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ABSTRACT
Background: The Framingham risk model is recommended for esti-
mating 10-year cardiovascular disease (CVD) risk in Canada. Its 
simplified version (Framingham-SP) replaces lipids with body mass 
index, eliminating the need for laboratory testing. The predictive 
performance of the Framingham-SP in Canada is unknown. This 
external validation study assessed the discrimination and calibration 
of the Framingham-SP model in a prospective cohort from Quebec, 
Canada.
Methods: The study sample included 3692 women and 3671 men 
free of CVD at baseline (1999-2001; follow-up until 2011). Incident 
CVD events were identified using medico-administrative databases. 
Multiple imputation was used to handle missing data. Discrimination 
was assessed using C-statistics. Calibration was evaluated using 
calibration-in-the-large, absolute difference, and discordance. 
Results: Over the 10-year follow-up, 211 CVD events occurred among 
women and 453 occurred among men. For women, the predicted 10-
year CVD risk was 4.07% (95% confidence interval [CI]: 3.94-4.20), 
and the observed risk was 5.72% (95% CI: 5.01-6.51). The C-statistic

R �ESUM � E
Contexte : Le modèle de risque de Framingham est recommand� e au 
Canada pour estimer le risque de maladie cardiovasculaire (MCV) à 10 
ans. Sa version simplifi� ee (Framingham-SP) remplace les taux 
lipidiques par l’indice de masse corporelle, � eliminant ainsi le besoin de 
tests en laboratoire. La performance pr� edictive du modèle 
Framingham-SP au Canada est inconnue. Cette � etude de validation 
externe a � evalu� e la discrimination et la calibration du modèle 
Framingham-SP dans une cohorte prospective du Qu� ebec, au Canada. 
M� ethodologie : L’� echantillon de l’� etude comprenait 3 692 femmes et 
3 671 hommes sans MCV au d� epart (1999-2001 ; suivi jusqu’en 
2011). Les cas incidents de MCV ont � et� e identifi� es dans les bases de 
donn� ees m� edico-administratives. Une imputation multiple a � et� e uti-
lis� ee pour traiter les donn� ees manquantes. La discrimination a � et� e
� evalu� ee à l’aide de la statistique C (indice de concordance). La cali-
bration du modèle a � et� e � evalu� ee à l’aide de la calibration globale, de 
la diff� erence absolue et de la discordance.
R� esultats : Au cours du suivi de 10 ans, 211 cas incidents de MCV sont 
survenus chez les femmes et 453 chez les hommes. Chez les femmes, le

Cardiovascular diseases (CVDs) are the leading cause of mor-
tality and morbidity worldwide, responsible for an estimated 
17.9 million deaths annually and accounting for 393 million 
disability-adjusted life years (DALYs) globally. 1 In Canada, 
CVDs remain a major public health concern, contributing to 
nearly 1 in 4 deaths and generating substantial healthcare ex-
penditures, exceeding $21 billion annually. 2,3 Early identifi-
cation of individuals who have an elevated risk for CVD is 
essential to prevent disease development through timely life-
style changes and pharmacologic interventions.
Risk prediction models are central to primary prevention 

strategies, enabling the identification of individuals at risk
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before CVDs occur. The 10-year Framingham Risk Score 
(FRS) 4 is recommended by Canadian national guidelines for 
estimating overall cardiovascular risk. 5-7 The FRS estimates 
risk based on age, sex, systolic blood pressure, smoking status, 
diabetes, and lipid levels and supports decision-making 
regarding the management of dyslipidemia, hypertension, 
and diabetes. 4

A simplified version of the FRS, the Framingham-SP model, 
replaces lipid levels with body mass index (BMI), while main-
taining comparable predictive performance. 8 By eliminating the 
need for laboratory tests, the Framingham-SP provides a prac-
tical alternative for routine risk assessment in nonclinical set-
tings. The Framingham-SP can be used to support initial 
screening by nonphysician professionals (eg, physiotherapists, 
kinesiologists, fitness trainers), to facilitate immediate lifestyle 
counselling in workplace and community settings, and 
encourage individual assessment through online calculators and 
mobile apps. The Framingham-SP also can facilitate broader 
applications in population health research and public health 
surveillance. 8,9 Finally, this model also can be valuable as a 
pragmatic triage and counselling tool, supporting risk-
modulated referral to primary care for confirmatory laboratory 
testing and pharmacotherapy when indicated. Although Canada 
has strong laboratory capacity, access to preventive care remains 
uneven. In 2023, nearly 17% of Canadian adults, close to 7 
million people, reported not having a regular family doctor, 
nurse practitioner, or other primary care provider. 10,11 In this 
context, a simplified risk assessment is relevant to promote 
equitable access to cardiovascular risk evaluation.
The predictive performance of the Framingham-SP model 

