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Background. Low-density lipoprotein cholesterol (LDL-C) is the most important contributor to atherosclerosis, a causal factor for 
ischaemic heart disease (IHD) and ischaemic stroke. Although raised LDL-C is a key contributor to cardiovascular disease (CVD), the 
exact attributable disease risk in South Africa (SA) is unknown. The first SA comparative risk assessment (SACRA1) study assessed the 
attributable burden of raised total cholesterol, and not specifically LDL-C. 
Objectives. To estimate the national mean serum LDL-C by age, year and sex and to quantify the burden of disease attributable to LDL-C 
in SA for 2000, 2006 and 2012.
Methods. The comparative risk assessment (CRA) method was used. Estimates of the national mean of LDL-C, representing the 3 different 
years, were derived from 14  small observational studies using a meta-regression model. A theoretical minimum risk exposure level 
(TMREL) of 0.7 - 1.3 mmol/L was used. LDL-C estimates together with the relative risks from the Global Burden of Disease Study 2017 
were used to calculate a potential impact fraction (PIF). This was applied to IHD and ischaemic stroke estimates sourced from the Second 
National Burden of Disease Study. Attributable deaths, years of life lost, years lived with disability and disability-adjusted life years (DALYs) 
were calculated. Uncertainty analysis was performed using Monte Carlo simulation.
Results. LDL-C declined from 2.74 mmol/L in 2000 to 2.58 mmol/L in 2012 for males, while in females it declined from 3.05 mmol/L 
in 2000 to 2.91 mmol/L in 2012. The PIFs for LDL-C showed a slight decline over time, owing to the slight decrease in LDL-C levels. 
Attributable DALYs increased between 2000 (n=286 712) and 2006 (n=315 125), but decreased thereafter in 2012 (n=270 829). Attributable 
age-standardised death rates declined between 2000 and 2012 in both sexes: in males from 98 per 100 000 members of the population in 
2000 to 78 per 100 000 in 2012, and in females from 81 per 100 000 in 2000 to 58 per 100 000 in 2012.
Conclusions. Mean LDL-C levels were close to 3 mmol/L, which is the recommended level at which cholesterol-lowering treatment should 
be initiated for people at low and moderate risk for cardiovascular outcomes. The decreasing trend in the age-standardised attributable 
burden due to LDL-C is encouraging, but it can be lowered further with the introduction of additional population-based CVD prevention 
strategies. This study highlights the fact that high LDL-C concentration in relation to the TMREL in SA is responsible for a large proportion 
of the emerging CVD, and should be targeted by health planners to reduce disease burden. 
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Evidence before the study. The exact contribution of raised low-density lipoprotein cholesterol (LDL-C) – that is, the attributable disease 
risk in South Africa (SA) – has not been established. The previous SA comparative risk assessment (SACRA1) study assessed the attributable 
burden of raised total cholesterol and not specifically LDL-C. This is also the first study to estimate national levels and trends of LDL-C in 
SA; only a single survey previously measured LDL-C nationally. 
Added value of the study. This study applied CRA methodology for three time points: 2000, 2006 and 2012. Estimates of the national 
mean of LDL-C were derived from 14 observational studies using a meta-regression model. A uniform theoretical minimum risk exposure 
distribution between 0.7 mmol/L and 1.3 mmol/L was used. Epidemiological evidence of the relative risks of ischaemic heart disease and 
ischaemic stroke from raised LDL-C were drawn from the Global Burden of Disease studies. The present study revealed a decline in LDL-C 
from 2.74 mmol/L in 2000 to 2.58 mmol/L in 2012 for males, while in females it declined from 3.05 mmol/L in 2000 to 2.91 mmol/L in 
2012. The attributable age-standardised rate (ASR) due to raised LDL-C declined between 2000 and 2012 in both sexes: in males from 98 per 
100 000 members of the population in 2000 to 78 per 100 000 in 2012, and in females from 81 per 100 000 in 2000 to 58 per 100 000 in 2012.
Implications of all available evidence. This study indicates that a substantial part of the cardiovascular mortality and morbidity in SA can 
be attributed to high LDL-C. If mean population LDL-C values can be lowered further with the introduction of additional population-based 
CVD prevention strategies, this would likely translate to lower CVD in SA. Regular surveillance of national LDL-C levels is required to guide 
CVD policies and programmes, and to monitor the impact of such strategies. 
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Cholesterol, an essential element of cell membrane structure,[1] 
plays a key role in the development of atherosclerosis, which is the 
accumulation of fatty deposits in the lining of arteries. Subsequent 
plaque formation and thrombosis leads to blood vessel occlusion 
and, if the relevant vessels are affected, ischaemic heart disease (IHD) 
and cerebrovascular disease (stroke).[1] Atherosclerosis develops over 
a lifetime, with the process accelerating in the presence of other 
cardiovascular disease (CVD) risk factors such as hypertension, 
smoking, diabetes mellitus and obesity.[2] The risk of atherosclerosis 
and subsequently developing IHD, stroke and other vascular diseases 
increases with age and, in developing regions such as South Africa 
(SA), frequently strikes working-age individuals who are family 
breadwinners. This exacerbates poverty and impacts productivity, 
which is especially relevant in SA with its struggling economy.

Total cholesterol (TC) consists of three major components: low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C) and very low-density lipoprotein cholesterol 
(VLDL-C).[3] The main contributor to atherosclerosis is LDL-C, 
and this is the focus of dyslipidaemia management.[4] While LDL-C 
carries most cholesterol from the liver to peripheral tissues, HDL-C, 
in contrast, removes excess cholesterol from cells and returns it to the 
liver, thereby playing a protective role in preventing atherosclerosis.[1,3] 

The need to initiate dyslipidaemia treatment is determined by CVD 
risk status, which is based on the predicted 10-year risk of developing 
CVD, calculated using age, gender, smoking status and TC in an 
algorithm.[4] Optimal treatment of dyslipidaemia is vital considering 
that this can substantially reduce CVD risk. A meta-analysis of statin 
trials showed that every 1 mmol/L reduction in serum LDL-C levels 
reduces the risk of major coronary events by 24%, stroke by 15% and 
the combination of coronary events and stroke by 22%.[5]

In SA, stroke and IHD are among the leading causes of death, 
ranking second and third, respectively, using the age-standardised 
death rate as a measure.[6] This underscores the need to determine 
the contribution of dyslipidaemia, a key CVD risk factor, to the 
development of these diseases in the country. Following the 
comparative risk assessment (CRA) methodology of the World 
Health Organization (WHO), the first SA CRA study (SACRA1)[7] 
used raised TC to estimate the attributable burden of dyslipidaemia, 
because of a dearth of population-level studies on LDL-C for 2000, 
and also for comparison with the WHO estimates, which also used 
TC as a risk factor.[3,7] The analysis was conducted by population 
group and highlighted a substantial burden attributable to this risk 
factor, as well as significant differences between population groups, 
with the age-standardised cholesterol-attributable death rate for black 
Africans much lower than for other population groups.[7] 

The shortcoming of this approach, however, was highlighted in 
a study that showed no change in mean TC levels between 1990 
and 2008/2009 in an urban SA population, but a significant rise in 
LDL-C levels and reduced HDL-C concentrations.[8] The focus on 
LDL-C rather than TC improves the policy relevance of estimates, 
since LDL-C is the key target for cholesterol-lowering medications: it 
is the most commonly used biomarker for clinical decision-making.[9] 
This change in focus is reflected in the use of LDL-C instead of TC in 
the Global Burden of Disease (GBD) Study 2017.[9] The GBD study 
estimated the relative risks (RRs) of developing IHD and ischaemic 
stroke due to high LDL-C levels. This study showed that high 
LDL-C levels were among the leading risk factors for all-cause risk-
attributable burden in 2017, and that it gained prominence between 
1990 and 2017 in low-income settings.

