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Abstract. In order to estimate genetic variance and heritability of systolic blood pressure 
(SBP), diastolic blood pressure (DBP), serum cholesterol and triglyceride levels, a total of 
235 (79 male and 82 female MZ, 41 male and 33 female DZ) twin pairs, recruited from 
12 junior high schools in Taipei city, were studied. Statistically significant genetic va
riance observed for SBP, DBP, serum cholesterol and triglycerides persisted after adjust
ment for age and anthropometric characteristics. However, further adjustment for dietary 
preference, beverage consumption, and other host and environmental factors gave dif
ferent results: genetic variance of adjusted SBP and DBP was still significant, while 
significance was found only in males for cholesterol and in neither males nor females for 
triglycerides. Heritability estimates of unadjusted SBP, DBP, cholesterol and triglycerides 
were 0.27, 0.45, 0.21 and 0.41, respectively, for males, and 0.15, 0.42, 0.41 and 0.82, 
respectively, for females. After adjustment for age, anthropometric characteristics, host 
and environmental factors, the heritability estimates of SBP, DBP and cholesterol were 
0.64, 0.72 and 0.50, respectively, for males, and 0.40, 0.60 and 0.37, respectively, for 
females. 
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INTRODUCTION 

Accumulating evidence suggests a familial aggregation of a cardiovascular disease (CVD), 
particularly where manifestation is in early life [15,23,35,51,56,61-63,66,69,71-74]. This 
familial aggregation of CVD may be the result of the aggregation of risk factors such as 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


364 Chen et al 

high blood pressure, serum cholesterol and triglyceride levels [1,21,24,26,3234,40,4547, 
52,64,67,68,75,84]. The cause of familial aggregation of these major CVD risk factors 
may be primarily genetic, environmental or an interaction of both. It is extremely difficult 
to distinguish the effects of shared environment from those of shared genes. Furthermore, 
certain environmental factors may even exhibit a pattern similar to mendelian segregation 
[37]. 

Twin studies can provide useful information on the relative contribution of genetic 
and environmental components in diseases and their risk factors [65,82]. Conventional 
twin method has been used to estimate genetic variance and heritability of CVD risk 
factors through the comparison of intrapair similarity between monozygotic (MZ) and 
dizygotic- (DZ) twins [2-5,7,8,11,13,14,16,22,27-31,33,35,39,41-44,53,54,58,60,76, 
77]. As the intrapair similarity of cotwins may simply be a reflection of similarity in 
anthropometric measurements, life style characteristics and/or other host and environ
mental factors, it is necessary to adjust for these factors while the genetic impact is 
evaluated. 

In this report, both unadjusted and adjusted genetic variance and heritability of 
systolic blood pressure (SBP), diastolic blood pressure (DBP), serum cholesterol and 
triglyceride levels of 235 Chinese adolescent twins are described. 

MATERIALS AND METHODS 

Twin Sample 

Adolescent twins aged 12 to 15 years, attending junior schools in Taipei city, were chosen as the 
study population. Through stratified cluster sampling using each junior high school as a sampling 
unit, a total of 328 twin pairs were found in 12 schools: of these, 254 pairs were same-sexed and 
aged 12 to 15 years. Among these eligible subjects, 224 (88.2%) agreed to participate with consents 
for analysis of their serum chemistry profiles, 11 (4.3%) agreed to participate but without a blood 
sample, and 19 (7.5 %) refused to participate at all. 

Zygosity Determination 
For those 224 twin pairs who had blood sample drawn, zygosity was based on three red cell antigen 
systems (ABO, MNSs, Rh) and three continous characteristics of fingerprints. Antigens tested were 
A, Al, B, C, D, E, c, e, M, N, S and s (Ortho Diagnostics). If a twin pair was found to be discordant 
on any of the above antigens, the pair was classified as DZ. The fingerprint characteristics analyzed 
included total ridge count (TRC), total absolute difference in ridge count (TADRC), and total abso
lute difference in pattern type (TADPT) [6], Each set of data was read by two of three readers blindly 
and independently. If any of the TADRC, TADPT or intrapair difference in TRC exceeded allowable 
limits, the twin pair was classified as DZ. The allowable limits were 37 for TADRC, 5 for TADPT and 
18 for the intrapair difference in TRC. The 224 twin pairs were thus classified as 73 male MZ, 41 
male DZ, 77 female MZ and 33 female DZ twin pairs. 

For those 11 pairs without blood samples, zygosity was based on fingerprints only, and all 
were classified as MZ. Amont the 224 pairs whose zygosity was based on bloodgroups and finger
prints, 20 (12%) out of 170 pairs with concordant fingerprint characteristics were DZ. Accordingly, 
only one or two (11 x 12% = 1.3) pairs may be expected to be DZ in these 11 pairs without blood 
samples. 

Data Collection 
Blood pressure was measured with a standard sphygmomanometer (Baumanometer Model 300). The 
recommendations of the National Heart, Lung and Blood Institute's Task Force on Blood Pressure 
Control in Children [49] were followed. Three measurements were taken to insure a relaxed state 
during the measurements, and the third reading was used for the analysis. Phase I and phase IV blood 
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pressure were recorded as systolic and diastolic blood pressure, respectively. Blood samples were 
collected in the early morning from each individual who had been fasting for more than 12 hours. 
Serum cholesterol and triglyceride levels were determined by Hitachi Model 716 Automatic Analyzer. 
Weight and height were measured with a standard medical balance beam scale with rigid vertical height 
measurements. As a measure of obesity, the ponderosity index (weight/height ) was used. 