in Canada is unknown. The lack of validation in Canada may 
limit confidence in its applicability and the ability of guide-
line developers to endorse its use. 6 This study, therefore, 
aimed to evaluate the 10-year predictive performance of the 
Framingham-SP model in a Canadian prospective cohort.

Material and Methods

The PROspective Quebec (PROQ) cohort

Participants were recruited into the PROQ cohort between 
1991 and 1993, including 9188 individuals aged 18-65 years,

representing 75% of all workers in participating organizations 
who were invited and agreed to enroll in the study. 12 Medico-
administrative data were available for 96% of the cohort, 
enabling the identification of CVD events that occurred from 
January 1, 1991 onward. Informed consent was obtained from 
all participants, and the study was approved by the ethics 
committee of the Centre de Recherche du CHU de Qu�ebec— 
Universit�e Laval. Data can be made available from the corre-
sponding author upon reasonable request.

Study reporting

The research reported in this paper is an external valida-
tion study and adhered to the TRIPOD+AI (Transparent 
Reporting of a Multivariable Prediction Model for Individual 
Prognosis or Diagnosis) guidelines. 13

Study population

At the first in-person follow-up visit of the PROQ cohort 
(1999-2001), 8120 of the 9188 original participants attended 
the visit (88%), corresponding to 90% of those eligible for 
follow-up (ie, still alive at the time of the visit; 117 participants 
had died between recruitment and this follow-up visit). 12 This 
visit was considered the analytical baseline for assessing CVD 
risk factors. Prevalent CVD cases (n = 651) were excluded 
using 2 complementary sources. Before January 1, 1991, his-
tory of CVD was based on self-report at cohort entry. From 
January 1, 1991 onward, prevalent cases were ascertained 
through validated linkage with Quebec’s medico-
administrative databases. Additional exclusions were applied 
for age (< 30 years, n = 28; ≥ 75 years, n = 5), participants 
who had moved out of the province between baseline and 
follow-up (n = 5), and absence of administrative data linkage 
(n = 68). In total, 7363 participants (3692 women and 3671 
men) were included in the analytic sample (Fig. 1).

Cardiovascular disease

Incidence of CVD was defined as follows: the first 
occurrence of coronary heart disease, stroke or transient 
ischemic attack, congestive heart failure, or peripheral artery 
disease; or cardiovascular death (Table 1). Events were 
ascertained using validated algorithms 14-17 applied to

was 0.72 (95% CI: 0.68-0.76). For men, the predicted risk was 
11.73% (95% CI: 11.44-12.02), and the observed risk was 12.34% 

(95% CI: 11.32-13.44). The C-statistic was 0.72 (95% CI: 0.69-0.74). 
Overall, calibration was lower among women, particularly those in 
intermediate and high predicted risk categories.
Conclusions: The Framingham-SP model demonstrated acceptable 
predictive performance in this Canadian cohort. Its simplified format 
may help support preliminary CVD risk assessment and lifestyle 
counselling, including in nonclinical settings, while remaining com-
plementary to guideline-based clinical evaluation. Recalibration may 
improve performance among high-risk women.

risque pr� edit de MCV à 10 ans � etait de 4,07 % (intervalle de confiance 
[IC] à 95 % : 3,94-4,20) et le risque observ� e � etait de 5,72 % (IC à 95 % 

