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ABSTRACT

BACKGROUND: Prediction models for cardiovascular events and cardiovascular death in patients with
established cardiovascular disease are not generally available.

METHODS: Participants from the prospective REduction of Atherothrombosis for Continued Health (REACH)
Registry provided a global outpatient population with known cardiovascular disease at entry. Cardiovascular
prediction models were estimated from the 2-year follow-up data of 49,689 participants from around the world.
RESULTS: A developmental prediction model was estimated from 33,419 randomly selected participants
(2394 cardiovascular events with 1029 cardiovascular deaths) from the pool of 49,689. The number of
vascular beds with clinical disease, diabetes, smoking, low body mass index, history of atrial fibrillation,
cardiac failure, and history of cardiovascular event(s) <1 year before baseline examination increased risk
of a subsequent cardiovascular event. Statin (hazard ratio 0.75; 95% confidence interval, 0.69-0.82) and
acetylsalicylic acid therapy (hazard ratio 0.90; 95% confidence interval, 0.83-0.99) also were significantly
associated with reduced risk of cardiovascular events. The prediction model was validated in the remaining
16,270 REACH subjects (1172 cardiovascular events, 494 cardiovascular deaths). Risk of cardiovascular
death was similarly estimated with the same set of risk factors. Simple algorithms were developed for
prediction of overall cardiovascular events and for cardiovascular death.

CONCLUSIONS: This study establishes and validates a risk model to predict secondary cardiovascular
events and cardiovascular death in outpatients with established atherothrombotic disease. Traditional risk
factors, burden of disease, lack of treatment, and geographic location all are related to an increased risk of
subsequent cardiovascular morbidity and cardiovascular mortality.
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The prediction of atherothrombotic events (coronary artery
disease, cerebrovascular disease, and peripheral arterial dis-
ease) in the outpatient setting has focused on the occurrence
of first events,'” and Framingham Heart Study data or
similar observational study data have been used to predict
vascular disease risk in people.
Less cardiovascular prediction re-
search has focused on patients
with existing coronary artery dis-
ease.* The estimation of vascular
disease risk among people known
to have atherothrombotic disease
at baseline would facilitate ef-
forts by patients, clinicians, and
public health officials to prevent
these morbid and mortal events
in a real-world setting. Multi-
variable analysis of risk for re-
current cardiovascular events
could provide the underpinnings
of an individualized risk scoring
system and help to identify indi-
viduals at higher risk for more

information.

CLINICAL SIGNIFICANCE

e Risk of recurrent cardiovascular disease
in survivors of myocardial infarction can
be estimated from outpatient clinic

e The key determinants of recurrent car-
diovascular disease are age, male sex,
current smoking, diabetes mellitus, low
body mass index, number of vascular
beds involved, CVD event in the past
year, history of heart failure, atrial fi-
brillation, not taking statins, and not
taking anti-platelet therapy.

consisted of one or more of the following criteria: stable
angina with documented coronary artery disease, history of
unstable angina with documented coronary artery disease,
history of percutaneous coronary intervention, history of
coronary artery bypass graft surgery, or previous myocar-
dial infarction. Documented car-
diovascular disease consisted of a
hospital or neurologist report with
the diagnosis of transient ischemic
attack or ischemic stroke. Docu-
mented peripheral artery disease
consisted of one or both of the
following criteria: current inter-
mittent claudication with ankle-
brachial index of <0.9 or a his-
tory of intermittent claudication
together with a previous and re-
lated intervention such as angio-
plasty, stenting, atherectomy,
peripheral arterial bypass graft,
or other vascular intervention,
including amputation.

Data were collected using a

intensive investigation, treat-
ment, and follow-up.

Largely, risk-assessment scores for initial cardiovascular
event prediction have been developed from specific geo-
graphic regions, such as the US,">® Germany,’ Italy,® and
the UK.’ Projects that have tested the applicability of risk
assessment scores across large regions such as the US'® or
Europe'' have been undertaken as post hoc analyses. The
REduction of Atherothrombosis for Continued Health
(REACH) Registry was established in 2003 to recruit and
follow a large cohort of outpatients with known athero-
thrombotic disease or at high risk of developing athero-
thrombosis.'? This design provides a contemporary data set
that includes individuals across the world and allows the
assessment of risk for cardiovascular events, including in-
vestigation of the potential role of vascular disease burden,
protective effect of specific treatments, and effects accord-
ing to geographic region.

The purpose of this report is to identify the determinants
of secondary vascular ischemic events and cardiovascular
death in the study participants, to develop a vascular disease
risk algorithm from this experience, and to develop a robust
risk prediction model that has been internally validated.

