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Analyses were conducted for calcium intake from dairy products linked with the consumption of calcium supplements and consumption of cal-
cium-fortified food in respect to bone mineral density (BMD) of women (n=39) aged 34-56 years. A relationship was demonstrated between bone
mineral density (BMD) of the women and calcium intake from dairy products, calcium-fortified food products and calcium supplements. Low BMD
of the women resulted from a very low intake of calcium from dairy products and restricted use of calcium supplements and/or consumption of calci-
um-fortified foods. Appropriate calcium intake from dairy products was insufficient to reach high BMD values. The high BMD values of the women
were determined by calcium intake from calcium-fortified foods and the consumption of calcium supplements, and — to a lesser extent — by calcium

intake from dairy products with an average calcium intake.

INTRODUCTION

An appropriate intake of calcium is acknowledged as
a nutritional factor improving mineral density of the bone
tissue and minimizing the risk of osteoporosis [Lorenc &
Kaczmarewicz, 2006; NIH, 2001; Teegarden et al., 2005].
A view prevails that the intake of calcium in childhood and
adolescence is of the utmost significance [Fisher et al., 2004;
Matkovic et al., 2005; Nieves et al., 2008]. It enables achieving
a high peak bone mass that constitutes a specific “deposit”
for the subsequent years of life [Kanis & Gluer, 2000; Lor-
enc & Kaczmarewicz, 2006; NIH, 2001]. In turn, the impact
of calcium intake on bone tissue density in the later decades
of life is still recognized to a lesser extent [Kanis et al., 2005].
In adulthood, the significance of nutritional factors is likely
to be diminished and the effect of the intake of calcium as well
as protein, vitamin D, phosphates, alcohol, coffee or other
nutritional factors may mainly be manifested by the impact
on the rate of bone mass loss [Badurski et al., 2007; Lorenc &
Kaczmarewicz, 2006; NIH, 2001].

An improper intake of calcium results chiefly from a low
consumption of dairy products. They constitute the major
source of calcium in diets of Europeans and provide from 60%
to 80% of its total content [Katuza et al., 2002; NIH, 2001;
Szymelfejnik et al., 2006]. Investigations have shown that ad-
ditional amounts of vitamins or minerals taken in the form
of supplements or consumed with fortified foods are likely
to improve diet quality and lower the risk of calcium deficiency

[Bischoff-Ferrari et al., 2008; Di Daniele et al., 2004; Katuza
et al., 2004]. On the contrary, the use of vitamin supplements
and/or minerals, especially in excessive quantities and with-
out any control of a physician, may augment health risks and
cause, among others, the shortening of lifespan [Brzozowska
etal.,2004; Kaluza et al., 2004; Mulholland & Benford, 2007].
Calcium is a relatively often applied dietary supplement [Br-
zozowska et al., 2002; 2004; Katuza et al., 2004; Murphy et
al., 2007], and its intake requires research on the advisability
of use and health implications.

The objective of the study was to determine the intake
of calcium from dairy products in connection with the use
of calcium supplements and consumption of calcium-forti-
fied foods as well as to analyse its relation to the bone mineral
density of women.

MATERIAL AND METHODS

Sample

The study covered 39 subjects at the age of 44.3+5.3 years
(from 34 to 56 years), living in cities and villages of the Central
Poland (Table 1). The sample was selected using the snowball
method. The respondents participating in the study recom-
mended their friends who met the sample criteria. The re-
cruitment was also carried out through advertisements placed
in the local press or posters pinned on information boards
in clinics and information points in towns as well as through
contact networks during the Swigtokrzyskie Days of Prevention.
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TABLE 1. Sample characteristics.

Tercile of BMD
Categories Total
Tl T2 T3
Number of sub- 39 2 14 13
jects
443453 47.445.0 42.9+4 4 43.045.5

Age™ (years) 4 6. 46.0) (44.2: 50.6) (40.4: 45.5) (39.7: 46.3)

Hormonal status (% of the sample)

regular men-

. 64 42 86 62
struations
irregular men- 15 17 7 23
struations
has not men-
struated for at 21 42 7 15

least 6 months

BMD - bone mineral density; *age expressed as mean value + standard
deviation; () — 95% mean confidence interval.

