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1. Methods
Data sources, cleaning and consolidation

Risk scores

Statistics

2. CVD risk trends in South Africa and England (1998-2017)

3. Making sense of these trends 
Trends in major bio-behavioural risk factors, variance explained and 

adjusted CVD trends

Socio-economic patterns
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1. Methods
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Available data points for the ExPoSE analyses 
By source, age, sex and period of data collection

SAGE surveys
● Incomplete sampling realisation in 

Wave 1
● Missing information in wave 2
● BP measurement with wrist device
● Estimates  incongruent with other 

data sources
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Data points used for the main analyses 
By source, age, sex and period of data collection
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Uniform 
recording

Cleaning Calibration Geography Wealth 
Index

Excluded 
records with 
missing data 
on  basic 
demographic 
and location

Age Range: 25+

Age groups

Categorical 
variables

Unit of 
measurement

Calibration to 
consistent 
demographic 
series
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10-year risk of fatal and non-fatal 
cardiovascular disease (myocardial 
infarction and stroke) 

Cox hazard model fitted on a 
pooled cohort from 85 
prospective studies (10+ 
years follow-up, CVD free 
participants at baseline, 
followed until the first 
myocardial infarction, fatal 
coronary heart disease, or 
stroke event

Calibration using age-
specific and sex-specific 
incidences and risk 
factor values available 
from 21 global regions. 

Main outcome

Predictors

Model

age, smoking status, systolic blood 
pressure, history of diabetes, and 
total cholesterol. 

Laboratory model

age, smoking status, systolic blood 
pressure, body mass index. 

Non-laboratory model
Calibration using age-
specific and sex-specific 
incidences and risk 
factor values available 
for individual countries
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Age and sex-specific trends in CVD risk and risk 
factors between 1998 and 2017 

Observed and counterfactual BP 
distributions over time

Variance Decomposition

Adjusted CVD risk trends

Multiple Imputation for 
missing data (n = 20)

Adjustment for 
seasonality

Adjustment of standard 
errors for survey design

GAM

Censored
GAMLSS

MLM
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2. CVD Trends 
in South Africa…
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Estimated trend in CVD Risk. South African population 40-74 years. By sex.
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.

2017
1% ≈ 67000 events (Males)
1% ≈ 80000 events (Females)

5 years 5 years
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Estimated trend in CVD Risk. South African population 40-74 years. By sex and age group.
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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… and 
in England
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Health Survey England 
Dataset v0.1

 Individuals: 168,415, age 16+

Variables: ~140
 Socio-demographics & administrative

Height, weight, blood pressure, cholesterol, 
waist & hip circumference, BMI, smoking, 
reported long-standing illnesses & 
diagnoses, general health, 
antihypertensives, etc…

Year Sample

1 1998 15,908

2 2001 15,647

3 2002 7,393

4 2003 14,836

5 2005 7,630

6 2006 14,142

7 2007 6,882

8 2008 15,098

9 2009 4,645

10 2010 8,420

11 2011 8,610

12 2012 8,290

13 2013 8,795

14 2014 8,077

15 2015 8,034

16 2016 8,011

17 2017 7,997
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Estimated trend in CVD Risk. England population 40-74 years. 
WHO non-laboratory and WHO laboratory risk score. Estimates and 95% confidence intervals/bands.
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Male Female

Estimated trend in CVD Risk. England population 40-74 years. By sex
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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Estimated trend in CVD Risk. England and South African populations 40-74 years. By sex
WHO non-laboratory and WHO laboratory risk score. Estimates and 95% confidence intervals/bands.
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40-44 45-49 50-54 55-59 60-64 65-69 70-74 M
ale

Fem
ale

Estimated trend in CVD Risk. England population 40-74 years. By age and sex. 
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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Sex

Male

Female

Estimated trend in CVD Risk. England population 40-74 years. By household Income quintile and sex.
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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Trends in risk 
score components
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Male Female Male + Female

Estimated trend in Body Mass Index. England population 40-74 years. By Sex.
Estimates and 95% confidence intervals/bands.
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Male Female Male + Female

Estimated trend in Systolic Blood Pressure. England population 40-74 years. By Sex.
Estimates and 95% confidence intervals/bands.
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Male Female

Estimated trend in smoking prevalence. England population 40-74 years. By Sex.
Estimates and 95% confidence intervals/bands.

Male + Female
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Male + Female

Estimated trend in self-reported diabetes. England population 40-74 years. By Sex.
Estimates and 95% confidence intervals/bands.
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Estimated trend in total cholesterol. England population 40-74 years. By Sex.
Estimates and 95% confidence intervals/bands.
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3. Making sense
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Is it true?
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Figure from: 
Dorrington R, Bradshaw D, Laubscher R, Nannan N. Rapid mortality surveillance report 
2019 & 2020. Cape Town: South African Medical Research Council. 