METHODS

The study design, selection of physicians,'”> and baseline
and follow-up experience of participants in the REACH
Registry'*'> have been published previously. The current
study included outpatients aged =45 years with established
coronary artery disease, cerebrovascular disease, or periph-
eral arterial disease, with enrollment by their physician over
a 7-month period on a worldwide basis between December
2003 and June 2004. Documented coronary artery disease
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standardized, international case

report form that was completed
at the study visit. Body mass index was defined as weight
(kilograms) divided by the square of the height (meters),
and subjects were categorized using commonly used def-
initions of obesity and overweight. Current smoking was
defined as =5 cigarettes per day on average within the
last month before entry into the Registry, and former
smoking was defined as =5 cigarettes per day on average
more than 1 month before entry into the Registry. Cho-
lesterol levels were transcribed from the clinical record
and lipids were not measured in a standard manner in the
registry participants. Because of differences in high-den-
sity lipoprotein cholesterol measurement methods around
the world, and lack of standardization for this assay in
many locales, information concerning high-density lipo-
protein cholesterol levels was not obtained.

Physician selection was performed at the country level in
collaboration with the respective national coordinators, and
was designed to provide a representative distribution across
specialties, geographic regions, types of practice (office-
based, public or private hospital-based, dispensary only,
multiple, or other structures), and locations (urban, subur-
ban, or rural). Each physician recruited a maximum of 15
patients (20 patients in the US).

In each country, 10% of the investigator sites that en-
rolled at least one patient underwent quality control assess-
ment. Six percent of these sites were chosen randomly, and
an additional 4% were chosen in response to queries about
missing data requests. For each of the sites undergoing
monitoring, 100% of case report forms for patients enrolled
at that site were monitored for source documentation and
accuracy and information related to risk factor levels, med-
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ical history items, medication use, and cardiovascular
diagnoses.

Follow-up

Participants were followed for the development of a subse-
quent cardiovascular event and were invited to a baseline
clinical examination and follow-up evaluation at 12 and 24
months after the baseline. At the follow-up visits, data were
collected regarding interim development of clinical out-
comes according to self-report and medical records avail-
able, vascular and endovascular procedures, employment
status, weight and current smoking status, and medications
used since baseline. The current report is based on a data-
base lock of June 15, 2007 for analysis of the 2-year follow-
up. This follow-up interval was used for the development of
multivariable risk estimation because of the high participa-
tion rate at this time and because only a single baseline
examination was available in the study. Model performance
was assessed at 20 months to avoid unstable predictions
occurring at the very end of follow-up.

Statistical Analysis

A large sample was available, and we desired to validate the
results of prediction models. A priori we randomly split the
cohort 2:1 and developed the predictive models in two
thirds of the participants and validated it in the remaining
one third.

Risk analyses were performed using Cox proportional-
hazard regression.'® Model development included clinical
judgment and careful consideration of well-accepted tradi-
tional variables for vascular disease risk assessment. Step-
wise selection models were run with age, sex, and geo-
graphic region forced into the model. Treating each region
as a separate stratum did not improve model performance,
and we collapsed geographic region membership into higher
(Eastern Europe and Middle East), intermediate (North
America/Western Europe—referent), and lower (Japan or
Australia)-risk locations. Separate analyses were performed
for the cardiovascular event and cardiovascular death end
points, and significance levels were set at 0.05 to identify
candidate risk factors. In an effort to retain the same vari-
ables in both models, we included only variables that were
significant in both models. Pair-wise interactions with sex
and age were assessed at the 0.01 level to account for
multiple testing and to avoid weak interaction signals that
would not transport well with application of the function to
new cohorts.

The traditional candidate variables considered for this
analysis included systolic and diastolic blood pressure,
blood pressure treatment, cholesterol level, diabetes melli-
tus, current smoking, and body mass index modeled as a
continuous variable as well as in categories (<20 kg/m?,
20-30 kg/m?, >30 kg/m?). Variables that characterized the
vascular disease burden of participants at baseline included
information concerning the number of vascular beds af-
fected, occurrence of a cardiovascular event in the year
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before the baseline evaluation, history of congestive heart
failure, and history of atrial fibrillation. Treatment with
acetylsalicylic acid and statins also was included, but infor-
mation on the type or dose of statin or the dose of acetyl-
salicylic acid was not available. To assess the role of pre-
viously diagnosed vascular disease, we used ordinal
variables to test for the effects of 1, 2, or 3 vascular beds
involved. Only data from subjects with complete outcome
and covariate information for a given end point were used to
obtain the rates for that end point. Statistical analysis was
performed using SAS Version 9 software (SAS Institute
Inc., Cary, NC).

