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Outline

 Global epidemiological data/trends (“Paradigm Shift”)

 CVD in the context of aging and multimorbidity

 Traditional risk factors (Dietary Patterns/Micronutrients)

 Emerging risk factors/risk markers (Sleep Problems)

 Role of social determinants of health

 Lessons learned & way forward



Current views on coronary heart disease 
pathogenesis…Beyond the ‘plumbing approach’

Aseem Malhotra et al. Br J Sports Med 2017;51:1111-1112



CVD: leading cause of death worldwide

Br Med Bull. 2009 – WHO 2011 – The LANCET 2012 



Roth GA, …Stranges S, et al. J Am Coll Cardiol. 2017;70(1):1-25



Ischemic heart disease mortality rates per 100,000
Global Burden of Disease 2010

Circulation. 2014;129:1483-1492



Global variation in stroke mortality rates 

The LANCET Neurology. 2009;8:345-54



Leading 30 causes of global DALYs for both sexes 
combined, 1990, 2005, 2015, Global Burden of Disease, GBD



Epidemiological & Nutritional Transition:
Impact on CVD in low-resource settings…

Int J Epidemiol. 2004



Prevalence of Hypertension in WHO regions

WHO 2013



Geographic variation of hypertension in South Africa 
Demographic & Health Survey, N=13,596

Red coloured – high risk   
Green coloured – low risk 

Prevalence of hypertension = 30.4% 

Kandala N-B, Tigbe W, Manda SOM, Stranges S. Am J Hypertens. 2013;26:382-91



Prevalence of Hypertension in LMICs

Sarki AM, Stranges S, et al. Medicine 2015;94:e1959

Overall prevalence = 32.3%



DALYs (%) attributable to leading global risk factors
2016, both sexes, Global Burden of Disease (GBD) Study



Urbanization & Geographic Variation of Overweight/Obesity in India
2005-2006 Demographic & Health Survey (DHS) 

Siddiqui ST, Kandala N-B & Stranges S. Int J Public Health. 2015;60:717-26

Urban areas were consistently associated with a higher risk of overweight/obesity across all zones



CVD: leading cause of death in Europe

Eur Heart J. 2014;35:2950-2959

MEN

WOMEN



Hypertension Burden in Luxembourg 
European Health Examination Survey (2013-15, age 25-64)

68’837 persons (>70%) ignore they suffer from 
hypertension or are not sufficiently controlled

43’691 persons
ignore their
status

31,03%

97’306

Maria Ruiz-Castell, Stranges S et al. Medicine. 2016;95(36):e4758



Geographic Variations in Hypertension Burden
Luxembourg Health Examination Survey (2013-15, age 25-64)

                                                                        POR: 0.84               1.00              1.42 

BELGIUM

GERMANY

FRANCE

HYPERTENSION
PREVALENCE

SOCIOECONOMIC 
STRUCTURE

Maria Ruiz-Castell, Stranges S et al. Medicine. 2016;95(36):e4758



Geographic Variations in Obesity Burden
Luxembourg Health Examination Survey (2013-15, age 25-64)

Women Men

Samouda H, Stranges S et al. PLoS One. 2018;13(6):e0197021



Changes in coronary heart disease mortality, in men and 
women aged 35–74, between 1990 and 2000

Capewell S, O’Flaherty M. Heart 2008;94:1105-1108



Circulation 2004;109:1101-7

Coronary heart disease (CHD) mortality trends 
in the UK and US 



Explaining declining trends in CHD mortality in Western Countries

Circulation 2004;109:1101-7  &  Heart 2013;99:159-62  &  BMJ. 2014;348:g1088 (Scotland)

42-45% 55-58%



Cardiovascular Health of the Canadian Population
Canadian Community Health Survey 2003–2011

Maclagan LC et al. CMAJ 2014;186:180-7

Fewer than 1 in 10 Canadian adults and 1 in 5 Canadian youth are in ideal cardiovascular health 



End of the long-term decline in CVD mortality? 
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Cardiovascular disease death rates, Canada, 1980-2016

Global Burden of Disease Study, 2017-18





Life expectancy at birth, both sexes, 1950-2017

Global Burden of Disease. Lancet 2018;392:1684-1735







Source: McPhail, 2016; Statistics Canada 2017



Source: ICARE4U, 2015; United Nations, 2015 



o Co-Morbidity = Index disease holds priority over any other co-occurring 
chronic diseases within an individual

– Focus on a central disease that is of primary interest
– Facilitates specialist and disease-centered approach 

o Multi-Morbidity = Coexistence of multiple diseases within the same 
individual (typically defined as 2+ or 3+ chronic diseases)
– One disease is not necessarily more central than the others
– Facilitates more holistic and patient-centered approach

Index 
Disease

Chronic 
Disease

Patient

Co-Morbidity 

vs. 