: 5,01-6,51). La statistique C � etait de 0,72 (IC à 95 % : 0,68-0,76). 
Chez les hommes, le risque pr� edit � etait de 11,73 % (IC à 95 % : 
11,44-12,02) et le risque observ� e � etait de 12,34 % (IC à 95 % : 11,32-
13,44). La statistique C � etait de 0,72 (IC à 95 % : 0,69-0,74). Dans 
l’ensemble, la calibration � etait plus faible chez les femmes, en par-
ticulier chez celles appartenant aux cat� egories de risque pr� edit
interm� ediaire et � elev�e.
Conclusions : Le modèle Framingham-SP a d� emontr� e une perfor-
mance pr� edictive acceptable dans cette cohorte canadienne. Son 
format simplifi� e pourrait faciliter l’� evaluation pr� eliminaire du risque 
de MCV et guider les conseils sur le mode de vie, y compris dans des 
contextes non cliniques, tout en restant compl� ementaire à une 
� evaluation clinique bas� ee sur les lignes directrices. Une recalibration 
du modèle pourrait am� eliorer sa performance chez les femmes à 
haut risque.
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Quebec’s medico-administrative databases, 18 as well as the 
death registry database. 19 Diagnostic and procedure codes 
from hospitalization and outpatient records in the R�egie de 
l’assurance maladie du Qu�ebec (RAMQ) administrative 
database were used to identify CVD events. Specifically, 
diagnostic codes included International Classification of 
Diseases (ICD), 9th revision — Clinical Modification (ICD-
9-CM) and ICD-, 10th revision―Canada (ICD 10-CA), and 
procedure codes were drawn from the Canadian Classification 
of Diagnostic, Therapeutic, and Surgical Procedures (CCP) 
or the Canadian Classification of Health Interventions (CCI). 
Full case definitions and coding algorithms are provided in 
Supplemental Appendix S1 and Supplemental Table S1. 
CVD events were then identified over a 10-year follow-up 
period (2001-2011).

Cardiovascular risk factors

Cardiovascular risk factors were measured using stan-
dardized procedures during the first in-person visit (1999-

2001), the analytical baseline. Sex and age were collected via a 
self-administered questionnaire. Height and weight were 
measured by trained research nurses according to standard-
ized protocols, and BMI was subsequently calculated as 
weight in kilograms divided by height in meters squared (kg/ 
m 2 ). Systolic blood pressure (SBP) was measured following 
the American Heart Association protocol. 20 Three readings 
were taken on both arms, spaced 1-2 minutes apart, after 
participants had been seated for 5 minutes, and the average of 
these readings was used. Antihypertensive medication use was 
self-reported as a binary variable (yes/no). Smoking status was 
self-reported and categorized as either nonsmoker or current 
smoker. Diabetes was defined by self-reported use of insulin 
or oral hypoglycemic agents, or by a prior diagnosis of 
diabetes.

Framingham-SP model

The 10-year CVD risk was predicted for each participant 
using the sex-specific coefficients from the Framingham-SP

Figure 1. Flow of participants from the original PROspective Quebec (PROQ) cohort to the analytic sample. Flow diagram shows participant 
selection for external validation of the Framingham-simplified version (SP) cardiovascular disease (CVD) risk prediction model in the PROQ cohort. 
At recruitment (T1), 9188 white-collar workers were enrolled. At the first in-person follow-up (T2: 1999—2001), 8120 participants attended (88% 
of the recruited cohort; 90% of those eligible, excluding 117 deaths between T1 and T2). Participants with prevalent CVD at or before T2 were 
excluded (n = 651), based on self-reported history for events before January 1, 1991, and validated linkage with Quebec medico-administrative 
databases thereafter. Additional exclusions were age at T2 < 30 or ≥ 75 years (n = 33), relocation out of province (n = 5), and lack of 
administrative data linkage (n = 68). The final analytic sample included 7363 participants. Outcome missingness was < 1%; missing predictor 
data were handled using multiple imputation.
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model, as published by D’Agostino et al. 8 This version re-
places lipid measurements with BMI and includes the 
following predictors: age; SBP (modelled with separate co-
efficients for treated and untreated participants); smoking; 
diabetes; and BMI (Table 2). Further details on the variables 
included and comparisons between the Framingham-SP and 
the traditional Framingham models are provided in 
Supplemental Table S2.

