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Questions 
1. Are sugars independent of food form and 

energy linked with cardiometabolic outcomes? 

 

2. What about sugar Sweetened Beverages 

(SSBs)? 

 

3. What about other important food sources of 

sugars? 
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Meta-analyses of Fructose-containing Sugars & Incident 

Cardiometabolic Disease (NCT01608620) 

Sugars 

Diabetes 

Gout 

Overweight/obesity 

Hypertension 

CVD 

Jaylath et al. J Am Coll Nutr. 2014;33:328-39 

Tsilas et al. CMAJ. 2017;189:E711-E720.  

Kim et al. unpublished 

Jamnik et al. BMJ Open, 2016;6:e013191 

Khan et al. unpublished 



Relation of sugars with cardiometabolic diseases:  
5 SRMAs of >50 cohort comparisons (>2 million participants, >100,000 cases) 

Benefit Harm

Cardiometabolic      

outcome

Sugars type Cohort

Comparisons

N Cases FU Risk ratio (RR) with 95% CIs I2

Diabetes Total sugars

Sucrose

Fructose

13

8

6

108,170

192,332

107,972

14,752

4,535

3,833

12y

6y

9y

0.88 (0.74, 1.06)

0.89 (0.50, 0.98)

1.04 (0.84, 1.29)

76%*

1%

71%*

Obesity (weight) Total sugars 2 32,405 - 4y 0.04 (-0.06, 0.14) 0%

Hypertension Fructose 3 223,230 58,162 18y 1.02 (0.99,1.04) 0%

Gout Fructose 2 125,299 1,533 17y 1.62 (1.28, 2.03) 0%

Cardiovascular 

incidence

Total sugars

Sucrose

Fructose

7

3

1

102,679

101,966

75,521

2,519

3,682

761

10y

12y

10y

1.09 (0.90,1.31)

1.10 (0.99, 1.22)

1.07 (0.82, 1.40)

0%

0%

-

Cardiovascular 

mortality

Total sugars

Sucrose

Fructose

Added sugars

4

2

2

4

362,607

353,751

353,751

365,484

12,024

10,894

10,894

11,725

13y

13y

13y

14y

1.09 (1.02, 1.17)

0.94 (0.88,1.00)

1.08 (1.01, 1.15)

1.03 (0.85, 1.26)

0%

0%

0%

75%*

0 0.5 1 1.5 2
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Effect of fructose on metabolic control in humans:  
A series of systematic reviews & meta-analysis of controlled trials 

(NCT01363791) 

Fructose 

Fasting lipids 

Body weight 

Glycemic control 

Blood pressure 

Uric acid 

Sievenpiper et al. Diabetes Care 2009;32:1930-7 

Chiavaroli et al. JAHA 2015;4:e001700 

Sievenpiper et al. Ann Intern Med 2012;156:291-304 

Cozma et al. Diabetes Care 2012;35:1611-20 

Ha et al. Hypertension 2012;59:787-95 

Wang et al. J Nutr 2012;142:916-23) 

Postprandial lipids 

NAFLD 

Wang et  al. Atherosclerosis 2014;232:125-133 

Chiu et al. Eur J Clin Nutr. 2014;68:416-423 
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“Substitution trials” = Energy from 

sugars substituted for other sources 

of energy in the diet 

 

“Addition trials” = Energy from 

sugars “added” to the diet 
 

2 trial designs:  

To interpret results, follow the energy… 



What do the “Substitution trials” tell us? 



