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Abstract
The increasing prevalence of metabolic syndrome (MS) poses a serious public health problem
worldwide. Effective prevention and intervention require improved understanding of the factors
that contribute to MS. We analyzed data on a large twin cohort to estimate genetic and
environmental contributions to MS and to major MS components and their inter-correlations:
waist circumference, systolic and diastolic blood pressure, fasting plasma glucose, triglycerides,
and high density lipoprotein cholesterol. We applied structural equation modeling to determine
genetic and environmental structure of MS and its major components, using 1,617 adult female
twin pairs recruited from rural China. The heritability estimate for MS was 0.42 (95% CI: 0.00–
0.83) in this sample with low MS prevalence (4.4%). For MS components, heritability estimates
were statistically significant and ranged from 0.13 to 0.64 highest for WC, followed by TG, SBP,
DBP, HDL-C, and FPG. HDL-C was mainly influenced by common environmental factors (0.62,
95%CI: 0.58–0.62), while the other five MS components were largely influenced by unique
environmental factors (0.32–0.44). Bivariate Cholesky decomposition analysis indicated that the
clinical clustering of MS components may be explained by shared genetic and/or environmental
factors. Our study underscores the importance of examining MS components as inter-correlated
traits, and to carefully consider environmental and genetic factors in studying MS etiology.

‡Correspondence and reprint requests should be addressed to: Xiaobin Wang, MD, ScD, Mary Ann and J. Milburn Smith Child
Health Research Program, Children’s Memorial Hospital and Children’s Memorial Research Center; Department of Pediatrics,
Feinberg School of Medicine, Northwestern University, Chicago, IL, USA; telephone:312-573-7738, fax:312-573-7825,
xbwang@childrensmemorial.org.
*These two authors contributed equally to this paper.

Disclosure Statement: All of the authors listed in this manuscript have nothing to declare.

NIH Public Access
Author Manuscript
Obesity (Silver Spring). Author manuscript; available in PMC 2013 September 08.

Published in final edited form as:
Obesity (Silver Spring). 2009 August ; 17(8): 1581–1587. doi:10.1038/oby.2009.125.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
metabolic syndrome; twin study; heritability; Chinese

INTRODUCTION
The metabolic syndrome (MS, also called insulin resistance syndrome) is defined as a
cluster of metabolic abnormalities including central obesity, hypertension, hyperglycemia,
and dyslipidemia(1). As the prevalence of MS has increased rapidly in the past few decades,
it has become one of the major public-health challenges worldwide(2). MS has been
associated with increased risk of cardiovascular disease, stroke and type 2 diabetes(3–5).
However, the etiology of MS remains to be elucidated.

Rapid rises in obesity and associated MS suggest that social, physical and environmental
factors and lifestyle are important contributors. Indeed, epidemiological studies showed that
older age(6–8), western-style diet(9), sedentary lifestyle(10), and physical inactivity(10, 11)

increase the risk of MS. On the other hand, considerable individual variability in MS
phenotypic components is observed among the subjects living in the same environment.
Family and twin studies indicate that genetic determinants also play an important role in the
development of MS(12–14).

The twin study design has a long-standing history of usefulness in studying the relative roles
of genetic and environmental factors in the development of diseases and phenotypic
traits(15). Heritability is an estimated measure of the genetic contribution to total phenotypic
variance. To date, most twin studies addressing the heritability of MS components(16–18)

were carried out in white populations, with modest sample sizes (e.g. 289–625 twin
pairs)(16–18). The reported heritability of MS components varied: waist circumference (0.40–
0.63), fasting plasma glucose (0.07–0.28), TG (0.20–0.47), HDL-C (0.43–0.63), systolic
blood pressure (0.28–1.00) and diastolic blood pressure (0.04–0.62)(16–22).

To our knowledge, this study is the first and the largest twin study of MS and its phenotypic
components in rural Chinese women. Chinese population comprises a fifth of the world’s
population, with approximately 80% Chinese reside in rural areas. China is undergoing rapid
economic and nutritional changes, which are accompanied by rapidly rising rates of obesity,
type 2 diabetes and MS. Yet to date, no study on genetic and environmental contributions to
MS and its phenotypic components has been conducted in Chinese rural areas, where the
majority of Chinese population lives. For these reasons, studies in the Chinese population
may provide unique insights into how genetic and environmental factors influence the MS
components during rapid economic and nutritional changes, and how comparable of the
variance component estimates to those in the western populations.

