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FOR MYOCARDIAL INFARCTION AND STROKE IN OLDER ADULTS
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ABSTRACT
Background The combined thickness of the intima and media of the carotid artery is associated with
the prevalence of cardiovascular disease. We studied
the associations between the thickness of the carotidartery intima and media and the incidence of new
myocardial infarction or stroke in persons without
clinical cardiovascular disease.
Methods Noninvasive measurements of the intima
and media of the common and internal carotid artery
were made with high-resolution ultrasonography in
5858 subjects 65 years of age or older. Cardiovascular events (new myocardial infarction or stroke) served
as outcome variables in subjects without clinical cardiovascular disease (4476 subjects) over a median
follow-up period of 6.2 years.
Results The incidence of cardiovascular events
correlated with measurements of carotid-artery intima–media thickness. The relative risk of myocardial
infarction or stroke increased with intima–media
thickness (P<0.001). The relative risk of myocardial
infarction or stroke (adjusted for age and sex) for the
quintile with the highest thickness as compared with
the lowest quintile was 3.87 (95 percent confidence
interval, 2.72 to 5.51). The association between cardiovascular events and intima–media thickness remained significant after adjustment for traditional
risk factors, showing increasing risks for each quintile of combined intima–media thickness, from the
second quintile (relative risk, 1.54; 95 percent confidence interval, 1.04 to 2.28), to the third (relative risk,
1.84; 95 percent confidence interval, 1.26 to 2.67),
fourth (relative risk, 2.01; 95 percent confidence interval, 1.38 to 2.91), and fifth (relative risk, 3.15; 95
percent confidence interval, 2.19 to 4.52). The results
of separate analyses of myocardial infarction and
stroke paralleled those for the combined end point.
Conclusions Increases in the thickness of the intima and media of the carotid artery, as measured
noninvasively by ultrasonography, are directly associated with an increased risk of myocardial infarction
and stroke in older adults without a history of cardiovascular disease. (N Engl J Med 1999;340:14-22.)

