhere [20-22].
Layered approach for high-density lipoprotein levels at
baseline
HDL at baseline was categorised into two sub-groups ac-
cording to the Joint Scientific Statement of MetS [17]. To
avoid the overlap of “high-normal HDL” and “normal
HDL” in the Joint Scientific Statement criteria, we defined
high-normal HDL as HDL ≥ 60 mg/dL; normal HDL as
40 mg/dL ≤HDL < 60 mg/dL for men and 50 mg/dL ≤
HDL < 60 mg/dL for women; low HDL as HDL < 40 mg/
dL for men and HDL < 40 mg/dL for women.
Statistical analysis
Categorical data are presented as percentages, and con-
tinuous data as mean plus standard deviation (SD). The
five components’ statuses were analysed at baseline and
follow-up. We performed ARM to analyse the changes in
each MetS component or combinations thereof during the
five-year period of this cohort study. As the subjects at
baseline were people with two or fewer MetS components,
there were 16 (i.e. C0

5 þ C1
5 þ C2

5 ) possible statuses at
baseline, with 32 (i.e. 25) possible statuses at follow-up.
Theoretically there were 512 (i.e. 16 × 32) possible transi-
tions between statuses from baseline to follow-up. The
data are presented as transitions of statuses that changed
from one risk factor to another, with “healthy” defined as
being that state free of MetS components.
A few values from biochemical sera were missing, thus

a multiple imputation (MI) was performed to impute the
missing information. According to the data distribution,
the Markov chain Monte Carlo (MCMC) method was
chosen to avoid the loss of generality. All analyses were
conducted using SAS software package (Version 9.2;
SAS Institute, Chicago, IL, USA). A 2-sided α of 0.05
was considered statistically significant. Bonferroni ad-
justment of critical p-values was adopted when perform-
ing multiple comparisons.
Ethics statement
This study was approved by the Ethics Committee of the
Capital Medical University of China, Beijing, and performed
in accordance with the principles of the Declaration of
Helsinki (Reference No. 2013SY26).
Consent
Written informed consent was obtained from each patient
for publication of this report and any accompanying
images.

Results
At baseline, of the 4,905 subjects, 45.3% were men with
a median age of 40.0 years (41.2 ± 11.0), while 54.7%
were women with a median age of 42 years (41.7 ± 10.2).
The follow-up interval was 4.78 ± 0.41 years for men and
4.81 ± 0.39 years for women, respectively. The baseline
characteristics are summarised in Table 1.
The components of MetS in the population at baseline

and follow-up were grouped by HDL level at baseline
(Tables 2, 3, 4 and 5). Subjects were divided into two age
groups (20 to 44 (young) and 45 to 65 (old)). The inci-
dence of MetS at follow-up was analysed by gender and
HDL level at baseline (Figures 1 and 2). Young men with
high-normal and normal HDL levels had a higher inci-
dence of MetS compared with women in the same groups
(2.57% versus 0.77%, and 5.95% versus 3.45%, respectively).
The numbers of young men and young women were
almost the same in the low HDL group (11.93% versus
10.17%). Whereas the numbers of old men and old
women were almost the same in the high-normal, normal,
and low HDL groups (4.55% versus 2.56%, 7.77% versus
6.05%, and 9.52% versus 8.00%, respectively).
The five most common transitions in each sub-group

were identified (Figure 3). As the sample size was too
small after grouping by age, the association rule was ap-
plied without sub-stratification of age. The support rate
of transitions (defined as the percentage changing from
initial status to another status via all possible transitions)
was examined in the period 2007/2008 to 2011/2012 in
the different sub-groups at baseline. For visual simplicity,
the five most commonly observed transitions are shown in
the relevant parts of Figure 3. The most common transi-
tion in both genders with normal-high and normal HDL
was “healthy” to “healthy”, whereas for the low HDL group,
the main transition was from “low HDL” to “healthy”. The
rates of transition are shown for each gender and HDL
group. The confidence rate represents how many cases
transitioned within a certain status. For example, 470 males
were initially healthy at baseline, and 280 (60.74%) of these
stayed healthy, while 54 (11.71%) transitioned to hyperten-
sion at the end of the observation period.

