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Abstract 

Background: Adequate calcium intake is essential for optimal bone health throughout the 

lifespan. The current Recommended Dietary Allowance (RDA) for calcium for women >50 

years is 1200 mg/day and major sources of dietary calcium in the North American diet consist of 

milk and milk products. However, national surveys have demonstrated a shortfall of calcium in 

the diet of postmenopausal women, with an average intake of 800 mg/day. Supplemental calcium 

is therefore often recommended, but controversy over its safety and association with increased 

risk of cardiovascular events has caused a clinical equipoise. Inconsistent results have been 

reported in meta-analyses and large cohort studies, and the mechanism that underlies the 

speculated detrimental effects of supplemental calcium on vascular health remains unknown. 

Although calcium intake from dietary sources has not been linked with adverse cardiovascular 

events, recent reports have raised uncertainty as to whether greater milk intake associates with 

higher all-cause and cardiovascular-related mortality rates. Inflammation plays a role in the 

pathogenesis of vascular damage, but there is limited evidence from randomized clinical trials in 

healthy postmenopausal women. Thus, the objectives of this thesis were to: (1) determine the 

feasibility of conducting a 12-month randomized controlled trial to compare the effect of 

supplemental versus dietary calcium on markers of vascular health in postmenopausal women; (2) 

develop and evaluate the relative validity of a semi-quantitative food frequency questionnaire 

(FFQ) for postmenopausal women; (3) investigate the association of non-fermented and 

fermented milk products on bone health indicators in postmenopausal women; and (4) 

investigate the differential effects of supplemental versus dietary calcium on selected 

inflammatory markers, bone health biomarkers, and body composition outcomes over 12 months. 
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Design: Study 1 was a pilot randomized trial where postmenopausal women consumed calcium 

at the level of the RDA, from dietary sources alone (1200 mg/day [CaDiet]) or combined with 

supplemental calcium (750 mg/day of calcium carbonate with 450 mg/day of dietary calcium 

[CaSuppl]) over 12 months, with vascular measurements, vascular and bone health biomarkers, 

anthropometry, and dietary intakes measured. Study 2 was a validation study of a calcium-

focused FFQ. Study 3 was a systematic review and meta-analysis of randomized controlled trials, 

prospective cohort and case-control studies of fermented milk products on bone health outcomes 

in postmenopausal women. Study 4 was a 12-month randomized controlled trial of similar 

designs to Study 1, with the addition of a control arm and additional biochemical measures 

including plasma interleukin-6, leptin, adiponectin, and serum sclerostin.  

Results: Results from Study 1 (n=9) showed good compliance to study interventions in both 

intervention groups (±20% of target total calcium intake, pill count ≥80%). The CaSuppl group 

maintained a significantly lower average dietary calcium intake than the CaDiet group 

throughout the trial (453±187 mg/day versus 1241±319 mg/day, P<0.001). There was no 

differential effect on vascular or bone health biomarkers between groups and no adverse effect 

was reported. Study 2 (n=108) demonstrated the relative reproducibility (rs=0.72, P<0.001) and 

validity (κw = 0.42) of the 51-item calcium-focused FFQ in estimating usual dietary calcium 

intake in postmenopausal women. Study 3 included 3 randomized controlled trials, 3 prospective 

cohort studies and 3 case-control studies in the systematic review, which examined the 

relationship between individual milk products on hip fracture risk (n=4), osteoporosis (n=2), and 

bone turnover markers (n=3). The meta-analysis of 3 studies on the association between yogurt 

intake and hip fracture risk showed a reduced risk (RR 0.76, 95% CI 0.63-0.92), but no 

association was found in the meta-analysis of 2 studies on the association between cheese intake 
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and hip fracture risk (RR 0.89, 95% CI 0.73-1.10). The overall quality of evidence was very low. 

Results from Study 4 (n=106) showed that neither of the interventions had an effect on 

inflammatory markers compared with the control arm at 12-months. However, a significant 

decrease in C-terminal telopeptide of type 1 collagen in both intervention arms was observed at 

12-months. A decrease in bone-specific alkaline phosphatase was found in the CaSuppl arm at 

the end of the trial. Body composition did not differ among trial arms, but there was a 

statistically significant increase in body mass index (26.1±4.4
 
versus

 
25.8±4.2 kg/m

2
, P=0.04), 

and percent body fat (35.4±6.3 versus 34.5±6.2%, P=0.03) in the CaDiet arm at 12-months from 

baseline. 

Conclusion: These results suggest that calcium intake at the level of the RDA, from either 

dietary sources alone or predominantly from supplemental sources, does not promote systemic 

inflammation in healthy postmenopausal women. Significant decreases in bone turnover markers 

following 12-month interventions indicate that the two sources of calcium have similar beneficial 

skeletal actions in vitamin D sufficient postmenopausal women. These studies contribute 

evidence to the safety of both dietary and supplemental sources of calcium in healthy 

postmenopausal women.  
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Résumé 

Contexte: Un apport adéquat en calcium est essentiel pour une santé osseuse optimale tout au 

long de la vie. L’apport nutritionnel recommandé (ANR) en calcium pour les femmes >50 ans est 

de 1 200 mg/jour et les principales sources de calcium alimentaire dans le régime nord-américain 

consistent de lait et produits laitiers. Cependant, des enquêtes nationales ont démontré une 

carence en calcium dans l’alimentation des femmes ménopausées ayant un apport moyen de 800 

mg/jour. La prise d’un supplément de calcium est donc souvent recommandée, mais la 

controverse sur son innocuité et son association avec un risque accru d’événements 

cardiovasculaires a provoqué une équipoise clinique. Des résultats divergents ont été rapportés 

dans plusieurs méta-analyses et grandes études de cohortes, et le mécanisme qui sous-tend les 

effets néfastes des suppléments de calcium sur la santé vasculaire reste inconnu. Bien que 

l’apport en calcium provenant de sources alimentaires n’ait pas été lié à la survenue 

d’événements cardiovasculaires indésirables, quelques rapports récents ont soulevé une 

incertitude associant une plus grande consommation de lait à un taux de mortalité toutes causes 

confondues et cardiovasculaire plus élevé. L’inflammation joue un rôle dans la pathogenèse des 

lésions vasculaires, mais les preuves issues d'essais cliniques randomisés chez les femmes 

ménopausées en bonne santé sont limitées. Ainsi, les objectifs de cette thèse étaient les suivants: 

(1) déterminer la faisabilité de mener un essai contrôlé randomisé de 12 mois pour comparer 

l’effet du calcium sous forme de suppléments par rapport au calcium alimentaire sur les 

marqueurs de la santé vasculaire chez les femmes ménopausées; (2) élaborer et évaluer la 

validité relative d’un questionnaire de fréquence alimentaire (QFA) semi-quantitatif sur l’apport 

en calcium chez les femmes ménopausées; (3) étudier l’association entre les produits laitiers non 

fermentés et fermentés et les indicateurs de santé osseuse chez les femmes ménopausées; et (4) 
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étudier les effets différentiels du calcium sous forme de suppléments par rapport au calcium de 

sources alimentaires sur certains biomarqueurs inflammatoires et de la santé osseuse et les 

indicateurs de la composition corporelle au cours de 12 mois. 

Méthodologie: La première étude (Étude 1) était un essai clinique randomisé pilote où les 

femmes ménopausées consommaient du calcium au niveau de l’ANR, à partir de sources 

alimentaires seulement (1 200 mg/jour [CaDiet]) ou combinées avec des suppléments de calcium 

(750 mg/jour de carbonate de calcium avec 450 mg/jour de calcium alimentaire [CaSuppl]) 

pendant 12 mois. La rigidité artérielle, la pression artérielle, certains biomarqueurs de la santé 

vasculaire et osseuse, des mesures anthropométriques et les apports alimentaires ont été mesurés. 

La deuxième étude (Étude 2) était une étude de validation d’un QFA axé sur le calcium. La 

troisième étude (Étude 3) était une revue systématique de la littérature et méta-analyse d’essais 

contrôlés randomisés, d’études de cohorte prospectives et de cas-témoins sur l’association des 

produits laitiers fermentés sur les paramètres de santé osseuse chez les femmes ménopausées. La 

quatrième étude (Étude 4) était un essai clinique contrôlé randomisé de 12 mois avec une 

méthodologie similaire à l’Étude 1, avec l’ajout d'un groupe témoin et des mesures biochimiques 

supplémentaires, y compris l’interleukine-6, la leptine, l’adiponectine et la sclérostine. 

Résultats: Les résultats de l’Étude 1 (n=9) ont démontré une bonne adhérence aux interventions 

de l’étude dans les deux groupes (±20% de l’apport cible total en calcium; ≥80% nombre de 

comprimé). Le groupe CaSuppl a maintenu un apport moyen de calcium alimentaire 

significativement plus faible que le groupe CaDiet tout au long de l’essai (453±187 mg/jour 

versus 1241±319 mg/jour, P<0,001). Il n’y avait aucun effet différentiel sur les biomarqueurs de 

la santé vasculaire ou osseuse entre les groupes et aucun effet indésirable n’a été signalé. 

L’Étude 2 (n=108) a démontré la reproductibilité (rs=0,72, P<0,001) et la validité relative 
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(κw=0,42) du QFA de 51 items axés sur le calcium dans l’estimation de l’apport habituel en 

calcium alimentaire chez les femmes ménopausées. L’Étude 3 comprenait 3 essais contrôlés 

randomisés, 3 études de cohorte prospectives et 3 études de cas-témoins dans la revue 

systématique, qui ont examiné la relation entre les produits laitiers individuels sur le risque de 

fracture de la hanche (n=4), l'ostéoporose (n=2) et les marqueurs biochimiques du remodelage 

osseux (n=3). La méta-analyse de 3 études sur l’association entre la consommation de yogourt et 

le risque de fracture de la hanche a démontré un risque réduit (RR 0,76, IC à 95% 0,63-0,92), 

mais aucune association n'a été identifiée dans la méta-analyse de 2 études sur l’association entre 

la consommation de fromage et le risque de fracture de la hanche (RR 0,89, IC à 95% 0,73-1,10). 

La qualité globale des preuves était très faible. Les résultats de l’Étude 4 (n=106) ont démontré 

qu’aucune des interventions n’avait d’effet sur les marqueurs inflammatoires par rapport au 

groupe témoin à 12 mois. Cependant, une diminution significative du télopeptide C-terminal de 

liaison du collagène de type 1 dans les deux groupes d'intervention a été observée à 12 mois. Une 

diminution de la phosphatase alcaline osseuse a été observée dans le groupe CaSuppl à la fin de 

l’essai. La composition corporelle ne différait pas entre les groupes, mais il y avait une 

augmentation statistiquement significative de l’indice de masse corporelle (26,1±4,4 versus 

25,8±4,2 kg/m
2
, P=0,04) et du pourcentage de graisse corporelle (35,4±6,3 versus 34,5±6,2%, 

P=0,03) dans le groupe CaDiet à 12 mois par rapport à l’état initial. 