Life style information on twin individuals was obtained through a self-administered question
naire [6]. Included were questions pertaining to dietary preferences, beverage consumption, food 
frequencies, activity levels, and cigarette smoking. Personality characteristics were assessed with a 
revised Chinese edition of the Junior Eysenck Personality Inventory [18]. Both the life style question
naire and the personality inventory were filled out by twins of a given school, in the same place, 
within the same period of time, to ensure that all the twins received similar instructions to answer 
the questions. Following a structured interview schedule, information on family background and early 
life experience of twin pairs were obtained from their parents in a home visit. 

Methods of Analysis 

Genetic variance and heritability of both unadjusted and adjusted values of SBP, DBP, serum chole
sterol and triglycerides were calculated. In order to adjust for the possible effects of age, anthropo
metric characteristics, dietary preferences, beverage consumption, and other host and environmental 
factors, multiple regression equations were employed to provide the predicted values of these CVD 
risk factors for each twin individual. Data of only one twin from each pair were used to derive these 
regression equations. The adjusted value of the CVD risk factors for each individual was the residual 
value computed by subtracting predicted value from observed value. 

The means of the CVD risk factors in MZ and DZ twins were first compared and tested by t' 
test [9,10]. If there were no significant differences between MZ and DZ twins, then the difference in 
total variance were tested by F' test [25]. In the case of no difference, within-pair genetic variance, 
G-WT [36], and Falconer's heritability index, hp [19], were estimated. G\yj is simply the difference 
between within-pair mean squares of the trait in MZ and DZ twins (G\vj = MSWrjz - MSWj^z). 
while rip is twice the difference between intrapair correlations (r's) in MZ and DZ twins, (hp = 2(rjvj2 -
- r p z ) ) . If the total variance of a trait was significantly different between MZ and DZ twins, the 
among-pair genetic variance [19] and Christian's heritability index [8,10] were used instead. 

RESULTS 

Means of CVD Risk Factors 

Means and among-pair mean squares (MSA) of SBP, DBP, serum cholesterol and trigly
cerides in MZ and DZ twins are shown in Table 1. Mean levels of SBP, DBP and serum 
cholsterol were almost the same in male MZ and DZ twins, but slightly lower in female 
MZ than DZ twins. Mean triglyceride level was higher in male DZ than MZ twins, but 
lower in female DZ than MZ twins. However, differences in mean levels of these CVD 
risk factors between MZ and DZ twins were not statistically significant in either sex on 
t' test. 

Unadjusted Genetic Variance and Heritability of CVD Risk Factors 

Table 2 shows the MSA, MSW, r, GWT and hF Values of SBP, DBP, serum cholesterol 
and triglyceride levels in MZ and DZ twins of both sexes. MSW were significanlty less 
than MSA values in each sex-zygosity group, all the F' tests being significant with 
P < 0.001, (except for triglycerides in female DZ twins where P < 0.01). In other words, 
intrapair differences were significantly smaller than interpair differences. All r values 
were greater than 0.50 (except for triglycerides of female DZ twins). MZ twins had 
greater r values than DZ twins in either sex. 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


T
ab

le
 1

 -
 M

ea
ns

 a
nd

 A
m

on
g-

P
ai

rs
 M

ea
n 

Sq
ua

re
s 

of
 B

lo
od

 P
re

ss
ur

e,
 S

er
um

 C
ho

le
st

er
ol

 a
nd

 T
ri

gl
yc

er
id

e 
L

ev
el

s 

S
ys

to
li

c 
B

P 
(m

m
 H

g
)1 

D
ia

st
ol

ic
 B

P 
(m

m
 H

g
)1 

S
cr

um
 c

ho
le

st
er

ol
 (

m
g%

) 
S

er
um

 
tr

ig
ly

ce
ri

de
 (

m
g%

) 

M
Z

 (
n 

=
 

M
ea

n 

11
1.

3 
6

8
.3

 
13

3.
6 

73
.2

 

=
 7

3 
pa

ir
s)

 

M
SA

 

30
5.

5 
23

7.
9 

10
20

.5
 

12
23

.7
 

M
al

e 
pa

ir
s 

D
Z

(n
 =

 

M
ea

n 

11
0.

3 
69

.0
 

13
2.

6 
79

.1
 

41
 p

ai
rs

) 

M
SA

 

30
2.

5 
28

8.
8 

10
77

.2
 

14
69

.3
 

—
 

t'
 

0.
43

 
-0

.3
0 

0.
24

 
-1

.1
5 

M
Z

(n
 =

 

M
ea

n 

10
6.

7 
68

.5
 

14
4.

5 
77

.4
 

F
 

=
 7

7 
pa

ir
s)

 

M
SA

 

25
8.

5 
18

2.
6 

72
1.

6 
13

14
.0

 

; em
al

e 
pa

ir
s 

D
Z

(n
 =

 3
3 

pa
ir

s)
 

M
ea

n 
M

SA
 

10
9.

2 
24

5.
5 

70
.2

 
22

6.
0 

14
8.

0 
88

2.
7 

74
.1

 
10

66
.7

 

—
 

f 

-1
.0

9 
-0

.8
0 

-0
.8

4 
0.

66
 

S
am

pl
e 

in
cl

ud
in

g 
6 

m
al

e 
an

d 
5 

fe
m

al
e 

ad
di

ti
on

al
 M

Z
 p

ai
rs

 w
it

ho
ut

 s
er

um
 c

he
m

is
tr

y 
da

ta
. 

t
,

=
^

M
Z

-
Y

D
Z

>
/ 

M
S

A
M

Z
 

M
S

A
D

Z
 

+
 

, w
he

re
 Y

's
 a

re
 m

ea
ns

 a
nd

 n
's

 a
re

 n
um

be
rs

 o
f 

tw
in

 p
ai

rs
. 