Discussion
This cohort study, comprising 4,905 subjects in Beijing
Tongren and Beijing Xiaotangshan Hospitals, focused on
investigating how the incidence of MetS changed relative
to HDL level and which MetS components tend to
emerge and change during the 5-year follow-up period.
Our study identified that the lower the HDL at baseline,



Table 1 The baseline characteristics of 20 to 65 years old subjects (n = 4 905)

Variables Total Men Women t value P value

N 4905 2222 2683 - -

Age (years) 41.5 ± 10.6 41.2 ± 11.0 41.7 ± 10.2 1.41 0.1582a

HDL (mmol/L) 22.6 ± 2.6 1.4 ± 0.3 1.6 ± 0.3 36.04 <0.0001a

SBP (mmHg) 108.2 ± 10.2 111.1 ± 9.0 105.7 ± 10.4 -19.44 <0.0001a

DBP (mmHg) 71.4 ± 7.2 73.5 ± 6.4 69.7 ± 7.4 -19.10 <0.0001a

TG (mmol/L) 4.9 ± 0.4 1.0 ± 0.3 0.8 ± 0.3 -20.62 <0.0001a

FPG (mmol/L) 0.9 ± 0.3 4.9 ± 0.4 4.9 ± 0.4 -2.57 0.0103a

BMI (kg/m2) 1.5 ± 0.3 23.5 ± 2.5 21.8 ± 2.5 -22.95 <0.0001a

Elevated HDL (%) 281(5.73) 172(7.74) 109 (4.06) 30.4467 <0.0001b

Elevated BP (%) 42(0.86) 24(1.08) 18(0.67) 2.3975 0.1215b

Elevated TG (%) 20(0.41) 13(0.59) 7(0.26) 3.1450 0.0762b

Elevated FPG (%) 19(0.39) 10(0.45) 9(0.34) 0.4137 0.5201b

Elevated BMI (%) 17(0.35) 11(0.50) 6(0.22) 2.5924 0.1074b

MetS metabolic syndrome, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, TG triglycerides.
aDetermined by two-sample t test.
bDetermined by χ2 test.
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the higher the incidence of MetS at follow-up. We found
that women with different levels of HDL would develop
different combinations of MetS components. On analys-
ing the change in MetS components, we identified that
those women with low HDL tended to have elevated
blood pressure as the most common additional MetS
component, while those women with higher HDL
tended to have elevated HDL as the most common new-
onset MetS component. Men tended to have elevated
blood pressure as the most common additional and
new-onset MetS component.
The HDL of people with normal-high and normal

high-density lipoprotein at baseline tended to decrease
with time, while the HDL increased in those subjects
with low high-density lipoprotein, according to Tables 2,
3, 4 and 5. Subjects with low high-density lipoprotein
may be alert to their health as health education and pro-
motion programmes are available through various media
in Beijing, possible actions on exercise and diet could be
Table 2 The profile of MetS components in men aged 20 to 4
baseline (n = 1 356)

Variable High-normal HDL (n = 272) Normal HDL

Baseline Follow-up P-value Baseline

HDL (mmol/L) 1.75 ± 0.20 1.46 ± 0.30 <0.0001 1.27 ± 0.13

SBP (mmHg) 110.18 ± 9.38 116.44 ± 11.63 <0.0001 110.76 ± 8.81

DBP (mmHg) 72.62 ± 6.48 71.65 ± 8.95 0.0824 72.91 ± 6.50

TG (mmol/L) 0.89 ± 0.31 1.19 ± 0.77 <0.0001 1.00 ± 0.34

FPG (mmol/L) 4.86 ± 0.47 5.01 ± 0.42 <0.0001 4.87 ± 0.40

BMI (kg/m2) 22.19 ± 2.59 23.29 ± 2.93 <0.0001 23.44 ± 2.46

HDL high density lipoprotein, SBP systolic blood pressure, DBP diastolic blood press
BMI body mass index. P-value is based on paired t-test.
intentionally or unintentionally taken, therefore their
HDL is controlled or even higher.
An association between low HDL and MetS has been

reported as the most prominent new onset MetS com-
ponent, or even serves as a key component of predicting
cardiovascular and diabetes risk [9,13,23]. Several studies
with structural equation modelling showed that low
HDL might play both a direct and indirect role in the
progression of MetS [24-26]. However, physiologically, it
is not easy to connect low HDL with MetS. In the
present study, we found that people with high-normal
and normal HDL tended to have a relatively lower inci-
dence of MetS after five years when compared with
people with low HDL, and were less susceptible to de-
veloping the disorder. Most subjects who started off as
healthy remained healthy, similar to a previous study
amongst a German population [13]. However, lowered
HDL tended to be the first risk factor of MetS for people
with normal HDL, which is roughly confirmed in
4 of different high density lipoprotein group at

