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Summary

Experimental and epidemiological studies suggest ¢hlcium intake is inversely related to
weight gain. Calcium of dairy origin has been shaotwnbe more effective in promoting
weight loss. However, clinical studies yielded cowmérsial results concerning the role of
calcium intake in weight change. The aim of gtisgdy was to reveal whether the addition of
calcium can affect the outcome of 3-week weighhagegment (WM) with a hypocaloric diet
characterized by a decresed calcium intake. Ovghwiebese women (n: 67; BMI: 32.24
kg/n?; age: 49.132.1 years) underwent a 4-week comprehensive WN\grarome. WM
included a 7 MJ/day diet resulting in a stable Wweiduring the I week and a 4.5 MJ/day diet
with mean daily calcium intake 350 mg during th&-24" week. Participants were divided in
three age- and BMI-matched groups who receivedeplaor calcium (500 mg/day). Cacium
was administered either as carbonate or calciurdaofy origin (Lactoval). There was no
significant difference in weight loss in responseWM between the placebo-treated and
calcium-treated groups. However, addition of catftiiw diet resulted in a lower hunger score
in the Eating Inventory as well as a decrease @srph resistin level. Body composition
measured by bioimpedance demonstrated that adéi@dnedead to a preservation of fat free
mass. Nevertheless, a greater loss of fat free mdhe placebo group might be partly due to
a greater loss of water.
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Introduction

Experimental studies have demostrated that caloimke lowers body weight in rats
and mice (Bursewgt al. 1989, Sheet al.2001). Several observational studies have staawn
inverse relationship between dietary calcium intakeintake of dairy products and body
weight (Barger-Luxet al. 2001, Davieset al. 2000, Jacgmaiet al. 2003, Linet al. 2000,
Zemelet al. 2000, Zemekt al. 2004). Daviest al. (2000) analyzed four observational, two
cross-sectional and two longitudinal studies andfiomed significant negative association
between calcium intake and body weight. Accordimdhis analysis, differences in calcium
intake could explain 3% of the variance in bodygiei CARDIA study revealed a negative
relationship between calcium intake or dairy congtiom and obesity and insulin resistance
syndrome (Pereirat al. 2002). Recent results of Let al. (2005) also indicate that the intake
of calcium and dairy products may be associatech Watver prevalence of metabolic
syndrome in middle-aged and older women. In obsienval studies on the role of calcium
intake confounding factors, such as dairy protsimquld be taken into account. In our recent
study (Kabrnovat al. 2004) in 208 obese individuals (BMI: 40.07+7 kg/nf) body weight
changes over a 3- to 6-month weight management (Wéfe negatively related to changes
in the intake of both dietary calcium (-0.210, §.803) and protein (-0.289, p = 0.000).

A few of the intervention studies conducted on tbke of calcium intake on body
weight and body composition yielded conflictinguks (Boonet al. 2005, Rajpathalet al.
2006, Thompsoeet al. 2005, Charet al. 1995). Studies have also demonstrated that calciu
from dairy products is more effective in reduciragip weight than calcium from supplements
(Zemelet al.2004, Zemeet al.2000).

Different mechanisms were proposed to mediateffieete of dietary calcium on body
weight changes. Formation of faecal fatty acid clexgs to reduce fat absorption may

represent an important mechanism through whichiwalaffects body weight regulation



(Jacobseret al. 2005). Elevation of faecal fat excretion in respwrio increased calcium

intake should be considered especially in indivisluavith an excessive fat intake.

Intracellular C& is a key regulator of lipid metabolism. Its elewhténtracellular
concentrations stimulate the expression and agtfitipogenic enzymes and reduce lipolysis

with a subsequent increased accumulation of fatdipocytes (Zemeét al. 2000). Dietary

calcium-induced suppression of 1.25-dihydroxyvitarb diminishes the entry «d " into
adipocytes and as a consequence also diminishesofaige in adipocytes (Xwet al. 2001,
Zemel 2003). Calcium might affect energy balance diynulating an expression of
uncoupling proteins in adipocytes (UCP2) and skeéletuscles (UCP3) (Yt al. 2003,
Zemelet al. 2000, Zemel 2003). Calcium also affects fat oxatat Melansonet al. (2003)
demonstrated that calcium intake correlated paditiwith 24-hr fat oxidation, during both
sleep and moderate physical activity.