Benefit Harm

Cardiometabolic endpoint Comparisons No. Standardized Mean Difference (SMD) with 95% CI I2

Body weight[4] 31 637 -0.22 (-0.58, 0.13) 37%*

Fasting Lipids[5] LDL-C

Apo-B

Non-HDL-C

TG

HDL-C

26

8

26

49

27

327

176

457

815

525

0.36 (-0.27, 0.50)

-0.21(-0.96, 0.43)

0.09 (-0.30, 0.47)

0.08 (-0.20, 0.36)

0.00 (-0.38, 0.38)

11%

62%*

92%*

62%*

49%*

Postprandial TG[6] 14 290 0.14 (-0.02, 0.30) 54%*

Glycemic control[3] GBP

FBG

FBI

19

47

34

277

881

622

-0.28 (-0.45, -0.11)

-0.04 (-0.34, 0.26)

-0.25 (-0.60, 0.09)

56%*

78%*

70%*

Insulin  sensitivity[3] Whole body 

Hepatic

HOMA-IR

16

3

39

265

25

806

-0.21 (-0.42, 0.01)

0.42 (-0.25, 1.09)

0.09 (-0.03, 0.20)

66%*

51%

66%*

Blood pressure[7] SBP

DBP

MAP

13

13

13

352

352

352

-0.39 (-0.93, 0.16)

-0.68 (-1.23, -0.14)

-0.64 (-1.19, -0.10)

31%

47%*

97%*

Uric acid[8] 18 390 0.04 (-0.43, 0.50) 0%

NAFLD[9] IHCL

ALT

4

6

95

164

-0.09 (-0.36, 0.18)

0.07 (-0.73, 0.87)

0%

0%

-4 -3 -2 -1 0 1 2 3 4

Lack of harm in ‘SUBSTITUTION’ trials:  
>50 trials (N >1000), dose = 22.5-300g/d, FU = 1-52wk 



Lack of harm in ‘SUBSTITUTION’ trials:  
>50 trials (N >1000), dose = 22.5-300g/d, FU = 1-52wk 

Benefit Harm

Cardiometabolic endpoint Comparisons No. Standardized Mean Difference (SMD) with 95% CI I2

Body weight[4] 31 637 -0.22 (-0.58, 0.13) 37%*

Fasting Lipids[5] LDL-C

Apo-B

Non-HDL-C

TG

HDL-C

26

8

26

49

27

327

176

457

815

525

0.36 (-0.27, 0.50)

-0.21(-0.96, 0.43)

0.09 (-0.30, 0.47)

0.08 (-0.20, 0.36)

0.00 (-0.38, 0.38)

11%

62%*

92%*

62%*

49%*

Postprandial TG[6] 14 290 0.14 (-0.02, 0.30) 54%*

Glycemic control[3] GBP

FBG

FBI

19

47

34

277

881

622

-0.28 (-0.45, -0.11)

-0.04 (-0.34, 0.26)

-0.25 (-0.60, 0.09)

56%*

78%*

70%*

Insulin  sensitivity[3] Whole body 

Hepatic

HOMA-IR

16

3

39

265

25

806

-0.21 (-0.42, 0.01)

0.42 (-0.25, 1.09)

0.09 (-0.03, 0.20)

66%*

51%

66%*

Blood pressure[7] SBP

DBP

MAP

13

13

13

352

352

352

-0.39 (-0.93, 0.16)

-0.68 (-1.23, -0.14)

-0.64 (-1.19, -0.10)

31%

47%*

97%*

Uric acid[8] 18 390 0.04 (-0.43, 0.50) 0%

NAFLD[9] IHCL

ALT

4

6

95

164

-0.09 (-0.36, 0.18)

0.07 (-0.73, 0.87)

0%

0%

-4 -3 -2 -1 0 1 2 3 4



What do “Addition trials” tell us? 



Harm in ‘ADDITION’ trials:  
An effect more attributable to energy (up to +250g/d +50% E) 

Benefit Harm

Cardiometabolic end point Comparisons No. Standardized Mean Difference (SMD) with 95% CI I2

Body weight[4] 10 119 1.24 (0.61, 1.85) 30%

Fasting lipids[5] LDL-C

Apo-B

Non-HDL-C

TG

HDL-C

4

2

2

8

4

79

48

43

125

79

0.14 (-0.39, 1.57)

2.00 (0.55, 3.33)

0.30 (-1.11, 1.66)

1.20 (0.51, 1.89)

-0.41(-1.39,0.57)