Conclusion: Ces résultats suggèrent qu’un apport en calcium provenant des sources alimentaires 

ou principalement de suppléments équivalent à l’ANR ne favorise pas l’inflammation 

systémique chez les femmes ménopausées en bonne santé. Une diminution significative des 

marqueurs biochimiques du remodelage osseux suite à une intervention de 12 mois indiquent que 

les deux sources de calcium ont des actions squelettiques bénéfiques similaires chez les femmes 
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ménopausées qui ont un taux suffisant de vitamine D. Ces études apportent des preuves de 

l’innocuité des sources alimentaires et supplémentaires de calcium chez les femmes 

ménopausées en bonne santé. 
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Preface and Advancement of Scholarly Knowledge 

This doctoral dissertation is based on the Calcium Study, a randomized controlled trial 

conducted in 2014-2018, that aimed to investigate the effect of supplemental calcium as 

compared to dietary calcium on surrogate markers of vascular health in healthy postmenopausal 

women. No prior prospective research was conducted to estimate the effect of supplemental 

calcium on vascular endpoints as the primary outcome. Study 1 tested the feasibility of 12-month 

dietary modifications to meet the RDA from dietary sources alone (1200 mg) or predominantly 

from supplemental sources (750 mg calcium carbonate + 450 mg dietary). A calcium-focused 

food frequency questionnaire, which included a comprehensive list of commonly consumed 

calcium-rich foods in Montreal, Quebec, was developed and validated in postmenopausal women 

in Study 2. In view of the emerging evidence suggesting differential health benefits from 

individual milk products, Study 3 examined the relationship between fermented milk products 

and bone health indicators in postmenopausal women by searching the literature systematically. 

In line with evidence demonstrating an inverse relationship between fermented milk products 

and cardiovascular disease risk, the meta-analysis showed a protective association between 

yogurt consumption and hip fracture risk. These findings support the hypothesis that individual 

milk products are nutritionally distinct and highlight the importance to examine the health effects 

of individual milk products separately in investigational studies. Study 4 examined the effect of 

dietary calcium and supplemental calcium interventions on selected inflammatory markers and 

markers of bone metabolism. Results of the 12-month trial demonstrated a lack of effect on 

markers associated with increased risk of vascular calcification from either dietary calcium or 

supplemental calcium. Cross-sectional analyses of baseline and 12-month data also did not show 

an association between total milk product nor individual milk product intake with the selected 
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inflammatory markers. Results of this thesis provide high-level evidence to challenge the 

concept that supplemental calcium increases cardiovascular risks, and supports current clinical 

guidelines regarding the safety of calcium intake, from the diet and supplements below the 

Tolerable Upper Intake Level of 2000 mg/day, for osteoporosis prevention. 
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1.1 Background and rationale 

The pivotal role of calcium in bone mineralization is well established. As an essential 

nutrient, inadequate intakes are associated with lower bone mass and osteoporosis. In particular, 

during the menopause transition period, the need for calcium from the diet is increased to counter 

the accelerated bone loss. Approximately 2 million Canadians are affected by osteoporosis with a 

prevalence of 21.3% in women and causing 80% of all fractures in adults over the age of 50 

years, predominantly postmenopausal women and the elderly (1, 2). Major sources of dietary 

calcium in the Canadian diet include milk, milk products, and fortified plant-based beverages. 

Other foods such as dark leafy greens and almonds also provide calcium, but relatively less per 

serving than dairy products. Despite the recognition of the important role of calcium in bone 

health, over 80% of Canadian women >50 years do not meet the Estimated Average 

Requirement (EAR, 1000 mg/day). The average calcium intake from food sources was ~800 

mg/day in 2004 for women 51-70 years and ~700 mg/day for women ≥71 years (3).  

Calcium supplements are economical and convenient alternatives to help meet the 

recommended intakes for calcium and national surveys suggest that over half of women in North 

America have taken calcium supplements (3, 4). Calcium supplements have shown a modest 

decrease in fracture risk and are accepted as an option for those who cannot meet their needs 

from dietary sources alone (5, 6). Calcium supplements are generally well tolerated but they can 

cause gastrointestinal discomfort and when intakes exceed the Tolerable Upper Intake Level 

(UL), there is an increased risk of renal lithiasis (7). However, results of two meta-analyses 

raised important concerns regarding the safety of calcium supplements with regards to 

cardiovascular health (8, 9). These reports suggested an increased risk of myocardial infarction 

in individuals who received calcium supplements without vitamin D (hazard ratio [HR] 1.31, 
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95% confidence interval [CI] 1.02-1.67) or with vitamin D supplementation (HR 1.26, 95% CI 

1.07-1.47). Concerns have been raised over the methodology of these meta-analyses and other 

reports have documented opposite or inconclusive results (10-15). The available evidence was 

derived from studies that aimed at examining bone health endpoints as primary outcomes due to 

a lack of randomized controlled trials (RCTs) investigating the effect of supplemental calcium on 

cardiovascular outcomes. Clinical data from an ancillary study showed no difference in carotid 

intima-media thickness and carotid atherosclerosis between elderly women who were assigned to 

1.2 g/day of supplemental calcium and those who took a placebo at 3 years (13). Interestingly, 

the authors found that participants in the highest tertile of total calcium intake had reduced 

carotid atherosclerosis compared with women in the lowest tertile (odds ratio [OR] 0.70, 95% CI 

0.51-0.96). The evidence remains conflicting and the mechanism that underlies the speculated 

adverse effects of supplemental calcium on vascular health remains unknown. 

 On the other hand, dietary calcium intake is generally associated with favorable 

cardiovascular outcomes or no association (16-19). Previous studies have investigated the 

association between milk and milk product consumption with coronary heart disease (CHD) and 

a meta-analysis of 12 prospective cohort studies found no conclusive evidence to suggest an 

increased risk associated with dairy intake due to inconsistencies in the results from studies (19). 

Findings from other reports suggested that dietary calcium intake and milk product consumption 

are favorable to cardiovascular health (18, 20-24). Epidemiological studies have consistently 

reported an inverse association between dietary calcium intake and blood pressure (25-28), and 

no adverse effect on blood lipid profile has been documented (29-32). Prospective cohort studies 

of middle-aged and postmenopausal women have demonstrated an inverse relationship between 

the highest dietary calcium intake and incidence of ischemic heart disease (33, 34). Similarly, 
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evidence from observational studies have consistently reported an inverse association between 

milk product consumption and risk of stroke (20, 35, 36), cardiovascular disease (CVD) (37), 

and myocardial infarction (38).   

However, recent findings from a large Swedish cohort study associated high dietary 

calcium intake and high milk intake with increased mortality (39, 40). The authors observed a 

dose-dependent higher mortality rate with milk intake, predominantly from cardiovascular death, 

whereas fermented milk product (FMP) consumption was associated with lower mortality risk. It 

was hypothesized that the higher content of D-galactose in milk may be pro-inflammatory, 

whereas the probiotic content found in FMP may exert anti-inflammatory properties to explain 

the protective association of FMP against mortality risk (40). Yet, results of a dose-response 

meta-analysis of prospective cohort studies showed no relationship between milk intake and 

mortality, CVD, or CHD (41). Differences in exposures and dietary collection methods as well 

as reverse causation may in part explain the inconsistencies observed in the Swedish cohort 

compared to other population groups.  

 Furthermore, the suggested pro-inflammatory effects of milk have not been observed in 

interventional studies. RCTs have not shown increases in circulating pro-inflammatory markers 

following interventions of milk or milk products, though the studies were conducted in selected 

populations of overweight subjects or adults with low-grade systemic inflammation (42, 43). 

Nonetheless, an inverse relationship between dairy product intake and C-reactive protein (CRP) 

concentrations has been reported in cross-sectional studies of healthy adults (22, 44). High dairy 

diets have been shown to increase adiponectin significantly, an anti-inflammatory adipokine, as 

compared to low-dairy diets in a blinded crossover study with obese subjects (45).  
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There is growing interest in the potential protective effects of FMP against chronic 

diseases, including osteoporosis and CVD. Although dairy foods are well recognized as calcium-

rich foods, emerging research proposes that each type of dairy, such as milk, cheese and yogurt, 

exerts varying health effects based on their unique and complex matrices of nutrients and non-

nutrients resulting from probiotics, fermentation and processing (46). Modest inverse 

associations of total FMP with all-cause mortality and CVD have been reported in a meta-

analysis of 29 cohort studies (41). Findings of a recently published cohort study of Australian 

women also suggest an inverse association between FMP consumption and CVD risk (47).  

In view of the uncertainty regarding the safety of calcium supplements on vascular health, 

dietary sources should be the preferred source of calcium. However, whether FMP provides 

more health benefits than non-FMP requires further investigation. 

1.2 Statement of purpose 

There is an urgent need for clinical trials to investigate the effect of supplemental calcium 

on vascular health related outcomes in postmenopausal women prospectively. The global aim of 

this thesis was to examine the differential effects of supplemental calcium versus dietary calcium 

on selected inflammatory markers and bone health biomarkers, as well as to investigate how 

different types of milk and milk products affect bone health and vascular health.  
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1.3 Objectives and hypotheses 

Study 1: Feasibility study (12-month duration)  

Primary objective: Determine the feasibility of controlled dietary and supplemental 

interventions of an RCT that aimed to assess the effect of supplemental calcium as compared 

with dietary calcium on vascular and bone health outcomes in healthy postmenopausal women. 

Secondary objectives: Explore the differential effects between supplemental and dietary 

calcium on vascular and bone health biomarkers. 

Hypothesis: It was hypothesized that high compliance to diet modifications and 

supplemental interventions would be achieved through monthly nutritional counseling, and the 

dietary intervention would associate with better outcomes such as reduced arterial stiffness, 

blood pressure, and blood lipid profile.  

Study 2: Calcium-focused food frequency questionnaire validation study 

 Primary objective: Develop and evaluate the relative validity of a calcium-focused food 

frequency questionnaire (FFQ) to estimate usual dietary calcium and vitamin D intake of 

postmenopausal women in Montreal, designed for the purpose of estimating dietary calcium 

intake of postmenopausal women in a randomized controlled trial (Study 4). 

 Hypothesis: It was hypothesized that the semi-quantitative calcium-focused FFQ would 

be in agreement with the reference method in the assessment of dietary calcium intake. 

Study 3: Systematic review and meta-analysis of fermented milk products on bone health 

Primary objective: In a meta-analysis, investigate the effect of FMP on bone mineral 

density (BMD) and hip fracture risk in postmenopausal women or women ≥ 50 years. 

Secondary objective: Explore the effect of FMPs on bone turnover markers. 
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Hypothesis: It was hypothesized that FMP consumption would associate with more 

benefits to bone health, such as greater BMD, lower incidence of fragility fractures, and lower 

levels of bone turnover markers. 

