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Calcium intake explains ~3% of the variance in body weight. 

 

 

Figure 2. Plot of weight change (kg/yr) against average 
calcium to protein ratio (mg/g) in 216 middle-aged women. 
(Copyright 2000, Robert P. Heaney; used with permission.)  

Figure 1. Plot of baseline BMI values (kg/m2) against entry calcium 
to protein ratio (mg/g) in 348 3rd decade women. The horizontal 
dashed line represents the boundary between normal and overweight, 
and the vertical line represents the median intake ratio for these 
young women. (Copyright 2000, Robert P. Heaney; used with 

permission.)  

http://jcem.endojournals.org/content/vol85/issue12/images/large/eg1207063002.jpeg
http://jcem.endojournals.org/content/vol85/issue12/images/large/eg1207063001.jpeg
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Epidemiological studies examining the association between consumption of 

dairy products and measures of body composition  
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400mg Ca/d : BMI of 25·6 kg/m2  

 VS.  

1200 mg/d a BMI of 24·7 kg/m2  

 

An increase in Ca intake of 800 mg/d is associated with 

a decrease in BMI of 1.1 kg/m2 

 

Although there are some inconsistencies between studies, the majority 

of data available from epidemiological studies provide evidence of a 

negative but modest association between dairy intake and BMI and 

other measures of adiposity 
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OBJECTIVE: This systematic review and meta-analysis was conducted to 
summarize the published evidence from randomized controlled clinical trials 
(RCTs) regarding the effect of dairy consumption on weight, body fat mass, 
lean mass and waist circumference (WC) in adults. 
 
DESIGN: PubMed, ISI Web of Science, SCOPUS, Science Direct and EMBASE 
were searched from January 1960 to October 2011 for relevant English and 
non-English publications. Sixteen studies were selected for the systematic 
review and fourteen studies were included in meta-analysis. 
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N=883 adults  
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Am J Clin Nutr 2009;90:960–8. 
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 Fat mass (n=638) 

Lean body mass  

AS Abargouei et al. 2012 

Increased dairy consumption without energy restriction might not lead to a 

significant change in weight or body composition; whereas inclusion of 

dairy products in energy-restricted weight loss diets significantly affects 

weight, body fat mass, lean mass and WC compared with that in the usual 

weight loss diets 
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How may dairy products affect energy balance? 
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    What do we get from dairy?  
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Contribution of energy and macronutrients (% of total intake) 

Contribution of vitamins (% of total intake) 

Contribution of minerals (% of total intake) 

Danskernes kostvaner 2003-2008 (n=4431) 

Milk 
Cheese 

Milk 
Cheese 
 

Milk 
Cheese 
 

Energy     fat       SFA            MUFA               PUFA        trans     CHO               suger      fibre          protein   
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How may calcium affect energy balance? 

 

Energy intake 

Decreased 
digestibility of fat  

Affect appetite 
regulation  

Energy utilization  

Increased 
lipolysis  

Decreased de 
novo lipogenesis 
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Design 

• 24 male Wistar rats  

• high or low dairy calcium diet (25E% fat, 14E% protein) 

• 85 days  

BBC 

BBC 

../../BBC projekt/BBC Media Player2.rm
../../Janne B drev/BBC projekt/BBC Media Player2.rm
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 Formation of insoluble calcium fatty acid soaps  

 

fat digestibility  

 

binding 
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Binding of bile acids  

bile acids 

binding 

  Ca2+ 

  p 

  Ca2+ 

  p 

 
 

fat digestibility  
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A increase in dairy calcium of ~1200 mg/day produced an 
increase in faecal fat excretion of 5.2 g/day  
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Does it matter? 

