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Abstract
Background—Cardiovascular disease is the leading cause of death in Argentina and the U.S.
Argentina is 92% urban, with cardiovascular disease risk factor levels approximating the U.S.

Methods—The Coronary Heart Disease (CHD) Policy Model is a national-scale computer model
of CHD and stroke. Risk factor data were obtained from the Cardiovascular Risk Factor Multiple
Evaluation in Latin America Study (2003–04), Argentina National Risk Factor Survey (2005) and
U.S. national surveys. Proportions of cardiovascular events over 2005–2015 attributable to risk
factors were simulated by setting risk factors to optimal exposure levels [systolic blood pressure
(SBP) 115 mm Hg, low-density lipoprotein cholesterol (LDL) 2.00 mmol/l (78 mg/dl), high-
density lipoprotein cholesterol (HDL) 1.03 mmol/l (60 mg/dl), absence of diabetes, and smoking].
Cardiovascular disease attributable to body mass index (BMI) > 21 kg/m2 was assumed mediated
through SBP, LDL, HDL, and diabetes.

Results—Cardiovascular disease attributable to major risk factors was similar between
Argentina and the U.S., except for elevated SBP in men (CHD 8 % points higher in Argentine
men, 6% higher for stroke). CHD attributable to BMI > 21 kg/m2 was substantially higher in the
U.S. (men 10–11 % points higher; women CHD 13–14% higher).
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Conclusions—Projected cardiovascular disease attributable to major risk factors appeared
similar in Argentina and the U.S., though elevated BMI may be responsible for more of U.S.
cardiovascular disease. A highly urbanized middle-income nation can have cardiovascular disease
rates and risk factor levels comparable to a high income nation, but fewer resources for fighting
the epidemic.
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Introduction
Cardiovascular disease is the leading cause of death in both Argentina and the United States.
Coronary heart disease (CHD) mortality rates in Argentina are lower than in the U.S., and
mortality from CHD has declined to a similar degree in both nations since the 1970’s.[1]
Stroke mortality rates are higher in Argentina compared with the U.S. and have declined
comparatively less. The incidence of CHD and stroke and proportion attributable to risk
factors in Argentina have not been estimated on a national level, as prospective cohort data
are not yet available, and only recently have population-based directly measured risk factor
data been available.[2] Argentina’s population is 92% urban, and prevalence of
cardiovascular disease risk factors in Buenos Aires adults approximates that of the U.S.,[2]
except that U.S. obesity prevalence is >50% higher. Knowing the amount of cardiovascular
disease preventable by controlling risk factors can inform implementation of cardiovascular
disease primary prevention policies in middle income nations like Argentina.[3] The CHD
Policy Model, a national-scale, Markov style computer model of cardiovascular disease, was
used to project CHD and stroke incidence in Argentina and the U.S., and estimate the
proportion attributable to selected major risk factors.

Materials and Methods
The Coronary Heart Disease Policy Model

The CHD Policy Model is a computer-simulation, state-transition (Markov cohort) model of
national scale CHD incidence, prevalence, mortality, and costs in adults aged 35–84 years.
[4] The CHD Policy Model is comprised of three submodels: the demographic-
epidemiologic submodel, the bridge submodel, and the disease history submodel. The
demographic-epidemiologic submodel predicts CHD incidence and non-CHD mortality
among the population without CHD, stratified into cells by age, sex, and up to six additional
categorized risk factors: systolic blood pressure (SBP, <130, 130–139.9, ≥140 mmHg),
smoking status (active smoker, non-smoker with exposure to environmental tobacco smoke,
non-smoker without environmental exposure), high density lipoprotein (HDL) cholesterol
[<1.00, 1.00–1.53, or >1.54 mmol/L (<40, 40–59.9, ≥60mg/dL)], low-density lipoprotein
(LDL) cholesterol [<2.6, 2.6–3.3, or ≥3.4 mmol/L ( <100, 100–129.9, ≥130 mg/dL)], body
mass index (BMI, <25, 25–29.9, ≥30 kg/m2), and diabetes mellitus (yes or no). After CHD
develops, the bridge submodel characterizes the initial CHD event and its sequelae for 30
days. Then, the disease history submodel predicts subsequent CHD events, revascularization
procedures, CHD mortality, and non-CHD mortality among patients with CHD. All
population distributions, risk factor levels, coefficients, event rates, and case fatality rates
can be modified for forecasting simulations. Population weighted means and proportions of
cardiovascular risk factors in U.S. adults were estimated from pooled U.S. National Health
and Nutrition Examination Surveys (NHANES) 1999–2004.[5] For this analysis, the main
projected outcomes were first-ever and repeat, fatal and nonfatal CHD events [including
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stable and unstable angina pectoris, acute myocardial infarction (MI), and cardiac arrest due
to CHD) and total stroke (ischemic and hemorrhagic) events.

