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Abstract

While a coronary artery calcium score of 0 is associated with a very low 10-year risk for cardiac
events, this risk is non-zero. A family history of CHD and has been associated with more
subclinical atherosclerosis than individuals without a family history of CHD. The purpose of this
study was to assess the significance of a family history for coronary heart disease (CHD) among
individuals with a coronary artery calcium (CAC) score of 0. The MESA cohort includes 6,814
participants free of clinical CVD at baseline. Positive family history was defined as reporting a
parent, sibling, or child who had a heart attack. Time to incident CHD or CVD event was modeled
using multivariable Cox regression. 3,185 subjects were identified from the original MESA cohort
as having a baseline CAC score of 0 (mean age 58 years, 37% male). Over a median follow-up of
10 years, 101 (3.2%) participants had CVD events and 56 (1.8%) had CHD events. In age and
gender adjusted analyses, a family history of CHD was associated with an approximate 70%
increase in CVD (HR 1.73, 95% CI 1.17-2.56) and CHD (HR 1.72, 95% CI 1.01-2.91) events.
CVD events remained significant after further adjustment for ethnicity, risk factors and baseline
medication use. In conclusion, asymptomatic individuals with a 0 CAC score and a positive family

© 2014 Excerpta Medica, Inc. All rights reserved.

Corresponding Author: Randy Cohen, MD, MS, Mt. Sinai St. Luke’s-Roosevelt Hospital, 1111 Amsterdam Avenue, New York, NY
10025, Phone: (212) 523-4009 Fax: (212) 523-3915 racohen@chpnet.org.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our

customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of

the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Cohen et al.

Page 2

history of CHD are at increased risk for CVD and CHD events compared to those without a family
history of CHD, although absolute event rates remain low.
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Introduction

Methods

While the presence and extent of coronary artery calcium (CAC) is directly proportional to
subsequent cardiovascular events, a 0 CAC score is associated with a very low cardiac event
rate of about 1% over a 10-year period (1,2). However, data from clinical trials and
observational studies have documented the presence of non-calcified plaque by cardiac
computed tomographic angiography (CCTA) with varying extent and severity in individuals
with a 0 CAC score, with a prevalence ranging from 4%-24% depending on the population
studied and symptom status (3-6). Subclinical non-calcified atherosclerotic plaque is more
prevalent in males, and those with diabetes, active smoking, a family history of premature
CHD, or those presenting with chest pain symptoms (7-9). These data suggest that although
the absolute 10-year risk is low for a cardiovascular event among asymptomatic patients
with a CAC score of 0, there may be subsets in whom risk is higher and for whom the
overall predicted risk may be a misattribution. Data addressing this question in
asymptomatic patients with a CAC score of 0 and a positive family history of CHD have not
been published to the best of our knowledge. We therefore investigated the CHD and
cardiovascular disease (CVD) event rates in a diverse population of individuals with a 0
CAC score at baseline comparing those with versus without a family history of CHD. We
hypothesized that after adjustment for standard risk factors, the observed event rates would
be higher in the group with a positive family history.

The Multi-Ethnic Study of Atherosclerosis (MESA) is a longitudinal, population-based
study of 6,814 men and women, initially free of clinical cardiovascular disease, aged 45-84
years at baseline, and recruited from 6 field centers: Baltimore, MD; Chicago, IL; Forsyth
County, NC; Los Angeles, CA; New York, NY; and St. Paul, MN. Specific racial/ethnic
groups enrolled included white, black, Hispanic and Chinese. Approximately 50% of the
participants enrolled were female. Details of the MESA recruitment strategy are published
elsewhere (10). The baseline visit took place between July 2000 and September 2002.
MESA was approved by institutional review boards at each site, and all participants gave
written informed consent. The design of the study has been described in detail previously
(112).

Information was obtained at the baseline exam in 2000-2002 regarding age, sex, ethnicity,

and medical history by questionnaires. At this exam, participants also reported the presence
or absence of a family history of CHD. The family history of CHD was obtained by asking

participants whether any parent, sibling or child had experienced a heart attack. The age of

the family member at the time of their heart attack was not obtained during the baseline
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exam, and therefore was not available for analysis. Current smoking was defined as having
smoked in the last 30 days, whereas former smoker was defined as an individual who is not
currently smoking but had smoked > 100 cigarettes in his or her lifetime. Diabetes was
defined as a fasting glucose = 126 mg/dL or on hypoglycemic medication. Use of
antihypertensive and other medications was based on clinic staff entry of prescribed
medications. Resting blood pressure was measured 3 times in the seated position using a
Dinamap model Pro 100 automated oscillometric sphygmomanometer (Critikon, Tampa,
FL), and the average of the second and third readings was recorded. Hypertension was
defined as a systolic blood pressure = 140 mmHg, diastolic blood pressure = 90 mmHg, or
use of medications together with a self-reported diagnosis of high blood pressure. Total and
high-density lipoprotein cholesterol and triglyceride levels were measured from blood
samples obtained after a 12-hour fast. Low-density lipoprotein cholesterol was calculated
with the Friedewald equation (12). The Framingham Risk Score for men and women was
calculated on the basis age, total cholesterol, high-density lipoprotein cholesterol, current
smoking status, high blood pressure, and the use of anti-hypertensive medications (13).