2n
 M

Z
 

2n
, D

Z
 

T
ab

le
 2

 -
 G

en
et

ic
 V

ar
ia

nc
e 

an
d 

H
er

it
ab

ili
ty

 o
f 

C
ru

de
 B

lo
od

 P
re

ss
ur

e,
 S

er
um

 C
ho

le
st

er
ol

 a
nd

 T
ri

gl
yc

er
id

es
 

9 a s 

M
al

e 
pa

ir
s 

M
SA

 

D
ia

st
ol

ic
 B

P
1 

S
ys

to
li

c 
B

P
1 

C
ho

le
st

er
ol

 
T

ri
gl

yc
er

id
e 

F
em

al
e 

pa
ir

s 

D
ia

st
ol

ic
 B

P
1 

S
ys

to
li

c 
B

P
1 

C
ho

le
st

er
ol

 
T

ri
gl

yc
er

id
e 

23
7.

85
 

30
5.

50
 

10
20

.4
9 

12
23

.6
7 

18
2.

64
 

25
8.

49
 

72
1.

63
 

13
14

.0
2 

M
Z

 p
ai

rs
 (

n 
=

 1
50

) 
D

Z
 p

ai
rs

 (
n 

= 
74

) 

M
SW

 
M

SA
 

26
.4

4*
**

 
30

.8
1*

**
 

9
2

.0
5

*
*

* 
82

.7
5*

**
 

24
.1

6*
**

 
21

.0
3*

**
 

7
5

.4
6

**
* 

15
1.

97
**

* 

0.
80

 
79

 
0.

82
 

79
 

0.
83

 
73

 
0.

87
 

73
 

0.
77

 
82

 
0.

85
 

82
 

0.
81

 
77

 
0.

79
 

77
 

28
8.

81
 

30
2.

50
 

10
77

.2
0 

14
69

.3
1 

22
6.

02
 

24
5.

50
 

88
2.

65
 

10
66

.7
3 

M
SW

 

58
.0

1*
**

 
77

.5
0*

**
 

16
9.

27
**

* 
29

3.
95

**
* 

41
.1

7*
**

 
53

.5
5*

**
 

21
5.

12
**

* 
47

8.
74

**
 

r I 

0.
67

 
0.

59
 

0.
73

 
0.

67
 

0.
69

 
0.

64
 

0.
61

 
0.

38
 

n 41
 

41
 

41
 

41
 

33
 

33
 

33
 

33
 

G
W

T
 

31
.5

8*
* 

46
.6

9*
.*

* 
77

.2
1*

 
21

1.
20

**
 

17
.0

1*
 

32
.5

2*
* 

13
9.

66
**

* 
32

6.
78

**
* 

h
F

 

0.
27

 
0.

45
 

0.
21

 
0.

41
 

0.
15

 
0.

42
 

0.
41

 
0.

82
 

Se
e 

no
te

 t
o 

T
ab

le
 1

. 

* 
P 

<
 

0.
05

; 
**

 P
 

<
 

0
.0

1
; 

**
* 

P 
<

 
0.

00
1.

 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


T
a

b
le

 3
 -

 G
en

et
ic

 V
a

ri
a

n
ce

 a
n

d 
H

er
it

ab
iU

ty
 o

f 
A

g
e-

A
n

th
ro

p
o

m
et

ry
-A

d
ju

st
ed

 B
lo

o
d 

P
re

ss
u

re
, 

S
er

u
m

 C
h

o
le

st
er

o
l 

an
d 

T
ri

g
ly

ce
ri

d
es

 

C
V

D
 r

is
k 

fa
ct

or
s 

M
al

e 
pa

ir
s 

D
ia

st
ol

ic
 B

P
1 

S
ys

to
li

c 
B

P
1 

C
ho

le
st

er
ol

 
T

ri
gl

yc
er

id
e 

F
em

al
e 

pa
ir

s 

D
ia

st
ol

ic
 B

P
1 

S
ys

to
li

c 
B

P
1 

C
ho

le
st

er
ol

 
T

ri
gl

yc
er

id
e 

M
SA

 

24
2.

05
 

24
2.

92
 

95
0.

45
 

12
39

.2
5 

17
7.

82
 

23
6.

77
 

70
8.

46
 

12
55

.0
9 

M
Z

 p
ai

rs
 (

n 
=

 1
50

) 

M
SW

 

26
.1

0*
**

 
32

.3
6*

**
 

10
0.

57
**

* 
8

3
.7

9
*

*
* 

21
.8

4*
**

 
24

.0
3*

**
 

73
.2

6*
**

 
14

8.
16

**
* 

r I 

0.
81

 
0.

76
 

0.
81

 
0.

87
 

0.
78

 
0.

82
 

0.
81

 
0.

79
 

n 

79
 

79
 

73
 

73
 

82
 

82
 

77
 

77
 

M
SA

 

24
7.

15
 

23
1.

44
 

11
01

.3
8 

14
03

.1
0 

19
1.

78
 

17
9.

36
 

87
5.

83
 

92
4.

65
 

D
Z

 p
ai

rs
 (

n 
—

74
) 

M
SW

 

58
.0

5*
**

 
88

.9
1*

* 
1

9
1

.8
8

*
*

* 
2

8
7

.6
0

*
*

* 

4
6

.5
8

*
*

* 
5

7
.8

9
*

*
* 

23
7.

