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Summary 53 
 54 
Background: Treatment of cardiovascular risk factors based on disease risk requires valid risk 55 

prediction equations. Our aim was to develop, and to apply in example countries, a 56 

cardiovascular disease (CVD consisting here of coronary heart disease or stroke) risk prediction 57 

equation that can be recalibrated and updated for application in different countries using 58 

routinely available information. 59 

 60 

Methods: We used data from 8 cohort studies to estimate coefficients of the risk score using 61 

proportional hazards regressions. The risk equation included smoking, blood pressure, diabetes, 62 

and total cholesterol and allowed the effects of sex and age on CVD to vary across cohorts or 63 

countries. We developed risk equations for fatal CVD and for fatal-plus-non-fatal CVD. We then 64 

used the risk prediction equation, and data from recent national health surveys, to generate risk 65 

charts and estimate the proportion of population at different levels of CVD risk in 11 countries 66 

from different regions. 67 

 68 

Findings: The risk score discriminated well in internal and external validations with C statistics 69 

generally ≥70%. At any age and risk factor level, the estimated 10-year fatal CVD risk varied 70 

substantially across countries, being lowest in South Korea, Spain, Japan and Denmark, and 71 

highest in Czech Republic, China, Iran and Mexico. The prevalence of people at high fatal CVD 72 

risk was lowest in South Korea, Spain and Denmark where only 5-10% of men and women had 73 

>10% risk, and 62-77% of men and 79-82% of women had <3% risk. Conversely, the proportion 74 

of people at high risk was largest in China and Mexico: 33% of Chinese men and 28% of women 75 
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had a 10-year fatal CVD risk of ≥10%. In Mexico the prevalence of high-risk was 16% for men 76 

and 11% for women.  77 

 78 

Interpretation: We developed a CVD risk model that can be recalibrated for application in 79 

different countries using routinely available information. The estimated percentage of people at 80 

high fatal CVD risk was higher in low- and middle-income countries than in high-income 81 

countries. 82 

 83 
 84 
Funding: US National Institutes of Health (NIDDK: 1R01-DK090435), UK Medical Research 85 
Council, Wellcome Trust      86 
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Introduction 87 

It is now widely accepted that treatment for cardiometabolic risk factors like blood pressure and 88 

cholesterol should be based on disease risk, as opposed to the levels of individual risk factors.1-3 89 

Risk-based treatment is included in clinical guidelines in many countries,4, 5 although debate 90 

continues on the appropriate threshold for treatment. Risk-based multidrug treatment and 91 

counselling has also been evaluated as a cost-effective intervention for reducing the burden of 92 

non-communicable diseases (NCDs) globally.6 As a part of the global response to NCDs, 93 

countries have agreed to a target of 50% coverage of multidrug treatment and counselling for 94 

people aged 40 years and older who are at high risk of cardiovascular disease (CVD), including 95 

coronary heart disease (CHD) and stroke.7 96 

 97 

Risk-based treatment requires predicting CVD risk for each individual, which is most accurately 98 

done using risk prediction equations (often via risk charts or web-based risk calculators).3, 8, 9 99 

Measuring progress towards the global NCD treatment target needs information on how many 100 

people in each country who are at high risk of CVD, which also requires an appropriate risk 101 

prediction equation as well as nationally representative data on risk factors. Risk prediction 102 

equations developed in one population cannot be satisfactorily applied to other populations, or 103 

even used in the same country years after they were originally developed due to changes in both 104 

risk factor levels and average disease risks.10, 11 This problem is dealt with by recalibrating the 105 

model, which involves resetting the average risk factor and disease risks to the levels observed in 106 

the target population. For example, the Framingham risk score has been updated several times 107 

and recalibrated for application in different countries with mixed results.12-16 The SCORE 108 

(Systematic Coronary Risk Evaluation) risk score, whose coefficients were estimated from 109 
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European cohorts9, has also been recalibrated and applied to various European populations with 110 

variable results.11, 17, 18 The World Health Organization (WHO) developed a series of regional 111 

CVD risk charts in 2007.3 However, the coefficients of the risk prediction equation used to 112 

develop these charts were taken from epidemiological studies on one risk factor at a time, i.e., 113 

the coefficients for different risk factors were not derived from the same regression model or 114 

even from a consistent set of cohorts.19 Further, the risk charts were only produced at the 115 

regional and not country level even though the determinants of CVD and mortality vary across 116 

countries in the same region.  117 

 118 

In this paper, we develop and present a risk prediction equation that can be recalibrated and 119 

updated for use in different countries using routinely available information. We estimate the 120 

coefficients of the risk prediction equation from pooled analysis of prospective cohort studies. 121 