H

IGH-RESOLUTION carotid ultrasonography has been used to obtain measurements of the thickness of the intima and
media of the carotid arteries. Previous
studies have shown cross-sectional associations between common-carotid-artery intima–media thickness and cardiovascular risk factors,1-3 the prevalence
of cardiovascular disease,2-4 and the involvement of
other arterial beds with atherosclerosis.5,6 Changes in
common-carotid-artery intima–media thickness have
also been adopted as a surrogate end point for determining the success of interventions that lower the
levels of low-density lipoprotein cholesterol.7-9 There
are only a few studies showing an association between increased carotid-artery intima–media thickness and new myocardial infarction or stroke.10-13
We investigated the hypothesis that carotid-artery
intima–media thickness is associated with the incidence of myocardial infarction and stroke in adults
65 years of age or older without preexisting cardiovascular disease who are living in the community. We
also hypothesized that carotid-artery intima–media
thickness is a predictor of these events after traditional cardiovascular risk factors have been controlled for.
METHODS
Subjects and Study Design
The study subjects were participants in the Cardiovascular
Health Study, a prospective, multicenter study of men and women
65 years of age or older that was sponsored by the National Heart,
Lung, and Blood Institute.14 Between June 1989 and May 1990,
5201 participants were enrolled from random samples of Medicare eligibility lists in Forsyth County, North Carolina; Sacramento County, California; Washington County, Maryland; and Pittsburgh. The study was approved by the institutional review boards
at the clinical sites and the coordinating center at the University
of Washington, and all the participants provided written informed
consent. A detailed description of the recruitment methods has
been published elsewhere.15 Ninety-four percent of the members
of this first cohort were white, and most of the rest were black. A
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second cohort of 687 black participants was enrolled between
June 1992 and June 1993, three years after the enrollment of the
original Cardiovascular Health Study cohort. Of the 5888 participants, 1389 were eliminated from the analyses because they had
cardiovascular disease at enrollment (997 with cardiac disease,
249 with cerebrovascular disease, and 143 with both) and 30 (7 of
whom also had cardiac disease) did not undergo carotid ultrasonography, leaving a sample of 4476 participants.
The base-line examination included a medical history taking,
physical examination, laboratory testing, and assessment of cardiovascular-disease status. The study design, quality-control procedures, laboratory methods, and blood-pressure measurement
have been previously reported.13,16-27 The algorithms for classifying new myocardial infarctions and strokes have also been published.27,28 Myocardial infarctions and strokes were ascertained by
questions at annual visits and interim telephone interviews every
six months, reporting of events by participants, and use of Medicare hospital records. Discharge summaries and diagnoses were
obtained for all hospitalizations. For all potential new myocardial
infarctions or strokes, additional information, including results of
cardiac-enzyme measurements, serial electrocardiography, cranial
computed tomography, and cerebral magnetic resonance imaging, was collected from medical records. Interviews were conducted with surviving participants or, for fatal events, from witnesses
or proxies. All data on events were reviewed and initially classified
by local physicians at the field centers. Final classification of all
events was determined by a committee of Cardiovascular Health
Study investigators after a review of the medical records.
The carotid arteries were evaluated with high-resolution B-mode
ultrasonography.29 One longitudinal image of the common carotid artery and three longitudinal images of the internal carotid artery were acquired. Measurements were made at a central reading
center by readers blinded to all clinical information. Measurements were made from stored digital images when the black cohort was enrolled three years later, so that the same readers were
used for all readings. The maximal rather than the mean intima–
media thickness was used as the key variable after a statistical investigation of the strength of the associations between risk factors
and intima–media thickness.
The many measures of intima–media thickness were summarized in two variables, one for the common carotid artery and one
for the internal carotid artery. The maximal intima–media thickness of the common carotid artery and of the internal carotid artery was defined as the mean of the maximal intima–media thickness of the near and far wall on both the left and right sides. The
number of measurements that were available for averaging thus
ranged from 1 to 4 for the common carotid artery and 1 to 12
for the internal carotid artery. A composite measure that combined the maximal common-carotid-artery intima–media thickness and maximal internal-carotid-artery intima–media thickness
was obtained by averaging these two measurements after standardization (subtraction of the mean and division by the standard
deviation for the measurement).30 The Spearman correlations between all the readings at base line and all the readings performed
by separate readers three years later were 0.75, 0.86, and 0.84 for
the common carotid artery, internal carotid artery, and combined
measure, respectively.
Statistical Analysis
Preexisting cardiac disease was defined as documented symptomatic myocardial infarction, angina, coronary-artery bypass surgery, or coronary-artery angioplasty. Preexisting cerebrovascular
disease was defined as a history of stroke, transient ischemic attack, or carotid endarterectomy. Participants with a history of cardiac disease or cerebrovascular disease were excluded so that we
could study asymptomatic persons without clinical symptoms or
signs of cardiovascular disease.
All analyses were performed with SPSS/Windows statistical
software.31 The Cox proportional-hazards regression model was
used to estimate the relative risk of new myocardial infarction,

stroke, and the combined end point. Quintiles of carotid-artery
measures and the continuous version of these variables were used
in these analyses. Data on subjects were censored after death from
any cause and after the last follow-up visit.
We evaluated the effect of traditional risk factors on any observed associations between carotid intima–media thickness and
a given cardiovascular outcome with use of Cox proportionalhazards models selected by a stepwise strategy applied to the following variables (with P=0.10 necessary to enter a variable into
the model): carotid-artery intima–media thickness, age, sex, race,
presence or absence of atrial fibrillation, systolic and diastolic
pressure, history of diabetes, history of smoking, history of hypertension, and low-density lipoprotein and high-density lipoprotein
cholesterol levels. A variable that was entered into a model for a
given outcome was kept in all three models in order to permit a
direct comparison between models. The interaction between sex
and the wall-thickness variables was tested in all the models. We
also evaluated the relative importance of intima–media thickness
(as a continuous variable) as compared with traditional risk factors in Cox proportional-hazards models both without adjustment for age and sex and with adjustment for these variables. The
comparison of models was based on the Wald statistic, which has
an asymptotic chi-square distribution.