This study also attempts to contribute new information to the MS field. Although MS, by
definition, consists of multiple components that tend to cluster in the same individuals, it is
not yet known if that clustering is due to environmental and/or genetic factors. A Swedish
twin study used cross-twin, cross-trait correlations to demonstrate that MS component
phenotypes are, at least in part, caused by common genetic and /or environmental factors(18).
However, the extent to which the correlated MS components share the common source of
variance was not quantified.

Using a large population-based rural Chinese twin cohort, the central focus of our study was
to estimate the extent of genetic and environmental influence on MS and major MS
phenotypic components. This study also evaluated to what degree the inter-correlations
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among the major MS phenotypic components are governed by shared genetic and /or
environmental factors.

MATERIALS AND METHODS
Study Sample Population and Procedures

The study sample is part of a community-based twin cohort that was recruited in the Anqing
and Luan areas, Anhui Province, China from September 1998 to May 2000. The Anqing
area is located on the north bank of the Yangtze River in Anhui Province, China, which has
one city, two suburban areas and eight rural counties, with a total population of 6.1 million
(90% rural). The Luan area lies north of the Dabie Mountain in Anhui Province. There are
one city, two suburban areas, and five rural counties in the area, with a total population of
6.6 million (93% rural). Inclusion criteria for twins in the original study were: (1) ages 6 to
60 years; (2) both twins available; and (3) both twins (or parents/guardians of children)
agreed and consented to participate; (4) no history of stroke and cardiovascular, renal,
hepatic or malignant diseases; and (5) females were not nursing or pregnant. All study
subjects were of Han ethnicity based on self-report.

Eligible twin pairs were invited to a central office to complete a dual energy X-ray
absorptiometry scan (DEXA) and physical exam, including anthropometric measures. Data
on smoking status, alcohol consumption, occupation and education were collected with a
standardized questionnaire, administered by well-trained interviewers. To obtain a more
homogeneous study population, this report is limited to adult female twin pairs. A total of
1617 adult female twin pairs aged 20 to 60 years of age completed MS components
measurements and zygosity determination, and were included in this analysis. The study
protocol was approved by the Institutional Review Boards at Children's Memorial Hospital
and the Institute of Biomedicine, Anhui Medical University in Hefei, China.

Anthropometry
Height was measured without shoes to the nearest 0.1 cm on a portable stadiometer. Weight
was measured without shoes to the nearest 0.1 kg with the subject standing motionless in the
center of a calibrated scale. Waist circumference (WC) was measured as the minimum
circumference between the inferior margin of the ribcage and the crest of the ileum. The
mean value of three measurements was used.

Blood Pressure
Blood pressure was measured by a nurse according to standard procedure. Briefly, the right
arm was used for all blood pressure measurements, with the cubital fossa supported at heart
level after the subject had voided, rested, and been seated comfortably for 10 minutes. A
standard clinical sphygmomanometer was used, with the bell of the stethoscope placed over
the brachial artery pulse, proximal and medial to the cubital fossa and below the bottom
edge of the cuff. Systolic blood pressure was defined as Korotkoff phase I (appearance of
sound), and diastolic blood pressure was defined as Korotkoff phase V (disappearance of
sound). Three measurements were taken for each subject, with at least 30 seconds between
readings. The mean of the three values was used in subsequent analyses.

Laboratory Assays
Serum and plasma were separated from blood cells in the field within 30 minutes and kept
frozen at −80 °C. Fasting plasma glucose was measured within 2 hours of the blood draw by
a modified hexokinase enzymatic method using a XD-811 Semi-automatic Analyzer (Xunda
Corporation, Shanghai, China). Serum total cholesterol (TC), triglyceride (TG), and high-
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density lipoprotein-cholesterol (HDL-C) were also measured on the XD-811 Semi-automatic
Analyzer.

