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Background: Intima–media thickening and impaired
endothelium-dependent vasodilation are complex pheno-
types determined by genetic and environmental factors.
Few studies assessed these phenotypes in the same sub-
jects. The goal of our study was to assess the sex-specific
intrafamilial aggregation of ultrasonographic carotid intima–
media thickness (IMT) and brachial flow-mediated vaso-
dilation (FMD) in a Siberian population.

Methods: We randomly recruited 81 nuclear families
of Caucasian ancestry (129 parents and 157 offspring,
mean age 52.4 and 26.3 years) in Novosibirsk, Russia.
Carotid artery IMT and brachial artery FMD were as-
sessed by ultrasound. Intraclass correlation coefficients
were calculated between first-degree relatives and between
unrelated spouse pairs for IMT and FMD in age- adjusted,
sex-adjusted, and multivariate-adjusted models.

Results: Multivariate-adjusted correlation coefficients
in sib–sib pairs were 0.27 (P � .042) for IMT and 0.29

(P � .049) for FMD with heritabilities (h2 � 2r) of 0.54

gium.
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and 0.58, respectively. For IMT, the mother–offspring (r �
0.17, P � .051) and mother–daughter correlations (r �
0.28, P � .025) were significant, whereas the father–
offspring correlation did not differ from zero (r � 0.11,
P � .33). For FMD the father–offspring (r � 0.24, P �
.042) and father–son correlations (r � 0.40, P � .051)
were significant, whereas the mother–offspring correlation
was only �0.09 (P � .39). The P value for the difference
in familial aggregation of FMD between father–offspring
and mother–offspring pairs was .018.

Conclusions: Our findings confirm that a substantial
proportion of the variability of carotid IMT and brachial
FMD is attributable to genetic variation. They also suggest
that offspring share more genetic or environmental deter-
minants of FMD with fathers than their mothers. Am J
Hypertens 2007;20:248–254 © 2007 American Journal of
Hypertension, Ltd.
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C arotid intima–media thickness (IMT)1,2 and flow-
mediated vascular dilation (FMD)3 reflect the
structural and functional properties of the vas-

culature and predict cardiovascular outcome. The IMT
represents a quantitative marker of generalized athero-
sclerosis.4 Increased IMT5–7 and vascular reactivity7,8

often go hand in hand with a parental history of hyperten-
sion, coronary heart disease, premature myocardial infarc-
tion, and stroke. These findings suggest involvement of
heritable factors in the determination of these vascular
phenotypes. Several studies explored the heritability of
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either IMT or FMD in twins,9,10 in selected families with
a history of coronary heart disease or diabetes,11,12 or in a
general population.13–16 However, estimates of heritability
of IMT were inconsistent.12–14,17,18 To our knowledge,
only one previous study addressed the familial aggre-
gation of FMD16 and no study investigated the herita-
bility of both IMT and FMD in the same subjects. Also
the gender-specific influences on IMT and FMD in
offspring remain largely unknown. To answer these
research questions we evaluated the sex-specific intrafa-
milial aggregation of carotid IMT and brachial FMD in

The European Project on Genes in Hypertension was supported by
the European Union (contract numbers IC15-CT98-0329-EPOGH and
QLG1-CT-2000-01137-EURNETGEN). The Russian Foundation for Ba-
sic Research (grant No.06-04-49671) supported the collection of the
arterial measurements and analysis. AR is recipient of Doctoral Fellow-
ship of the Russian Academy of Medical Sciences.

Address correspondence and reprint requests to Dr. A. Ryabikov,
Institute Int Med, SB RAMS, Bogatkova st, 175/1. Novosibirsk, 630089,

Russia; e-mail: andrew_ryabikov@mail.ru

© 2007 by the American Journal of Hypertension, Ltd.
Published by Elsevier Inc.



249AJH–March 2007–VOL. 20, NO. 3 INTRAFAMILIAL CORRELATIONS OF IMT AND FMD
a white (Siberian) population, using a random family-
based sampling frame.

