
Association Between Ideal Cardiovascular Health and Carotid
Intima-Media Thickness: A Twin Study
Ambar Kulshreshtha, MD, PhD; Abhinav Goyal, MD, MHS; Emir Veledar, PhD; William McClellan, MD, MPH; Suzanne Judd, PhD; Silvia C.
Eufinger, MPH, PhD; J. Douglas Bremner, MD; Jack Goldberg, PhD; Viola Vaccarino, MD, PhD

Background-—The American Heart Association (AHA) recently developed the Cardiovascular Health Index (CVHI), a health metric
consisting of 7 modifiable risk factors. The relationship of the CVHI with preclinical markers, such as carotid intima-media
thickness (CIMT) has not been assessed.

Methods-—We examined 490 male monozygotic and dizygotic twins without overt cardiovascular disease. CIMT was measured
using B-mode ultrasonography. Each of the 7 CVHI components (blood pressure, fasting glucose, total cholesterol, body mass
index, physical activity, healthy diet, and smoking) was given a point score of 0, 1, or 2 to represent poor, intermediate, or ideal
health, respectively. A CVHI summation score was computed (range 0 to 14) and categorized as inadequate (0 to 4), average (5 to 9),
or optimum (10 to 14) cardiovascular health. Mixed-model regression was used to examine the association of the CVHI with CIMT.

Results-—The mean age of the twins was 55.4 years, and 61% were monozygotic. The mean CIMT was 0.75 (�0.11) mm and the
mean CVHI score was 7.7 (�2.1). There was an inverse correlation between CVHI and CIMT (Spearman r=�0.22, P<0.01). For
every 5-unit increase in overall CVHI score (indicating better cardiovascular health category), CIMT decreased by 0.045 mm
(P<0.001) after adjusting for demographic variables and other confounders. Within monozygotic twin pairs, a 5-unit increment in
CVHI score was associated with a 0.05 mm lower CIMT (P<0.001).

Conclusions-—The CVHI is independently associated with CIMT and the association is not confounded by shared genetic and other
familial factors. ( J Am Heart Assoc. 2013;2:e000282 doi: 10.1161/JAHA.113.000282)
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E pidemiological studies have suggested the importance
of a global risk profile in the prediction and prevention of

cardiovascular disease.1 Most cardiovascular disease events
are preventable by optimizing ≥1 cardiovascular risk factors.2–5

The American Heart Association and the American Stroke

Association (AHA/ASA) proposed a new public health metric:
the Cardiovascular Health Index (CVHI), which is a measure of
cardiovascular risk factors and can be followed over time.6,7

This index emphasizes primary prevention by defining goals
for health factors and behaviors that comprise the definition
of “ideal” cardiovascular health. The CVHI has 7 components,
which include 3 health factors (blood pressure, fasting
glucose, and total cholesterol) and 4 health behaviors (body
mass index [BMI], physical activity, healthy diet, and smoking)
and classifies each of them into ideal, intermediate, and poor
levels. For disease prevention and improving cardiovascular
health in the general population, early detection of CVD must
be emphasized as a goal.

Carotid Intima-Media Thickness (CIMT), a preclinical
marker for cardiovascular disease, is a quantitative index for
evaluating the severity and progression of atherosclerosis and
for the prediction of coronary heart disease and stroke.8–14

CIMT is also associated with several cardiovascular risk
factors including blood pressure, dyslipidemia, and health
behaviors such as smoking and physical activity. However, the
relationship of CIMT with measures of CVD health as part of
the CVHI has not been demonstrated.15–17 In adulthood,

From the Department of Epidemiology, Emory University School of Public
Health, Atlanta, GA (A.K., A.G., E.V., W.M., V.V.); Division of Cardiology, Emory
University School of Medicine, Atlanta, GA (A.G., E.V., V.V.); Department of
Biostatistics, University of Alabama at Birmingham, AL (S.J.); Graduate Program
in Nutrition and Health Sciences, Laney Graduate School, Emory University,
Atlanta, GA (S.C.E.); Department of Psychiatry, Emory University School of
Medicine, and VA Medical Center, Atlanta, GA (J.D.B.); Vietnam Era Twin
Registry, Seattle, WA (J.G.); University of Washington School of Public Health,
Seattle, WA (J.G.).

