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ABSTRACT

Background and aims: A number of studies have investigated the role of dietary calcium in
lipid metabolism and weight regulation and the role of dairy products on the incidence of the
insulin resistance syndrome. We study the relation between dietary calcium and insulin
resistance syndrome parameters.

Methods and results: The studied population (n=4372) were included in the D.E.S.L.R.
cohort. Data on the syndrome elements: glucose, serum insulin, triglycerides, HDL-
cholesterol concentrations, waist circumference and blood pressure were measured. Total
energy, calcium and alcohol intake were estimated using a food frequency questionnaire.
Relations between dietary calcium density and the syndrome elements were analysed by
multiple linear regression models, adjusted on age, smoking, alcohol consumption and
physical activity.

From one quartile of calcium density to the following quartile, the means of systolic and
diastolic blood pressures and insulin concentration decreased in women by 0.9 mmHg,
0.5 mmHg and 2.4% and HDL cholesterol increased by 0.007 mmol/l (all p<0.05)
respectively after adjustment for age, smoking, alcohol intake and physical activity. In men,
there was an increase in BMI of 0.2 kg/m” and a decrease in diastolic blood pressure of
0.4 mmHg (both p < 0.05).

Conclusion: These results confirm, in women only, a beneficial association between dietary
calcium and arterial blood pressure as well as with insulin and HDL-cholesterol
concentrations, whereas in men there was only a beneficial association with diastolic blood

pressure.

Key-words: Calcium Consumption, Diet, Insulin Resistance Syndrome, Epidemiology,

Metabolic Syndrome
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INTRODUCTION

According to the description by Reaven, the insulin resistance syndrome is associated with
cardiovascular disease and diabetes [1]. This syndrome involves insulin resistance,
hyperinsulinemia, hyperglycemia, central adiposity, arterial hypertension,

hypertriglyceridemia, and hypo-HDL-cholesterolemia.

Dietary calcium is known for its role in the prevention of osteoporosis, hypertension, some
cancers [2], and recently a number of studies show its role in lipid metabolism and in weight
regulation. Zemel et al. find in both sexes, an inverse relation between dietary calcium and fat
mass, after adjustment on total energy intake, physical activity, age and ethnic origin [3].
From a meta-analysis of five clinical studies in women, Davies et al. show an inverse relation
between body mass index (BMI) and dietary calcium [4]. Other studies find inverse relations
between calcium consumption and adiposity and cardiovascular diseases [5]. A recent article
from the CARDIA Study (Coronary Artery Risk Development in Young Adults Study) shows
that the incidences of obesity, abnormal glucose homeostasis, hypertension, are inversely
proportional to the consumption of dairy products for overweight but not for normal weight
subjects [6]. However, in a cross-sectional study in a native American population, Narayan et
al. find a positive association between dietary calcium and blood pressure [7]. Bowen et al.
report no effect of dietary calcium or protein sources on weight loss, and Thompson et al. in a
randomised trial, shows similar results [8-9]. Lastly, Ma et al. find that calcium intake, but not
dairy intake, is associated with insulin sensitivity [10]. Thus, the impact of dietary calcium on

the insulin resistance syndrome parameters is a subject of debate.

The aim of this study was to evaluate the association between calcium consumption and the

insulin resistance syndrome parameters in a French population.
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METHODS

Study cohort

The subjects are men and women aged 30 to 65 years, who participated in the D.E.S.I.R.
(Data from an Epidemiological Study on the Insulin Resistance syndrome) Study, a 9-year
follow-up study that aims to clarify the development of the insulin resistance syndrome.
Subjects were volunteers who came from 10 Health Examination Centres in the western
central part of France. In total, 5 212 individuals participated in the D.E.S.I.R. study [11]. For
the analyses, 103 subjects were not included because they were diabetic. As we were
interested in calcium consumption, the 448 subjects who declared to be on a diet, 210 who did
not answer all the questions in the food frequency questionnaire and the 79 subjects who took
medications which could be a source of calcium were excluded. The population studied
included thus 2 235 men and 2 137 women. The study was approved by the ethics committee

of the Kremlin Bicétre Hospital, and all participants signed an informed consent.

Measures

Clinical measurements were carried out as routinely in the setting of a clinical check-up and
thus were measured only once, by one or two operators in each of the ten centres, according to
a written, standardised protocol. Height was measured with a stadiometer and weight on
barefooted, lightly clad subjects and the body mass index (BMI: weight/height’) was
calculated. Waist circumference (the smallest circumference between lower ribs and iliac
crests) was measured by a doctor using a tape measure. The doctor also assessed twice,
systolic and diastolic blood pressures at rest, after at least five minutes, in a supine position,
on the right arm using a mercury sphygmomanometer, and the second of the two measures
were used. For biological measures, blood samples were collected in the morning after 12

hours of fast. Insulin was assayed on serum by a specific enzyme immunoassay (MEIA) with
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an Abbott IMX; fasting plasma glucose was determined by the glucose-oxidase method using
a Technicon RA 1000 or a KONE; HDL-cholesterol and triglycerides were assayed on plasma
by the enzymatic Trinder method using a Technicon DAX24 or with a KONE. Data on
pharmacological treatment, particularly for blood pressure and lipid lowering drugs were

recorded.