Zygosity Ascertainment
Twin zygosity was determined using 10 autosomal polymorphic microsatellite markers,
which met the following criteria: Twin zygosity was determined using 10 autosomal
polymorphic microsatellite markers, which met the following criteria: a. With higher
heterozygosity frequency (≥0.70) based on multiple previous large genetic epidemiology
studies of the same population; b. each marker is located in a separate autosome; c. The
markers were commercial available (23). 5' Fluorescent Labeled Oligo primers for each
marker was ordered from ABI(Foster City, CA). The markers' genotypes were identified by
electrophoresis using an ABI 3730 DNA Analyzer. Genotyping quality control included 4
repeat samples, random selection of 15% of the sample for repeat genotyping, and analyses
of two commercial standard DNA samples with identified genotypes from the National
Institute of General Medical Sciences. Twin-pair MZ scores greater than 0.995 were defined
as monozygotic. If any different markers’ genotype was observed between twin-pair, the
twin-pair was classified as dizygotic.

Definitions of Metabolic Syndrome
Modified ATP-III criteria for MS have been proposed and used in several Asian population
studies(24, 25). This study adopted the modified criteria. Specifically, a female MS case
should meet three or more of the following conditions: waist circumference ≥ 80 cm (larger
waist circumference); systolic blood pressure (SBP) ≥130 mm Hg or diastolic blood
pressure (DBP) ≥85 mm Hg (higher blood pressure); fasting plasma glucose (FPG) ≥ 6.1
mmol/l (raised FPG); triglyceride ≥1.7 mmol/l (raised serum TG); and high density
lipoprotein-C < 1.29 mmol/l (low serum HDL-C).

Statistical Analysis
We applied generalized estimating equations (GEE) to compare the differences of MS
components between zygosity groups. Due to skewed distribution, loge – transformed TG
and HDL-C (i.e. lnTG and LnHDL) were used in the analyses. Age-adjusted Pearson’s
partial-correlation analyses were applied to calculate intraclass correlation for continuous
outcomes within twin pairs, stratified by zygosity. All analyses were performed using SAS
software, version 9.0 (SAS Institute, Cary, North Carolina).

The classical twin study compares phenotypic resemblances of MZ and DZ twins. In the
simplest term, the extent to which monozygotic (MZ) twin pairs are more similar than
dizygotic (DZ) twin pairs for a trait reflects the genetic contribution to the population
variance in that trait because MZ twins share all their genes, whereas DZ twins share, on
average, only half of their segregating genes. Structural equation modeling in Mx(26) was
used to estimate genetic and environmental influences on MS and its components in this
twin study. In particular, we fitted a model that allowed for additive genetic (a2), common
environmental (c2), and unique environmental (e2) components. 95% confidence intervals
(CIs) were calculated for the parameter estimates; when these included 0, the parameters
were interpreted as not statistically significant. We did not perform model comparisons by
restricting a, c, or e as zero, since a complex trait was likely to be influenced by all these
factors and a statistically best model may not count this biological basis. Finally, with Mx,
we fitted the bivariate Cholesky decomposition models to calculate genetic and
environmental correlations among MS components. The phenotypic correlations between
MS component pairs can be expressed as:
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where rG, rC and rE are the additive genetic correlation, common environmental correlation
and unique environmental correlation between each MS component pair, respectively; h1

2

and h2
2 are additive genetic components; c1

2 and c2
2 are common environmental

components; and e1
2 and e2

2 are unique environmental components for each tested pair. The
genetic (CGCP), common (CCCP) and unique (CUCP) environmental contributions to the

phenotypic correlations are  and , respectively.

RESULTS
A total of 1,617 female twin pairs aged 20 to 60 years (1116 MZ and 501 DZ) were included
in this study. The demographic and clinical characteristics of these twins are summarized in
Table 1. The mean age was 32.3 years. Compared with western populations, this population
was relatively lean, with a mean BMI of 21.9 kg/m2. The majority (76.8%) of the twins were
farmers and most of them reported no current smoking or alcohol consumption. There was
no significant difference between MZ and DZ twins on any of the variables shown.