We then recalibrate and apply the risk equation to nationally representative data on risk factors in 122 

countries from different regions to generate risk charts and estimate the distributions of 10-year 123 

fatal CVD risk. 124 

 125 

Methods 126 

Overview 127 

A risk prediction equation (or risk score) estimates a person’s risk of CVD over a specific period 128 

(e.g., 10 years) based on the person’s levels of risk factors and the average CVD risk in the 129 

population. The risk score has a set of coefficients, usually hazard ratios (HRs), each of which 130 

quantify the proportional effect of the risk factor on CVD risk. There is strong evidence from 131 

cohort pooling and multi-country studies that HRs for major CVD risk factors are similar in at 132 
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least Western and Asian populations as well as over time in the same population,20-22 although 133 

more data are needed from Africa and Latin America. Average CVD risk, on the other hand, 134 

differs substantially across populations and over time due to differences in both mean risk factor 135 

levels and other determinants of CVD including access to and quality of healthcare, and 136 

environmental, genetic, psychosocial and foetal and early childhood factors. In other words, the 137 

same levels of risk factors are associated with different CVD risks in populations with low vs. 138 

high event rates. Therefore, when applying a risk score to a new population, the two components 139 

of the risk score (i.e., the average risk factor levels and the average CVD risk) need to be 140 

replaced by the corresponding numbers from the target population, a process referred to as 141 

recalibration.8 Below, we describe a risk prediction equation that can be recalibrated and updated 142 

for use in different countries. In addition, our risk prediction equation allows the age-pattern of 143 

CVD risk to vary by sex and across populations and further allows the proportional effect of risk 144 

factors to vary by age; neither of these features was included in previous risk scores. 145 

 146 

Data 147 

To estimate the coefficients of the risk prediction equation, we pooled individual-level data from 148 

8 prospective cohorts (Atherosclerosis Risk in Communities, Cardiovascular Health Study, 149 

Framingham Heart Study original cohort, Framingham Heart Study offspring cohort, Honolulu 150 

Heart Program, Multiple Risk Factor Intervention Trial, Puerto Rico Heart Health Program, and 151 

Women’s Health Initiative Clinical Trial). Information on these cohorts including additional 152 

references is summarized on Appendix page 5. We pooled data from multiple cohorts because it 153 

enhances statistical power which in turn allows including interaction terms between age or sex 154 

and risk factors, and because pooling reduces the influence of between-cohort variation on 155 
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coefficients. We included participants who at baseline were 40 years of age or older (as there 156 

were few events in younger participants); did not have a history of CHD or stroke; were not 157 

missing data on the selected risk factors; and did not have biologically implausible risk factor 158 

levels as defined in Figure 1.  159 

 160 

In our primary analysis, we developed a risk score for fatal CVD only. Although both fatal and 161 

non-fatal CVD are important for clinical and public health applications, national data on average 162 

death rates are much more reliable than those on disease incidence, even in high-income 163 

countries. Therefore a risk score based on mortality can be more easily recalibrated than one that 164 

includes both fatal and non-fatal CVD, an approach also used for SCORE.9 We also present risk 165 

scores for fatal plus non-fatal CVD for application in countries with high-quality data on total 166 

CVD incidence. We used event data as defined by each cohort’s event adjudication committee. 167 

Fatal CVD was defined as death from ischaemic heart disease or sudden cardiac death (ICD10 168 

codes I20 to I25) or death from stroke (ICD10 codes I60 to I69); fatal plus non-fatal CVD was 169 

defined as fatal CVD or non-fatal myocardial infarction (ICD10 codes I21-I22) or stroke. 170 