Multi-Morbidity

Source: Boyd  and  Fortin, 2010
Patient

Chronic 
Disease

Chronic 
Disease

Chronic 
Disease

Chronic 
Disease

Chronic 
Disease

Chronic 
Disease

Multimorbidity vs. Comorbidity

Nicholson K, Stranges S, et al. J Clin Epidemiol. 2019;105:142-146



Adapted From: Stewart and Fortin, 2017



Family 
History

Senescence

Poly-
Pharmacy

Disease 
Susceptibility

Interaction 
Between 

Risk Factors

Low 
Education

Sleep





Source: Fabbri E, et al. J Am Med Dir Assoc. 2015;16:640-7



Source: OECD, 2011; WHO, 2015; Academy of Medical Sciences, 2018





Why A Challenge? 
– Lack of consistent collaboration and integration between primary care 
and public health creates a substantial breach in delivering the most 
effective management and prevention of multimorbidity 

– In fact, multimorbidity represents a complex example of why this 
integration between primary care and public health is essential



Chronic Outcomes
(CVD, diabetes, cancer, mortality, aging, longevity)

Dietary Patterns
(Mediterranean diet, 

vegetarianism, DASH, etc.)

Micronutrients
(dietary supplements, 

multivitamins, multiminerals)

NUTRITION



Role of Dietary Patterns
Seven Countries Study

A. Keys

Med Diet pyramidMediterranean Diet Pyramid



The Mediterranean Diet

– Olive Oil 
– Wine 
– Garlic
– Fish
– Vegetables
– Legumes 
– Fruit as dessert 
– A philosophy of life…





Dietary patterns may still contribute to differences 
in CVD incidence/mortality across countries 

Müller-Nordhorn J et al. Eur Heart J 2008



Cochrane Database Syst Rev. 2013;8:CD009825



Cochrane Database Syst Rev. 2019;3:CD009825



Cochrane Database Syst Rev. 2013;(6):CD009874







Mediterranean Diet:
Alcohol Consumption and CVD

Addiction. 2000;95(10):1505-23



All Drinkers
Odds Ratio (OR) 

Hypertension

Average volume (≥ 2 drinks/day) 2.31 (1.47-3.62)

Drinking outside meals 1.41 (1.04-1.91)

“Light Drinkers” (< 2 drinks/day)

Drinking outside meals 1.45 (1.04-2.02)

Stranges et al. Hypertension. 2004;44:813-9

Alcohol Drinking Patterns & Hypertension Risk
Western New York Health Study



From Dietary Patterns to Nutritional Supplements: 
A potential shortcut to chronic disease prevention…?



Trends in Daily Use of Vitamin/Mineral Supplements 
- US Adults (≥ 18 y)
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Miller ER et al. Ann Intern Med 2005;142:37-46

Vitamin E Supplementation and Mortality



Mortality in Randomized Trials of 
Antioxidant Supplements
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Bielakovic G. JAMA. 2007;297:842-857 & Cochrane Database Syst Rev. 2012;3:CD007176



Nutritional Prevention of Cancer (NPC) Trial

JAMA 1996;276:1957-63

Selenium Supplementation &             
Chronic Disease Prevention



Physiological roles of selenoproteins

Moghadaszadeh B, Beggs AH. Physiology 2006;21:307-15 



Stranges S et al. Am J Epidemiol. 2006;163:694-9

Selenium Supplementation vs. CVD
NPC Trial (1983-1996)

CVD
Cases Adjusted hazard ratios*

Se Placebo HR 95% CI P
All CVD 103 96 1.03 0.78-1.37 0.81
All CHD 63 59 1.04 0.73-1.49 0.81
ALL CVA 40 37 1.02 0.65-1.59 0.94
CVD Mortality 40 31 1.22 0.76-1.95 0.41
All-cause Mortality 110 111 0.95 0.73-1.24 0.71

Participants without prevalent CVD at randomization (n = 1,004) 
Mean follow-up: 7.6 years
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Log-rank test p value = 0.050
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Selenium Supplementation vs. Diabetes
NPC Trial