MS was present in 4.4% of total study subjects. However, 50.5% met one or more MS
phenotypic components. The prevalence of various MS components morbidities were:
34.1% for low HDL-C, 15.3% for large waist circumference, 7.7% for high blood pressure,
7.5% for elevated TG, and 5.2% for elevated FPG. There were no significant differences
between MZ and DZ twins. Given the low prevalence for some of the dichotomized MS
components, our analyses and presentations focused on continuous MS phenotypes.

Table 2 shows the variance component estimates for each MS phenotypic component. The
intraclass correlation coefficients of the MS components are higher among MZ than among
DZ pairs, suggesting that genetic factors may be important contributors to these traits.
Heritability estimates ranged from 0.13 to 0.64, highest for WC 0.64 (95%CI: 0.49~0.71),
followed by TG 0.50 (95%CI: 0.34~0.62), SBP 0.42 (95%CI: 0.29~0.56), DBP 0.40
(95%CI: 0.25~0.55), HDL-C 0.22 (95%CI: 0.15~0.30), and FPG 0.22 (95%CI: 0.08~0.37).
The heritability estimates of metabolic syndrome itself is 0.42 (95%CI: 0.00~0.83), which is
not statistically significant. Note that, common and unique environmental factors also
contribute to the phenotypic variance of MS components: common environment effects
account for 62% (95%CI: 0.58 – 0.62) of HDL-C variance; unique environment effects
account for 30–40% of the variance of the other 5 MS components.

Table 3 shows the quantitative contribution of genetic and environmental factors to the
phenotypic correlation of MS component pairs. Figure 1 uses SBP and DBP as an example
to illustrate how to understand the estimates. The genetic, common and unique
environmental components all contribute to the total variance of SBP, each with moderate or
weak effects (h2=0.42, c2=0.25, and e2=0.33 in Table 2). Similar estimates were observed
for the total variance of DBP. Bivariate Cholesky decomposition revealed high genetic
(rG=0.71) and environmental correlations (rC=0.80; rE=0.57) between SBP and DBP,
indicating that these two measures share some genetic and environmental factors. However,
the quantitative contributions of each component to the covariance between SBP and DBP
are only 0.29, 0.17, and 0.18, respectively, based on the effects estimates of each trait and
the corresponding correlations between two traits (See Equation in Methods and Table 3
footnotes). In other words, 45% (=0.29/0.64) of the total phenotypic correlation between
SBP and DBP is due to genetic factors, 27% (=0.17/0.64) is due to common environmental
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factors, and 28% (=0.18/0.64) is due to unique environmental factors. The phenotypic
correlations between SBP and WC, DBP and WC are quite small (0.17 and 0.23).
Nevertheless, common environmental factors explain more than 50% of these small
correlations. More interestingly, most of phenotypic correlation between WC and TG is
explained by genetic effects. Here, we present detailed interpretation of how a variance
component contributes to covariance of the phenotype pairs only for pairs with higher
correlation coefficients (rTP>0.15). In the phenotypic pairs with lower phenotypic
correlation, most of the variance components correlations were not statistically significant
(i.e., 95% CIs include 0). Unique environmental correlations were quite small, although in
general were statistically significant.

Finally, we separately analyzed pre- and post- menopausal twins. The results were
consistent with the findings presented above (data not shown).

DISCUSSION
To our knowledge, the present study is among the largest twin studies of MS and its
phenotypic components. As such, it should provide the best available power for determining
the genetic and environmental influence. So far, most previous twin studies in this field are
conducted in Western populations(16–18). The present study is the first and the largest female
twin study that addresses environmental and genetic contribution to MS and its components
in a Chinese rural population. Approximately 80% of Chinese reside in rural areas, and thus
our study contributed to the knowledge on a huge but understudied population in the world.
As shown in our previous publication(27), this twin population is similar to the local general
population in terms of sociodemographic characteristics, life style, and anthropometric
measurements. Our study findings are likely generalizable to local rural female population.
However, cautions are needed to generalize the findings from this study to males and urban
population in China.