(n = 975) Low HDL (n = 109)

Follow-up P-value Baseline Follow-up P-value

1.22 ± 0.24 <0.0001 0.98 ± 0.08 1.12 ± 0.21 <0.0001

117.82 ± 12.11 <0.0001 110.50 ± 8.09 121.48 ± 13.67 <0.0001

72.67 ± 9.07 0.4203 72.63 ± 6.05 74.37 ± 10.86 0.0836

1.35 ± 0.76 <0.0001 1.12 ± 0.38 1.61 ± 0.86 <0.0001

5.10 ± 0.48 <0.0001 4.78 ± 0.49 5.16 ± 0.64 <0.0001

24.39 ± 2.66 <0.0001 24.07 ± 2.43 25.38 ± 2.65 <0.0001

ure, TG triglycerides, FPG fasting plasma glucose.



Table 3 The profile of MetS components in men aged 45 to 65 of different high density lipoprotein group at
baseline (n = 866)

Variable High-normal HDL (n = 198) Normal HDL (n = 605) Low HDL (n = 63)

Baseline Follow-up P-value Baseline Follow-up P-value Baseline Follow-up P-value

HDL (mmol/L) 1.76 ± 0.22 1.51 ± 0.34 <0.0001 1.28 ± 0.14 1.27 ± 0.26 0.1199 0.98 ± 0.11 1.17 ± 0.31 <0.0001

SBP (mmHg) 111.99 ± 9.68 119.40 ± 13.96 <0.0001 111.90 ± 8.98 120.90 ± 15.08 <0.0001 111.92 ± 9.08 120.36 ± 13.02 <0.0001

DBP (mmHg) 74.14 ± 6.36 73.40 ± 9.74 0.3292 74.64 ± 6.21 75.01 ± 10.39 0.3860 74.04 ± 6.62 76.16 ± 9.92 0.1110

TG (mmol/L) 1.01 ± 0.34 1.27 ± 0.85 <0.0001 1.11 ± 0.30 1.32 ± 0.58 <0.0001 1.14 ± 0.37 1.35 ± 0.54 0.0020

FPG (mmol/L) 4.97 ± 0.38 5.21 ± 0.51 <0.0001 4.95 ± 0.39 5.26 ± 0.72 <0.0001 4.70 ± 0.52 5.21 ± 0.60 <0.0001

BMI (kg/m2) 23.18 ± 2.52 23.59 ± 2.67 0.0024 23.96 ± 2.27 24.33 ± 2.48 <0.0001 24.29 ± 2.17 24.69 ± 2.31 0.0810

HDL high density lipoprotein, SBP systolic blood pressure, DBP diastolic blood pressure, TG triglycerides, FPG fasting plasma glucose.
BMI body mass index. P-value is based on paired t-test.

Liu et al. BMC Public Health  (2015) 15:412 Page 5 of 9
another population [13]. About 42% of the subjects with
low HDL returned to “healthy”, while 12% continued to
remain in the same condition. Low HDL-C level has been
found to be independently and significantly related to
myocardial infarction or stroke in patients with MetS, thus
multi-factor treatment strategies, including strict life style
change, should be made to improve dyslipidemia in MetS
and decrease the residual risk for CVD in MetS [5,27].
The components of MetS tended to cluster in a way

which varied from one population to another [13,28]. In
our study, people with low HDL tended to have raised
blood pressure as a secondary risk factor. This is roughly
consistent with other studies, which found that elevated
blood pressure was the second most important compo-
nent of MetS and people with MetS tended to have
hypertension [14,23]. Low HDL seemed to be related to
each of the other four components. It is mainly a conse-
quence of systemic low-grade inflammation and apo A-I
dysfunction. In addition to the five components of MetS,
pro-thrombotic and pro-inflammatory states are essen-
tial features based on the evidence of impaired function
of HDL and apo A-I particles are discernible by bio-
logical evidence of functional defectiveness via outcomes
studies and/or correlations with inflammatory and anti-
inflammatory biomarkers [29]. The aggregation to lipo-
protein (Lp) (a) of apo A-I underlies HDL dysfunction,
Table 4 The profile of MetS components group in women age
baseline (n = 1 595)