33
**

* 
46

1.
88

**
 

r I 

0.
62

 
0.

44
 

0.
70

 
0.

66
 

0.
61

 
0.

51
 

0.
57

 
0.

33
 

n 41
 

4
1 41

 
41

 

33
 

33
 

33
 

33
 

G
W

T
 

31
.9

6*
* 

5
6

.5
5

*
*

* 
91

.3
1*

 
2

0
3

.8
1

*
*

* 

24
.7

3*
* 

33
.8

6*
* 

16
4.

07
**

* 
3

1
3

.7
2

*
*

* 

h
F 

0.
37

 
0.

64
 

0.
21

 
0.

43
 

0.
34

 
0.

61
 

0.
48

 
0.

91
 

Se
e 

no
te

 t
o 

T
ab

le
 1

. 

* 
P 

<
 

0.
05

; 
**

 P
 

<
 

0
.0

1
; 

**
* 

P 
<

 
0.

00
1.

 

T
ab

le
 4

 -
 G

en
et

ic
 V

ar
ia

nc
e 

an
d 

H
er

it
ab

iU
ty

 o
f 

O
ve

ra
ll-

A
dj

us
te

d 
B

lo
od

 P
re

ss
ur

e,
 S

er
um

 C
ho

le
st

er
ol

 a
nd

 T
ri

gl
yc

er
id

es
 

M
al

e 
pa

ir
s 

D
ia

st
ol

ic
 B

P 
S

ys
to

li
c 

B
P 

C
ho

le
st

er
ol

 
T

ri
gl

yc
er

id
e 

F
em

al
e 

pa
ir

s 

D
ia

st
ol

ic
 B

P 
S

ys
to

li
c 

B
P 

C
ho

le
st

er
ol

 
T

ri
gl

yc
er

id
e 

M
SA

 

22
2.

98
 

23
1.

75
 

58
3.

88
 

86
6.

92
 

12
4.

54
 

2
3

5
.0

9 
64

1.
24

 
94

0.
25

 

M
Z

 p
ai

rs
 (

n 
=

 1
50

) 

M
SW

 

58
.3

0*
* 

35
.5

9*
**

 
18

2.
52

**
* 

34
5.

66
**

 

4
0

.7
4

*
*

* 
5

7
.1

9
*

*
* 

19
9.

93
**

* 
3

1
0

.7
6

*
*

* 

r I 

0.
59

 
0.

73
 

0.
52

 
0.

43
 

0.
51

 
0.

61
 

0.
52

 
0.

50
 

n 

73
 

73
 

73
 

73
 

77
 

77
 

77
 

77
 

M
SA

 

16
2.

22
 

21
5.

85
 

52
6.

02
 

96
3.

02
 

13
0.

04
 

19
1.

06
 

57
5.

80
 

8
9

2
.1

3 

D
Z

 p
ai

rs
 (

n 
=

 

M
SW

 

9
4

.1
8

* 
9

8
.5

1
*

* 
30

3.
00

* 
59

3.
03

 

6
9

.2
4

* 
10

0.
87

* 
28

4.
39

* 
5

6
5

.3
1 

74
) 

r I 

0.
27

 
0.

37
 

0,
27

 
0.

24
 

0.
31

 
0.

31
 

0.
34

 
0.

22
 

n 4
1 

4
1 41

 
4

1 33
 

33
 

33
 

33
 

G
W

T
 

35
.8

8*
 

6
2

.9
1

*
*

* 
12

0.
48

* 
? 

28
.5

0*
 

4
3

.6
9

* 
84

.4
6 

? 

4 
0.

64
 

0.
72

 
0.

51
 

9 

0.
40

 
0.

60
 

0.
37

 
9 

?:
 G

en
et

ic
 v

ar
ia

nc
e 

an
d 

he
ri

ta
bi

li
ty

 w
er

e 
no

t 
es

ti
m

at
ed

 b
ec

au
se

 M
SW

 w
as

 n
ot

 s
ig

ni
fi

ca
nt

ly
 l

es
s 

th
an

 M
SA

 i
n 

D
Z

 t
w

in
s.

 

* 
P 

<
 

0.
05

; 
**

 P
 <

 
0

.0
1

; 
**

* 
P 

<
 

0.
00

1.
 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


368 Chen et al 

As total variance in CVD risk factors was not significantly different between MZ 
and DZ twins, GWT and hp were calculated. Significant genetic variance was found for all 
traits in males and females. The hp for SBP and DBP was 0.45 and 0.27, respectively, in 
males, and 0.42 and 0.15, respectively, in females. The hF for serum cholesterol and 
triglycerides was 0.21 and 0.41, respectively, in males, and 0.41 and 0.82, respectively, 
in females. 

Adjusted Genetic Variance and Heritability of CVD Risk Factors 

Age and anthropometric characteristics were considered to exclude their possible con
founding effects on SBP, DBP, serum cholesterol and triglyceride levels. In most cases, 
MSW increased and MSA decreased after the adjustment for age and anthropometric 
characteristics. The adjusted MSW was still significantly less than adjusted MSA with 
P < 0.01 or 0.001 on F' test for all sex-zigosity groups. The r values remained the same 
or decreased after the adjustment. The GWT changed only slightly after adjustment and 
remained statistically significant. The hp for adjusted SBP and DBP was 0.64 and 0.37, 
respectively, in males, and 0.61 and 0.34, respectively, in females. The hp for adjusted 
serum cholesterol and triglycerides was 0.21 and 0.43, respectively, in males, and 0.48 
and 0.91, respectively, in females (Table 3). 