The exact contribution of raised LDL-C – that is, the attributable 
disease risk in SA – has not been established. Recently, nationally 
representative data and several regional studies on LDL-C levels 

have become available in SA. This enables the investigation of 
temporal trends in population LDL-C levels, and the associated risk 
on cardiovascular outcomes.[10] This is important considering that the 
country is experiencing an epidemiological transition towards non-
communicable diseases including CVD,[11] and a nutrition transition 
towards greater intake of fats and processed foods,[12] which contribute 
to dyslipidaemia. Such assessments will provide important guidance 
for policy and priority setting related to disease prevention in the 
country. 

Therefore, the aim of the present study was to estimate the national 
mean serum LDL-C by age, year and sex. We also aimed to quantify 
the burden of disease attributable to LDL-C in persons ≥25 years by 
sex and age group in SA for 2000, 2006 and 2012, and to investigate 
trends over time.

Methods
The GBD CRA methodology was used, which estimates the disease 
burden attributable to a risk factor if exposure were shifted to a 
counterfactual scenario of theoretical minimum risk exposure level 
(TMREL).[13] Attributable burden was estimated by multiplying the 
potential impact fractions (PIFs) with the total disease burden due 
to a specific cause. A PIF requires estimates on the level of risk factor 
exposure and relative risk (RR) of the outcome associated with the risk. 
It is defined as the proportion by which the outcome would be reduced 
in a given population and in a given year, if the exposure to a risk factor 
in the past were reduced to the counterfactual level of the TMREL. 

Exposure variable
The mean population concentration of serum LDL-C was defined 
as a continuous variable expressed in millimoles per litre of serum 
(mmol/L) with the standard deviation (SD) used as the measure 
of variability around the mean. This is estimated by population 
group because of known correlations with lifestyle, culture and 
socioeconomic conditions that impact on health and health-related 
behaviours. The population group classification is based on self-
reporting according to the Apartheid-era groups defined by the 
Population Registration Act of 1950, i.e. black African, coloured, 
Indian/Asian and white. 

Mean LDL-C and SD
A total of 14 population-based studies[8,10,14-25] were identified for 
inclusion through the extraction of literature on LDL-C in SA from 
a pan-African systematic review on the prevalence of dyslipidaemia 
between 1980 and 2017,[26] as well as a complementary Medline 
search and a search of references from identified literature (Table 1). 
Studies were excluded when they did not report mean serum 
LDL-C concentrations, participants were on cholesterol-lowering 
treatment or the sample consisted of participants with familial 
hypercholesterolaemia, sample size was <100, a subclass of LDL-C 
was measured instead of LDL-C, age was not split into groups or 
LDL-C was not measured at baseline in prospective cohort studies.

The identified studies were used to estimate mean serum LDL-C 
and SD by year, age and sex. Only one study from 2012 presented 
nationally representative estimates of LDL-C in SA.[10] Mean serum 
LDL-C was reported in each study, except three[14-16] for which we 
used the Friedewald equation[27] to calculate LDL-C: 

LDL-C = TC - (HDL-C + TG
2.2) 

 where LDL-C refers to low-density lipoprotein cholesterol, TC 
refers to total cholesterol, HDL-C refers to high-density lipoprotein 
cholesterol and TG refers to triglycerides.
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Table 1. Data source of mean LDL-C by location, population group and year of data collection

Study population
Study design (age 
range in years)

Year of data 
collection n Method for determining LDL-C

2000
KwaZulu-Natal 
(urban, Asian)[14]

Household survey 
(15 - 69)

1985 778 Blood was drawn from fasting samples, and the CHOD-PAP enzymatic 
method was used to determine serum cholesterol and HDL-C, while TG tests 
were performed using the GPO-PAP enzymatic colorimetric method. We 
used the Friedewald equation to determine LDL-C from the HDL-C, TC and 
TG levels provided in the article.

KwaZulu-Natal 
(urban, black 
African)[15]

Cross-sectional 
sample of patients 
attending a dental 
clinic (16 - 69)

1986 371 Same method as described above.

KwaZulu-Natal 
(urban, white)[16]

Household survey 
(15 - 69)

1988 386 Same method as described above.

KwaZulu-Natal 
(Rural and urban, 
black African)[17]

Household survey 
(>25)

1989 1 611 TC and HDL-C (after precipitation using phosphotungstate-MgCI) tests were 
performed on fasting blood samples using the cholesterol esterase oxidase 
peroxidase method. Serum TG was measured using the lipoprotein lipase 
glycerokinase perioxidase method. The authors used the Friedewald equation 
to determine LDL-C.

Western Cape (urban, 
black African)[18]

Cross-sectional 
study of 7 black 
residential areas 
(15 - 64)

1990 986 Plasma TC and HDL-C (after precipitation with heparin/manganese chloride) 
from non-fasting samples were measured using the CHOD-PAP enzymatic 
method, while TG tests were performed using the Boehringer Mannheim 
enzymatic Peridochrom method. The authors used the Friedewald equation 
to determine LDL-C from the HDL-C, TC and TG levels provided in the 
paper.

Western Cape (rural, 
coloured)[19]

Household survey 
(>15)

1996 974 TC and HDL-C (after precipitation using magnesium-dextran sulphate) 
tests were performed on fasting blood samples using the cholesterol esterase 
oxidase spectrophotometric method. Serum TG was measured using an 
enzymatic spectrophotometric technique. The authors used the Friedewald 
equation to determine LDL-C.

Limpopo (rural, black 
African)[20]

Cross-sectional 
study (>30)

1997 1 360 Analyses were performed on fasting blood samples. No information is 
provided on the method to determine TC, HDL-C and TG. The authors used 
the Friedewald equation to determine LDL-C.

2006
KwaZulu-Natal 
(urban, Asian)[25]

Cross-sectional 
study (15 - 64)

2007 1 428 Laboratory techniques were used to determine TC, HDL-C and TG analysis. 
The authors used the Friedewald equation to determine LDL-C.

Western Cape (urban, 
black African)[8]

Cross-sectional 
study (25 - 74)

2008 1 099 HDL-C was determined from fasting blood samples using cholesterol AE-12 
reagent comprising magnesium chloride and phosphotungstic acid. There 
is no indication how TC and TG were determined. The authors used the 
Friedewald equation to determine LDL-C.

2012
National estimate[10] Nationally 

representative 
household survey 
(>15)

2012 5 478 Automated laboratory techniques were used for lipid biomarker analysis, 
including LDL-C, but no information is provided on the method. There is also 
no indication whether fasting blood samples were collected.

Gauteng (urban, 
black African)[21]

Cross-sectional 
study (40 - 60 
years)

2012 702 The ADVIA 1800 chemistry system was used to measure TC, HDL-C and 
TG from fasting blood samples. LDL-C was estimated using the Friedewald 
formula.

Mpumalanga (rural, 
black African)[22]

Cross-sectional 
survey (>40)

2015 3 841 Lipid levels (TC, HDL-C, TG and LDL-C) were laboratory tested (Cardiocheck 
PA Silver version; Indianapolis, Indiana, USA) on fasting blood samples.