The prevalence of MS is low in this population (4.4%), thus resulting in a non-significant
heritability estimate. However, this estimated genetic component of MS (0.42) in our female
twin sample was consistent with the findings from a previous study in 179 Hong Kong
Chinese families with early-onset type 2 diabetes and those from other ethnic groups (0.24–
0.43)(19–21). In addition, similar to the previous reports(16–22), most MS components, i.e.,
waist circumference, SBP, DBP, and TG, appear to be under considerable additive genetic
and unique environmental influences. But for HDL-C and FPG, phenotypic variance seems
to be largely explained by common environmental factors besides genetic and unique
environmental influences. The findings are generally in agreement with previous studies,
which suggest that FPG may be affected largely by non-genetic factors(21) and common
environment was a significant contributor only for HDL-C among all lipids variables(28). Of
note, twin model assumes that the shared environments are equal for both MZ and DZ twins.
When this assumption is violated, the estimate of genetic influence might be inflated
because MZ twins usually experience more similar environments than DZ twins. Poulsen et
al reported that the differences both in plasma glucose and plasma insulin concentrations
during an oral glucose tolerance test were observed between monozygotic and dizygotic
twins(29). The findings challenged the equal environment assumption of classical twin study.
However, in our study sample, we did not find significant difference in MS phenotypic
components between MZ and DZ twins.

Most previous studies analyzed MS components individually, and ignored the fact that these
are inter-correlated traits. Clustering of the MS components may be in part due to the shared
genetic and/or environmental factors controlling these correlated phenotypes(30–32).
Genome-wide linkage studies of MS in Framingham Heart Study have identified several
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chromosomal regions that were linked with MS and its components, suggesting the
existence of common heritable causes(33). In this twin study, we confirmed some genetic and
environmental factors underlying correlated MS phenotypic components, consistent with a
previous family-based study(22) and a twin study(18). In addition, we quantified the genetic
and environmental contributions to the phenotypic correlations.

We observed substantial phenotypic correlation between SBP and DBP, which might be
explained by shared genetic and environmental factors controlling both measures of BP.
Genetic factors account for most of the total covariance between waist circumference and
TG, suggesting that some genetic factors may be shared by these two traits. A candidate for
shared genetic factors between waist circumference and TG could be the group of genes
involved in the adiponectin pathway. Adiponectin is derived only from adipose tissue and
may play an important role in lipid metabolism(34). Epidemiological studies have shown that
serum adiponectin concentrations are decreased in patients with obesity(35) and inversely
associated with central fat distribution(36) and triglyceride levels(37). Genetic studies have
provided evidence that adiponectin gene polymorphisms are associated with body fat
distribution(38) and obesity(39). Genetic variants of adiponectin receptor 2 gene are
associated with adiponectin levels and triglyceride concentrations in patients with metabolic
syndrome(40). Finally, we found substantial environmental contributions to the inter-
correlation between waist circumference and SBP and DBP, which might due to some
common environmental factors influencing both traits, such as diet, life style and physical
activity. Our findings are supported by previous animal studies in which both feeding
patterns and the type of diet can influence blood pressure as well as body weight in
rats(41, 42).

New insights into the shared environmental and/or genetic factors underlying the correlated
MS components may provide better understanding of the etiology of MS and clinically
observed clustering of MS components. This can also lead to more precise estimates with
lower false positive rates when simultaneously testing the associations between correlated
MS components with the risk factors. Our study findings underscore the need to analyze MS
phenotypes both individually and simultaneously. Future MS studies are encouraged to
apply available statistical methods for this purpose, such as extended generalized estimating
equation (EGEE)-based bivariate analytical method(43). (Liu J and Deng HW, Genetic
Epidemiology, 2008).

In summary, in this large rural Chinese female twin sample, we demonstrated that both
genetic and environmental factors influence MS and its components. The observation that
shared genetic and shared environmental factors contribute to the correlated MS phenotypic
components underscores the importance of examining MS components as inter-correlated
traits. It also emphasizes the importance of carefully considering both environmental and
genetic factors in studying the etiology and in developing prevention and treatment
strategies for MS. Additional research is needed to identify specific environmental and
genetic determinants in this population, which may provide useful information for
preventing MS and its associated cardiovascular diseases and, consequently, for reducing
global burdens of these chronic diseases.
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Figure. 1.
Genetic and environmental contributions to the phenotypic correlations of SBP and DBP in
1617 female Chinese twin pairs adjusted with age; rG, rC and rE, genetic, common, and
unique environmental correlation; a2, c2, and e2, percentage of total phenotypic variance
accounted for by genetic factors, common environmental factors, and unique environmental
factors; rTP, total phenotypic correlation; CGCP, Genetic contribution to total phenotypic
correlation; CCCP, common environmental contribution to total phenotypic correlation;
CUCP, unique environmental contribution to total phenotypic correlation.
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Table 1

Demographic characteristics and the prevalence of MS and Its Components in Chinese female twins, aged
from 20 to 60 years.

