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Heterozygous familial hypercholesterolaemia in specialist centres in South Africa, Australia and Brazil: importance of early detection and lifestyle advice

Short title: Familial hypercholesterolaemia in the Southern Hemisphere

Jing Pang1, A David Marais2, Dirk J Blom3, Brigitte C Brice3, Pamela RS Silva4, Cinthia E Jannes4, Alexandre C Pereira4, Amanda J Hooper1,5, Kausik K Ray6, Raul D Santos4, Gerald F Watts1,7

1School of Medicine, Faculty of Health and Medical Sciences, University of Western Australia, Perth, Western Australia, Australia
2Division of Chemical Pathology, University of Cape Town Health Science Faculty and National Health Laboratory Service, Cape Town, South Africa
3Division of Lipidology and Hatter Institute, Department of Medicine, University of Cape Town Health Science Faculty and Groote Schuur Hospital, Cape Town, South Africa
4Heart Institute (InCor), University of Sao Paulo Medical School Hospital, Sao Paulo, Brazil
5Department of Clinical Biochemistry, PathWest Laboratory Medicine WA, Royal Perth Hospital and Fiona Stanley Hospital Network, Perth, Western Australia, Australia
6Imperial Centre for Cardiovascular Disease Prevention, Department of Primary Care and Public Health, School of Public Health, Imperial College London, London, United Kingdom
7Lipid Disorders Clinic, Cardiometabolic Services, Department of Cardiology, Royal Perth Hospital, Perth, Western Australia, Australia

Word count: 2,210
Tables: 4; Figure: 1
Keywords: familial hypercholesterolaemia; heterozygous; South Africa; Australia; Brazil

Corresponding author:
Professor Gerald F Watts
Postal address: GPO Box X2213 Perth WA 6847 Australia
Phone: +61 8 9224 0245
Email: gerald.watts@uwa.edu.au

Abstract
Background and aims: Familial hypercholesterolaemia (FH) is the commonest monogenic disorder that accelerates atherosclerotic cardiovascular disease. We compared and contrasted the characteristics of patients from three specialist centres in the southern hemisphere.
Methods: Adult index-cases with molecularly diagnosed heterozygous FH attending specialist lipid centres in Cape Town, Perth and São Paulo were studied. Myocardial infarction, revascularisation, hypertension, diabetes, smoking and lipid-lowering treatment were recorded at the time of diagnosis and compared across the three centres.
Results: The spectrum of genetic variants causative of FH was significantly different in patients attending the centres in South Africa compared with Australia and Brazil. Hypertension and diabetes were more prevalent in Brazilian and Australian patients, than in South African patients, but the frequency of smoking was significantly greater in South Africa than the other two centres (p<0.01). Age, male sex and smoking were significant independent predictors of coronary artery disease (CAD) in all three countries (p<0.05).
Conclusions: Patients with FH in three specialist centres in the southern hemisphere exhibit a high prevalence of non-cholesterol cardiovascular disease risk factors. Older age, male sex and smoking were more common among subjects with CAD. In all three countries, there should be vigorous programmes for the control of risk factors beyond good control of hypercholesterolaemia among patients with FH. Promotion of a healthy lifestyle, especially anti-smoking advice, is of paramount importance.