Stranges S et al. Ann Intern Med. 2007;147:217-23

+ 50%



Risk of Diabetes by Baseline Plasma Selenium (ng/ml)
NPC Trial

Adjusted hazard ratios*
HR 95% CI P P, int

Overall 1.55 1.03-2.33 0.03

By median 0.028

 113.4 1.04 0.60-1.80 0.89
> 113.4 2.50 1.32-4.77 0.005

By tertiles 0.038
 105.2 1.13 0.58-2.18 0.72
105.3-121.6 1.36 0.60-3.09 0.63
> 121.6 2.70 1.30-5.61 0.008

Stranges S et al. Ann Intern Med. 2007;147:217-23



Dietary Selenium Intake and Incident Diabetes
ORDET/EPIC Study, n=7,182 women
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Q1: dietary selenium intake (<47.0 µg/day)
Q5: dietary selenium intake (>65.9 µg/day)

P trend=0.001

Stranges S, Vinceti M et al. BMC Public Health. 2010;10(1):564

Q1 Q5



Effect of Selenium Supplementation (6 months) 
on Blood Lipids – UK PRECISE Trial

Rayman MP, Stranges S, et al. Ann Int Med. 2011;154:656-65



Cochrane Database Syst Rev. 2013;1:CD009671



Selenium Supplementation & CVD Prevention: 
Cochrane Systematic Review

All CVD events (fatal and non-fatal)

Study or Subgroup
Lippman 2009
Stranges 2006

Total (95% CI)
Total events
Heterogeneity: Chi² = 0.09, df = 1 (P = 0.76); I² = 0%
Test for overall effect: Z = 0.65 (P = 0.51)

Events
1080

103

1183

Total
8752
504

9256

Events
1050

96

1146

Total
8696
500

9196

Weight
91.6%
8.4%

100.0%

M-H, Fixed, 95% CI
1.02 [0.94, 1.11]
1.06 [0.83, 1.37]

1.03 [0.95, 1.11]

Selenium supplementation Control Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.2 0.5 1 2 5
Favours experimental Favours control

Study or Subgroup
Algotar 200μg 2010
Algotar 800μg 2010
Klein 2011
Stranges 2007

Total (95% CI)
Total events
Heterogeneity: Chi² = 4.75, df = 3 (P = 0.19); I² = 37%
Test for overall effect: Z = 1.33 (P = 0.18)

Events
1
3

913
58

975

Total
47
47

8752
600

9446

Events
2
2

869
39

912

Total
23
23

8696
602

9344

Weight
0.3%
0.3%

95.2%
4.3%

100.0%

M-H, Fixed, 95% CI
0.24 [0.02, 2.56]
0.73 [0.13, 4.09]
1.04 [0.96, 1.14]
1.49 [1.01, 2.20]

1.06 [0.97, 1.15]

Selenium supplementation Control Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.2 0.5 1 2 5
Favours experimental Favours control

Type 2 Diabetes

Rees K, Stranges S. Cochrane Database Systematic Reviews 2013;1:CD009671



Effect of Selenium Supplementation (5 years) 
on All-cause Mortality – DK PRECISE Trial

Rayman MP, Stranges S, et al. Free Radic Biol Med. 2018;127:46-54



Changes in HbA1c after 6 months by changes in  
plasma selenium concentrations - DK PRECISE Trial

U-shaped association between changes in plasma Se and HbA1c levels

Stranges S et al. Diabetes Obes Metab. 2019; 21:541-549
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Geographic variations in Selenium status might explain 
inconsistent results across populations (biological plausibility)

Rayman MP, Stranges S. Free Radic Biol Med. 2013;65:1557-64



Selenium and Vitamin E
Cancer Prevention Trial (SELECT) 

 Cost: $175,000,000 (NCI, NIH, etc.)

Vitamin E
(400 IU/day)

Selenium
(200 μg/day)

+ - T

+
-

8,100 8,100 16,200
16,2008,100 8,100

T 16,200 16,200 32,400



SELECT: Findings…Stopped after 5.5 y
n=35,533 US male adults
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JAMA. 2009; 301:39-51 
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Parker J, Mavrodaris A, Stranges S, et al. Maturitas. 2010;65:225-36

-43%

Potential Role of Vitamin D 
in Cardio-metabolic Disease Prevention?





Emerging Risk Factors:
Sleep Problems & Cardiometabolic Disease





Stranges S, Kandala N-B, et al. Sleep. 2012;35:1173-1181

Sleep Problems: 
an Emerging Global Epidemic?