Variables¶

MZ
(1116 pairs)

DZ
(501 pairs)

Total
(1,617 pairs)

Mean ± SD

Age, yr 32.4±7.8 32.1±8.1 32.3±7.9

Body Mass Index (BMI), kg/m2 22.0±2.8 21.8±2.7 21.9±2.8

Waist Circumference (WC), cm 71.8±7.7 71.6±7.8 71.7±7.7

Systolic Blood Pressure (SBP), mmHg 111.6±12.6 112.6±13.4 111.9±12.8

Diastolic Blood Pressure(DBP), mmHg 66.0±8.5 66.5±9.2 66.2±8.7

Fasting Blood Glucose (FPG), mM 4.55±0.87 4.58±0.85 4.56±0.86

High Density Lipid (HDL), mM 1.55±0.70 1.49±0.58 1.53±0.67

Triglyceride (TG), mM 0.89±0.62 0.85±0.59 0.88±0.61

N (%)

  Farmer 1706(77.5) 774(76.5) 2480(76.8)

  <High school 2103(94.2) 926(92.4) 3029(93.7)

  Current Smoking 31(1.4) 10(1.0) 41(1.3)

  Current Alcohol Drinking 57(2.6) 22(2.2) 79(2.4)

  Larger Waist Circumference 354(15.9) 141(14.1) 495(15.3)

  Higher BP 162(7.3) 86(8.6) 248(7.7)

  Raised FPG 119(5.3) 49(4.9) 168(5.2)

Raised TG 179(8.0) 65(6.5) 244(7.5)

  Lower HDL-C 780(35.0) 324(32.3) 1104(34.1)

  >=1 MS Components 1117(50.0) 483(48.2) 1600(50.5)

  Metabolic Syndrome (MS) 101(4.5) 42(4.2) 143(4.4)

¶
Continuous variables are presented as mean ± standard deviation. Binary variables are summarized by N and percentage. Generalized estimating

equations (GEE) were applied to compare the differences between MZ and DZ for all variables. TG and HDL-C were transformed by natural
logarithm (i.e. lnTG and LnHDL) for all statistical analyses. Larger waist circumference denotes waist circumference≥80 cm; higher BP denotes
SBP≥130 or DBP≥85 mmHg; raised FPG denotes FPG (6.1mM; raised TG denotes triglyceride (1.70mM/l; lower HDL-C denotes HDL<1.29mM/
l. MS are defined as the subjects who meet the modified ATP-III Criteria. No significant difference was found for all variables between MZ and
DZ subjects.

Obesity (Silver Spring). Author manuscript; available in PMC 2013 September 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 13

Ta
bl

e 
2

H
er

ita
bi

lit
y 

E
st

im
at

es
 f

or
 M

S 
C

om
po

ne
nt

s 
in

 1
61

7 
Fe

m
al

e 
T

w
in

 P
ai

rs
.

V
ar

ia
bl

es
In

tr
ac

la
ss

 c
or

re
la

ti
on

s*
P

ar
am

et
er

 E
st

im
at

es
¶

M
Z

D
Z

h2  
(9

5%
C

I)
c2  

(9
5%

C
I)

e2  
(9

5%
C

I)

W
C

, c
m

0.
68

0.
37

0.
64

(0
.4

9~
0.

71
)

0.
05

(0
.0

0~
0.

18
)

0.
32

(0
.2

9~
0.

35
)

SB
P,

 m
m

H
g

0.
64

0.
43

0.
42

(0
.2

9~
0.

56
)

0.
25

(0
.1

2~
0.

37
)

0.
33

(0
.3

0~
0.

36
)

D
B

P,
 m

m
H

g
0.

55
0.

36
0.

40
(0

.2
5~

0.
55

)
0.

