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ABSTRACT
Background: In light of the publications (2008–2014) linking calcium intake, mainly from supplements, to the elevated

risk of cardiovascular events, there is a need to determine if there have been any changes in usual intakes of calcium

among Canadians.

Objective: We aimed to examine changes in dietary and total usual intake of calcium among Canadians aged ≥1 y over

the period 2004–2015.

Methods: We used nutrition data from 2 nationally representative surveys conducted in 2004 and 2015 (CCHS 2004

Cycle 2.2 and CCHS-Nutrition 2015). This study included all the Canadians across 10 provinces, and the analyses were

performed across different age/sex groups. We used the National Cancer Institute (NCI) method to estimate the usual

intake of calcium and the prevalence of calcium inadequacy. Multiple logistic regression was performed to assess the

relation between supplement uses and sociodemographic variables.

Results: From 2004 to 2015, the usual intake of calcium from food sources significantly decreased in calcium

supplement nonusers (from 872 ± 18.2 mg/d to 754 ± 18.0 mg/d), but not in calcium supplement users. The contribution

of calcium from the Milk and alternatives food group significantly decreased by 7.5% and 6.1% in calcium supplement

users and nonusers, respectively. The prevalence of calcium supplement use significantly decreased from 2004 to

2015 in the Canadian population, from 27.5% to 22.0%. During this time, the percentage contribution of calcium

from supplemental sources significantly decreased among Canadians, especially women. The prevalence of calcium

inadequacy increased from 58.0% to 68.0% in supplement nonusers; however, among users of calcium supplements,

the prevalence of calcium inadequacy remained at ∼31%.

Conclusions: Calcium intake from both food and supplemental sources decreased in the Canadian population over

an 11-y period, which must be addressed by policy-makers in their efforts to decrease the high prevalence of calcium

inadequacy. J Nutr 2020;150:833–841.
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Introduction

Calcium is the most abundant mineral in the human body,
accounting for almost 40% of total mineral mass (1). Overall,
more than 99% of this micronutrient is stored in the skeleton
and teeth, as calcium phosphate. The remaining 1% is freely
available in the blood, extracellular fluid, and soft tissues, where
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it plays important roles in a variety of physiological functions
(1). Because the human body is not able to synthesize minerals,
calcium must be included in the diet at appropriate levels. Based
on bone health outcomes, the Institute of Medicine (IOM), in
collaboration with the American and Canadian governments,
established the most recent DRIs for calcium in 2011 (2, 3). Milk
and milk products are the most readily available dietary sources
of calcium, whereas major nondairy sources of this mineral are
green leafy vegetables, grains, cereals, and legumes (4, 5). In
addition, calcium supplements and calcium-fortified foods such
as soya milk and orange juice can be excellent sources of this
micronutrient (5).

Ensuring adequate intake of calcium throughout the lifes-
pan, through dietary sources, through fortified foods or by
supplementation is essential to maximize peak bone mass, to
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prevent osteoporosis, and to decrease the risk of fractures
(6, 7). Calcium appears to have nonskeletal beneficial effects
on human health. Some studies have suggested that adequate
calcium intake may decrease the risk of gestational hypertension
(8), colorectal cancer (9), and premenstrual syndrome (10),
with other purported effects being inconclusive (11). Further,
in recent years, there has been increasing evidence linking high
calcium intake, mainly from supplements, to the elevated risk of
cardiovascular disease events (12–15); however, not all studies
are in agreement (16, 17).

Through use of data from the NHANES, the dietary (foods
and beverages) and supplemental calcium intakes of Americans
have been continuously reported over the past several decades
(18, 19). In Canada, we previously showed trends in dietary
calcium intake of Canadian adults from 1970–1972 to 2004
with use of data from the Nutrition Canada survey and the
Canadian Community Health Survey Cycle 2.2 (CCHS 2.2).
During this time period, there was a moderate increase
in mean calcium intake for men and a large increase for
women, especially women aged <51 y (20). Despite improved
fortification and supplement use during that time, the mean
calcium intake in 2004 remained below recommended amounts
in most age and sex groups (20). There are no reports available
in the literature determining if there has been a shift in
dietary or supplemental intakes of calcium in Canada, in
light of recent evidence of adverse effects of calcium intake
(12–15).