Discrimination was assessed using C-statistics calculated
for each of these models; the error associated with C-sta-
tistic estimates was estimated using published methods.'’
Calibration was assessed using decile plots of mean pre-
dicted and observed risks, and D’ Agostino and Nam'® mod-
ified Hosmer-Lemeshow chi-squared statistics with 9 de-
grees of freedom. Performance was assessed at 20 months
of follow-up (95™ percentile of follow-up for events) on
both development and validation data sets. Simplified risk
calculator was developed for 20-month risk prediction for
cardiovascular death and next cardiovascular event using
methods described by Sullivan et al.'”

Event rates of cardiovascular death, myocardial infarc-
tion, stroke, and cardiovascular hospitalization were calcu-
lated. End points were not adjudicated. Cardiovascular
death included fatal stroke, fatal myocardial infarction, or
other cardiovascular death. Other cardiovascular death in-
cluded other death of cardiac origin; pulmonary embolism;
any sudden death including unobserved, and unexpected
death (eg, death while sleeping) unless proven otherwise by
autopsy, death following a vascular operation, vascular pro-
cedure, or amputation; death attributed to heart failure;
death following a visceral or limb infarction; and any other
death that could not be definitely attributed to a nonvascular
cause or hemorrhage. Any myocardial infarction or stroke
followed by a death, whatever the cause, in the next 28 days,
was considered to be a fatal myocardial infarction or fatal
stroke. Cardiovascular hospitalization consisted of hospital-
ization for unstable angina, transient ischemic attack, wors-
ening of claudication related to peripheral artery disease,
other ischemic arterial event, coronary artery bypass graft-
ing, coronary angioplasty/stenting, carotid surgery, carotid
angioplasty/stenting, amputation affecting lower limbs, pe-
ripheral bypass graft, or angioplasty/stenting for peripheral
artery disease.'?

RESULTS

The baseline characteristics of the participants are shown in
Table 1. Participants were followed for a maximum of 24
months, with mean follow-up of 19 and median of 21
months. There were 55,814 persons in the REACH Study
who were eligible for these data analyses, and approxi-
mately 89% (n = 49,689) from the 5473 participating study
sites in 44 countries had full information on covariates at
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Table 1

Development and Validation Cohorts

Baseline Characteristics of Participants in the

Development Validation
Cohort Cohort

Characteristic (n = 33,419) (n = 16,270)
Traditional risk factors

Male, % 66.9 66.8

Age, y, mean *= SD 68.4 = 10.1 68.3 £ 10.2

Current smoking, % 14.6 13.8

Diabetes, % 36.9 36.5

Body mass index 27.7 £ 5.4 27.7 £ 5.3

Body mass index >30 27.2 27.0

kg/m?, %

Body mass index < 20 3.8 3.5

kg/m?, %

Blood pressure, mm Hg,

mean * SD

Systolic 136.8 = 19.3 136.6 = 19.5
Diastolic 78.2 £ 11.2 78.2 = 11.2

Cholesterol level, mg/dL  191.4 + 45.9 191.9 * 46.7

Atrial fibrillation, % 11.7 11.4
Cardiovascular burden, %

Coronary artery disease 72.4 72.5

Cerebrovascular disease 33.8 33.7

Peripheral arterial 14.9 14.5

disease

Number of vascular 80.8, 17.2, 2.0  81.1, 17.1, 1.8

beds: 1, 2, or 3

Cardiovascular event in 31.5 32.3

past year*

Congestive heart failure*  15.2 15.5
Cardiovascular treatment, %

Statins 69.2 68.5

Hypertension treatment 91.0 91.1

Acetylsalicylic acid 71.5 71.4
Geographic Region

North America 36.4 36.3

Latin America 3.1 3.1

Western Europe 26.6 26.6

Eastern Europe 10.4 10.9

Middle East 1.3 1.3

Asia 9.4 9.6

Australia 4.6 4.6

Japan 8.2 7.6

*Based on information obtained at baseline evaluation.

baseline and complete follow-up. By random selection, two
thirds of the participants were assigned to a developmental
cohort (n=33,419), and the remaining one third were as-
signed to the validation cohort (n = 16,270). The baseline
characteristics for these participants are shown in Table 1.
The study participants were predominantly male (67%), and
the mean age was 68 years at entry. Approximately 53%
lived in Europe or Western Europe; 21% lived in Australia,
Japan, or other parts of Asia, and 12% lived in Eastern
Europe or the Middle East. Geographic clusters were deter-
mined according to proximity of the regions and similarities
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in cardiovascular disease incidence reported within the
REACH Registry over 1 year of follow-up.'?