Argentina-specific assumptions
Argentina-specific CHD Policy Model assumptions are listed in Appendix Table 1. The
estimated population of Argentina aged 35–84 years in the year 2005, by age and sex, and
35-year olds arriving 2006–2015 were obtained from the Argentina National Statistics and
Census Institute (Instituto Nacional Estadística y Census, INDEC, http://www.indec.gov.ar).
Cause-specific mortality data by year, age, and sex were obtained from the Ministry of
Health for the years 1997–2007 (Statistics and Information Department, Ministry of Health,
Argentina, Appendix). Argentina-specific model inputs for CHD and total stroke incidence,
case-fatality, and prevalence were obtained for the CHD Policy Model-Argentina whenever
possible from published data from population-based studies[6,7,8,9] and national hospital
administrative data (personal communication, Dr. Daniel Ferrante, Ministry of Health,
Argentina).

Age and sex-specific means of SBP, LDL cholesterol, HDL cholesterol, BMI were obtained
from the Buenos Aires portion of the Cardiovascular Risk Factor Multiple Evaluation in
Latin America (CARMELA) Study,[10,11] a stratified random sample of men and women
aged 25–64 years during 2003–2004.[2] CARMELA data were for ages 35–64 years, so
estimates for ages 65–84 years in Argentina were imputed based on the CARMELA values
for ages 35–64 years and risk factor age trends observed in the U.S. NHANES. Estimates of
self-reported active and passive smoking prevalence in adults aged 35–83 years were
obtained from the 2005 Argentine National Risk Factor Survey (Encuesta Nacional de
Factores de Riesgo, ENFR) using a questionnaire adapted from World Health Organization
and Pan American Health Organization instruments and validated for Argentina.[12]

Model Calibration
The CHD Policy Model-Argentina predicted deaths were compared with CHD and stroke
deaths observed from Argentina vital statistics for the years 1997–2007 (Figure 1). Vital
statistic reporting estimated that crude rates of CHD deaths declined between 1999 and 2004
despite the fact that the population aged 65–84 years increased by 10%. Because of the
change in CHD and stroke mortality 2000–2004, the model’s incidence rates were adjusted
to reproduce the total number of deaths reported by the Argentine Ministry of Health for
2005 and maintain constant projected age-specific CHD death rates over the years 2005–
2040 under fixed case-fatality and risk factor conditions.

Cardiovascular disease event prediction
For the main simulations comparing Argentina with the U.S., multivariate risk equations
were estimated from U.S. Framingham Heart Study data[13] with CHD (including stable or
unstable angina, nonfatal MI, fatal MI, or arrest) or stroke events (ischemic stroke, including
transient ischemic attack, plus hemorrhagic stroke)[14] as the outcome. Risk coefficients for
age, sex, SBP, smoking status, LDL, HDL, diabetes, and BMI were estimated in the CHD
prediction model and age, sex, SBP, smoking status, and diabetes in the total stroke model.
[14] Statistically significant (P<0.05) age*risk factor interactions were incorporated into
age-specific risk factor coefficients. Risk factor beta coefficients were estimated from
examinations 9 to 13, 24, and 25 from the original Framingham Heart Study cohort and 1–6
from the Framingham offspring cohort, for whom adequate data were available for a time-
dependent logistic regression analysis. In order to model competing mortality risk, a
separate non-CHD death equation was also estimated from Framingham data including age,
sex, SBP, diabetes, and smoking status.
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Based on an analysis of Framingham Heart Study data, no independent effect of BMI was
assumed, but rather elevated BMI was assumed to exert its effect on disease risk via changes
in associated risk factors. The effect of a one kg/m2 increase in BMI was: SBP (males: 1.43
mm Hg, females: 1.24 mm Hg),[15] LDL [males: 0.07 mmol (2.76 mg/dl), females: 0.6
mmol (2.24mg/dl)],[16] HDL cholesterol [males: −0.4 mmol/l (−1.55 mg/dl),[16] females
−0.02 mmol/l (−0.77 mg/dl)]. A range of diabetes prevalence was assumed for persons with
ideal BMI (21 kg/m2): a low prevalence characteristic of ideal BMI (4% in ages ≥18 years),
[17,18] and a moderated prevalence found in persons with ideal BMI but moderate family
history of diabetes (8% in ages ≥18 years, family history acting as a rough proxy for genetic
and environmental diabetes risks independent of body weight). Because of uncertainty
regarding BMI’s effect on diabetes, proportions of CHD and stroke attributable to elevated
BMI are reported as ranges.