In the present study, our first objective was to examine
changes in dietary and total usual calcium intake in the
Canadian population over time with nutrition data from
2 nationally representative surveys conducted in 2004 and
2015. Secondly, we aimed to 1) assess the contribution
of each food group to usual dietary calcium intake, 2)
report the prevalence of calcium inadequacy among both
calcium supplement users and nonusers, and 3) determine
factors associated with calcium supplement use in 2004 and
2015.

Methods
Study population
This study is based on nutrition data from the CCHS 2.2 (CCHS
2004) and CCHS Nutrition in 2015. Both data sets are cross-sectional
surveys, representing Canadians who reside in the 10 provinces. Data
were collected at 2 time points, day 1 and day 2, with a 24-h dietary
recall method. The total sample sizes for 2015 day 1 and day 2 were
20,487 and 7623, and the total sample sizes for 2004 day 1 and day 2
were 35,107 and 10,786, respectively. In both sets of survey data, the
respondents reported detailed information on their food consumption in
terms of time, location, and weight of food consumed. Some additional
questions related to sociodemographic status such as age, sex, area of
residence, immigration status, BMI, food security status, smoking status,
education status, etc., were also asked. Dietary (24-h recall) data were
collected with the Automated Multiple Pass Method on the first day
and by a telephone interview on the second day. The proxy interview
method was used to collect the data for children aged 1–6 y, children
aged 6–12 y participated with parental guidance, and individuals aged
≥12 y were interviewed through use of a nonproxy method (21, 22).
Permission to access and conduct analyses of CCHS 2004 and 2015
data were obtained from the Research Data Center Program of Statistics
Canada (21, 23).

Analytical sample
This study included results from 30,074,236 individuals (weighted
frequency) in 2004 and 33,946,610 individuals (weighted frequency) in

2015. We excluded children aged <1 y, pregnant and lactating women,
individuals who did not report any food intake in the 24-h recall, and
individuals who reported daily caloric intake outside the range of 200–
8000 kcal. Individuals with extreme positive high intakes of nutrients
were excluded from the study. For the 2004 and 2015 data sets, similar
exclusion criteria were applied.

Dietary and supplemental calcium
During the 24-h recall (both 2004 and 2015), the respondents reported
the type of food, amount of food, food occasion and location, and
dietary supplement intake. In 2015, information was collected for any
supplement consumption in the last 24 h. Additional information on
supplement intake was obtained, such as frequency of supplement
intake, amount of supplement intake, etc. In 2004, no information
about supplement intake was available for the last 24 h. Supplement
information was available for the 30 d before the day of the interview.
Similar to 2015, details concerning supplement use such as dose,
frequency of intake over the last 30 d, duration of use, etc., were
obtained.

Definitions and covariates
A calcium supplement user was defined as any individual who reported
taking any supplements that contain calcium, and calcium supplement
nonusers were defined as those who did not report taking any
supplements that contain calcium. Categorical variables used were:
DRI age groups, food security (yes, no), university degree (yes, no),
area of residence (urban, rural), household income (deciles 1–5, deciles
6–10), and chronic conditions (yes, no), unless otherwise specified. The
variable chronic condition was categorized as “yes” if any individuals
reported having any of the following diseases: diabetes, heart disease,
cancer, osteoporosis, hypertension, and as “no” if any individual did
not report having any of these diseases. The calcium contributions from
5 food groups and enriched beverages were determined. The 5 food
groups included: “Vegetables and fruit,” “Grain products” (whole grain
and non-whole grain), “Milk and alternatives” (fluid milk, fortified soy
beverages, other milk alternatives), “Meat and alternatives” [beef, game
and organ meat, other meats (pork, veal, lamb), legumes, nuts and seeds,
eggs, processed meats, poultry, fish, shellfish], and “Other food and
beverages.”