Approximately 72% had coronary artery disease, 34%
had cerebrovascular disease, and 14% had peripheral artery
disease. Overall, 81% of the participants had vascular dis-
ease affecting one arterial bed, 17% had 2 arterial beds
involved, and 2% had 3 arterial beds involved. The occur-
rence of a cardiovascular event in the year before entry into
the registry was common, and 32% of the participants were
affected. A history of congestive heart failure at entry was
less frequent, and affected 15%. Treatment with statins or
acetylsalicylic acid was reported in 71% of the participants,
and hypertension therapy was reported in 91%.

Among the 33,419 participants with vascular disease at
baseline, there were 2394 cardiovascular events, and 1029
of these were cardiovascular deaths. Traditional risk factors
(sex, age, smoking, diabetes, systolic blood pressure level,
diastolic blood pressure level, low body mass index), the
cardiovascular disease burden at baseline (number of vas-
cular beds affected, cardiovascular event in the past year,
history of congestive heart failure, and history of atrial
fibrillation), cardiovascular treatment (hypertension ther-
apy, statin use, acetylsalicylic acid use), and 3 geographic
regions (1 — North America or Western Europe, 2 — Eastern
Europe or Middle East, 3 — Japan or Australia) were eval-
uated for inclusion in the stepwise prediction models. The
variables selected in our stepwise models included age,
diabetes, smoking status, number of vascular beds affected,
history of atrial fibrillation, cardiac failure, history of car-
diovascular event(s) <1 year before the baseline examina-
tion, body mass index <20 kg/m?, geographic region, statin
use, and acetylsalicylic acid therapy. The results of the
multivariable prediction of recurrent cardiovascular events
and cardiovascular death with the hazard ratios and statis-
tical significance are shown in Table 2. All variables in the
table were significant at P <<.05 level in both models.
Candidate variables in the stepwise regression model that
did not make it to final model included systolic blood
pressure, diastolic blood pressure, and cholesterol level.

To test the ability of the prediction model to discriminate
the risk of recurrent cardiovascular events in other regions,
we used a validation set of 16,270 REACH participants who
had not been included in the developmental data set. These
participants met the same entry criteria and had the same
duration of follow-up for CV events. In the validation data
set, there were 1172 recurrent cardiovascular events and
494 cardiovascular deaths during the follow-up interval.
The C-statistic for the prediction of a next cardiovascular
event was 0.67 (95% confidence interval [CI], 0.66-0.68)
for both the developmental and the validation datasets.
The corresponding C-statistic for the prediction of car-
diovascular death was 0.74 (95% CI, 0.73-0.76) for the
developmental dataset and 0.75 (95% CI, 0.73-0.77) for
the internal validation dataset. The D’Agostino and
Nam'® chi-squared value was 15.14 in the validation set
for prediction of next cardiovascular events, indicating
good calibration for this outcome. The corresponding
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Table 2  Multivariable Prediction of Recurrent Cardiovascular Events* in the Development Cohort

Factor

Type of Cardiovascular Event

Cardiovascular Death
Hazard Ratio (95% CI)

Next Cardiovascular Event
Hazard Ratio (95% CI)

Traditional risk factors
Male sex
Age, years
Smoking (current vs other)
Diabetes (yes/no)
BMI <20 kg/m?
Cardiovascular disease burden at baseline
Number of vascular beds
1
2
3
Cardiovascular event* in past year (yes/
no)
Congestive heart failure (yes/no)
Atrial fibrillation (yes/no)
Cardiovascular treatment
Statins (yes/no)
Acetylsalicylic acid (yes/no)
Adjustment for geographic region
North America or Western Europe
Eastern Europe or Middle East
Japan or Australia

1.28 (1.12-1.46)
1.05 (1.04-1.06)
1.36 (1.13-1.64)
1.59 (1.40-1.80)
1.74 (1.34-2.24)

1.00
1.28
1.64
1.31

referent)

1.15-1.43)
1.32-2.06)
1.15-1.49)

Py

2.46 (2.15-2.82)
1.53 (1.32-1.78)

0.80 (0.70-0.91)
0.84 (0.73-0.95)

1.00 (referent)
1.30 (1.07-1.57)
0.52 (0.41-0.66)

1.11 (1.02-1.21)
1.03 (1.03-1.04)
1.27 (1.13-1.43)
1.46 (1.34-1.58)
1.37 (1.14-1.64)

1.00 (referent)

1.35 (1.26-1.46)
1.83 (1.58-2.13)
1.46 (1.35-1.59)

1.68 (1.53-1.85)
1.30 (1.17-1.46)

0.75 (0.69-0.82)
0.90 (0.83-0.99)

1.00 (referent)
1.32 (1.17-1.48)
0.73 (0.64-0.84)

BMI = body mass index; CI = confidence interval.