Food intake, energy balance and body weight asaselhsulin sensitivity is regulated
by complex neurohormonal signals (Druce and Bloo@962. Adherence to the WM
programme is greatly influenced by psychobehaviotaators, among which the eating
behaviour plays a crucial role. However, an assiocidbetween calcium intake and hormonal
and psychobehavioural factors has not yet beematesl. The aim of the present study was to
evaluate whether a calcium supplement (500 mg/eald influence a change in body
weight and body composition in response to a 3-wa&@®k programme with strictly defined
and supervised calorie intake. The impact of caiciatake on metabolic, hormonal and

psychobehavioral parameters was also evaluated.

Subjects and methods
Sixty seven overweight/obese women (BMI: 3212+kg/nf; age: 49.132.1 years)

participated in a 4-week WM programme in the Spagsitp Unit. Subjects with diabetes,



uncompensated thyroid dysfunction and those weati¢h drugs affecting water balance
(diuretics, hormonal contraceptive and replacentketapy etc.) were excluded from the
study.

The comprehensive WM includedpaecisely defined low energy diet, daily physical
activity supervised by a physiatrist and cognitivehavioural modification of lifestyle.
Energy and nutrient content of meals prepared encéintral kitchen during the entire period
of study was calculated by the PC programme ,Natrit This software covers almost 3000
food items and evaluates the intake of energy, omatrients and micronutrients. Al
subjects were advised to eat all of the meals dervdour daily portions in the spa dining
room. Mean daily energy intake before initiationtbé spa treatment was calculated to be
about 7.0 MJ. Therefore the patients were proviged MJ/day diet during the’Wweek of
WM. Only those patients who exhibited a stable Weduring the first week entered the trial
and received a hypocaloric diet providing 4.5 My/@@otein 25.3%, fat 28.7%, carbohydrate
46.0%) with a low calcium supply (350 mg/day) otlee subsequent 3-week period. This diet
yielded a 2.5 MJ deficit in comparison with thetpeatment week.

Participants were divided in three age- and BMlghat groups who received either a
placebo (P group, n = 21) or calcium (500 mg/daither as carbonate (C group, n = 25) or
calcium of dairy origin Lactoval (L group, n = 2l)actoval was prepared from milk and
contained calcium as phosphate (70%), lactate (18%@) citrate (20%). Tablets were
analyzed in the Dairy Research Institute and tbalicium content corresponded to declared
values. A dietitian distributed placebo or calcitablets to the patients in three daily doses.
The dietitian also checked that the patients thekiablets immediately after receiving them.

The studied women were predominatly perimenopaula. amount of women in

menopause was comparable among the groups.



Anthropometric, biochemical, hormonal and psychalvéural investigations were
conducted before and after a 3-week WM. Body weggttt body composition were analyzed
by a bipedal-bimanual Body Composition Analyzer ifamBC-418MA (Tanita Inc., Tokyo,
Japan). Anthropometric measurements included bodayght;, height, waist and hip
circumference, subscapular, triceps, biceps andasiag skinfolds. BMI was calculated
according to the formula: body weight (kg)/heigmf);

Eating behaviour was evaluated by the Eating lrorgnfStunkard and Messick 1985)
which assesses three behavioural traits: 1. dietstyaint - deliberate control of intake, 2.
disinhibition - measure of loss of control over dootake (for example in response to stress,
anxiety, depression and alcohol intake), 3. peszkiwunger - awareness of and susceptibility
to hunger. Beck Depression Inventory (Bestkal. 1961) was used to evaluate the level of
depression.

Blood samples for biochemical and hormonal invesiomns were taken in the morning
after a 12-hour overnight fast. Biochemical index@sood glucose, glycosylated
haemoglobin, uric acid, total cholesterol, HDL-awsikrol, LDL-cholesterol, triglycerides, C
reactive protein) were assessed by the standaodalairy procedures. Hormonal levels (TSH,
fT3, fT4, insulin, C peptide, prolactin, growth Inmone, total ghrelin, IGF-1, cortisol, sex
hormone binding globulin /SHBG/, leptin, ghrelireptide YY, neuropeptide Y, adiponectin,
resistin) were analyzed by radioimmunoassays.

