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Abstract

Context—Calcium and vitamin D are recommended for bone health, but there are concerns about 

adverse risks. Some clinical studies suggest that calcium intake may be cardioprotective, whereas 

others report increased risk associated with calcium supplements. Both low and high serum levels 

of 25-hydroxyvitamin D have been associated with increased mortality.

Objective—The purpose of this study was to determine the association between total calcium 

and vitamin D intake and mortality and heterogeneity by source of intake.

Design—The Canadian Multicentre Osteoporosis Study cohort is a population-based longitudinal 

cohort with a 10-year follow-up (1995–2007).

Setting—This study included randomly selected community-dwelling men and women.

Participants—A total of 9033 participants with nonmissing calcium and vitamin D intake data 

and follow-up were studied.

Exposure—Total calcium intake (dairy, nondairy food, and supplements) and total vitamin D 

intake (milk, yogurt, and supplements) were recorded.

Outcome—The outcome variable was all-cause mortality.

Results—There were 1160 deaths during the 10-year period. For women only, we found a 

possible benefit of higher total calcium intake, with a hazard ratio of 0.95 (95% confidence 

interval, 0.89–1.01) per 500-mg increase in daily calcium intake and no evidence of heterogeneity 

by source; use of calcium supplements was also associated with reduced mortality, with hazard 

ratio of 0.78 (95% confidence interval, 0.66–0.92) for users vs nonusers with statistically 

significant reductions remaining among those with doses up to 1000 mg/d. These associations 

were not modified by levels of concurrent vitamin D intake. No definitive associations were found 

among men.

Conclusions—Calcium supplements, up to 1000 mg/d, and increased dietary intake of calcium 

may be associated with reduced risk of mortality in women. We found no evidence of mortality 

benefit or harm associated with vitamin D intake.

Calcium and vitamin D are essential nutrients for skeletal health and the mainstays of 

osteoporosis prevention and treatment (1). There is uncertainty over the risk-to-benefit 

profile of total calcium and vitamin D from food and supplements. For calcium, some 

studies found that excess supplement intake may be associated with increased risk of 

cardiovascular events (2–4), whereas others found no increased risk of either arterial 

calcification (5, 6) or cardiovascular events (7). For vitamin D, many studies have noted that 

low levels of serum 25-hydroxyvitamin D [25(OH)D], the major circulating metabolite of 

vitamin D, are associated with a higher risk of cardiovascular events (8, 9) or cardiovascular 

and/or all-cause mortality (10–12); however, high levels of vitamin D have also been 

implicated in increased mortality in women (13) but not men (14).

The Institute of Medicine (IOM) recently issued a report concerning dietary reference 

intakes for calcium and vitamin D (15), concluding that the evidence supporting the 

necessity of adequate intake of calcium and vitamin D for skeletal health and fracture 
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prevention was clear and consistent. However, several areas in which existing evidence was 

sparse were also identified, including the potential benefit or harm associated with 

nonskeletal health outcomes. Mortality, without consideration of cause, is an important 

component in the overall risk-benefit question. Our objective was to determine, in a 

prospective population-based cohort, the association between total calcium and vitamin D 

intakes and 10-year mortality, the influence of the source of nutrient (food vs supplement) 

on this association, and possible interactions between calcium and vitamin D intake and 

mortality.

Materials and Methods

Setting

The Canadian Multicentre Osteoporosis Study (CaMos) cohort is a population-based 

longitudinal cohort initiated in 1995 with recruitment of 9423 men and women. Eligible 

participants were at least 25 years old, lived within a 50-km radius of 1 of 9 Canadian cities 

and were able to converse in English, French, or Chinese. Households were randomly 

selected from a list of residential phone numbers, and participants were randomly selected 

from eligible household members using an age- and sex-stratified design, which 

oversampled women and older groups to ensure sufficient sample size among those at 

highest risk of fracture. Of those selected, 42% agreed to participate and had a baseline 

interview. Ethics approval was granted through McGill University and each participating 

center.

Subjects

We included 9033 CaMos participants with nonmissing baseline total calcium and vitamin D 

intakes and follow-up data. The study exclusions and outcomes are detailed in Figure 1.