Attributable Risk Analysis
Annual risk for CHD is calculated for each model cell by a multivariate logistic regression
equation. Therefore annual risk for events is determined by the age, sex, and risk factor
relative levels assigned to that cell, and the combined multiplicative effect of the risk factor
coefficients. Minimum risk exposure levels[19] were defined based on observations from
large epidemiologic studies [SBP 115 mm Hg, [20,21] LDL 2.00 mmol/l (78 mg/dl),[22,23]
HDL 1.03 mmol/l (60 mg/dl), BMI 21 kg/m2,[24] absence of diabetes and active and passive
smoking]. The proportion of CHD and stroke attributable to unfavorable risk factor
exposures was obtained by first simulating a base case scenario for the years 2005–2015
with risk factors fixed at 2005 levels and comparing this to a scenario simultaneously setting
risk factors at optimal exposure levels for the entirety of the 11-year simulation. The
resulting attributable proportions reflect a hypothetical scenario in which all risk factor
exposures are removed at the same time (and combined effects constrained to explain less
than 100% of the outcome), rather than removing the effect of single risk factors one at a
time.[25] Events attributable to elevated BMI were simulated and reported separately
because of the assumption that BMI effects are mediated exclusively through downstream
risk factors already quantified in the main analysis.

Uncertainty and Sensitivity Analyses
The range of uncertainty surrounding attributable risk estimates due to error in risk factor
risk coefficient estimates was simulated by repeating the attributable risk analysis after
substituting the lower and upper bounds of the risk factor relative risks estimated from the
Framingham Heart Study. Because the CHD Policy Model assumes a higher proportion of
incident CHD is allocated to MI at older ages and risk factor proportions or means and
relative risks may differ by age category, the proportion of the outcome attributable to a
specific risk factor may differ between MI and total CHD. Additionally, the Policy Model
assumes that for smokers, MI comprises a greater proportion of incident CHD (Appendix
Table 3). Therefore, proportion of MI explained by each risk factor in the main simulations
was compared with the proportion of total CHD explained. Attributable proportions that
were significantly different between CHD and MI outcomes were reported (significance
defined as no overlap in the 95% confidence intervals of the attributable proportion
estimates).

Because active smokers in the Argentine National Risk Factor survey reported a lower
average number of cigarettes smoked daily compared with U.S. averages (Appendix Table
4), a sensitivity analysis estimated the proportion of CHD attributable to active smoking
assuming this lower average number of daily cigarettes smoked. In order to investigate
differences in the proportion of MI attributed to smoking in the Argentina portion of the
INTERHEART Latin America study[26] (smoking defined as past or current smoking) and
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CHD Policy Model-Argentina projections (current smoking only), a sensitivity analysis
substituted the approximate active smoking odds ratio for MI from INTERHEART into the
Policy Model-Argentina after adjusting the effect size to reflect risk for total CHD including
angina (original MI odds ratio for active smokers without former smokers, 3.6, total CHD
relative risk assumed, 1.6).