Correspondence to: Viola Vaccarino, MD, PhD, 1518 Clifton Rd NE, Room
3011, RSPH, Emory University, Atlanta, GA 30322. E-mail: viola.vaccarino@
emory.edu

Received April 28, 2013; accepted November 17, 2013.

ª 2013 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley Blackwell. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.113.000282 Journal of the American Heart Association 1

ORIGINAL RESEARCH



many health behaviors and other CVD risk factors, are
influenced by the familial environment experienced during
childhood and adolescence, as well as by genetic factors.18,19

Therefore, studies of CIMT and cardiovascular risk factors
may be subtly confounded by exposures or behaviors that are
shared by members of the same family.20–22 Our objective in
this study was to assess the relationship between the CVHI
and CIMT while accounting for the influence of unmeasured
familial factors (including genetic and early environment
factors) in a twin sample. We hypothesized that people with
lower CVHI (indicating poorer cardiovascular health) would
have increased CIMT. Furthermore, we hypothesized that this
relationship is continuous and graded across all levels of the
CVHI and not confounded by shared genetic and other familial
factors.

Methods

Study Population
The Emory Twin Study includes samples recruited in 2
companion studies: the Twins Heart Study (THS) and the
Stress and Vascular Evaluation in Twins (SAVEIT). The purpose
of these studies was to elucidate the role of psychological,
behavioral, and biologic risk factors for subclinical cardiovas-
cular disease in twins. Both studies recruited randomly
selected samples of middle-aged male monozygotic (MZ) and
dizygotic (DZ) twin pairs (who were raised in the same
household) from the Vietnam Era Twin (VET) Registry. The VET
Registry includes 7369 male-male twin pairs of whom both
twins served in the US military during the time of the Vietnam
War.23 Both studies followed identical procedures, measure-
ments, and protocols. THS enrolled 180 twin pairs between
2002 and 2006 and SAVEIT enrolled 127 twin pairs between
2005 and 2010 as previously described.24–26 We excluded
participants with a history of coronary artery disease and
stroke. We also excluded a few duplicate twin pairs who had
either participated in both studies or were missing information
on CIMT. Each twin in a recruited pair was examined at the
same time at the Emory University General Clinical Research
Center, and all data collection including medical history and
physical examination and blood tests, occurred during a 24-
hour admission under controlled conditions. Information on
sociodemographic and lifestyle factors was collected using
standardized questionnaires. Depressive symptoms were
ascertained by using the Beck Depression Inventory-II, which
has satisfactory test-retest reliability and internal consis-
tency.27,28 Information on current use of medications was
also collected. Both studies were approved by the Emory
Institutional Review Board, and all twins gave informed
consent. Zygosity information by means of DNA typing was
available for all twin pairs.

Cardiovascular Health Index
Components of the CVHI include blood pressure, fasting
glucose, total cholesterol, body mass index, physical activity,
diet, and smoking. Each CVHI component was given a point
score of 0, 1, or 2 to represent poor, intermediate, or ideal
health, respectively, as per predefined categories. Based on
the sum of all 7 CVHI components, an overall CVHI score,
ranging from 0 to 14, was categorized as inadequate (0 to 4),
average (5 to 9), or optimum (10 to 14) cardiovascular health
(Table 1). Systolic blood pressure and diastolic blood
pressure were measured by mercury sphygmomanometer
on the right arm with the subject in a sitting position after
10 minutes of rest. The average of 2 measurements
5 minutes apart was used in the statistical analyses. Venous
blood samples were drawn for the measurement of glucose
and lipid profile (total cholesterol) after an overnight fast. The
Emory Lipid Research Laboratory, a participant in the
Centers for Disease Control/National Heart, Lung and Blood
Institute Lipid Standardization Program, performed all analy-
ses from freshly isolated ethylenediaminetetraacetic acid
(EDTA) plasma. Glucose levels were measured on the
Beckman CX7 chemistry autoanalyzer. Body mass index
was calculated from height and weight measurement of
participants. Physical activity was determined by means of a
modified version of the Baecke Questionnaire of habitual
physical activity.29 We used tertiles of the cumulative Baecke
score to classify individuals into poor, intermediate, and ideal
levels of physical activity. To measure the specific score for
diet we used the DASH (Dietary Approaches to Stop
Hypertension) diet score, which is endorsed by AHA and
has been linked to diminished risk of CHD and stroke.30,31