Smoking habits and physical activity were assessed using self-administrated questionnaires.
Subjects were asked their daily cigarette consumption and to note their physical activity levels
at home, at work (for both items: low, moderate, high, intense) and sport during their leisure
time (low (never), moderate (less than once per week), high (one to two times per week),
intense (more than twice per week). Physical activity was then recoded into three classes:
high if at least one of the physical activities was intense or if sport was high and at least one
other activity was high; moderate if at least one of the activities was high or if activity both at

home and at work were moderate; low otherwise.

An 18 item food frequency questionnaire (the NAQA questionnaire) was completed by each
participant. Questions asked about the frequencies and the levels of consumption of different
foods [12]. Calcium, alcohol and total energy intake have been estimated from the NAQA
questionnaire, using regression equations determined from a validation study [12]. Total
energy intake (without alcohol) was estimated from the questions on the type of breakfast,
meat, fish, eggs, pork products, fried food, butter, cheese, other dairy products (milk, yoghurt,
cream cheese, etc), bread and sugar products (desserts, sweets). Alcohol intake was
determined from questions on the intake of wine, beer/cider and spirits. The estimation of
dietary calcium used the questions on the consumption of fish, butter, cheese and dairy

products.
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Statistical methods

All analyses were performed with the Statistical Analysis System, version 9. Due to the
skewness of their distributions, insulin and triglycerides concentrations were log-transformed.
A * test was used to compare characteristics of subjects included and excluded from the
analyses. The relation between insulin resistance syndrome parameters (waist circumference,
systolic and diastolic blood pressures, triglycerides, HDL-cholesterol, insulin and glucose
concentrations) and dietary calcium density (calcium consumption / energy intake (without
alcohol)) were analysed by multiple linear regression models, after adjustments for potential
confounders. Dietary calcium density was studied in sex-specific quartiles, and the results are
presented as the increase in the insulin resistance syndrome parameters for an increase in
calcium density from one quartile group to the next. The linearity of the relations between
calcium density quartile and insulin resistance syndrome parameters was confirmed. The p
value corresponds to a linear trend test over the four calcium density classes; the criterion for
statistical significance was p=0.05. As potential confounders, we included age, alcohol
consumption (continuous covariate), smoking (yes/no) and physical activity (three classes
used as a continuous covariate), BMI, as well as lipid intake (from the questions on the
consumption of meat, fish, pork products, fried foods, butter, cheese and other dairy

products). Men and women were analysed separately.
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RESULTS

Characteristics of participants

Differences in dietary intake were observed between participants who were included and
excluded from our study, and were due to the reasons for exclusion (diabetes, on a diet),
which can change dietary intake. Those excluded reported significantly lower intake of butter,
sugared products and cheese and more fish. Excluded women consumed more dairy products
(p<0.01), whereas the opposite was observed for men (p<0.05). Moreover, excluded men
drank more wine and beer but less spirits than men who were included. For the 4 372 subjects
included in our study, there were differences in consumption between men and women. Men
ate more meat but less fish, more 'fatty' food (butter, fried food) and sugared products than

women. Moreover men ate more cheese, whereas women ate more of other dairy products.

Characteristics of the population studied are presented in Table 1. Men had a total energy
intake of 2 543 kcal/day (from 1 500 to 4 000 kcal/day), whereas women had an intake of
1 754 kcal/day (from 1 200 to 2 600 kcal/day), and intake decreased with age in men, and
women until 60 years. Dietary calcium ranged between 688 and 1 826 mg/day, with an
average consumption of 1 109 mg/day for men and 980 mg/day for women. Calcium
consumption decreased with age (p<0.0001). Nevertheless, dietary calcium density did not

change significantly with age (Fig.1) but decreased with alcohol consumption (p<0.0001).

Association between calcium consumption and insulin resistance syndrome parameters

Dietary calcium density was significantly related to some of the insulin resistance syndrome
parameters, particularly in women (Table 2). In women after adjustment on age, the mean
insulin concentration decreased as calcium increased, by 2.3% from one quartile of dietary

calcium density to the next (p=0.02). The same trend was observed for triglycerides, with a
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decrease of 1.8% from one quartile to the next one (p=0.06), HDL-cholesterol concentration
increased by 0.006 mmol/l (p=0.04); systolic blood pressure decreased by 0.959 mmHg
(p=0.001) and diastolic blood pressure decreased by 0.493 mmHg (p=0.004) (Fig.2). For men,
the only significant relations observed were for diastolic blood pressure which decreased by
0.448 mmHg from one quartile to the next (p=0.01), while there was an increase in BMI of

0.132 kg/m? (p=0.03).