North-West (urban, 
black African and 
white)[24]

Cross-sectional 
survey (20 - 30)

2015 761 TC, HDL-C and LDL-C were laboratory tested on fasting blood samples but 
there is no mention of the method that was used.

Limpopo (rural, black 
African)[23]

Cross-sectional 
survey (18 - 30)

2015 624 Enzymatic assay kits on a Beckman LX20 autoanalyzer (Beckman Coulter, 
Fullerton, CA) were used to measure TC, HDL-C and TG on fasting blood 
samples. LDL-C was calculated using the Friedewald formula.

LDL-C = low-density lipoprotein cholesterol; CHOD-PAP = cholesterol oxidase phenol 4-aminoantipyrine; HDL-C = high-density lipoprotein cholesterol; TG = triglycerides;  
GPO-PAP = glycerol-3-phosphate oxidase-p-aminophenazone; TC = total cholesterol.
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This equation can be used to impute LDL-C at the population level 
when estimates on TC, HDL-C and TG are available.

A fixed-effect generalised additive meta-regression (GAM) model 
was fitted to the available data separately by sex. The mean LDL-C 
estimate for each study was used as the outcome, and year of data 
collection the middle point of the age category (modelled as cubic 
spline with a single internal knot), with the population group (urban 
black African, rural black African, white, coloured and Asian) and 
their interactions as independent variables. 

The model was fitted by maximum likelihood, and each data 
point was weighted according to the inverse variance of the 
individual estimates. The results were used to predict the mean 
LDL-C for each age category (25 - 34, 35 - 44, 45 - 54, 55 - 64, ≥65 
years), sex and population group by year (Fig. S1 in the appendix: 
https://www.samedical.org/file/1840). A national estimate by age 
category and sex was calculated as a weighted average of the 
estimates in each population group, with weights given by the 
population size in each group.[28] Urban/rural proportions in each 
year were sourced from the World Bank estimates for the whole 
population of SA, and assumed to be approximately valid also for 
the black African population group.[29] 

Uncertainty intervals (UIs) for the national estimates were 
calculated by simulation. This was done by randomly drawing 
10 000 samples from the distribution of the group-specific estimates, 
calculating their weighted average and considering the 2.5th and 
97.5th percentile of the distribution of the results across the replicates 
as the lower and upper bounds of the 95% UI.

A similar model was fitted to predict the SD of the LDL-C 
distribution for each age category, sex, and population group by year 
and to recover national estimates (appendix Table  S2: https://www.
samedical.org/file/1840). The logarithm of the SD was used as the 
outcome of the GAM, and the results were back-transformed into the 
natural scale at the end of the procedure. 

Regression dilution correction factors
Measurement of lipids in observational studies is prone to random 
fluctuations. Therefore, lipid values can be subject to error if based 
on a single measurement. This effect is known as regression dilution 
bias. On a single measurement, lipid values tend to be extreme, 
with a wider distribution than the ‘usual’ exposure values. There 
is a ‘regression to the mean’ of values with repeated measurements 
whereby values are less extreme. This imprecision is accounted for 
in the estimates of RR and needs also to be reflected in a narrower 
distribution around the mean. The extent of regression dilution bias 
can be quantified using repeated measurement. A meta-analysis of 
prospective cohort studies obtained a regression dilution factor of 
0.64 for LDL-C after repeated measurement at baseline and during 
duration of follow-up from a total of 44  234 participants.[30] This 
factor was applied to the SD by age and sex to correct for regression 
dilution bias in this study.

Theoretical minimum risk exposure level
A theoretical minimum risk exposure distribution uniform between 
0.7 mmol/L and 1.3 mmol/L was used. This risk exposure level for 
LDL-C is based on evidence from a meta-analysis of randomised 
controlled trials where participants were placed on statin treatment 
and followed up for cardiovascular events for more than 2  years 
after trial initiation.[31] The trial showed that at very low levels 
of LDL-C (≤1.3  mmol/L) there was a significant reduction in 
cardiovascular events (adjusted hazard ratio of 0.81, 95% confidence 
interval (CI) 0.70  -  0.95), even when compared with low levels 
(1.94 - 2.58 mmol/L). 

Relative risks
RRs from the GBD 2017 study for ages ≥25 years were used (Table 2).[27] 
Deaths attributable to high LDL-C levels are scarce at younger ages, 
and therefore the population attributable fraction due to high LDL-C 
was not considered for estimation in those <25 years. The GBD RRs 
were considered to be the same for mortality and morbidity outcomes 
for IHD and ischaemic stroke, and were applied over each year of 
assessment (2000, 2006 and 2012).

Related outcomes
IHD (ICD-10 codes I24 - I25) and ischaemic stroke (ICD-10  codes 
I64  -  I65) were used as the disease outcomes for those with high 
LDL-C levels. These outcomes were also used by the GBD 2017 study, 
which used the World Cancer Research Fund (WCRF) inclusion 
criteria for risk-outcome pairs. The WCRF framework uses a grading 
system based on different levels of evidence to include risk-outcome 
pairs, i.e. convincing evidence, probable evidence, possible evidence 
and insufficient evidence. To be included, the risk-outcome pair must 
meet the grades of convincing evidence or probable evidence.[27]

Potential impact fraction calculation
Customised Excel 2016 (Microsoft Corp., USA) spreadsheets adapted 
from the SACRA1 study were used to calculate, for each of the two 
outcomes o, age group a, sex s and year y, the population-attributable 
burden of LDL-C, in terms of PIF: 

where RRoas(x) = RR for health outcome o, age group a and sex s 
as a function of the LDL-C level x, as reported in Table 1; Pasy(x) = 
distribution of exposure in age group a, sex s and year y; and 
PTMREL(x) = counterfactual distribution of exposure (assumed the 
same across all age groups, sexes and years) conferring the lowest 
possible risk. 

TC levels follow a skewed distribution to the right that can best 
be modelled with a lognormal distribution. The mean and SD of the 
lognormal distribution within each age-sex group were calculated 
using the method of moments. For this continuous lognormal 
risk factor distribution, the PIF was estimated by calculating the 
integral of the product of the risk factor distribution and the 
corresponding RR function using the integral function in EpigearXL, 
an add-on for Excel that performs numerical integration. The lower 
and upper integration limits (0.1 and 10  mmol/L, respectively) 
were chosen to represent the range of physiologically plausible 
values, and encapsulate the conditions of hypobetalipoproteinaemia 
and familial hypercholesterolaemia for the serum concentration of 
LDL-C. However, familial hypercholesterolaemia was excluded for 
consideration owing to its high risk of death from vascular disease 
compared with age- and sex-matched peers.[32]

Burden estimation
The burden of disease due to LDL-C was calculated by multiplying 
the PIFs with estimates of deaths, years of life lost (YLLs), years lived 
with disability (YLDs) and disability-adjusted life years (DALYs) 
from IHD and ischaemic stroke, by year and sex. These estimates 
were sourced from the Second SA National Burden of Disease 
Study (SANBD2).[6] The SANBD2 list of causes does not distinguish 
between the different stroke subtypes; therefore, the proportion of 
total stroke due to ischaemic stroke was calculated by using the GBD 

https://www.samedical.org/file/1840
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ratio of ischaemic stroke to total stroke for SA. The proportion of 
the total burden attributable to LDL-C was also calculated, as was 
the age-standardised rate (ASR) for deaths and DALYs. To calculate 
attributable ASRs, we used the mid-year population estimates from 
Dorrington[28] and the WHO standard population.[33]

Uncertainty estimation
Monte Carlo simulation techniques were used to calculate uncertainty 
around point estimates using Ersatz software version 1.35 for Excel 
(Epigear, Australia). Ersatz adds a range of functions to Excel that 
offer statistical distributions, the ability to draw randomly from these 
distributions, and repeating calculations multiple times, choosing a 
different set of random values from predefined distributions of the 
input variables.