Introduction
Familial hypercholesterolaemia (FH) is characterised by elevated low-density lipoprotein cholesterol (LDL-C) levels owing to mutations in genes involved in the low-density lipoprotein receptor (LDLR) pathway. Heterozygous FH (heFH) is the commonest monogenic lipid disorder that accelerates atherosclerotic cardiovascular disease (CVD). The relatively high population frequency estimates of 1:250 to 1:3001-5 implies that FH must be viewed as a public health problem throughout the world, noting also that the majority of people with FH are undiagnosed and/or undertreated6. Beyond LDL-C, lifestyle and other risk factors also need to be addressed in the care of patients with FH7.
Most reports in the medical literature on the detection, management and treatment of FH have been focused on the northern hemisphere8, with fewer reports on the southern hemisphere9. International comparisons among patients attending specialist centres remain outstanding. As part of the “Ten Countries Study”10, we took the opportunity to compare and contrast the clinical characteristics, CVD risk factors, genetic variants, and the corresponding associations with the prevalence of coronary artery disease (CAD) in molecularly confirmed adult index cases with heFH attending three specialist centres in South Africa, Australia and Brazil. We wanted to explore whether apart from differences in FH genetic variants, patients attending the different centres have variable prevalence and severity of non-cholesterol risk factors that could impact on the risk of CAD.
Patients and Methods
We obtained data from hospital records and clinic databases on all index patients (first to be diagnosed in a family) aged 18 years or more and known to have a pathogenic mutation affecting the LDLR pathway (LDLR, APOB and PCSK9 genes). Data from three specialist centres in Cape Town (South Africa)11, Perth (Australia)12 and São Paulo (Brazil)13 were collated for the study between 1990 (post-statin) to 2017. All three centres followed a consistent service delivery model of care over this time period. Details of the services provided, including genetic testing, and the characteristics of patients attending these centres have been published elsewhere11-13. Patients with homozygous and compound heFH patients were excluded owing to the inordinately high prevalence of this type of FH in South Africa as a consequence of a founder effect; details of the homozygous FH cohort have been reported elsewhere14. Local ethics committee approval was obtained and informed written consent was obtained from all patients regarding the use of de-identified information.
Clinical characteristics such as history of CAD (defined as a myocardial infarction and/or coronary revascularisation), hypertension, diabetes, tendon xanthomata (assessed by clinician), smoking and lipid-lowering treatments were abstracted from hospital records at the time of FH diagnosis. Premature CAD was defined as <55 years for men and <60 years for women. Hypertension and diabetes were diagnosed according to local standard criteria. Smoking was defined as current or previous smoking. The highest pre-treatment LDL-C was also recorded. If an untreated LDL-C was not available, a correction factor was applied to estimate the pre-treatment LDL-C15-17. Laboratory methodology for lipid and genetic testing have been previously described11-13, 18.
Data were collected using Microsoft Excel and Access 2013. Databases were aligned, amalgamated and analysed using STATA 13.1 (College Station, TX: StataCorp LP). Continuous variables were described as mean ± standard deviation and categorical variables were expressed as proportions. The characteristics of the patients from Australia and Brazil were compared with those from South Africa, as the reference group. Group differences were investigated using regression analyses. Differences in patients with and without CAD were assessed by paired t-tests and chi-square tests. Univariate and multivariate logistic regression analyses were performed to predict the probability of CAD. We restricted the selection of variables in the multivariate model to only those that were significantly associated with CAD in univariate analyses. Significance was defined at 5%.
Results
Table 1 summarises the clinical characteristics of the 875 adult index cases with molecularly defined heFH from South Africa (n=353), Australia (n=266) and Brazil (n=256). FH patients from South Africa were younger at presentation to the specialist clinic compared with patients from Australia and Brazil (p<0.001). Diagnosis was relatively delayed in Brazil at a mean age of 50.4 ± 14.1 years; this is almost a decade later than patients from South Africa at 41.0 ± 13.3 years and 5 years later than patients from Australia at 45.5 ± 13.8 years.
Modifiable CVD risk factors, such as hypertension and diabetes, were more prevalent in patients from Brazil and Australia compared with those from South Africa (p<0.01), however, smoking rates were significantly higher in South African patients (p<0.01).