Statistical analyses
Analyses were performed with SAS, version 9.4. To produce population-
level estimates, weighting and bootstrapping weights were used
according to the recommendations of Statistics Canada (22). For
comparison of results between 2004 and 2015, the absence of
overlapping 95% CI concept was applied (24). α was set at 0.05.
Values are presented as percentage ± SE or mean ± SE as appropriate.
The association between supplement use and age, sex, income,
education, food security, chronic conditions, and area of residence
was evaluated with a multiple logistic regression model. To assess
the percentages of the population who reported consuming calcium
supplements by DRI age groups, descriptive analysis was carried out.
In addition, we determined the contribution of 5 main food groups
[i.e., “Vegetables and fruit,” “Grain products,” “Milk and alternatives,”
“Meat and alternatives,” “Other food and beverages,” and “enriched
beverages,” based on Canada’s Food Guide (25)] to daily calcium
intake.

To obtain the usual intake and prevalence of inadequacy of calcium,
the NCI method was used (26). Two models can be used to calculate the
usual intake: the amount model and the probability model. The amount
model can be used to estimate the usual intake of the nutrients/food that
are consumed daily and the probability model can be used to estimate
the usual intake of the nutrients/food that are consumed episodically.
Because calcium is 1 of the nutrients that is consumed daily, we used
the amount model to estimate the usual intake of calcium (27). As
supplement information for CCHS 2004 was available based on the
last 30 d, we applied the “shrink and add” method for CCHS 2004, and
we used “add and shrink” for CCHS 2015 as supplement information
was available based on previous days in CCHS 2015 (28). For the
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NCI analysis, the following covariates were used for both CCHS 2004
and 2015 data:

i) the sequence of the 24-h recall, categorized as day 1 or day 2;
ii) the day of the week when the 24-h recall data were obtained,

categorized as weekdays and weekends;
iii) energy consumption from food during the 24-h recall;
iv) age/sex groups.

SAS macros developed by the NCI (29) were used for the usual
intake and prevalence of inadequacy estimation. Further details about
the NCI method and SAS macros can be found at the NCI website (26).

Results
Change in dietary and total usual calcium intake

Table 1 reports 11-y changes in dietary and total usual calcium
intake and the prevalence of inadequacy among both calcium
supplement users and nonusers, by age- and sex-specific groups.
The usual dietary intake of calcium significantly decreased
(P < 0.05) among children and adolescents in 2015 compared
to 2004. The usual intake of calcium from food sources
significantly decreased (P < 0.05) from 870 ± 18.2 mg/d (2004)
to 755 ± 18.0 mg/d (2015) (all age/sex groups combined)
among calcium supplement nonusers. Total usual intake of
calcium (food + supplement) significantly decreased (P < 0.05)
only in women aged 51–70 y from 1325 ± 35 mg/d in 2004
to 1120 ± 47 mg/d in 2015 among calcium supplement users
(Table 1).

Prevalence of calcium inadequacy in 2004 and 2015

Among calcium supplement nonusers, from 2004 to 2015,
the prevalence of calcium inadequacy significantly increased
(P < 0.05) in children and adolescents (Table 1). The prevalence
of calcium inadequacy was much less in calcium supplement
users than in nonusers. The percentage of individuals with usual
calcium intake below the estimated average requirement (EAR)
remained relatively unchanged from 2004 (31.5%) to 2015
(31.9%) (all ages).

The percentage of calcium supplement users with total usual
calcium intake (food + supplement) above the upper level
ranged from 0% to about 13% (women aged 51–70 y) in 2004
and from 0% to about 12% (men aged 19–30 y) in 2015 (data
not shown).

Food sources of calcium in 2004 and 2015

The percentage contribution of food groups of Canada’s Food
Guide (2007) and enriched beverages to dietary calcium intake
is reported in Table 2, both for 2004 and 2015. Among calcium
supplement nonusers, the proportion of calcium obtained
from Milk and alternatives and Grain products significantly
decreased (P < 0.05) by 6.1% and 0.6%, respectively, between
2004 and 2015. Conversely, the percentage contribution of
“Vegetables and fruit,” “Meat and alternatives,” “enriched
beverages,” and “other foods and beverages” significantly
increased (P < 0.05) from 2004 to 2015. Similar trends were
observed in calcium supplement users; however, there were no
significant changes in the percentage contribution of “Grain
products” and “Meat and alternatives” (Table 2).