*A cardiovascular event is defined as an occurrence of myocardial infarction, cerebrovascular disease, or cardiovascular death.

D’Agostino and Nam'® chi-squared for the prediction of
cardiovascular death also was acceptable at 19.45. De-
cile-based calibration plots suggested satisfactory perfor-
mance for both outcomes (Figure 1).

A risk score sheet for the development of the next
cardiovascular event and for cardiovascular death in pa-
tients with clinically recognized atherothrombotic cardio-
vascular disease is shown in Figure 2. Using this ap-
proach, the patient information for age, current smoking,
diabetes mellitus, number of vascular beds, cardiovascu-
lar event in the past year, congestive heart failure, statin
therapy, and acetylsalicylic acid therapy are matched
with the status for each variable, and the assigned number
of points are then summed. The total number of points is
then matched with the estimated 20-month risk. Using
Figure 2, the number of risk points for a next cardiovas-
cular event in a person with the following characteristics:
man (+1), 62 years old (+8), nonsmoker (+0), diabetes
present (+2), body mass index 25 kg/m? (+0), history of
myocardial infarction in the past 3 months (+2 for one
vascular bed, +2 for event in the past year), history of
congestive heart failure (+3), no history of atrial fibril-
lation (+0), taking statins (—2), taking acetylsalicylic
acid (—1), Eastern Europe residence (+2), and the sum is
17 points for a next cardiovascular event, which trans-
lates to an absolute risk of 11% over a 20-month interval.
Similarly, the number of risk points for cardiovascular
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death(1+8+0+2+0+2+2+3+0—-2—-1+1+
2 = 18 points), corresponds to a 13% risk over a 20-month
interval. Risk calculations can also be made using methods
shown in the Appendix.

DISCUSSION

This study uses multivariable Cox regression analysis to
identify factors that contribute to the risk of secondary
ischemic events in a large, contemporary registry of patients
with established cardiovascular disease. The factors that
were statistically significant in the analyses included tradi-
tional risk variables for initial cardiovascular disease events
(age, smoking, diabetes mellitus, body mass index), vari-
ables related to cardiovascular disease burden (number of
vascular beds involved, history of a cardiovascular event in
the year before the baseline evaluation, history of conges-
tive heart failure, and history of atrial fibrillation), and use
of cardiovascular risk reduction treatments (current use of
statins or acetylsalicylic acid). This is the first international,
prospective study to establish a comprehensive risk model
to predict subsequent cardiovascular events and cardiovas-
cular death in outpatients with established atherothrombotic
disease.

Most of the research concerning prediction of cardio-
vascular disease has focused on first cardiovascular
events, and has reported on the experience of apparently
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Figure 1  Calibration by decile according to risk for next
cardiovascular events and for cardiovascular death. Bars repre-
sent observed (Kaplan-Meier; black) and model-based pre-
dicted (decile specific means; gray) probabilities of a cardio-
vascular outcome over 20 months in deciles of model-based
predicted probabilities.