Variable High-normal HDL (n = 907) Normal HDL

Baseline Follow-up P-value Baseline

HDL (mmol/L) 1.83 ± 0.23 1.65 ± 0.33 <0.0001 1.41 ± 0.08

SBP (mmHg) 108.65 ± 10.21 108.83 ± 11.96 <0.0001 108.30 ± 10.32

DBP (mmHg) 71.51 ± 7.10 67.65 ± 8.41 0.0460 71.47 ± 7.39

TG (mmol/L) 0.91 ± 0.31 0.87 ± 0.41 <0.0001 1.00 ± 0.32

FPG (mmol/L) 4.89 ± 0.35 5.00 ± 0.45 <0.0001 4.88 ± 0.36

BMI (kg/m2) 22.47 ± 2.44 21.54 ± 2.68 <0.0001 23.02 ± 2.33

HDL high density lipoprotein, SBP systolic blood pressure, DBP diastolic blood press
BMI body mass index. P-value is based on paired t-test.
and is an independent risk factor of magnitude similar
to conventional components of MetS [30]. Several stud-
ies showed that the steep increase in dyslipidemia could
be the reason for the growing prevalence of diabetes and
vice versa [23,31]. Dyslipidemia in patients with MetS
may be caused by a combination of increased catabolism
of HDL-apo A-I particles, overproduction of very LDL
apo B, and decreased catabolism of apo B containing
particles: these abnormalities may be consequences of
insulin resistance [32]. An important link between obes-
ity, the metabolic syndrome, and dyslipidemia, seems to
be the development of insulin resistance in peripheral
tissues leading to an enhanced hepatic flux of fatty acids
from dietary sources, intravascular lipolysis, and from
adipose tissue resistant to the antilipolytic effects of
insulin [32]. Previous reports indicated that pro-
inflammatory state and oxidative stress are crucial for
evaluating cardiometabolic risk. Factors such as creatinine,
platelet-activating factor acetyl hydrolase, thyroid stimu-
lating hormone, acetylation-stimulating protein, asymmet-
ric dimethylarginine, and serum lipoprotein (Lp) (a) are
key to triggering systemic low-grade inflammation and
enhanced autoimmune reactions, which may induce low
HDL and metabolic syndrome [33].
In most circumstances, “healthy” was the predominant

status, and subjects with a single MetS component
d 20 to 44 of different high density lipoprotein at

(n = 629) Low HDL (n = 59)

Follow-up P-value Baseline Follow-up P-value

1.40 ± 0.25 0.0576 1.13 ± 0.14 1.40 ± 0.33 <0.0001

110.07 ± 13.05 <0.0001 110.03 ± 10.08 112.75 ± 14.99 0.0007

67.95 ± 9.51 0.0813 72.81 ± 7.39 70.97 ± 9.84 0.1093

0.99 ± 0.48 <0.0001 0.90 ± 0.31 1.17 ± 1.03 0.0455

5.02 ± 0.42 <0.0001 4.79 ± 0.39 4.99 ± 0.41 0.0001

22.18 ± 2.83 <0.0001 23.53 ± 2.43 22.42 ± 2.81 0.0465

ure, TG triglycerides, FPG fasting plasma glucose.



Table 5 The profile of MetS components in women aged 45 to 65 of different high density lipoprotein group at
baseline (n = 1 088)

Variable High-normal HDL (n = 625) Normal HDL (n = 413) Low HDL (n = 50)

Baseline Follow-up P-value Baseline Follow-up P-value Baseline Follow-up P-value

HDL (mmol/L) 1.76 ± 0.22 1.69 ± 0.32 <0.0001 1.28 ± 0.14 1.46 ± 0.29 0.0003 0.98 ± 0.11 1.58 ± 0.27 <0.0001

SBP (mmHg) 111.88 ± 9.68 116.32 ± 15.01 <0.0001 111.90 ± 8.98 118.10 ± 15.19 <0.0001 111.92 ± 9.08 119.96 ± 14.08 <0.0001

DBP (mmHg) 74.14 ± 6.36 71.52 ± 9.77 0.9928 74.64 ± 6.21 72.79 ± 9.66 0.0064 74.04 ± 6.62 72.86 ± 10.70 0.9747

TG (mmol/L) 1.01 ± 0.34 1.14 ± 0.57 <0.0001 1.11 ± 0.30 1.21 ± 0.53 <0.0001 1.14 ± 0.37 1.24 ± 0.58 <0.0001