RESULTS

The base-line characteristics of the 4476 study
participants are given in Table 1. The mean age of
the participants at entry was 72.5 years, and 38.8
percent were men. Blacks made up 15.2 percent of
the sample. The median follow-up was 6.2 years
(maximum, 7). There were 267 new myocardial infarctions, 284 new strokes, and 496 participants who
had a new myocardial infarction or stroke. Fifty-five

TABLE 1. CHARACTERISTICS OF THE 4476
STUDY PARTICIPANTS AT ENROLLMENT.
CHARACTERISTIC

VALUE*

Age (yr)
Male sex (%)
Black race (%)
Atrial fibrillation (%)
Diabetes (%)
Hypertension (%)
Current smoker (%)
Pack-years of smoking†
Blood pressure (mm Hg)
Systolic
Diastolic
Cholesterol (mg/dl)‡
LDL
HDL
Intima–media thickness (mm)
Common carotid artery
Internal carotid artery

72.5±5.5
38.8
15.2
3.0
12.9
39.9
12.2
36.8±26.2
136.3±21.5
71.1±11.3
129.8±35.5
55.6±15.8
1.03±0.20
1.37±0.55

*Plus–minus values are means ±SD.
†Pack–years of smoking are for those who had
ever smoked.
‡ LDL denotes low-density lipoprotein, and HDL
high-density lipoprotein. To convert values to millimoles per liter, multiply by 0.02586.
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Figure 1. Unadjusted Cumulative Event-free Rates for the Combined End Point of Myocardial Infarction
or Stroke, According to Quintile of Combined Intima–Media Thickness.
The estimated cumulative rate of the combined end point for the fifth quintile of the combined measure was over 25 percent at seven years, as compared with a cumulative rate of less than 5 percent for
the first quintile.
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Figure 2. Unadjusted Incidence of Myocardial Infarction or Stroke According to Quintile of CarotidArtery Intima–Media Thickness.
The yearly incidence of the combined end point of myocardial infarction or stroke increased with increasing quintiles of each of the measures of intima–media thickness (IMT). The rates were similar for
quintiles of common-carotid-artery (CCA) intima–media thickness and internal-carotid-artery (ICA) intima–media thickness, but the gradient of increasing risk was slightly less pronounced than for the
combined measure.
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TABLE 2. RELATIVE RISK OF THE COMBINED END POINT OF STROKE OR MYOCARDIAL INFARCTION
AS A FUNCTION OF THE COMMON-CAROTID-ARTERY AND INTERNAL-CAROTID-ARTERY
INTIMA–MEDIA THICKNESS EXPRESSED AS QUINTILES AND AS A CONTINUOUS VARIABLE.*

VARIABLE

NO. OF EVENTS
(STROKE OR MI)/
NO. AT RISK

RELATIVE RISK (95% CI)
ADJUSTED FOR AGE,
UNADJUSTED

Maximal CCA IMT
<0.87 mm
0.87–0.96 mm
0.97–1.05 mm
1.06–1.17 mm
»1.18 mm
Per 1 SD (0.20 mm) increase
P value
Maximal ICA IMT‡
<0.90 mm
0.91–1.10 mm
1.11–1.39 mm
1.40–1.80 mm
»1.81 mm
Per 1 SD (0.55 mm) increase
P value
Maximal CCA and ICA IMT
(average, standardized)
1st quintile
2nd quintile
3rd quintile
4th quintile
5th quintile
Per 1 SD increase
P value

47/897
84/906
80/891
118/888
167/894

1.00
1.79
1.70
2.59
3.98
1.47

43/894
72/896
108/895
109/895
163/895

1.00
1.59
2.43
2.60
4.22
1.51

40/895
70/895
93/896
109/895
184/895

1.00
1.71
2.33
2.84
5.27
1.58

(1.25–2.55)
(1.18–2.44)
(1.85–3.63)
(2.88–5.51)
(1.37–1.57)
<0.001
(1.09–2.32)
(1.71–3.47)
(1.82–3.69)
(3.02–5.91)
(1.40–1.64)
<0.001