healthy individuals who are “at risk.” With that approach
the variables age, sex, cholesterol level, blood pressure,
smoking, and diabetes mellitus have typically been used
to predict events.'>” Over the past 3 decades, the treat-
ment of first cardiovascular events has improved, sur-
vival has increased, and health care providers are increas-
ingly required to provide effective long-term care for
outpatients with established cardiovascular disease. It is
helpful to identify, within this relatively large group of
patients, those individuals at greatest short-term risk of a
subsequent cardiovascular event or cardiovascular death
in order to target them for more intensive follow-up,
investigation, and treatment. Symptoms, traditional risk
factors for initial vascular disease events, the burden of
known vascular disease, and the results of specialized
testing may affect risk for future vascular disease events.”
In addition to increasing age and male sex, the key
factors that have been associated with increased risk of
cardiovascular events have been higher blood pressure,
cholesterol, lower high-density lipoprotein cholesterol,
diabetes mellitus, and cigarette smoking."
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The initial REACH analyses tested for associations be-
tween traditional risk factors used in formulations like the
Framingham risk model for initial cardiovascular disease
events,?” and recurrent cardiovascular events included age,
sex, systolic blood pressure, diastolic blood pressure, dia-
betes mellitus, and cigarette smoking.] From this list of
variables, age was highly associated with recurrent cardio-
vascular disease, and in age-adjusted regression models that
considered the variables individually, only current smoking
and the presence of diabetes mellitus were associated with
recurrent cardiovascular disease. As shown in the multivari-
able analysis presented in Table 2, these variables (age,
smoking, diabetes, and low body mass index) were signif-
icantly associated with recurrent cardiovascular events in
the multivariable prediction model. An adverse effect of low
body mass index on risk for future cardiovascular events has
been noted for patients with cardiovascular disease and may
represent poor nutrition and cachexia in severely ill pa-
tients.”' The REACH registry is a global study and allowed
for investigation of vascular disease risk according to where
the participant resided. In multivariable analysis, risk for
recurrent cardiovascular disease was lower in some regions
(Japan, Australia) and higher in others (Eastern Europe,
Middle East) in comparison with the other sites, where the
referent was the combined experience of Europe and North
America. Further investigation into the origins of these
differences is merited, and public health experts have iden-
tified a need to prevent and manage chronic diseases
throughout the world.*

Baseline levels of blood cholesterol, systolic pressure,
and diastolic pressure were not related to the develop-
ment of recurrent cardiovascular events. Part of the ex-
planation for this finding may be that medications to treat
these conditions were very commonly used at the base-
line examination. As shown in Table 1, current statin use
at entry into the registry was reported for 74% of the
participants. The survey form used in the study only
queried whether the cholesterol level was >200 mg/dL,
and information on the actual cholesterol level at baseline
was not available for all participants.

This study investigated the potential effect of the burden
of cardiovascular disease on the risk of recurrent cardiovas-
cular events. As described above for the traditional vari-
ables, the initial approach tested for age- and sex-adjusted
associations between the cardiovascular burden variables
(shown in Table 1) and cardiovascular death or recurrent
cardiovascular disease. In an effort to summarize the poten-
tial risk associated with atherothrombotic disease involving
multiple vascular beds, we used a composite variable “num-
ber of vascular beds affected by symptomatic vascular dis-
ease,” which was highly associated with recurrent ischemic
events. In addition, the occurrence of a cardiovascular event
in the year before the baseline examination and a positive
history of congestive heart failure were associated with
greater risk of recurrent atherothrombotic events. In the
multivariable analyses shown in Table 2, each of these
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(47 (47
Next CV event: CV death:
Step | Factor event death
factors and points factors and points
points points

Man Woman

Man Woman

1 Sex
1 0 1 0
20-24 25-29 30-34 35-39 40-44 45-49 50-54 20-24 25-29 30-34 35-39 40-44 45-49 50-54
0 1 2 3 4 5 6 0 1 2 3 4 5 6
2 Age, years
55-59 60-64 65-69 70-74 75-79 80-84 85-89 55-59 60-64 65-69 70-74 75-79 80-84 85-89
7 8 9 10 11 12 13 7 8 9 10 11 12 13
No Yes No Yes
3 Smoking
0 2 0 1
No Yes No Yes
4 Diabetes mellitus
0 2 0 2
No Yes No Yes
5 BMI < 20 kg/m®
0 2 0 2
Number of One Two Three One Two Three
6
vascular beds 2 4 6 1 2 3
CVevent in past | No Yes No Yes
7
year 0 2 0 1
Congestive heart | No Yes No Yes
8
failure 0 3 0 4
No Yes No Yes
9 Atrial fibrillation
0 2 0 2
No Yes No Yes
10 Statin therapy
0 -2 0 -1
No Yes No Yes
1 ASA therapy
0 -1 0 -1
Eastern Europe or | No Yes No Yes
12
Middle East 0 2 0 1
No Yes No Yes
13 Japan or Australia
0 -2 0 -3
14 Next CV event points total CV death points total

Figure 2  Score sheet to estimate the risk of the next cardiovascular event and of cardiovascular death over 20 months of follow-up,
based on separate, multivariable, regression-estimating equations for each outcome. The sheet is used by assigning points for each factor,
summing the points, and determining the percentage risk of either the next cardiovascular event or of cardiovascular death.

CV = cardiovascular.

variables was associated with the development of recurrent
cardiovascular disease.