Percentages of calcium obtained from supplemental
sources in 2004 and 2015

There was a significant decrease (P < 0.05) in the percentage
of calcium obtained from supplemental sources not just for the
adolescent females, but also for women up to age 70 y and

for men aged 19–30 y and 51–70 y (Table 3). The percentage
contribution of supplemental sources of calcium to daily intake
significantly decreased (P < 0.05) from 29.0% in 2004 to
26.8% in 2015 among calcium supplement users in all age
groups (Table 3).

Prevalence of calcium supplement use in 2004 and
2015

From 2004 to 2015, the prevalence of calcium supplement use
significantly decreased (P < 0.05) in all age and sex groups,
except adult men aged 19–30 and 31–50 y (Figure 1). Overall,
the percentage of calcium supplement use in the Canadian
population significantly decreased (P < 0.05) from 27.5% in
2004 to 22.0% in 2015.

Factors associated with calcium supplement use in
2004 and 2015

Table 4 lists the potential factors associated with calcium
supplement use in 2004 and 2015. The odds of taking a calcium
supplement were 2.3 times greater among children aged 1–8 y
than males aged 14–18 y (as the reference group) in 2004. The
odds of calcium supplement use were 6.8 times and 2.7 times
greater among women and men aged 51–70 y, respectively, than
men aged 19–30 y (as the reference group) in 2015. Overall,
being female and older age were associated with higher odds
of calcium supplement use in both 2004 and 2015. In addition,
having a university degree was associated with higher odds of
calcium supplement use than those with no university degree
in 2004 (OR: 1.3; 95% CI: 1.2, 1.4) and 2015 (OR: 1.2;
95% CI: 1.06, 1.5). Living in urban areas was associated with
higher odds of calcium supplement use than living in rural
areas (OR: 1.1; 95% CI: 1.01, 1.3 in 2004 and OR: 1.4; 95%
CI: 1.1, 1.7 in 2015). Being food secure or having a chronic
condition was associated with higher odds of taking a calcium
supplement in 2015 but not 2004. Compared with Canadians
in lower-income deciles, those in higher-income deciles had 1.4
times (95% CI: 1.2–1.5) higher odds of calcium supplement use
in 2004. However, this association no longer existed in 2015
(Table 4).

Discussion

This is the first study to report changes in dietary and total
usual calcium intake in the Canadian population from 2004
to 2015, through use of nationally representative survey data.
Overall, in both calcium supplement users and nonusers, the
usual intake of calcium from the diet decreased from 2004 to
2015; however, this decrease was only statistically significant in
calcium supplement nonusers. In parallel, the contribution of
calcium from the Milk and alternatives food group significantly
decreased among both calcium supplement users and nonusers
from 2004 to 2015. Overall, the percentage contribution of
calcium from supplemental sources significantly decreased from
29.0% to 26.8% among Canadians. This decrease was also
statistically significant among females aged 14–18 y, 19–30 y,
31–50 y, and 51–70 y. However, in males, it was only
statistically significant in 2 age groups (19–30 y and 51–70 y).
The percentage of Canadians taking a calcium supplement
significantly decreased from 27.5% in 2004 to 22.0% in
2015. Among calcium supplement nonusers, the prevalence
of calcium inadequacy significantly increased in children and
adolescents from 2004 to 2015. However, among users of
calcium supplements, no significant changes were observed in
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TABLE 2 Contribution (%) of enriched beverages and food groups of Canada’s Food Guide to dietary calcium intake in calcium
supplement users and nonusers among Canadians in 2004 and 20151

2004 2015

Food groups
Supplement non-users

(n = 21,791,146)
Supplement users

(n = 8,283,091)
Supplement non-users

(n = 26,490,290)
Supplement users

(n = 7,456,320)

Vegetables and fruit 9.6 ± 0.1 10.6 ± 0.2 10.5 ± 0.2∗ 11.6 ± 0.4†

Grain products 13.3 ± 0.1 12.0 ± 0.2 12.7 ± 0.2∗ 11.8 ± 0.4
Milk and alternatives2 47.1 ± 0.4 45.7 ± 0.5 41.0 ± 0.4∗ 38.2 ± 0.9†