Methods
Study Population

In the framework of the EPOGH project (European Project
On Genes in Hypertension), we randomly selected from
the study population in Novosibirsk (Russian Federation)
white nucleus families consisting of at least one parent and
two siblings. The age range for participation was 18 to 60
years. The response rate was of 68%. We recruited 324
subjects of whom 302 underwent an ultrasonographic
measurements of carotid IMT and 272, a measurement of
brachial FMD. Of these, 16 subjects were excluded be-
cause they were not part of biological family or family
whose members had vascular ultrasound. There were no
cases eliminated because of insufficient quality of ultra-
sound examination. After exclusion of unrelated subjects,
286 and 256 were available for the family-based analyses
of IMT and FMD, respectively. The Ethics Committee of
the Institute of Internal Medicine (Novosibirsk, Russian
Federation) approved the study, which was conducted
according the principals of the Helsinki declaration. The
participants gave informed written consent.

Clinical Measurements

For at least 3 h before being examined, the participants
refrained from heavy exercise, smoking, alcohol, or caf-
feine-containing beverages. Physicians measured blood
pressure (BP) and anthropometric characteristics. A ques-
tionnaire was given to collect information about each
subject’s medical history, smoking habit, and intake of
medications. From the type and number of alcoholic bev-
erages consumed each day, we calculated alcohol con-
sumption in grams per day. Each participant’s office BP
was the average of five consecutive readings. Hyperten-
sion was defined as BP equal to or in excess of 140 mm Hg
systolic or 90 mm Hg diastolic (The JNC 7, 2003), or
when the patients were on antihypertensive treatment re-
gardless of their actual BP. Body mass index (BMI) was
defined as weight in kilograms divided by the square of
height in meters. With use of published tables, the energy
spent in physical activity was calculated from the time
devoted to sports and physical activity.19 The serum con-
centration of total and HDL-cholesterol and triglycerides,
and blood glucose were measured after an overnight fast-
ing by automated methods. The LDL-cholesterol was cal-
culated by the Friedewald formula. According to
published criteria,20 diabetes mellitus was defined as a
fasting blood glucose level of at least 7.0 mmol/L, or as
the use of antidiabetic drugs. The AB0 blood group and
rhesus phenotype were verified for inconsistencies in

Mendelian segregation.
Measurements of Carotid IMT

One experienced observer (AR) measured carotid IMT using
the SIM 7000CFM ultrasound system (ESAOTE S.p.a., Flo-
rence, Italy) with 7.5/10-mHz phased-array transducer. He
first performed longitudinal and transverse scans along
with Doppler blood flow measurements at the right and
left carotid arteries to assess the anatomy and to detect the
presence of significant atherosclerotic lesions. Next, he
obtained from each side electrocardiogram (ECG)-gated lon-
gitudinal images of the 10-mm segment of the distal common
carotid artery before the bulb. If plaque was present in the
target segment, IMT was measured in the plaque-free zone
closest to the target site. The carotid images were analyzed
offline. Carotid IMT was the mean of three measurements
at the far wall. For analysis, we used the mean IMT value
either from the right or left artery, whichever was higher.

According to Bland and Altman’s approach,21 we com-
puted the repeatability coefficient as twice the standard
deviation between repeat measurements and expressed it
as a percentage of the mean of the measurement under
study. The intraobserver intersession repeatability coeffi-
cient was 2.4% (Pearson’s correlation coefficient, r �
0.927) and the intraobserver intrasession coefficient was
2.0% (r � 0.972).

Measurements of FMD

After the subjects had rested for at least 10 min in the
supine position, one observer (MR) obtained ECG-gated
B-mode images of the brachial artery at the right mid-
upper arm.22 Next, he inflated an occluding cuff below the
elbow for 5 min to at least 50 mm Hg above the subject’s
systolic BP to induce ischemia of the forearm. We con-
sidered that reactive hyperemia occurred within 30 to 60
sec after cuff deflation. The diameter of the brachial artery
was measured offline. For analysis, we averaged three
measurements at baseline and during hyperemia. We ex-
pressed FMD as the percentage increase in brachial diam-
eter during hyperemia compared to baseline.

For the measurements of brachial diameter, the intraob-
server intersession repeatability coefficient was 2.8% (r �
0.988) and the intraobserver intrasession coefficient was
2.0% (r � 0.995).