 171 

Statistical Analysis 172 

We used Cox proportional hazards regression to estimate the coefficients of the risk scores. The 173 

models were stratified by cohort and sex because the age and sex patterns of CVD incidence and 174 

mortality may differ across populations, e.g., with events generally happening at younger ages in 175 

low- and middle-income countries than in high-income nations.23 Importantly, this formulation 176 

of the risk prediction equation, described in detail in the Appendix, also allows recalibration of 177 

the risk equation for each age and sex group in any country by using age-and-sex-specific mean 178 
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risk factor levels and age-and-sex-specific CVD death rates. Some of the cohorts have a very 179 

long follow-up time (e.g., > 50 years in the original Framingham cohort); after such a long time, 180 

baseline risk factor data may have little value in predicting CVD events. Therefore, we used data 181 

from a maximum follow-up of 15 years, after which we considered all participants 182 

administratively censored. 183 

 184 

The risk factors in the model were systolic blood pressure, serum total cholesterol (TC), diabetes, 185 

and smoking (age and sex were included in the risk score as a part of event rate as described 186 

above and in the Appendix). We defined diabetes using fasting (FPG), casual (CPG), or 187 

postprandial plasma glucose (PPG), depending on the available data in each cohort (FPG ≥ 126, 188 

CPG ≥ 200, or 1-hour PPG ≥ 225 mg/dL24 plus those participants using insulin or oral 189 

hypoglycaemic medications). We used TC because it can be measured more easily and with less 190 

cost than HDL or LDL cholesterol, and is therefore measured more commonly in low- and 191 

middle-income countries.25 We considered the use of body mass index (BMI) in addition to the 192 

above risk factors but did not include it in the final model as it did not improve risk prediction. 193 

We allowed the coefficients of all risk factors to vary by age by including interaction terms 194 

because prospective studies have shown that CVD hazard ratios often decline with age.20, 26, 27 195 

We also included interaction terms between sex and diabetes as well as sex and smoking because 196 

there is evidence of sex differences in the proportional effects of these risk factors on CVD.28, 29 197 

 198 

Validation of the risk score 199 

In our validation, we used Harrell’s C statistic,30 which measures the ability of the risk score to 200 

assign a higher risk to subjects with shorter time to event, a property known as discrimination. 201 
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We also assessed the calibration of the risk score using the Hosmer-Lemeshow Chi-square test to 202 

compare the predicted number of events over 10 years of follow-up with the observed number of 203 

events (corrected for loss to follow-up using the Kaplan-Meier estimator) by deciles of risk. We 204 

validated the model in three different ways. First, we conducted internal validation in the pooled 205 

cohorts used for estimating the risk factor coefficient. Second, we iteratively withheld each one 206 

of the eight cohorts from the Cox model and used the other seven cohorts to estimate the 207 

coefficients; we then validated the obtained model against the withheld cohort. Finally, we 208 

validated the model against three cohorts that had not been used in the estimation: the Scottish 209 

Heart Health Extended Cohort (SHHEC), the Tehran Lipid and Glucose Study (TLGS), and the 210 

Australian Diabetes, Obesity and Lifestyle (AusDiab) study. Characteristics of these three 211 

cohorts are shown on Appendix page 7. The validation analysis was done for participants who 212 

were 40-80 years old at baseline.  213 

 214 

Application of the risk score in national populations 215 

We used the risk score to estimate the 10-year risk of fatal CVD in eleven countries with recent 216 

nationally representative health examination surveys in different world regions (China, Czech 217 

Republic, Denmark, England, Iran, Japan, Malawi, Mexico, South Korea, Spain, and the USA) 218 

(Appendix page 6). We first recalibrated the risk score for each country by replacing the age-219 

and-sex-specific average risk factor levels from the cohorts with those observed in the country’s 220 

health examination survey, and replacing the age-sex-specific hazard of CVD with CVD death 221 

rates from WHO (Appendix page 8)31. The detailed recalibration procedure for country 222 

application is described in the Appendix, and shown in Figure 2.  223 

 224 
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We used the recalibrated risk scores to generate country-specific risk charts for the eight 225 

countries where the health examination surveys covered the full 40-84-years age range. We used 226 

the recalibrated risk scores and individual-level data from the health examination surveys to 227 

estimate the distributions of 10-year risk of fatal CVD in each country. For presentation 228 

purposes, we used risk groups of <3%, 3-6%, 7-9%, 10-14% and ≥15% that are nearly equivalent 229 

to <10%, 10-20%, 20-30%, 30-45% and ≥45% for fatal-plus-non-fatal CVD if one third of CVD 230 

events are fatal, as is in many high-income countries.32-34 If case-fatality is higher, e.g., in low-231 

income countries with limited access to treatment, the fatal CVD cut-offs correspond to lower 232 

risks of fatal-plus-non-fatal CVD. Country results account for complex survey design by using 233 

sample weights if they were available. 234 

 235 

All analyses were done with Stata 11.0. The study protocol was approved by the institutional 236 

review board at the Harvard School of Public Health (Boston, USA). The risk prediction tool 237 

will be available online at www.globorisk.org in 2015. 238 

 239 

Role of the funding source 240 

The sponsors of the study had no role in study design, data collection, data analysis, 241 

interpretation of the data, or in the writing of the report. KH, PU, MDC, BZ and GD had access 242 

to the data. The corresponding author had the final responsibility to submit for publication.  243 