We constructed the DASH score according to the method
proposed by Fung et al used in several epidemiological
studies.32 The DASH score is calculated based on 8 food
items (fruits, vegetables, nuts and legumes, low fat dairy
products, whole grains, sodium, sweetened beverages, red
and processed meats) and on the following principles: (1)
high intake of fruits, vegetables, nuts and legumes, low-fat
dairy products, and whole grains are beneficial for human
health and receive high scores; (2) high intake of sodium,
sweetened beverages, and red and processed meats are
harmful and deserve lower scores. For each of the above 8
food groups, we categorized study subjects into quintiles
(assigned 1 to 5 points) according to their individual food
intake component scores. Scoring by quintile helped to
reduce the potential for misclassification. The scores for
each food group were then summed to yield an overall score
ranging from 8 to 40, where higher scores represent greater
adherence to the DASH diet. The cumulative score was
grouped into tertiles to classify individuals with ideal,
intermediate, and poor diets. Cigarette smoking was classi-
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fied into current smoker (poor); quit in the past year
(intermediate); and never smoker or quit >1 year ago (ideal).

Carotid Intima Media Thickness
CIMT was measured using high resolution B-mode ultraso-
nography with standard techniques.33,34 Briefly, CIMT was
quantified both on the near and far wall at the distal 1.0 cm of
both the left and right common carotid arteries proximal to
the bifurcation. For each segment, the sonographer used
multiple different scanning angles to identify the longitudinal
image of CIMT showing the maximum CIMT. At least 10
pictures for each segment were stored digitally, and mea-
surements were made offline using semiautomated comput-
erized analytical software (Carotid Tools, MIA Inc) by one
observer blinded to other twin data. Of the stored images, the
one with maximum thickness was selected, and CIMT
measured, for each segment. Average values of the CIMT of
each of the 4 segments (right near and far walls, and left near
and far walls) were used as the CIMT values for each twin in
the analysis (total mean of maximum CIMT). In order to

minimize variability, the same technician did CIMT measure-
ments throughout the study, and the same equipment and
analytical software was used to measure CIMT for all the twin
participants. In our laboratory, the mean absolute difference
in CIMT measured in 7 subjects in whom 2 carotid artery
examinations were performed 3 days apart, was 0.03
(�0.02) mm. The mean difference in 2 successive readings
of the same 10 segments of CIMT was 0.02 (�0.02) mm with
a Pearson correlation coefficient of 0.93.

Statistical Analyses
Continuous variables were described as mean�SD and
categorical variables as frequencies (percent). We examined
baseline demographic characteristics, cardiovascular health
factors, and behaviors and medications across CVHI catego-
ries, treating the twins as individuals. We also compared
individual CVHI components across CIMT categories (greater
or less than the median of 0.75) and with CIMT as a
continuous score while accounting for correlated data using
mixed models or generalized estimating equation (GEE)

Table 1. Cardiovascular Health Index Definition and Scoring

Health Metric Levels Score Definition

Blood pressure Ideal 2 <120/<80 mm Hg, without antihypertensive medication

Intermediate 1 SBP 120 to 139 or DBP 80 to 89 mm Hg or treated with antihypertensive to <120/<80 mm Hg