 An increase in fat excretion of 5.2 
g/day corresponds to increased 
excretion of 198 kJ/d or 72 MJ/y  

 

 Assuming that an increased excretion of 
14.64 MJ/year (3500 kcal) will result in a 
weight loss of about 0.45 kg/year (1 
pound) 

 

 The increased fat excretion   

 corresponds to a weight change  

 of -2.2 kg/year 

I suspect 
she drinks 
milk 

In the young 
Ameraican 

population the 
average weight 
gain is 0.8-0.9 

kg/year 
 

Hill JO Science 
2003 2003; 
299:853-5 

Affecting energy balance 
by just 100 kcal/day, or 
perhaps less, would be 

sufficient to prevent the 
gradual weight gain in 
most of the American 

population  
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How may calcium affect energy balance? 

 

Energy intake 

Decreased 
digestibility of fat  

Affect appetite 
regulation  
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Am J Clin Nutr 2007;85:678–87. 
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 Design  

Randomized cross-over study, 18 subjects  

 

Four isocaloric meals with: 

 

HC: high calcium (182mg/MJ) from dairy products  

MC: medium calcium (82 mg/MJ) from dairy products 

LC: low calcium (15mg/MJ) from dairy products 

SUPP: high calcium (182mg/MJ) from calcium supplement (calcium carbonate) 

 

Protein: 15E%, Fat: 39E%, CHO: 46E% 

 

 

 

 

 
 

 

 

Intake of meal 

15 min 

Blood 

Time=0 

Blood (Time= 15, 30, 60, 120, 180, 300, 420)  

 
Appetite sensation (every 30 min) 

Ad libitum meal  
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No effect on sateity 

Satiation
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No effects on appetite hormones 

Ghrelin
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Subjects with a low calcium intake (<600 mg/day)  

 

15 weeks, 1200 mg/day calcium + 400 UI/day vitamin  D, n=7) or placebo (n=6) 

 

Part of a weight-reduction program 
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49 participants were randomized to one of two treatment groups for 12 
weeks: 
Control (low dairy, ~700mg/day Ca, -500 kcal/day)  
Dairy/Ca (high dairy, ~1400 mg/day Ca, - 500 kcal/day) 
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How may calcium affect energy balance? 

 

Energy intake 
Energy utilization  

Decreased 
digestibility of fat  

Affect appetite 
regulation  

Increased 
lipolysis  

Decreased de 
novo lipogenesis 
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Free Ca2+ 

FAS 
  
 measured as expression of 
 mRNA and the oxidation rate of NADPH  

1,25-(OH)2 Vit D 

Lipolysis  
release of glycerol  

de novo Lipogenesis 

Inadequate Ca2+ intake 

[Ca2+]i 

UCP2 

Ca2+ absorption 

 Energy expenditure 

Lipid oxidation 

HSL 
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Free Ca2+ 

FAS 

1,25-(OH)2 Vit D 

Lipolysis 

Lipogenesis 

Increased Ca2+ intake 

[Ca2+]i 

 Energy expenditure 

Lipid oxidation 

UCP2 



Department of Human Nutrition 

FASEB J 14, 1132-38 (2000) 

Basal: 0.4% calcium 

High calcium: 1,2% calcium 

Medium dairy: 1,2% calcium 

High dairy: 2,4% calcium 
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~11% 
increase 
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How may calcium affect energy balance? 

 

Energy intake 
Energy utilization  

Decreased 
digestibility of fat  

Affect appetite 
regulation  

Increased 
lipolysis  

Decreased de 
novo lipogenesis 

 

? 

 

 
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or 

Can more (dairy) protein improve weight 

loss ? 
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Fat mass  

Fat free mass  

Compared with an energy-restricted standard protein diet, 
an isocalorically prescribed high protein diet provides 
modest benefits for reductions in body weight and fat 
mass and for mitigating reductions in fat free mass. 
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Weight loss and fat loss 

 

 

A randomized 6 month trial on two 

fat-reduced ad libitum diets: High 

CHO versus high protein 

 

Skov et al. Int. J. Obes 1999;23:528-536  



The Diet, Obesity, and Genes (Diogenes) study is a 
pan-European, multicenter, randomized, dietary-
intervention study designed to assess the efficacy of 
moderate-fat diets that vary in protein content and 
glycemic index for preventing weight regain and 
obesity-related risk factors after weight loss. 
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Low Calorie 