 244 

Results 245 

After applying eligibility criteria, 50,129 participants were included in the estimation of the 246 

proportional hazards models (Figure 1). One-third of eligible participants were women, and the 247 



12 
 

mean (SD) of age at baseline was 55 (9) years (Figure 1 and Appendix page 5). During 15 years 248 

of follow-up, 4,228 men (12.7% of participants) and 1,814 women (10.8%) had a first CVD 249 

event; of these 1,703 CVD events in men and 562 in women were fatal. Women had a lower risk 250 

of fatal CVD (10-year risk was 2.3% in women vs. 3.9% in men, p<0.0001). Smoking, diabetes, 251 

and higher blood pressure and cholesterol were associated with increased risk of fatal CVD as 252 

well as fatal plus non-fatal CVD. The magnitude of the association for all risk factors declined 253 

with age in both models (Table 1), and the associations of diabetes and smoking with CVD were 254 

stronger in women. The age and sex results are consistent with findings of previous pooled 255 

analyses of prospective cohorts.20, 26-29   256 

 257 

Validation of the risk score 258 

Our fatal CVD risk score performed well in internal validation, with a C statistic of 71% (95% 259 

CI 70-73) and calibration Chi-square of 8.2 (p=0.51). Median C statistics was 73.5% with a 260 

range of 60-78% when data from different cohorts were held back and used for validation. 261 

Predicted and observed risks of fatal CVD were similar across different cohorts and deciles of 262 

risk (Figure 3), and the median Chi-square was 10.0 (p=0.35) with a range of 6.1 (p=0.73) to 263 

24.7 (p=0.0034) across the eight cohorts (Appendix page 7). When applied in SHHEC, C 264 

statistics for the fatal CVD risk score was 74% (71-77) and calibration Chi-square 8.2 (p=0.52). 265 

The corresponding values for TLGS were 83% (79-86) and 9.0 (p=0.44); and for AusDiab, 84% 266 

(82-87) and 35.4 (0.0001).  The poor calibration of AusDiab occurs predominantly in the highest 267 

decile of predicted risk (average observed risk of 13.1% and average predicted risk of 22.4%). 268 

Chi-square was 12.8 (p=0.12) when we excluded this category.  269 

 270 
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Application of the risk score in national populations 271 

At any age and risk factor level, the estimated 10-year risk of fatal CVD varied substantially 272 

across countries being lowest in Japan, South Korea, Spain, Denmark and England, and highest 273 

in China and Mexico for both sexes (as well as in Czech Republic and Iran for which risk charts 274 

are not shown because their surveys only included participants aged ≤ 65 years) (Figure 4). For 275 

example, a non-smoking 65 year-old man with diabetes and a SBP of 140 mmHg and a TC of 6 276 

mmol/L would have an estimated 10-year risk of fatal CVD of 5% in Japan vs. 24% in China; 277 

the corresponding risks would be 9% and 36% if he smoked. Similarly, the 10-year risk of fatal 278 

CVD for a 65 year-old woman with the same risk factor profile would be 3% in Japan and Spain 279 

versus 33% in China if she does not smoke; and 6% versus 58% if she smoked.  280 

 281 

We found substantial differences in fatal CVD risk distributions across countries (Figure 5). In 282 

South Korea, 77% of men aged 40-84 years had a predicted 10-year risk of fatal CVD of <3%, 283 

and only 7% had a predicted risk of ≥10%. South Korea was followed by Spain (67% with <3% 284 

fatal CVD risk, and 9% with ≥10% risk) and Denmark (62% and 10%) in terms of having a large 285 

proportion of men in low-risk groups. The same three countries also had the largest proportions 286 

of women in the low-risk group: South Korea had 82% with <3% fatal CVD risk and 7% with 287 