Despite the earlier diagnosis, rates of coronary events were particularly high in South Africa with 21.0% having experienced a myocardial infarction and 18.4% having undergone a revascularisation procedure. Among those with CAD, age of first coronary event was also earlier in South Africa compared with Australia and Brazil (p<0.001). This may relate to the significantly higher proportion of patients from Australia and Brazil treated with lipid-lowering therapies, prior to referral to the specialist centre, compared with South Africa (p<0.001).
The spectrum of FH mutation types (APOB, LDLR and PCSK9 gene variants) was more diverse in Australia and Brazil compared with South Africa. Australia had the highest frequencies of APOB and PCSK9 mutations detected (Table 2). Seventeen different LDLR variants were identified in South Africa; 124 in Australia and 93 in Brazil. The most common mutations, FH Afrikaner-1 (LDLR p.Asp227Glu), FH Afrikaner-2 (LDLR p.Val429Met) and FH Afrikaner-3 (LDLR p.Asp175Asn), accounted for 48%, 23% and 7%, respectively, of the total number of heFH patients from South Africa.
Figure 1 shows the distribution of LDL-C concentration according to FH mutation types. HeFH patients with LDLR and PCSK9 mutations had higher pre-treatment LDL-C concentrations than those with APOB mutations (p<0.05). Comparing pre-treatment plasma LDL-C concentrations in each mutation type in the three countries, LDL-C concentrations in those with LDLR mutations were significantly higher (<0.001) from Australia and significantly lower (p=0.017) from Brazil compared with South Africa. In those with APOB mutations, LDL-C concentrations were higher in Australian heFH patients compared with South Africa (p=0.023). Among the types of sequence variants in the LDLR gene, pre-treatment LDL-C concentrations were significantly higher in non-missense variants (nonsense, frameshift, deletion, duplication) compared with missense variants (p=0.01).
Table 3 compares the clinical and genetic characteristics of the patients with and without CAD. Overall, older age, male sex, hypertensive patients, those who smoked, had tendon xanthomata, on lipid-lowering treatment and had lower high-density lipoprotein cholesterol (HDL-C) were more likely to have CAD. Table 4 shows the odds ratio (OR) of the variables for coronary events in univariate analyses in the heFH patients. Age, male sex, hypertension and smoking were significant predictors of coronary events (p<0.001) in a pooled analysis of all three countries. In the multivariate logistic regression models, smoking remained significantly associated with coronary events (p<0.001) after adjusting for age and sex; this was observed in all three countries (Table 4). In a gender stratified analysis, age was equally significant in men and women (both p<0.001). However, smoking was a more significant predictor of CAD in men than in women (OR 3.04, p<0.001 vs OR 1.96, p=0.010).
Use of lipid-lowering treatment and low HDL-C were also associated with the likelihood of CAD in the pooled analysis. The association of lipid-lowering therapy with the likelihood of CAD was primarily driven by South Africa and the association of low HDL-C with the likelihood of CAD was primarily driven by Brazil.
Discussion
This is the first comparison of the clinical and genetic characteristics of molecularly defined heFH across three lipid specialist centres in the southern hemisphere. We demonstrated significant differences in time of diagnosis, prevalence of non-cholesterol risk factors, spectrum of mutations and treatment of heFH patients attending specialist lipid clinics in Cape Town, Perth and São Paulo. More importantly, we showed that older age, male sex and smoking were consistent predictors of CAD.
The narrower spectrum of mutations from South Africa (mostly LDLR missense mutations) was at least in part owing to the limited genetic testing for locally prevalent LDLR mutations11. Because of a gene founder effect in South Africa19, index cases, although referred independently, may be related to one another. By contrast, there was a significantly more diverse spectrum of FH mutations in Australia and Brazil. The higher proportion of familial defective apoB-100 mutations (in particular, APOB p.Arg3527Gln 18) from Western Australia, was perhaps owing to the largely European extractions of the population20.
The tendon xanthomata reflect the cholesterol life-years in FH and are predictive of CAD21. Xanthomata, important in the clinical diagnosis of FH and a useful clinical sign, are somewhat subjective and confirmation by imaging techniques is costly and may not always be available. The high prevalence of tendon xanthomata in South African patients indicates a stricter use of criteria for diagnosing FH as well as more sustained exposure to raised plasma cholesterol. The low prevalence of tendon xanthomata in Brazilian patients reflects probably an underestimation of the true frequency, noting that data were not recorded in 16% of that cohort. This provides a mandate for standardising the assessment of physical signs of FH.