(1.16–2.53)
(1.60–3.37)
(1.98–4.08)
(3.75–7.43)
(1.48–1.69)
<0.001

ADJUSTED FOR

SEX, AND OTHER

AGE AND SEX

RISK FACTORS†

1.00
1.61
1.44
2.05
2.85
1.35
1.00
1.52
2.15
2.13
3.20
1.37

1.00
1.60
2.03
2.27
3.87
1.44

(1.13–2.31)
(1.00–2.08)
(1.46–2.89)
(2.04–3.99)
(1.25–1.45)
<0.001
(1.04–2.22)
(1.51–3.07)
(1.49–3.04)
(2.27–4.51)
(1.27–1.49)
<0.001

(1.08–2.36)
(1.40–2.94)
(1.57–3.29)
(2.72–5.51)
(1.34–1.55)
<0.001

1.00
1.49
1.29
1.76
2.22
1.27
1.00
1.78
1.95
1.88
2.47
1.30

1.00
1.54
1.84
2.01
3.15
1.36

(1.04–2.14)
(0.89–1.86)
(1.24–2.48)
(1.58–3.13)
(1.17–1.38)
<0.001
(1.13–2.81)
(1.24–3.05)
(1.20–2.96)
(1.59–3.85)
(1.20–1.41)
<0.001

(1.04–2.28)
(1.26–2.67)
(1.38–2.91)
(2.19–4.52)
(1.25–1.47)
<0.001

*MI denotes myocardial infarction, CI confidence interval, CCA common carotid artery, IMT intima–media thickness,
and ICA internal carotid artery.
†The risk factors were systolic and diastolic blood pressure, presence or absence of atrial fibrillation, pack-years of smoking, and history of diabetes. There were 4464 participants included in this analysis.
‡For one participant who had a myocardial infarction, the ICA IMT measurement was missing, but the CCA IMT
measurement was obtained.

participants had both a myocardial infarction and a
stroke, but only the event that occurred first was
used for the analysis of the combined end point.
Figure 1 shows the cumulative event-free rates with
respect to the combined end point according to
quintiles of intima–media thickness. The estimated
cumulative rate of the combined end point for the
highest quintile of the combined wall-thickness
measure was over 25 percent at seven years, as compared with a cumulative rate of less than 5 percent
for the lowest quintile. The yearly incidence of the
combined end point of myocardial infarction or stroke
increased with increasing quintiles for each of the
measures of intima–media thickness (Fig. 2). The rates
were similar for quintiles of common-carotid-artery
intima–media thickness and internal-carotid-artery intima–media thickness, but the gradient of increasing
risk was slightly less pronounced than for the combined measure.
In a Cox proportional-hazards regression, the
combined measure of intima–media thickness was

significantly associated with the risk of the combined end point after adjustment for age and sex
(P<0.001 by the test for trend), with persons in the
highest quintile having a risk that was 3.9 times as
great as that of persons in the lowest quintile (Table
2). The risk associated with the combined measure
of intima–media thickness remained significant (P<
0.001 by the test for trend), although slightly reduced in magnitude, after adjustment for systolic
and diastolic blood pressure, pack-years of smoking,
and the presence or absence of atrial fibrillation and
diabetes. Similar results were observed for the individual measures of intima–media thickness, but with
somewhat smaller relative risks (Table 2).
Cox proportional-hazards models using the intima–media thickness as a continuous variable also
showed strong associations with the combined event.
The age- and sex-adjusted relative risks associated
with a change of 1 SD in the intima–media thickness
of the common carotid artery, internal carotid artery,
and the two combined were similar, with a 35 to 44
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TABLE 3. RELATIVE RISK OF MYOCARDIAL INFARCTION AS A FUNCTION OF THE COMMON-CAROTID-ARTERY
AND INTERNAL-CAROTID-ARTERY INTIMA–MEDIA THICKNESS EXPRESSED AS QUINTILES
AND AS A CONTINUOUS VARIABLE.*

