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Abstract: The metabolic syndrome is an increasingly common condition, especially in women. The objective
was to examine the relationship between total calcium and metabolic syndrome in Babolian middle aged women.
A systematic random sampling method was used to select 984 women aged 30-50 years of age from urban area
in Babol, Mazandaran, Iran. The ATP III criteria were used to classify study participants as having metabolic
syndrome. We evaluated eating and drinking patterns by a food frequency questionnaire. Dairy products
significantly were consumed in women with metabolic syndrome lower than women without metabolic
syndrome (p =0.0001). Those in the highest quartile of calcium intake were lower fasting glucose (p =0.0001),
less likely to be abdominal obese (p = 0.0001) and had higher HDL-cholesterol (p = 0.0001), lower triglyceride
(p =0.0001 and lower prevalence of the metabolic syndrome (p =0.0001). The risk of metabolic syndrome for
women in the first quartile category of calcium was higher than for those in the highest quartile (OR= 13.200;
95% CI =0.12, 21.93). This study showed that an inverse favorable association of total calcium intake and the
metabolic syndrome. It may be supported current dietary recommendations to increase intakes of foods contain
calcium but still ambiguous, suggests that high calcium intake has benefits on traits of the metabolic syndrome.
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INTRODUCTION of adequate dietary calcium may protect from obesity

Cardiovascular disease is a major cause of death in dairy products, source of calcium, were decreased during
women, whereas in women with the metabolic syndrome, the past few years [8]. 
cardiovascular mortality has significantly increased [1-3]. Cow’s milk and other dairy foods are the major source
Although the exact prevalence of metabolic syndrome is of calcium. Calcium is an essential nutrient which required
unknown, existing data suggest that it has reached an for critical biological functions such as nerve conduction,
alarming rate [4, 5]. muscle contraction, cell adhesiveness, mitosis and blood

According to the researchers the metabolic syndrome coagulation [9]. However, there are some observational
includes increased fasting glucose, blood pressure, body studies which showed dairy products and particularly milk
weight, as well as cholesterol and triglyceride [6]. The was positively associated with indexes of the metabolic
concept of the syndrome is controversial because of the syndrome [10, 11] and risk factor of cardiovascular
complexity of its origins. Obesity plays a central role in disease because of sources of saturated fatty acids and
metabolic syndrome and it is a common path physiologic cholesterol [12]. While, dietary calcium has shown a
condition with connection for development of many protective effect in some chronic diseases such as
chronic diseases [7]. Researchers suggest that presence primarily osteoporosis and hypertension [13, 14].

related to metabolic syndrome, while consumption of
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As, obesity has become a common factor among right arm of each subject in the resting position by
Iranian women due to the changed lifestyle factors such antecubital vein puncture with a 1.4-mm Wasserman
as diet, physical activity and adaptation of western needle after an overnight fast of 12 h [16]. After drawing
lifestyle in the present study, therefore I investigated the the first 2 ml, blood was allowed to run freely into the
hypothesis; total calcium intakes are associated with the tubes. For the analyses of lipid and lipoproteins, venous
metabolic syndrome in middle aged women. blood was drawn  into  a  10  ml  pre  cooled   sterile  tube