Study 4: Randomized controlled trial (12-month duration) 

 Primary objective: Examine the effect of dietary and supplemental calcium intake on 

selected inflammatory and bone health biomarkers in healthy postmenopausal women. 

 Secondary objectives: Examine the effect of calcium, either from the diet alone or 

predominantly from supplements, at the Recommended Dietary Allowance (RDA) level, on 

body composition, and explore the association between different types of milk products with 

inflammatory and bone markers. 

Hypothesis: It was hypothesized that the dietary calcium intervention would be 

associated with a more favourable effect on markers of inflammation and bone health markers 

than a calcium intake predominantly derived from supplements.   
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Literature Review 
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2.1 Introduction 

2.1.1 Biological role and metabolism of calcium in humans  

Calcium is an abundant mineral in the human body accounting for 2-4% of body weight 

and 99% of the calcium in the body is stored in bone tissue and teeth as hydroxyapatite (48, 49). 

The remaining calcium is found in the circulatory system, extracellular fluid, and soft tissues to 

mediate biological processes as a secondary messenger such as muscle contraction, vasodilation, 

muscle function, nerve transmission, intracellular signaling, and hormonal secretion (50). 

Although calcium intake from food sources and nutritional supplements is a major 

determinant of calcium balance, calcium ion concentration in the extracellular fluid is tightly 

regulated by effector loops involving the parathyroid hormone (PTH), calcitonin and 1,25-

dihydroxyvitamin D (49). PTH is the primary and acute endocrine hormone responsible for 

calcium homeostasis. When there is a fall in calcium concentration, PTH is released from the 

parathyroid glands to restore ionized calcium levels by stimulating bone resorption. The release 

of PTH also acts on the kidney to increase renal reabsorption of filtered calcium and to increase 

the activity of vitamin D 1α-hydroxylase thereby increasing the synthesis of 1,25-

dihydroxyvitamin D, also known as calcitriol (51). A key function of calcitriol is to regulate 

calcium homeostasis through actions in the intestine, kidney and bone. Calcitriol increases blood 

calcium levels by increasing dietary calcium absorption from the gastrointestinal tract and renal 

tubular reabsorption of calcium, and by promoting the activation of osteoclasts to release calcium 

from bone (52). In contrast, when serum calcium levels rise above normal, the thyroid gland 

releases calcitonin to inhibit osteoclastic activity, increase calcium excretion and inhibit 1α-

hydroxylase activity. In summary, calcium homeostasis is a hormonally regulated integrated 

process that mediates bone turnover, renal calcium excretion and intestinal absorption  (53). 
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2.1.2 Calcium and bone integrity 

 

The skeleton plays a structural role and is also the body’s mineral supply. Bone 

remodelling is the natural process of bone resorption to break down old bone followed by 

formation to replace with new bone. Bone balance changes throughout the normal lifespan, 

depending on the relative rates of bone formation and resorption. Under normal conditions and 

adequate nutrition, bone formation is greater than bone resorption from birth to late adolescence 

to allow skeletal growth (54). Once peak bone mass is achieved in young adult years, bone 

turnover is neutral with a balance between osteoblastic and osteoclastic activity. The non-

structural role of calcium stored in the bones during this period is to offset obligatory losses of 

calcium through sweat, desquamated skin, and excreta (49). Later in life, the effects of the aging 

process leads to a gradual and progressive decline of bone mineral density (BMD) as a result of 

decreased bone formation, increased bone resorption, secondary hyperparathyroidism, and 

reductions in both intestinal and renal tubular absorption of calcium (55). Although age-related 

bone loss occurs in both men and women, women experience an accelerated loss of BMD at 

menopause and may persist up to 10 years after menopause (55). The effect of estrogen 

deficiency on bone is a loss of control over mediators of bone resorption, such as inhibition of 

osteoclastic activity and suppression of the production of bone resorbing cytokines (55, 56). 

Osteoporosis, a systemic skeletal disease, occurs when there is a decrease in either the quantity 

or quality of bone, or both, leading to increased bone fragility and an increased susceptibility to 

fractures. In Canada, the prevalence of osteoporosis is estimated to be 21.3% in women and 

5.5% in men over the age of 50 y (1). A major clinical consequence of osteoporosis is the 

increased risk of fragility fractures, which are becoming increasingly common in older women 

and men, resulting in increased morbidity and mortality (57). The pathogenesis of osteoporosis is 
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multifactorial and risk factors include increasing age, excess alcohol consumption, smoking, 

genetics, sedentary lifestyle, poor diet quality and inadequate intakes of calcium and vitamin D. 

As a result, calcium and vitamin D supplementation has been widely recommended to prevent 

osteoporosis and fragility fractures. 

2.1.3 Calcium requirements  

Calcium is one of 21 essential nutrients required by humans in relatively larger quantities 

in the diet compared to other nutrients. Given that the body can only store a finite amount of 

calcium, a continuous adequate calcium intake is crucial to meet the needs to support the 

structural role of the skeleton and to provide the quantities needed for cellular functions. Using 

the body of evidence surrounding bone health outcomes, the National Academy of Medicine 

(formerly called the Institute of Medicine) developed new Dietary Reference Intakes (DRIs) for 

calcium (Table 2.1). The Estimated Average Requirements (EARs) and Recommended Dietary 

Allowances (RDAs) for 1 year through 50 years of age relied primarily on calcium balance 

studies, whereas the EARs and RDAs for postmenopausal women are higher to reflect the 

greater loss of bone mass due to the effect of menopause (58). The Tolerable Upper Intake Level 

(UL) for adults was based on data related to the incidence of renal lithiasis which were mainly 

derived from research with postmenopausal women who took calcium supplements. 
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Table 2.1 Dietary Reference Intakes (DRIs) for calcium (mg/day) by life stages 

Life Stage Group EAR RDA UL 

Infants    

0-6 mo 200* 200* 1000 

6-12 mo 260* 260* 1500 

Children    

1-3 y 500 700 2500 

4-8 y 800 1000 2500 

Males    

9-13 y  1100 1300 3000 

14-18 y 1100 1300 3000 

19-30 y 800 1000 2500 

31-50 y 800 1000 2500 

51-70 y 800 1000 2000 

>70 y 1000 1200 2000 

Females    

9-13 y  1100 1300 3000 

14-18 y 1100 1300 3000 

19-30 y 800 1000 2500 

31-50 y 800 1000 2500 

51-70 y 1000 1200 2000 

>70 y 1000 1200 2000 

EAR, Estimated Average Requirement; RDA, Recommended Dietary Allowance; 

UL, Tolerable Upper Intake Level 

* Adequate Intakes (AI) are recommended when there is not sufficient evidence 

available to establish an EAR. The AI covers the needs of all healthy individuals in 

the group (50). 
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2.2 Calcium Sources 

2.2.1 Dietary calcium 

In Canada, milk and milk products are the main contributors of calcium in the diet (Table 

2.2). Aligning with the DRIs set by the National Academy of Medicine, Milk and Alternatives 

was a standalone food group in the 2007 Canada’s Food Guide (59). One serving of milk (250 

ml), yogurt (175 g), or cheese (50 g) generally provides 300 mg of calcium. Greek yogurts, a 

style of yogurt that has emerged into the marketplace in recent years, have a calcium content that 

can range from 100 mg to 500 mg per portion, depending on the manufacturers. Greek yogurts 

are different from regular yogurts not only from their sensory properties, but the former type 

generally has a higher protein content per serving than regular yogurts.  

Beyond calcium, individual dairy products are unique in their nutrient and non-nutrient 

compositions as a result of fermentation and processing. Dairy products can be further 

categorized as fermented milk products (FMPs), which include cheese and yogurts, and non-

FMPs. There is growing interest in research to demonstrate the varying health effects of FMPs, 

such as protective effects against cardiovascular disease (CVD), diabetes, and fractures (46). 

These advances in science suggest that future dietary guidelines may need to consider each dairy 

type separately based on their different effects on health.  

Calcium is also found in many non-dairy sources, either naturally or from fortification. In 

Canada, mandatory fortification of foods with calcium for adults is limited to meal replacement 

products and nutritional supplements (60). Under the Food and Drugs Act of Health Canada, 

voluntary fortification with calcium is permitted for some foods, including flour, plant-based 

beverages, and orange juice (60, 61). Plant-based beverages fortified with calcium serve as milk 

alternatives and also provide approximately 300 mg of calcium per serving of 250 ml (62). Non-
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enriched soy beverages also contain calcium, but only provides 80 mg per 250 ml (62). Tofu 

prepared with calcium provides 100-300 mg of calcium per serving whereas soft tofu only 

provides 80 mg per serving (62). Canned salmon with bones contain approximately 200 mg 

calcium per 75 g serving (62).  
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Table 2.2 Calcium content of some common foods in Canada
1
  

Food CFG Serving 

size
2
 

Calcium (mg) 

Per CFG serving
2
 Per 100 g serving 

Milk and milk products 

Fluid milk 250 mL 321 124 

Plain yogurt 175 g 294 168 

Fruit yogurt 175 g 228 130 

Hard cheese 50 g 535 1070 

Firm cheese 50 g 343 687 

Soft cheese 50 g 148 297 

Non-dairy foods 

Plant-based beverage fortified 

with calcium 

250 mL 333 129 

Tofu prepared with calcium 150 g 290 264 

Canned salmon with bones 75 g 191 255 

Kale, raw 250 mL 96 135 

Spinach, raw 250 mL 31 99 

Almonds 60 mL 76 253 

Broccoli 125 mL 44 47 

Beans, cooked 175 mL 55 47 

Orange 1 medium fruit 65 43 

     Bread 1 slice (35 g) 45 129 

CFG, Canada’s Food Guide 2007. 
1
 Values presented are averages calculated items included in the Canadian Nutrient File 2015 

(59, 62). 
2
 Servings sizes as per the 2007 Canada’s Food Guide (63). 
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2.2.2 Calcium supplements 

There are different forms of calcium supplements and they vary considerably in 

characteristics and costs. The most common forms are calcium carbonate and calcium citrate, 

and they have comparable bioavailability (34.2% vs. 37.9% absorption efficiency per 300 mg 

load, respectively) (64). Calcium carbonate is associated with more gastrointestinal side effects, 

whereas calcium citrate is generally better tolerated (65). For that reason, it is recommended to 

take calcium carbonate with meals. 

2.2.3 Trends in calcium intake in postmenopausal women  

Data from the 2004 Canadian Community Health Survey (CCHS) showed that over 80% 

of Canadian women >50 years had a calcium intake below the EAR from dietary sources (3). 

More specifically, the average dietary calcium intake was 751 mg/day (95% CI 725-776) for 

women of 50-70 years and 689 mg/day (95% CI 659-719) in women >70 years. Among users of 

supplements containing calcium (49% and 45.9% of women of 50-70 years and >70 years, 

respectively), the prevalence of total calcium intake below the EAR ranged from 26.9% to 33.3%. 