FPG (mmol/L) 4.97 ± 0.38 5.10 ± 0.46 <0.0001 4.95 ± 0.39 5.16 ± 0.50 <0.0001 4.70 ± 0.52 5.19 ± 0.49 <0.0001

BMI (kg/m2) 23.18 ± 2.52 22.95 ± 2.76 <0.0001 23.96 ± 2.27 23.34 ± 2.49 0.0008 24.29 ± 2.17 23.50 ± 2.79 0.9406

HDL high density lipoprotein, SBP systolic blood pressure, DBP diastolic blood pressure, TG triglycerides, FPG fasting plasma glucose.
BMI body mass index. P-value is based on paired t-test.
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tended to return to a “healthy” status. Low HDL seemed
to be a crucial status for MetS prevention. Since dyslipid-
emia has low rates of awareness, treatment, and control
among Chinese adults, it is an important preventable risk
factor for MetS and CVD events [34].
The strengths of this study were that it was a longitu-

dinal study over five years in a Chinese population with
data subject to relatively good quality control. There
were some limitations to this study. The first limitation
of this study is the relatively small sample that might not
be sufficiently representative of the general adult popula-
tion and the demographics and referral source may limit
the generalisation of the results. Further studies using the
general population would be desirable. Secondly, informa-
tion about lifestyles was not available, but lifestyle vari-
ables will be included in further studies. The third
limitation is the lack of WC measurements as an indicator
of central obesity. However, BMI > 30 kg/m2 was used as
Figure 1 The accumulated incidence of MetS in subjects aged 20-44, strat
high-normal HDL group of same gender using χ2 test, P < 0.025. #Compare
a substitute for obesity [19]. Several studies have indicated
that two measures of BMI and WC are closely correlated
[18,35]. Most individuals with an abnormal BMI also have
an abnormal WC.
Conclusions
The incidence of MetS increases with the reduction of
HDL over time. People with high-normal and normal
HDL were less susceptible than people with higher HDL
to developing MetS. Although most cases in the normal
HDL group stayed “healthy”, they tended to have de-
creased HDL as their initial sign of MetS. Low HDL was
a crucial status for MetS prevention as some of the cases
were able to return to “healthy”. In the low HDL group,
elevated blood pressure was a secondary risk factor.
More effective risk mitigation strategies are needed for
people with low HDL to prevent those developing MetS.
ified by gender and high-density lipoprotein level. *Compared with
d with male counterpart using χ2 test, P < 0.05.



Figure 2 The accumulated incidence of MetS in subjects aged 45-65, stratified by gender and high-density lipoprotein level. *Compared with
high-normal HDL group of same gender using χ2 test, P < 0.025.

Figure 3 The support and confidence rate of the top five transitions in all subjects from 2007/2008 to 2011/2012 stratified by sex and high-density
lipoprotein groups. (A) in high-normal HDL group of males; (B) in normal HDL group of males; (C) in low HDL group of males; (D) in high-normal HDL
group of females; (E) in normal HDL group of females; (F) in low HDL group of females. Abbreviations: H, health, with the absence of any MetS
components; BP, high blood pressure; TG, raised triglycerides level; GLU, high fasting plasma glucose; HDL, increased high-density lipoprotein level.

Liu et al. BMC Public Health  (2015) 15:412 Page 7 of 9



Liu et al. BMC Public Health  (2015) 15:412 Page 8 of 9
Abbreviations
HDL: High-density lipoprotein; MetS: Metabolic syndrome;
CVD: Cardiovascular disease; DM: Diabetes mellitus; ARM: Association rule
mining; BP: Blood pressure; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; BMI: Body mass index; WC: Waist circumference; MBA: Market
basket analysis; SD: Standard deviation; MCMC: Markov chain Monte Carlo.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
XL, LT, and KC contributed to the statistical analysis and interpretation of the
data, drafting of the article, and critical revision of the article; ZW, DC and XG
contributed to the study conception and design, acquisition of data, field
investigation and quality control; XL, JG, HZ, XY, YW, JW, CW and LL
contributed to the drafting of the article, and critical revision of the article;
XG had full access of all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. All authors gave
their final approval for the manuscript.

Acknowledgements
Funding: The Program of Natural Science Fund of China (Serial Number:
81373099); the Major Project of Natural Science Fund of Beijing (Serial Number:
7131002). All funding sources were independent and had no influence on the
study design; the collection, analyses, and interpretation of our data; the writing
of this report; or the decision to submit the article for publication.