Poor 0 SBP ≥140 or DBP ≥90 mm Hg

Fasting glucose Ideal 2 <100 mg/dL, without antidiabetes medication

Intermediate 1 100 to 125 mg/dL or treated with antidiabetes to <100 mg/dL

Poor 0 ≥126 mg/dL

Total cholesterol Ideal 2 <200 mg/dL, without lipid lowering medication

Intermediate 1 200 to 239 mg/dL or treated to <200 mg/dL

Poor 0 ≥240 mg/dL

Body mass index Ideal 2 <25 kg/m2

Intermediate 1 25 to 29.99 kg/m2

Poor 0 ≥30 kg/m2

Physical activity* Ideal 2 4 or more times per week of intense physical activity

Intermediate 1 1 to 3 times per week of intense physical activity

Poor 0 No physical activity

Healthy diet score† Ideal 2 4 to 5 components

Intermediate 1 2 to 3 components

Poor 0 0 to 1 components

Smoking Ideal 2 Never or quit >12 months

Intermediate 1 Former, quit ≤12 months

Poor 0 Current

DASH indicates Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; SBP, systolic blood pressure.
*Modified for Emory Twin Study and based on tertiles of Baecke Physical Activity Questionnaire.
†Modified for Emory Twin Study and based on tertiles of DASH diet score.

DOI: 10.1161/JAHA.113.000282 Journal of the American Heart Association 3

Carotid IMT and Cardiovascular Health Kulshreshtha et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



models. In additional analyses, we examined the Spearman
correlation between CVHI and CIMT and the relation between
CIMT and number of ideal health factors.

Next, we analyzed the relationship between CIMT and CVHI
categories using mixed model regression analysis adapted for
twin studies.35 We fitted mixed models for twins that allowed
for partitioning within and between pair differences in the
dependent variable as a function of the independent variables.
In these models, the within-pair term was defined as a
difference of at least 1 point in the CVHI between the 2
brothers. This within-pair analysis by design takes into
account shared genetic and many early environmental factors.
Within-pair analysis was further stratified by zygosity to
determine whether the relationship between CVHI and CIMT
was different between MZ and DZ twins. Monozygotic twins
share 100% of their genetic material, and therefore differ-
ences between MZ twins are controlled for genetic factors.
Dizygotic twins share on average 50% of genes and
differences between the twins are only partially controlled
for shared genetic factors. Shared genetic factors would be
implicated if the within-pair difference in CIMT in CVHI-
discordant pairs were smaller in MZ than in DZ pairs. Potential
multicollinearity was investigated using condition indices and
variance decomposition proportions. All statistical analyses
were conducted using SAS software, version 9.3 (SAS
Institute Inc). Significance level was set at 0.05, 2-sided.

Results
From the initial sample of 307 twin pairs, 40 twin pairs were
excluded because of history of coronary artery disease and 9
twin pairs were excluded because of history of stroke. We also
excluded a few duplicate twin pairs who participated in both
studies and twins missing information on CIMT (13 twin
pairs). We had complete data on CIMT in 245 twin pairs or
490 twins. The mean age of participants was 55.4
(�3.12) years and 96% were white; 61% were MZ and 39%
were DZ twins, a distribution that reflects that of the entire
Vietnam Era Twin Registry. The mean CIMT was 0.75
(�0.11) mm and the mean CVHI score was 7.7 (�2.06).
Overall, 18% of participants had optimum, 77% had average,
and 5% had inadequate cardiovascular health. The age-
adjusted prevalence of ideal CVHI components ranged from
15% for BMI to 75% for smoking (Figure 1). Less education
and unemployment were associated with inadequate cardio-
vascular health (Table 2).

CIMT was normally distributed with a median of 0.75 mm.
The distribution of the 7 CVHI components, including health
behaviors and health factors, by CIMT dichotomous catego-
ries (greater or less than the median of 0.75) is presented in
Table 3. Using mixed-model regression adapted for twin
studies, all health factors (blood pressure, fasting glucose,

and total cholesterol, fasting glucose) were significantly
associated with CIMT categories with a higher proportion of
subjects in the poor category of each component showing
high versus low CIMT. Among the health behaviors, only BMI
was significantly different comparing high and low CIMT
categories (P=0.006). When all components of the CVHI were
included together in the same model, blood pressure, fasting
glucose, and BMI were independently associated with CIMT.