The higher frequency of coronary events in South Africa may also reflect poorer healthcare resources, along with less healthy lifestyles and possibly also an ascertainment bias in which those for secondary prevention are referred to the clinic. Increasing the availability of high-intensity statins at all levels of care and authorising community doctors to be able to prescribe statins will be important to improve outcomes in South Africa. Differences in tobacco costs, marketing and policies among the countries could account for higher smoking rates in South Africa, and could also account for the higher frequency of CAD. Although the Brazilian cohort was older by almost a decade, coronary events were significantly less frequent, but the prevalence of hypertension and diabetes was higher than in South African patients. Although, hypertension, diabetes and smoking were similarly high in the Australian heFH patients compared with Brazil, the earlier diagnosis and hence treatment might have contributed to the relatively lower rates of myocardial infarctions in Australia. Contemporary registries around the world have described heterozygous FH adults22.  However, comparisons of our clinic datasets with other FH populations are constrained by different diagnostic criteria and sampling methods15, 22-29. Nevertheless, previous studies from countries in the northern hemisphere such as Canada25, USA30, the Netherlands31, 32, the UK33 and Spain34 have demonstrated that smoking, hypertension, diabetes and obesity are risk factors for CVD in FH. We also demonstrate that smoking and hypertension are associated with coronary events in the present study. However, in each country cohort, smoking consistently remained a significant predictor of coronary events, after adjusting for age and sex.
The generalisability of our findings are constrained by the sampling population being derived from specialist referral centres. FH patients in the primary care setting may be less treated and have a different spectrum of CVD and CVD risk factors35, 36; we also did not report on homozygous FH and children. A gene founder effect for FH is well-recognised in South Africa14; the outcomes of treatment have been conjointly reported with the UK37. The impact of different mutations on the phenotype in the different sample populations is worthy of further investigation but could not be fully addressed in the present study. Future studies comparing mutation spectra and phenotypes across countries are warranted.
The limitations of the present study include the lack of follow-up and post-treatment LDL-C data from the Cape Town clinic. Owing to constraints of healthcare resources, patients are often discharged to community care clinics. Additionally, the genetic diagnosis of FH was performed with limited research budgets that did not support the systematic search for all FH-causing variants. Post-treatment data has been communicated previously by Australia12 and Brazil13 as part of cascade screening programmes. Although we did not have data on body-mass-index, patients from Brazil had a higher frequency of hypertension and diabetes, and given their older age, this suggested a higher prevalence of central obesity and the metabolic syndrome phenotype additional to the FH status. Data on ethnicity would be interesting given the mixed ancestry and multi-ethnic populations in all three countries. Lipoprotein(a) data was incomplete and was not reported in the present study, but has been previously demonstrated in the Australian cohort as an independent predictor of coronary disease in FH38. Information on treatment duration, compliance, safety, intolerances and optimisation was not detailed in the medical records. Future longitudinal studies are merited to compare cardiovascular outcomes and mortality. Existing and desirable variables will be retrospectively and prospectively measured and collected over time and will be pooled with the FH Studies Collaboration registry39.
We demonstrate that, beyond hypercholesterolaemia, CVD risk factors were highly prevalent in a large cohort of molecularly defined heFH patients from three specialist centres in the Southern Hemisphere. Earlier identification and treatment of FH patients are imperative, and particularly counselling to never smoke and smoking cessation in individuals who do smoke. Extensive research, education and awareness programmes can hopefully improve FH diagnosis, treatment and CVD prevention, and mitigate CVD and CVD risk factors in our FH patients. Further studies are required to examine a wider spectrum of environmental and genetic risk factors in the heFH population. The application of a more sophisticated model of care, addressing these risk factors, should be applied to improve the healthcare of FH patients in all three countries, especially in South Africa.
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Table 1 Clinical characteristics of adult index cases with molecularly defined heterozygous familial hypercholesterolaemia from South Africa, Australia and Brazil.
	 