Selection criteria included: aged under 60 years, lack of nu-
trition disorders, no extreme sports activities at an advanced
level, lack of diseases or previous surgical operations, and not
taking drugs (for more than a year) likely to disturb hormonal
balance, metabolism and bone metabolism [Bandurski et al.,
2007]. Interviews and questionnaires were conducted at homes
of the respondents by one well-trained pollster. The examina-
tions were performed at the respondents’ homes.

The hormonal status of the women was determined dur-
ing interviews based on the regularity of menstruation (self-
declared). Regular menstruations were declared by 64%
of the sample, 15% of women menstruated irregularly and
21% of the respondents underwent menopause, i.e. had not
menstruated for at least 6 months (Table 1).

Dairy products and calcium intake assessment

The intake of dairy products was determined with
the method of the food frequency consumption using a vali-
dated ADOS-Ca questionnaire [Szymelfejnik et al., 2006].
The questionnaire enabled gathering data on the customary
frequency and size of portions (in the last 6 months) of usu-
ally consumed 11 groups of dairy products: cheese, white
fresh cheese, melted cheese, natural and fruit yoghurt, but-
termilk/kefir, sour cream/sweet cream, ice cream in the sea-
son and outside the season, sweet homogenized white cheese
and Fromage type cheese. Eight categories of consumption
frequency of the products were converted into the mean fre-
quency of consumption (th-times/day) using indices of con-
sumption frequency stipulated during validation procedure
of the questionnaire [Szymelfejnik ef al., 2006]. Next, calcula-
tions were performed for the mean intake of dairy products
(g/person/day) and the mean intake of calcium from dairy
products (mg/person/day) with the use of Food Composition
Tables [Kunachowicz et al., 2005]. The content of calcium
in a daily diet (DD) was computed based on the mean intake
of calcium from dairy products and a regression equation
determined during validation of the ADOS-Ca questionnaire
[Szymelfejnik et al., 2006]. In the validation studies it was
found that dairy products were the source of approx. 74%
of calcium in a daily diet.

An individual risk of the insufficient intake of calcium from
DD was evaluated for each of the women [Normy zywienia...,
2008]. Calculations were made for z-values of an individual
intake of calcium (D/SD,) in respect of the adequate intake
(AI) of calcium. Afterwards, the women were divided into
3 categories of calcium intake:

» insufficient (D/SD<-1),

* sufficient (D/SD,>1),

* unspecified (D/SD, =-1+1).

A population risk of an inadequate intake of calcium from
DD was estimated by determining the percentage of women
with calcium intake below the adequate intake (AD).

During interviews, data were also collected on the cus-
tomary frequency of consumption of:

* calcium-fortified ready-to-eat breakfast cereals,

e calcium-fortified juices.

An answer cafeteria contained 8 categories of frequency: (1)
never, (2) <once a week, (3) 1+2 times/week, (4) 3+4 times/
week, (5) 5+6 times/week, (6) once a day, (7) 2 times/day, (8)
>3 times/day, and “I do not know”. Additional questions re-
ferred to taking calcium supplements (yes/no/I do not know)
and their customary quantity taken in the last 6 months.

Bone tissue status assessment

The bone mineral density was evaluated by means
of a pDEXA densitometer. Bone mineral density (BMD) was
determined with the double-energy X-ray absorptiometry
(DXA). Measurements were made for the distal area of radial
bone and elbow bone.

The women were divided into three subgroups (T1, T2,
T3) according to tercile ranges of their BMD values (T1:
<358 mg/ecm?; T2: 358 +401 mg/cm?; T3>401 mg/cm?).

Statistical analysis

The intake of calcium was expressed by mean value (X)
and standard deviation (SD), however, its distribution did
not follow the normal distribution. The mean intakes of cal-
cium from dairy products and daily food rations in the ter-
cile groups (T1-T2-T3) and in pairs were compared with
the Kruskal-Wallis test. Because the calcium intake did not
have normal distribution, the comparison of the mean values
was of secondary importance in the interpretation of the re-
sults concerning the calcium intake. Such a method of data
presentation was used to facilitate the comparison of the au-
thors’ data with the results obtained by other researchers.
The qualitative data, i.e. trait distribution and correspondence
analysis, were of the essential significance in the interpreta-
tion of the results. Distributions of traits were compared using
the chi®test and the test for structure indicators.