For the overall CVHI, more than twice the number of
participants in the inadequate CVHI category had high versus
low CIMT (7.8% versus 3.1%). Conversely, fewer participants in
the optimum CVHI category had high versus low CIMT (12.6%
versus 23.0%), P=0.004. When CIMT was analyzed as a
continuous variable, results were similar (Table 3). For a
change in CVHI category, from inadequate to average or
average to optimum, CIMT decreased by 0.03 mm (P≤0.001).
When the CVHI was treated as a continuous score, with a
higher score indicative of better cardiovascular health, the
score was negatively correlated with CIMT (Spearman
r=�0.22, P<0.001) (Figure 2). Also, as the number of ideal
health factors and health behaviors in participants increased,
CIMT declined in a graded manner (Figure 3).

In the unadjusted model, for every 5-unit increase in overall
CVHI score (indicating better cardiovascular health category),
CIMT decreased by 0.045 mm (P<0.001). This association
was mildly diminished after adjusting for age, college
education, employment, and further adjusting for depression
(P = 0.001). Cardiovascular health categories were also
similarly associated with CIMT in the crude and adjusted
models (Table 4).

Our final analyses focused on twin pairs who were
discordant for CVHI, that is, where one member of the twin
pair had a higher CVHI score than the other. The CVHI score
was continuous for this analysis and the results were
stratified by zygosity. There were a total of 197 discordant
twin pairs, 76 were DZ discordant and 121 were MZ
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Figure 1. Cardiovascular health profile of Emory Twin Study
participants (n=490). BMI indicates body mass index.
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discordant. AmongMZ twins discordant forCVHI, for each5-unit
difference in CVHI score between the 2 twins (inadequate
to average or average to optimum category), CIMT differed by
0.05 mm (P<0.001). However, among DZ twins discordant for
CVHI, CIMT was not significantly associated with the CVHI
(P=0.18). Further adjustment for potential confounders did
not alter the results (Table 5). The coefficients tended to be
larger in the MZ than the DZ pairs, but the P value for the
interaction with zygosity did not reach statistical significance
(P=0.06 in the final model).

Discussion
CIMT is an important preclinical marker for CVD and predicts
future clinical cardiovascular end points including coronary
heart disease and stroke.14 Our study in a twin sample
showed that the cardiovascular health index, a new metric
developed by the AHA, is inversely associated with CIMT and
this association is independent of shared genetic and familial
factors. We also found that this association is stronger for
CVHI health factors (blood pressure, fasting glucose, and total
cholesterol) compared with CVHI behavioral factors (healthy
diet, physical activity, and smoking), except BMI, which was
highly associated with CIMT. Furthermore, the association of

CVHI with CIMT was not substantially diminished when
examined within pairs, suggesting that familial factors do not
confound this association. Importantly, the association
remained strong within MZ pairs, who are also matched for
genetic factors. These results suggest a possible causal
relationship between health factors and CIMT. To our
knowledge, ours is the first study to demonstrate a link
between the CVHI, a new public health metric and CIMT, a
marker of “vascular health.” Our study confirms the value of
measuring the CVHI and suggests that it can be applied to the
prevention of preclinical atherosclerosis, as measured by
CIMT. The combination of health factors and unhealthy
behaviors is a strong predictor of plaque burden. The use of
these combined factors could play a role in CVD prevention in
the preclinical phase.

CVHI was defined and created by AHA as part of a national
effort to improve cardiovascular health of all Americans by
20% by 2020.7 The prevalence of ideal cardiovascular health
is very low in the United States as measured in several
studies.36–40 The distribution of ideal factors in our sample of
middle-aged male Vietnam era veterans was comparable to
what was reported in National Health and Nutrition Examina-
tion Survey, but health factors and behaviors were less
favorable in the Emory Twin Study than the United States’

Table 2. Distribution of Covariates of Emory Twin Study Participants (n=490) by Cardiovascular Health Categories