≥10% risk; Spain had 80% and 6%; and Denmark had 79% and 5%. More people in Japan were 288 

in the medium-high risk groups than in these three countries, because Japan has an older 289 

population. A larger proportion of men and women in the USA were at ≥10% risk of fatal CVD 290 

than those of Denmark, South Korea, and Spain; in fact, the prevalence of high-risk women in 291 

the USA (11%) and England (10%) were more similar to Mexico (11%) than to other high-292 

income countries. At the other extreme, the proportion of people at high risk of fatal CVD was 293 
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largest in China, where 33% of men and 28% of women had a predicted 10-year risk of ≥10%. 294 

These proportions translate to nearly170 million Chinese men and women between 40 and 84 295 

years of age who are at high risk of fatal CVD. China was followed by Mexico (16% for men 296 

and 11% for women). 297 

 298 

When we separately analysed the risk distributions for people <65 years and those ≥65 years of 299 

age (which allowed the inclusion of three additional countries with data only available for 300 

individual <65 years of age) the prevalence of high fatal CVD risk was consistently highest in 301 

low- and middle-income countries and in the Czech Republic (Figure 5). More than 90% of the 302 

65-84 year old Chinese men and women had a 10-year fatal CVD risk ≥10%; over 80% of men 303 

and 70% of Chinese women had a ≥15% risk. In contrast, the proportion of older Japanese with 304 

10-year fatal CVD risk ≥10% was 28% for men and 17% for women, and in Spain, the 305 

proportions were 29% for men and 17% for women. 306 

 307 

Discussion 308 

We analysed pooled data from prospective cohorts to develop a CVD risk prediction equation 309 

which can be recalibrated and updated for use in different countries and years using routinely 310 

available information. Our risk score, and the risk charts that can be generated from it, have 311 

clinical as well as public health applications, for identifying individual patients who are at high 312 

risk of CVD and thus need treatment, and for estimating the number of such people in the 313 

country which is needed to measure progress towards the global NCD treatment goal. In addition 314 

to the risk score and risk charts, our results suggested a substantially higher prevalence of people 315 

at high CVD risk (e.g., ≥ 10% 10-year risk of fatal CVD) in low- and middle-income countries 316 
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compared with high-income countries. Our findings are supported by the recent report from the 317 

Prospective Urban and Rural Epidemiological study showing that at any level of risk factor 318 

exposure the rates of major CVD events were higher in low- and middle-income countries than 319 

in high income countries.38   320 

 321 

Methodologically, our risk score is consistent with the derivations and recalibrations of the 322 

Framingham risk score, SCORE and the American College of Cardiology/American Heart 323 

Association Pooled Cohort Risk Equations,11-18, 39 including the use of fatal CVD in SCORE to 324 

allow recalibration in different countries (panel). Nonetheless, we also developed a risk score for 325 

fatal-plus-non-fatal CVD, for use in countries with data on CVD incidence. Our reformulation of 326 

the risk model to include age- and sex-specific death rates, while epidemiologically well-327 

established 40 allows taking into account the fact that the age and sex patterns of CVD vary 328 

across countries and over time. Our risk score also overcomes the methodological limitation of 329 

the current WHO risk charts,3 whose coefficients are based on separate analyses of individual 330 

risk factors versus using coefficients that are estimated in a regression model that includes all the 331 

risk factors together.41 Other strengths of our study are the use of multiple high-quality 332 

prospective cohorts; good performance in external validation; and application to individual-level 333 

nationally representative data from countries in different world regions to estimate the 334 

prevalence of high-risk individuals, as opposed to summary statistics used in a previous global 335 

analysis.3 The use of individual-level data accounts for the fact that the correlations among risk 336 

factors vary across countries and time.42  337 

  338 
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Panel 339 

Research in context 340 

Systematic review 341 

We assessed risk scores for cardiovascular diseases reported in a recent overview article43 and a 342 

systematic review of 102 models from 84 studies published between January 1, 1999 and 343 

February 24, 2009.44 We then searched Pubmed for articles published between February 25, 344 

2009 and September 10 2014 using combinations of the terms “risk score” or “risk scores” or 345 

“risk prediction” and “cardiovascular disease”, “coronary heart disease” or “stroke” in the 346 

publication title. We identified studies published in English that developed a risk score for a 347 

healthy adult population free from cardiovascular disease at baseline; the study outcome was 348 

fatal or non-fatal coronary heart disease or stroke; and a risk score model was developed and 349 

validated in the population. We also searched the reference lists of the identified studies.  350 