Qualitative relations between the intake of calcium
and calcium-fortified products, taking calcium supple-
ments and bone tissue mineral status were evaluated with
the analysis of correspondence (Burt’s tables). They were
included in the analysis of correspondence as the 4 fol-
lowing traits: calcium intake (categories: insufficient/suf-
ficient/unspecified), taking calcium supplements (yes/no),
taking calcium-fortified ready-to-eat breakfast cereals or
calcium-fortified juices (yes/no), and bone mineral density
(terciles: T1, T2, T3).
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For the purpose of this analysis, the answer “I don’t know”
was re-coded into the answer “no”. The T1, T2, T3 women
did not differ in age or hormonal status (Table 1). Therefore,
these traits were excluded from the correspondence analysis.
The results of the correspondence analysis were presented
in a figure in the system of two coordinates. Both dimensions
explained together 52% of inertia, dimension 1: 30% of iner-
tia, dimension 2: 22% of inertia. The statistical analysis was
conducted by means of the Statistica PL v. 8.0 software.

RESULTS

The mean intake of calcium from DD by the women
amounted 612 mg/day (Table 2). The women from the group
T1 consumed significantly less calcium from DD as compared
to the women from groups T2 and T3 (on average: 217 mg/day
vs. 858 mg/day and 711 mg/day, respectively). Insufficient intake
of calcium from DD (z-value of the individual intake <-1) was

stated for all women from the group T1 as well as for a signifi-
cantly lower percentage of the women from groups T2 (29%)
and T3 (31%).

Distribution of the frequency of consumption of calcium-
fortified ready-to-eat breakfast cereals by the women did not
differ significantly between the tercile groups of BMD. Those
products were consumed with a various frequency by 51%
of the women, with most of the women (26%) consuming them
with the frequency less than once a week. In contrast, signifi-
cant differences were observed in the distribution of frequency
consumption of calcium-fortified juices. Various consump-
tion frequency of juices was stated for the highest percentage
of the women from group T3 (85%), as compared to the wom-
en from groups T2 and T1 (64% and 42%, respectively).

No ssignificant differences were observed between the wom-
en from groups T1, T2 and T3 in the case of taking calcium
supplements. They were used by 28% of the women, the ma-
jority of whom were taking them without any consultation

TABLE 2. Calcium intake (mean value + standard deviation) from dairy products and daily diet (DD), consumption of calcium supplements and
consumption of calcium-fortified foods by the women in respect to their bone mineral density (BMD).

Percentage of sample (%)

Categories Tercile of BMD
Total
T1 T2 T3
) . 453£715 16120+£108 635+1096 526°+423
Calcium from dairy products (mg/person/day) #
(386; 813) (118;947) (279; 1281) (243; 727)
) 612+967 217++146 85831481 T11°+572
Calcium from DD (mg/person/day) #
(521; 1098) (160; 1280) (377; 1731) (328; 982)
Calcium intake from DD**
Insufficient D/SD <-1 51 100 29 31
Unspecified D/SD,) =-1+1 41 0 57 61
Sufficient D/SD ;> 1 8 0 14 8
Percentage of subjects with calcium intake form DD <Al 90 100 86 85

Ready-to-eat breakfast cereals fortified with calcium

never 44 42 43 46
< once a week 26 33 29 15
1+2 times/week 15 8 14 23
3+4 times/week 5 0 7 8
once a day 5 8 0 8
I don’t know 5 8 7 0
Calcium-fortified juices™
never 23 50 14 8
< once a week 38 25 21 69
1+2 times/week 18 17 29 8
3+4 times/week 5 0 14 0
once a day 3 0 0 8
I don’t know 13 8 21 8
Taking calcium supplements
Yes 28 25 21 38
No 67 75 71 54
I don’t know 5 0 7 8

# significant differences between tercile groups T1-T2-T3 at p<0.05; a-a, b-b — significant differences in groups between T1, T2, T3 at p<0.05; O - 95%

mean confidence interval; *p<0.05, **p<0.001.
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with a physician in a dose of one pill of a calcium-containing
supplements per day (9 out of 11 women). The other women
declared taking 2 pills of such a supplements per day.