Besides age and anthropometric characteristics, other host and environmental factors, 
such as dietary preferences, beverage consumptions, activity levels, might also influence 
the genetic variance and heritability of the CVD risk factors. Further adjustment for 
these variables was carried out, and the MSA,MSW,r,GWT andhp of such overall-adjusted 
levels of SBP, DBP, serum cholesterol and triglycerides in each sex-zygosity group are 
shown in Table 4. After the overall adjustment, MSA decreased and MSW increased, 
MSW being still significantly less than MSA for SBP, DBP and serum cholesterol in 
each sex-zygosity group and for triglycerides in MZ twins of both sexes. However, in 
DZ twins, MSW was no longer less than MSA for triglycerides in males and females. 
All the r values decreased after the overall adjustment. Significant and slightly increased 
GWT was observed for DBP and SBP in males and females, but for cholesterol in males 
only. Since the MSW of overall-adjusted triglycerides was not significantly less than 
its MSA, the GWT and hp of triglycerides were not estimated. The hp of overall-adjusted 
levels of SBP, DBP and cholesterol was 0.72, 0.64 and 0.51, respectively, in males, and 
0.60, 0.40 and 0.37, respectively, in females. 

DISCUSSION 

A significant genetic variance was found for unadjusted SBP, DBP, serum cholesterol 
and triglyceride levels in this study. These findings are consistent with those of several 
twin studies on CVD risk factors [2-5,7,8,11,13,14,16,22,27-31,33,35,39,41-44,53,54, 
57,58,60,76,77]. However, it is difficult to compare the present observations with those 
of other studies because of different cultural and ethnic background and of considerable 
variation in approach and design methods. Volunteer twin subjects were recruited through 
newspaper, poster, radio and other mass media in some studies [10,19.22,40], In certain 
population-based twin studies, the participation rates were at best about 60% [3,6], Small 
sample size was another problem in some studies [2.37,56], In case of volunteer subjects 
or of low participation rate in population-based studies, self-selection was the Issue and 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


Heritability of Cardiovascular Risk Factors 369 

representativeness of the twin sample might be questioned. Cotwins who are similar are 
more likely to agree jointly to participate than dissimilar cotwins. The genetic variance 
and heritability thus estimated will be biased. 

Age distribution was considerably different in MZ and DZ twins of some studies 
[31]. As both twins of a given pair are of the same age, it is generally assumed that age is 
already controlled in a twin study. This is true in the case of MSW ind G^x> but not for 
heritability estimation where MSA is involved. If heritability is estimated, among-pair 
variation in age should be taken into consideration. This is particularly necessary when 
MZ and DZ twins differ in age distribution and the trait tends to change with age. For 
example, when the age distribution is broader in MZ than DZ twins, the MSA will be 
biased upward in MZ relative to DZ twins. The heritability of the trait will thus be overe
stimated. Some investigators used physical similarity as the main criterion for zygosity 
determination [24]. Genetic variance and heritability will also be overestimated under 
this circumstance. As age and anthropometric characteristics were different in our MZ 
and DZ twins, they were adjusted first. This resulted in the decrease of all r values, 
implying that part of the similarity was explained by the anthropometric characteristics, 
especially for SBP and DBP in DZ twins. 

A basic but debatable assumption of the conventional twin method is the equality 
of intrapair environmental correlations in MZ and DZ twins. This assumption has long 
been challenged [17,38,70]. Environmental correlation was usually found significantly 
higher in MZ than DZ twins. The higher similarity in MZ than DZ twins may thus be 
the result of more similar genetic and/or environmental components in MZ twins. It is 
essential to adjust for environemntal factors if they are associated with the trait and 
differently distributed in MZ and DZ twins. However, most of the twin studies aimed to 
estimate genetic variance and heritability of CVD risk factors failed to do so. 

In this study, r values of all CVD risk factors decreased in all classes of twins after 
the overall adjustment of age, anthropometric characteristics, dietary preferences, bev
erage consumption, and other host and environmental factors. It is obvious that part 
of the similarity was due to these variables. After adjustment, Gyyx w a s still significant 
for SBP and DBP in males and females, and for serum cholesterol level in males. The 
adjusted hp of SBP, DBP, and serum cholesterol was greater than the unadjusted one. 
This suggests that the residual variation in these CVD risk factors had a greater genetic 
component than unadjusted variation. Another interesting finding is that heritability 
estimates were higher for males than females after adjustment. This may be attributed 
to the greater similarity in unknown environmental factors and/or non-additive genetic 
variance in males than females. As to cholesterol, menstrual cycle and its related hormo
nal changes may be one of the major reasons for such sex difference. The r values in 
triglycerides of DZ twins of both sexes were no longer significant after adjustment. As 
two memebrs of a given DZ pair still share common genes, the absence of intrapair 
correlations suggests that genetic components might not be important in the deter
mination of serum triglyceride level in Chinese adolescent twins and, by inference, in the 
Chinese population. 

Although many reports have suggested a genetic component in blood pressure, 
little is known about either the biochemical mechanism or its genetic basis in man. 
However, two potential loci have been identified in animal studies of hypertension [59, 
83], While some studies indicate that the activity of enzymes in the metabolism of 
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norepinephrine is genetically determined [50,78,79], the relation of these enzymes with 
SBP and DBP remains to be determined. Studies on urinary concentration of the renal 
enzyme kallikrein revealed a familial aggregation and an association with SBP [85]. Some 
genetic markers have also been found to be associated with higher blood pressure [12,48, 
55,80,81], but there are no obvious biochemical-physiological relationships between 
these markers and blood pressure. Numerous functional and structural proteins are 
involved in the vasoregulatory system, and a better understanding of human essential 
hypertension requires a detailed description of the genetic loci involved. 