Statistical analysis

All statistical analyses were conducted using multiple 
imputation by chained equations (MICE) to handle missing 
predictor data (approximately 5% overall) following recom-
mendations for survival analysis. 21 Imputation models were 
specified separately for men and women, consistent with the 
sex-specific structure of the Framingham-SP model. The 
number of imputed datasets was set to be equal to the per-
centage of participants with at least one missing value. Each 
imputed dataset was analyzed separately, and results were 
pooled using Rubin’s rules to obtain overall estimates and 95% 
confidence intervals (95% CIs), unless otherwise specified.
The time-to-event for each participant began on the day of 

their in-person visit during the first follow-up (1999-2001). 
Time was measured from this exact date until the first 
occurrence of a cardiovascular event, death from non-
cardiovascular causes, or the end of the 10-year follow-up 
period. Participants who did not experience a CVD event 
or who died from noncardiovascular causes were censored at 
the date of death or at the end of the study period, whichever 
came first. The cumulative incidence of cardiovascular events 
was estimated using the Kalbfleisch-Prentice estimator to 
account for competing risks, defined as noncardiovascular 
deaths. 22,23 These analyses were stratified by sex.
To evaluate prediction accuracy, the mean predicted 10-

year risk was calculated using the Framingham-SP equation. 
The predicted risk corresponds to the mean predicted 10-year 
risk across imputed datasets. The observed 10-year risk was 
derived using the cumulative incidence function that accounts

for competing risks, with noncardiovascular deaths treated as 
competing events. Because the outcome was not imputed, the 
observed risk was identical across imputed datasets. Its 95% CI 
was therefore estimated using a conventional binomial 
approach based on the total number of events and participants, 
which provides a pragmatic approximation of uncertainty.
Predicted and observed risks were also compared across risk 
categories: low risk (< 10% predicted 10-year CVD risk); in-
termediate risk (10%-19.9%); and high risk (≥ 20%).
The Framingham-SP model was evaluated for both cali-

bration and discrimination over the 10-year follow-up 
period. 8

Calibration. Calibration, the agreement between predicted 
and observed absolute risk, was assessed using complementary 
descriptive, model-based, and graphical approaches. We first 
calculated relative discordance using the following formula:

Discordance = 
predicted − observed 

observed

A discordance of 0 indicates perfect calibration; positive 
values reflect overestimation of risk in the model; and nega-
tive values indicate underestimation. In addition, the absolute 
difference between predicted and observed risks was also 
calculated to summarize the absolute deviation from the 
observed event rate. Together, these measures provide an 
intuitive assessment of calibration accuracy. 24

Then, calibration-in-the-large, expressed as the predicted-
to-observed ratio, was computed to assess systematic over- or 
underestimation at the population level. Values close to 1 
indicate good calibration, whereas values < 1 indicate un-
derestimation, and values > 1 indicate overestimation. 24,25 

The calibration slope at 10 years was estimated using a 
secondary Cox proportional hazards model, with time since 
baseline as the time scale and a transformed predicted 10-year 
survival probability as the sole covariate, as described by 
McLernon et al. 26 Estimates were pooled across imputations. 
A calibration slope of 1 indicates perfect calibration; values 
> 1 suggest under-dispersion of predicted risks, whereas 
values < 1 indicate over-dispersion.
Finally, calibration was further examined graphically by 

plotting the pooled observed risks against deciles of pooled

Table 1. Definition of cardiovascular disease (CVD) in this study

CVD events were defined as the first occurrence of any major cardiovascular
outcome recorded in provincial administrative databases, as follows:

• Coronary heart disease
o ICD-9: 410—414
o ICD-10: I20—I25
o Procedure codes (48.02; 48.03; 48.09; 481; 1IJ50; 1IJ57GQ; 1IJ76)

• Stroke or transient ischemic attack
o ICD-9: 362.3; 430—432; 434-436
o ICD-10: I60; I61; I63 (excluding I63.6); I64; H34.0; H34.1; G45 
(excluding G45.4)

• Congestive heart failure
o ICD-9: 428
o ICD-10: I50.0; I50.1; I50.9

• Peripheral arterial disease
o ICD-9: 440.2; 440.21—440.24; 440.9; 443.9I
o ICD-10: I70.2; I70.9; I73.9
o Procedure codes (1WK93; 9611; 3KG10VA; 3KG20; 3KG30; 3KG40; 
275; 276; 287; 5088)

CVD events and deaths were ascertained from hospital discharge, procedure,
and mortality databases using these International Classification of Diseases 
revision 9 (ICD-9) and ICD revision 10 (ICD-10) diagnostic and 
procedure codes. The complete list of codes and the detailed algorithms 
are provided in the Supplemental Table S1 and Supplemental Appendix 
S1, respectively.