	All
	South Africa
	Australia
	Brazil

	 
	n=875
	n=353
	n=266
	n=256

	Age (years)
	45.1 ± 14.2
	41.0 ± 13.3
	45.5 ± 13.8a
	50.4 ± 14.1a

	Sex (% Male)
	45.6
	51.3
	41.4b
	42.2b

	Myocardial infarction (%)
	16.5
	21.0
	9.8a
	17.2

	Coronary revascularisation (%)
	16.8
	18.4
	18.1
	13.3

	CAD (%)
	24.6
	28.6
	20.3c
	23.1

	Premature CAD (%)
	22.9
	26.4
	19.2c
	21.9

	Age at first event (years)
	43.3 ± 10.8
	39.3 ± 10.5
	46.8 ± 9.5a
	46.7 ± 10.5a

	History of hypertension (%)
	20.5
	11.9
	22.9a
	29.7a

	History of diabetes (%)
	5.3
	0.6
	5.3b
	11.7a

	History of smoking (%)
	43.2
	52.4
	41.0b
	32.8a

	Tendon xanthomata (%)
	43.0
	76.2
	31.2a
	10.7a†

	Pre-treatment LDL-C (mmol/L)
	7.5 ± 1.9
	7.4 ± 1.9
	8.0 ± 1.9a
	7.0 ± 2.0b

	HDL-C (mmol/L)
	1.2 ± 0.4
	1.2 ± 0.4
	1.3 ± 0.4a
	1.2 ± 0.3

	Non-HDL-C (mmol/L)
	8.1 ± 2.0
	8.1 ± 1.9
	8.4 ± 1.9
	7.8 ± 2.0

	Lipid-lowering treatment (%)
	59.2
	31.7
	74.4a
	81.3a


Continuous variables are expressed as mean±standard deviation and categorical variables are expressed as proportions (%). Significantly different from South Africa (reference group); ap<0.001, bp<0.01, cp<0.05. †16% of the cohort from Brazil had no comment about tendon xanthomata Abbreviations: CAD: coronary artery disease; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.


Table 2 Pre-treatment plasma LDL cholesterol according to the type of gene variants causative of familial hypercholesterolaemia in adult index cases attending clinics in South Africa, Australia and Brazil.
	Pre-treatment LDL-C
	All
	South Africa
	Australia
	Brazil

	 
	n=875
	n=353
	n=266
	n=256

	LDLR gene variants 
	7.5 ± 1.9
	7.4 ± 1.9
	8.1 ± 1.8a
	7.0 ± 2.0c

	
	(n=831)
	(n=349)
	(n=238)
	(n=244)

	APOB gene variants 
	6.7 ± 1.5
	5.2 ± 0.4
	7.1 ± 1.5c
	6.0 ± 1.0

	
	(n=39)
	(n=3)
	(n=25)
	(n=11)

	PCSK9 gene variants 
	9.0 ± 2.8
	11.2
	9.0 ± 3.3
	6.8

	
	(n=5)
	(n=1)
	(n=3)
	(n=1)


Continuous variables are expressed as mean±standard deviation. Significantly different from South Africa (reference group); ap<0.001, bp<0.01, cp<0.05. Abbreviations: LDLR: low-density lipoprotein receptor; APOB: apolipoprotein B; PCSK9: proprotein convertase subtilisin/kexin type 9.

Table 3 Comparison of clinical and genetic characteristics of patients with heterozygous familial hypercholesterolaemia with and without coronary artery disease in clinics from South Africa, Australia and Brazil.
	Variables 
	CAD+
n=214
	CAD-
n=661
	p-value

	All Three Countries
	
	
	