Major genes have been found to be associated with high serum cholesterol and 
some of their biochemical mechanisms have been indicated [20]. However, there must 
be many genes involved in the absorption, metabolism and monitoring of serum lipids. 
A continuing search for loci which have segregating alleles with measurable effects should 
be carried out. Meanwhile, progress is likely to result from a better understanding of 
lipoprotein metabolism and the determination of the consequences of different kinds 
of environmental changes. 

Acknowledgements. The authors wish to thank Drs. T.H. Beaty and C.A. Newill for their helpful 
comments and suggestions. This work was partly supported by NSC-70-0412-B002-41. 

REFERENCES 

1. Annest JL, Sing CF, Biron P, et al (1979): Familial aggregation of blood pressure and weight 
in adoptive families. II. Estimation of the relative contributions of genetic and common environ
mental factors to blood pressure correlations between family members. Am J Epidemiol 110: 
492. 

2. Barcal R, Simon J, Sova J (1969): Blood-pressure in twins. Lancet 1:1321. 
3. Berg K (1981): Twin research in coronary heart disease. In Gedda L, Parisi P, Nance WE (eds): 

Twin Research 3: Part C, Epidemiological and Clinical Studies. New York: Alan R Liss, p 117. 
4. Blomstrand R, Lundman T (1966): Serum lipids, smoking and heredity. Acta Med Scand (suppl) 

445:51. 
5. Borhani NO, Feinleib M, Garrison RJ, et al (1976): Genetic variance in blood pressure. Acta 

Genet Med Gemellol 25:137. 
6. Chen C (1982); A twin study of blood pressure, serum cholesterol and triglycerides levels in Chi

nese adolescents. Doctorate thesis. The Johns Hopkins University School of Hygiene and Public 
Health, Baltimore, Maryland. 

7. Christian JC, Feinleib M, Hulley SB, et al (1976): Genetics of plasma cholesterol and triglycerides: 
a study of adult male twins. Acta Genet Med Gemellol 25:145. 

8. Christian JC, Kang KW, Norton JA Jr (1976): Choice of an estimate of genetic variance from 
twin data. Am J Hum Genet 26:154. 

9. Christian JC, Norton JA Jr (1977): A proposed test of the difference between the means of 
monozygotic twins. Acta Genet Med Gemellol 26:49. 

10. Christian JC (1979): Testing twin means and estimating genetic variance: basic methodology for 
the analysis of quantitative twin data. Acta Genet Med Gemellol 28:35. 

11. Corey LA, Kang KW, Christian JC, et al (1976): Effects of chorion type on variation in cord 
blood cholesterol of monozygotic twins. Am J Hum Genet 28:433. 

12. Cruz-Coke R, Nagel R, Etcheverry R (1964): Effects of locus MN on diastolic blood pressure in a 
human population. Ann Hum Genet 28:39. 

13. Duccini DalColletto GM, Krieger H, Magalhaes JR (1981): Estimates of genetic and environ
mental determinants of serum lipid and lipoprotein concentrations in Brazilian twins. Hum Hered 
31:132. 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


Heritability of Cardiovascular Risk Factors 371 

14. De Faire U, Theorell T (1978): Cardiovascular reactions during psychiatric interview in twins 
discordant and concordant with respect to ischemic heart disease. In Nance WE (ed): Twin 
Research Psychology and Methodology. New York: Alan R Liss, p 63. 

15. Deutscher S, Ostrander LD, Epstein FH (1970): Familial factors in premature coronary heart 
disease - A preliminary report from the Tecumseh Community Health Study. Am J Epidemiol 
91:233. 

16. Downie WW, Boyle JA, Greig WR, et al (1969): Relative roles of genetic and environmental 
factors in control of blood pressure in normotensive subjects. Brit Heart J 31:21. 

17. Elston RC, Boklage CE(1978): An examination of fundamental assumptions of the twin method. 
In Nance WE (ed): Twin Research: Psychology and Methodology. New York: Alan R Liss, p 189. 

18. Eysenck SBG (1965): Manual of the Junior Eysenck Personality Inventory. London: University 
of London Press. 

19. Falconer DS (1960): Quantitative Genetics. New York: Ronald. 
20. Frederickson DS (1975): Genetic basis of hyperlipoproteinemia. In National Heart and Lung 

Institute. Report by the Task Force on Genetic Factors in Atherosclerotic Diseases. Washington 
DC: US Government Printing Office. DHEW Pub. No. (NIH) 76-922, p 11. 

21. Garrison RJ, Castelli WP, Feinleib M, et al (1979): The association of total cholesterol, triglyce
rides and plasma lipoprotein cholesterol levels in first degree relatives and spouse paris. Am J 
Epidemiol 110:313-321. 

22. Gedda L, Poggi D (1960): Sulla regolazione geneticadelcolesteroloematico: uno studio su 50 
coppie gemellari MZ e 50 coppie DZ. Acta Genet Med Gemellol 9:135, 

23. Gertler MM, White PD (1951): Coronary heart disease in young adults: a multidisciplinary study. 
Cambridge, Mass.: Harvard University Press. 

24. Godfrey RC, Stenhouse NS, Cullen RJ, et al (1972): Cholesterol and the child: studies of the 
cholesterol levels of Busselton school children and their parents. Austral Paediat J 8:72. 