VARIABLE

NO. OF EVENTS/
NO. AT RISK

RELATIVE RISK (95% CI)
ADJUSTED FOR AGE,
UNADJUSTED

Maximal CCA IMT
<0.87 mm
0.87–0.96 mm
0.97–1.05 mm
1.06–1.17 mm
»1.18 mm
Per 1 SD (0.20 mm) increase
P value
Maximal ICA IMT‡
<0.90 mm
0.91–1.10 mm
1.11–1.39 mm
1.40–1.80 mm
»1.81 mm
Per 1 SD (0.55 mm) increase
P value
Maximal CCA and ICA IMT
(average, standardized)
1st quintile
2nd quintile
3rd quintile
4th quintile
5th quintile
Per 1 SD increase
P value

22/897
47/906
41/891
66/888
91/894

1.00
2.12
1.85
3.06
4.50
1.46

19/894
34/896
58/895
70/895
85/895

1.00
1.68
2.93
3.74
4.84
1.57

18/895
33/895
52/896
62/895
102/895

1.00
1.75
2.88
3.56
6.30
1.60

(1.28–3.52)
(1.10–3.11)
(1.89–4.95)
(2.82–7.17)
(1.33–1.60)
<0.001
(0.96–2.95)
(1.74–4.92)
(2.25–6.20)
(2.94–7.96)
(1.42–1.74)
<0.001

(0.98–3.12)
(1.69–4.93)
(2.10–6.01)
(3.82–10.41)
(1.46–1.76)
<0.001

ADJUSTED FOR

SEX, AND OTHER

AGE AND SEX

RISK FACTORS†

1.00
1.92
1.58
2.39
3.17
1.33
1.00
1.54
2.45
2.95
3.52
1.43

1.00
1.62
2.46
2.78
4.51
1.46

(1.16–3.19)
(0.94–2.67)
(1.47–3.91)
(1.96–5.12)
(1.21–1.48)
<0.001
(0.88–2.70)
(1.46–4.13)
(1.77–4.93)
(2.12–5.84)
(1.28–1.59)
<0.001

(0.91–2.88)
(1.43–4.22)
(1.63–4.73)
(2.69–7.55)
(1.32–1.61)
<0.001

1.00
1.79
1.40
2.07
2.46
1.24
1.00
1.55
2.30
2.68
3.00
1.34

1.00
1.58
2.20
2.45
3.61
1.36

(1.08–2.98)
(0.83–2.38)
(1.27–3.39)
(1.51–4.01)
(1.12–1.38)
<0.001
(0.89–2.73)
(1.36–3.88)
(1.60–4.48)
(1.80–5.01)
(1.20–1.50)
<0.001

(0.89–2.81)
(1.28–3.78)
(1.44–4.19)
(2.13–6.11)
(1.23–1.52)
<0.001

*CI denotes confidence interval, CCA common carotid artery, IMT intima–media thickness, and ICA internal carotid
artery.
†The risk factors were systolic blood pressure, diastolic blood pressure, history of diabetes, and pack-years of smoking.
There were 4463 participants included in this analysis.
‡For one participant who had a myocardial infarction, the ICA IMT measurement was missing, but the CCA IMT
measurement was obtained.

percent increase in risk, and remained significant after adjustment for risk factors. Comparison of the
chi-square statistics showed that the combined measure of intima–media thickness was a stronger predictor than the individual measures.
We examined the strength of the associations with
myocardial infarction alone as the outcome. The results for myocardial infarction paralleled those for
the combined end point. Although the intima–
media thickness of both the common and internal
carotid arteries was associated with the risk of myocardial infarction, the relative risks associated with
greater common-carotid-artery intima–media thickness tended to be lower than those associated with
greater internal-carotid-artery intima–media thickness
and with greater combined intima–media thickness
(Table 3). Increases of 1 SD in common-carotidartery, internal-carotid-artery, and combined thickness were associated with 33 to 46 percent increases
in risk after adjustment for age and sex.
In contrast, the common-carotid-artery intima–
18 ·