Diet (8 weeks) 
SHOP Intervention 

plus diet instruction 

(6 months) 

2 SHOP model centres 

(Maastricht & Copenhagen) 

www.diogenes-eu.org 

Diogenes diet intervention 

randomisation 

LP-LGI: 13 E% protein  

LP-HGI: 13 E% protein 

HP-LGI: 25 E% protein 

HP-HGI: 25 E% protein 

Control: ~15 E% protein 



 
- DIOGENES 
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Overweight – obese subjects 

8 weeks energy restricted diet (-500 kcal pr day) 
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How may proteins affect energy balance? 

 

Energy intake 
Energy utilization  

Affect appetite 
regulation  

Diet induced 
thermogenesis 
(DIT)  



Consumption of skim milk, in comparison with a fruit drink, leads to 
increased perceptions of satiety and to decreased energy intake at a 
subsequent meal. 

 
Randomized crossover trial, 34 overweight women and men  
 
Participants consumed a fixed-energy breakfast together with either 600 mL skim milk (25 g 
protein, 36 g lactose, ,1 g fat; 1062 kJ) or 600 mL fruit drink (,1 g protein, 63 g sugar, 1 g fat; 
’1062 kJ).  
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25 men participated in the 3-way, randomized, double-blind crossover study.  
 
Test meals were isocaloric with 30% of energy from fat and protein content 
adjusted at the expense of carbohydrate. Test meals were: 
-normal protein (NP; 14% of energy from protein) 
-medium-high protein (MHP; 25% of energy from protein) 
-high protein (HP, 50% of energy from protein) 

 
Protein dose-dependently increased satiety and GLP-1, PYY 3–36, and 
glucagon, which may, at least in part, be responsible for the satiety-
stimulating effect of protein. 
 



22 lean, healthy men  
Randomized cross-over design study where participants consumed four liquid test meals on separate 
occasions 
They were then offered a buffet meal 4 h later.  



Dairy protein 

 
Whey consist of : 
~50% β-lactoglobulin,  
~20% α-lactalbumin,  
~10% albumin and lactoferin 
~20% lactoperoxidase 
 
Whey induces a fast, high 
and transient rise in plasma 
amino acids.  
 

Casein consists of: 
 αs1- (~37%), αs2- (~10%), 
β- (~35%) and κ-caseins 
(~12%) 
 
 
Casein, unlike whey, 
coagulates in the acidic 
environment in the 
stomach, which delays its 
gastric emptying and 
induces a slow postprandial 
rise in amino acids.  
 

Casein and whey make up 80% and 20%  
of protein in cow’s milk, respectively.  
 



Casein 

Whey 

Whey Whey 

Casein 

Casein 
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How may proteins affect energy balance? 

 

Energy intake 
Energy utilization  

Affect appetite 
regulation  

Diet induced 
thermogenesis 
(DIT)  



Diet induced thermogenesis 
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Protein: 20-30% 
 
Fat: 0 to 3%  
 
CHO: 5 to 10% 

100 gram protein (~ 4 kcal/gram) = 400 kcal 
 
DIT= 20%:            20% of 400 kcal = 80 kcal 
 
CHO (DIT=5%)       5% of 400 kcal = 20 kcal 
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23 lean, healthy subjects  
 
4 isocaloric test meals in a randomized, double-blind, crossover design.  
 
Three meals consisting of 50% protein (whey, casein, or soy), 40% 
carbohydrate, and 10% fat and  a fourth meal consisting of 95.5% carbohydrate 

The results suggest that different protein sources could be used to modulate metabolism 
and subsequently energy balance 
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How may proteins affect energy balance? 

 

Energy intake 
Energy utilization  

Affect appetite 
regulation  

Diet induced 
thermogenesis 
(DIT)  

  
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