Milk and milk products were the main dietary sources of calcium, consistent with national 

nutritional recommendations which have been advocating daily consumption of milk and milk 

alternatives to effectively obtain calcium and vitamin D (59). However, comparison of dietary 

data of the 2015 survey cycle of the CCHS showed no improvement in the overall consumption 

of milk and milk alternatives in 2015 compared to 2004 in older adults ≥55 years with a national 

average of 1.4 servings/day in both survey cycles (66). Although the report did not explicitly 

examine the adequacy of calcium intake, these observations may imply low intake of calcium 

since milk and milk products such as yogurt and cheese are also major contributors of dietary 

calcium in Canada. Thus, these findings suggest that inadequate calcium intake remains a public 
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health issue among Canadians, especially in older women (66, 67).   

Use of calcium supplements have declined by 5.5% in 2015 from 2004 among women 

>50 years (68). The combination of low dietary calcium intake and decreased use of calcium 

supplements puts more women at risk of calcium inadequacy, and consequently has the potential 

to increase the prevalence of osteoporosis and incidence of fragility fractures. The decrease in 

calcium supplement use may likely have been the result of the uncertainty regarding the safety of 

supplemental calcium on cardiovascular risk, which became a public concern following the 

publication of a meta-analysis in 2010 and will be discussed in the next section. 

2.3 Association of calcium intake with vascular health risk  

2.3.1 Dietary calcium studies and vascular health outcomes 

CVD is the second leading cause of mortality in women >50 years globally, with 

coronary artery disease (CAD) and stroke representing 23% and 18% of cause of death, 

respectively (69, 70). Most epidemiological studies have demonstrated an inverse association 

between dietary calcium intake and risk factors of CVD, including blood pressure (25-28) and 

blood lipid profile (29-32). Similarly, studies have shown an inverse association between 

consumption of dairy foods, such as milk, yogurt, and cheese, and vascular health markers and 

related outcomes. Data from observational studies have shown that higher consumption of dairy 

associated with more favorable measurements of blood pressure (71-73), arterial stiffness (74-

76), and carotid intima-media thickness (cIMT) (77) compared to lower intakes. Some reports 

suggested that dairy food consumption may also be inversely associated with the risk of stroke 

(20, 35, 36), CVD risk (37), and myocardial infarction (78) . The evidence thus far suggests that 

dietary approaches to increasing calcium intake are favorable to cardiovascular health (18, 20-23, 

79). 
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However, the relation between dietary calcium intake and dairy food intake and CVD and 

related mortality is supported by contradictory or inconclusive evidence in women. Findings 

from a large prospective cohort study (n=61,433), with an average follow-up of 19 years, 

suggested a trend in increased mortality from all-causes (HR 1.40, 95% CI 1.17-1.67) in Swedish 

women who consumed ≥1400 mg/day of dietary calcium (39), and total calcium intake from 

dietary and supplemental sources ≥1400 mg/day was associated with all-cause (HR 1.40, 95% CI 

1.25-1.57) and cardiovascular mortality (HR 1.51, 95% CI 1.23-1.84). Evidence from other 

prospective cohort studies and meta-analyses did not support the suggested risk of mortality 

associated with high dietary calcium intake, though high intakes were less common in other 

cohorts (15, 80-83). In the Canadian Multi-center Osteoporosis Study (CaMOS), a population-

based longitudinal cohort (n=9423) with a 10-year follow-up, high calcium intake (>1200 

mg/day) did not associate with all-cause mortality (80). On the contrary, the results suggested a 

beneficial trend towards reduced mortality risk (HR 0.95, 95% CI 0.89-1.01) per 500 mg 

increase in daily calcium intake, up to 1000 mg/day, among women. Nonetheless, low calcium 

intake associated with increased risk of mortality in both Swedish and Canadian cohort studies. 

The UK Biobank cohort (n=497,828) also examined the association of dietary calcium intake 

with mortality over an average follow-up of 4.2 years (15). Dietary calcium intake did not 

associate with all-cause or cause-specific mortality (P=0.80). However, dietary calcium intake 

data was derived from a single 24-hour recall in a sub-sample of participants (n=68,795) whereas 

a FFQ was used to estimate usual dietary calcium intake in the Swedish Mammography Cohort 

and the CaMOS cohort. The inconsistency in the evidence may be due to the scarcity of data 

regarding very high total or dietary calcium intakes, differences in dietary assessment methods 

and duration of follow-up, or possibly influences by reverse causation. 
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The relation between milk intake with mortality risk was also examined in the literature. 

Results from two large Swedish cohorts suggested that milk intake is associated with higher 

mortality in women and men. For every glass of milk, the adjusted HR of all-cause mortality was 

1.15 (95% CI 1.13-1.17) in women and 1.03 (95% CI 1.01-1.04) in men (84). Interestingly, 

consumption of FMPs such as yogurt and sour milk inversely associated with mortality in 

women. A hypothesized explanation for the varying effects between non-FMPs and FMPs on 

CVD and mortality may be related to the higher lactose and galactose content found in milk, 

which is believed to induce oxidative stress and inflammation (84). A dose-dependent higher 

mortality rate with higher milk intake was observed, predominantly from cardiovascular death, 

and positive associations between milk intake and markers of inflammation over a 20-year 

period were documented (40). 

Multiple reports have since been published and found opposite or null effect of milk on 

cardiovascular risk (83, 85, 86). For instance, self-reported milk consumption was inversely 

associated with all-cause mortality (OR 0.92, 95% CI 0.86-0.98) but not with cardiovascular 

mortality (0.93, 95% CI 0.81-1.07) among participants of the UK Biobank cohort. However, the 

inverse association between milk consumption and all-cause mortality was only borderline in 

younger participants (OR 0.93, 95% CI 0.86-1.00) and null in older participants (OR 0.99, 95% 

CI 0.89-1.11) following stratification by age group (<65 years and ≥65 years) (86). In a large 

multinational prospective cohort study with a median follow-up of 9.1 years, higher milk intake 

(>1 serving/day) associated with a reduced risk of composite of death or CVD (HR 0.90, 95% CI 

0.82-0.99) (83). On the other hand, there were some consistent evidence to support the 

differential health effects of FMPs and non-FMPs. For instance, consumption of FMPs such as 

cheese, yogurt and fermented milk was associated with modestly lower risk of total mortality and 
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CVD, with 2% lower risk of each per serving of 20 g/day (41). Another report found no 

consistent association between non-FMP or FMP consumption on mortality (87). 

The overall evidence indicates a suggestive beneficial effect of dairy food consumption, 

especially from FMPs, on cardiovascular health. The inconsistent findings may be explained by 

the overall higher dairy consumption in the Swedish cohort, Sweden being the third highest 

consumers in the world (88). The benefits exclusively associated with FMP are an emerging area 

of research, yet research on the impact of dairy product consumption has often explored the 

effect of total dairy intake. Thus, there is an urgent need for future studies to examine specific 

dairy product types separately to better understand their individual impact on health. 

2.3.2 Calcium supplementation studies and cardiovascular health outcomes 

Findings from meta-analyses of randomized controlled trials (RCTs) have suggested 

small but significant improvements in vascular risk factors, such as blood pressure (89-92) and 

serum lipid concentrations (93), following calcium supplement interventions. Yet, the effect of 

calcium supplementation, with or without vitamin D co-supplementation, on blood pressure 

reduction could not be confirmed by other meta-analyses of RCTs (94-96) and the mechanisms 

have not been clearly established. On the other hand, potential adverse effects of calcium 

supplementation on vascular calcification and mortality have been documented in patients with 

renal compromise (97). Reports have suggested that supplemental calcium may also be 

associated with increased cardiovascular health risk in generally healthy women with no renal 

impairment, but uncertainties remain due to inconsistent findings and the lack of high quality 

evidence to prospectively examine the effect of calcium supplementation on the vasculature. 

Results of an RCT and two subsequent meta-analyses of randomized trials reported increased 

risk of cardiovascular events associated with calcium supplementation in women (8, 9, 98). The 
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retrospective meta-analyses of RCTs indicated an increased risk of myocardial infarction in 

individuals who received calcium supplements without vitamin D (HR 1.31, 95% CI 1.02-1.67) 

(8) or with vitamin D (HR 1.26, 95% CI 1.07-1.47) (9). However, other reports have documented 

a lack of effect as shown in Table 2.3 (14, 81, 99, 100).  

The inconsistent evidence may be explained by multiple reasons. Methodological 

differences were especially flawed in the two meta-analyses that had initially raised the concern 

regarding the safety of calcium supplements. Furthermore, studies included in these meta-

analyses were limited by inadequate compliance with calcium supplement intervention, use of 

non-trial calcium supplements, potential bias in event ascertainment, and lack of adjustment for 

known CVD determinants. Furthermore, the RCTs were not originally designed to examine 

cardiovascular endpoints as their primary or secondary outcomes. Instead, most studies were 

conducted in the context of osteoporosis prevention. The dosage and adherence to the study 

supplements varied across studies. A major limitation of calcium supplementation studies is the 

rare consideration for the participants’ usual dietary calcium intake. Consequently, total calcium 

intakes, which is the sum of calcium from study supplements and background calcium intake, 

often exceed the RDA and often approach or even exceed the UL. The latter case may require 

more careful consideration since a total calcium intake below the UL was not shown to be 

associated with CVD risk in generally healthy adults (81). 

If supplemental calcium is adversely associated with vascular health, the mechanism 

underlying these effects remains unclear. One suggested mechanism is via a progressive 

hypercalcemia-mediated arterial calcification and aortic stiffness (101, 102). An ancillary study 

of an RCT assessed the effect of 1.2 g/day of supplemental calcium on cIMT and carotid 

atherosclerosis but found no increase in either subclinical or clinical atherosclerosis compared to 
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placebo in elderly women after 3 years (13). There remains important knowledge gaps urging the 

need for prospective calcium trials to provide high level evidence elucidating the effect of 

supplemental calcium on vascular health in postmenopausal women.  
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Table 2.3 Results of meta-analyses examining the effect of supplemental calcium on cardiovascular risk 

Authors and 

year 

Number 

of studies 

Dosage of 

calcium  

Trial 

duration  

Meta-analysis results  

(RR or OR, 95% CI) 

Direction of findings (risk) and overall quality or risk 

of bias of trials
1,2

 

Bolland et al. 

2010 (8) 

15 RCTs 

 

0.5-2 g/day 

 

2-5 y Calcium only 

MI: RR 1.27 (1.01-1.59) 

Stroke: RR 1.12 (0.92-1.36) 

MI, stroke, or sudden death: RR 1.12 

(0.97-1.30) 

↑ MI, ↔ Stroke,  

↔ MI, stroke or sudden death 

 

The authors provided a narrative description of the quality 

of the studies. All studies were double blinded, 

randomized trials. Few studies may be at higher risk of 

selection bias and other biases. 

