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Dairy protein, calcium and body weightFthe need for
a mechanism
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The possibility that increased levels of dietary calcium can

reduce body weight or exaggerate weight loss is attracting an

increasing amount of attention. NHANES data, cross-sec-

tional and longitudinal studies have shown an inverse

relationship between calcium intake and body weight in

men, women and children.1–4 Other studies find either no

association5 or that the relation is valid only for obese

individuals.6 Intervention studies have demonstrated that

increasing the calcium intake of African men from 400 to

10000mg/day for a year caused a 4kg reduction in body fat1

and that increasing calcium intake increased weight loss in

obese subjects on a calorie-reduced diet.7 The loss of fat was

greatest and more was from abdominal fat if calcium was

given with a dairy product. Zemel8 also reported that

isocaloric substitution of three dairy servings per day into

the diet of obese African-American adults for 6 months

resulted in a 5.6% reduction in body fat mass. Davies et al9

analyzed data from osteoporosis trials and found a signifi-

cant negative correlation between body mass index and

calcium intake expressed as calcium: protein ratio, account-

ing for approximately 3% of the variation in individual body

weight and representing a weight difference of about

0.038 kg/y per 100mg increase in calcium intake. In contrast,

Shapes et al10 found only a nonsignificant trend for increased

weight loss in women supplemented with 1000mg Ca/day

during a 6-month weight loss trial and Bowen et al11 found

no difference in weight loss in obese subjects fed an energy-

reduced diet containing high levels of diary protein and

calcium compared with subjects fed a diet of mixed protein

and low calcium content. Animal studies also have produced

conflicting results. Shi et al12 found that mice expressing

agouti protein in white fat lost more weight during food

restriction on a high calcium than a low calcium diet and

that the loss was exaggerated if some of the calcium came

from nonfat dry milk rather than calcium salts. We reported

that high levels of dietary calcium caused a small inhibition

of weight gain in ad libitum fed rats13 whereas Zhang and

Tordoff14 found no effect of dietary calcium on weight gain

or adiposity of ad libitum fed mice.

This issue of International Journal of Obesity contains the

latest in a series of papers by Zemel et al describing a

beneficial effect of increasing dietary calcium and dairy

protein on weight loss in obese subjects following a calorie-

reduced diet for 12 weeks. Although this study provides

additional evidence for calcium and dairy protein playing a

role in determining body weight and adiposity, there is no

attempt to identify the mechanistic basis of the response.

The results are impressive, showing a 22% increase in weight

loss and a 66% increase in body fat loss in the calcium and

dairy-supplemented subjects compared with their controls.

Interestingly, almost all of the extra fat (1.4 of the extra

1.7 kg) was lost from the trunk and the dairy-supplemented

subjects lost less lean tissue than controls (1.35 vs 1.97 kg in

controls). The calcium and dairy-supplemented group con-

sumed three servings of yogurt per day and had a total

calcium intake of about 1100mg/day (600mg from the

yogurt), compared with an intake of only 500mg in control

subjects. The yogurts provided between 15 and 18 g of

protein (B28% of protein intake) and 300–330 kcal per day

(B23% of energy intake) (http://www.generalmills.com/

corporate/brands/product.aspx?catID¼55#).

Control subjects consumed three 10 kcal servings of

gelatin dessert. As the two groups reported dietary intakes

with identical proportions of energy from protein, fat and

carbohydrate, it has to be assumed that the controls were

obtaining their protein from low-calcium foods that also had

a lower fat content than those that made up the nonyogurt

portion of the diet of the dairy group.

At a time when obesity in both adults and children has

reached alarming levels in the United States,15 it is important

to identify any dietary change that is useful in preventing or

ameliorating weight gain. Therefore, the concept of a

beneficial effect of calcium and of low-fat dairy products

on body weight is very attractive: not only would there be a

benefit in terms of body weight but there also is the potential

of increasing consumption of high-quality protein and of

calcium in an adult population that has a daily calcium

intake below the RDA.16 For many in the scientific commu-

nity, however, it is difficult to embrace the efficacy of dietary

calcium and dairy protein without a good understanding of

the mechanisms responsible for the loss of body fat.

Although it may be argued that it is enough to demonstrate

an effect of the diet, elucidation of the mechanisms and

identification of the critical components that deliver a
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benefit would facilitate development of appropriate and

specific dietary recommendations. For example, in the

context of calcium and weight loss, it is reported that weight

loss is greater if calcium is derived from dairy products rather

than a mineral supplement.7 The question remains whether

the calcium has to be consumed at the same time as dairy

protein or has to be part of the dairy matrix, that is, can a

person eat one yogurt and a calcium supplement or do they

have to eat three servings of yogurt? (The Yoplait Light fruit

yogurts used in the study reported here are supplemented

with tricalcium phosphate; therefore, a portion of the extra

calcium was in mineral form.) Secondly, the greatest benefit

has been observed with weight-loss diets including low-fat

dairy products, but it is not clear that the same benefit would

be derived from full fat diary products or in people who are

not limiting calorie intake.