Data collection

All participants were given an interviewer-administered questionnaire and had height and 

weight measured at baseline (1995–1997) and year 5 (2000–2002). The questionnaire 

included demographics, general health, nutrition, medication use, and medical history. 

Information on dietary calcium and vitamin D intake was obtained from the abbreviated 

semiquantitative food frequency questionnaire (FFQ) included in the main questionnaire. 

The FFQ queried foods considered to be excellent sources of calcium and included milk to 

drink, milk products, and other calcium-containing foods (canned salmon, broccoli, dark 

leafy greens, dried peas or beans, whole wheat bread, white bread, and tofu). Vitamin D 

intake was based on milk and yogurt fortified with vitamin D; therefore, we did not consider 

other dietary sources of vitamin D such as fish. Calcium and vitamin D intake from nonfood 

sources was determined from the inventory of supplements and medications brought to the 

interview. A questionnaire concerning medication and fracture was mailed annually in all 

years except in those with a scheduled follow-up visit.

We have published a descriptive analysis of baseline calcium and vitamin D intakes in the 

CaMos cohort (16), and we have analyzed longitudinal changes in supplemental calcium and 

vitamin D intake and the associated changes in serum 25(OH)D and PTH (17). The 
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distribution of vitamin D intake from supplements and fortified foods among CaMos 

participants was described previously (18). The reported 25(OH)D levels of CaMos 

participants were similar to those among Canadians reported from the Canadian Health 

Measures Survey (19).

Mortality

Participants were contacted annually throughout the study. Enrolled participants had 

alternate contact information. Obituaries were also screened for participants who could not 

be located. The relationship of fractures with mortality in CaMos was reported previously 

(20). The outcome variable for this analysis was all-cause mortality.

Statistical methods

We used a sex-stratified Cox proportional hazards model including person-time up until 

death, loss to follow-up, or year 10 interview. The covariates were considered as time-

varying using the baseline covariates for the period from baseline to year 5 and then 

updating all covariates at year 5 for the period from year 5 to year 10, with separate strata for 

each period. We assessed the proportional hazards assumption and found only minor 

violations.

Total calcium intake and total vitamin D intake were considered as continuous variables 

without mutual adjustment for the other variable because of their collinearity (calcium and 

vitamin D from milk and supplements). To compare sources of calcium intake we 

constructed different variables to determine whether the source of exposure affected the 

association (supplements vs foods and dairy vs nondairy foods). Model diagnostics for 

vitamin D indicated that those with high vitamin D intake had undue influence on the linear 

relationship. Thus, we report results using categorical variables based on the IOM reference 

ranges (15). The moderate intake category was centered on the recommended dietary 

allowances, leaving high and low intakes as intakes substantially above or below the 

recommended dietary allowances. The potential interaction between calcium and vitamin D 

intake was also assessed using these categories.

We considered the following potential confounders: age, study center, education, body mass 

index (BMI), health status (SF-36 physical component summary [PCS] score), cigarette 

smoking, alcohol intake, physical activity, sun exposure, self-reported comorbidity (in men 

and women: hypertension, heart disease, stroke, type 2 diabetes, chronic obstructive 

pulmonary disease [COPD], and kidney stones; in women only: osteoporosis, thyroid 

disease, inflammatory bowel disease [IBD], breast cancer, and uterine cancer; in men only: 

prostate cancer), and medication (aspirin use or other nonsteroid anti-inflammatory drugs 

[NSAIDs]). We included all of the a priori specified potential confounders in the main 

reported analysis. In post hoc, analysis we also tested confounding by history of low-trauma 

fracture after age 50 years (men and women) and menopausal hormone use (women only), 

and the results were nearly identical. Statistical significance was set at P = .05.

Analysis was performed using Stata version 12.0 (StataCorp, College Station, Texas).
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Results

The study sample consisted of 9033 men and women with 77,558 person-years and 1160 

deaths accrued over the 10-year study period. There were 2746 men at baseline, among 

whom 201 (7.3%) were using calcium supplements alone, 120 (4.4%) were using vitamin D 

supplements alone, and 423 (15.4%) were using both calcium and vitamin D supplements. 