media thickness and the combined measure were
better predictors of stroke than the internal-carotidartery intima–media thickness (Table 4). An increment of 1 SD in wall thickness was associated with
a 33 to 43 percent increase in risk after adjustment
for age and sex and a 25 to 33 percent increase in
risk after adjustment for additional factors (P<0.001
for all comparisons).
Adding a term for interaction between intima–
media thickness and sex to the above models did not
result in any significant effect in any of the models
(P>0.20 for all comparisons).
Cox proportional-hazards models, with the intima–media thickness as a continuous variable, showed
strong associations between the combined outcome
and traditional risk factors as well as the intima–
media thickness (Table 5). The age- and sex-adjusted
relative risks associated with an increase of 1 SD in
the combined measure of intima–media thickness
were at least as strong as those associated with traditional risk factors (Table 5).
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TABLE 4. RELATIVE RISK OF INCIDENT STROKE AS A FUNCTION OF THE COMMON-CAROTID-ARTERY
AND INTERNAL-CAROTID-ARTERY INTIMA–MEDIA THICKNESS EXPRESSED AS QUINTILES
AND AS A CONTINUOUS VARIABLE.*
NO. OF EVENTS/
NO. AT RISK

VARIABLE

RELATIVE RISK (95% CI)
ADJUSTED FOR AGE,
UNADJUSTED

Maximal CCA IMT
<0.87 mm
0.87–0.96 mm
0.97–1.05 mm
1.06–1.17 mm
»1.18 mm
Per 1 SD (0.20 mm) increase
P value
Maximal ICA IMT‡
<0.90 mm
0.91–1.10 mm
1.11–1.39 mm
1.40–1.80 mm
»1.81 mm
Per 1 SD (0.55 mm) increase
P value
Maximal CCA and ICA IMT
(average, standardized)
1st quintile
2nd quintile
3rd quintile
4th quintile
5th quintile
Per 1 SD increase
P value

29/897
46/906
47/891
60/888
102/894

1.00
1.57
1.65
2.09
3.86
1.49

30/894
43/896
61/895
50/895
100/895

1.00
1.36
1.98
1.67
3.66
1.47

26/895
44/895
48/896
59/895
107/895

1.00
1.68
1.84
2.34
4.57
1.57

(0.98–2.49)
(1.04–2.62)
(1.34–3.26)
(2.55–5.83)
(1.37–1.62)
<0.001
(0.85–2.16)
(1.28–3.07)
(1.06–2.62)
(2.43–5.50)
(1.33–1.63)
<0.001

(1.03–2.72)
(1.14–2.97)
(1.47–3.71)
(2.98–7.02)
(1.43–1.71)
<0.001

ADJUSTED FOR

SEX, AND OTHER

AGE AND SEX

RISK FACTORS†

1.00
1.40
1.38
1.66
2.76
1.37
1.00
1.35
1.81
1.38
2.82
1.33

1.00
1.58
1.62
1.87
3.37
1.43

(0.88–2.23)
(0.86–2.20)
(1.06–2.60)
(1.80–4.24)
(1.25–1.51)
<0.001
(0.84–2.15)
(1.16–2.80)
(0.87–2.18)
(1.85–4.28)
(1.19–1.48)
<0.001

(0.97–2.57)
(1.00–2.61)
(1.17–2.99)
(2.16–5.25)
(1.29–1.57)
<0.001

1.00
1.33
1.21
1.39
2.13
1.28
1.00
1.34
1.69
1.22
2.35
1.25

1.00
1.50
1.37
1.57
2.57
1.33

(0.83–2.12)
(0.76–1.93)
(0.88–2.18)
(1.38–3.28)
(1.16–1.42)
<0.001
(0.84–2.14)
(1.09–2.62)
(0.77–1.93)
(1.55–3.57)
(1.12–1.39)
<0.001

(0.92–2.43)
(0.85–2.22)
(0.98–2.51)
(1.64–4.02)
(1.20–1.47)
<0.001

*CI denotes confidence interval, CCA common carotid artery, IMT intima–media thickness, and ICA internal carotid
artery.
†The risk factors were systolic blood pressure, history of hypertension, presence or absence of atrial fibrillation, and
history of diabetes. There were 4466 participants included in this analysis.
‡For one participant (who did not have a stroke) the ICA IMT measurement was missing.