The proportion of total stroke that is hemorrhagic is approximately 14% in the Framingham
Heart Study,[27] and the proportion in Argentina likely approximately 30%.[28] Because of
the stronger association of SBP with hemorrhagic stroke compared with ischemic stroke in
younger adults,[29] the proportion of total stroke attributable to SBP was re-estimated after
weighting the total stroke SBP relative risk to reflect contributions of ischemic and
hemorrhagic stroke-specific and age-specific SBP relative risks from the Asia Pacific Cohort
Studies Collaboration[29] assuming a ratio of ischemic stroke to hemorrhagic stroke of
seven to three.

Role of the funding source
The funding source had no role in study design, analysis, data interpretation, or writing of
the report.

Results
Base case risk factors and cardiovascular event rate projections, Argentina and U.S

Risk factor means and proportions measured in the Buenos Aires CARMELA sample and
the Argentina National Risk Factor Survey were similar to values from the U.S. NHANES
for adults ages 35–64 years, with the exception that active and passive smoking and mean
LDL were higher in Argentina, diabetes was less prevalent in Argentine women, mean SBP
was higher in Argentine men, and mean BMI higher in the U.S. (Table 1). Compared with
national vital statistics, model calibration for CHD and stroke deaths was good for the years
2004–2007 (Figure 1). The population of Argentine adults aged 35–84 years was 14.4
million in 2005, 11% of the U.S. population of the same ages (Table 2). Estimated age-
standardized 2005 CHD incidence rates were lower in Argentina compared with the U.S.
(4.7/1000 in Argentina vs. 6.6/1000 in the U.S.), and stroke event rates were higher
(4.2/1,000 in Argentina vs. 3.0/1000 in the U.S.).

Incident CHD and stroke attributable to risk factors in Argentina and the U.S., 2005–2015
The proportion of CHD attributable to selected major risk factors was largely similar
between Argentina and the U.S. (Table 3) except the proportion attributable to elevated SBP
was lower in U.S. men. The proportions of stroke events attributable to the CHD Policy
Model’s risk factors were also similar, except a smaller proportion of stroke was attributed
to elevated SBP in U.S. men. A large proportion (>50%) of stroke was not explained by
SBP, smoking, or diabetes exposures in Argentine women and U.S. men and women. CHD
attributable to BMI > 21 kg/m2 (mediated through SBP, LDL, HDL, and diabetes) was
substantially higher in the U.S. (38.2-34.9% men, 29.0–32.7% women) compared with
Argentina (24.4–27.9% men, 18.2-15.7% women). Albeit less dramatically, more of stroke
was attributable to BMI in the U.S. as well (20.3–21.9% in U.S. men, 12.2–19.5% in U.S.
women compared with 15.4–16.7% in Argentine men and 9.5–11.0% in Argentine women).

Sensitivity analyses
When the CHD outcome was restricted to MI, the proportion of events attributable to active
smoking in Argentina was more than two fold higher (Table 4). Compared with the analysis
with total CHD as the outcome, the proportion of MI attributable to diabetes was relatively
higher and LDL relatively lower. The same pattern of difference between total CHD and MI
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as the outcome was found for U.S. adults (data not shown). Substituting MI odds ratio for
active smokers from INTERHEART raised the proportion of MI attributed to active
smoking to 15.8% in men and 8.0% in women. Assuming a lower number of cigarettes
smoked daily in active smokers did not much effect the proportion of CHD explained.
Adjusting the SBP relative risk for total stroke to reflect a higher proportion of incident
hemorrhagic stroke in Argentina increased the proportion of total stroke explained by SBP
>115 mm Hg by 12.1 percentage points in men and 14.6 percentage points in women.

Discussion
Using the CHD Policy Model, a Markov-style computer model of CHD and stroke, we
estimated that the proportion of CHD and stroke attributable to SBP, active and passive
smoking, LDL cholesterol, HDL cholesterol, diabetes and BMI were in most cases similar in
Argentina and the United States. CHD attributable to elevated BMI was considerably more
in the U.S. compared with Argentina (>10 percentage points higher in men and women).
Adjusting blood pressure relative risks to reflect a higher propotion of hemorrhagic stroke in
Argentina led to a >12 percentage point higher proportion of total stroke attributed to
elevated systolic blood pressure.