A normal distribution was specified for the mean of the population 
distribution of the exposure and for the regression dilution factor. For 
RR estimates we used the Ersatz function ErRelative Risk.[34] For the 
attributable burden and the proportion of attributable burden relative 
to total burden, 2 000 replicated calculations were used to calculate 
the 95% UI bounded by the 2.5th and 97.5th percentiles.

Results 
For males, the estimates of mean serum LDL-C concentrations 
increased by 14% and 11% in 2000 and 2006, respectively, between 
the ages of 25 and 64 years, and attenuated by 1% and 2% for 
those aged ≥65 years in 2000 and 2006, respectively. The patterns 
were similar in 2012 but peaked in a slightly younger age group 
(45 - 54 years) and then decreased in the older age groups (Table 3). 
The pattern for females was slightly different, since mean LDL-C 
did not attenuate after age 65 in 2000 and 2006 but did so by 2% in 
2012. Mean LDL-C values in females >45 years were ≥3 mmol/L in 
all years. Females across all age groups had higher mean LDL-C levels 
compared with males for all years.

There was a small decrease in mean LDL-C levels in both sexes, 
from 2.74  mmol/L in 2000 to 2.58  mmol/L in 2012 for males, and 
from 3.05  mmol/L in 2000 to 2.91  mmol/L in 2012 for females 
(Fig. 1).

The attributable ASR for deaths and DALYs declined between 2000 
and 2012 in both sexes (Fig. 2). Deaths declined by 21% from 98 per 
100  000 population in 2000 to 78/100  000 in 2012 for males, and 
by 28% from 81/100 000 in 2000 to 58/100 000 in 2012 for females. 
Between 2000 and 2012, the ASR for DALYs also declined, by 21% 
from 1  739/100  000 to 1  377/100  000 for males and by 27% from 
1 444/100 000 to 1 047/100 000 for females. 

Males had a higher death and DALY ASR compared with females 
across all years. The male to female ratio for deaths and DALY ASRs 
were similar: 1.20 in 2000 for both deaths and DALYs, 1.27 and 1.24 
in 2006 for deaths and DALYs, respectively, and 1.33 and 1.31 in 2012 
for deaths and DALYs, respectively.

The pattern of the attributable ASR deaths and DALYs for the ≥50 year 
age category was similar to the ≥25 year age category. The ASR deaths 
were 2.2 and 2.3 times higher in the ≥50 year age category for males and 
females, respectively, ranging between 2000 and 2012 from 215/100 000 
to 173/100  000 for males and 188/100  000 to 136/100  000 for females 
(appendix Fig. S2: https://www.samedical.org/file/1840). The ASR DALYs 
was also higher (2.3 times for males and 2.1 for females) for the ≥50 year 
age category, ranging between 2000 and 2012 from 3  312/100  000 to 
2 700/100 000 for males and 2 961/100 000 to 2 165/100 000 for females.

For males, the attributable deaths peaked in the ≥80 year age group 
across all years, and was also high between the ages of 50 and 64 years 
(Fig. 3). IHD was the main contributor across all groups, and there was not 
much change in pattern across the different years for males.

The attributable deaths for females increased with age, with deaths 
in the ≥80 year age group being particularly high compared with 
the other age groups. IHD contributes to most deaths across all 
age categories, and this pattern was maintained across all years for 
females.

The contribution of IHD and ischaemic stroke to the attributable 
DALYs due to high LDL-C is shown by year and cause in Fig. 4. The 
attributable DALYs increased between 2000 (n=286  712) and 2006 
(n=315  125), and decreased thereafter in 2012 (n=270  829). The 
proportional contribution of IHD and ischaemic stroke remained 
steady between 2000 and 2012, with IHD contributing about three-
quarters of the attributable burden.

The total estimated deaths due to raised LDL-C levels for males was 
7 344 (95% UI 6 256 - 8 307) in 2000, 7 977 (95% UI 6 743 - 9 105) 

Table 2. Relative risks by age and disease outcome 
Age group 
(years)

Ischaemic heart disease Ischaemic stroke
RR 95% CI RR 95% CI

25 - 29 2.016 1.684 - 2.544 1.670 1.334 - 2.339
30 - 34 2.027 1.768 - 2.354 1.626 1.352 - 2.041
35 - 39 2.038 1.831 - 2.273 1.583 1.342 - 1.849
40 - 44 1.971 1.775 - 2.198 1.518 1.287 - 1.760
45 - 49 1.828 1.676 - 2.004 1.434 1.242 - 1.636
50 - 54 1.685 1.561 - 1.815 1.350 1.212 - 1.514
55 - 59 1.541 1.446 - 1.648 1.265 1.164 - 1.391
60 - 64 1.398 1.306 - 1.494 1.181 1.109 - 1.299
65 - 69 1.254 1.141 - 1.372 1.096 1.043 - 1.223
70 - 74 1.193 1.088 - 1.312 1.062 1.008 - 1.193
75 - 79 1.213 1.124 - 1.321 1.077 1.012 - 1.216
≥80 1.262 1.110 - 1.465 1.116 1.014 - 1.344

RR = relative risk; CI = confidence interval. Source: Global Burden of Disease Study 2017.[27]

Table 3. Estimates of mean serum LDL-C (mmol/L) for South 
Africa by age, sex and year

Sex Parameter
Age group (years)

25 - 34 35 - 44 45 - 54 55 - 64 ≥65
2000
Male

Mean 2.56 2.76 2.89 2.92 2.89
SD 0.94 1.04 1.10 1.07 1.02

Female
Mean 2.73 3.01 3.23 3.37 3.44
SD 0.86 0.98 1.07 1.11 1.15

2006
Male

Mean 2.50 2.70 2.79 2.78 2.71
SD 0.85 0.99 1.06 1.04 0.97

Female
Mean 2.71 2.97 3.14 3.23 3.22
SD 0.81 0.95 1.05 1.07 1.08

2012
Male

Mean 2.46 2.65 2.71 2.64 2.53
SD 0.78 0.97 1.08 1.05 0.99

Female
Mean 2.69 2.95 3.08 3.07 3.02
SD 0.77 0.96 1.07 1.09 1.09

LDL-C = low-density lipoprotein cholesterol; SD = standard deviation.
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in 2006 and 6 795 (95% UI 5 589 - 7 850) in 
2012 (Table  4). IHD contributed to most of 
the attributable deaths across all years in both 
males (>80%) and females (>68%) (Table 3). 
The attributable DALYs due to IHD and 
ischaemic stroke followed a similar pattern to 
the deaths, with IHD contributing to a larger 
proportion of attributable DALYs in males 
(>81%) than females (>70%) across all years. 
Total attributable deaths for females were 
higher across all years, and followed a similar 
pattern to that of males. 