Protocol of the study was reviewed and acceptedhbyEthics Committee of the
Institute of Endocrinology. All patients were infoed about the study design and signed an
informed consent form concerning their participatio the study.

Statistical analysis: Results are expressed assne&D. Differences in parameters
before and after WM as well as differences betwi®n groups were assessed using the

Kruskal-Wallis robust analysis of variance (ANOVAllowed by Kruskal-Wallis multiple



comparisons. Differencres between groups were ssddsy Mann-Whitney test. Changes

were evaluated by Wilcoxon’s paired test.

Results

The baseline data was similar in all three groupshbiody mass index (C group:
32.39#4.35 kg/nf, L group: 32.424.22 kg/nf, P group: 32.364.86 kg/nf), fat stores (C
group: 41.34.9%; L group: 41.76.4%; P group: 42.3%:7%), as well as for the plasma leptin
levels (C group: 21.73:4 ng/ml; L group: 21.5%.3 ng/ml; P group: 20.3t1 ng/ml) which
under stable weight conditions reflect body fatesto An average weight loss of 3.8.:6 kg
was achieved in response to WM. Table 1 summasiggsficant changes in anthropometric,
psychobehavioral and hormonal parameters in thdemtwhort. Decreases in body weight,
BMI, body circumferences and skinfolds were demmtst. In response to WM, the Beck
depression score, hunger scores and disinhibitores decreased whereas the restraint score
increased. Significant decreases in serum leptthNRY levels were shown. A significant
decline in fasting blood glucose and insulin coriions was demonstrated together with a
significant rise in SHBG level, whereas no sigrfit changes in serum adiponectin (- 0.06 +
2.69 mg/l) and resistin (- 0.180t78 ug/l) levels were observed.

No significant differences were observed in anfy tbe values concerning
anthropometric, body composition, psychobehavigumalchemical and hormonal parameters
when the three groups differing in the calcium ketavere compared both before and after the

weight reduction. Only selected data from 52 measparameters are shown in Table 2.

As shown in Table 3, significant decreases in badight, BMI and fat mass were
observed in both the calcium-treated groups andhen group receiving a placebo. No

significant differences in the decreases in anthmogiric indexes and fat mass were



demonstrated between the three groups of pati®mtshe other hand, a significant decline in
FFM was shown in a group treated with a placebat¢- 3.36 kg, p = 0.006) while both
groups provided with additional calcium did not #thany significant changes in FFM.
Hunger score decreased significantly in both grdwgsted with calcium (calcium carbonate
group: -1.54 +2.59, p = 0.010; Lactoval group: - 1.7&08, p = 0.017) whereas a decline of
hunger score in placebo treated group was notfgignt (-0.38 +2.56).

Figure 1 demonstrates a significant difference he thange of resistin level in
response to WM between the placebo-treated growptla joint cohort including both
calcium-treated groups. In contrast to the WM-iretludncrease in resistin level in the
placebo-treated group, a decrease in mean redestel was demonstrated in the joint

calcium-treated group.

Discussion
The main finding of the present study is that amiadstration of a calcium

supplement in a daily dose of 500 mg does not resuan increased weight loss during
short-term weight management. When discussing #sallts, we should consider both
advantages and limitations of our study. In aleywus studies calcium has been
supplemented as calcium carbonate, calcium citoatecalcium citrate-malate although
calcium phosphate represents a major source ofucalt dairy products. No previuous
studies employed administration of calcium of dargin or calcium phosphate. In our study
patients were given besides calcium carbonatettaptepared from the milk which contained
calcium as phosphate, lactate and citrate. Howswerfailed to see any significant difference
in weight loss between the groups supplemented B6th mg calcium provided as calcium
carbonate or as calcium of dairy origin. The seélcadvantage of our study was that we had

an opportunity to maintain all of the subjects be same diet providing a daily energy



deficit of 2.5 MJ with an average daily calculatalcium intake of 350 mg. In previously
published interventional studies the quantity dticen obtained from each daily meal had
not been evaluated and only the role of suppleatemialcium or high dairy product

consumption had not been considered.