The analysis of correspondence demonstrated a corre-
lation between the traits examined. The women constituted
3 clusters (Figure 1). The first cluster (C1) was made by
the women characterised by an insufficient intake of calcium,
the lowest bone mineral density (T1) and not consuming
calcium-fortified foods and not taking calcium supplements.
A strong correlation was observed for the insufficient calcium
intake and the lowest BMD value (T1). Both the traits were
located close to each other (in the same quarter of the system
of coordinates) and formed a subgroup of cluster C1 (cluster
Cla). Cluster C2 was made by the women with an average
value of mineral bone density (T2) and a sufficient intake
of calcium. In turn, cluster C3 included women with unspeci-
fied intake of calcium but consuming calcium-fortified foods
and taking calcium supplements as well as having the highest
value of bone mineral density (T3).

DISCUSSION

A relationship was demonstrated between bone mineral
density of the women and calcium intake from food and non-
food sources. Women with the lowest values of bone mineral
density (the lower tercile of BMD) were shown to consume
lower quantities of calcium from dairy products, which deter-
mined their calcium intake negligibly exceeding 200 mg/day.
Simultaneously, the smallest percentage of those women were
improving their calcium intake balance by consuming calci-
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FIGURE 1. Relationship between calcium intake from a daily diet (DD)
and calcium-fortified food products, consumption of calcium supple-
ments and bone mineral density.

Explanations: “insuff Ca intake” - insufficient intake of calcium from DD;
“suff Ca intake” — sufficient intake of calcium from DD; “unspecif Ca in-
take” — unspecified intake of calcium from DD; “suppl.Ca: yes” — taking
calcium supplements; “suppl.Ca: no” — not taking calcium supplements;
“Ca fortif food: yes” — consumption of calcium-fortified ready cereal
breakfast products or drinking calcium-fortified juices; “Ca fortif food:
no” — no consumption of calcium-fortified ready cereal breakfast prod-
ucts or calcium-fortified juices; “T1 BMD” - the lowest tercile of bone
mineral density; “T2 BMD” — median tercile of bone mineral density; “T3
BMD” - the highest tercile of bone mineral density.

um-fortified foods. In addition, the women at the highest risk
osteoporosis were taking calcium supplements equally infre-
quently as those at a lesser risk of osteoporosis. This indicates
that persons with a low intake of calcium undertake actions
aimed at improving diet balance by consuming calcium-forti-
fied foods or using non-food source of calcium less frequently.
It confirms that persons with health disorders usually have
worse eating habits than those without such disorders. Such
relations were observed in the Bogalusa Heart Study conduct-
ed for the metabolic syndrome risk and intake of vegetables
and fruit [Yoo ef al., 2004]. The results obtained in this study
suggest the existence of similar relations between the osteopo-
rosis risk and the intake of calcium and/or dairy products.

The research demonstrated that the appropriate calcium
intake from dairy products was linked with an average bone
mineral density (median tercile of BMD). It confirms previ-
ous reports showing that a high calcium intake from food and/
or a high intake of dairy products is insufficient to diminish
the risk osteoporosis, especially in post-menopausal women
[Feskanich ef al., 2003]. It may additionally be speculated
that the level of calcium consumption by the women from
the middle BMD tercile was too low (ca. 850 mg/day on aver-
age) to achieve a desired effect. In their investigation conduct-
ed with young women, Teegarden et al. [2005] demonstrated
an increase in BMD values upon nutritional intervention and
increased calcium intake (mainly from dairy products) to a lev-
el of 1200-1300 mg/day, i.e. higher by about 50% than that
of the women examined in our study. These observations may
explain some contradictory opinions on the role of dietary cal-
cium in minimizing the osteoporosis risk and point to complex
determinants of bone metabolism in the adults [Badurski et
al., 2007; Lorenc & Kaczmarewicz, 2006; NIH, 2001].