Similar to the deaths, the total attributable 
DALYs due to raised LDL-C were highest in 
2006 at 155 453 (95% UI 135 366 - 173 116) and 
159 672 (95% UI 136 292 - 180 685) DALYs 
for males and females, respectively, and lowest 
in 2012 at 134 544 (95% UI 114 622 - 151 090) 
and 136 286 (95% UI 112 499 - 156 501) for 
males and females, respectively. For males 
the proportion of all deaths attributable to 
LDL-C was lowest in 2006 at 2.32% (95% 
UI 1.97%  -  2.65%) and highest in 2000 at 
2.76% (95% UI 2.35%  -  3.12%) The pattern 
was similar for females, at 2.62% (95% UI 
2.09%  -  3.08%) in 2006, and 3.42% (95% 
UI 2.71%  -  4.02%) in 2000. For DALYs, the 
attributable burden due to LDL-C was highest 
in 2000 at 1.47% (95% UI 1.29  -  1.62) and 
1.54% (95% UI 1.31% - 1.74%) for males and 
females, respectively, while it was lowest in 
2006 at 1.27% (95% UI 1.10%  -  1.41%) and 
1.23% (95% UI 1.05% - 1.39%) for males and 
females, respectively.

Discussion
This is the first study to estimate national 
levels and trends of LDL-C in SA by 
pooling data from 14 studies to provide 
a best estimate: only a single survey 
previously measured LDL-C nationally.[10] 
In comparison with the SACRA1 study, the 
method was enhanced in this study by using 
more local population data and focusing on 
LDL-C rather than TC, since LDL-C is the 
preferred biomarker for clinical decision-
making. Using these data, the burden of 
disease attributable to LDL-C was estimated 
over three time points and by sex. 

The age-standardised attributable deaths 
and DALYs due to LDL-C dropped between 
2006 and 2012, which coincided with a decline 
in ASRs  of IHD deaths (from 149/100  000 
population in 2006 to 119/100 000 in 2012) and 
ischaemic stroke deaths (from 100/100  000 
population in 2006 to 91/100 000 in 2012) for 
people aged >25 years.[6] There are other risk 
factors that contribute to IHD and ischaemic 
stroke, hence the drop in ASRs attributable to 
LDL-C should be interpreted with caution. 
In  contrast, the global attributable ASR due 
to LDL-C remained stable at 54/100  000 
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population between 2000  and 2012.[35] This stable pattern was also 
shown for the age-standardised attributable DALY rate.[35] Although 
the patterns differed between the two studies, the age-standardised 
attributable deaths in the GBD study and the present study are not 
directly comparable because different population standards were 
used. This might imply a need for serial national data on LDL-C to 
better understand the patterns found in SA. 

Despite the decrease in age-standardised attributable deaths in SA, 
a sizeable burden due to LDL-C remained in 2012. The proportion 
of total deaths and DALYs due to LDL-C increased between 2006 
and 2012, but was still lower than in 2000. This was likely influenced 
by the contribution of HIV/AIDS to the total deaths in SA. HIV/
AIDS was a significant contributor to mortality in the mid-1990s 
and peaked in 2006,[6,36] but tapered off thereafter following the 
introduction of antiretroviral drugs.[6,36] The pattern found in this 
study does not mimic that of the GBD 2017 study. In the latter, the 
proportion of total GBD deaths and DALYs attributable to high 
LDL-C increased steadily between 2000 and 2012, from 6.5% to 7.3% 
for deaths and 3.0% to 3.5% for DALYs.[35]

Apart from a decreased ASR for cardiovascular deaths, the 
decrease in the attributable death and DALY ASRs is also partly 
explained by a small but steady decline in the PIF between 2000 
and 2012, which in turn is driven by a decline in LDL-C over 
the same period. The decline in LDL-C in both men and women 
was surprising considering the rise in urbanisation with ensuing 
overnutrition and increases in obesity in the country.[12,37] However, 

there has been a concerted effort by the SA government to improve 
the health of the nation by enacting legislation to restrict the trans-
fatty acid content in foods to a maximum of 2 g per 100 g of oil or 
fat.[38] The qualitative composition of high saturated and trans-fatty 
acid intake in dietary fats influences the risk of CVDs such as IHD 
and stroke.[39] 

The benefits of population-level interventions to improve 
national health have been demonstrated in Mauritius, among 
other countries.[40] Although the SA legislation was implemented 
only in 2011, this is a lengthy process with discussions involving 
many stakeholders, which would have raised media attention and 
awareness among the public many years prior to 2011. This may 
have influenced South Africans to reduce their intake of foods high 
in unhealthy fats prior to the introduction of the legislation, and 
contributed to the decreasing trend in LDL-C levels. In a study in 
the USA, which reported a slight decrease in mean LDL-C level over 
two decades, the authors also suggested that a decrease in trans-
fatty acid consumption was a likely contributor.[41] 

The decrease in mean LDL-C between 2000 and 2012 did not 
necessarily confer a lower risk for CVD because this study did not 
estimate the change in LDL-C subparticles, which are differentially 
atherogenic. Some LDL-C subparticles e.g. small dense low-density 
lipoprotein (sdLDL), are more atherogenic, and confer a greater risk 
for CVD.[42] However, a breakdown of studies by subparticles was 
beyond the scope of this study. LDL-C levels are influenced by many 
factors, including exercise, obesity, smoking, use of drugs such as 
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antiretrovirals and HIV status,[36,43,44] and further research is needed 
to explore their contributions to the trends found in this study. 

The SACRA1 study reported population level differences in TC 
levels[7] with higher mean TC levels and higher prevalence estimates 
of TC >5 mmol/L in whites (90%), Asians (87%) and coloureds (82%) 
compared with black Africans (24%). This suggests lower levels 
of urbanisation and ‘westernised’ lifestyles among black Africans 
compared with the other population groups at the time. Our study 
was unable to assess population level trends due to the paucity of 
data by population group. For instance, LDL-C levels were reported 
in only 3 studies with white, 2 with coloured and 3 with Asian 
population groups (appendix Table  S1: https://www.samedical.org/
file/1840). A population group analysis would have been useful to 
determine any changes compared with SACRA1. 

Although LDL-C levels have decreased slightly between 2000 and 
2012, the estimated mean levels – especially in females – were close 
to 3 mmol/L across the period of analysis. This is the recommended 
level for initiating cholesterol-lowering treatment in people at low 
and moderate risk for cardiovascular outcomes.[4] This suggests that 
more needs to be done to encourage the downward trend, with a 
steeper drop in LDL-C levels. The mean LDL-C concentration in 
this study from SA, a middle-income country, was comparable with 
that reported in the Prospective Urban Rural Epidemiology (PURE) 

study[45] for middle-income countries, especially for females. The 
latter study reported higher LDL-C levels of 3.3  mmol/L in high-
income countries and 3.2  mmol/L in low-income countries, but 
3.0 mmol/L in middle-income countries. 

Further, this study showed higher PIFs for raised LDL-C in 
younger adults and in women (appendix Fig.  S3: https://www.
samedical.org/file/1840), which contrasts with the lower CVD risk 
usually assigned to younger individuals and to premenopausal 
women. For example, a high 10-year CVD risk (≥20%), estimated 
using the Framingham risk equation, was more than twofold higher 
in men (13.0%) compared with women (6.1%) in a SA study.[46] 
This is a function of the equations that assign greater weight to 
men while, in women, lower scores are unable to adequately ensure 
that individual women are at low risk. This suggests a potential 
re-evaluation, in the SA population, of the weights allocated to age 
and sex in the current equations used to predict the 10-year risk of 
developing CVD. Further, the commonly used Framingham risk 
equation includes TC and HDL-C levels, and not LDL-C estimates 
nor its subparticles, which may differentially affect the risk score. 
Moreover, all CVD risk factors, particularly physical inactivity and 
stress, which are high in SA populations, are not included in these 
risk equations. In younger individuals and in women, medical 
and lifestyle history, markers of preclinical disease,  etc. should 
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D. Female attributable deaths, 2006
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E.  Male attributable deaths, 2012
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Fig. 3. Attributable deaths due to low-density lipoprotein cholesterol by cause, age, sex and year. Fig. 3. Attributable deaths for (A) male and (B) female for 2000, (C) male and (D) female for 2006 and (E) male and (F) female for 2012.
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be assessed. Further research, ideally in longitudinal studies, is 
needed to clearly identify the contributors to high CVD risk in SA. 
SA could adopt something similar to the systematic coronary risk 
estimation approach, which estimates the 10-year risk of a first 
fatal atherosclerotic event and thus allows for recalibration with 
changes in the cardiovascular mortality trend.[47] However, much 
investigation is required before this can be done. For the purpose 
of this study it will have to be assumed that risk assessment is 
applicable simplistically and equally to all population groups. 