Adjustments were made on behavioural factors that could be confounders in the relation
between calcium intake and the syndrome parameters: alcohol consumption, smoking and
physical activity. The results changed little (Table 2). In women, from one quartile to the next,
the mean insulin concentration decreased by 2.4% (p=0.01), HDL-cholesterol concentration
increased by 0.007 mmol/l (p=0.02), systolic blood pressure decreased by 0.872 mmHg
(p=0.002) while diastolic blood pressure decreased by 0.456 mmHg (p=0.01). In men, the
diastolic blood pressure decreased significantly by 0.358 mmHg between successive quartiles
(p=0.05), and there was an increase in BMI of 0.169 kg/m? between calcium density quartiles

(p=0.01).

When further adjustments on BMI and lipid intake were made, an increase in calcium intake
became beneficially associated with central adiposity: with increasing calcium density, the
mean waist circumference was 0.202 cm lower in men (p=0.02) and 0.190 cm lower in
women (p=0.05). In women the relation between calcium intake and HDL-cholesterol was no
longer significant, but the relations with insulin and blood pressure became stronger. In men

the relation between calcium intake and diastolic blood pressure remained.
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After exclusion of participants who took pharmacological treatment for blood pressure or

lipid lowering drugs (n=650), the results did not change.

DISCUSSION

The results of our study confirm the association of dietary calcium with lower blood pressure
in those who consumed more calcium. As Zemel [13-14], we found a relationship with
diastolic blood pressure in both sexes, but only in women for systolic blood pressure. In
women, we also found a positive relation between calcium consumption and insulin
concentration in agreement with the study of Zemel cited above [14] and with a study in
women from the UK who were classed according to milk-drinking habits [15]. Moreover
calcium consumption seemed to be associated with a better HDL-cholesterol concentration in
women, with no effect on triglycerides. After adjustments for BMI and lipid intake, calcium
consumption was no longer associated with HDL-concentration, which means that this
association is at least partly dependent on lipid intake and BMI. That the results are only
significant for women could be explained by the higher dietary calcium density in women
than in men. In men, we observed an increase in BMI between calcium density quartiles
which is not consistent with the calcium-adiposity literature [3-5, 14, 17]. Nevertheless,
increasing dairy product consumption has been reported to increase lean mass [18], and this
could explain the observed increase in BMI. After adjustments for BMI, the observed
decrease in central adiposity, in men and women, with increasing calcium density is

consistent with the literature.

A positive feature of this study is the number of subjects studied. Moreover, exclusion of
subjects who were diabetic or on a diet eliminated those whose health might have meant they

have modified their diet and hence some of their biological parameters. Exclusion of people
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who did not answer all the questions of the food frequency questionnaire prevented an under-

estimate of consumption.

The dietary questionnaire is a limitation in our study as it is quite short, eighteen questions.
However, it is suitable for determining alimentary habits in clinical practice in preventive
medicine centres and is suitably short to be well answered in an epidemiological study [12].
As with all food-frequency questions, the accuracy of the responses (under- or over-
consumption) is difficult to evaluate. We may have over-evaluated the consumption of
calcium with a semi-quantitative questionnaire but the range of our values are not so far from
the range of intake observed in the 1998-1999 cross-sectional French INCA (Enquéte
Individuelle et Nationale sur les Consommations Alimentaires) food consumption survey:
mean calcium consumption of 910 + 331 mg/day for men and 819 + 272 mg/day for women.
Their estimation should be more precise than ours because of the more detailed questionnaire

they used [16].

Another limitation of this study is that the clinical parameters were measured only once, and

their lower precision may mean that relations are more difficult to show.

Our study deals with the relation between insulin resistance syndrome parameters and dietary
calcium, and not with consumption of dairy products. Many studies have shown the impact of
dairy products on various parameters of the insulin resistance syndrome [6, 13-15, 17-20].
Recently, dairy products have been shown to be protective for the incidence of diabetes [21].
The association of dietary calcium with lower blood pressure is now well-documented [22-
25]. There is only one other publication, in US women, which evaluates the impact of dietary

calcium on syndrome parameters and the syndrome itself, from more than 10,000 participants
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in the Women’s Health Study [26]. Increasing dietary calcium was significantly related with
lower abdominal adiposity, lower BMI, hypertriglyceridemia, arterial blood pressure, lower
incident diabetes — and a lower frequency of the insulin resistance syndrome. This large study
with a comprehensive food frequency questionnaire has better power to detect associations.
Finally, Ma et al also found a relationship between calcium intake and insulin sensitivity, but

not with dairy intake [10].

In conclusion, a prospective study in our cohort is now required to show the long term effect

of dietary calcium on the insulin resistance syndrome parameters, after 9 years of follow-up.
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