Statistical Analysis

For statistical analysis, we used the SPSS software pack-
age, version 11.0 (SPSS for Windows, SPSS, Chicago,
IL). Comparison of means and proportions relied on the
standard normal Z test and the �2 statistic, respectively.
We calculated the arterial measurements correlation coef-
ficients between members of the same family as a measure
of concordance (positive correlation) or discordance (neg-
ative correlation). Hence, in the context of this article, the
terms correlation and concordance are used interchange-
ably. For adjustment we selected variables, known to
influence IMT and FMD.4,10,13,16 In addition, we tested

univariate models and defined explanatory variables,
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based on their correlations with IMT or FMD in the entire
sample (gender, age, systolic BP, total and HDL-choles-
terol, baseline diameter of brachial artery) or in sex- and
generation-specific groups (eg, BMI, smoking, diabetes
mellitus, antihypertensive treatment, alcohol intake, phys-
ical activity). In the following analyses, we adjusted for
confounders in a cumulative and stepwise fashion. First, in
model 1, we adjusted only for gender and age. Model 2
also included BMI, systolic BP, and total and HDL-cho-
lesterol. In model 3, we added as explanatory variables
total and HDL-cholesterol, antihypertensive treatment,
and history of diabetes mellitus. Finally, we considered
various lifestyle factors, such as smoking, alcohol intake
and physical activity (model 4). In model 4, for FMD, we
also adjusted the parent–offspring and spouse–spouse cor-
relation for the diameter of brachial artery at baseline. We
derived the significance of the intrafamilial correlation
coefficients from a t test statistic. We compared correlation
coefficients using Fisher’s Z-transformation. Finally, we
calculated simple estimates of heritability (h2) from the
full-adjusted partial correlation coefficients as h2 � 2r,
where r is the between-sibling correlation.13

Results
General Characteristics
of the Parents and Offspring

Our study population included 129 parents and 157 off-
spring, and 81 sib–sib, 48 spouse–spouse, and 246 parent–
offspring pairs. The number of offspring subjects per
family in our sample amounted to 3 or 4 in 5% of families,
2 in 81% of families, and 1 in the rest families. Tables 1
and 2 list the general characteristics and the arterial mea-
surements by generation and gender. Mean age of parents
and offspring (�SD) was 52.4 � 5.52 years and 26.3 �
5.04 years, respectively. Among parents, women had
higher BMI, higher prevalence of diabetes mellitus, and
were treated with antihypertensive drugs more often than
men. Among offspring, women had lower BP, serum trig-
lycerides, and blood glucose level in comparison with
men. In both generations, women compared to men, had
lower waist-to-hip ratio and higher HDL-cholesterol, re-
ported a lower daily alcohol intake, and were less likely to
be a smoker. In parents as well as offspring, carotid IMT
and brachial artery diameter at baseline were lower in
women than in men. Women of both generations had
higher FMD than men.

Intrafamilial Aggregation of Carotid IMT

The intraclass correlation coefficients for carotid IMT are
shown in Fig. 1 for sib–sib, parent–offspring, and spouse–
spouse pairs. Multivariate-adjusted (model 4) correlations
for IMT were 0.27 (95% CI 0.010 to 0.492; P � .042) for
sib–sib pairs, 0.10 (95% CI �0.035 to 0.225; P � .15) for
parent–offspring pairs, and �0.01 (95% CI �0.381 to

0.365; P � .96) for spouse–spouse pairs. Gender-specific
correlations were statistically significant for mother–off-
spring pairs (r � 0.17; P � .051) and mother–daughter
pairs (r � 0.28; P � .025) and did not differ from zero for
father–offspring, father–son, father–daughter, and mother–
son pairs (Table 3). The mother–offspring correlation co-
efficient was not significantly higher than the father–
offspring correlation (r � 0.17 v r � 0.11; P � .62). In
addition, controlling for fasting glucose level or premature
coronary artery disease (CAD) in the multivariate model
did not significantly alter the intrafamilial correlations for
IMT (data not shown). For carotid IMT, h2 was 0.54.