	Age (years)
	50.1 ± 12.3
	43.5 ± 14.4
	<0.001

	Sex (% Male)
	67.0
	38.6
	<0.001

	Hypertension (%)
	31.3
	17.1
	<0.001

	Diabetes (%)
	6.5
	4.8
	0.333

	Smoking (%)
	62.6
	36.9
	<0.001

	Tendon xanthomata (%)
	58.3
	40.2
	<0.001

	Lipid-lowering treatment (%)
	73.8
	54.5
	<0.001

	Pre-treatment LDL-C (mmol/L)
	7.4 ± 2.2
	7.5 ± 1.9
	0.716

	HDL-C (mmol/L)
	1.1 ± 0.4
	1.3 ± 0.4
	<0.001

	Non-HDL-C (mmol/L)
	8.0 ± 2.2
	8.1 ± 1.9
	0.695

	LDLR gene variant (%)
	94.9
	95.0
	0.931

	APOB gene variant (%)
	4.7
	4.4
	0.860

	PCSK9 gene variant (%)
	0.5
	0.6
	0.816

	South Africa
	n=101
	n=252
	

	Age (years)
	45.6 ± 11.5
	39.2 ± 13.5
	<0.001

	Sex (% Male)
	73.3
	42.5
	<0.001

	Hypertension (%)
	16.8
	9.9
	0.070

	Diabetes (%)
	0
	0.8
	0.369

	Smoking (%)
	68.3
	46.0
	<0.001

	Tendon xanthomata (%)
	85.2
	72.6
	0.012

	Lipid-lowering treatment (%)
	53.5
	23.0
	<0.001

	Pre-treatment LDL-C (mmol/L)
	7.3 ± 1.9
	7.4 ± 1.8
	0.409

	HDL-C (mmol/L)
	1.1 ± 0.5
	1.2 ± 0.4
	0.059

	Non-HDL-C (mmol/L)
	8.0 ± 2.0
	8.1 ± 1.9
	0.731

	Australia
	n=54
	n=212
	

	Age (years)
	53.3 ± 11.0
	43.5 ± 13.7
	<0.001

	Sex (% Male)
	66.7
	34.9
	<0.001

	Hypertension (%)
	44.4
	17.9
	<0.001

	Diabetes (%)
	9.3
	4.3
	0.141

	Smoking (%)
	64.8
	34.9
	<0.001

	Tendon xanthomata (%)
	46.3
	27.4
	0.007

	Lipid-lowering treatment (%)
	90.7
	70.3
	0.002

	Pre-treatment LDL-C (mmol/L)
	8.4 ± 2.1
	7.9 ± 1.8
	0.072

	HDL-C (mmol/L)
	1.2 ± 0.3
	1.4 ± 0.4
	0.022

	Non-HDL-C (mmol/L)
	8.6 ± 2.2
	8.3 ± 1.8
	0.263

	Brazil
	n=59
	n=197
	

	Age (years)
	54.9 ± 12.2
	49.1 ± 14.4
	0.005

	Sex (% Male)
	57.6
	37.6
	0.006

	Hypertension (%)
	44.1
	25.4
	0.006

	Diabetes (%)
	15.3
	10.7
	0.336

	Smoking (%)
	50.9
	27.4
	0.001

	Tendon xanthomata (%)
	17.7
	8.7
	0.069

	Lipid-lowering treatment (%)
	93.2
	77.7
	0.007

	Pre-treatment LDL-C (mmol/L)
	6.7 ± 2.3
	7.0 ± 1.9
	0.350

	HDL-C (mmol/L)
	1.1 ± 0.3
	1.3 ± 0.3
	<0.001

	Non-HDL-C (mmol/L)
	7.6 ± 2.4
	7.9 ± 1.9
	0.276


Abbreviations: CAD+: with coronary artery disease; CAD-: without coronary artery disease; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.

Table 4 Predictors of coronary artery disease in patients with heterozygous familial hypercholesterolaemia from South Africa, Australia and Brazil.
	Variables
	ORa
	95% CI
	p-value
	ORb
	95% CI
	p-value

	All Three Countries
	
	
	
	
	
	

	Age
	1.03
	1.02-1.05
	<0.001
	1.04
	1.02-1.05
	<0.001

	Sex (male)
	3.28
	2.36-4.54
	<0.001
	3.19
	2.17-4.70
	<0.001

	Hypertension
	2.21
	1.55-3.15
	<0.001
	1.38
	0.90-2.12
	0.145

	Diabetes
	1.38
	0.72-2.63
	0.334
	
	
	