Table 2. Framingham simplified (Framingham-SP) risk prediction 
model

The Framingham-Simplified (SP) model is a sex-specific, BMI—based 
version of the Framingham 10-year general cardiovascular disease risk 
score. It uses nonlaboratory predictors, with distinct coefficients according 
to sex and antihypertensive treatment status.

Predictors measured at T2 (1999—2001):

• Sex (women/men); all model coefficients are sex specific.
• Age (years, continuous, 30—75 years old)
• SBP (mm Hg, continuous)
o Different SBP coefficients are applied for individuals treated vs not
treated for hypertension.

• Treatment for hypertension (yes/no)
• Current smoking (yes/no)
• Diabetes (yes/no)
• BMI (kg/m 2 , continuous) 
Outcome: 10-year risk of a first major cardiovascular disease event.

BMI, body mass index; SBP, systolic blood pressure.
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predicted risk, providing a visual comparison of model per-
formance across different levels of predicted risk.

Discrimination. Discrimination was evaluated by calcu-
lating Harrell’s C-statistic and plotting the receiver operating 
characteristic (ROC) curve, which visualizes sensitivity vs 1-
specificity. 27 The C-statistic reflects the model’s ability to 
differentiate between individuals who experienced a cardio-
vascular event and those who did not. C-statistics were 
calculated separately within each imputed dataset and pooled. 
Standard errors were obtained using an analytical variance 
estimator, and 95% CIs were derived accordingly. A value of 
0.50 indicates discrimination that is no better than chance 
alone, whereas high values indicate better performance. 28

To explore potential variation in model performance by 
age, calibration and discrimination metrics were additionally 
estimated, by sex, within 2 age strata (30-49 and 50-74 years).

Results

Baseline characteristics of the study population

This study included 3692 women and 3671 men free of 
CVD at baseline (1999-2001), with a 10-year follow-up 
period. The mean age was 45.8 years (standard deviation 
[SD] = 7.5) in women and 48.6 years (SD = 8.4) in men. 
The mean BMI was 24.9 kg/m 2 (SD = 4.7) in women and 
26.4 kg/m 2 (SD = 3.7) in men. The mean SBP was 115.5 
mm Hg (SD = 14.4) in women and 125.3 mm Hg (SD = 
14.0) in men. The diabetes prevalence was 2.2% in women 
and 3.1% in men, and current smoking was reported by 
16.0% of women and 12.9% of men. Detailed baseline 
characteristics are shown in Table 3. Over the 10-year follow-
up, 211 CVD events occurred in women and 453 in men. 
Key findings are summarized in the Central Illustration.

Calibration and discrimination of Framingham-SP for 
10-year CVD risk

In women, the mean predicted 10-year CVD risk was 
4.07% (95% CI: 3.94%-4.20%), and the observed risk was 
5.72% (95% CI: 5.01%-6.51%; Table 4). The discordance 
was —29%, and the absolute difference between predicted 
and observed risk was —1.6%. The calibration-in-the-large 
was 0.71 (95% CI: 0.62-0.82). The calibration slope was 
1.07 (95% CI: 0.91-1.23). The C-statistic was 0.72 (95% CI: 
0.68-0.76). In men, the predicted 10-year CVD risk was 
11.73% (95% CI: 11.44%-12.02%), whereas the observed 
risk was 12.34% (95% CI: 11.32%-13.44%), yielding a 
discordance of —5%, and an absolute difference of —0.61%. 
The calibration-in-the-large was 0.95 (95% CI: 0.87-1.04). 
The calibration slope was 1.03 (95% CI: 0.91-1.15). The C-
statistic was 0.72 (95% CI: 0.70-0.74).
Figure 2 presents the ROC curve derived from a randomly 

selected imputed dataset ([A] for women and [B] for men). 
The stability of area under the curve estimates across impu-
tations, along with the corresponding ROC curves for all 
imputations, is illustrated in Supplemental Figures S1 and S2. 
The pooled area under the curve was 0.7265 (95% CI: 
0.6864-0.7666) among women and 0.7282 (95% CI: 
0.7007-0.7558) among men.