Intrafamilial
Aggregation of Brachial FMD

The intraclass correlation coefficients for FMD are shown
in Fig. 2 for sib–sib, parent–offspring, and spouse–spouse
pairs. Multivariate-adjusted (model 4) correlations for FMD
were 0.29 (95% CI 0.002 to 0.537; P � .049) for sib–sib
pairs, 0.10 (95% CI �0.047 to 0.235; P � .19) for parent–
offspring pairs, and �0.03 (95% CI �0.415 to 0.360; P �
.88) for spouse–spouse pairs. Gender-specific correlations
were significant for father–offspring pairs, 0.24 (P � .042)
and father–son pairs, 0.40 (P � .051) and were not statis-
tically different from zero for mother–offspring, mother–son,
mother–daughter, and father–daughter pairs (Table 3). In
addition, controlling for menopausal status in mother-
related pairs did not alter the results: correlations for FMD
in mother–offspring pairs were �0.09 (P � .396), in
mother–son �0.19 (P � .363), and in mother–daughter
pairs �0.09 (P � .539), and did not differ from zero. The
father–offspring correlation coefficient was significantly
higher than the mother–offspring correlation (r � 0.24 v
r � �0.09; P � .018). In the multivariate analysis addi-
tional adjustment for fasting glucose or premature CAD
did not attenuate the intrafamilial correlations for FMD
(data not shown). For FMD, h2 was 0.58.

To exclude that the difference between the father–
offspring and mother–offspring correlation coefficients for
FMD was due to a type I error, we created fictional
“parent–offspring” pairs, using the random number func-
tion implemented in the SPSS software. We repeated this
procedure 10 times. In this analysis of unrelated subjects, the
fictional “father–offspring” correlation coefficient ranged
from �0.02 (95% CI �0.26 to 0.22; P � .86) to 0.04 (95%
CI �0.20 to 0.28; P � .73). The fictional “mother–off-
spring” correlation coefficients ranged from �0.04 (95%
CI �0.22 to 0.15; P � .69) to 0.05 (95% CI �0.13 to 0.23;
P � .57).

Intrafamilial Aggregation
of Height and Body Weight

We also assessed the intrafamilial correlations of height
and body weight. After adjustment for sex (only if differ-
ent) and age, we found sib-sib correlation coefficients of
0.53 (P � .001) for height and 0.38 for weight (P � .001).

The adjusted correlation coefficients for height ranged



Table 1. General characteristics of parents and offspring

Characteristics Fathers Mothers P Sons Daughters P

Total number (n) 54 75 70 87
Age (y) 53.2 (5.66) 51.8 (5.38) .161 25.8 (4.51) 26.7 (5.42) .290
Body mass index (kg/m2) 26.4 (4.14) 29.9 (4.88) �.001 23.1 (3.00) 22.2 (3.56) .104
Waist-to-hip ratio 0.90 (0.07) 0.81 (0.06) �.001 0.83 (0.05) 0.74 (0.05) �.001
Systolic BP (mm Hg)* 137.3 (22.52) 141.6 (22.19) .275 121.8 (13.48) 109.2 (12.29) �.001
Diastolic BP (mm Hg)* 91.9 (13.54) 90.5 (11.22) .543 80.2 (10.41) 73.3 (9.59) �.001
Pulse rate (beats/min) 70.9 (7.86) 71.1 (8.73) .851 71.5 (9.08) 73.8 (10.39) .151
Total cholesterol (mmol/L) 5.54 (1.19) 5.55 (1.05) .951 4.46 (1.16) 4.39 (0.91) .690
LDL-cholesterol (mmol/L) 4.03 (1.06) 3.97 (0.87) .724 3.04 (1.03) 2.89 (0.83) .321
HDL-cholesterol (mmol/L) 0.86 (0.31) 0.97 (0.31) .050 0.96 (0.32) 1.12 (0.31) .002
Triglycerides (mmol/L) 2.02 (1.57) 1.87 (1.35) .556 1.35 (0.74) 1.12 (0.45) .021
Fasting blood glucose (mmol/L) 4.94 (0.49) 5.00 (0.92) .677 4.76 (0.51) 4.54 (0.50) .008
Hypertension, n (%) 24 (44.4) 43 (57.3) .148 9 (12.9) 4 (4.6) .062
Treated with antihypertensive drugs, n (%) 8 (14.8) 24 (32.0) .026 3 (4.3) 2 (2.3) .481
Diabetes mellitus, n (%) 0 5 (6.7%) — 0 0 —
Premature coronary artery disease, n (%) 4 (7.4%) 3 (4.0%) .389 0 0 —
Current smoking, n (%) 24 (44.4) 1 (1.3) �.001 39 (55.7) 20 (23.0) �.001
Alcohol intake per day (g) 14.0 (13.34) 2.4 (3.82) �.001 17.1 (15.81) 4.3 (4.67) �.001
Total enegy expenditure (kcal) 1.75 (0.81) 1.51 (0.75) .082 1.98 (0.97) 1.64 (0.67) .015