TABLE 5. COMPARISON OF THE ASSOCIATIONS OF INDIVIDUAL RISK FACTORS WITH THE COMBINED EVENT OF STROKE OR MYOCARDIAL
INFARCTION IN COX PROPORTIONAL-HAZARDS MODELS WITH AND WITHOUT ADJUSTMENT FOR AGE AND SEX.*
UNADJUSTED
RELATIVE RISK

RISK FACTOR

Age (per 5.5 yr)
Sex (men vs. women)
Combined IMT measure
(per 1 SD)
Diastolic blood pressure
(per 11.3 mm Hg)
Systolic blood pressure
(per 21.5 mm Hg)
Pack-years of smoking
(per 25 pack-yr)
LDL and HDL cholesterol
(per 1 SD)
Diabetes (yes vs. no)

1.50
1.65
1.58

Atrial fibrillation (yes vs. no)

1.78

1.24
1.48
1.14
1.16
2.19

RELATIVE RISK ADJUSTED

1.33
1.34
1.44
(1.33–1.55)

1.51
1.46

1.39
1.59

FOR THE

THREE VARIABLES SHOWN (95% CI)

1.50
1.45

1.50
1.51

1.48
1.51

1.48
1.55

1.26
(1.15–1.37)
1.39
(1.28–1.51)
1.14
(1.05–1.24)
1.16
(1.06–1.26)
2.11
(1.70–2.62)
1.61
(1.07–2.42)

*CI denotes confidence interval, IMT intima–media thickness, LDL low-density lipoprotein, and HDL high-density lipoprotein.
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DISCUSSION

We have previously reported on the positive associations between cardiovascular risk factors and carotid-artery intima–media thickness.2,29 We have also
shown that a measurement that combined commoncarotid-artery and internal-carotid-artery intima–
media thicknesses was more strongly associated with
the prevalence of cardiovascular disease and with traditional risk factors than either variable used alone.30
We now report a positive association between carotid-artery intima–media thickness and the incidence
of new myocardial infarction and stroke in adults 65
years of age or older who did not have a history of
cardiovascular disease. We have shown that the intima–media thickness is a strong predictor of both
myocardial infarction and stroke and that the risk
gradients are similar. The combined measure of
common-carotid-artery and internal-carotid-artery
intima–media thickness was a better predictor of
events than either thickness measure taken alone.
When statistical adjustment was made for traditional
cardiovascular risk factors, carotid-artery intima–
media thickness remained a significant predictor of
cardiovascular events. The strength of the associations between intima–media thickness and outcome
was at least as strong as the associations seen with
traditional risk factors.
Four other studies have explored the possible association between carotid-artery intima–media thickness and the incidence of cardiovascular events.10-13
Three of these studies reported results using measurements of the common carotid artery. Salonen
and Salonen, in a study of 1257 middle-aged Finnish
men, observed an association between commoncarotid-artery intima–media thickness and cardiac
events. This observation was based on a one-year
follow-up and a total of 24 events.10 Because the definitions of high-risk categories in their study were
different from those we used, direct comparison of
our results with theirs is not possible.
The Rotterdam Elderly Study was a single-center,
prospective study of disease and disability in the elderly involving 7983 subjects 55 years of age or older.32 They performed a case–control study in a subgroup of their population that showed an association
between common-carotid-artery intima–media thickness and the risk of myocardial infarction and stroke.11
The Rotterdam investigators did not find a consistent relative risk of myocardial infarction, whereas
we found that the risk of myocardial infarction increased in a monotonic fashion with increasing intima–media thickness. They included subjects with
angina, transient ischemic attack, and other manifestations of cardiovascular disease at entry, whereas we
excluded such subjects. The inclusion of subjects
with symptomatic cardiovascular disease may explain
why the Rotterdam investigators were unable to
show a strong association between common-carotid20 ·