CAC was assessed by chest computed tomography using either a cardiac-gated
electronbeam computed tomography scanner (Chicago, Los Angeles, and New York field
centers) or a multi-detector computed tomography scanner system (Baltimore, Forsyth
County, and St. Paul field centers). Certified technologists scanned all participants twice
over phantoms of known physical calcium concentration. A radiologist or cardiologist read
all computed tomography scans at a central reading center (Los Angeles Biomedical
Research Institute at Harbor-UCLA in Torrence, CA). We used the average Agatston score
(14) for the 2 scans in all analyses. Carr et al. (15) have reported the details of the MESA
computed tomography scanning and interpretation methods.

At the time of analysis, the cohort had been followed for incident CVD and CHD events for
a median of 10 years. At intervals of 9-12 months, a telephone interviewer contacted each
participant to inquire about interim hospital admissions, cardiovascular outpatient diagnoses,
and deaths. Trained personnel abstracted medical records suggesting possible cardiovascular
events. Two physicians independently classified the events and assigned incidence dates. If,
after review and adjudication, disagreements persisted, a full mortality and morbidity review
committee made the final classification. For the purposes of this study, we used all CVD and
CHD events as the endpoint. Specifically, the endpoint included myocardial infarction, CHD
death, resuscitated cardiac arrest, angina, stroke, stroke death, or other CVD death for total
CVD events and myocardial infarction, CHD death, resuscitated cardiac arrest and angina
for total CHD events (11).

There were 3,416 participants with CAC = 0 at baseline. Of these, 183 were missing data for
family history, 17 were removed because they lacked follow-up time and an additional 31
participants were removed due to missing covariate information. Values from the baseline
exam were used for the covariates. Only the first CVD or CHD event for each participant
was considered. The annual incident rates of first CVD and CHD events, for subjects with
and without family history, were estimated with Poisson rate models. The family history
groups were compared with rate ratios. Robust standard error was used. Kaplan-Meier
graphs compared the cumulative probability distributions over time between family history
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groups. Differences between the curves were tested using non-parametric log rank and Peto-
Peto tests. Cox proportional hazards models were used to estimate the effect of family
history on time to incident CVD or CHD, adjusted for other covariates. Controlling
covariates included age, gender, race, Framingham Risk Score, and use of baseline
medications (statins and aspirin). The proportional hazards assumption was tested with
Schoenfeld residuals and time interacting covariates. The number needed to treat (NNT) for
statin and aspirin was calculated separately using the subset of participants who were not on
the medication at exam 1, using a 10-year time interval and relative risk estimates for statins
and aspirin from the Cochrane meta-analyses. Since some participants were started on
statins or aspirin at a later date, the risk ratios were adjusted to compensate for the fraction
of the exposure time on the medications. The 10-year number needed to treat was then
rescaled to 5 years. All statistical analyses were performed using STATA 12.0 and SAS 9.3
for Windows.

At the time of analysis a total of 3,185 subjects had a baseline CAC score of 0 and complete
data, thus comprising the study cohort for this analysis (mean age 58 years, 37% male).
There were 1,185 (37%) subjects with a self-reported family history of CHD in a first degree
relative. Table 1 shows the baseline characteristics according to the presence or absence of a
family history of CHD. The two groups had a similar median age, comparable frequencies
of most CVD risk factors and comparable Framingham Risk Scores. However, the group
with a positive family history of CHD had a lower percentage of males and differed in
ethnicity (more Whites and less Chinese Americans). Despite no differences in the
frequency of dyslipidemia or Framingham Risk Scores, baseline use of statins and aspirin
were more common in those with a family history of CHD.