The persistent high attributable burden due to LDL-C highlights 
the need for more intense population-based intervention measures 
to reduce LDL-C levels. These may include nationwide nutrition 
education programmes, collaboration with the food industry to 

improve labelling that would enable consumers to make informed 
healthier choices as well as stimulate product reformulation, and 
additional legislation including the cheaper pricing of healthy 
compared with unhealthy alternatives. Additionally, risk factors 
such as smoking, obesity, hypertension and diabetes must also be 
addressed to reduce the CVD burden.

The limitations of this study include the sparsity of data to estimate 
the mean LDL-C concentrations for three different time periods. The 
estimates were not aggregated by population group, which showed 
markedly different mean TC levels in the SACRA1 study. This 
study did not estimate the prevalence of LDL-C >3 mmol/L, which 
is the treatment threshold in individuals with low and moderate 
cardiovascular risk; the difference in CVD risk attributable to LDL-C 
by this cut-off point could then have been determined. However, the 
benefit of estimating LDL-C as a continuous variable is that it allows 
the estimation of cardiovascular risk with every 1 mmol/L increase 
in serum LDL-C above the theoretical minimum risk exposure. 
Although sdLDL is more atherogenic and a better predictor of CVD 
than LDL-C, there are very few population-based studies that have 
assessed sdLDL owing to a historical lack of homogenous assays, 
and this component could not be evaluated.[42] The GBD RRs are 
based on pooled analysis from studies in Asia and Europe, which 
does not necessarily represent the risk of cardiovascular outcomes 
in low- and middle-income sub-Saharan African countries such 
as SA. Although studies on familial hypercholesterolaemia were 
excluded from our meta-analysis, it is a substantial public health 
problem, as demonstrated by the global call to action for familial 
hypercholesterolaemia.[48] The study by Oelofse et  al.[18] did not 
use fasting blood samples to estimate lipid levels, which may have 
resulted in incorrect estimates.

Conclusion
This study indicates that a substantial amount of the cardiovascular 
mortality and morbidity in SA can be attributed to high LDL-C. 
The decreasing trend in the age-standardised attributable burden 
due to high LDL-C between 2006 and 2012 is encouraging, but 
should be interpreted with caution since numerous risk factors 
contribute to CVD. Nevertheless, the PIFs for LDL-C did show a 
slight decline over time, due to the slight decrease in LDL-C levels. 
If mean population LDL-C values can be lowered further with 
the introduction of additional population-based CVD prevention 
strategies, this would likely translate to lower CVD in SA. Regular 
surveillance of national LDL-C levels is required to guide CVD 
policies and programmes, and to monitor the impact of such 
strategies. 

Declaration. Disclaimer: The population group classification is based 
on self-reporting according to Apartheid-era groups defined by the 
Population Registration Act of 1950, i.e. black African, coloured, Indian/
Asian and white. This classification is used as it has important correlates 
of lifestyle, culture and socioeconomic conditions that impact on health 
and health-related behaviours. The authors do not subscribe to this 
classification for any other purpose.
Acknowledgements. The Survey Review team, led by VPvW, conducted 
the risk of bias assessment of the national surveys. The following 
individuals are acknowledged for their contribution: DB, Rifqah 
Roomaney, Oluwatoyin Awotiwon, Eunice Turawa, Pam Groenewald, 
Andiswa Zitho, BN, Jané D Joubert, Mmakamohelo Direko, Mweete 
Nglazi, Nomonde Gwebushe, Nomfuneko Sithole, AC, Linda Mbuthini, 
Lyn Hanmer, Akhona Ncinitwa, Nadine Nannan, Nada Abdelatif, Richard 

Ischaemic heart 
disease

76%

Ischaemic stroke
24%

C. Attributable DALYs, 2012 
N = 270 829 

Ischaemic heart 
disease

77%

Ischaemic stroke
23%

B. Attributable DALYs, 2006 
N = 315 125 

Ischaemic heart 
disease

76%

Ischaemic stroke
24%

A. Attributable DALYs, 2000 
N = 286 712 

Fig. 4. Attributable DALYs due to raised low-density 
lipoprotein cholesterol by cause and year.

Fig. 4. Attributable disability-adjusted life years (DALYs) due to raised low-
density lipoprotein cholesterol by cause, for (A) 2000, (B) 2006 and (C) 2012.



616       August 2022  Vol. 112, No. 8b  

RESEARCH

Matzopoulos, IN, Ali Dhansay and Ria Laubscher. The NBD team, led by 
VPvW, was responsible for mapping the NBD and GBD causes generating 
YLD and DALY estimates nationally and by province and population 
group. The following individuals are acknowledged for their contribution: 
William Msemburi, Oluwatoyin Awotiwon, AC, IN, Tracy Glass, Pam 
Groenewald and DB.
Author contributions. Conceived and designed the study: IN, RP, DB, 
VPvW. Analysed the data: IN, AC. Prepared data for analysis: IN, AC. 
Interrogated and interpreted results: IN, AC, NP, RP, DB, VPvW. Drafted 
manuscript: IN, NP, AC, BN, RP, DB, VPvW. Critical review of manuscript 
for important intellectual content: IN, NP, AC, BN, RP, DB, VPvW. Senior 
authors: DB, VPvW, RP. Agree to final version: All.
Funding. This research and the publication thereof have been funded by 
the SA Medical Research Council’s Flagships Awards Project (SAMRC-
RFA-IFSP-01-2013/SACRA 2).
Conflicts of interest. None.

1.	 Félix-Redondo FJ, Grau M, Fernández-Bergés D. Cholesterol and cardiovascular disease in the elderly: 
Facts and gaps. Aging Dis 2013;4(3):154-169.

2.	 Insull W. The pathology of atherosclerosis: Plaque development and plaque responses to medical 
treatment. Am J Med 2009;122(1 Supplement):S3-S14. https://doi.org/10.1016/j.amjmed.2008.10.013

3.	 World Health Organization. The World Health Report 2002. Reducing Risks, Promoting Healthy Life. 
Geneva: WHO, 2002. https://www.who.int/whr/2002/en/ (accessed 29 November 2020).

4.	 Klug EQ, Raal FJ, Marais AD, et al. South African dyslipidaemia guideline consensus statement: 2018 
update. A joint statement from the South African Heart Association (SA Heart) and the Lipid and 
Atherosclerosis Society of Southern Africa (LASSA). S Afr Med J 2018;108(2):973-1000. https://doi.
org/1010.7196/SAMJ.2018.v1108i1011.13383

5.	 Soran H, Dent R, Durrington P. Evidence-based goals in LDL-C reduction. Clin Res Cardiol 
2017;106(4):237-248. https://doi.org/10.1007/s00392-016-1069-7

6.	 Pillay-Van Wyk V, Msemburi W, Laubscher R, et al. Mortality trends and differentials in South Africa 
from 1997 to 2012: Second National Burden of Disease Study. Lancet Glob Health 2016;4(9):e642-653. 
https://doi.org/10.1016/S2214-109X(16)30113-9

7.	 Norman R, Bradshaw D, Steyn K, et al. Estimating the burden of disease attributable to high cholesterol 
in South Africa in 2000. S Afr Med J 2007;97(8):708-715.