77%*

0%

93%*

66%*

0%

Postprandial TG[6] 2 32 0.65 (0.30, 1.01) 22%

Glycemic control[3] GBP

FBG

FBI

2

8

8

31

98

98

-0.33 (-0.62, -0.04)

1.25 (0.59, 1.98)

0.50 (-0.19, 1.19)

0%

59%*

41%

Insulin  sensitivity[3] Whole body 

Hepatic

HOMA-IR

7

3

9

74

31

113

0.25 (0.12, 0.39)

0.38 (0.01, 0.75)

0.26 (-0.01, 0.52) 

0%

0%

77%*

Blood pressure[7] MAP 2 24 -0.76 (-2.15, 0.62) 24%

Uric acid[8] 3 35 2.26 (1.13, 3.39) 0%

NAFLD[9] IHCL

ALT

5

4

60

59

0.45(0.18, 0.72)

0.99 (0.01, 1.97)

51%*

28%

-4 -3 -2 -1 0 1 2 3 4
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Questions 
1. Are sugars independent of food form and 

energy linked with cardiometabolic outcomes? 
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Sugar-sweetened beverages (SSBs) & Incident 

Cardiometabolic Disease 

SSBs 

Diabetes/MetS 

Overweight/obesity 

Hypertension 

Gout 

CVD 

Jaylath et al. Am J Clin Nutr. 2015;102:914-21 

Imamura et al. BMJ. 2015;351:h3576 

Malik et al. Am J Clin Nutr. 2013;98:1084-1020 

Xi et al. Br J Nutr. 2015;113:709-17 

Choi et al. JAMA. 2010;304:2270-8 



Relation of SSBs with cardiometabolic diseases:  
5 SRMAs of >50 cohort comparisons (>2 million participants, >100,000 cases) 

Benefit Harm

Cardiometabolic      

outcome

Sugars type Cohort

Comparisons

N Cases FU Risk ratio (RR) with 95% CIs I2

Diabetes SSBs 16 411,739 26,884 11y 1.25 (1.16, 1.35) 55%*

Obesity (weight) SSBs 8 174,252 - 5y 0.12 0.10, 0.14) 70%*

Hypertension SSBs 10 407,351 115,169 12y 1.16 (1.10,1.23) 68%*

Gout SSBs 3 154,289 1,761 17y 2.07 (1.40, 3.06) 0%

CV incidence SSBs 6 94,784 4,856 10y 1.04 (0.97,1.13) 0%

CV mortality SSBs 4 188,177 10,910 16y 1.22 (1.10, 1.36) 0%

0 0.5 1 1.5 2 2.5 3 3.5

**(Weight+1, kg)** 
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Effect of fructose on metabolic control in humans:  
A series of systematic reviews & meta-analysis of controlled trials 
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Harm in ‘ADDITION’ trials:  
An effect more attributable to energy (up to +250g/d +50% E) 
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Postprandial TG[6] 2 32 0.65 (0.30, 1.01) 22%

Glycemic control[3] GBP

FBG

FBI

2

8

8

31

98

98

-0.33 (-0.62, -0.04)

1.25 (0.59, 1.98)

0.50 (-0.19, 1.19)

0%

59%*

41%

Insulin  sensitivity[3] Whole body 

Hepatic

HOMA-IR

7

3

9

74

31

113

0.25 (0.12, 0.39)

0.38 (0.01, 0.75)

0.26 (-0.01, 0.52) 

0%

0%

77%*

Blood pressure[7] MAP 2 24 -0.76 (-2.15, 0.62) 24%

Uric acid[8] 3 35 2.26 (1.13, 3.39) 0%

NAFLD[9] IHCL

ALT

5

4

60

59

0.45(0.18, 0.72)

0.99 (0.01, 1.97)

51%*

28%

-4 -3 -2 -1 0 1 2 3 4



Questions 
1. Are sugars independent of food form and 

energy linked with cardiometabolic outcomes? 

 

2. What about sugar Sweetened Beverages 

(SSBs)? 

 

3. What about other important food sources of 

sugars? 