Zemel (2004) reported on weight loss reached overneks in obese subjects
assigned to three different calorie-restricted digtescribing a daily energy deficit of 500
kcal: low dairy, high dairy and calcium-supplemehtew dairy. Accelerated weight and fat
loss in response to energy restriction was observéhe high dairy consumers and calcium-
supplemented groups in comparison with low daigy-tmlcium consumers (Zemel 2004). It
could be objected that our study was conducted avehort period of time and that the
amount of supplemented calcium was not high endogtifect the weight loss. The duration
of our intervention, only 3 weeks, was rather shéfé were unable to extend the duration of
the supervised in-patient stay over usual 4-wk qoeef the spa treatment. The lack of
evidence for the role of calcium in promoting wei@ss in our study might be due to a rather
high daily energy deficit which could surpass tlifects of calcium deficiency over a short-
time period of WM. In many interventional studiestipnts received 2000 mg calcium/day.
Our calcium-supplemented patients received onageer a total daily dose of 850 mg
calcium which was shown to be sufficient for poigtitig weight reduction as well as for its
beneficial effects on body composition. AccordimgTthompsonet al. (2005) diets higher
than 800 mg of calcium in dairy products or higlefiber and lower in glycaemic index do
not enhance weight reduction beyond what is seeh walorie restriction alone. The
Amsterdam Growth and Health Longitudinal Study wkhiollowed a cohort of men and
women from age 13 years in 1977 to age 36 year20D0 suggested a threshold of
approximately 800 mg/day above which calcium inta&e no additional beneficial effect on

body composition (Booet al. 2005). Barr (2003) in a Medline search betweerydes 1966



— 2001 identified 17 randomized trials of calcisapplementation in subjects without caloric
restriction. In most studies, no differences inyuwaetight or body composition were detected
between the calcium and placebo treated or unttegrt@ups. Reckeet al. (1996) in a 4-yr

study detected a significant difference in body gheichange. Postmenopausal women

receiving 1.2 g calcium/day lost 0.35 kg/yr morarthdid the control group.

Body composition in this study was evaluated bylilempedance method which is
greatly influenced by the hydration of the examisetijects. Therefore patients which were
treated with drugs which could affect water balam@ge not included in the study. Some
studies raised questions about the use of BIA Yatuation of body composition in obese
subjects as well as its changes in response taeight management (Kyle UGt al 2004).
However, recent study of Jeleb al. (2006) declares that BIA is a useful method to snea
body composition changes during clinical weight agament programmes. BIA was also
classified as a useful tool for body compositiosegsment in extremely obese subjects before
and after massivre weight loss induced by gastymabs surgery (Dast al. 2003). In our
study, a significant decrease in FFM was demoresirat the placebo-treated group, whereas
loss of FFM was demonstrated as not being sigmifiéa both calcium-treated groups. It
cannot be excluded that the higher loss of bodygktan the placebo group (-4.34 kg in the
placebo group versus -3.58 kg in both calcium éeagiroups) was partly due to the
differences in water balance. However, there has lb® data available about the association

of low calcium intake with the loss of water.

On the other hand, the protective effect of calcintake on FFM was reported by
Heaneyet al. (2002) in a 3-yr calcium intervention tri@ young women given eithd’500
mg calcium per day or a placebo. The group as @eniad gained weight at a 3-yr follow-

up; there was no significadifference in weight gain between the calcium sappnted and



control groups. However, the weight gain in theciceth supplementedvomen consisted
primarily in an increase in fat free massile the placebo treated women accumulated twice
as much body fat. High dairy/calcium diets in 3gtiloss studies conducted by Zeraeél.
(Obes Res 2004, Int J Obes 2005, Obes Res 200%¢addot only higher fat loss but also
markedly reduced the loss of FFM compared withlolnedairy/calcium diet. Preservation of
FFM by dairy products could be attributable to thigh content of branched chain amino
acids in proteins of dairy origin. Branched chamirgo acids, especially leucine, play a key
role the regulation of muscle protein synthesisythan and Walker 2006). It is difficult to
find an explanation how dietary calcium per se rigfiuence preservation of FFM during
the weight loss studies. Calcium-induced suppressfal,25-dihydroxyvitamin D levels has
been proposed as a mechanism leading to reductiownisseral adiposity as 1,25-
dihydroxyvitamin D has been shown to stimulateB-hydroxysteroid dehydrogenase-1
(Morris and Zemel 2005). However, it seems unlikbigt such a calcium-induced inhibition
of local cortisol production in adipose tissue cbplay any role in modulation of overall

body protein catabolism.