Calcium with vitamin D co-supplementation trials were 

not included. 

Bolland et al. 

2011 (9) 

9 RCTs 

 

0.5-1.5 

g/day 

 

2-5 y Calcium with or without vitamin D co-

supplementation 

MI: RR 1.24 (1.07-1.45) 

Stroke: RR 1.15 (1.00-1.32) 

MI or stroke: RR 1.15 (1.03-1.27) 

↑ MI, ↔ Stroke, ↑ MI or stroke 

 

The authors did not assess the quality of the included 

RCTs, but 8 of the nine studies were included in their 

previous meta-analysis (8), with the inclusion of studies 

with vitamin D co-supplementation. However, 46% of 

participants from the Women’s Health Initiative 

Calcium/Vitamin D Supplementation Study were excluded 

from the analysis. 

Mao et al. 

2013 (99) 
9 RCTs  

 

 

0.6-1.2 

g/day 

1-7 y Calcium only 

Major CV events: OR 1.16 (0.97-1.40) 

MI: OR 1.28 (0.97-1.68) 

Stroke: OR 1.14 (0.90-1.46) 

 

Calcium with vitamin D co-

supplementation 

Major CV events: OR 1.06 (0.94-1.19) 

MI: OR 1.06 (0.92-1.21) 

Stroke: OR 0.98 (0.86-1.13) 

↔ Major CV events, ↔ MI, 

↔ Stroke  

 

Quality of studies based on Jadad scores: 4 studies were of 

low quality and 7 studies were of high quality. The median 

score was 4 (range: 1-4).    

 

Lewis et al. 

2015 (14) 
18 RCTs 

 
0.5-1.6 

g/day 
1-7 y Calcium with or without vitamin D co-

supplementation 

CHD events: RR 1.02 (0.96-1.09) 

CHD mortality: RR 1.04 (0.88-1.21) 

MI: RR 1.08 (0.92-1.26) 

Angina pectoris: RR 1.09 (0.95-1.24) 

Chronic CHD: RR 0.92 (0.73-1.15) 

↔ CHD events or mortality, ↔ MI, ↔ Angina pectoris, 

↔ Chronic CHD 

 

Risk of bias of studies: 

6 trials were at higher risk of performance and detection 

bias, 4 of which were also at a higher risk selection bias.  
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Table 2.3 (Continued) 

Authors and 

year 

Number 

of studies 

Dosage of 

calcium  

Trial 

duration  

Meta-analysis results (RR or OR, 95% 

CI) 

Direction of findings (risk) and overall quality or risk 

of bias of trials
1,2

 

Jenkins et al. 

2018 (103) 
20 RCTs Not 

reported 

6 mo to  

8 y 

Calcium only 

All-cause mortality: RR 1.08 (0.97-1.21) 

CVD mortality: RR 1.24 (0.27-5.65) 

Total CVD risk: RR 1.43 (0.79-2.59) 

MI risk: RR 1.69 (0.94-3.04) 

 

Calcium and Vitamin D 

All-cause mortality: RR 0.95 (0.90-1.01) 

CVD mortality: RR 0.92 (0.77-1.11) 

Total CVD risk: RR 1.03 (0.94-1.12) 

↔ All-cause mortality, ↔ CVD mortality, ↔ Total CVD 

risk, ↔ MI risk 

 

The authors used GRADE to evaluate the quality of the 

evidence for each outcome. 

 

Calcium only 

Very low quality for CVD mortality and total CVD risk.  

Low quality for MI 

Moderate quality for all-cause mortality 

 

Calcium and Vitamin D 

Low quality for CVD mortality and total CVD risk 

Moderate quality for all-cause mortality  

Yang et al. 

2019 (104) 
16 RCTs 

 

1-1.2 g/day 6 mo to  

7 y 

Calcium with or without vitamin D co-

supplementation 

CVD risk: RR 0.99 (0.93-1.05) 

CHD: RR 1.08 (1.02-1.22) 

Stroke: RR 0.85 (0.61-1.20) 

MI: RR 1.14 (1.05-1.25) 

↔ Stroke, ↔ CVD, ↑ MI,  

↑ CHD 

 

Quality of studies based on Jadad scores: 3 studies were of 

low quality and 13 studies were of high quality. The 

median score was 4 (range: 1-5).    

CHD, coronary heart disease; CVD, cardiovascular disease; MI, myocardial infarction; OR, odds ratio; RCT, randomized controlled trials; RR, relative risk 
1 Methodological quality of trials were assessed by the authors of the respective systematic reviews and meta-analyses. When such data is not available, a summary statement of 

the overall quality is provided. 
2 Jadad score is based on randomization, concealment of treatment allocation, blinding, completeness of follow-up, and the use of intention-to-treat analysis. Studies with a score 

between 0 and 2 were considered to have low quality and studies with a score between 3 and 5 were considered of high quality (105, 106). 
3 Quality and risk of bias assessed using the Risk of Bias Tool developed by the Cochrane collaboration. Domains included random sequence generation, allocation concealment, 

blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data addressed, and selective reporting (107).  
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2.4 Inflammation, cardiovascular health and bone health 

2.4.1 Inflammation and cardiovascular health 

Along with vascular calcification, endothelial dysfunction and intimal thickening, 

inflammation is one of the main features of atherosclerosis (108-110). Pre-clinical models have 

demonstrated a spatial and temporal relationship between inflammation and vascular 

calcification, in which inflammation dominates in the early stages of atherosclerosis while 

osteogenic activity predominates in the later phase in arterial calcification (111). Micro-

calcification, the initial deposition of calcium hydroxyapatite, may induce further inflammatory 

responses (112).  

Several inflammatory markers have been associated with coronary arterial calcification, 

CVD and mortality, including CRP, cytokines and adipokines (113-116). Elevated levels of 

inflammatory markers, particularly CRP, the most extensively studied marker of inflammation, 

indicate an increased risk of CHD (117). CRP is one of the most sensitive acute phase reactants 

that is produced predominantly by the liver in response to high concentrations of cytokines such 

as interleukin-6 (IL-6) and tumor necrosis factor-alpha (118). Although mounting evidence 

suggests that CRP may not play a direct pathogenic role in atherogenesis, elevated 

concentrations of CRP have been consistently shown to be a prognostic marker of adverse 

cardiovascular events independent of the ratio of total cholesterol to high-density lipoprotein 

cholesterol, low-density lipoprotein cholesterol, or other risk factors (119-122). The possible 

mechanistic role of CRP in atherogenesis is highly complex, exerting pro-atherogenic effects in 

many cells involved in plaque deposition (123). For instance, CRP may facilitate the adherence 

and migration of monocytes into vessel wall (124). CRP also catalyzes the pro-inflammatory 

trigger in plaque deposition by M1 macrophage polarization contributing to plaque infiltration 
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and in atherosclerotic lesions (125). Prospective epidemiological studies have demonstrated a 

consistent relationship between elevated serum and plasma concentrations of CRP and 

prevalence of subclinical atherosclerosis, risk of recurrent cardiovascular events, and incident 

cardiovascular events (126-132). Similarly, epidemiological evidence supports the value of high 

sensitivity CRP (hsCRP) in predicting CVD and vascular disease progression (116, 126). The 

addition of hsCRP concentration to the global risk assessment by the Framingham Risk Score 

has been shown to improve the prediction of CVD events (131, 133, 134). 

Although there is extensive evidence indicating CRP as an important inflammatory 

biomarker associated with increased CAD, IL-6 plays an earlier and more central role in pro-

inflammatory regulation process than CRP (135). Elevated concentration of IL-6 is one of the 

most potent drivers of CRP production and is released from vascular smooth muscle cells in 

response to atherosclerosis (136) Evidence from the literature has shown a positive association 

between high circulating concentrations of IL-6 and severe carotid stenosis, myocardial 

infarction, stroke, mortality and progression to heart failure (137-144). Furthermore, two large 

meta-analyses incorporating genetic and biomarker data have confirmed the crucial role played 

by IL-6 and IL-6 receptors (IL-6R) in the generation of inflammation and a dose-dependent 

association with CHD risk (145, 146). Several clinical trials have demonstrated the effectiveness 

of anti-inflammatory therapeutic agents that target IL-6 and IL-6R in decreasing the risk of 

cardiovascular-related events (147, 148).  

Accumulating evidence indicates that adipokines, which are biologically active proteins 

secreted by adipose tissues, also exert pro-inflammatory and anti-inflammatory effects (149, 

150). Leptin is an adipokine that plays a critical role in the regulation of energy balance and its 

concentrations are directly associated with adipose tissue mass (151). Unbalanced secretion of 
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leptin may contribute to impaired insulin signaling and a state of inflammation leading to the 

development of metabolic syndrome. For instance, leptin-induced pro-inflammatory and 

atherogenic effects include vascular inflammation, thrombosis, arterial stiffness, vascular smooth 

muscle hypertrophy, angiogenesis and hypertension (152, 153). Leptin concentrations have been 

associated with arterial stiffness and higher leptin concentrations have been found in patients 

with uncontrolled hypertension compared to those with controlled blood pressure (154, 155). 

Moreover, higher plasma concentrations of leptin were found to be inversely associated with 

vasodilation in resistance arteries in the elderly population (156), suggestive of a mediating role 

of leptin in the regulation of endothelial function contributing to the development of aortic 

mechanical dysfunction and arterial stiffness. Several possible mechanisms have been proposed, 

such as an enhanced neointimal and medial thickening in injured arterial walls, altered 

modulation of the renin-angiotensin-aldosterone system, stimulation of the proliferation and 

migration of vascular smooth muscle cells, and abnormal generation of reactive oxygen species 

(157-160). Observational studies have found positive associations of leptin levels with the 

severity and lesion complexity of coronary atherosclerosis, as well as poor clinical outcomes 

related to ischemic and hemorrhagic strokes (161). Serum leptin concentrations may strongly 

predict a first-ever acute myocardial infarction, and correlates with the number of diseased 

vessels in patients with acute myocardial infarction (162, 163). However, a meta-analysis of 

case-control and nested-case control studies reporting a lack of association between leptin levels 

and risk for CHD and stroke (164). It is possible that the association of leptin with CHD is 

largely dependent on BMI (165), but studies with obese and non-obese adults have shown leptin 

levels to be an independent predictor of cIMT and carotid plaque instability (166, 167). Although 

the detrimental effects of leptin on the cardiovascular system requires more thorough 
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investigation, the overall body of evidence indicates that hyperleptinemia associates with the 

presence and severity of CHD, stroke, increased cIMT and carotid plaque instability (152). 

In contrast to leptin, plasma adiponectin is inversely related to visceral fat mass and BMI 

(168). Experimental evidence has shown that adiponectin has anti-atherogenic and anti-

inflammatory properties, with demonstrated protective effects against endothelial dysfunction, 

atherosclerosis and hypertension (169, 170). Adiponectin circulates at high concentrations in 

different isoforms (high, middle, and low molecular weight) in healthy individuals (171). 