Meat and alternatives3 6.3 ± 0.1 7.1 ± 0.2 6.8 ± 0.2∗ 7.5 ± 0.4
Other foods and beverages 8.0 ± 0.1 8.6 ± 0.2 9.8 ± 0.2∗ 11.6 ± 0.4†

Enriched beverages 0.6 ± 0.1 1.3 ± 0.1 1.7 ± 0.1∗ 2.4 ± 0.3†

1Values are means ± SEs and the analyses were conducted separately for 2004 and 2015 data sets (21, 23).
2Milk and alternatives food group includes fluid milk, fortified soy beverages, other milk alternatives.
3Meat and alternatives food group includes beef, game and organ meat, other meats (pork, veal, lamb), legumes, nuts and seeds, eggs, processed meats, poultry, fish, shellfish.
∗Significant differences (P < 0.05) in contribution of calcium from food groups between CCHS 2004 and 2015 among supplement nonusers were tested with use of a
confidence interval overlapping technique (24).
†Significant differences (P < 0.05) in contribution of calcium from food groups between CCHS 2004 and 2015 among supplement users were tested with use of a confidence
interval overlapping technique (24).

the prevalence of calcium inadequacy in all age and sex groups
in the last decade.

A number of national surveys have investigated the trends
in dietary calcium intake in different populations (20, 30, 31).
We previously showed that dietary calcium intake of Canadian
adults increased from 1970 to 2004, with large increases (up to
215 mg/d) in women and moderate increases (up to 50 mg/d) in
men (20). However, the results of the current analysis revealed
that from 2004 to 2015, the usual intake of calcium from the
diet decreased in both calcium supplement users (−41 mg/d) and
nonusers (−118 mg/d). Recent estimates from NHANES also
showed that the mean daily intake of dietary calcium decreased
from 2009–2010 to 2015–2016 among both American men
(−88 mg/d) and women (−57 mg/d) aged ≥2 y (18, 19).
Other high-income countries have also shown marked decreases

in calcium intake, namely Switzerland (30), Japan (31), and
Germany (32).

Milk and milk products are major contributors to calcium
intake in most population groups (19, 33–35), especially high-
income countries. The observed downward trends in dietary
calcium intake were likely a result of a general tendency
toward decreasing consumption of dairy products, especially
whole milk (36–38). Our data support this observation by
showing that from 2004 to 2015, the contribution of calcium
from the “Milk and alternatives” food group significantly
decreased among Canadians. Although this was accompanied
by the increased contribution of other dietary sources of
calcium, especially enriched beverages and vegetables and fruit,
calcium intake from foods overall fell. A recent report of
trends in consumption of dairy products in the United States

TABLE 3 Percentages of calcium obtained from supplemental sources among calcium
supplement users across age/sex groups of Canadians in 2004 and 20151

2004 2015

Age and sex groups n % n %

Children2

1–3 y 693,228 13.6 ± 0.8 376,484 14.1 ± 3.0
4–8 y 14.4 ± 0.6 11.6 ± 1.3

Females
9–13 y 171,332 13.5 ± 0.9 100,994 11.2 ± 2.3
14–18 y 148,385 20.9 ± 1.6 86,898 15.3 ± 2.2∗

19–30 y 140,666 28.4 ± 1.9 357,322 18.8 ± 3.1∗

31–50 y 147,321 31.9 ± 1.2 1,187,668 28.0 ± 1.8∗

51–70 y 473,677 42.3 ± 1.0 1,911,359 34.3 ± 1.5∗

≥70 y 530,612 41.5 ± 1.1 744,350 43.1 ± 1.6
Males

9–13 y 953,905 12.7 ± 0.7 92,969 9.6 ± 1.7
14–18 y 1,557,999 15.2 ± 1.1 78,315 15.9 ± 3.8
19–30 y 908,912 16.4 ± 1.4 325,322 7.1 ± 1.7∗

31–50 y 1,612,317 19.9 ± 1.3 877,011 19.3 ± 2.2
51–70 y 286,693 27.8 ± 1.3 998,269 23.2 ± 1.5∗

≥70 y 658,044 30.4 ± 1.5 319,359 32.9 ± 1.8
All ages 8,283,091 29.0 ± 0.4 7,456,320 26.8 ± 0.7∗