8.	 Peer N, Steyn K, Lombard C, et al. Alarming rise in prevalence of atherogenic dyslipidaemia in the 
black population of Cape Town: The Cardiovascular Risk in Black South Africans (CRIBSA) study. Eur 
J Prev Cardiol 2014;21(12):1549-1556. https://doi.org/10.1177/2047487313497865

9.	 GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk assessment of 84 
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries 
and territories, 1990 - 2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 
2018;392(10159):1923-1994. https://doi.org/10.1016/S0140-6736(18)32225-6

10.	 Shisana O, Labadarios D, Rehle T, et  al. South African National Health and Nutrition 
Examination Survey (SANHANES-1). Cape Town: HSRC, 2013. http://repository.hsrc.ac.za/
handle/20.500.11910/2864 (accessed 1 September 2018).

11.	 Bradshaw D, Nannan NN, Pillay-van Wyk V, et  al. Burden of disease in South Africa: Protracted 
transitions driven by social pathologies. S Afr Med J 2019;109(11b):69-76. https://doi.org/10.7196/
SAMJ.2019.v109i11b.14273

12.	 Crush J, Frayne B, McLachlan M. Rapid Urbanisation and the Nutrition Transition in Southern 
African. Urban Food Security Series No. 7. Kingston and Cape Town: Queen’s University and AFSUN, 
2011. http://www.afsun.org/wp-content/uploads/2013/09/AFSUN_7.pdf (accessed 4 December 2020).

13.	 Murray CJ, Lopez AD. Global mortality, disability, and the contribution of risk factors: Global Burden 
of Disease Study. Lancet 1997;349(9063):1436-1442. https://doi.org/10.1016/S0140-6736(96)07495-8

14.	 Seedat YK, Mayet FGH, Khan S, et al. Risk factors for coronary heart disease in the Indians of Durban. 
S Afr Med J 1990;78(10):447-454.

15.	 Seedat YK, Mayet FGH, Latiff GH, et al. Risk factors and coronary heart disease in Durban blacks – the 
missing links. S Afr Med J 1992;82(4):251-256.

16.	 Seedat YK, Mayet FGH, Gouws E. Risk factors for coronary heart disease in the white community of 
Durban. S Afr Med J 1994;84(5):257-262.

17.	 Mollentze WF, Moore AJ, Steyn AF, et  al. Coronary heart disease risk factors in a rural and urban 
Orange Free State black population. S Afr Med J 1995;85(2):90-96.

18.	 Oelofse A, Jooste PL, Steyn K, et al. The lipid and lipoprotein profile of the urban black South African 
population of the Cape Peninsula – the BRISK study. S Afr Med J 1996;86(2):162-166.

19.	 Steyn K, Levitt NS, Hoffman M, et al. The global cardiovascular diseases risk pattern in a peri-urban 
working-class community in South Africa. The Mamre study. Ethn Dis 2004;14(2):233-242.

20.	 Alberts M, Urdal P, Steyn K, et al. Prevalence of cardiovascular diseases and associated risk factors in 
a rural black population of South Africa. Eur J Cardiovasc Prev Rehab 2005;12(4):347-354. https://doi.
org/10.1097/01.hjr.0000174792.24188.8e

21.	 Gradidge PJ, Norris SA, Jaff NG, et al. Metabolic and body composition risk factors associated with 
metabolic syndrome in a cohort of women with a high prevalence of cardiometabolic disease. PLoS 
ONE 2016;11(9):e0162247. https://doi.org/10.1371/journal.pone.0162247

22.	 Reiger S, Jardim TV, Abrahams-Gessel S, et  al. Awareness, treatment, and control of dyslipidemia in 
rural South Africa: The HAALSI (Health and Aging in Africa: A Longitudinal Study of an INDEPTH 
Community in South Africa) study. PLoS ONE 2017;12(10):e0187347. https://doi.org/10.1371/journal.
pone.0187347

23.	 Sekgala MD, Monyeki KD, Mogale A, et al. The risk of metabolic syndrome as a result of lifestyle among 
Ellisras rural young adults. J Hum Hypertens 2018;32(8):572-584. https://doi.org/10.1038/s41371-018-
0076-8

24.	 Crouch SH, Ware LJ, Gafane‐Matemane LF, et al. Dietary sodium intake and its relationship to adiposity 
in young black and white adults: The African‐PREDICT study. J Clin Hypertens 2018;20(8):1193-1202. 
https://doi.org/10.1111/jch.13329

25.	 Prakaschandra DR, Esterhuizen TM, Motala AA, et al. High prevalence of cardiovascular risk factors in 
Durban South African Indians: The Phoenix Lifestyle Project. S Afr Med J 2016;106(3):284-289. https://
doi.org/10.7196/SAMJ.2016.v106i3.9837

26.	 Noubiap JJ, Bigna JJ, Nansseu JR, et al. Prevalence of dyslipidaemia among adults in Africa: A systematic 
review and meta-analysis. Lancet Glob Health 2018;6(9):e998-1007. https://doi.org/10.1016/S2214-
109X(18)30275-4

27.	 GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk assessment of 84 
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries and 
territories, 1990 - 2017: A systematic analysis for the Global Burden of Disease Study 2017. Appendix 1. 
Lancet 2018;392(10159):1923-1945.  https://doi.org/10.1016/S0140-6736(18)32225-6

28.	 Dorrington R. Alternative South African mid-year estimates, 2013. Cape Town: Centre for Actuarial 
Research, University of Cape Town, 2013. http://www.care.uct.ac.za/sites/default/files/image_tool/
images/561/Downloads/Mono11.pdf (accessed 7 December 2020).

29.	 World Bank. World Development Indicators 2021. Rural population (% of total population). https://
databank.worldbank.org/reports.aspx?source=2&series=SP.RUR.TOTL.ZS (accessed 12 April 2021).

30.	 The Emerging Risk Factors Collaboration. Major lipids, apolipoproteins, and risk of vascular disease. JAMA 
2009;302(18):1993-2000. https://doi.org/10.1001/jama.2009.1619

31.	 Boekholdt SM, Hovingh GK, Mora S, et  al. Very low levels of atherogenic lipoproteins and risk of 
cardiovascular events: A meta-analysis of statin trials. J Am Coll Cardiol 2014;64(5):485-494. https://doi.
org/10.1016/j.jacc.2014.02.615

32.	 Krogh HW, Mundal L, Holven KB, et al. Patients with familial hypercholesterolaemia are characterised 
by presence of cardiovascular disease at the time of death. Eur Heart J 2016;37(17):1398-1405. https://doi.
org/10.1093/eurheartj/ehv602

33.	 Ahmad OB, Boschi-Pinto C, Lopez AD, et al. Age standardisation of rates: A new WHO standard. GPE 
Discussion Paper Series: No31 EIP/GPE/EBD. Geneva: World Health Organization, 2001. https://www.
who.int/healthinfo/paper31.pdf (accessed 2 September 2017).