In addition a significant decline in the hunger score of theirfgalnventory was
demonstrated in calcium-treated groups, but nditénplacebo-treated group. This change in
perception of hunger could contribute to a bettagtterm outcome of weight management in
calcium-treated patients. However, change in hursgere does not necessarily implicate
change in energy intake which was provided the sfmmall participants in our study. The
observed decline in the hunger score cannot hiewtd to changes in fasting concentrations
of hormones involved in food intake regulation. significant differences in profile of these
hormones were seen between the calcium and plaocedted individuals. However, we did
not examine postprandial hormonal responses whichdcaffect both satiety and hunger

feelings. Ping-Delfogt al. (2004) revealed that a high dairy calcium andmitaD diet did



not affect subjective sensations of hunger anctyain the immediate postprandial period,

but spontaneous food intake over the subsequenp@ddd was significantly reduced.

Previous studies demonstrated that a diet charaeteby a higher calcium intake or
higher dairy intake, especially low-fat dairy inéakmay lower the risk of type 2 diabetes
(Choiet al. 2005, Pitta®t al.2006). A combined daily intake of >1,200 mg cateciand >800
IU vitamin D was associated with a 33% lower rigkype 2 diabetes with RR of 0.67 (0.49-
0.90) compared with an intake of <600 mg and 40@&l¢ium and vitamin D, respectively
(Pittaset al. 2006). Among the mechanisms involved in lowering tisk of type 2 diabetes,
hormonal mechanisms affecting insulin sensitivihowd be considered (Let al. 2006,
Heilbronnet al. 2004, Silhaet al. 2003). A significant difference in the changeresistin
levels in response to a negative energy balancgeeet calcium treated and placebo treated
individuals was shown in our study. Calcium mediadéferences in resistin response to WM

might play a role in reducing the risks of typdi@betes and metabolic syndrome.
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Table 1 — Anthropometric, psychobehavioural andntmmal indexes and their changes in
response to weight management in the whole cohort.

All subjects
Before After Difference Significance

Variable mean | SD mean SD mean  SD p

Weight (kg) 84.60 12.81 80.78| 12.48| -3.82| 1.63|0.000001
BMI (kg/m?) 32.39 4.48 30.92 4.33| -1.47| 0.63|0.000001
Waist (cm) 98.83 11.92 93.64| 11.43| -5.19| 2.28|0.000001
Hip (cm) 115.49 9.20] 112.12 8.97| -3.37| 1.61|0.000001
WHR 0.86 0.07 0.83 0.07| -0.02| 0.02|0.000001
Fat (kg) 35.8] 9.52 32.01 8.83| -3.80| 2.83|0.000001
Fat (%) 41.65 5.69 38.98 6.12| -2.67| 2.89|0.000001
FFM (kQg) 48.79) 4.68 48.48 532 -0.31| 3.18]| 0.035526
Beck 10.38 6.37 7.56 6.43| -2.82| 4.16|0.000003
Restraint 10.03 4.54 12.94 4.57 2.91| 4.30| 0.000004
Hunger 408 3.28 2.83 2.73| -1.24| 2.71|0.000641
Disinhibition 6.61 2.97 4.86 270, -1.74| 2.55]|0.000008
Glucose (mmol/l) 513 1.56 4.83 1.24| -0.29| 1.70|0.05

Insulin (mIU/1) 8.36| 4.45 7.83 481 -0.53| 5.99|0.05

SHBG (nmol/l) 61.49 44.21 79.08| 53.73| 14.89| 26.72| 0.000001
Leptin (ug/l) 21.21 8.98 15.36 7.13| -5.85| 6.45|0.000001
NPY (pmol/l) 101.8| 52.31 84.14| 41.08| -17.7| 31.49| 0.000003




Table 2 — Comparison of selected anthropometricyclpgbehavioural and hormonal
characteristics in placebo-treated group (group &)d in groups treated with calcium
carbonate (group C) or with calcium of dairy orig{hactoval, group L) before and after
weight reduction. No significant differences in sw&d parameters were observed between
the groups both before and after weight reduction.