 

 

 

 

 



Hierarchy of evidence in evidence based medicine 

 

Systematic  

Reviews & 

meta-analyses 

RCTs 

NRCTs 

Cohorts studies 

Case-control studies 

Cross-sectional studies 

Case series/time series 

Expert opinion 

Decreasing bias 

Systematic  

Reviews & 

meta-analyses 

DOWNgrades 
1. ROB 
2. Inconsistency 
3. Imprecision 
4. Indirectness 
5. Publication bias 

UPgrades 
1. Large magnitude 

of association 
2. Dose-response 
3. Attenuation by 

confounding 

High 
Moderate 
Low 
Very low 



Sugars (food) 

Diabetes risk 

Gout risk 

Weight change 

Hypertension risk 

CVD 

Tsilas et al. CMAJ. 2017;189:E711-E720.  

Meta-analyses of important food sources of fructose-

containing Sugars & Incident Cardiometabolic Disease 

(NCT02702375) 

Khan et al., unpublished.  

Blanco Mejia et al., unpublished.  

Liu et al., submitted  

Ayoub Charette et al., submitted  

Au Yeung et al., unpublished.  



Sugars (food) 

Diabetes risk 

Tsilas et al. CMAJ. 2017;189:E711-E720.  

Meta-analyses of important food sources of fructose-

containing Sugars & Incident Cardiometabolic Disease 

(NCT02702375) 

Khan et al., unpublished.  



 Relation of food sources of sugars with diabetes incidence:  
84 cohort comparisons, n=3,899,203 (99,668 cases), FU=14y 

Sugar-sweetened beverages 

Fruit drinks 

Mixed fruit drinks 

100% fruit juice 

Fruit 

Whole grain breakfast cereal 

Yoghurt 

Jams, syrups, honey 

Ice cream 

Sherbert 

Chocolate 

Confectionary (biscuits, cakes, desserts)  

Khan et al. Unpublished 



 Relation of food sources of sugars with diabetes incidence:  
84 cohort comparisons, n=3,899,203 (99,668 cases), FU=14y 

Khan et al. Unpublished 

Sugar-sweetened beverages 

Fruit drinks 

Mixed fruit drinks 

100% fruit juice 

Fruit 

Whole grain breakfast cereal 

Yoghurt 

Jams, syrups, honey 

Ice cream 

Sherbert 

Chocolate 

Confectionary (biscuits, cakes, desserts)  



 Relation of food sources of sugars with diabetes incidence:  
84 cohort comparisons, n=3,899,203 (99,668 cases), FU=14y 

Khan et al. Unpublished 

Sugar-sweetened beverages 

Fruit drinks 

Mixed fruit drinks 

100% fruit juice 

Fruit 

Whole grain breakfast cereal 

Yoghurt 

Jams, syrups, honey 

Ice cream 

Sherbert 

Chocolate 

Confectionary (biscuits, cakes, desserts)  



Sugars (food) 

Diabetes risk 

Gout risk 

Weight change 

Hypertension risk 

CVD 

Tsilas et al. CMAJ. 2017;189:E711-E720.  

Meta-analyses of important food sources of fructose-

containing Sugars & Incident Cardiometabolic Disease 

(NCT02702375) 

Khan et al., unpublished.  

Blanco Mejia et al., unpublished.  

Liu et al., submitted  

Ayoub Charette et al., submitted  

Au Yeung et al., unpublished.  



Sugars (food) 

CVD 

Meta-analyses of important food sources of fructose-

containing Sugars & Incident Cardiometabolic Disease 

(NCT02702375) 

Au Yeung et al., unpublished.  