There were 6287 women at baseline, among whom 957 (15.2%) were using calcium 

supplements alone, 235 (3.7%) were using vitamin D supplements alone, and 1820 (29.0%) 

were using both calcium and vitamin D supplements.

Calcium intake

Table 1 shows the baseline characteristics of the study population stratified by sex and daily 

total calcium intake. There were statistically significant bivariate associations between 

calcium intake and education, alcohol intake, total physical activity, and total vitamin D 

intake in men and between calcium intake and age, education, SF-36 PCS score, total 

physical activity, total vitamin D intake, smoking, aspirin use, hypertension, osteoporosis, 

and thyroid disease in women.

The association between total calcium intake and mortality after adjustment for potential 

confounders is shown in Table 2. The results were inconclusive (ie, the 95% confidence 

interval [CI] included both clinically meaningful and null results) for both men and women. 

Consideration of the point estimates showed a beneficial trend among women with hazard 

ratio (HR) = 0.95 (95% CI, 0.89–1.01) per 500-mg increase in daily calcium intake. For 

men, the results were inconclusive with HR = 0.99 (95% CI, 0.91–1.08) per 500-mg increase 

in daily calcium intake; moreover, the CI included HRs associated with modest benefit or 

harm.

Whereas dietary source–specific associations (Table 2) were all nonsignificant, they were 

consistent in direction and magnitude with the associations for total calcium in women, and 

point estimates remained close to the null value in men, ie, no effect. We further addressed 

the association between calcium supplement intake and mortality by dose. Among women, 

calcium supplement users had a lower risk of mortality than nonusers with HR = 0.78 (95% 

CI, 0.66–0.92), but there was no dose-response effect noted among users. In fact, there was 

attenuation of the association, showing statistically significant lower mortality only for 

supplement users with a daily dose of <1000 mg.

Vitamin D intake

Table 3 shows the baseline characteristics of the study population stratified by sex and total 

daily vitamin D intake. There were statistically significant bivariate associations between 

vitamin D intake and calcium intake, education, smoking, and heart disease in men and 

between vitamin D intake and age, calcium intake, education, BMI, SF-36 PCS score, 

smoking, aspirin use, osteoporosis, and thyroid disease in women.

Overall, the associations between total vitamin D intake and mortality were also 

inconclusive. The cubic spline models all had 95% CI overlapping the null value over the 

entire range of vitamin D intake. Table 4 shows the estimates based on the IOM reference 
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ranges. The adjusted HRs comparing low intakes (<400 IU or 10 μg daily) and high intakes 

(>800 IU or 20 μg daily) vs moderate intakes (400–800 IU or 10–20 μg) were inconclusive 

in both men and women.

In further analysis, we considered possible variations in effect by source of intake (Table 4). 

The association between milk intake and mortality was inconclusive for both men and 

women. The association between vitamin D supplement use and mortality was inconclusive 

in men. Among women, vitamin D supplement users had a lower risk of mortality than 

nonusers with HR = 0.84 (95% CI, 0.71–0.99), but there was no dose-response effect noted 

among users.

Interaction of calcium and vitamin D

The previous analyses considered calcium intake and vitamin D intake separately. It is not 

possible to completely determine the independent effects of these 2 nutrients because 2 

common sources (milk and multivitamins) contain both. However, we did consider global 

categories of intake and supplements to assess possible effect modification, confounding, 

and interaction. We found no statistical interaction between the categories of total vitamin D 

intake, total calcium intake, and mortality. In fact, the linear association between total 

calcium intake and mortality among women was similar for those with low-to-moderate and 

high total vitamin D intake. We also found no significant interaction between categories of 

vitamin D supplement use, calcium supplement use, and mortality. Moreover, with regard to 

supplement use, among women, there was a lower mortality risk among those who used 

calcium supplements alone (HR = 0.79; 95% CI, 0.62–1.00) or calcium and vitamin D 

supplements combined (HR = 0.77, 95% CI, 0.64–0.93) compared with those who did not 

use either calcium or vitamin D supplements. There were no conclusive results comparing 

those who used vitamin D supplements alone were compared with those who did not use 

either calcium or vitamin D supplements (HR = 0.94; 95% CI, 0.64–1.38). Thus, the 

significant effect observed for vitamin D supplement use in women noted in the previous 

section and in Table 4 is attributable to the concurrent intake of calcium supplements.