Gilmour H, Stranges S, et al. Health Rep. 2013;24:14-20

Decline in Sleep Duration over time:  
Canadian National Population Health Survey (2002-2011), N=8,673 



Stranges S, Kandala N-B, et al. Hypertension 2007:50:694-701 

Short Sleep duration and Hypertension
The Whitehall II Study - UK

0.70
1.00.92

0.74

0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
R

is
k

0.86 0.921.0 1.12
0.88

0.0

0.5

1.0

1.5

2.0

<=5 6 7 8 >=9

R
el

at
iv

e 
R

is
k

Hours sleep

Women, n=1,567

Men, n=4,199

1.72                 
(1.07-2.75)

P = 0.037



Short Sleep duration and Hypertension
The Western NY Health Study - US
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Odds Ratio
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 Stranges (2008) 
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Short Sleep Duration (<5h) and Obesity*       
Meta-analysis of Cross-Sectional Studies

Adults, n=603,519

1.55              
(1.43-1.68)

OR & 95% CI

3.36 (2.24; 5.03)
1.98 (1.03; 3.81)
1.52 (1.46; 1.58)
1.38 (0.98; 1.95)
10.80 (0.99; 117.4)
1.52 (0.68; 3.41)
1.84 (1.40; 2.41)
1.38 (1.06; 1.79)
0.95 (0.67; 1.34)
1.70 (1.26; 2.29)
1.22 (1.07; 1.40)
1.43 (1.34; 1.52)
1.96 (1.19; 3.22)
2.98 (0.77; 11.57)
1.87 (1.22; 2.86)
4.01 (1.72; 9.34)
2.65 (1.27; 5.54)
1.30 (1.14; 1.48)
1.30 (1.06; 1.60)
1.46 (1.13; 1.88)
1.75 (1.36; 2.25)
2.02 (1.57; 2.60)

*BMI ≥ 30

Kandala N-B, Stranges S, et al. Sleep 2008;31:619-26



Stranges S, Kandala N-B, Tigbe W,  et al. Sleep Medicine 2014;15:56-63

Sleep problems and mortality in South Africa:          
Agincourt Study, Health & Demographic Surveillance System (HDSS)

Women Men



Poor sleep: an emerging risk factor for CVD?

Int. J. Epidemiol. 2011;40:1431-1437



From association to causation…

BMJ Open. 2019;9(8):e026942





Environment, health & wellbeing

Barton H, Grant M. 2006 







American Academy of Family Physicians (AAFP), 2015







Lessons learned

 Dietary patterns & other behaviors play a major role in CVD prevention 

 Current evidence does not support the use of nutritional supplements

 Poor sleep may represent an emerging risk factor for CVD outcomes

 CVD are an additional public health burden in LMICs

 Socioeconomic determinants play a major role in CVD outcomes

 Geographic variation analyses are important for public health policy

 Have we seen the end of long term decline in CVD mortality? 



CVD Prevention: the way forward

 Translate research findings in “real-world” settings

 From “what works” to “how can we make this happen…” 

 Increase the proportion of people with ideal cardiovascular health

 Combining population and high-risk strategies

 Increase research focus on disadvantaged population subgroups

 Increase awareness and improve control of CVD risk factors

 Need for transdisciplinary research and “systems science” approaches  

Stranges S & Guallar E. Nutr Metab Cardiovasc Dis. 2012;22:1013-8



FINGER TRIAL- Multidomain lifestyle intervention 





• Western New York Health Study, USA
• Nutritional Prevention of Cancer Trial, USA
• National Health & Nutrition Examination Survey, USA
• National Population Health Survey, Canada
• Canadian Longitudinal Study on Aging, Canada
• National Diet & Nutrition Survey, UK
• Whitehall II Study, UK
• PRECISE Trial, UK
• PRECISE Trial, DK, Denmark
• EPIC Study & Olivetti Heart Study, Italy
• Demographic & Health Surveys (DHS), LMICs
• INDEPTH-WHO-SAGE, LMICs
• ORISCAV & EHES, Luxembourg

Study Populations
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“The primary determinants of disease are 

mainly economic and social, and therefore 

remedies must also be economic and social.”

Geoffrey Rose



“Beyond the ingredients themselves, eating the traditional 

Mediterranean way is a philosophy in itself: life is for savouring, 

and food is a glorious and beautiful expression of life…" 

“The Mediterranean Diet”
Marissa Cloutier (2004) 
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