Values are arithmetic means (SD) or number of subjects (%).
* Average of five readings in office.
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from 0.54 in mother–daughter pairs to 0.68 in father–son
pairs (P � .001). For body weight, the adjusted parent–
offspring correlations varied from 0.23 to 0.37 (P � .01).
The correlation coefficient for body weight was not statis-
tically different from zero in spouse–spouse pairs (r �
0.18; P � .22).

Discussion
We found that FMD was significantly concordant among
siblings and in father–offspring pairs, but not in mother–
offspring pairs or between spouses. Siblings belong to the
same generation, and have more genetic material in com-
mon than their parents. Accordingly, after accounting for
the main confounders, the intraclass correlation between
siblings for FMD was 0.29 with a heritability of 0.58.
After similar adjustments, no significant correlation was
found among spouse pairs. In line with our findings,
numerous studies support the idea that genetic variation
modulates endothelial function.23 Moreover, young indi-
viduals with the family history of cardiovascular disease
(CVD) have diminished endothelial function.7,24 Among
2883 participants enrolled in the Framingham Heart
Study16 (52.9% women; mean age 61 years), FMD was
inversely related to age, systolic BP, BMI, and smoking,
whereas it was positively related to female gender and
heart rate. The estimated heritability was 0.14. The influ-
ence of lifestyle and environmental factors likely increases
as years go by. The older age of Framingham participants
might therefore explain why estimated heritability was
lower in the former than in the current study.

In fully adjusted models, the intrafamilial aggregation
of FMD was significantly higher in father–offspring than
in mother–offspring pairs. These findings suggest that
offspring share more genetic or environmental determi-
nants of FMD with their father than with their mother. The
menstrual cycle influences endothelial function and might
have weakened the parent–offspring correlations more in
mother–daughter than in father–daughter pairs.22,25 In our
sample the accounting, in particular for menopausal status,

Table 2. Ultrasound vascular measurements in pa

Characteristics Fathers Moth

Total number (n) 54 75
Structural measures of the common carotid art

IMT, right artery (mm) 0.71 (0.175) 0.60 (
IMT, left artery (mm) 0.72 (0.165) 0.62 (
IMT, maximal (mm) 0.76 (0.176) 0.64 (

Functional measures of the brachial artery
Baseline diameter (mm) 4.68 (0.578) 3.58 (
Diameter during reactive

hyperemia (mm) 5.00 (0.648) 3.98 (
FMD (%) 7.04 (8.16) 12.25 (

IMT � intima–media thickness; FMD � flow-mediated dilation.
Values are arithmetic means (SD).
did not augment correlations for FMD in mother-related
pairs. Furthermore, the HDL-cholesterol level is a deter-
minant of FMD and is associated with genetic variation in
the Y chromosome over and beyond the effect of testos-
terone.26 Although we adjusted for lifestyle factors, we
cannot exclude that residual confoundary, for instance, by
smoking and drinking habits or by the usual level of
physical activity, inflated the father–offspring particularly
the father–son, aggregation in FMD.