Increased levels of adiponectin are generally associated with decreased risk for CVD (151, 172). 

Similarly, adiponectin levels are significantly lower in patients with CAD compared with healthy 

subjects (173), albeit previous meta-analyses reporting conflicting results with regards to the 

association between adiponectin and CHD (174, 175). The conflicting results may be due to the 

heterogeneity in the assessment of different isoforms of adiponectin given that the high 

molecular weight isoform is the most physiologically active (171). Findings of a meta-analysis of 

observational studies suggest that adiponectin provides cardio-protective benefits in the early 

development of atherosclerosis, but only in selected populations (176). In patients with severe 

carotid stenosis, adiponectin associated with lower risk of adverse cardiovascular events and 

inversely associated with chronic low-grade inflammation (177). Adiponectin may be considered 

as a biomarker of metabolic compensation where hyperadiponectinaemia may be a signal of an 

anti-inflammatory response to CVD severity (150, 177).  

Although the evidence is mainly derived from observational studies with some 

inconsistent results, there is strong evidence to link CRP, IL-6 and leptin with worse 

cardiovascular-related clinical outcomes, and adiponectin as a cardio-protective mediator. 
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2.4.2 Inflammation and osteoporosis 

The role of inflammatory markers on bone remodeling have been observed in in vitro and 

in animal studies (178). The effects of inflammation on the pathogenesis of osteoporosis result in 

stimulation of osteoclastic activity and inhibition of osteoblastic activity (179). There is also 

considerable evidence from prospective observational studies identifying a relationship between 

elevated levels of inflammatory biomarkers with bone loss and risk of non-traumatic fractures in 

older adults (180-184), though the relationship may vary between inflammatory markers. Data 

on the longitudinal relationship between inflammatory markers and BMD in particular are 

lacking.  

Cross-sectional studies found no association between IL-6 and BMD in postmenopausal 

women (185, 186). Yet, prospective studies have consistently shown IL-6 to be positively 

associated with greater bone loss (180, 187) and increased risk of hip fractures (183, 188). 

Although few studies reported an association between CRP and low BMD in older women (180, 

189), the literature consistently showed an inverse relationship between CRP and incidence of 

non-traumatic fractures in elderly women (184, 190-194).  

Leptin is involved in bone metabolism in various ways through both central, 

neureoendocrine signaling pathway and peripheral pathways (195). Via the central pathway, 

leptin inhibits bone formation via the hypothalamus and sympathetic nervous system by either 

suppressing osteoblast proliferation or by promoting osteoclastic activity via increasing the 

expression of the receptor activator nuclear factor-κB ligand (RANKL) (196-199). In contrast to 

the antiosteogenic effects of leptin via the central pathway, leptin secreted into the peripheral 

circulation by adipose tissue has anabolic actions on bone metabolism through interaction with 

the bone marrow mesenchymal stem cells, osteoblasts, osteoclasts and chondrocytes (200-202). 
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However, the exact role that leptin plays in the development of osteoporosis remains unclear. 

Further investigation is required to elucidate the complex mechanism underlying the regulations 

of leptin on bone metabolism. Previous investigations in obese, leptin-deficient mice suggest that 

leptin signaling on bone differs among different skeletal regions as well as between cortical and 

trabecular bone (203). Epidemiological evidence on the association between leptin 

concentrations and BMD are mixed. In a study in postmenopausal women without central 

obesity, leptin concentrations negatively associated with total hip BMD and femoral neck BMD 

(204). However, other observational studies reported either no association (205, 206) or a 

positive association with BMD in postmenopausal women (207-209). The discordant findings on 

the association of leptin concentrations with BMD may be confounded by body composition 

parameters such as body mass index (BMI) and fat mass (210). Currently, there is limited data 

examining the relation between circulating concentrations of leptin and non-traumatic fracture 

risk. Longitudinal evidence from one cohort study showed a reduced risk of nontraumatic 

fracture in the middle (RR 0.26, 95% CI 0.09-0.70) and highest tertile (RR 0.25, 95% CI 0.09-

0.74) leptin groups compared to the lowest tertile group after adjustment for body weight and 

other potential confounding variables (P=0.02), suggesting that higher levels of serum leptin may 

be associated with lower nontraumatic fracture risk independent of body weight (211).  

Adiponectin also influences bone metabolism by inducing osteoclast proliferation and 

differentiation (212). Adiponectin increases osteoclast activity via the activation of RANKL and 

inhibition of osteoprotegerin (OPG), resulting in reduction in BMD (212). Evidence from a 

meta-analysis showed that adiponectin consistently negatively associates with BMD of the 

lumbar spine, total hip, and total body in postmenopausal women and men, independent of fat 

mass and BMI (210). Similarly, one study observed a greater annualized rate of hip BMD loss of 
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−0.67% in the highest tertile of serum total adiponectin (range: 16.0-49.0 μg/mL) compared to 

−0.43% in the lowest tertile (range: 1.0-9.0 μg/mL) in elderly women (P-trend=0.019) (206). 

Observational data showed that higher levels of adiponectin (range: 11.0-53.0 μg/mL) may be 

predictive of high risk of fractures compared with lower levels (range: 1.0-6.0 μg/mL) in men 

(P-trend=0.007), but the relationship between adiponectin levels and fracture risk in 

postmenopausal women is supported by mixed data from cross-sectional observations (213, 214). 

Furthermore, little is known regarding the actions of the adiponectin isoforms in bone 

metabolism. The few studies that have evaluated the association between high molecular weight 

(HMW) adiponectin and bone health demonstrated that BMD was significantly associated with 

total adiponectin rather than HMW adiponectin (215-217). HMW adiponectin also negatively 

associated with BMD of the lumbar, femoral neck in postmenopausal women without central 

obesity (204), yet no effect on bone mass was observed in other studies (218).  

Despite the lack of clinical studies examining a causal relationship, the current body of 

evidence is consistent and suggests that reducing systemic inflammation may represent an 

important approach to reduce fracture risk in population groups at high risk of osteoporotic 

fractures. 

2.4.3 Link between osteoporosis and cardiovascular disease 

Osteoporosis and CVD are two major public health problems, both associated with high 

morbidity and mortality. Many studies have shown an association between CVD and 

osteoporosis, suggesting that low BMD may be associated with CVD, subclinical measures of 

atherosclerosis, cardiovascular events and mortality (219-221). Similarly, a recent meta-analysis 

of cross-sectional and prospective studies reported that subjects with prevalent subclinical CVD 

had higher risk for increased bone loss and fractures than subjects without CVD (222), 
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suggesting a possible bi-directionality between the bone and vascular systems (220). 

Epidemiological data from cross-sectional and prospective cohort studies have consistently 

shown an inverse association between BMD and aortic calcification (223-231). Similarly, 

prospective cohort studies reported that severe aortic calcification associates with fragility 

fractures (230, 232-236). Severe aortic calcification may be associated with a 2.3-fold increase 

risk in proximal femur fractures (OR 2.3, 95% CI 1.1-4.9) (230), 3.15-4.8 greater risk in 

vertebral fractures (HR 3.15, 95% CI 1.35-6.18; HR 4.8, 95% CI 3.6-6.5) (225, 232), and 1.93-

fold increase in non-vertebral fractures (HR 1.93, 95% CI 1.54-3.26) (232) in postmenopausal 

women. 

In fact, osteoporosis and CVD share many common etiological factors, such as aging, 

menopause, dyslipidemia, smoking, alcohol consumption, and low physical activity (220). The 

two conditions also share common pathophysiological mechanisms, such as chronic low-grade 

inflammation and oxidative stress. Cross-sectional data suggest that adiponectin and leptin are 

related to markers of bone and vascular health in postmenopausal women and may contribute to 

the observed association between osteoporosis and CVD (214). Data from animal studies showed 

that leptin promotes osteogenic differentiation and vascular calcification (237). On the contrary, 

adiponectin reduces vascular calcification processes by either reducing cell apoptosis or 

attenuation of osteoblastic differentiation of vascular smooth muscle cells (238-240). However, 

the causal relationship between adiponectin and leptin with bone and cardiovascular health 

remains to be evaluated. 

Although the nature of the putative link between osteoporosis and CVD remains unclear, 

vitamin D metabolism, hyperparathyroidism, and the receptor activator of RANKL/OPG 

pathway are implicated in the pathogenesis and progression of the two diseases (241). The 
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essential role of vitamin D for optimal calcium absorption and for bone mineralization is well 

established (242). Severe or prolonged vitamin D deficiency leads to rickets in children and 

osteomalacia in adults, and can exacerbate osteoporosis in older adults (243). Regarding the 

effect of vitamin D on cardiovascular health, observational studies have consistently associated 

vitamin D deficiency with increased risk for CVD and hypertension (244-249). However, a 

recent large scale trial (n=25,871) evaluated the effect of higher-dose vitamin D (2000 IU/day) 

on major cardiovascular events in men ≥50 years and women ≥55 years in the United States and 

vitamin D supplementation did not lead to a significantly lower incidence of a composite of 

major cardiovascular events (250). Further investigation with different doses of vitamin D is 

needed to confirm these observations, especially in vitamin D deficient individuals. Still, if 

vitamin D can reduce the incidence of major cardiovascular events, then the vasculo-protective 

properties of vitamin D may involve the activation of vasodilatory and antithrombotic gene 

programs (251, 252). In addition, vitamin D may also modulate the effects of inflammatory 

cytokines involved in bone metabolism and vascular integrity by suppressing the expression of 

multiple inflammatory cytokines (e.g., tumor necrosis factor alpha, IL-6, IL-1, and IL-8) (243). 

Taken together, this underlines the importance of assessing vitamin D status of participants in 

clinical trials with vascular health and bone health outcomes. 

PTH is involved in age-related bone loss and bone fragility by acting as a key hormone 

regulating calcium homeostasis (253). Chronic hyperparathyroidism has been associated with 

hypertension, disturbances in the renin-angiotensin-aldosterone system, aortic stiffness, vascular 

calcification, increased CVD risk as well as increased cardiovascular mortality (220, 254-257). 

However, results of a Mendelian randomization study of individuals with a genetic 

predisposition to higher serum PTH concentrations did not show it being an independent risk 



34 

 

factor for CAD (258). These findings suggest that it is possible that the observed association 

between higher PTH concentrations with increased risk of CVD events could be a marker for 

another factor involved in the pathway leading to CVD events (256).  

The RANK/RANKL/OPG axis is implicated in the pathogenesis of osteoporosis and 

CVD (259). OPG is a key regulator of bone resorption by serving as a decoy receptor for 

RANKL and inhibiting osteoclast activation (260). Low OPG levels have been associated with 

higher prevalence of osteoporosis and vertebral fractures in postmenopausal women (261). OPG 

also plays a role in vascular calcification, atherosclerosis, plaque destabilization, and CVD (262). 