We reviewed the identified articles and assessed the generalizability of the risk scores across 351 

populations. A large number of the reviewed articles aimed at improving prediction by adding 352 

new risk factor(s) to the model; recalibrating a risk score for validation in a new population; or 353 

developing a new risk score for a specific population. A few risk scores were devised for use 354 

across different populations. The SCORE model predicts risk of death from cardiovascular 355 

diseases and provides separate risk scores for higher risk and lower risk countries of Europe.9 356 

The American College of Cardiology/American Heart Association Pooled Cohort Risk Equations 357 

provide race-and sex-specific risk scores for the US.39 The World Health Organization has 358 

developed risk charts for each specific WHO subregion, although cardiovascular risk patterns 359 

may differ between countries within the same subregion and the coefficients for the risk factors 360 

in the model were not derived from the same regression model or even the same set of 361 
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epidemiological studies.3 Finally, the INTERHEART Modifiable Risk score was developed from 362 

a multi-country case-control study of myocardial infraction, in contrast to other models that are 363 

based on prospective cohorts.45  364 

Interpretation  365 

We have developed a novel risk score for cardiovascular disease which can be recalibrated and 366 

updated for use in different countries and years using routinely available information. The risk 367 

equation was specified such that the effects of sex and age on cardiovascular risk are allowed to 368 

vary across countries and performed well in external validation. When the risk score was 369 

recalibrated and applied to a number of example countries, low- and middle income countries 370 

had a higher prevalence of people with high 10 year risk of fatal cardiovascular disease 371 

compared to high income countries. Our prediction equation can be used as a unified risk score 372 

across countries.  373 

  374 
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Our study also has some limitations. First, although using multiple cohorts is an improvement 375 

compared to a single cohort in some other risk prediction equations, our cohorts were all from 376 

the USA. Nonetheless these cohorts included diverse ethnic groups. Further, there is abundant 377 

evidence from multi-country studies that the proportional effects of cardiovascular risk factors 378 

are similar across Western and Asian populations.20-22 It would be ideal to replicate our analysis 379 

with a larger number of cohorts, including cohorts from different world regions, to re-confirm 380 

this similarity. Second, although we developed risk scores for both fatal CVD and for fatal-plus-381 

non-fatal CVD, our country applications necessarily had to estimate the risk of fatal CVD 382 

because for most countries CVD incidence rates are not available. This shortage of data on non-383 

fatal CVD demonstrates the need for monitoring CVD incidence, for example through data 384 

linkage or through sentinel sites, as has been done for cancer registries. Third, in addition to 385 

people with hazardous risk factor profiles, CVD risk is also high in people who have had a 386 

previous cardiovascular event, e.g., a prior coronary event or stroke. There is a need to have 387 

information on individual patients with such disease histories and on their prevalence in the 388 

population. For example, 9% of American men and 7% of American women in the 2011-2012 389 

NHANES survey had a history of CHD or stroke. Fourth, although WHO uses demographic and 390 

epidemiological methods to make valid and comparable estimates of death rates by underlying 391 

cause31, there is potential for inconsistent or incomparable assignment of underlying cause of 392 

death at the time of certification. Further, in countries without vital registration, CVD death rates 393 

are necessarily estimated using partial information and demographic and epidemiological 394 

methods. Finally, lifetime risk can be an alternative relevant measure of risk for young 395 

individuals who may be assigned a low 10-year risk of CVD despite having elevated risk 396 

factors.46  397 
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 398 

Randomized trials have established the benefits of risk factor treatment in people with high 399 

absolute disease risk, leading to multidrug therapy as a corner stone of CVD prevention, and 400 

included in clinical guidelines in many countries. With many antihypertensive drugs and some 401 

statins becoming off-patent and available at relatively low cost, these treatments are considered 402 

essential medicines for NCD prevention worldwide.47 Yet, access to these treatments remains 403 

low in low- and middle-income countries.48 The obstacles to large scale risk-based prevention 404 

are both technical, i.e., a lack of guidelines for risk estimation and treatment, as well as those 405 

related to health systems including financial, infrastructure and health personnel barriers to 406 

primary care access. Our risk prediction equation helps overcome the technical barrier for global 407 

application of risk stratification and will engender a debate about health systems needs by 408 

allowing the calculation of the coverage of risk-based treatment in different countries. 409 
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Table 1: Coefficients and hazard ratios (HR) from the Cox proportional hazard model used to 435 

parameterize the risk scores for fatal CVD and fatal plus non-fatal CVD. 436 

 Coefficient (logHR) 
HR (95% CI) † 

Main effect (SE) Age interaction term (SE)* 

Fatal CVD 

Systolic blood pressure (per 10 mmHg) 0.3412 (<0.001) -0.0024 (0.002) 1.20 (1.18-1.22) 