25. Haseman JK, Elston RC (1970): The estimation of genetic variance from twin data. Behav Genet 
1:11. 

26. Havlik RJ, Garrison RJ, Feinleib M, et al (1979): Blood pressure aggregation in families. Am J 
Epidemiol 110:304. 

27. Havlik RJ, Garrison RJ, Katz SH, et al (1979): Detection of genetic variance in blood pressure of 
seven-year-old twins. Am J Epidemiol 109:512. 

28. Heiberg A (1974): The heritability of serum lipoprotein and lipid concentrations: a twin study. 
Clin Genet 6:307. 

29. Heilberg A, Magnus P, Berg K, et al (1981): Blood pressure in Norwegian twins. In Gedda L, Pari-
si P, Nance WE (eds): Twin Research 3: Epidemiological and Clinical Studies. New York: Alan 
R Liss, 163. 

30. Hewitt D, Milner J, Breckenridge C, et al (1976): A twin study on the heritability of lipoprotein 
fractions. Acta Genet Med Gemellol 25:150. 

31. Hines EA, Mcllhaney ML, Gage RP (1957): A study of twins with normal blood pressures and 
with hypertension. Trans Assoc Am Physicians 70:282. 

32. Ibsen KK, Grondaek M (1971): Familial aggregation of blood pressure levels in newborn infants 
and their mothers. In Ginovanneli G (ed): Hypertension in Children and Adolescents.New York: 
Raven Press, p 329. 

33. Jensen J, Blankenhorn DH, Chin MP, et al (1965): Serum lipids and serum uric acid in human 
twins. J Lipid Research 6:193. 

34. Johnson BC, Epstein FH, Kjelsberg MO (1965): Distributions and familial studies of blood 
pressure and serum cholesterol levels in a total community - Tecumseh, Michigan. J Chron Dis 
18:147. 

35. Kannel WB, Dawber TR, McNamara PM (1966): Detection of the coronaryprone adult: The 
Framingham Study. J Iowa Med Soc 56:24. 

36. Kempthorne O, Osborne RH (1961): The interpretation of twin data. Am J Hum Genet 13:320. 
37. Lilienfeld AM (1959): A methodological problem in testing a recessive genetic hypothesis in 

human disease. Am J Public Health 49:199. 
38. Lilienfeld AM (1961): Problems and areas in genetic-epidemiologic field studies. Ann New York 

Acad Sci 91:797. 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


372 Chen et al 

39. Lundman T (1966): Smoking in relation to coronary heart disease and lung function in twins. 
Acta Med Scand (suppl.) 455:1. 

40. Martin AO, Kurczynski TW, Steinberg AG (1973): Familial studies of medical and anthropo
metric variables in a human isolate. Am J Hum Genet 25:584. 

41. Mathers JA, Osborne RH, DeGeorge FV (1961): Studies of blood pressure, heart rate, and the 
electrocardiogram in twins. Am Heart J 62:634. 

42. McDonough JR, Hames CG, Greenberg BG, et al (1962): Observations on serum cholesterol levels 
in the twin population of Evans County, Georgia. Circulation 25:962. 

43. Mcllhany ML, Shaffer JW, Hines EA (1975): The heritability of blood pressure: an investigation 
of 200 pairs of twins using the cold pressor test. Johns Hopkins Med J 136:57. 

44. Meyer K (1962): Serum cholesterol and heredity: a twin study. Acta Med Scand 172:401. 
45. Miall WE, Oldham PD (1958): Factors influencing arterial blood pressure in the general popu

lation. Clin Sci 17:409. 
46. Miall WE, Kass EH, Ling J, et al (1962): Factors influencing arterial pressure in the general 

population in Jamaica. Brit Med J 2:497. 
47. Miall WE, Oldham PD (1963): The hereditary factor in arterial blood-pressure. Brit Med J 1:75. 
48. Nance WE, Kriger H, Azevedo E, et al (1965): Human blood pressure and the ABO blood group 

system: an apparent association. Hum Biol 37:238. 
49. National Heart, Lung and Blood Institute (1977): Report of the Task Force on Blood Pressure 

Control in Children. Pediatrics 59 (suppl) 5:797. 
50. Nies A, Robinson DS, Lamborn KR, et al (1973): Genetic control of platelet and plasma mono

amine oxidase activity. Arch Gen Psychiat 28:834. 
51. Nora JJ, Lortscher RH, Splangler RD, et al (1980): Genetic-epidemiologic study of early-onset 

ischemic heart disease. Circulation 61:503. 
52. Orchard TJ, Rodgers M, Hedley AJ, et al (1981): Serum lipids in a teenage population: Geogra

phic, seasonal and familial factors. Int J Epidemiol, 10:161. 
53. Osborne RH, Adlersberg D, DeGeorge FV, et al (1959): Serum lipids, heredity and environment: 

a study of adult twins. Am J Med 26:54. 
54. Osborne RH, DeGeorge FV, Mathers JA L (1963): The variability of blood pressure: basal and 

casual measurement in adult twins. Am Heart J 66:176. 
55. Pena GA, Adler G (1960): ABO groups in the accelerated form of hypertension. Ann Intern Med 

53:84. 
56. Phillips RL, Lilienfeld AM, Diamond EL, et al (1974): Frequency of coronary heart disease and 

cerebrovascular accidents in parents and sons of coronary heart disease index cases and controls. 
Am J Epidemiol 100:87. 