Before After
group Group Group Group Group Group
Variable C L P ANOVA C L P ANOVA

mean | SD meanSD mean| SD mean| SD mean| SD mean| SD
Weight 84.95 | 11.7583.43| 11.65|85.37|14.83 NS 81.61 11.56| 79.57| 11.49(81.03| 14.22 NS
(kg)
BMI 32.39 | 4.35| 32.424.22 | 32.364.86 NS 31.114.19 | 30.904.10 | 30.724.68 NS
(kg/n12)
Fat 35.57 | 9.12| 35.389.39 | 36.51 10.03 NS 31.937.68 | 31.38§9.42 | 32.729.38 NS
(kg)
Fat 41.30 | 4.98| 41.706.39 | 42.015.69 NS 38.694.54 | 38.717.58 | 39.58 6.03 NS
(%)
FFM 49.37 | 3.61| 48.084.29 | 48.855.90 NS 49.695.38 | 48.194.95 | 47.405.33 NS
(kg)
Beck 10.75 | 5.76 | 8.29| 3.43 12.0B.41 NS 7.42| 5.35 5.742 394 957 8.61 NS

Restraint 10.38 | 3.83| 9.81| 4.03 9.86 5.6 NS 1318436 | 12.713.76 | 12.485.39 NS

Hunger 454 |3.04| 424 299 3.3% 3.68 NS 3.00 284 2|47 6 2.6.00 | 3.13 NS

Disinhibition |6.79 | 3.04 | 6.95| 290 6.0 2.90 NS 542 20P6 48152429 | 1.88 NS

Leptin 21.74 | 8.47| 21.479.31 | 20.349.14 NS 17.517.67 | 15.137.51 | 13.135.01 NS
(ngfl)

NPY 108.30(54.23/99.07| 42.45|97.17| 57.96/ NS 92.09| 38.87|84.26|41.20 74.92| 41.51] NS
(pmol/)

Adiponectin |10.66 | 3.09| 13.0Y7.35 | 9.99 | 4.22 NS 11.08.70 | 12.356.27 | 10.394.02 NS
(mg/l)

Resistin 2.68 [0.89] 2.33] 0.65 215 065 NS| 2.08 054 2[280Q.837|0.99] NS
(no/)




Table 3 — Changes in selected anthropometric agdhasbehavioural characteristics in
placebo-treated group (group P) and in groups teshivith calcium carbonate (group C) or
with calcium of dairy origin (Lactoval, group L).réskal-Wallis ANOVA as well as Kruskal-
Wallis mutliple comparisons found no significarffetiences in changes between the groups.

Group C Group L Group P

Variable Mean | SD| P Mean| SD| P mean SD p

Weight (kg) -3.34 1.79| 0.00002| -3.87| 1.62| 0.00006| -4.34| 1.37|0.00006
BMI (kg/m°) -1.29| 0.69| 0.00002] -1.51| 0.65| 0.00006] -1.64| 0.49| 0.00006
Fat (kg) -3.64 3.83| 0.00002| -4.00| 2.73| 0.00006| -3.80| 1.45| 0.00006
FFM (kg) 0.32| 3.49| 0.64738] 0.11] 2.45| 0.53124| -1.46| 3.36| 0.00630
Restraint 3.17 3.47| 0.00068 2.90| 4.15| 0.00767 2.62| 5.44| 0.05544
Hunger -1.54 2.59| 0.01013] -1.76| 2.98| 0.01680| -0.38| 2.56| 0.44642
Disinhibition -1.38| 2.73| 0.04447) -2.14| 2.61| 0.00421] -1.76| 2.39| 0.00482




Figure 1 — Change of resistin level in responséid in the placebo-treated group (group P)

and joint calcium-treated group (group CL).
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