METHODS (ethylenediaminetetraacetic  acid). After the samples sit

The recovered serum was divided into aliquots and then
select 984 women aged 30-50 years of age from urban area stored at -80°C. Blood glucose was measured on the day
in Babol, Mazandaran, Iran. The lists of households of blood collection by using the enzymatic colorimetric
managed byhealthcare centers were used. The method with glucose oxidase [17]. Total cholesterol and
households were randomly selected and stratified triacylglycerols were determined by using commercially
according to number of households of each healthcare available enzymatic reagents adapted to the Selectra
center, to achieve a distribution similar to the original. We autoanalyzer (Parsazmon). HDL-cholesterol was measured
selected 1905 households. In each household, all women after precipitation of the apolipoprotein B-containing
between 30 and 50 years old were selected. The Ethical lipoproteins with phosphotungstic acid. LDL cholesterol
Committee of the Medical Faculty of Universiti Putra was estimated by the Friedewald equation. It was not
Malaysia and Babol University approved the study. calculated when the serum concentration of
Informed written consent was obtained from all subjects triacylglycerol was >400 mg/dL [18]. All samples were
in the study. Inclusion criteria for the study were Babolian analyzed when internal quality control met the acceptable
women, women who were not pregnant and were mentally criteria. Inter-assay and intra-assay coefficients of
sound. To accurately determine the prevalence of variation were 8.61 % and 2.53% for total cholesterol and
metabolic syndrome, exclusion criteria include individuals 7.92% and 1.6% for triglyceride, respectively. Subjects
with a history of antilipidemic medication or any other were also screened using only a laboratory center for the
drugs interfering with lipid metabolism, renal or thyroid measurement of glucose and lipid concentrations.
dysfunction, significant hepatic, acute or chronic
inflammatory diseases, immobilization, recent surgical Dietary Assessment: In this study food frequency
operations, myocardial infarction, or a cerebrovascular questionnaire (FFQ) was used whose validity and
accident within the previous three months. reliability have been assessed by Malekshah et al. [19].

In order to determine accurately associated dietary The FFQ is based on the distinct cultural practices of
factors; women with a history of cardiovascular, diabetes, northern Iran, eastern part of Mazandaran province (new
or stroke will be excluded because of changes in diet. Golestan Province). Malekshah et al. has shown that this
Those cases suffering from hypertension, current FFQ is both reliable and valid in middle-aged subjects in
cigarette smoking and pharmacological treatment for a developing country when compared with multiple 24-hr
diabetes or diabetes will be excluded from the study. recalls or biomarkers of nutrient intake. Thus, they
Women who were breast-feeding were also excluded. reported that the FFQ provides valid and reliable

Metabolic Syndrome Assessment: The ATP III criteria the nutrients studied. 
were used to determine having metabolic syndrome with The questionnaire is useful in assessing an
exhibition of any three or more of the following criteria: 1) individual’s habitual intake of 150 single foods and
waist circumference > 88 cm, 2), serum triglycerides = 150 nutrients. In addition, it consists of a list of foods with a
mg/dL, 3), blood pressure = 130/85 mmHg, 4), HDL standard serving size. A set of household measurement
cholesterol < 50 mg/dL and 5) and serum glucose = 110 tools (glass, cup, Chinese bowl, plate, teaspoon, table
mg/dL [15]. spoon and serving spoon) were used to help subjects to

Laboratory Studies and Biochemical Measurement: consumed foods are converted from household measures
Fasting  blood  samples  for  the   measurement of to grams based on a list of literature [20]. Food
glucose and lipid concentrations were drawn from the composition table was also used to calculate daily energy

containing 0.12 ml of 0.34 mol/l tripotassium EDTA

for 1 h, they are centrifuged (1000 x g for 15 min at 30°C).
A systematic, random sampling method was used to

measurements of habitual intake for energy and most of

estimate portions consumed [19]. Portion sizes of
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and nutrient intake [21]. New program software was
designed for faster calculated nutrient data. The data
provided information regarding total calories consumed
per day, protein, calcium, carbohydrate, fat as well as
percent of carbohydrate and fat.

Statistical Analysis: All analyses were performed with
SPSS (version 15.0). All variable were tested for normality.
Descriptive statistics were used to describe baseline
demographic and anthropometric measures and
lipoprotein subclass levels. The data were not normally
distributed; hence differences and associations between
groups were done using Mann-Whitney U test and chi
square tests. 

Differences characteristics of the study participants
across quartile categories of calcium intakes were carried
out by non parametric chi square. 

The adjusted odds ratios (OR) were carried out
together with their 95% CI for quartile categories of
calcium intakes. All analyses employed two-tailed
hypothesis with significant P-value of = 0.05. 

RESULTS

Table 1 identifies information regarding the general
characteristics of the sample. The mean ± SD (standard
deviation) age of the participants was 40.15 ± 0.20 years
and median age was 40.00 years. Study participants had
a mean ± SD education of 6.53 ± 0.14 years and a median
education 5.00 years. Regarding the levels of education,
more of 75% (n = 713) subjects were at educational levels
of elementary school or lower. Overall, 887 women (94%)
were married and 854 women (90.5 %) hadn't income for
themselves (housewife). The mean ± SD monthly
household  income  of  the  study  population  was
243,000. 43 ± 6.10 Tomans (1 toman˜0.01 USD) and median
household income was 220,000 Tomans. In addition,
44.5% of women reported being current indebt. 