19
(0

.0
5~

0.
32

)
0.

41
(0

.3
8~

0.
45

)

FP
G

, m
M

0.
56

0.
45

0.
22

(0
.0

8~
0.

37
)

0.
35

(0
.2

0~
0.

47
)

0.
44

(0
.4

0~
0.

48
)

T
G

, m
M

0.
60

0.
32

0.
50

(0
.3

4~
0.

62
)

0.
09

(0
.0

0~
0.

25
)

0.
41

(0
.3

8~
0.

45
)

H
D

L
-C

, m
M

0.
85

0.
68

0.
22

(0
.1

5~
0.

30
)

0.
62

(0
.5

8~
0.

62
)

0.
16

(0
.1

6~
0.

18
)

* A
ge

-a
dj

us
te

d 
pe

ar
so

n 
pa

rt
ia

l c
or

re
la

tio
n 

an
al

ys
is

 w
as

 u
se

d 
to

 c
al

cu
la

te
 th

e 
in

tr
ac

la
ss

 c
or

re
la

tio
ns

 w
ith

in
 tw

in
 p

ai
rs

, T
G

 a
nd

 H
D

L
-C

 w
er

e 
tr

an
sf

or
m

ed
 b

y 
na

tu
ra

l l
og

ar
ith

m
. A

ll 
co

rr
el

at
io

ns
 w

er
e 

st
at

is
tic

al
si

gn
if

ic
an

tly
 (

p<
0.

00
1)

.

¶ A
C

E
 m

od
el

s 
w

er
e 

us
ed

 f
or

 a
ll 

th
e 

h2
 p

ar
am

et
er

 e
st

im
at

es

Obesity (Silver Spring). Author manuscript; available in PMC 2013 September 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 14

Ta
bl

e 
3

G
en

et
ic

 a
nd

 e
nv

ir
on

m
en

ta
l c

on
tr

ib
ut

io
ns

 to
 p

he
no

ty
pi

c 
co

rr
el

at
io

ns
 a

m
on

g 
M

S 
co

m
po

ne
nt

s 
in

 1
61

7 
C

hi
ne

se
 F

em
al

e 
T

w
in

 P
ai

rs
.

V
ar

ia
bl

es

V
ar

ia
nc

e 
co

m
po

ne
nt

s
co

rr
el

at
io

ns
 a

m
on

g 
M

S 
ph

en
ot

yp
ic

 t
ra

it
s

G
en

et
ic

 a
nd

en
vi

ro
nm

en
ta

l c
on

tr
ib

ut
io

ns
to

 p
he

no
ty

pi
c 

co
rr

el
at

io
ns

r G
r C

r E
r T

P
C

G
C

P
C

C
C

P
C

U
C

P

SB
P

—
D

B
P

0.
71

(0
.5

6~
0.

83
)

0.
80

(−
1.

00
~1

.0
0)

0.
57

(0
.5

3~
0.

62
)

0.
64

0.
29

0.
17

0.
18

SB
P

—
W

C
0.

00
(−

0.
18

~0
.1

7)
1.

00
(0

.5
7~

1.
00

)
0.

19
(0

.1
3~

0.
24

)
0.

17
0.

00
0.

11
0.

06

SB
P

—
T

G
0.

22
 (

−
0.

01
~0

.4
4)

−
0.

34
(−

1.
00

~1
.0

0)
0.

07
(0

.0
1~

0.
13

)
0.

08
0.

10
−

0.
05

0.
03

SB
P

—
H

D
L

0.
06

(−
0.

17
~0

.2
9)

−
0.

20
(−

0.
44

~0
.0

4)
0.

06
(−

0.
05

~0
.0

6)
−

0.
06

0.
02

−
0.

08
0.

01

SB
P

—
F

P
G

0.
05

(−
0.

31
~0

.3
8)

0.
27

(0
.0

7~
1.

00
)

0.
05

(0
.0

1~
0.

11
)

0.
11

0.
01

0.
08

0.
02

D
B

P
—

W
C

0.
13

(−
0.

06
~0

.3
1)

1.
00

(−
0.

69
~1

.0
0)

0.
17

(0
.1

1~
0.