Covariates

Cardiovascular Health Index (CVHI) Category

P Value

Optimum
(CVHI=10 to 14)
N=89

Average
(CVHI=5 to 9)
N=375

Inadequate
(CVHI=0 to 4)
N=26

Age, y 54.9 55.4 55.5 0.29

Systolic blood pressure, mm Hg 121.6 131.4 140.0 <.001

Low-density lipoprotein–cholesterol 116.4 123.4 131.5 0.07

Body mass index, kg/m2 26.7 30.0 32.3 <0.001

Plasma glucose, mg/dL 93.5 103.5 119.8 <0.001

Current employment, % 95.7 82.4 62.9 <0.001

Number of alcoholic drinks/week 4.8 5.2 4.9 0.68

College education, % 82.9 67.6 61.5 0.008

Current smoking, % 0 40 75 <0.001

Depression, % 20.2 26.7 28.0 0.4

Medications, %

Thiazide 1.2 7.2 7.7 0.09

Beta-blocker 4.5 10.6 7.7 0.19

Aspirin 18.7 75.8 5.4 0.08

Angiotensin converting enzyme inhibitors 5.6 14.1 23.1 0.05

Statin 9.0 23.2 1.6 0.08

Anti-depressant 1.2 3.5 0 0.3

Diabetes 2.3 5.1 5.9 0.64
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general population. Veterans are more likely to have health
insurance as compared to nonveterans but they have a more
negative risk factor profile.41 Several studies using nationally
representative samples have found that veterans are more
likely than civilians to participate in recommended preventive
care but may not always have better health outcomes.42,43

Our study shows that CIMT was inversely associated with
optimum CVHI and the association was independent of shared
genetic and familial factors. Furthermore, as the number of
ideal health factors increased, the CIMT showed a gradient
decline. Poorer levels of CVHI have shown to be associated
with several chronic diseases and mortality.36,39,44–46 Thus,
measurement of CIMT in asymptomatic people with less than
optimum health could potentially inform more aggressive
management approaches and help in the global prevention of
many diseases. CIMT has been used as a quantitative index
for evaluating the progression of atherosclerosis and as a
surrogate endpoint in clinical trials. For an absolute CIMT

difference of 0.1 mm, the future risk of a coronary event
increases by 10% to 15%, and the stroke risk increases by 13%
to 18%.14 Epidemiological studies have shown associations of
CIMT with several CVD risk factors including smoking, BMI,
blood pressure, and high blood cholesterol.15–17,47,48 How-
ever, there are limited data on the effect of diet and physical
activity on CIMT.49,50 Our study shows that the overall
association of CVHI and CIMT was primarily driven by health
factors such as blood pressure, fasting glucose, and total
cholesterol instead of health behaviors. A 0.01 mm increase
in CIMT corresponds to a 1-year CIMT progression associated
with vascular aging.51,52 This difference in our analysis was
roughly associated with 1 point difference in CVHI. Thus, each
point increase in CVHI could potentially decrease vascular
aging by one additional year.

Previous studies have indicated that genetic factors have a
substantial influence on the variation of CIMT.53,54 Genetic
factors and other familial factors also influence health

Table 3. Distribution of CVHI Components and the Total CVHI by CIMT Categories in the Emory Twin Study

CVHI Components Categories
Low CIMT
≤0.75, n (%)

High CIMT
>0.75, n (%) P Value

CIMT Continuous
(Coefficient in mm) P Value

Blood pressure Ideal 51 (19.5) 32 (13.9) 0.04 �0.02 0.008

Intermediate 133 (50.9) 113 (49.3)

Poor 77 (29.5) 84 (36.7)

Fasting glucose Ideal 145 (55.6) 104 (45.4) 0.01 �0.02 0.02

Intermediate 102 (39.1) 103 (44.9)

Poor 14 (5.4) 22 (9.6))

Total cholesterol Ideal 124 (47.5) 93 (40.6) 0.05 �0.003 0.62

Intermediate 119 (45.6) 111 (48.5)

Poor 18 (6.9) 25 (10.9)

Body mass index Ideal 48 (18.4) 26 (11.3) 0.006 �0.024 0.007

Intermediate 125 (47.9) 92 (40.2)

Poor 88 (33.7) 111 (48.5)

Physical activity Ideal 57 (25.7) 50 (26.3) 0.72 0.003 0.72

Intermediate 135 (60.8) 109 (57.4)