Eighty hundred nine women who met the selection
criteria were included in dietary assessment. All subjects
completed  FFQ.  The  mean  total  kilocalories  consumed
per day were 2965.6 ± 1080.2. The median (25th, 75th
percentile) daily intake of dairy products was 345.43
(259.00,  604.86).  In  order  to   explore   association  dairy
products and calcium with metabolic syndrome, the
subject was divided into two groups: women with
metabolic syndrome (n= 284) and without metabolic
syndrome (n= 632). Between group differences were
analyzed with either Mann-Whitney U Test. Dairy
products  significantly  was  consumed  in  women  with

Table 1: General characteristics of subjects (N= 944)

Variables N (%)

Age (years)

30-40 523 (55.4)

41-50 421 (44.6)

Marital status

Married 887 (94.0)

Single 17 (1.8)

Widowed 30 (3.2)

Divorced 10 (1.1)

Education level (years)

<6 475 (50.3)

6-11 238 (25.2)

=12 231 (24.5)

Occupation

House wife 854 (90.5)

Employee 52 (5.5)

Factory worker 6 (0.6)

Technician 10 (1.1)

Farmer 22 (2.3)

Income (Tomans /month)1

<150000 235 (24.9)

150,000-300,000 545 (57.7)

>300,000 164 (17.4)

Menstrual status

Regular menstrual 804 (85.2)

Menopause 140 (14.8)

Economic situation

With Saving 47 (5.0)

With debts 418 (44.5)

No saving and no debt 474 (50.5)

Smoking

None smoker 937 (99.7)

Ex- smoker 1 (0.1)

Current smoker 2 (0.2)

Exposed to cigarette smoking

at home 289 (32.9)

at work 21(12.4)

Alcoholic drinker -

Toman; 10 Rials = 1 Tomans= 0.01 USD1

metabolic syndrome lower than women without metabolic
syndrome  (p  =0.0001).  In  addition,   the   subjects  with
metabolic   syndrome      also     consumed     less   calcium
(p =0.001).

Characteristics of the study participants across
quartile  categories  of  calcium  intakes  are  shown in
Table 2. A chi-square analysis revealed that compared
with  participants  in  the  first  quartile, those in the
highest    quartile     of    calcium     intake     were    lower
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Table 2: Characteristics of the study participants by quartile of calcium intakes 
Groop 1 Group 2 Group 3 Group 41

(n = 158) (n =194) (n =195) (n =262)
----------------------------------------------------------------------------------------------------------------

Variable N (%) p
Overweight 137 (86.7) 159 (82.0) 164 (84.1) 210 (80.2) 0.336
Waist  circumference>88 (cm) 137 (86.7) 146 (75.3) 149 (76.4) 179 (68.3) 0.0001
Low/moderate activity 30 (19.0) 49 (25.3) 52 (26.7) 75 (28.6) 0.17
Systolic BP 130 (mm Hg) 31 (19.6) 23 (11.9) 27 (13.8) 26 (9.9) 0.37
Diastolic BP 85 (mm Hg) 29 (18.4) 35 ( 18.0) 31 (15.9) 118 (14.6) 0.12
Fasting glucose 110 (mg/dl) 26 (16.7) 10 (5.2) 14 (7.3) 10 (3.9) 0.00012

Total cholesterol 200(mg/dl) 69 (44.2) 70 (36.5) 66 (34.2) 88 (34.0) 0.162

LDL 130 (mg/dl)  34 (21.9) 51 (26.6) 42 (21.8) 51 (19.7) 0.383

HDL<50 (mg/dl) 108 (69.2) 82 (42.7) 99 (51.3) 93 (35.9) 0.00011

Triglyceride 150 (mg/dl) 98 (62.8) 70 (36.5) 72 (37.3) 68 (26.3) 0.00012

Metabolic syndrome 96 (61.5) 39 (20.3) 49 (25.4) 28 (10.8) 0.00011

 Group 1= below 1  quartile; group 2=between 1  and 2  quartile; group 3=between 2  and 3  quartile; group 4=above 3  quartile 1 st st nd nd rd rd