Discussion

We assessed the association between total calcium intake, total vitamin D intake, and all-

cause mortality, including possible heterogeneity by the nutrient source and effect 

modification by the other nutrient. Our analysis showed that total calcium intake among 

women was more likely to be beneficial than harmful and that the same was true of calcium 

intake from dairy sources, nondairy sources, and supplements. In fact, we observed that 

supplemental calcium intake up to 1000 mg/d among women was associated with 

statistically significant decreased mortality, although the results were inconclusive for 

supplement intake exceeding 1000 mg/d. The lack of a demonstrable benefit observed for 

higher doses may be a threshold effect or a failure to determine effective intake, which is 

determined by variables that we did not measure (frequency, time of day, timing relative to 

meals, and formulation). Consequently, we cannot at this time advocate intakes in excess of 

this amount. We also found that the relationship between calcium and mortality was 

relatively consistent by strata of total vitamin D. Thus, in our data, there is no evidence of 
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increased mortality risk associated specifically with calcium supplements at the typical 

intake levels of Canadian women.

Our results are concordant with findings from the Iowa Women’s Health Study in which use 

of calcium supplements was associated with a lower risk of mortality in older women (21). 

In a subgroup analysis of the Women’s Health Initiative (WHI), calcium supplementation 

was associated with increased risk of myocardial infarction (MI) and/or cardiovascular 

mortality among those not already taking personal calcium supplements at baseline; 

however, calcium supplementation was not associated with increased all-cause mortality in 

the same group (22). Furthermore, all-cause mortality was in fact lower in those receiving 

active treatment vs that in those receiving placebo among participants reporting personal 

calcium use, and, indeed, the original WHI report concluded that supplements may reduce 

mortality rates in postmenopausal women (23), consistent with results in the present study. 

A recent analysis of the WHI shows possible early risk for MI and coronary heart disease in 

selected subsets of participants, but, again, this was not associated with early mortality (24). 

Our results are partially consistent with results from the European Prospective Investigation 

into Cancer and Nutrition (EPIC)-Heidelberg prospective cohort study in that moderately 

high dietary calcium intake was associated with a lower risk of MI, and the association 

differed by sex with attenuation of the protective effect in men (25). However, in contrast to 

our study, use of calcium supplements was associated with increased risk of MI (25).

Most recently, Michaelsson et al (26) found a U-shaped relationship between dietary 

calcium intake and mortality and between total intake and mortality, consistent with our 

finding that low calcium intake increases the risk of mortality. Our results differ with respect 

to high intake; a possible reason for the discrepancy is the different distribution of calcium 

intake, in particular with regard to dairy intake and supplement use. The strong attenuation 

of effect noted for their model using only baseline covariates could also be attributable to 

exposure misclassification, because their study lasted more than 20 years and there were 

time trends in calcium intake.

There are several plausible causal mechanisms for an apparent protective association. 

Supplemental calcium has been associated with lower plasma lipoprotein levels, a better 

lipid profile, and a lower risk of hypertension (27). Supplemental calcium will also protect 

against the potential adverse effects of low calcium intake, such as secondary 

hyperparathyroidism (28) and high serum PTH levels, which may accelerate bone turnover 

and mobilize bone calcium, resulting in bone loss, cause cardiovascular effects due to 

calcification of blood vessels (29), and be associated with increased mortality risk (30, 31). 