The women from the middle and the upper tercile of bone
mineral density were shown to consume similar quantities of cal-
cium (at a level of 700-850 mg/day) and to more often drink
calcium-fortified juices. The analysis of correspondence demon-
strated, however, that the highest value of bone mineral density
(the upper tercile of BMD) depended on taking calcium supple-
ments and consuming calcium-fortified foods, and - to a lesser
extent — on calcium intake from food, as the calcium intake from
a daily diet by the women from that cluster (C3) was evaluated
as unspecified [Normy zywienia..., 2008]. The results obtained
in this study indicate that maintaining high bone mineral den-
sity by women requires a supply of calcium from dietary sources
and supplements when no significant changes are made in eat-
ing habits. It confirms the significance of calcium supplementa-
tion for the bone mineral density [Bischoff-Ferrari ef al., 2008;
Di Daniele er al., 2004]. The results of a study by the research
group of Di Daniele [2004] have formed the basis for recom-
mending calcium (and vitamin D) supplementation as a strat-
egy in the prevention of bone mass loss in women in the early
post-menopausal period. However, relations between calcium
intake from food and other sources and metabolism of the bone
tissue in adult persons are highly complex and depend, among
others, on calcium intake in childhood and adolescence [Matk-
ovic et al., 2005; Nieves et al., 2008].

Nonetheless, this study has some limitations. The rela-
tions described refer to the average consumption of dairy
products and calcium. The calcium intake by the women
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ranged from 500 to 1100 mg/day (95% of mean confidence
interval) and thus any discussion should be conducted in re-
spect to the women only in this range of calcium intake. For
this reason, it is impossible to determine the effect of an in-
creased intake calcium from food on bone mineral density and
the corresponding significance of calcium intake from supple-
ments and/or calcium-fortified foods.

CONCLUSIONS

A relationship was demonstrated between the bone min-
eral density of the women and calcium intake from dairy
products, calcium-fortified foods and calcium supplements.
The low BMD of the women resulted from a very low intake
of calcium from dairy products and restricted use of calcium
supplements and/or consumption of calcium-fortified foods.
Appropriate calcium intake from dairy products was insuf-
ficient to reach high BMD values. The high BMD values
of the women were determined by calcium intake from calci-
um-fortified foods and the consumption of calcium supple-
ments, and — to a lesser extent — by calcium intake from dairy
products with an average calcium intake.

ACKNOWLEDGMENTS

This study was completed under the MODAF project en-
titled “Analysis of mother-daughter dairy products food patterns
in relation to bone mineral status and calcium deficiency and
osteoporosis risk among women” (No. N N312 2862 33) and
funded by the Polish Ministry of Science and Higher Education.

REFERENCES

1. Badurski J.E., Czerwinski E., Marcinkowska-Suchowierska E.,
Recommendations of the Polish Foundation of Osteoporosis
and the Polish Society of Osteoartrology in terms of osteoporosis
based on the opinion of the World Health Organization (WHO)
and the International Osteoporosis Foundation (IOF). Ortopedia,
Traumatologia, Rehabilitacja, 2007, 9, Supl. 2, 45 (in Polish).

2. Bischoff-Ferrari H.A., Rees J.R., Grau M.V,, Barry E., Gui J.,
Baron J.A., Effect of calcium supplementation on fracture risk:
a double-blind randomized controlled trial. Am. J. Clin. Nutr.,
2008, 87, 6, 1945-1951.

3. Brzozowska A., Enzi G., Amorim Cruz J.A., Medicine use and
supplementation practice among participants of SENECA study.
J. Nutr. Health Aging, 2002, 6, 1, 34-38.

4. Brzozowska A., Kaluza J., de Groot C.P.G.M., Knoops K., Amo-
rim Cruz J., Supplementation practice and mortality in SENECA
population. J. Nutr. Health Aging, 2004, 8, 6, 462.

5. Di Daniele N., Carbonelli M.G., Candeloro N., lacopino L., De
Loronzo A., Andreoli A., Effect of supplementation of calcium
and vitamin D on bone mineral density and bone mineral content
in peri- and post-menopause women; a double-blind, random-
ized, controlled trial. Pharmacol. Res., 2004, 50, 6, 637-641.

6. Feskanich D., Willet W.C., Colditz G.A., Calcium, vitamin D,
milk consumption, and hip fractures: a prospective study among
postmenopausal women. Am. J. Clin. Nutr., 2003, 77, 504-511.

7. Fisher J.O., Mitchell D.C., Smiciklas-Wright H., Mannino M.L.,
Birch L.L., Meeting calcium recommendations during middle

11

20.