Early-onset osteoporosis and calcification of the aorta and renal arteries were found in OPG-

deficient mice (263). High levels of OPG have been positively related to severity of vascular 

damage, atherosclerosis progression and cardiovascular mortality, suggesting that elevated OPG 

levels may reflect a compensatory mechanism to prevent further vascular damage (255, 264, 

265).  

There has also been increasing interest about the role of the Wnt signaling pathway in the 

pathogenesis of vascular calcification (110). Wnt signaling plays a crucial role in bone 

metabolism and it is also associated with the progression of many diseases (110, 266). 

Cumulative evidence is suggestive that serum sclerostin may play a crucial role in the cross-talk 

between the vasculature and bone. Sclerostin, a key antagonist of the canonical Wnt signaling 

pathway and primarily secreted by mature osteocytes, regulates osteoblast activity and is a well-

established key player in the regulation of bone homeostasis (267). Sclerostin reduces bone 

formation by inhibiting the differentiation of osteoblasts through the Wnt/β-catenin pathway 

(268) and stimulates bone resorption by stimulating osteoclast differentiation in a RANKL-

dependent manner (269).  
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Cross-sectional observations have suggested a positive association between BMD and 

sclerostin levels in postmenopausal women and healthy adults (270-275). Interestingly, 

prospective data associated higher levels of serum sclerostin with higher fracture risk among 

postmenopausal women (268, 276). These observations were confirmed by findings from a 

Mendelian randomization study that found that higher sclerostin levels are causally related to 

lower BMD and greater fracture risk (277). Monoclonal sclerostin antibody, romosozumab, have 

been demonstrated to be an effective treatment of postmenopausal osteoporosis by increasing 

BMD and bone formation with decreased bone resorption in postmenopausal women with low 

bone mass (278). However, the anti-sclerostin treatment may increase cardiovascular risks as 

more serious cardiovascular adverse events (i.e., cardiac ischemic event, cerebrovascular event, 

heart failure, death, non-coronary revascularization, peripheral vascular ischemic event not 

requiring revascularization) were observed in the group that received romosozumab compared to 

those who received the comparative treatment alendronate (2.5% vs. 1.9%) (279). The higher 

cardiovascular event rates may be due to the potential cardio-protective effect of the comparison 

drug alendronate (279). Alternatively, the inhibition of sclerostin may lead to the activation of 

the Wnt signaling pathway and pathogenesis of atherosclerosis (280).  

Sclerostin has been detected in calcifying vascular tissues in mouse models and 

hemodialysis patients (281-283). Cross-sectional data of ambulatory adults without chronic 

kidney disease consistently showed a positive association between serum sclerostin and 

cardiovascular measures including high blood pressure, cIMT, arterial stiffness, and aortic 

calcification (284-287). Furthermore, one prospective study showed that high serum sclerostin 

concentrations associated with increased risk of cardiovascular-related mortality (HR 1.32, 95% 

CI 1.09-1.60) (284). Recent findings from a study in mice with induced chronic kidney disease 
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suggest that increased sclerostin production may be a primary defensive response to mitigate 

ectopic calcification of soft tissues in the early stage of renal impairment (288). More 

specifically, renal impairment triggers local osteocytic production of 1,25-dihydroxyvitamin D 

which subsequently increases the production of sclerostin and the suppression of bone 

morphogenetic protein-2 to protect from further vascular calcification (288).  Although more 

data in individuals without chronic kidney disease is required, the available evidence suggests 

that sclerostin may act as an independent key predictor of cardiovascular mortality, or increased 

circulating sclerostin concentrations may be a protective mechanism preventing further vascular 

damage.   

In summary, vascular calcification and osteoporosis are both driven by inflammation and 

share similar mechanisms that involve biomarkers of mineral homeostasis. It may be 

hypothesized that calcium supplementation could increase vascular calcification in similar ways 

that it increases BMD (289, 290). There remains a knowledge gap in the literature regarding the 

potential pathways underlying the reported associations between bone markers with CVD. Future 

studies examining the effect of nutrition interventions on cardiovascular health should examine 

both inflammatory and bone health biomarkers to better understand the underlying mechanisms. 

2.4.4 Association of calcium intake and inflammation 

Few trials have investigated the effect of calcium supplementation with or without 

vitamin D supplementation on inflammatory markers. Studies reported no effect on pro-

inflammatory cytokines or hsCRP following calcium supplementation interventions between 8 

weeks and 1 year of duration (291-294). On the other hand, there is an increasing interest in the 

effect of milk and milk products on inflammation. Data from cross-sectional studies and 

interventional trials in healthy adults have generally shown no association or an inverse 
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relationship between consumption of milk and milk products and circulating inflammatory 

markers (22, 42, 44, 295, 296). Meta-analyses of short-term consumption (post-prandial response 

or 4-48 weeks) of dairy products in various forms and with various fat content have shown that 

milk and dairy products have no effect on systemic inflammation as measured by circulating 

biomarkers such as hsCRP, cytokines including interleukin-6, tumor necrosis factor-alpha and 

adiponectin (42, 297, 298). Similarly, evidence from an RCT with postmenopausal women found 

no significant effect of dairy foods on expression of inflammation-responsive or proteolytic 

genes (299). 

Emerging evidence suggests that FMPs may provide more benefits than non-FMP on 

cardiometabolic health and bone health. This is in line with the growing interest and advances in 

research on the crosstalk between the gut microbiome and the different systems in the human 

body, including vascular and skeletal health. Researchers speculate that the probiotic content of 

FMPs may exhibit anti-inflammatory properties, resulting in a reduction in pro-inflammatory 

cytokines (300, 301). In fact, the probiotic bacteria found in cheese and yogurt have been shown 

to exert favorable effects on inflammation and cardiovascular risk factors (302). This warrants 

future research to evaluate the effect of each type of dairy product individually on health 

outcomes. 

Given the lack of interventional studies comparing the effect of dietary calcium and 

supplemental calcium on the inflammatory biomarkers in healthy postmenopausal women, the 

analysis of these biomarkers will provide insight into the processes that may occur in the 

vasculature and whether the two sources of calcium have exert differential effects. 
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2.5 Assessment of calcium intake in epidemiological studies 

2.5.1 Dietary assessment methods 

There is currently no biologically valid biomarker of calcium intake. Therefore, 

epidemiological research relies on dietary questionnaires to estimate calcium intake. Dietary data 

can be collected by asking the respondent to recall what they had consumed the previous day (i.e., 

24-hour recall), keep a detailed record of what they eat over one or more days (i.e., diet record), 

or by completing an FFQ to estimate usual intake over a longer period of time (303).  

Among these methods, none of them is considered the ‘gold standard’. Instead, the study 

design, its objectives, the target population and the resources available will determine which 

dietary assessment method is more suitable (304). For instance, a single food record or 24-hour 

recall would be appropriate to describe the average intake of a group of individuals (305). On the 

other hand, a one-day dietary intake data cannot be used to assess nutrient adequacy without 

some statistical applications (306). Furthermore, the estimation of usual intake of each specific 

nutrient requires a certain number of days of data for a given degree of accuracy. For calcium, 

data from a minimum of 13 days (e.g., 13 24-hour recalls or food records) are required to 

estimate a woman’s calcium intake to ±20% of her true mean 95% of the time (307). Although 

24-hour recalls and food records provide greater specificity for describing foods, these short-

term methods require extensive effort and resources to estimate usual intake in epidemiological 

studies (308). These methods are commonly used to assess the validity of an FFQ, which is the 

preferred method for estimating usual intake in large-scale epidemiological research.  

2.5.2 Food frequency questionnaires  

FFQs are practical dietary assessment tools and present considerable advantages in terms 

of cost-effectiveness (309). FFQs can be qualitative or quantitative. A qualitative or simple FFQ 
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collects information on the frequency but no additional information on portion sizes. A semi-

quantitative FFQ either specifies a portion size as part of the question on frequency, or includes 

an additional question about the usual portion size for each food item (310). Many FFQs have 

been developed and validated over the years, but due to cultural and geographic differences 

among population groups, the validity of the FFQ is limited to the populations for which the 

instrument was designed. Furthermore, the FFQ needs to reflect the current food supply and 

modifications to the existing questionnaire would be required. When no FFQ has been validated 

in the target population, then an FFQ can be designed de novo or researchers can use or modify 

an existing questionnaire (310). For example, no FFQ designed for epidemiological research has 

been validated in postmenopausal women living in Canada. The semi-quantitative FFQ used in 

the CaMOS has not been previously validated and can be easily adapted to use in Canadian 

postmenopausal women specifically (80, 311). This FFQ was also calcium-focused and required 

significantly less time to complete than questionnaires with an extensive list of items that aim to 

capture the usual intake of a variety of nutrients. A nutrient-focused FFQ may also reduce 

respondent burden and subsequently be an advantage to help minimize attrition rate and missing 

data. Lastly, alike other data collection methods, calcium intake estimated from an FFQ is prone 

to a certain degree of measurement error. Therefore, evaluating the relative validity of the FFQ 

against a reference method, such as multiple 24-hour recalls, can provide quantitative 

information that will help enhance the interpretation dietary data on health outcomes (312).    

2.6 Summary 

 Current calcium intake of over 80% of Canadian postmenopausal women from dietary 

sources is below the recommendations of the EAR with an average estimated intake of 700 to 

800 mg/day. Although many women have reported the use of calcium supplements, a clinical 
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equipoise exists due to uncertainties related to the effect of supplemental calcium on vascular 

health. Similarly, whether milk and milk products have pro-inflammatory or anti-inflammatory 

properties is unclear. This literature review highlighted that there is a lack of trials examining the 

effect of supplemental and dietary calcium on inflammatory markers in postmenopausal women 

and the mechanism by which calcium exerts its effect on the vasculature remains to be elucidated. 

Based on the proposed bi-directionality of osteoporosis and CVD, investigation into the effect of 

both dietary and supplemental calcium as compared to control on biomarkers of inflammation 

and bone health would allow a better understanding of the underlying mechanisms.   
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Bridge Statement 1 

The literature review of this thesis indicates that the dietary calcium intake of 

approximately 80% of Canadian postmenopausal women remained below the EAR (1000 

mg/day) over time (3, 67). Calcium intake from dietary sources is generally safe and adequate 

intakes are associated with higher BMD. However, very high intakes of milk have been 

associated with higher risk of all-cause and cardiovascular-related mortality in Swedish cohorts 

(84, 88), but these associations were not observed in other population groups (47, 80, 83). 

Although calcium supplements are economical alternatives and allow users to 

compensate for the shortfall in the diet, meta-analyses suggested an association between 

supplemental calcium and increased risk of cardiovascular disease (8, 9). However, the proposed 

adverse cardiovascular effects have not been fully supported due to mixed findings across studies, 

and there remains a lack of clinical interventional studies with vascular health endpoints as 

primary outcomes.  