Graphical calibration plots (Fig. 3) further illustrate the 
agreement between the predicted and observed risks across 
deciles of predicted risk. Deviation below the 45-degree line 
indicates risk underestimation, which was more pronounced 
among women with higher observed risk levels (Fig. 3A).

Risk stratification based on the Framingham-SP model

In women, the model underestimated CVD risk across the 3 
categories, with the greatest discrepancy observed in the 
intermediate-risk group (13.19% predicted vs 22.82% 
observed) and the high-risk group (27.98% predicted vs 40.75% 
observed; Table 5). In men, predicted and observed risks were 
more closely aligned. However, estimates in the intermediate-
and high-risk strata among women should be interpreted 
cautiously, given the smaller number of observed events and the 
resulting imprecision in subgroup-specific calibration estimates.

Age-stratified performance of the Framingham-SP 
model

Across age strata, discrimination was lower than it was 
in the overall analyses for both women and men

Table 3. Descriptive analysis of study sample at first follow-up in 
1999-2001, stratified by sex (women n = 3692; men n = 3671)

Baseline characteristics Women (50.1%) Men (49.9%)

Age, years 45.8 ± 7.5 48.6 ± 8.4
Education
High school or less 1511 (40.9) 458 (12.5)
College 1104 (29.9) 942 (25.7)
University 1077 (29.2) 2272 (61.9)

BMI, kg/m 2 24.9 ± 4.7 26.4 ± 3.7
SBP, mm Hg 115.6 ± 14.4 125.3 ± 14.0
Anti-hypertensive medication use 245 (6.6) 292 (7.9)
Diabetes 83 (2.2) 113 (3.1)
Current smoker 591 (16.0) 472 (12.9)

Data are presented as mean ± standard deviation for continuous vari-
ables, and number (percentage) for categorical variables. Descriptive statistics 
were obtained by pooling estimates across all imputed datasets.
BMI, body mass index; SBP, systolic blood pressure.

Table 4. Calibration and discrimination of the Framingham-
simplified risk score for 10-year cardiovascular disease (CVD) 
prediction, stratified by sex (women n = 3692; men n = 3671)

Metric Women (211 events) Men (453 events)

Predicted risk, % (95% CI) 4.07 (3.94—4.20) 11.73 (11.44—12.02)
Observed risk, % (95% CI) 5.72 (5.01—6.51) 12.34 (11.32—13.44)
Discordance, % —29 —5
Absolute difference, % —1.6 —0.61
Calibration-in-the-large 0.71 (0.62—0.82) 0.95 (0.87—1.04)
Calibration slope 1.07 (0.91—1.23) 1.03 (0.91—1.15)
C-statistic (95% CI) 0.72 (0.68—0.76) 0.72 (0.670—0.747)

Analyses used multiple imputations for missing predictors; estimates were 
pooled using Rubin’s rules unless otherwise specified. Predicted risk is the 
mean Framingham-Simplified 10-year CVD risk across imputations (95% 

confidence interval [CI] via Rubin’s rules). Observed risk is the 10-year 
cumulative incidence of CVD; because outcomes were not imputed, its 
95% CI was estimated using a binomial approach. Discordance was calcu-
lated as [(Predicted-Observed)/Observed]*100. Absolute difference represents 
the percentage difference between predicted and observed event rates. 
Calibration-in-the-large is the ratio of predicted to observed risk. Calibration 
slope reflects risk dispersion. Discrimination was assessed using Harrell’s C, 
pooled across imputations with 95% CI obtained by bootstrap (1000 
replications).
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Figure 2. Receiver operating characteristic (ROC) curves for cardiovascular disease (CVD) risk prediction models (women and men). ROC curves 
illustrating the discriminatory performance of CVD risk prediction models for (A) women and (B) men based on one randomly selected imputed 
dataset. The ROC curve plots sensitivity (true positive rate) against 1-specificity (false positive rate). The area under the curve (AUC) quantifies the 
model’s ability to discriminate individuals with vs without CVD events over the 10-year period. In this context, the AUC is equivalent to Harrell’s C-
statistic obtained from the Cox proportional hazards models. The diagonal line represents random classification (AUC = 0.5).