Poor 30 (13.5) 31 (16.3)

Healthy diet Ideal 47 (19.1) 44 (20.4) 0.42 0.006 0.39

Intermediate 127 (51.6) 117 (54.1)

Poor 72 (29.3) 55 (25.5)

Smoking Ideal 202 (77.4) 165 (72.0) 0.22 �0.01 0.06

Intermediate 1 (1.0) 2 (1.3)

Poor 59 (22.6) 61 (26.6)

CVHI categories Optimum 60 (23.0) 29 (12.6) 0.004 �0.03 <0.001

Average 193 (73.9) 182 (79.5)

Inadequate 8 (3.1) 18 (7.8)

CIMT indicates carotid intima-media thickness; CVHI, cardiovascular health index.
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behaviors and other cardiovascular risk factors.18 In our
study, the association of CIMT and CVHI was stronger in MZ
twins than DZ twins, indicating that the association with CVHI
is unlikely to be confounded by genetic factors that might be
shared between CIMT and CVHI components. In addition to
genetic factors, our co-twin design allowed us to control for
many other familial risk factors, including socioeconomic
status, maternal factors, and early familial environment.55

Our study has notable strengths. The co-twin study design
is very useful in strengthening causal inference in observa-
tional studies.55 Due to matching of genetic background,
parental factors, and upbringing environment, in addition to
demographic factors, MZ twins discordant for exposure can
be considered as counterfactuals when examining the asso-
ciation of a given exposure with an outcome. Numerous
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Figure 2. Correlation between cardiovascular health index (CVHI) and carotid intima-media thickness (CIMT).
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Figure 3. Bar plot of mean carotid intima-media thickness (CIMT)
according to number of ideal health factors.

Table 4. Unadjusted and Adjusted Association Between CIMT and Overall CVHI and Cardiovascular Health Categories (n=490)

Models

Overall CVHI
Cardiovascular Health Category,
Mean CIMT in mm (95% CI)

Coefficient (Mean CIMT
Difference in mm Per
5 Unit Change in Score) P Value

Optimum
(CVHI=10 to 14)

Average
(CVHI=5 to 9)

Inadequate
(CVHI=0 to 4) P Value

Model-1 (unadjusted) �0.045 <0.001 0.73 (0.71, 0.75) 0.75 (0.74, 0.77) 0.83 (0.78, 0.87) <0.001

Model-2 (adjusted for age,
college education, employment)

�0.015 0.001 0.72 (0.69, 0.75) 0.74 (0.73, 0.76) 0.81 (0.79, 0.87) <0.001

Model-3 (further adjusted for,
depression, medications*)

�0.05 0.001 0.69 (0.64, 0.74) 0.71 (0.70, 0.77) 0.83 (0.77, 0.89) <0.007

CIMT indicates carotid intima-media thickness; CVHI, cardiovascular health index.
*Medications include beta-blockers, aspirin, angiotensin-converting enzyme inhibitors, diabetes medication, and statins.
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unmeasured potential confounding factors are removed in
comparisons within twin pairs. Thus, in our analysis, any
difference in mean CIMT between co-twins is more likely to be
truly attributable to differences in CVHI scores between the
twins than to unaccounted factors.

Our study also had the advantage of having standardized
measurements of several cardiovascular risk factors and
health behaviors, which we were able to use for ascertain-
ment of the CVHI score. There are some limitations to our
study. The sample is restricted to middle-aged, male Vietnam-
era veterans, and our results may not be generalizable to
women or younger subjects. We controlled for many known
lifestyle factors and compared twins raised in the same family;
however, despite the strengths of the co-twin design,
unmeasured confounding still cannot be completely ruled out.

In summary, our study shows that the CVHI is correlated
with CIMT, which is an inexpensive, safe and noninvasive
measure of vascular health. The association of CVHI and CIMT
is driven by health factors (blood pressure, fasting glucose,
and total cholesterol) and is independent of shared genes and
early family environment. Understanding the CVHI and CIMT
relationship may enhance prevention and intervention efforts
to assist in more effective ways to target people with less
than optimum levels of cardiovascular health.
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