	Smoking
	2.86
	2.08-3.94
	<0.001
	2.25
	1.57-3.22
	<0.001

	Tendon xanthomata
	2.08
	1.51-2.86
	<0.001
	1.97
	1.36-2.86
	<0.001

	Lipid-lowering treatment
	2.36
	1.68-3.32
	<0.001
	2.05
	1.36-3.09
	<0.001

	Pre-treatment LDL-C
	0.99
	0.91-1.07
	0.715
	
	
	

	HDL-C
	0.33
	0.21-0.54
	<0.001
	0.60
	0.35-1.02
	0.059

	Non-HDL-C
	0.98
	0.91-1.07
	0.695
	
	
	

	South Africa
	
	
	
	
	
	

	Age
	1.04
	1.02-1.06
	<0.001
	1.04
	1.01-1.06
	0.001

	Sex (male)
	3.71
	2.24-6.16
	<0.001
	3.75
	2.12-6.63
	<0.001

	Hypertension
	1.84
	0.94-3.57
	0.073
	
	
	

	Smoking
	2.53
	1.55-4.11
	<0.001
	1.90
	1.10-3.26
	0.021

	Tendon xanthomata
	2.16
	1.17-4.00
	0.014
	1.45
	0.72-2.93
	0.298

	Lipid-lowering treatment
	3.84
	2.36-6.27
	<0.001
	2.98
	1.75-5.08
	<0.001

	Pre-treatment LDL-C
	0.95
	0.84-1.08
	0.408
	
	
	

	HDL-C
	0.55
	0.29-1.03
	0.061
	
	
	

	Non-HDL-C
	0.98
	0.87-1.10
	0.730
	
	
	

	Australia
	
	
	
	
	
	

	Age
	1.06
	1.03-1.09
	<0.001
	1.06
	1.03-1.10
	<0.001

	Sex (male)
	3.73
	1.98-7.02
	<0.001
	3.95
	1.85-8.43
	<0.001

	Hypertension
	3.66
	1.93-6.96
	<0.001
	1.45
	0.67-3.13
	0.349

	Diabetes
	2.30
	0.74-7.17
	0.151
	
	
	

	Smoking
	3.44
	1.84-6.42
	<0.001
	2.59
	1.27-5.29
	0.009

	Tendon xanthomata
	2.29
	1.24-4.23
	0.008
	1.30
	0.64-2.65
	0.467

	Lipid-lowering treatment
	4.14
	1.58-10.89
	0.004
	1.89
	0.65-5.49
	0.240

	Pre-treatment LDL-C
	1.16
	0.99-1.35
	0.074
	
	
	

	HDL-C
	0.32
	0.12-0.85
	0.022
	0.60
	0.20-1.78
	0.355

	Non-HDL-C
	1.09
	0.94-1.28
	0.263
	
	
	

	Brazil
	
	
	
	
	
	

	Age
	1.03
	1.01-1.05
	0.006
	1.04
	1.01-1.06
	0.012

	Sex (male)
	2.26
	1.25-4.08
	0.007
	2.11
	1.03-4.33
	0.041

	Hypertension
	2.32
	1.26-4.25
	0.007
	1.78
	0.87-3.66
	0.116

	Diabetes
	1.51
	0.65-3.50
	0.338
	
	
	

	Smoking
	2.74
	1.51-4.99
	0.001
	2.09
	1.07-4.06
	0.031

	Tendon xanthomata
	2.26
	0.92-5.52
	0.074
	
	
	

	Lipid-lowering treatment
	3.95
	1.36-11.52
	0.012
	3.15
	0.88-11.28
	0.079

	Pre-treatment LDL-C
	0.93
	0.80-1.08
	0.349
	
	
	

	HDL-C
	0.14
	0.05-0.42
	<0.001
	0.17
	0.05-0.64
	0.008

	Non-HDL-C
	0.92
	0.79-1.07
	0.275
	
	
	


aUnivariate analyses
bMultivariate analyses adjusting for all other variables significantly associated with coronary artery disease in univariate analyses
Abbreviations: LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.


Figure 1 Distribution of pre-treatment plasma low-density lipoprotein cholesterol concentration according to type of gene variants in (A) all three countries and in (B) South Africa, Australia and Brazil.
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