Figure 3. Observed vs predicted cardiovascular disease (CVD) risk (women and men). Scatter plots comparing observed and predicted CVD risk 
scores over the 10-year period for (A) women and (B) men, with estimates pooled across all imputed datasets. Each cross represents a risk 
group. The x-axis shows the observed CVD risk, and the y-axis shows the corresponding mean predicted risk for that group. The dashed line 
represents the line of perfect calibration (y = x). Points closer to this line indicate higher model accuracy, with deviations from this line reflecting 
under- or over-prediction across different population subgroups.
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Table 5. Predicted and observed 10-year cardiovascular disease (CVD) risk by risk category

Risk category Population N (%) Predicted risk (%) Observed risk (%)

Low risk (< 10%) W 3452 (93.5) 3.29 4.35
M 2014 (54.9) 6.08 6.13

Intermediate risk (10%—19%) W 207 (5.6) 13.19 22.82
M 1154 (31.4) 13.88 15.13

High risk (≥ 20%) W 33 (0.9) 27.98 40.75
M 503 (13.7) 29.43 30.79

Risk categories were defined using the Framingham-simplified 10-year CVD risk score: low (< 10%); intermediate (10%—19.9%); and high (≥ 20%). 
Analyses used multiple imputation for missing predictors; risk categories and predicted risks were derived within each imputed dataset and averaged across 
imputations. Predicted risk is the mean 10-year CVD risk within each category, and observed risk is the 10-year cumulative incidence of CVD, estimated 
conventionally because outcomes were not imputed. M, men; W, women.

Central Illustration. External validation of the Framingham SP (using body mass index) 10-year CVD risk model in the PROQ cohort. The illus-
tration summarizes model discrimination and calibration by sex, highlighting acceptable discrimination in both women and men and underes-
timation of observed risk in women, particularly at higher predicted-risk levels. BMI, body mass index; CVD, cardiovascular disease; Framingham 

SP, Framingham simplified; PROQ, Prospective Qu� ebec; SBP, systolic blood pressure.
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(Supplemental Table S3). In women, risk underestimation 
increased with age, with the lowest calibration-in-the-large 
observed among those aged 50-74 years (0.65; 95% CI: 
0.54-0.77). In men, age-stratified calibration remained 
closer to unity across age groups, with only modest un-
derestimation among older men.

Discussion
This study is the first to evaluate the predictive performance 

of the Framingham-SP model in Canada. 8 In men, the model 
demonstrated acceptable discrimination (C-statistic 0.72) and 
average calibration, with calibration-in-the-large close to unity 
(0.95). In women, discrimination was similar (C-statistic 
0.72), but calibration-in-the-large was lower (0.71). Calibra-
tion slopes were close to unity in both women and men.

Comparison with previous studies

In the US, Gaziano et al. 29 reported discrimination compa-
rable to our results for the Framingham-SP model, supporting 
reasonable performance outside the original derivation setting, 
including in more heterogeneous US populations. Similarly, 
Pandya et al. 30 found comparable discrimination between the 
Framingham-SP and the original lipid-based FRS. External val-
idations conducted in European and Asian populations have 
reported lower C-statistics and a general tendency to overestimate 
risk. 31-34 This discrepancy with our findings may be attributable 
to differences in population characteristics, outcome definitions, 
and the length of the follow-up period.

Comparison within the Canadian context

To our knowledge, the present study is the first to assess the 
performance of the Framingham-SP in Canada. Two recent 
studies have assessed the performance of the lipid-based FRS. Ko 
et al. 35 reported substantial overestimation of risk in an Ontario 
cohort, and Sud et al. 36 found that recalibration improved per-
formance, although some miscalibrations remained.