Total cholesterol (per 1 mmol/L) 0.5776 (<0.001) -0.0063 (<0.001) 1.18 (1.13-1.22) 

Diabetes 1.4557 (<0.001) -0.0101 (0.048) 2.21 (1.93-2.52) 

Diabetes*female sex 0.4430(<0.001) - 1.56 (1.22-1.99) 

Smoking  1.7657 (<0.001) -0.0174 (0.001) 1.85 (1.66-2.06) 

Smoking*female sex 0.2649 (0.034) - 1.30 (1.02-1.67) 
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Fatal plus non-fatal CVD 

Systolic blood pressure (per 10 mmHg) 0.1077 (0.004) 0.0002 (0.668) 1.13 (1.12-1.14) 

Total cholesterol (per 1 mmol/L) 0.5533 (<0.001) -0.0059 (<0.001) 1.19 (1.17-1.22) 

Diabetes 1.0721 (<0.001) -0.0078 (0.029) 1.77 (1.61-1.94) 

Diabetes*female sex 0.3902 (<0.001) - 1.48 (1.27-1.72) 

Smoking 2.0872 (<0.001) -0.0250 (<0.001) 1.63 (1.52-1.74) 

Smoking*female sex 0.3384 (<0.001) - 1.40 (1.23-1.60) 

 437 

* We included an interaction term between age and all risk factors because the HRs for effects 438 

on CVD decline with age. 20, 26, 27 Therefore the HR at any age depends on the main and 439 

interaction terms.  440 

† The HRs for systolic blood pressure, total cholesterol, diabetes, and smoking are shown here at 441 

the median age of event, which is 66 years for fatal CVD and 64 years for fatal plus non-fatal 442 

CVD in the selected cohorts. HRs for diabetes and smoking are for men, and its interaction with 443 

sex shows the additional risk among women. 444 
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Figure 1: Flowchart of inclusion and exclusion of cohort participants* 
 
* HHP, MRFIT, and PRHHP include only men, and WHICT only women. † Only a subset of 
WHICT participants had cholesterol and fasting glucose measurements by design. ‡ Implausible 
data were considered as total cholesterol <1.75 or >20 mmol/L, systolic blood pressure <70 or 
>270 mmHg, and body mass index >80 kg/m2. 
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Figure 2: Procedure for recalibration and application of the (fatal) CVD risk score 
 

The figure shows the steps for applying the risk prediction equation for fatal CVD to individuals 
in different countries through recalibration. The figure uses the example of a 60-year-old man in 
the USA in 2011 with risk factor levels as shown in the figure. For recalibration of the fatal plus 
non-fatal CVD risk score, coefficients from the corresponding model in Table 1 and rates for 
total CVD events should be used.   
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Figure 3: Observed and predicted 10-year risk of fatal CVD event in risk score validation, by 
cohort and deciles of risk 
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Figure 4: Country risk charts for 10-year risk of fatal CVD 
 
* To establish a person’s risk, first the column representing the person’s sex, smoking, and 
diabetes status should be found. Then the cell representing the person’s age, total cholesterol and 
systolic blood pressure levels should be located.  
 
Total (fatal or non-fatal) 10-year CVD risk would be higher than those seen in the figure by the 
ratio of total-to-fatal CVD event rates. For example, total risk for a person aged 60 years old and 
living in a high-income country, where about a third of all CVD events are fatal, would be three 
times higher. Total-to-fatal CVD ratio tends to go down with age, i.e. more fatal CVD events in 
older ages.32,35-37 Total-to-fatal CVD ratio is likely lower in low- and middle-income countries 
where more CVD events are fatal due to lower healthcare and treatment access, and may be 
closer to 2. 
 
Risk charts are not shown for Czech Republic, Iran, and Malawi because their health 
examination surveys did not include older participants. 
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Figure 5: Distributions of 10-year risks of fatal CVD by country, sex, and age group. 
 
Results for Czech Republic, Iran, and Malawi are shown only for 40-64 years of age because 
older individuals were not enrolled in the national health examination surveys.  
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