Treatments for cardiovascular disease were considered
as potential predictive factors in these analyses, and the
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factors of blood pressure treatment, lipid-lowering ther-
apy, and use of acetylsalicylic acid were considered.
Almost all of the lipid-lowering medications being used
were statins, which led to our using that single medica-
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Step 15 Calculation of risk from point score total

Next CV event points 0 1 2 3 4 5 6 7 8 9 10 11 12 |13 |14 | 15| 16 | 17 18
20-month risk of next CV event, % <1 1 12 |14 (16|19 (22|25| 3 |35 4 |(47|54|63|73|85/98| 11 13
Next CV event points 19 [ 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 229

20-month risk of next CV event,% | 15 | 17 | 20 | 23 | 26 | 30 | 34 | 38 | 43 | 48 | >50

CV death points 0-8| 9 10 |11 |12 (13 |14 |15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 226
20-month risk of CV death, % <1 ({1114 |18|23| 3 |38(49(6.2|79| 10 |13 |16 |20 | 25 | 30 | 37 | 45 | >50

Figure 2  Continued

tion as the lipid treatment variable. The use of antiplatelet
medications other than acetylsalicylic acid was uncom-
mon (<28%), and those data were not analyzed for po-
tential associations with recurrent cardiovascular out-
comes. Initial age- and sex-adjusted analyses showed no
relation between blood pressure medication use and the
development of recurrent cardiovascular events. On the
other hand, both statin medications and acetylsalicylic
acid use were associated with a significantly lower risk
for recurrent cardiovascular events and cardiovascular
death in the multivariable analyses (Table 2).

The strengths of this study include its large size,
contemporary data collection, international scope, and
consideration of several vascular disease event types. The
study has limitations. A central laboratory for measure-
ment of the lipid levels was not available, newer risk-
factor variables such as inflammatory markers or natri-
uretic peptides were not included, and nonfatal ischemic
event end points were not adjudicated. The risk predic-
tion variables shown to be important determinants for
recurrent cardiovascular disease and for cardiovascular
death in patients who have already experienced at least
one cardiovascular event should be investigated in other
population samples. We have provided internally vali-
dated estimates of risk for recurrent cardiovascular dis-
ease and for cardiovascular death in patients who have
already experienced a clinical vascular disease event. We
encourage other research groups to use similar strategies
to evaluate the risk of vascular disease events in this
setting. The REACH Registry reflects the experience of
outpatient clinics that were included as part of a research
study, and the external validation of our research ap-
proach is of interest. We believe that investigating the
components of vascular disease risk is probably more
important than corroborating absolute risk estimates,
which are likely to improve over time with more effective
therapies for patients known to have clinical cardiovas-
cular disease.

Future research endeavors should consider prognostic
factors beyond traditional risk markers that have been used
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to estimate risk for initial cardiovascular events. These fac-
tors include elements that identify the burden of ischemic
atherothrombotic disease such as polyvascular disease,
heart failure, a recent cardiovascular event, history of atrial
fibrillation, and the salutary effects of medications such as
statins and acetylsalicylic acid.
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APPENDIX pital, Boston, MA (chair); Ralph D’ Agostino, PhD, Boston

. . University, Boston, MA; Kim Eagle, MD, University of
Table Cox Model Coefficients for Calculation of 20-Month

Risk of Recurrent Cardiovascular Events

Type of Cardiovascular Event

Next
Cardiovascular  Cardiovascular
Death Event
Factor B B
Traditional risk factors
Male sex 0.24519 0.10246
Age, years 0.04966 0.03089
Smoking (current vs other) 0.30925 0.24121
Diabetes (yes/no) 0.46141 0.37824
BMI < 20 kg/m? 0.55132 0.31428
Cardiovascular disease burden
at baseline
Number of vascular beds 0.24928 0.30277
Cardiovascular event* in 0.26681 0.38168
past year (yes/no)
Congestive heart failure 0.89976 0.51873
(ves/no)
Atrial fibrillation (yes/no) 0.42705 0.26652
Cardiovascular treatment
Statins (yes/no) —0.22296 —0.28332
Acetylsalicylic acid (yes/ —0.17968 —0.10151
no)
Aemsustment for geographic
region
Eastern Europe or Middle 0.25934 0.27574
East
Japan or Australia —0.65524 —0.31604

BMI = body mass index.
*The 20-month risk for cardiovascular death can be calculated as

1-0.97749°"" 4’03317), where B is the regression coefficient and X is the

level for each risk factor; the risk for next cardiovascular event is given
as 1-0.93681°XP(XFX - 2.68845)

REACH REGISTRY EXECUTIVE COMMITTEE

Deepak L. Bhatt, MD, MPH, VA Boston Healthcare System
and Brigham and Women’s Hospital, Boston, MA (chair);
Ph. Gabriel Steg, MD, Hopital Bichat-Claude Bernard,
Paris, France (chair); E. Magnus Ohman, MD, Duke Uni-
versity Medical Center, Durham, NC; Joachim Réther, MD,
Klinikum Minden, Minden, Germany; Peter W. F. Wilson,
MD, Emory University School of Medicine, Atlanta, GA.