34.	 Barendregt JJ. The effect size in uncertainty analysis. Value Health 2010;13(4):388-391. https://doi.
org/10.1111/j.1524-4733.2009.00686.x

35.	 Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2017 Results. Seattle, 
United States: Institute for Health Metrics and Evaluation, 2018. http://ghdx.healthdata.org/gbd-results-
tool (accessed 1 December 2020).

36.	 Abdool Karim SS, Churchyard GJ, Abdool Karim Q, et  al. HIV infection and tuberculosis in South 
Africa: An urgent need to escalate the public health response. Lancet 2009;374(9693):921-933. https://doi.
org/10.1016/S0140-6736(09)60916-8

37.	 Vorster HH, Venter CS, Wissing MP, et al. The nutrition and health transition in the North West Province 
of South Africa: A review of the THUSA (Transition and Health during Urbanisation of South Africans) 
study. Publ Health Nutr 2005;8(5):480-490. https://doi.org/10.1079/PHN2005784

38.	 Department of Health, South Africa. Regulation relating to Trans-Fat in Foodstuffs. Act No. 54 of 1972: 
Foodstuffs, Cosmetics & Disinfectants Act, 1972:3-6. Government Gazette. Regulation R. 127. Pretoria: 
Department of Health, 2011.

39.	 World Health Organization. Global Status Report on Noncommunicable Diseases 2010. Geneva: WHO, 
2011. https://www.who.int/nmh/publications/ncd_report2010/ (accessed 3 December 2020).

40.	 Uusitalo U, Feskens EJM, Tuomilehto J, et  al. Fall in total cholesterol concentration over five years in 
association with changes in fatty acid composition of cooking oil in Mauritius: Cross sectional survey. Br 
Med J 1996;313(7064):1044-1046. https://doi.org/10.1136/bmj.313.7064.1044

41.	 Carrol MD, Kit BK, Lacher DA, et al. Trends in lipids and lipoproteins in US adults, 1988 - 2010. JAMA 
2012;308(15):1545-1554. https://doi.org/10.1001/jama.2012.13260

42.	 Ivanova EA, Myasoedova VA, Melnichenko AA, et  al. Small dense low-density lipoprotein as 
biomarker for atherosclerotic diseases. Oxidative Med Cell Longevity 2017;2017:1273042. https://doi.
org/10.1155/2017/1273042

43.	 Grinspoon S, Carr A. Cardiovascular risk and body-fat abnormalities in HIV-infected adults. New Engl J 
Med 2005;352(1):48-62. https://doi.org/10.1056/NEJMra041811

44.	 Gossett LK, Johnson HM, Piper ME, et  al. Smoking intensity and lipoprotein abnormalities in active 
smokers. J Clin Lipidol 2009;3(6):372-378. https://doi.org/10.1016/j.jacl.2009.10.008

45.	 Yusuf S, Joseph P, Rangarajan S, et al. Modifiable risk factors, cardiovascular disease, and mortality in 155 722 
individuals from 21 high-income, middle-income, and low-income countries (PURE): A prospective cohort 
study. Lancet 2020;395(10226):795-808. https://doi.org/10.1016/S0140-6736(19)32008-2

46.	 Peer N, Lombard C, Steyn K, et  al. Comparability of total cardiovascular disease risk estimates using 
laboratory and non-laboratory based assessments in urban-dwelling South Africans: The CRIBSA study. 
S Afr Med J 2014;104(10):691-696. https://doi.org/10.7196/samj.8125

47.	 Piepoli MF, Hoes AW, Agewall S, et al. 2016 European guidelines on cardiovascular disease prevention in 
clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and Other Societies on 
Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by 
invited experts). Developed with the special contribution of the European Association for Cardiovascular 
Prevention &amp; Rehabilitation (EACPR). Eur Heart J 2016;37(29):2315-2381. https://doi.org/10.1093/
eurheartj/ehw106

48.	 Wilemon KA, Patel J, Aguilar-Salinas C, et al. Reducing the clinical and public health burden of familial 
hypercholesterolemia: A global call to action. JAMA Cardiol 2020;5(2):217-229. https://doi.org/10.1001/
jamacardio.2019.5173

Accepted 3 March 2022.

https://doi.org/10.1016/j.amjmed.2008.10.013
https://www.who.int/whr/2002/en/
https://doi.org/1010.7196/SAMJ.2018.v1108i1011.13383
https://doi.org/1010.7196/SAMJ.2018.v1108i1011.13383
https://doi.org/10.1007/s00392-016-1069-7
https://doi.org/10.1016/S2214-109X(16)30113-9
https://doi.org/10.1177/2047487313497865
https://doi.org/10.1016/S0140-6736(18)32225-6
http://repository.hsrc.ac.za/handle/20.500.11910/2864
http://repository.hsrc.ac.za/handle/20.500.11910/2864
https://doi.org/10.7196/SAMJ.2019.v109i11b.14273
https://doi.org/10.7196/SAMJ.2019.v109i11b.14273
http://www.afsun.org/wp-content/uploads/2013/09/AFSUN_7.pdf
https://doi.org/10.1016/S0140-6736(96)07495-8
https://doi.org/10.1097/01.hjr.0000174792.24188.8e
https://doi.org/10.1097/01.hjr.0000174792.24188.8e
https://doi.org/10.1371/journal.pone.0162247
https://doi.org/10.1371/journal.pone.0187347
https://doi.org/10.1371/journal.pone.0187347
https://doi.org/10.1038/s41371-018-0076-8
https://doi.org/10.1038/s41371-018-0076-8
https://doi.org/10.1111/jch.13329
https://doi.org/10.7196/SAMJ.2016.v106i3.9837
https://doi.org/10.7196/SAMJ.2016.v106i3.9837
https://doi.org/10.1016/S2214-109X(18)30275-4
https://doi.org/10.1016/S2214-109X(18)30275-4
https://doi.org/10.1016/S0140-6736(18)32225-6
http://www.care.uct.ac.za/sites/default/files/image_tool/images/561/Downloads/Mono11.pdf
http://www.care.uct.ac.za/sites/default/files/image_tool/images/561/Downloads/Mono11.pdf
https://databank.worldbank.org/reports.aspx?source=2&series=SP.RUR.TOTL.ZS
https://databank.worldbank.org/reports.aspx?source=2&series=SP.RUR.TOTL.ZS
https://doi.org/10.1001/jama.2009.1619
https://doi.org/10.1016/j.jacc.2014.02.615
https://doi.org/10.1016/j.jacc.2014.02.615
https://doi.org/10.1093/eurheartj/ehv602
https://doi.org/10.1093/eurheartj/ehv602
https://www.who.int/healthinfo/paper31.pdf
https://www.who.int/healthinfo/paper31.pdf
https://doi.org/10.1111/j.1524-4733.2009.00686.x
https://doi.org/10.1111/j.1524-4733.2009.00686.x
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1016/S0140-6736(09)60916-8
https://doi.org/10.1016/S0140-6736(09)60916-8
https://doi.org/10.1079/PHN2005784
https://www.who.int/nmh/publications/ncd_report2010/
https://doi.org/10.1136/bmj.313.7064.1044
https://doi.org/10.1001/jama.2012.13260
https://doi.org/10.1155/2017/1273042
https://doi.org/10.1155/2017/1273042
https://doi.org/10.1056/NEJMra041811
https://doi.org/10.1016/j.jacl.2009.10.008
https://doi.org/10.1016/S0140-6736(19)32008-2
https://doi.org/10.7196/samj.8125
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1001/jamacardio.2019.5173
https://doi.org/10.1001/jamacardio.2019.5173