22
)

0.
23

0.
07

0.
10

0.
06

D
B

P
—

T
G

0.
19

(−
0.

06
~0

.4
2)

−
0.

18
(−

1.
00

~1
.0

0)
0.

12
(0

.0
7~

0.
18

)
0.

11
0.

08
−

0.
02

0.
05

D
B

P
—

H
D

L
−

0.
16

(−
0.

31
~0

.0
9)

−
0.

08
(−

0.
88

~1
.0

0)
0.

07
(0

.0
2~

0.
10

)
−

0.
06

−
0.

05
−

0.
03

0.
02

D
B

P
—

F
P

G
0.

08
(−

0.
29

~0
.4

4)
0.

27
(0

.0
7~

1.
00

)
0.

05
(0

.0
1~

0.
11

)
0.

11
0.

02
0.

07
0.

02

W
C

—
T

G
0.

40
(0

.2
2~

0.
55

)
−

1.
00

(−
1.

00
~1

.0
0)

0.
20

(0
.1

4~
0.

25
)

0.
23

0.
23

−
0.

07
0.

07

W
C

—
H

D
L

−
0.

13
(−

0.
30

~0
.0

7)
−

0.
25

(−
1.

00
~0

.9
8)

−
0.

10
(−

0.
15

~−
0.

05
)

−
0.

11
−

0.
05

−
0.

04
−

0.
02

W
C

—
F

P
G

0.
01

(−
0.

30
~0

.3
1)

0.
36

(0
.3

6~
0.

90
)

0.
06

(0
.0

0~
0.

17
)

0.
07

0.
00

0.
05

0.
02

T
G

—
H

D
L

−
0.

24
(−

0.
46

~−
0.

01
)

0.
17

(−
1.

00
~1

.0
0)

−
0.

21
(−

0.
27

~−
0.

16
)

−
0.

11
−

0.
08

0.
04

−
0.

05

T
G

—
F

P
G

−
0.

08
(−

0.
47

~0
.2

7)
0.

33
(−

1.
00

~1
.0

0)
0.

04
(−

0.
02

~0
.1

0)
0.

05
−

0.
03

0.
06

0.
02

H
D

L
—

F
P

G
0.

08
(−

0.
28

~0
.4

7)
−

0.
19

(−
0.

38
~−

0.
02

)
−

0.
04

(−
0.

10
~0

.0
2)

0.
09

0.
02

0.
09

−
0.

02

¡ r
G

, G
en

et
ic

 c
or

re
la

tio
n 

am
on

g 
M

S 
co

m
po

ne
nt

s;
 r

C
, C

om
m

on
 e

nv
ir

on
m

en
ta

l c
or

re
la

tio
n 

am
on

g 
M

S 
co

m
po

ne
nt

s;
 r

E
, u

ni
qu

e 
en

vi
ro

nm
en

ta
l c

or
re

la
tio

n 
am

on
g 

M
S 

co
m

po
ne

nt
s.

¡¡
 r

T
P

, t
ot

al
 p

he
no

ty
pi

c 
co

rr
el

at
io

n 
am

on
g 

M
S 

co
m

po
ne

nt
s;

 C
G

C
P,

 G
en

et
ic

 c
on

tr
ib

ut
io

n 
to

 th
e 

ph
en

ot
yp

ic
 c

or
re

la
tio

n 
r T

P
; C

C
C

P,
 c

om
m

on
 e

nv
ir

on
m

en
ta

l c
on

tr
ib

ut
io

n 
to

 th
e 

ph
en

ot
yp

ic
 c

or
re

la
tio

n

r T
P

; C
U

C
P,

 u
ni

qu
e 

en
vi

ro
nm

en
ta

l c
on

tr
ib

ut
io

n 
to

 th
e 

ph
en

ot
yp

ic
 c

or
re

la
tio

n 
r T

P
.

¡¡
¡ r

T
P=

 C
G

C
P+

 C
SC

P+
 C

U
C

P,
 

, w
he

re
 h

2 s
, c

2 s
, e

2 s
 w

er
e 

gi
ve

n 
in

 ta
bl

e 
2.

Obesity (Silver Spring). Author manuscript; available in PMC 2013 September 08.