Ex
Po

SE
 D

is
se

m
in

at
io

n 
So

ut
h 

Af
ric

a
30

Figure from: 
Ezzati M et Al Contributions of risk factors and medical care to 
cardiovascular mortality trends. Nat Rev Cardiol. 2015;12(9)

Figure from: 
Nojilana et Al. Emerging 

Trends in Non-
Communicable Disease 

Mortality in South Africa, 
1997-2010. SAMJ. 

2016;106(5)

Cerebrovascular 
disease
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Demography, 
physiology and 

behaviour
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Estimated trend in CVD Risk. South African population 40-
74 years. Standardised vs observed.
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.

Population distribution, South African population 40-74 
years. Years 1998, 2005, 2017
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.



Ex
Po

SE
 D

is
se

m
in

at
io

n 
So

ut
h 

Af
ric

a
34

Proportion of year-by-year variance of CVD risk score explained by variations in in selected biological and 
behavioural factors. South African population 40-74 years. By age group and sex. 
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Trends in major CVD risk factors. South African population 40-74 years. By sex.
Estimates with 95% confidence intervals and smoothed trends..
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Estimated trends in CVD Risk. South African population 40-74 years 2012-2017. Adjusted for selected risk factors. By sex.

WHO non-laboratory risk score. Centred at year = 1998.
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Estimated trends in CVD Risk. South African population 40-74 years 2012-2017. Adjusted for selected risk factors. By sex.

WHO non-laboratory risk score. Centred at year = 1998.
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Blood 
Pressure
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Why is
BP 

decreasing?
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Trends in major CVD risk factors. South African population 40-74 years. By sex.
Estimates with 95% confidence intervals and smoothed trends..
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Trends in systolic blood pressure. South African population 40-74 years. By age and sex..
Estimates with 95% confidence intervals and smoothed trends..
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Treatment?
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Hypertension cascade. South African population 40-74 years. By age and sex..
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Observed vs counterfactual distribution of systolic blood pressure. South African population 40-74 years. by year and sex
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Estimated trend in CVD Risk. South African population 40-74 years. Observed and in absence of treatment. By sex.

WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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Estimated trend in CVD Risk. South African population 40-74 years. Observed and in absence of treatment. By sex and age.

WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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Estimated average effect on antihypertensive treatment on the treated. South African population 25+. By sex and age.
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Socioeconomic 
factors & 
inequality
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Estimated average cardiovascular risk South Africa, 40-74 years. Age standardised., by province. 

WHO non-laboratory risk score. 
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Estimated trend in CVD Risk. South African population 40-74. Age standardised, by province. 

WHO non-laboratory risk score. 
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Estimated trend in CVD Risk. South African population 40-74  Age standardised. By geographic type. 

WHO non-laboratory risk score. 
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Estimated trend in CVD Risk. South African population 40-74. Age standardised. By population group and sex. 
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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Average SBP Smoking prevalence

Average BMIRisk

Estimated average cardiovascular risk and distribution of selected risk factor  South Africa, 40-74 years. Age standardised., by population group. 
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Estimated trend in CVD Risk. South African population 40-74 Age standardised. By household wealth index and sex. 
WHO non-laboratory risk score. Estimates and 95% confidence intervals/bands.
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Estimated trends in CVD Risk. South African population 40-74 years 2012-2017. Adjusted for selected socioeconomic indicatros. By sex.

WHO non-laboratory risk score. Centred at year = 1998.
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Proportion of variance explained and adjusted trends for selected socioeconomic factors. South African population 40-74 years. By sex.

Who non-laboratory risk score. 
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Conclusions & Discussion Points
 Trends in CVD risk scores in South Africa showed an increasing and then decreasing pattern from 1998-

2017. This contrasts to England where declines were observed from the beginning of the period.

 Decreases are present, with different magnitude and timing, across age groups and sexes. Absolute risk is 
consistently higher among males.

 Trends in CVD risk scores seemed to be influenced most strongly by variations in SBP. Demographic 
changes and variation in smoking, alcohol use, physical exercise and BMI/waist circumference also 
contribute, to a lesser extent. 

 Trends in average blood pressure are significantly affected by increasing diffusion (and, possibly, 
improved effectiveness) of antihypertensive treatment. Increasing  treatment penetration/quality may 
contribute the risk reduction. Enhancing awareness and treatment among males may help to reduce sex 
inequalities in CVD risk.

 CVD risk scores (and major risk factors) show remarkable gender, geographic and socioeconomic 
patterns, with some signs of convergence.

 Improving socioeconomic circumstances including education and employment may also lead to 
population improvements in CVD risk.
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