The mechanism of action of calcium and/or dairy protein in

promoting loss of body fat has not been investigated in human

trials and would require large, tightly controlled studies to

elucidate as only small changes in daily energy intake are

required to produce the incremental loss of fat. The extra

1680g of fat lost by the dairy-supplemented group in the study

reported here would require an energy deficit of 180kcal/day

beyond that experienced by the control group, which is within

the standard error of reported daily energy intakes. Although

only small changes in efficiency of energy utilization are

involved, a number of different mechanisms have been

proposed to account for the change. One contributing factor

is that dietary calcium increases soap formation in the

gastrointestinal tract, making fat unavailable for absorption

and reducing calorie intake.17–18 Parikh and Yanovski19

calculated that an extra 2000mg calcium/day in a 2500kcal/

day diet would bind enough lipid to account for a body weight

loss of about 0.5 kg per year, which is equivalent to the weight

difference that has been attributed to dietary calcium intake in

the analysis by Davies et al9 Similarly, increased fecal excretion

of lipid accounted for all of the difference in body fat content

of rats fed a high-calcium diet.13 The impact of increased

calcium intake during food restriction has not been evaluated

but, theoretically, it could produce a proportionally greater

energy deficit in low-calorie, low-fat diets.

More elaborate mechanisms for the change in body fat

based on shifts in cellular metabolism have been proposed by

Zemel’s group based on cell culture and mouse studies.8 They

hypothesize that an increased dietary intake of calcium

downregulates parathyroid hormone and 1,25(OH)2 vitamin

D (calcitrol). The reduction in calcitrol increases calcium

uptake into adipocytes, which then inhibits fatty acid

synthesis, stimulates lipolysis and increases expression of

uncoupling protein 2 (UCP2). The increased UCP2 expression

and fall in calcitrol concentration has recently been asso-

ciated with increased adipocyte apoptosis attributed to a

collapse of mitochondrial membrane potential and inhibi-

tion of ATP production.20 Current opinion on the function of

UCP2 in vivo is that it prevents cellular oxidative damage,

which would be protective against apoptosis, and may

transport fatty acids but is unlikely to mediate proton leak

across the mitochondrial membrane.21 Although each of the

proposed relationships has been tested independently, their

relevance to the in vivo human situation has not been

examined in a consistent manner. It is essential that

this aspect of the response be investigated, not only to

provide support for the hypothesis but also to demonstrate

that the moderate changes in hormone levels and cellular

calcium that would be anticipated in human studies have a

significant impact on lipid mobilization in a condition

of energy deficit, when lipolysis is already stimulated.

Melanson et al22 reported that whole-body fatty acid oxida-

tion correlated with 24-h calcium intake, but not

with 4-day (habitual) calcium intake. The increased oxidation

would be appropriate if calcium stimulates lipolysis and

increases fatty acid oxidation, but an association with

habitual calcium intake would be expected if this was part

of the metabolic basis of weight loss induced by high calcium

diets. If a decrease in circulating calcitrol is central to the

mechanisms of weight loss then the source of dietary calcium

would not be important and the influence of dairy protein

would be independent of calcium. In addition, the impact

might be expected to be greater in individuals in energy

balance because those on a restricted diet would already be in

a catabolic state. None of these proposed mechanisms would

account for a greater rate of fat loss from visceral fat, as was

reported for the dairy-supplemented subjects compared with

controls. Zemel hypothesizes that a fall in calcitrol will result

in a lower rate of adipocyte conversion of cortisone to cortisol

in adipose tissue by the enzyme 11,b-hydroxysteroid dehy-

drogenase 1 (11,bHSD-1). Cortisol inhibits preadipocyte

proliferation but promotes differentiation. The importance

of adipose-derived cortisol in obesity and the development of

the metabolic syndrome is currently unresolved23,24 and the

impact of changes in circulating concentrations of calcitrol

remains to be determined.

Less information is available on the mechanism by which

dairy protein might deliver an added benefit in terms of

promoting loss of body fat and protecting lean tissue. Dairy

protein contains high concentrations of branched chain

amino acids (BCC) and Layman25 has suggested that the role

of these amino acids in supporting gluconeogenesis, synth-

esis of other amino acids or muscle protein synthesis is

proportional to their availability. If consumption increases

there will be greater support of muscle protein synthesis.

This would be consistent with the observation that weight

loss in dairy-supplemented subjects was composed of more

fat and less lean tissue than that in controls. In addition, it

has been hypothesized8 that inhibitors of angiotensin-I-

converting enzyme that are present in whey protein26 may

inhibit angiotensin-II stimulation of adipocyte lipogenesis.27

The importance of these two potential mechanisms in

exaggerating weight loss has yet to be evaluated but neither

one is obviously dependent upon calcium intake. Therefore,

it is important to determine whether the effects of calcium

and dairy protein are additive or synergistic.
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In summary, although a number of potential mechanisms

have been put forward to explain the effects of increasing

dietary calcium and dairy protein intake on weight loss, the

importance of any of these in individuals on a high calcium,

high diary and reduced energy diet has yet to be demon-

strated. The contribution of fecal fat excretion may be

significant when only a small change in daily digestible

energy intake is required. The relevance of changes in

adipose metabolism requires a demonstration that there is

a significant inhibition of calcitrol in individuals consuming

high calcium, high dairy diets. Identification of the factors

that are important in promoting weight loss, and specifically

the repartitioning of nutrients to protect lean body mass, is

essential for the development of appropriate dietary recom-

mendations. This was stated most clearly by Weaver and

Boushey28 ‘In general, what is necessary to understand the

relationship between dairy and calcium intake and body fat

are controlled feeding studies to determine quantitatively

the magnitude of the relationship and the mechanisms

underpinning the phenomenon’.

RBS Harris1

1Department of Foods and Nutrition, University of Georgia,

Athens, GA 30602, USA
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