21.

22.

childhood reflects mother-daughter beverage choices and pre-
dicts bone mineral status. Am. J. Clin. Nutr., 2004, 79, 698-706.

. Katuza J., Bagan A., Brzozowska A., Evaluation of the contribution

of vitamins and minerale from supplements in diets of older people.
Roczn. PZH, 2004, 55, 1, 51-61 (in Polish; English abstract).

. Katuza J., Zysk A., Brzozowska A., The contribution of groups

of products and drinking water in the intake of selected minerale
by older people. Roczn. PZH, 2002, 202, 53, 4, 407-417 (in Pol-
ish; English abstract).

. Kanis J.A., Gluer C., An update on the diagnosis and assessment

of osteoporosis with densitometry. Osteoporosis Int., 2000, 11,
192-202.

Kanis J.A., Johansson H., Oden A., De Laet C., Johnell O., Eis-
man J.A., McCloskey E., Mellstrom D., Pols H., Reeve J., Silman
A., Tenenhouse A., A meta-analysis of milk intake and fracture
risk: low utility for case finding. Osteoporos. Int., 2005, 16, 7,
799-804.

. Kunachowicz H., Nadolna 1., Przygoda B., Iwanow K., 2005,

Tabele sktadu i wartosci odzywczej zywnosci. PZWL, Warszawa
(in Polish; English abstract).

. Lorenc R.S., Kaczmarewicz E., Strategia diagnostyki osteoporo-

zy 2006. Terapia. Osteoporoza, 2006, 3, 177, 5-10 (in Polish).

. Matkovic V., Goel PV, Badenhop-Stevens N.E., Landoll J.D., Li B.,

[llich J.Z., Skugor M., Nagode L.A., Mobley S.L., Ha E.-J., Hangart-
ner TN., Clairmont A., Calcium supplementation and bone mineral
density in females from childhood to young adulthood: a random-
ized controlled trial. Am. J. Clin. Nutr., 2005, 81, 175-188.

. Mulholland C.A., Benford D.J., What is known about the safety

of multivitamin-multimineral supplements for the generally
healthy population? Theoretical basis for harm. Am. J. Clin.
Nutr., 2007, 85 (suppl.), 3185-3228.

. Murphy S.P, White KK, Park S.Y., Sharma S., Multivitamin-

multimineral supplements’ effect on total nutrient intake. Am. J.
Clin. Nutr., 2007, 85 (suppl.), 280S-284S.

. Nieves J.W., Barrett-Connor E., Siris E.S., Zion M., Barlas S.,

Chen Y.T., Calcium and vitamin D intake influence bone mass,
but not short-term fracture risk, in Caucasian postmenopaus-
al women from the National Osteoporosis Risk Assessment
(NORA) study. Osteoporos. Int., 2008, 19, 5, 673-679.

. NIH 2001. Consensus Conference on Osteoporosis Prevention,

Diagnosis, and Therapy, JAMA, 2001, 285, S785-S794.

. Normy zywienia cztowieka. Podstawy prewencji otytosci i chordb

niezakaznych. 2008 (eds) Jarosz M., Buthak-Jachymczyk B.
PZWL, Warszawa (in Polish).

Szymelfejnik E.J., Wadofowska L., Cichon R., Przystawski J.,
Bolestawska 1., Dairy products frequency questionnaire (ADOS-
Ca) calibration for calcium intake evaluation. Pol. J. Food Nutr.
Sci., 2006, 15/56, SI 1, 229-236.

Teegarden D., Legowski P., Gunther C.W., McCabe G.P., Pea-
cock M., Lyle R M., Dietary calcium intake protects women con-
suming oral contraceptives from spine and hip bone loss. J. Clin.
Endocrinol. Metab., 2005, 90, 9, 5127-5133.

Yoo S., Nicklas T., Baranowski T., Zakeri L.E, Yang S.-J., Srini-
vasan S.R., Berenson G.S., Comparison of dietary intakes as-
sociated with metabolic syndrome risk factors in young adults:
the Bogalusa Heart Study. Am. J. Clin. Nutr., 2004, 80, 841-848.

Received March 2009. Revision received January and accepted

February 2010.