Over the median 10 year follow-up period 101 (3.2%) participants had CVD events and 56
(1.8%) had CHD events. Among individuals with a positive family history for CHD,
51/1185 (4.3%) experienced CVD events (versus 2.5% for negative family history), while
28/1185 (2.4%) had CHD events (versus 1.4% for negative family history). The annual
incident event rate in the group with a positive family history for CHD compared to those
with negative family history was 0.44% vs. 0.26% for CVD events (rate ratio 1.70, p =
0.007) and 0.24% vs. 0.14% (rate ratio 1.67, p = 0.056) for CHD events. Figures 1 and 2
illustrate the cumulative probabilities for CVD and CHD events among the subjects with a
positive family history versus negative family history. There was a statistically significant
difference in the cumulative probability for CVD events, while CHD events were marginally
non-significant.

Following adjustment for age and gender, a family history of CHD was significantly
associated with both CVD (hazard ratio 1.73, 1.17-2.56) and CHD (hazard ratio 1.60,
1.08-2.38) events. After additional adjustment for ethnicity, Framingham Risk Score and
baseline use of aspirin or statin, a family history of CHD was only significantly associated
with CVD events (hazard ratio 1.72, 1.01-2.91).
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Of the 3,185 subjects in this analysis, only 3,167 had complete data involving aspirin use. A
separate analysis involving this smaller cohort revealed no important differences in
outcomes. Due to the limited number of events in the CAC=0 cohort the Framingham Risk
Score was chosen as a surrogate covariate. A separate analysis involving the major
individual risk factors revealed no important differences (Table 2). A model involving
smoking, hypertension, diabetes, diabetes by time interaction, statin and aspirin medication
revealed no significant change in the hazard for CVD events (hazard ratio 1.54, 1.04-2.30).
Due to the limited number of CHD events, a similar model involving the individual risk
factors and medications was not possible. Hypertensive medications were also added as a
controlling covariate with no important changes in the hazard ratios for CVD and CHD
events. The new cardiovascular risk score was also substituted for the Framingham Risk
Score in the fully adjusted model with no important differences in events noted (hazard
ratios 1.58, 1.06-2.34 for CVD and 1.54, 0.90-2.62 for CHD). The potential for interaction
between the effect of family history and time on the hazards for CVD and CHD events was
also investigated with no significant interaction noted (p=0.83 for CVD and p=0.62 for
CHD). Gender and ethnic differences were also investigated, with no important differences
in either CVD or CHD events for gender. For ethnicity, Caucasians (relative to Chinese-
Americans) were found to have a slightly higher hazard for CVD events, which was
marginally significant at a p=0.04.

Discussion

In a large, ethnically diverse population with a 0 CAC score at baseline, we found that
individuals with a family history of CHD had a significantly increased risk of both CVD and
CHD events. This relation persisted after adjustment for age, gender, ethnicity, Framingham
Risk Score and baseline medication use.

Our study expands on the current body of literature concerning family history of CHD and
future CVD events. Prior studies have examined the relation between family history of
premature CHD and subclinical atherosclerosis (as measured by coronary artery calcium)
and found strong and consistent associations across diverse populations, including those
with low Framingham Risk (16), women (17) and those with varying types of family history
[first-degree versus second-degree relative, parent versus sibling] (18,19). Even among those
with 0 CAC at baseline, a family history of premature CHD was found to be associated with
greater incident CAC development (20). In a related study to ours, Budoff and colleagues
found elevated CHD events among asymptomatic individuals with a baseline CAC score
ranging from 0-10 and a family history of heart attack (21). These findings are consistent
with the present analysis but lacked adequate statistical power to be significant. For our
study we focused on the family history data available at the baseline MESA exam (history of
heart attack in any parent, sibling or child, regardless of age at onset). While we feel this
makes our study more generalizable to the population at-large, questions arise as to how our
results would differ if we further stratified family history into premature onset versus late-
onset. To address this question we performed a sensitivity analysis using family history data
from MESA exam 2. Although there was a progressive increase in event rates according to
family history status (family history none = 0.26 per 100 person-years, family history late
onset = 0.37 per 100 person-years, family history premature = 0.44 per 100 person-years),

Am J Cardiol. Author manuscript; available in PMC 2015 October 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Cohen et al.

Page 6

the absolute differences were small and the overall effect of the group was marginally non-
significant (p=0.086). We believe this sensitivity analysis is consistent with our main finding
but is statistically underpowered.