The higher mean SBP and higher proportion of cardiovascular disease attributed to elevated
blood pressure in Argentine men may be due to the 10% rate of hypertension control in
Argentina[30] compared with >34% in U.S. men,[31,32] and lack of the same difference in
women due to low rates of hypertension control in U.S. women ≥60 years old.[32] National
blood pressure surveys and treatment guidelines have achieved a measurable degree of
success in the U.S.[33] Argentina implemented a national hypertension control program
based on World Health Organization (WHO) guidelines in 2008–2009, but the effect of this
program on blood pressure treatment and control rates has yet to be measured.

Apparent similarities in the proportion of cardiovascular disease attributable to elevated
SBP, dyslipidemia, and diabetes in Argentine and U.S. women may mask underlying
differences. The U.S. has a high prevalence of obesity compared with nations like
Argentina, presumably due to both higher caloric intake and less physical activity,[34]
though obesity prevalence may be rising in Argentina among lower income and education
status groups.[12] The much higher proportion of cardiovascular disease (particularly CHD)
attributable to elevated BMI in the U.S. suggests that a large proportion of cardiovascular
disease is associated with “secondary” high BP, dyslipidemia and diabetes (downstream of
elevated BMI), while in Argentina BMI is lower on average and “primary” high BP,
dyslipidemia and diabetes are more common. The approach of this analysis was to shift risk
factor distributions toward a lower risk level, but it did not account for differences in risk
factor distributions in the two nations. For example, while mean SBP and BMI were similar
(Table 1), SBP ≥140 mm Hg is more prevalent in Argentine men aged 35–64 years (22.5%
Argentina and 12.9% U.S.), and obesity (BMI ≥30 kg/m2) more prevalent in U.S. men of
the same ages (31.7% U.S. and 16.0% Argentina).

CARMELA reported that prevalence of hypertension (29%), elevated total cholesterol
(≥240 mg/dl, 19%), and active smoking (39%) in Buenos Aires were among the highest of
the seven Latin American cities sampled, while it was in the ‘middle of the pack’ regarding
obesity (BMI ≥30 kg/m2, 19.7%) and diabetes (6.2%).[2] In the U.S., since 1990 active
cigartette smoking, high total cholesterol, and hypertension have all declined in prevalence,
while prevalence of obesity and diabetes have increased.[35] National survey data from
Argentina indicate that active smoking has declined by an absolute 5% since 1990.[12,36]
Argentina’s trend trajectories for SBP, LDL and HDL cholesterol, passive smoking,
diabetes, and BMI are not known, and will only be known when results from the 2009–2010
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National Survey and additional population-based surveys become available. Despite a more
constrained ardiovascular disease prevention budget, Argentina has proposed several
programs aimed at controllig cardiovascular disease risk factors, such as the “Argentina
Saludable” program (http://www.msal.gov.ar/argentina_saludable/).

While future risk factor secular trends remain uncertain in Argentina, its cardiovascular
disease mortality is lower than in most other Latin American nations and has definitely been
declining since 1970.[1] The explantion for the mortality declines could be favorable trends
in risk factors, improved acute care and/or secondary prevention,[37] or a background of
progressive economic development.[38] Nonetheless, Argentina’s cardiovascular mortality
has declined less than mortality due to infectious and maternal/child diseases and
noncommunicable diseases now constitute nearly 65% of total deaths.[39] It is therefore
unclear if Argentina is entering an “epidemiologic transition” toward relatively higher
cardiovascular disease mortality experienced a century ago in high income nations like the
United States[40] and occurring in other middle income nations,[41] or if its cardivascular
disease mortality trend will be more benign. Our projected age-standardized stroke event
rates were higher in Argentina compared with the U.S. and the ratio of stroke to CHD
higher, a pattern that appears to be true for most Latin American nations.[28]

The proportion of CHD attributable to unfavorable exposures from selected risk factors in
CHD Policy Model simulations (approximately 85% of men and 80% of women) compares
reasonably well with the overall proportion of MI attributable to risk factors in
INTERHEART Latin America study using more and different risk factors (overall
proportion explained 86–88%),[26] though less well with INTERHEART overall
(proportion of MI explained 90% in men and 95% in women).[25] Estimated proportions of
CHD and MI attributable to high BP and diabetes were similar to MI attributable risks
reported by INTERHEART Latin America for Argentina, but our estimated proportion of
MI attributable to smoking in Argentina was considerably smaller ( 10.1% in men and 7.2%
in women compared with 42.5% in men and 25.7% in women in INTERHEART Latin
America).[26] Eliminating active smoking in isolation (and not in concert with other risk
factors) would bring the proportion of MI attributable to active smoking in Argentina in our
analysis to 24% in men and 10% in women. Using only active smoking prevalence, we
approximate MI smoking attributable risk to be between 23–37% in men and 12–21% in
women in INTERHEART Latin America, depending on assumed number of cigarettes
smoked per day.