Author details
1School of Public Health, Capital Medical University, No. 10 Xitoutiao,
You’anmen Wai, Fengtai District, Beijing 100069, China. 2Beijing Municipal
Key Laboratory of Clinical Epidemiology, Beijing 100069, China. 3Physical
Examination Department, Beijing Tongren Hospital Affiliated to Capital
Medical University, No.1 Dongjiao Minxiang, Dongcheng District, Beijing
100730, China.

Received: 25 October 2014 Accepted: 25 February 2015

References
1. Samson SL, Garber AJ. Metabolic syndrome. Endocrinol Metab Clin N Am.

2014;43(1):1–23.
2. Del Brutto OH, Zambrano M, Penaherrera E, Montalvan M, Pow-Chon-Long

F, Tettamanti D. Prevalence of the metabolic syndrome and its correlation
with the cardiovascular health status in stroke- and ischemic heart disease-
free Ecuadorian natives/mestizos aged >/=40 years living in Atahualpa: a
population-based study. Diabetes & Metabolic Syndrome. 2013;7(4):218–22.

3. Sheikhbahaei S, Fotouhi A, Hafezi-Nejad N, Nakhjavani M, Esteghamati A.
Serum uric acid, the metabolic syndrome, and the risk of chronic kidney
disease in patients with type 2 diabetes. Metab Syndr Relat Disord.
2014;12(2):102–9.

4. Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami LA, Somers VK, et al. Metabolic
syndrome and risk of incident cardiovascular events and death: a systematic
review and meta-analysis of longitudinal studies. J Am Coll Cardiol.
2007;49(4):403–14.

5. Wang F, Ye P, Hu D, Min Y, Zhao S, Wang Y, et al. Lipid-lowering therapy
and lipid goal attainment in patients with metabolic syndrome in China:
Subgroup analysis of the Dyslipidemia International Study-China (DYSIS-China).
Atherosclerosis. 2014;237(1):99–105.

6. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, And Treatment of High Blood Cholesterol In Adults
(Adult Treatment Panel III). JAMA. 2001;285(19):2486–97.

7. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement.
Circulation. 2005;112(17):2735–52.

8. National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III). Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) final report.
Circulation. 2002;106(25):3143–421.

9. Rader DJ, Hovingh GK. HDL and cardiovascular disease. Lancet.
2014;384(9943):618–25.

10. Moriyama K, Negami M, Takahashi E. HDL2-cholesterol/HDL3-cholesterol ratio
was associated with insulin resistance, high-molecular-weight adiponectin, and
components for metabolic syndrome in Japanese. Diabetes Res Clin Pract.
2014;106(2):360–5.

11. Franco OH, Massaro JM, Civil J, Cobain MR, O'Malley B, D'Agostino Sr RB.
Trajectories of entering the metabolic syndrome: the framingham heart
study. Circulation. 2009;120(20):1943–50.

12. Scuteri A, Morrell CH, Najjar SS, Muller D, Andres R, Ferrucci L, et al.
Longitudinal paths to the metabolic syndrome: can the incidence of the
metabolic syndrome be predicted? The Baltimore Longitudinal Study of
Aging. J Gerontol A: Biol Med Sci. 2009;64(5):590–8.

13. Haring R, Rosvall M, Volker U, Volzke H, Kroemer H, Nauck M, et al. A
network-based approach to visualize prevalence and progression of
metabolic syndrome components. PLoS One. 2012;7(6):e39461.

14. Huo D, Tao L, Li X, Wang W, Wang Z, Chen D, et al. Association of blood
pressure with development of metabolic syndrome components: a five-year
Retrospective Cohort study in Beijing. BMC Public Health. 2013;13:912.

15. Tan P-N KV, Srivastava J. Selecting the right objective measure for association
analysis. Inf Syst. 2004;29(4):293–313.

16. Tao LX, Li X, Zhu HP, Huo D, Zhou T, Pan L, et al. Association of
hematological parameters with metabolic syndrome in Beijing adult
population: a longitudinal study. Endocrine. 2014;46(3):485–95.

17. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the
International Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation. 2009;120(16):1640–5.

18. Gierach M, Gierach J, Ewertowska M, Arndt A, Junik R. Correlation between
body mass index and waist circumference in patients with metabolic
syndrome. ISRN Endocrinology. 2014;2014:514589.