CV Incidence 



 Relation of food sources of sugars with CV incidence :  
134 cohort comparisons, n=5,311,852 (181,925 cases), FU=14y 

Au Yeung et al. Unpublished 

Events N 

CHD incidence  

Stroke incidence  

CVD incidence  

Benefit Harm 



 Relation of food sources of sugars with CV incidence :  
134 cohort comparisons, n=5,311,852 (181,925 cases), FU=14y 

Au Yeung et al. Unpublished 

Events N 

CHD incidence  

Stroke incidence  

CVD incidence  

Benefit Harm 



 Relation of food sources of sugars with CV incidence :  
134 cohort comparisons, n=5,311,852 (181,925 cases), FU=14y 

Au Yeung et al. Unpublished 

Events N 

CHD incidence  

Stroke incidence  

CVD incidence  

Benefit Harm 



CV mortality 



 Relation of food sources of sugars with CV mortality:  
100 cohort comparisons, n=6,019,085 (93,261 cases), FU=14y 

Benefit Harm Au Yeung et al. Unpublished 

Events N 

CHD mortality  

Stroke mortality 

CVD mortality  



 Relation of food sources of sugars with CV mortality:  
100 cohort comparisons, n=6,019,085 (93,261 cases), FU=14y 

Benefit Harm Au Yeung et al. Unpublished 

Events N 

CVD mortality  

CHD mortality  

Stroke mortality 



 Relation of food sources of sugars with CV mortality:  
100 cohort comparisons, n=6,019,085 (93,261 cases), FU=14y 

Benefit Harm Au Yeung et al. Unpublished 

Events N 

CHD mortality  

Stroke mortality 

CVD mortality  



Hierarchy of evidence in evidence based medicine 

 

Systematic  

Reviews & 

meta-analyses 

RCTs 

NRCTs 

Cohorts studies 

Case-control studies 

Cross-sectional studies 

Case series/time series 

Expert opinion 

Decreasing bias 

Systematic  

Reviews & 

meta-analyses 

DOWNgrades 
1. ROB 
2. Inconsistency 
3. Imprecision 
4. Indirectness 
5. Publication bias 

UPgrades 
1. Large magnitude 

of association 
2. Dose-response 
3. Attenuation by 

confounding 

High 
Moderate 
Low 
Very low 



Sugars (food) 

Fasting lipids 

Body weight 

Glycemic control 

Blood pressure 

Uric acid 

Postprandial lipids 

Food sources of sugars & cardiometabolic risk factors:  
A series of systematic reviews & meta-analyses of controlled trials 

(NCT02716870) 

Liu et al., unpublished  

Chiavaoli et al., unpublished.  

Ayoub Charette et al., unpublished 

Au Yeung et al., unpublished.  

Au Yeung et al., unpublished.  

Choo et al., submitted 

Au Yeung et al., unpublished.  

NAFLD 



“Substitution trials” = Energy from sugars 

substituted for other sources of energy in the diet 

 

“Addition trials” = Energy from sugars “added” 

to the diet 

 

“Subtraction trials” = Energy from sugars 

“subtracted” from the diet 

 

“Ad libitum trials” = Energy from sugars is freely 

replaced with other macronutrients   

4 trial designs:  

To interpret results, follow the energy… 



Benefit Harm 

Food sources of sugars & cardiometabolic risk factors: 
Summary of 7 SRMAs of >500 trial comparisons, (n>10,000), FU=1-52wk 

Cardiometabolic 
outcome 

Substitution 
 

Addition 
 
 

Subtraction Ad libitum 

Body weight Fruit↓ SSBs↑ 
Fruit juice↑ 

Mixed↑ 
Fruit ↓ 

Candy↓ 

Fasting lipids SSBs↑ 

Postprandial lipids SSBs↑ 

Blood pressure Dried fruit↓ SSBs↓ 

Glycemic control Fruit↓ 
Fruit juice ↓ 

Sweetened-milk↑ 

SSBs↑ 
Fruit juice↑ 

Mixed↑ 

Mixed↑ 
 

Uric acid SSBs↑ 
 

SSBs↑ 
Fruit ↓ 

Fruit drink↓ 

Mixed↓ 
 

NAFLD SSBs↑ 



Unintended Consequences 



Low fat paradigm revisited:  
Low fat does not necessarily equal low calories 



Low fat paradigm revisited:  
Can one select a healthy diet by sugar alone?  