1Values are means ± SEs and the analyses were conducted separately for 2004 and 2015 data sets (21, 23).
2The total n for children aged 1–8 y.
∗Significant differences (P < 0.05) in % contributions between 2004 and 2015 by age groups were tested with use of a confidence
interval overlapping technique (24).
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FIGURE 1 Prevalence of calcium supplement use in 2004 and 2015 across age-specific and sex-specific groups of Canadians. Values are
represented as percentages ± SEs. Data are represented for children in collapsed DRI age groups of children aged 1–3 and 4–8 y. Analyses
were conducted separately for 2004 (n = 8,283,091) and 2015 (n = 7,456,320) data sets (21, 23). ∗Significant differences (P < 0.05) of supplement
users between 2004 and 2015 by age groups were tested with use of a confidence interval overlapping technique (24). n of each age/sex group
for 2004: C: 1–8 y: 693,228; F: 9–13 y: 171,332, 14–18 y: 148,385, 19–30 y: 140,666, 31–50 y: 147,321, 51–70 y: 473,677, ≥70 y: 530,612; M:
9–13 y: 953,905, 14–18 y: 1,557,999, 19–30 y: 908,912, 31–50 y: 1,612,317, 51–70 y: 286,693, ≥70 y: 658,044; All age: 8,283,091. n of each
age/sex group for 2015: C: 1–8 y: 376,484; F: 9–13 y: 100,994, 14–18 y: 86,898, 19–30 y: 357,322, 31–50 y: 1,187,668, 51–70 y: 1,911,359,
≥70 y: 744,350; M: 9–13 y: 92,969, 14–18 y: 78,315, 19–30 y: 325,322, 31–50 y: 877,011, 51–70 y: 998,269, ≥70 y: 319,359; All age: 7,456,320.
C, children; M, male; F, female.

indicated that between 1970 and 2012, total pounds of dairy
products available to eat or drink annually fell from 339.2
pounds/person to 275.9 pounds/person, and Canada is likely
similar. This decline in dairy availability mostly stemmed from
the decrease in whole milk availability, which dropped from
25.3 gallons/person in 1970 to 5.4 gallons/person in 2012 (36).
In parallel, the contribution of milk and dairy to total calcium
intake decreased from 50% in 1987–1988 to 37% in 2009–
2010, which represents a 13% decrease (19, 39). In a review
summarizing trends in dietary behavior and food choices in
Finland from 1950 to 2006, it was found that the overall
consumption of milk among the Finnish population decreased
and shifted from whole milk to low-fat milk (38). This decrease
in consumption of milk products and a shift in the type of
milk consumed could result from concerns about increased fat
intake. In this regard, Cashel et al. showed that eating foods
low in fat was the most important health-related food habit
among Australian women. Eating foods high in calcium was
ranked third for younger women (<50 y), and fourth for older
women (≥50 y) (40). Furthermore, elimination of the Milk and
alternatives food group in the new 2019 Canada’s Food Guide
(41) may accelerate the downward trend in the consumption
of dairy products and thereby reduce dietary intake of calcium
even further.

Our results revealed that the Milk and alternatives food
group was the major contributor to daily calcium intake

among both supplement users (38.2%) and nonusers (41.0%),
followed by Grain products, Vegetables and fruit, Meat and
alternatives, and enriched beverages. In the United States, milk
and dairy products were the major sources of calcium in the
diet (37%). About 17% of total calcium intake was supplied
by mixed dishes and 12% by grains. Other sources of calcium
were nonalcoholic beverages other than milk (8%), snacks and
sweets (7%), protein foods (5%), and vegetables (4%) (19).