Reasons for the elevated CVD and CHD event rates in those with a family history of CHD
and 0 baseline CAC are complex and likely multifactorial. A number of prior studies have
documented non-calcified plaque of varying extent and severity ranging from 4-24% (3-6).
Although different patient populations and study designs were used, it appears that certain
individuals are more likely to fall into this category of subclinical CHD with zero calcium,
namely those with diabetes, male gender, active smoking, a family history of premature
CAD, or those presenting with chest pain symptoms (7-9). Thus, a greater pool of lipid-rich,
noncalcified plaque should be considered as a potential contributing factor to the elevated
event rates in this population. Other considerations include a shorter “warranty period” for a
0 CAC score (with more accelerated atherosclerosis in those with a family history of CHD),
as well as more rapid development and higher acuity risk factors for CHD over time. A less
likely but possible explanation is that individuals in this group are experiencing CVD events
unrelated to atherosclerosis, including cardioembolic events, vasospasm, or coronary or
aortic dissections. Finally, the threshold of CAC detection used in MESA (although well
validated) could result in small calcified plaques being undetected. Consistent with this
possibility, a nearly 3 fold increase in CHD events has been described among those with
CAC scores between 1-10 versus 0 (21).

The clinical implications of our findings need to take into account absolute as well as
relative increases in event rates in those with positive family history. The annual CVD and
CHD event rates for the entire MESA cohort with a baseline CAC score of 0 was 0.33% and
0.18% respectively. A family history of CHD increased the event rate to 0.44% for CVD
events and 0.24% for CHD events. To better understand the clinical significance of our
findings, we calculated the 5 year number needed to treat (NNT) with statins, and also with
aspirin, using previously published summary estimates for CVD and CHD events (22,23).
The number needed to treat with statins for 5 years to prevent 1 CVD event is 197 for family
history positive versus 327 for family history negative individuals. For aspirin, the number
needed to treat for 5 years to prevent 1 CVD event is 312 for family history positive versus
605 for family history negative individuals. These results were minimally changed when a
premature family history of CHD was considered.

Although the recent AHA/ACC guidelines do not consider family history of CHD as part of
the 10-year or lifetime risk estimates for CVD, it is endorsed as an important factor to
consider for individuals with borderline significant risk estimates (24). We feel our results
are clinically important, and provide additional support for this recommendation even in
patients with a 0 CAC score.
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Figure 1.
Kaplan-Meier curves for CVD events. Kaplan-Meier curves for all cardiovascular disease

(CVD) events according to family history positive versus family history negative individuals
with a baseline coronary artery calcium (CAC) score of 0.
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Kaplan-Meier Plot for CHD (All)
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Figure 2.
Kaplan-Meier curves for CHD events. Kaplan-Meier curves for all coronary heart disease

(CHD) events according to family history positive versus family history negative individuals
with a baseline coronary artery calcium (CAC) score of 0.
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Table 1

Baseline characteristics according to Family History

Baseline CAC Score =0

Variable FamHx + FamHXx - p-value
(n=1185)  (n=2000)

Mean Age (Years) 58 58 0.27

Men 370 (31%) 799 (40%)  <0.0001

Ethnicity <0.0001

White 477 (40%) 584 (29%)

Chinese 68 (6%) 303 (15%)

African-American 373 (31%) 609 (30%)

Hispanic 267 (23%) 504 (25%)
Dyslipidemia® 336 (28%) 515(26%)  0.11
Smoker 0.09

Never 637 (54%) 1142 (57%)

Former 372 (31%) 608 (30%)

Current 176 (15%) 250 (13%)

Hypertension 452 (38%) 658 (33%)  0.003

Diabetes Mellitus 102 (9%) 182 (9%) 0.64
Impaired Fasting Glucose 144 (12%) 230 (12%) 0.58
Mean Framingham Risk Score 6.1% 6.2% 0.84
Baseline Statin Use 139 (12%) 174 (9%) 0.005
Baseline Aspirin Use 256 (22%) 309 (16%) 0.000

*
Dyslipidema — based on adult treatment panel (ATP) 111 definitions of total and/or low-density cholesterol.

THypertension - systolic blood pressure >140 mmHg, diastolic blood pressure > 90 mmHg, or use of medications together with a self-reported
diagnosis of high blood pressure.

FamHx = Family history of coronary heart disease
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Events for Positive Family History According to Individual Risk Factors (Baseline CAC = 0)

Table 2

Risk Factor CVD Events”

HR (95% CI)

p-value

CHD Events”

HR (95% CI)

p-value

Smoking 1.56 (1.05-2.32)
Hypertension 1.57 (1.05-2.33)
Hyperlipidemia  1.59 (1.07-2.37)
Diabetes 1.61 (1.08-2.39)

0.027
0.027
0.021
0.019

1.52 (0.90-2.60)
1.55 (0.91-2.63)
1.56 (0.92-2.65)
1.57 (0.92-2.67)

0.120
0.107
0.102
0.098
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*
Adjusted for age, gender, ethnicity, baseline medication and individual risk factor. For CVD, diabetes interacts with time. Cardiovascular disease

(CVD); confidence interval (Cl); coronary artery calcium (CAC); coronary heart disease (CHD); hazard ratio (HR)
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