Serving size: 30g 

Calories: 80kcal 

Sugars: 8g 

Fibre: 13g 

GI: 47 

Serving size: 28g 

Calories: 110kcal 

Sugars: 3g 

Fibre: 1g 

GI: 95 

Atkinson FS et al. International Tables of Glycemic Index and Glycemic Load 

Values: 2008. Diabetes Care 2008 Dec; 31(12): 2281-2283. 



Global burden of disease attributable to 79 risk factors: 
Global Burden of Disease Study 2015 

GBD 2015 Risk Factors Collaborators. Lancet 2016; 388: 1659–724 

In North America and Canada, only 1 of 14 dietary risk factors is in the top 10 leading risk 
factors for disability-adjusted-life-years (DALYs): Whole grains 

Dietary Risk Factors % DALYs 

1. Low whole Grains 
2. Low Fruit                    
3. Low Nuts & Seeds  
4. Low Vegetables                         
5. High Sodium  
6. High Processed Meat      
7. Low omega-3 
8. Low Fibre  
9. Low PUFA  
10. High TFA  
11. Low Milk  
12. High Red Meat  
13. Low Calcium  
14. High SSBs​​​​​​  

2.1% 
2.0% 
1.9% 
1.6% 
1.6% 
1.0% 
0.9% 
0.5% 
0.5% 
0.5% 
0.3% 
0.3% 
0.3% 
0.2% 

"Much of the diet policy debate has focused on the 
importance of reductions of sodium, sugar, and fat.85,86. 
Our assessment of the burden from diseases attributable to 
14 dietary factors showed that, at the global scale, six 
factors each accounted for more than 1% of global DALYs, in 
order of importance: diets high in sodium, low in 
vegetables, low in fruit, low in whole grains, low in nuts 
and seeds.... If our findings are  correct, a policy focus on 
the sugar and fat components of diets might have a 
comparatively smaller effect than that of promotion of 
increased uptake of vegetables, fruit, whole grains, nuts 
and seeds…." 

Table. % DALYs attributable to 14 dietary 
risk factors in Canada 



The path forward 



Paradigm shift: 
“Macronutrient-based” to “food- and dietary pattern-based” 

recommendations 

Dworatzek et al. Can J Diabetes 2013;37:S45eS55 

Sievenpiper, Dworatzek. Can J Diabetes 2013;37:S1-S7 Sievenpiper et al. Can J Diabetes 2018;42:s64-s79 



Dworatzek et al. Can J Diabetes 2013;37:S45eS55 

                              Diabetes Canada: 

 
2018 Clinical Practice Guidelines for Nutrition Therapy 



Take away messages 



Conclusions 
 

 

1. Any effect of sugars appears to be highly dependent on the food source and 
comparator/energy control. 

2. Whereas SSBs show adverse associations with cardiometabolic disease 
outcomes, the same does not hold for other important food sources of 
fructose-containing sugars with protective associations even seen for some 
foods: yogurt, fruit, 100% fruit juice, whole grain cereals. 

3. To address the limitations in the evidence, Clinical practice guidelines (CPGs) 
are shifting away from “one-size-fits-all” nutrient-centric recommendations 
(“low-fat”, “low-sugars”, “low-carb”, “low-salt”, etc.) to dietary patterns-based 
recommendations. 

4. Targeting sugars as a source of excess calories remains a prudent strategy 
because foods and beverages high in sugars often contribute little nutritional 
value. But one cannot choose a healthful diet by sugars alone! A little sugars 
help the low-fat dairy, wholegrains, dietary fibre, and fruit go down 
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Extra 



http://www.vox.com/science-and-health/2017/1/6/14167092/gary-

taubes-case-against-sugar-book 

“…even an apple may not be a 

good thing…  it may very well not 

be for people predisposed to gain 

weight easily or who are already 

obese and/or diabetic” 

https://www.nytimes.com/2010/12/28/health/28zuger.html 

What about fruit? 

“IDF therefore advocates the 
following specific measures: 
 
3. Revision of healthy eating 
guidelines to reduce 
consumption of foods with 
naturally high sugar content (eg 
certain fruits and fruit juices).” 