We showed that from 2004 to 2015, the percentage
contribution of calcium from supplemental sources significantly
decreased among Canadians, especially women. A reduction in
intake of high doses of supplemental calcium was also observed
in the United States, where the prevalence of mean daily
supplemental calcium intake at or exceeding the EAR decreased
from 9.6% in 2003–2004 to 7.1% in 2013–2014 in women,
and from 3.8% to 1.9% in men. Moreover, among calcium-
containing supplement users, the mean daily supplemental
calcium intake peaked in 2007–2008 at 397 mg/d, thereafter,
decreasing to 360 mg/d in 2013–2014 (42). Furthermore, we
found that the overall prevalence of calcium supplement use
decreased by 5.5% among Canadians. This downward trend
was also found in the United States, where the percentage of
adults reporting use of calcium supplements decreased from
42% in 2003–2004 to 35% in 2011–2012 (43). The decline
in the overall prevalence of calcium supplement use and the
parallel decrease in the percentage contribution of supplemental
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TABLE 4 Factors associated with calcium supplement use in 2004 and 2015 among Canadians
across age/sex groups1

2004 20152

Sociodemographic variables n OR (95% CI) n OR (95% CI)

Age and sex groups
Children

1–8 y3 693,228 2.3∗ (1.9, 2.9) 376,484 —
Female

9–13 y 148,385 1.3 (0.9, 1.7) 100,994 —
14–18 y 147,321 1.1 (0.9, 1.5) 86,898 —
19–30 y 530,612 2.1∗ (1.6, 2.7) 357,322 1.4 (0.8, 2.4)
31–50 y 1,557,999 3.4∗ (2.6, 4.4) 1,187,668 1.8∗ (1.2, 2.9)
51–70 y 1,612,317 6.8∗ (5.3, 8.8) 1,911,359 4.2∗ (2.7, 6.5)
≥71 y 658,044 6.6∗ (4.9, 8.8) 744,350 4.0∗ (2.5, 6.5)

Male
9–13 y 171,332 1.4∗ (1.01, 1.8) 92,969 —
14–18 y4 140,666 1 78,315 —
19–30 y5 473,677 1.5∗ (1.1, 2.03) 325,322 1
31–50 y 953,905 1.6∗ (1.2, 2.2) 877,011 1.2 (0.8, 1.9)
51–70 y 908,912 2.7∗ (2.1, 3.5) 998,269 1.7∗ (1.06, 2.7)
≥71 y 286,693 2.7∗ (2.0, 3.7) 319,359 1.6∗ (0.9, 2.6)

Education6,7

No university degree8 5,344,431 1 4,266,726 1
A university degree 2,811,808 1.3∗ (1.2, 1.4) 3,188,858 1.2∗ (1.06, 1.5)

Food security status7,9

Insecure8 878,199 1 671,351 1
Secure 7,386,314 1.03 (0.9, 1.2) 6,759,038 1.3∗ (1.03, 1.7)

Area of residence7,10

Rural8 1,361,183
1 1,135,711 1

Urban 6,921,908
1.1∗ (1.01, 1.3) 6,320,609 1.4∗ (1.1, 1.7)

Income decile7,11

Decile 1–58 3,275,598 1 3,636,975 1
Decile 6–10 4,245,769 1.4∗ (1.2, 1.5) 3,819,345 1.1 (0.9, 1.3)

Chronic condition7,12

No8 6,344,515 1 4,266,452 1
Yes 1,934,803 1.03 (0.9, 1.2) 2,452,416 1.3∗ (1.03, 1.5)

1Values are OR (95% CI) and multivariate logistic regression analyses were conducted separately for 2004 and 2015 data sets
(21, 23).
2Missing ORs for some DRI age groups in 2015 are a result of missing information on chronic conditions (as covariate for logistic
regression) for children and adolescents aged <19 y.
3The DRI age groups of children 1–3 and 4–8 y were merged and data presented for an age group of 1–8 y.
4Reference group of OR male 14–18 y for 2004.
5Reference group of OR male 19–30 y for 2015.
6Education: “no university degree” if the individual did not have university degree, and “a university degree” if the individual had a
university degree.
7The total n of sociodemographic variables may vary because of missing values.
8Reference group of OR.
9Food security status: “insecure” if the individual was food insecure, and “secure” if the individual was food secure.
10Area of residence: “rural” if the individual stayed in a rural area, and “urban” if the individual stayed in an urban area.
11Income decile: “decile 1–5” if the individual’s income is in decile 1, 2, 3, 4, or 5, and “decile 6–10” if the individual’s income is in
decile 6, 7, 8, 9, or 10.
12Chronic condition is defined as yes/no depending on whether the individual has reported having any of the following diseases:
diabetes, heart disease, cancer, osteoporosis, or hypertension.
∗Significant difference within categories when P < 0.05.