Calcium may also bind fatty acids in the colon and thus inhibit epithelial proliferation, and 

calcium supplementation has been associated with a lower risk of recurrent colorectal 

adenomatous polyps (32). Potential noncausal explanations include the indirect association 

of calcium intake from food with a healthy diet, including dairy products, whole grains, fish, 

and legumes, all of which are considered nutrient-dense foods and may have health effects 

unrelated to their calcium content (33, 34). Similarly, dietary calcium intake is related to 

total energy intake. Low energy intake may be a surrogate marker for frailty in women and 

associated with increased mortality. Some attenuation of real effects might also occur 

because of various calcium-containing compounds, dose distribution over the day, and 
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cointake of nutrients interfering with calcium absorption (eg, oxalates and phytates). Finally, 

use of calcium supplements may be associated with unmeasured risk factors such as 

socioeconomic status and thus there may be residual confounding.

The relationship between vitamin D intake for milk and supplements and mortality was 

inconclusive in both men and women. We considered the main source of dietary vitamin D 

variation as well as a crude assessment of sunlight exposure, but there are certainly other 

exogenous and endogenous sources affecting overall vitamin D status that were not assessed. 

We found that after adjustment for all risk factors including concurrent use of calcium 

supplements, vitamin D supplements were not associated with reduced mortality risk in 

women. Thus, neither major vitamin source studied (milk and supplements) was associated 

with mortality. This result is consistent with a recent meta-analysis of calcium and vitamin D 

supplement trials, which found reduced mortality with calcium and vitamin D supplements 

combined but not with vitamin D supplements alone (35).

Both higher (15) and lower (36) levels of serum 25(OH)D (a clinical correlate of low 

vitamin D intake) have been associated with increased mortality. If the observed associations 

between 25(OH)D levels and mortality are attributable to variations in intake, then lower and 

higher intakes ought to be associated with higher mortality, which we did not observe. It is 

possible that, with regard to milk intake as a source of vitamin D, other milk constituents 

may dilute the association attributable to vitamin D, leading to a null association. 

Furthermore, the prevalence of inadequate vitamin D intake may not match the associated 

prevalence of inadequate 25(OH)D (37), thus demonstrating the potential importance of 

cutaneous sources of vitamin D, as we found previously (18) and the likelihood that this 

source may counteract the effects of low intake. In addition, serum 25(OH)D is also 

influenced by other factors, such as PTH, BMI, and age-related decline in renal function 

(17). Finally, the association between 25(OH)D and mortality may not in fact be causal at 

all, but due to an unidentified pathophysiologic factor that influences both 25(OH)D 

concentrations and mortality independently.

The US Preventive Services Task Force recently released recommendations against daily 

supplementation with 400 IU or less of vitamin D3 and 1000 mg or less of calcium for the 

primary prevention of fractures in noninstitutionalized postmenopausal women on the basis 

of evidence of no net benefit (38). The IOM found that calcium and vitamin D are necessary 

for skeletal growth and maintenance and recommended dietary reference intakes based on 

this premise (15). If calcium and vitamin D supplementation are indeed required to ensure 

adequate intake levels for bone health, then our study provides assurance that, in 

community-dwelling individuals, there is no increased mortality associated with ingestion of 

modest amounts of supplemental calcium and vitamin D and that there may in fact be a 

mortality benefit.

The strengths of the present analysis include assessment of calcium and vitamin D intake 

from food and supplements in a large population-based sample. In particular, our assessment 

of calcium and vitamin D supplement use was derived from a complete inventory of all 

medications and supplements and does not rely on recall to determine ingredients and/or 
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doses. The baseline interviewer-administered questionnaire had detailed lifestyle and 

demographic information and we used measured height and weight to determine BMI.

Limitations of the study include a low response rate (42%), which could result in selection 

bias. CaMos investigators have previously addressed potential selection bias and found 

limited nonresponse bias, except perhaps in the oldest age groups (≥80 years) (39). We used 

an abbreviated FFQ, which captures most calcium intake at 2 discrete time points, but only 

included foods supplemented with vitamin D. Potential causal pathways to all-cause 

mortality could only be hypothesized because of the observational nature of the study and 

lack of information concerning the cause of death. The cohort size and mortality rate may 

have limited our ability to detect significant relationships between calcium or vitamin D 

intake and mortality. Finally, death ascertainment may be incomplete and although we used 

a time-to-event analysis, it assumes that the censoring mechanism is noninformative.