19. WHO Expert Consultation. Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet.
2004;363(9403):157–63.

20. Park SH, Jang SY, Kim H, Lee SW. An association rule mining-based framework
for understanding lifestyle risk behaviors. PLoS One. 2014;9(2), e88859.

21. Stilou S, Bamidis PD, Maglaveras N, Pappas C. Mining association rules from
clinical databases: an intelligent diagnostic process in healthcare. Stud
Health Tech Informat. 2001;84(Pt 2):1399–403.

22. Ma L, Tsui FC, Hogan WR, Wagner MM, Ma H. A framework for infection control
surveillance using association rules. AMIA Annu Symp Proc. 2003:410–4.
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+framework+for+infection+489
+control+surveillance+using+association+rules.

23. Yadav D, Mishra M, Tiwari A, Bisen PS, Goswamy HM, Prasad GB. Prevalence
of dyslipidemia and hypertension in Indian type 2 diabetic patients with
metabolic syndrome and its clinical significance. Osong Public Health Res
Perspect. 2014;5(3):169–75.

24. Ferguson TF, Funkhouser E, Roseman J. Factor analysis of metabolic
syndrome components in the Coronary Artery Risk Development in Young
Adults (CARDIA) study: examination of factors by race-sex groups and across
time. Ann Epidemiol. 2010;20(3):194–200.

25. Shen BJ, Goldberg RB, Llabre MM, Schneiderman N. Is the factor structure of
the metabolic syndrome comparable between men and women and across
three ethnic groups: the Miami Community Health Study. Ann Epidemiol.
2006;16(2):131–7.

26. Shen BJ, Todaro JF, Niaura R, McCaffery JM, Zhang J, Spiro 3rd A, et al. Are
metabolic risk factors one unified syndrome? Modeling the structure of the
metabolic syndrome X. Am J Epidemiol. 2003;157(8):701–11.

27. Guyton JR, Slee AE, Anderson T, Fleg JL, Goldberg RB, Kashyap ML, et al.
Relationship of lipoproteins to cardiovascular events: the AIM-HIGH Trial (Athero-
thrombosis Intervention in Metabolic Syndrome With Low HDL/High Triglycerides
and Impact on Global Health Outcomes). J Am Coll Cardiol. 2013;62(17):1580–4.

28. Tao LX, Wang W, Zhu HP, Huo D, Zhou T, Pan L, et al. Risk profiles for metabolic
syndrome and its transition patterns for the elderly in Beijing, 1992–2009.
Endocrine. 2014;47(1):161–8.

29. Onat A. Metabolic syndrome: nature, therapeutic solutions and options.
Expert Opin Pharmacother. 2011;12(12):1887–900.

http://www.ncbi.nlm.nih.gov/pubmed/?term=A+framework+for+infection+489+control+surveillance+using+association+rules
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+framework+for+infection+489+control+surveillance+using+association+rules


Liu et al. BMC Public Health  (2015) 15:412 Page 9 of 9
30. Onat A, Can G, Murat S, Cicek G, Ornek E, Yuksel H. Aggregation of
lipoprotein(a) to apolipoprotein A-I underlying HDL dysfunction as a major
coronary risk factor. Anadolu Kardiyol Derg. 2013;13(6):543–51.

31. Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic
syndrome among u.s. Adults. Diabetes Care. 2004;27(10):2444–9.

32. Klop B, Elte JW, Cabezas MC. Dyslipidemia in obesity: mechanisms and
potential targets. Nutrients. 2013;5(4):1218–40.

33. Onat A, Can G. Enhanced proinflammatory state and autoimmune
activation: a breakthrough to understanding chronic diseases. Curr Pharm
Des. 2014;20(4):575–84.

34. Li JH, Wang LM, Mi SQ, Zhang M, Li YC, Jiang Y, et al. [Awareness rate,
treatment rate and control rate of dyslipidemia in Chinese adults.
Zhonghua yu fang yi xue za zhi. 2010;46(8):687–91.

35. Freiberg MS, Pencina MJ, D’Agostino RB, Lanier K, Wilson PW, Vasan RS. BMI
vs waist circumference for identifying vascular risk. Obesity. 2008;16(2):463–9.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Survey methodology
	Measurements and laboratory tests
	Diagnosis of metabolic syndrome
	Association rule mining (ARM)
	Layered approach for high-density lipoprotein levels at baseline
	Statistical analysis
	Ethics statement
	Consent

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References