Implications

The Framingham-SP model represents a pragmatic and 
low-cost tool for a timely estimation of 10-year CVD risk. 
The model enables risk estimation at the most opportune 
time. Its simplicity makes it well-suited for use both within 
and outside clinical settings, including in fitness centres, 
community health programs, and workplace screenings. 
Moreover, its ease of application facilitates use by not only 
physicians but also allied health professionals, thereby 
broadening opportunities for risk communication, lifestyle 
counselling, and timely referral for further assessment. The 
Framingham-SP may be considered complementary to 
guideline-based clinical evaluation, providing an accessible 
risk-assessment tool to support initial screening and lifestyle 
counselling in nonclinical settings. 6,7 This usage aligns with 
Canadian guidelines on the management of risk factors, 
which promote health behaviour modifications as the 
“cornerstone of chronic disease prevention.” 7

The present study provides country-specific evidence on 
the performance of the Framingham-SP model, serving as a 
reference for its application in Canada and for guiding future 
validation. For instance, recent European recalibration efforts

have demonstrated the value of incorporating socioeconomic 
factors into CVD risk-prediction models. Contemporary 
models, including QRISK3, 37 Systematic COronary Risk 
Evaluation 2 (SCORE2), 38 and the American Heart Associ-
ation Predicting risk of cardiovascular disease EVENTs 
(PREVENT) 39 equations, incorporate socioeconomic or 
regional context and have demonstrated improved predictive 
performance. Future model adaptations should 
therefore, examine whether integrating social determinants of 
health (eg, income, education, neighbourhood deprivation, 
work environment) enhances the accuracy of risk prediction.
The present study relied on participants from an occu-

pational cohort, and the study period was 2001-2011. Since 
then, temporal changes have occurred in the prevalence of 
risk factors. 40-42 Nonetheless, several considerations favour 
external validity. First, the baseline hazard observed in our 
cohort is highly consistent with both the original Framing-
ham study and large-scale, contemporary Canadian 
population-based estimates. Second, CVD incidence is also 
broadly comparable to that in national data. 43 In addition, 
the magnitude of associations between risk factors and CVD 
in the present cohort (Supplemental Table S4) is comparable 
to those observed in the general population of Ontario, 44 

supporting the transportability of the relative risk structure. 
This concordance suggests that the risk profile of our popu-
lation is comparable to that observed in the general Canadian 
population. Nonetheless, further validation across pop-
ulations and timeframes is required.

Strengths and limitations

This study has several important strengths. First, it is the first 
study to evaluate the Framingham-SP model in Canada. The 
study drew on a prospective cohort with a high follow-up rate 
(96%) and a high baseline participation rate (75% of eligible 
workers). The cohort included a similar proportion of men and 
women, allowing for balanced sex-specific analyses. Missing data 
were handled using multiple imputation. The use of medico-
administrative data within a universal health coverage system 
allowed the identification of CVD events using previously vali-
dated Canadian algorithms. An additional strength is the explicit 
consideration of competing risks, which provides more accurate 
estimates of observed CVD incidence.
Limitations should also be acknowledged. First, the cohort 

consisted predominantly of White participants, 45-48 which may 
limit the generalizability of results. 41,49 Second, self-reported 
smoking and diabetes may have led to risk underestimation, 
although validation studies support the reliability of these mea-
sures. 50,51 In addition, this approach is coherent, with real-world 
usage in nonclinical settings. Third, despite the use of validated 
algorithms, some CVD events likely were missed, particularly for 
congestive heart failure and peripheral artery disease. Finally, 
although results suggest lower calibration among women in 
predicted intermediate and high-risk categories, these findings 
must be interpreted with caution, given the small number of 
women and CVD events in these subgroups, which limits the 
precision of subgroup-specific estimates. Future studies are 
required to guide potential sex-specific adaptations. 52 Indeed, 
sex-specific risk factors have been associated with CVD risk in 
women (adverse pregnancy outcomes, premature menarche, 
premature menopause and vasomotor symptoms, polycystic
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ovarian syndrome, infertility, and psychosocial factors), 
prompting the American Heart Association and American Col-
lege of Cardiology to include risk-enhancing factors specific to 
women in their guidelines on the primary prevention of CVD. 53

Conclusions
The Framingham-SP model showed acceptable accuracy 

for predicting 10-year CVD risk in this Canadian cohort. Its 
simplified format, substituting BMI for cholesterol, makes it 
especially practical for preliminary risk stratification and risk 
communication in nonclinical settings. Nonetheless, elevated 
predicted risk should prompt confirmatory clinical evalua-
tion. Future efforts should focus on recalibration and vali-
dation in other Canadian populations. The relevance of 
considering social and behavioural determinants to improve 
accuracy also should be determined.
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