In summary, we found that use of calcium supplements up to 1000 mg/d in women was 

associated with reduced mortality. This association was consistent with potential 

associations between overall calcium intake and mortality as well as calcium intake from 

dairy and nondairy food and mortality. We did not find any significant independent 

association between vitamin D intake and mortality nor did vitamin D intake affect the 

association noted between calcium and mortality. Thus, our recommendation is to assess 

dietary intake to meet calcium and vitamin D requirements for bone health and to consider 

supplementation necessary to meet the requirements.
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Figure 1. 
Flowchart of participants in the CaMos, exclusions for missing data, loss to follow-up, and 

10-year mortality. Ca, calcium; Vit D, vitamin D.
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Table 2

Association Between Calcium Intake (Total and by Source) and All-Cause Mortality Among Men and Women 

in the CaMos

Calcium Intake
Hazard Ratio (95% CI)a

Men Women

Total intake (per 500 mg) 0.99 (0.91, 1.08) 0.95 (0.89, 1.01)

Dietary

 Food only (per 500 mg) 1.00 (0.90, 1.10) 0.95 (0.87, 1.03)

 Dairy only (per 500 mg) 0.98 (0.89, 1.09) 0.95 (0.87, 1.04)

 Nondairy only (per 500 mg) 1.23 (0.77, 1.96) 0.83 (0.47, 1.48)

Supplemental

 Supplement nonuser 1.00 (referent) 1.00 (referent)

 Supplement user 1.05 (0.83, 1.32) 0.78 (0.66, 0.92)

  Low dose, <500 mg 0.98 (0.75, 1.28) 0.77 (0.63, 0.93)

  Medium dose, 500–1000 mg 1.32 (0.92, 1.91) 0.75 (0.59, 0.96)

  High dose, ≥1000 mg 0.83 (0.40, 1.72) 0.88 (0.65, 1.18)

a
Not adjusted for concurrent vitamin D intake due to collinearity. Adjusted for confounders: age, study center, education, BMI, health status (SF-36 

PCS score), cigarette smoking, alcohol intake, physical activity, sun exposure, self-reported comorbidity (in men and women: hypertension, heart 
disease, stroke, type 2 diabetes, COPD, and kidney stones; in women only: osteoporosis, thyroid disease, IBD, breast cancer, and uterine cancer; in 
men only: prostate cancer), and medication (aspirin use or other NSAIDs).
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Table 4

Association Between Vitamin D Intake (Total and by Source) and All-Cause Mortality Among Men and 

Women in the CaMos

Vitamin D Intake
Hazard Ratio (95% CI)a

Men Women

Total

 Moderate intake, 400–800 IU, 10–20 μg 1 (referent) 1 (referent)

 Low intake, <400 IU, <10 μg 0.97 (0.74–1.26) 1.08 (0.90–1.31)

 High intake, ≥800 IU, ≥20 μg 1.02 (0.60–1.73) 0.87 (0.63–1.21)

Dietary

 Milk only (per 5 μg) 0.98 (0.84–1.14) 0.99 (0.87–1.14)

Supplemental

 Supplement nonuser 1.00 (referent) 1.00 (referent)

 Supplement user 1.17 (0.92–1.48) 0.84 (0.71–0.99)

  Low dose, <400 IU, <10 μg 1.17 (0.78–1.75) 0.83 (0.64–1.08)

  Moderate dose, 400–800 IU, 10–20 μg 1.15 (0.87–1.52) 0.83 (0.69–1.01)

  High dose, ≥800 IU, ≥20 μg 1.24 (0.63–2.48) 0.91 (0.62–1.32)

a
Not adjusted for concurrent calcium intake due to collinearity. Adjusted for confounders: age, study center, education, BMI, health status (SF-36 

PCS score), cigarette smoking, alcohol intake, physical activity, sun exposure, self-reported comorbidity (in men and women: hypertension, heart 
disease, stroke, type 2 diabetes, COPD, and kidney stones; in women only: osteoporosis, thyroid disease, IBD, breast cancer, and uterine cancer; in 
men only: prostate cancer), and medication (aspirin use or other NSAIDs).
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