artery intima–media thickness and the risk of myocardial infarction, whereas we show a strong risk gradient. The differences between their study and ours
may be explained by the larger number of subjects
and the longer duration of follow-up in our study.
Moreover, our results extend their findings by showing that internal-carotid-artery intima–media thickness is as good a predictor as common-carotid-artery intima–media thickness, and the combination
of the two is statistically superior to either one.
The subjects of the Atherosclerosis Risk in Communities Study were 15,792 middle-aged men and
women, 45 to 64 years of age and living in four separate areas of the United States, who were followed
for four to seven years for the incidence of cardiac
disease.12 Although it reported only far-wall measurements, the Atherosclerosis Risk in Communities
Study also used a combined measure of commoncarotid-artery and internal-carotid-artery intima–
media thicknesses. Although they did not report on
the associations with stroke, the investigators found
a similar association between intima–media thickness
and cardiac disease in a younger population.12 Hodis
et al. also found an association between intima–
media thickness and coronary events in a study of men
who had undergone coronary-artery bypass graft surgery and were followed for an average of 8.8 years.13
In our study, which assessed whether noninvasive
measurements have any predictive power with respect
to subsequent cardiovascular events, we were aware
that carotid-artery intima–media thickness is strongly associated with cardiovascular risk factors.2-5,29,33,34
Despite this association, we have shown that the carotid-artery intima–media thickness is a strong predictor of new cardiovascular events even after statistical adjustment for other risk factors. This finding
has clinical significance, particularly with regard to
the elderly. Calculated risk profiles have been proposed for use in identifying persons at high risk for
myocardial infarction35 and for stroke.36 However,
borderline elevation of multiple risk factors is common in the elderly, and the association between risk
factors and cardiovascular disease may weaken in the
later years of life.37,38 Therefore, it may be difficult
for clinicians to identify older patients with subclinical cardiovascular disease on the basis of classic risk
factors. Increased intima–media thickness, an indicator of subclinical disease, may reflect the consequences of past exposure to risk factors. The addition of measurements of intima–media thickness to
cardiovascular risk equations may help identify asymptomatic persons who would benefit from aggressive
preventive measures.
This strategy, if applied to populations similar to
our cohort, would require combined measurements
of common-carotid-artery and internal-carotid-artery
intima–media thickness at the far and near walls
of the arteries. The internal-carotid-artery intima–
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media measurements, because of the way they are
performed, probably reflect the presence of focal
plaque and may thus be more representative of riskfactor exposure.39 This may explain in part the added
predictive power of combined measurements of the
common and internal carotid arteries. Similarly, nearwall measurements are also useful, since far-wall
measurements had a significantly weaker association
with outcomes (P<0.001) than the combined nearand far-wall measurements (analyses not shown).
Measurements of carotid-artery intima–media
thickness were as strong predictors of events as the
traditional risk factors. After adjustment for conventional risk factors, the combined measure of intima–media thickness was the variable most strongly
associated with the risk of cardiovascular events. An
increase of 1 SD in combined intima–media thickness was associated with a relative risk of 1.36 for the
combined end point of myocardial infarction or
stroke after adjustment for age, sex, and the other
risk factors. In contrast, in the same model an increase in age of 1 SD (5.5 years) was associated with
a relative risk of 1.34, and an increase in systolic
blood pressure of 1 SD (21.5 mm Hg) with a relative risk of 1.21. The relative strength of the associations between events and intima–media thickness,
as compared with the association between events
and other traditional risk factors, suggests that intima–media thickness is by itself as powerful a predictor of cardiovascular events as the traditional risk
factors.
Variability in measurement of the intima–media
thickness might have affected our results. The strong
correlations between replicate readings of the intima–
media thickness (Spearman coefficients of 0.75 to
0.86) are similar to those already published.2,4,5,11-13,30
Any increase in the precision of the measurements as
a result of technological improvements might increase their predictive power for cardiovascular events.
We conclude that the intima–media thickness of
the common carotid artery and the internal carotid
artery is strongly associated with the risk of myocardial infarction and stroke in asymptomatic older
adults. Measurements of carotid-artery intima–media
thickness retain predictive power with respect to new
cardiovascular events even after traditional risk factors
for cardiovascular events have been taken into consideration; moreover, such measurements seem more
powerful predictors than these same risk factors.
Supported in part by contracts (NO1-HC85079 through NO1HC85086) with the National Heart, Lung, and Blood Institute.
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