57. Pikkarainen J, Takkunen J, Kulonen E (1966): Serum cholesterol in Finnish twins. Am J Hum 
Genet 18:125. 

58. Piatt R (1963): Heredity in hypertension. Lancetl:902. 
59.. Rapp JP, Dahl LK (1976): Mutant forms of cytochrome P-450 controlling both 18- and 11-

steroid hydroxilation in the rat. Biochem 15:1235. 
60. Rifkind BM, Boyle JA, Gale M, et al (1968): Study of serum'lipid levels in twins. Cardiovasc 

Res 2:148. 
61. Rissanen AM, Nikkila EA (1977): Coronary artery disease and its risk factors in families of 

young men with angina pectoris and in controls. Brit Heart J 39:875. 
62. Rose G (1964): Familial patterns in ischaemic heart disease. Brit J Prev Soc Med 18:75. 
63. Russek HI, Zohamn BL (1958): Relative significance of heredity, diet and occupational stress 

in coronary heart disease of young adults, based on an analysis of 100 patients between the ages 
of 25 and 40 years and a similar group of 100 normal control subjects Am J Med Sci 235:266. 

64. Schaeffer LE, Adlersberg D, Steinberg AG (1958): Heredity, environment, and serum choleste
rol: a study of 201 healthy families. Circulation 17:537. 

65. Schwartz JT (1968): Twin studies in ophthalmology, hereditary and environmental determinants 
of eye disease. Am J Ophthalmol 66:323. 

66. Shanoff HM, Little A, Murphy EA, et al (1961): Studies of male survivors of myocardial in
farction due to "essential" atherosclerosis. I. Characteristics of the patients. Can Med Assoc J 
84:519. 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X


Heritability of Cardiovascular Risk Factors 373 

67. Shear CL, Frerichs RR, Weinberg R, et al (1978): Childhood sibling aggregation of coronary 
artery disease risk factor variables in a biiacial community. Am J Epidemiol 107:522. 

68. Sing CF, Orr JD (1978): Analysis of genetic and environmental sources of variation in serum 
cholesterol in Tecumseh, Michigan. IV. Separation of polygene from common environment 
effects. Am J Hum Genet 30:491. 

69. Slack J, Evans KA (1966): The increased risk of death from ischaemic heart disease in first degree 
relatives of 121 men and 96 women with ischaemic heart disease. J Med Genet 3:239. 

70. Smith RT (1965): A comparison of socioenvironmental factors in monozygotic and dizygotic 
twins: testing an assumption. In Vandenberg SG (ed): Methods and Goals in Human Behavior 
Genetics. New York: Academic Press, p 45. 

71. Snowden CB, McNamara PM, Garrison RJ, et al (1982): Predicting coronary heart disease in 
siblings- A multivariate assessment: The Framingham Heart Study. Am J Epidemiol 115:217. 

72. Suri VP, Singh D, Tandon OP (1966): Familial patterns in coronary artery disease. Indian J Med 
Sci 20:321. 

73. Thomas CB, Cohen BH (1955): The familial occurrence of hypertension and coronary artery 
disease, with observations concerning obesity and diabetes. Ann Intern Med 42:90. 

74. Thordarson O, Fridriksson (1979): Aggregation of deaths from ischaemic heart disease among 
first and second relatives of 108 males and 42 females with myocardial infarction. Acta Med 
Scand 205:493. 

75. Tseng W-P (1967): Blood pressure and hypertension in an agricultural and a fishing population in 
Taiwan. Am J Epidemiol 86:513. 

76. Van der Molen R, Brewer G, Honeyman MS, et al (1970): A study of hypertension in twins. 
Am Heart J 79:454. 

77. Weinberg R, Avet LM, Gardner MJ (1976): Estimates of the heritability of serum lipoprotein and 
lipid concentrations. Clin Genet 9:588. 

78. Weinshilboum RM, Raymond FA, Elveback LR, et al (1973): Serum dopamine-j3-hydroxylase 
activity: sibling-sibling correlation. Science 181:943. 

79. Weinshilboum R, Raymond FA (1977): Inheritance of low erythrocyte catechol-0-methyltrans-
ferase activity in man. Am J Hum Genet 29:125. 

80. Wiesenfeld SL, Petrrakis ML, Sams BT, et al (1970): Elevated blood pressure, pulse rate and 
serum creatine in Negro males deficient in glucose-6-phosphate dehydrogenase. N Engl J Med 
282:1001. 

81. Woods JW, Falk RJ, Pittman AW, et al (1982): Increased red-cell sodium-lithium countertrans-
port in normotensive sons of hypertensive parents. N Engl J Med 36:593. 

82. World Health Organization (1966): The use of twins in epidemiological study: Report of a WHO 
meeting of investigators. Acta Genet Med Gemellol 15:109. 

83. Yamori Y, Oshima A, Okamoto K (1972): Genetic factors involved in spontaneous hypertension 
in rats: an analysis of F2 segregate generation. Japan Circulation J 36:561. 

84. Zinner SH, Levy PS, Kass EH (1971): Familial aggregation of blood pressure in childhood. N 
Engl J Med 284:401. 

85. Zinner SH, Margolius HS, Rosner B, et al (1977): Eight-year longitudinal study of blood pressure 
and urinary kallikrein in childhood. Clin Res 25:266A. 

Correspondence: Dr. Chien-Jen Chen, Institute of Public Health, National Taiwan University College of 
Medicine, Taipei, Taiwan 100. 

https://doi.org/10.1017/S000156600000581X Published online by Cambridge University Press

https://doi.org/10.1017/S000156600000581X