We confirmed that carotid IMT is inherited. The sib–sib
correlation coefficient was 0.27 and heritability 0.54. In
the existing literature11–15,17,18 estimates of intrafamilial
aggregation and heritability of IMT show large variation,
which may be related to insufficient sample size, the
number of relatives within families, ethnicity, differences
in lifestyle or environmental factors, or the presence ver-
sus absence of pathologic conditions such as hypertension,
carotid atherosclerosis, or type 2 diabetes mellitus. For
instance, the estimates of the sib–sib correlations varied
from approximate 0.15 in the Framingham Heart Study13

to approximately 0.38 in Stanislas cohort.14 Heritability

FIG. 1. Intrafamilial correlation coefficients for carotid intima–
media thickness (IMT). Model 1 is adjusted for gender and age. The
three other models reflect further cumulative adjustments for body
mass index and systolic blood pressure (model 2), for total and
HDL-cholesterol, history of diabetes mellitus, and antihypertensive
treatment (model 3), and in addition for lifestyle factors such as

s and offspring

P Sons Daughters P

70 87
s
6) �.001 0.47 (0.092) 0.44 (0.069) .009
0) .001 0.48 (0.088) 0.44 (0.080) .017
3) �.001 0.50 (0.089) 0.46 (0.074) .011

0) �.001 4.06 (0.533) 3.10 (0.376) �.001

7) �.001 4.39 (0.535) 3.50 (0.365) �.001
) �.001 8.04 (5.18) 13.50 (7.54) �.001
rent

ers

erie
0.12
0.15
0.15

0.41

0.39
7.47
smoking, alcohol intake, and physical activity (model 4). *P � .05,
significance of the intraclass correlation coefficient.
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estimates were about 0.35 in the Framingham Heart
Study,13 0.41 in families with history of type 2 diabetes
mellitus,12 approximately 0.60 in families with a history of
hypertension or carotid atherosclerosis,27,28 and even
about 0.90 in a Mexican cohort of mixed ethnicity.17

The present study must be interpreted within the con-
text of its potential limitations. When assessing FMD in
population-based sample we could not avoid the adminis-
tration of CVD medications. However, we have adjusted
for antihypertensive treatment. In addition, it was shown
that medications not containing nitrates do not signifi-
cantly influence FMD.29 Due to substantial prevalence of
hypertension in our sample the study results might be
primarily relevant to the populations with high risk of
hypertension/CVD. We did not measure some of the
shared lifestyle factors, which might impact on carotid
IMT or brachial FMD, such as the dietary intake of satu-
rated fat or the weather conditions30 at the time of the
FMD measurements. Our sample size was smaller than,
for example, in the Framingham Heart Study. On the other
hand, we excluded the difference in the familial aggrega-

FIG. 2. Intrafamilial correlation coefficients for brachial flow-medi-
ated dilation (FMD). For further explanation, see Fig. 1. In model 4,
we also adjusted the parent–offspring and spouse–spouse correla-

Table 3. Adjusted intrafamilial correlation coefficie

Pairs

IMT

n r(95% CI)

Spouse–spouse 48 �0.01 (�0.381 to 0.36
Sibling–sibling 81 0.27 (0.010 to 0.492)
Parent–offspring 246 0.10 (�0.035 to 0.22
Father–offspring 101 0.11 (�0.112 to 0.32
Father–son 48 0.05 (�0.310 to 0.39
Father–daughter 53 0.25 (�0.098 to 0.54
Mother–offspring 145 0.17 (�0.001 to 0.34
Mother–son 62 0.15 (�0.152 to 0.43
Mother–daughter 83 0.28 (0.036 to 0.492)

IMT � intima–media thickness; FMD � flow-mediated dilation.
* Correlation coefficients are for the fully adjusted model 4.
tion for the diameter of brachial artery at baseline. *P � .05, signif-
icance of the intraclass correlation coefficient.
tion of FMD between father–offspring and mother–off-
spring pairs due to a type I error by creating fictional
parent–offspring pairs. In addition, our current estimates
of the intrafamilial aggregation of the anthropometric
characteristics are in line with published literature and
may be considered to represent an external validation of
our study results.

In conclusion, our findings confirm that a substantial
proportion of the variability of carotid IMT and brachial
FMD is attributable to genetic variation. They also suggest
that offspring share more genetic or environmental deter-
minants of FMD with fathers than with their mothers.
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