calcium may be attributable to the results of the 2008–2014
publications linking calcium supplement use to increased risk of
cardiovascular events (12–15). Moreover, Osteoporosis Canada
has recommended getting enough calcium preferably through
diet. If diet alone cannot provide the recommended daily
intake of calcium, a supplement may assist (44). However, it is
important to keep in mind that this downward trend in use/dose
of calcium supplements may exacerbate the problem of calcium

inadequacy, especially among those who have undergone a
transition from being a calcium supplement user to a nonuser.
It is well established that women are generally more health-
conscious and have more nutrition knowledge than men (45–
47), which may partly explain the greater impact of the recent
shift in not recommending supplemental calcium on women.

Because of a decline in dietary calcium intake, the prevalence
of calcium inadequacy increased from 58.0% in 2004 to 68.0%
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in 2015 in supplement nonusers. However, among users of
calcium supplements, the prevalence of calcium inadequacy
remained relatively unchanged (31.5% in 2004 compared with
31.9% in 2015). Our results showed that Canadian children
were more likely to meet the EAR for calcium than Canadian
adolescents. Moreover, the prevalence of calcium inadequacy
tended to increase with age among Canadian adults. A study
conducted in a representative sample of Spanish children aged
6–9 y showed that about 26% of the total sample had
inadequate calcium intake, with girls presenting a significantly
higher percentage than boys (29% compared with 22%) (48).
Findings from the Korean National Health and Nutrition
Examination Survey (KNHANES) 2007–2010 revealed that
75% of children and adolescents aged 1–18 y (79.1% of girls
and 71.6% of boys) had inadequate Ca intake. The prevalence
of calcium inadequacy increased significantly from toddlers
(45–55%) to adolescents (78–86%) (49). Through use of data
from the Australian National Nutrition and Physical Activity
Survey 2011–2012, Rouf and colleagues reported that about
83% of adolescent males and 95% of adolescent females failed
to meet the EAR for calcium; whereas for young adults 19–25 y,
69% of men and 83% of women did not meet the EAR (50).
Although in our study, calcium supplement use was associated
with a higher prevalence of meeting recommendations, many
individuals (about 32%) failed to meet the EAR for calcium
even with the help of supplements. Similarly, in a population-
based cohort of Americans aged 45–84 y, nearly half of calcium
supplement users did not meet the recommended dietary intake
of calcium (51).

This study used nutrition data from 2 nationally represen-
tative surveys conducted in Canada with an interval of 11 y:
CCHS 2004 (Cycle 2.2) survey and CCHS Nutrition 2015
survey. A major strength of this study was the opportunity
to examine the changes in dietary and total calcium intakes,
in the light of recent evidence on health-compromising effects
of calcium supplementation. Moreover, to our knowledge, this
is the first study to monitor the prevalence of inadequacy for
calcium among Canadians over time. We also acknowledge
some limitations to our study. In 2015, the information
regarding calcium supplement use was collected in the previous
24 h, but in 2004 the information was available for the previous
30 d. Secondly, the amount of calcium from calcium-containing
antacids was not taken into consideration when assessing the
total usual calcium intake. Thirdly, caution should be used when
comparing 2004 and 2015 results, because changes to the food
booklet resulted in some portion size changes which mostly
affected energy, tea, and coffee (52).

In conclusion, we examined changes in dietary and total
usual calcium intakes among Canadians through use of
2 nationally representative surveys conducted in 2004 and
2015. Here, we found that dietary calcium intake of Canadians
considerably decreased from 2004 to 2015, which may be
attributable to the parallel decrease in the contribution of
calcium from the Milk and alternatives food group. During
these 11 y, the percentage contribution of calcium from
supplemental sources significantly decreased among Canadians,
especially women. The prevalence of calcium supplement use
also significantly decreased among Canadians. This decreasing
trend in consumption of dairy products and the use of calcium
supplements should be taken into consideration by policy-
makers in their efforts to decrease the high prevalence of calcium
inadequacy.
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