Approximately half of stroke events remained unexplained by elevated SBP, smoking, or
diabetes in our simulations. When we weighted blood pressure relative risks for stroke to
reflect a higher proportion of hemorrhagic stroke in Argentina, approximately 30% of total
stroke in men and 37% in women remained unexplained by the blood pressure, tobacco
smoking, and diabetes. Our stroke analysis was limited by not including universal stroke risk
factors not measured in Argentine surveys, such as alcohol intake and atrial fibrillation,
additional cardiovascular risk factors common to CHD[25] and stroke,[42] or stroke risk
factors specific to Argentina (such as Chagas disease).[28] Our estimates of total stroke
attributable to elevated SBP and diabetes are in the range reported by INTERSTROKE.[42]
Relatively lower proportions attributed to smoking are likely mostly a function of overall
higher smoking prevalence in INTERSTROKE.

A limitation of this analysis was that active and passive smoking prevalence in Argentina
was obtained from a national survey, but other risk factor estimates used for Argentina were
from CARMELA, which sampled adults in Buenos Aires city only. Because CARMELA
sampled Buenos Aires only, estimates based on CARMELA measurements may not be
generalizable to Argentina as a whole. Risk factor means and proportions for U.S. adults are
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representative of the overall population so this analysis is limited in that U.S. race/ethnic
subgroups and urban and rural populations were not analyzed separately.

Conclusions
Computer modeling analysis of cardiovascular disease in Argentina and the U.S. suggests
that proportions of CHD and stroke attributable to major risk factors are overall similar in
the two countries. There may be underlying differences pointing to different prevention
objectives in Argentina and the U.S. For example, dietary and pharmacologic control of
blood pressure should be a high priority for Argentina, and primary prevention of obesity a
high priority in the U.S. On the whole, we projected that reducing risk factor levels to ideal
levels would reduce cardiovascular disease event rates by a least a half in Argentina and the
U.S. A highly urbanized middle-income nation can have cardiovascular disease risk factor
levels and event rates approaching those of a high-income nation, but fewer resources for
fighting the epidemic.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Crude CHD and stroke mortality rates from Argentina’s national vital statistics (Instituto
Nacional de Estatdistica y Censos, INDEC) and projected by the CHD Policy Model-
Argentina (CHDPM). The Policy Model was calibrated to match vital statistics mortality in
the base year of 2005.
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Table 4

Sensitivity analyses: percent of projected cardiovascular outcomes attributable to selected risk factors in
Argentina, 2005–2015. Risk factor risk coefficients for the main estimates were estimated from the
Framingham Heart Study and estimates include projected 95% confidence intervals based on the 95%
confidence intervals of the relative risk estimates.

Outcome
Argentina

Men Women

Acute Myocardial Infarction

 Current active Smoking

  Main estimate (95% confidence interval) 10.1 (7.6—12.8) 7.2 (5.6— 8.6)

  INTERHEART odds ratio 15.8 8.0

 Diabetes

  Main estimate (95% confidence interval) 19.8 (14.8—17.2) 16.9 (15.5—18.2)

 LDL > 78 mg/dl (2.00 mmol/l)

  Main estimate (95% confidence interval) 16.0 (12.3—19.6) 15.6 (15.1—19.7)

Coronary Heart Disease

 Current active Smoking

  Main estimate (95% confidence interval) 3.7 (2.0— 5.3) 2.8 (1.7— 3.4)

  Lower number of cigarettes/day 3.0 2.3

  INTERHEART odds ratio 7.1 6.3

Total stroke

 SBP > 115 mm Hg

  Main estimate (95% confidence interval) 41.8 (37.5—47.3) 34.4 (29.4—40.9)

  Relative risk weighted for higher proportion hemorrhagic stroke in Argentina 53.9 49.1
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