REACH REGISTRY GLOBAL PUBLICATION
COMMITTEE

Mark Alberts, MD, Northwestern University Medical
School, Chicago, IL; Deepak L. Bhatt, MD, MPH, VA
Boston Healthcare System and Brigham and Women’s Hos-

Page 10 of 10

Michigan, Ann Arbor, MI; Shinya Goto, MD, PhD, Tokai
University School of Medicine, Isehara, Kanagawa, Japan;
Alan T. Hirsch, MD, University of Minnesota School of
Public Health and Minneapolis Heart Institute Foundation,
Minneapolis, MN; Chiau-Suong Liau, MD, PhD, Taiwan
University Hospital and College of Medicine, Taipei; Jean-
Louis Mas, MD, Centre Raymond Garcin, Paris, France; E.
Magnus Ohman, MD, Duke University Medical Center,
Durham, NC; Joachim Rother, MD, Klinikum Minden,
Minden, Germany; Sidney C. Smith, MD, University of
North Carolina at Chapel Hill; P. Gabriel Steg, MD, Hopital
Bichat-Claude Bernard, Paris, France (chair); Peter W. F.
Wilson, MD, Emory University School of Medicine, At-
lanta, GA.

NATIONAL COORDINATORS

Australia: Christopher Reid, Victoria. Austria: Franz Aich-
ner, Linz; Thomas Wascher, Graz. Belgium: Patrice Laloux,
Mont-Godinne. Brazil: Denilson Campos de Albuquerque,
Rio de Janeiro. Bulgaria: Julia Djorgova, Sofia. Canada:
Eric A. Cohen, Toronto, ON. Chile: Ramon Corbalan, San-
tiago. China: Chuanzhen LV, Shanghai; Runlin Gao, Bei-
jing. Denmark: Per Hildebrandt, Frederiksberg. Finland:
Ilkka Tierala, Helsinki. France: Jean-Louis Mas, Patrice
Cacoub, and Gilles Montalescot, Paris. Germany: Klaus
Parhofer, Munich; Uwe Zeymer, Ludwigshafen; Joachim
Rother, Minden. Greece: Moses Elisaf, Ioannina. Interla-
tina (Guatemala): Romulo Lopez, Guatemala City. Hong
Kong: Juliana Chan, Shatin. Hungary: Gyorgy Pfliegler,
Debrecen. Indonesia: Bambang Sutrisna, Jakarta. Israel:
Avi Porath, Beer Sheva. Japan: Yasuo Ikeda, Tokyo. Leb-
anon: Ismail Khalil, Beirut. Lithuania: Ruta Babarskiene,
Kaunas. Malaysia: Robaayah Zambahari, Kuala Lumpur.
Mexico: Efrain Gaxiola, Jalisco. The Netherlands: Don Pol-
dermans, Rotterdam. Philippines: Maria Teresa B. Abola,
Quezon City. Portugal: Victor Gil, Amadora. Romania:
Constantin Popa, Bucharest. Russia: Yuri Belenkov and
Elizaveta Panchenko, Moscow. Saudi Arabia: Hassan
Chamsi-Pasha, Jeddah. Singapore: Yeo Tiong Cheng. South
Korea: Oh Dong-Joo, Seoul. Spain: Carmen Suarez, Ma-
drid. Switzerland: Iris Baumgartner, Bern. Taiwan: Chiau-
Suong Liau, Taipei. Thailand: Piyamitr Sritara, Bangkok.
United Arab Emirates: Wael Al Mahmeed, Abu Dhabi.
United Kingdom: Jonathan Morrell, Hastings. Ukraine: Vira
Tseluyko, Kharkov. United States of America: Mark Al-
berts, Chicago, IL; Robert M. Califf, Durham, NC; Chris-
topher P. Cannon, Boston, MA; Kim Eagle, Ann Arbor, MI;
Alan T. Hirsch, Minneapolis, MN.

A complete list of the REACH Registry Investigators
appears in JAMA. 2006;295:180-189.