Missing= 9 cases, Missing= 10 cases2 3

Table 3: Adjusted odds ratios (OR) of metabolic syndrome  according to quartile categories total calcium intake of subjects among subject study 1

Categories Adjusted OR 95% Confidence interval P
Calcium Below 1  quartile 13.200 7.94-21.93 0.0001st

Between 1  and 2  quartile 2.103 1.24-3.56 0.0001st nd

Between 2  and 3  quartile 2.807 4.67-4.67 0.0001nd rd

above 3  quartile 1.00rd

Adjusted for confounders were total physical, years of school, income and body mass index1

fasting  glucose (p = 0.0001), less likely to be abdominal significantly lower dairy product consumption than those
obese  (p  =  0.0001)  and  had   higher   HDL-cholesterol without metabolic syndrome. 
(p =0.0001), lower triglyceride (p = 0.0001 and lower Also increased intake of calcium can control lipids
prevalence  of  the  metabolic  syndrome (p = 0.0001). level and obesity [22, 23]. In this current study we found
There  was  no  statistically  significant difference that higher intakes of calcium were associated with a
between physically active, blood pressure, total lower risk of the metabolic syndrome. Subjects in the
cholesterol, LDL-cholesterol and frequency of abdominal highest quartile of calcium intake were less likely to be
obesity. abdominal obesity, dislipidemia (low HDL-cholesterol,

In  Table  3,  the adjusted odds ratio for total high triglyceride) and impaired fasting glucose. Other
physical, years   of    school,    income    and     body researchers have also observed relationship between
mass   index (with 95% CI) of metabolic syndrome for calcium intake and metabolic syndrome. Pereira et al. [10]
associations  between  quartile   categories   calcium reported  impaired   fasting   insulin,  hypertension  and
intake  and  the risk of the metabolic is presented in low HDL-cholesterol or high triglyceride were less
women 30-50 years. There was significant association common  in  individuals   who   consumed   high  amount
between the metabolic syndrome and quartile categories of  milk  products  compared  with  low   consumers.  In
calcium  intake.  The risk of metabolic syndrome for the QUEBEC family study, LDL- cholesterol was
women in the first quartile category of calcium was higher negatively  correlated  with  calcium  intakes  [11].
than  for  those in the highest quartile (OR= 13.200; 95% However we found no significant between LDL-
CI =0.12, 21.93). cholesterol and calcium intakes.

DISCUSSION calcium dietary calcium consumption was inversely

Dairy products are important sources of protein, intake of calcium-containing foods was associated with
calcium, phosphorus and vitamin D [22]. Our findings hypertension [24-26]. A meta-analysis of twenty three
showed   that   women   with   metabolic   syndrome  had observational studies estimated that each 100 mg increase

Several epidemiological studies reported dietary

related to the probability of being hypertensive and low
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in daily calcium intake would produce a lowering of 0.39 3. Isomaa, B., P. Almgren, T. Tuomi, B. Forsén, K. Lahti,
mmHg in systolic and 0.35 mmHg in diastolic blood
pressure [27]. In this study, there were no relationship
between calcium intake and systolic/diastolic blood
pressure.

CONCLUSIONS

This study showed that an inverse favorable
association of total calcium intake and the metabolic
syndrome. It may be supported current dietary
recommendations to increase intakes of foods contain
calcium but still ambiguous, suggests that high calcium
intake has benefits on traits of the metabolic syndrome.
Moreover, the data analyses were not adjusted for the
role of genetics and other related factors. Thus, the
incomplete analysis may modify association between total
calcium intake and the chance of having metabolic
syndrome. Therefore prospective studies are needed to
confirm effects of total calcium intake on other
components of the metabolic syndrome, impaired glucose
and dyslipidemia. Also researchers should explain the role
of total calcium on the prevention of the metabolic
syndrome and explore the association between habitual
intake of total calcium in the development of metabolic
syndrome among different age group and sex.
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