Considering the high prevalence of osteoporosis and fragility fractures in older women, 

there is an urgency to understand the benefits and risks of dietary and supplemental calcium on 

extraskeletal health. No trials have been undertaken to compare the effect of dietary and 

supplemental calcium on vascular endpoints as primary outcomes prospectively.  

The following study explored the feasibility of dietary interventions meeting the RDA 

(1200 mg/d) for calcium through dietary sources or predominantly from supplemental sources in 

healthy postmenopausal women ≥55 y. This pilot study gathered evidence in preparation for a 

larger RCT of similar design aimed to investigate the effect of supplemental and dietary calcium 

on vascular and bone health in healthy postmenopausal women. 
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CHAPTER 3  

Manuscript 1: Feasibility Study 
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Abstract 

Whether supplemental calcium has similar effects to dietary calcium on vascular and 

bone markers is unknown. The present trial investigated the feasibility of applying dietary and 

supplemental interventions in a randomised controlled trial (RCT) aiming to estimate the effect 

of supplemental calcium as compared to dietary calcium on vascular and bone markers in 

postmenopausal women. Thirteen participants were randomised to CaSuppl (750 mg calcium 

from CaCO3 + 450 mg calcium from food + 20 µg vitamin D supplement) or CaDiet (1200 mg 

calcium from food + 10 µg vitamin D supplement). Participants were instructed on calcium 

consumption targets at baseline. Monthly telephone follow-ups were conducted to assess 

adherence to interventions (±20% of target total calcium) using the multiple-pass 24-hour recall 

method and reported pill count. Measurements of arterial stiffness, peripheral blood pressure, 

and body composition were performed at baseline, 6 and 12 months in all participants who 

completed the trial (n=9). Blood and serum biomarkers were measured at baseline and 12 

months. Both groups were compliant to trial interventions (±20% of target total calcium intake; 

pill count ≥80%).  CaSuppl participants maintained a significantly lower average dietary calcium 

intake compared to CaDiet participants throughout the trial (453 (SD 187) mg/d v. 1241 (SD 319) 

mg/d; P<0.001). There were no significant differences in selected vascular outcomes between 

intervention groups over time. Our pilot trial demonstrated the feasibility of conducting a large-

scale RCT to estimate the differential effects of supplemental and dietary calcium on vascular 

and bone health in healthy postmenopausal women. 
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3.1 Introduction 

Adequate intakes of calcium and vitamin D are essential for optimal bone health 

throughout adulthood to prevent osteoporosis and related fractures (5, 6, 313-316). Current 

Dietary Reference Intakes (DRIs) for calcium have been established by the Institute of Medicine 

for women over 50 years of age – that is, the Estimated Average Requirement (EAR), 

Recommended Dietary Allowance (RDA) and Tolerable Upper Intake Level (UL) are 1000, 

1200 and 2000 mg/d, respectively (58). However, adequate intake of calcium can be difficult to 

achieve through dietary sources alone (3, 4). 

According to the NHANES (National Health and Nutrition Examination Survey) 2003-

2006 data, less than 10% of American women over 50 years of age reached an intake of 1200 

mg/d of calcium from food alone (4). Similarly, over 80% of Canadian women over 50 years of 

age had a calcium intake <1000 mg/d from dietary sources according to the 2004 Canadian 

Community Health Survey (CCHS) (3). Thus, to ensure adequate total calcium intake for 

skeletal integrity, calcium supplements are widely recommended (317, 318). Collectively, data 

from North America documented that 49-67% of women aged 50-70 years and 60-65% of those 

over 71 years old reported using supplements that contain calcium (3, 4). 

Calcium supplementation is generally well tolerated but can be associated with mild 

gastrointestinal symptoms and with renal lithiasis (7). More recently, concerns about the use of 

supplemental calcium have been expressed following the publication of two meta-analyses, 

which reported that calcium supplementation, with or without vitamin D, increased the risk of 

cardiovascular events, in particular myocardial infarctions (8, 9). However, other analyses in 

similar populations have not reported this adverse association between calcium supplementation 

and cardiovascular events (10-13). On the other hand, most studies demonstrated that dietary 
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sources of calcium have not been linked with cardiovascular adverse events (8, 16, 17) or have 

been shown to be favorable to cardiovascular health (20-23). However, a recent report has raised 

uncertainty associating milk intake with a dose-dependent higher all-cause mortality rate, 

particularly cardiovascular death, in a large cohort of men and women over a 20-year period (40). 

 Cardiovascular disease is a leading cause of morbidity and mortality globally in women 

after the age of 50 years, with coronary artery disease and stroke representing 23% and 18% of 

cause of death, respectively (69, 70). In practice, early damage to the vascular system can be 

assessed non-invasively and accurately by measuring arterial stiffness, a composite indicator of 

vascular health that is an independent predictor of cardiovascular disease and events (319, 320). 

However, limited evidence exists on the effect of either supplemental or dietary calcium intake 

on arterial stiffness. 

We conducted a 12-month pilot trial to determine the feasibility of controlled dietary and 

supplemental interventions of a randomised controlled trial that aims to assess the effect of 

supplemental calcium as compared to dietary calcium on arterial stiffness and other vascular and 

bone markers in postmenopausal women. The primary objectives were to test the feasibility of 

nutritional counselling on adherence to the dietary and supplemental interventions, and the 

tolerability of calcium and vitamin D supplementation. The secondary exploratory objective was 

to contribute preliminary evidence on the effect of dietary calcium versus supplemental calcium 

on vascular and bone health markers. 

3.2 Methods 

Study design and population 

We conducted a randomised single-blinded parallel 1-year intervention trial from May 

2012 to January 2014. Healthy postmenopausal women aged 55 years and older (≥3 years since 



47 

 

last menstrual period) without any chronic disease were recruited through posters and local 

newspaper advertisements in Montreal, Quebec, and were screened for eligibility by phone. 

Exclusion criteria were established to avoid including women with clinical or subclinical 

vascular impairment due to cardiovascular risk factors or cardiovascular disease. Specifically, 

postmenopausal women with lactose intolerance were excluded, as were those who smoked 

within the last 5 years, who had a body mass index (BMI) <20 kg/m
2 

or >30 kg/m
2
, history of 

diabetes, pre-eclampsia, hypertension, atrial fibrillation or atherosclerosis. Participants who had 

used hormonal replacement therapy (excluding vaginal preparations) in the last 3 years, 

medications to treat hypertension or hypercholesterolemia, or those known to affect bone 

metabolism (systemic glucocorticoids, bisphosphonates, receptor activator of nuclear factor 

kappa-B ligand (RANKL) inhibitor, selective estrogen receptor modulators, calcitonin, 

teriparatide) within the past 12 months were also excluded. Those with a 10-year absolute risk of 

major osteoporotic fractures >20%, computed using FRAX
TM

 without bone mineral density 

(BMD), were excluded as well (321). All participants were required to refrain from using 

nutritional supplements for 2 months prior to study entry. The present trial was conducted 

according to the guidelines laid down in the Declaration of Helsinki, and ethics approval was 

granted by the McGill University Health Centre Research Ethics Board. Written informed 

consent was obtained from all participants (GEN-11-231). 

On-site visits occurred at baseline, and at 6 and 12 months after randomisation at the 

same research site. Participants were asked to abstain from vigorous physical activity and alcohol 

consumption for 48 hours and to fast overnight for 12 hours prior to their visit. Participants were 

randomised to one of two interventions on the day of the baseline visit. A web-based patient 

randomisation service (http://www.randomizer.at) was used to generate permuted block 

http://www.randomizer.at/
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randomisation in six-block intervals. The interventions were as follows: Calcium Supplement 

group (CaSuppl), 750 mg calcium carbonate supplement (Euro-Cal; Euro-Pharm International 

Canada Inc., Montreal, QC) + 450 mg from food sources + vitamin D supplement of 20 µg (800 

IU) daily or Calcium Diet group (CaDiet), 1200 mg of calcium from food sources + vitamin D 

supplement of 10 µg (400 IU) daily. While very few foods naturally contain vitamin D, the 

CaDiet supplies 10 µg (400 IU) of dietary vitamin D from fluid milk and alternative plant-based 

beverages enriched with calcium, which are fortified with vitamin D in Canada.   

Participants randomised to the CaSuppl arm were instructed by the research dietitian to 

limit their daily intake of dairy and alternative calcium-rich foods to 1 small portion (providing 

approximately 150 mg per serving). Participants randomised to the CaDiet arm were instructed 

to increase their intake of dairy and alternative calcium-rich foods to 3 portions a day (providing 

approximately 300 mg per serving). A total daily intake of 1200 mg of calcium, which included 

300 mg of calcium from other foods in the diet, such as vegetables and grains (322), was 

obtained from the combination of supplementation and dietary sources in the CaSuppl group, and 

through dietary sources alone in the CaDiet group. Instructions on how to estimate portion sizes 

were provided at the baseline visit by the dietitian using food models and common household 

items. Educational tools including the Calcium Calculator
TM

 by the British Columbia Dairy 

Foundation (323), the nutrition label reading handout by Health Canada (324), and sample 

menus were provided. Participants received monthly follow-up telephone calls to monitor health 

status, adverse events, and compliance to the assigned intervention. 

Measurements 

Measures of feasibility 

The primary outcome measures for this pilot trial include participant adherence to the 
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trial protocol, and compliance to trial interventions, as well as tolerability of calcium and vitamin 

D supplementation. Compliance to trial interventions was defined as a mean total calcium intake 

±20% of target (i.e. 1200 ± 240 mg), as per intervention assignment, and use of calcium 

supplements ≥80%. Tolerability of supplements was assessed by reported adverse events and 

acceptability of measurements was assessed by direct questioning by research personnel. 

Questionnaires 

Past medical history and family history of cardiovascular and bone disease were surveyed 

at the baseline visit, as well as use of medications and nutritional supplements. The International 

Physical Activity Questionnaire (IPAQ) (325, 326) and the Harvard-Willett Food Frequency 

Questionnaire (FFQ) (327) were administered at baseline and 12 months to estimate physical 

activity status and to determine nutrient intakes, respectively. Participants were asked to report 

the time they spent on specific types of physical activities in the last 7 days. Metabolic 

equivalents (METs) were calculated based on the activity type as per the IPAQ guidelines (328). 

A trained research member administered the FFQ, which was based on the participant’s usual 

intake in the last 3 months. Multiple-pass 24-hour recalls (329) were administered at each on-site 

visit and at each monthly telephone follow-up. FFQ data were analysed using the Canadian 

Nutrient File (CNF) 2010b to calculate energy, calcium and vitamin D intake. The 24-hour recall 

data were analyzed using the Nutritionist Pro software (Axxya Systems, Stafford, TX) to 

calculate dietary calcium and vitamin D intakes and monitor adherence to the dietary 

interventions. Supplementation compliance was assessed by reported tablet count during 

monthly follow-up calls, and by verification of reported tablet count upon return of supplement 

bottles. General health status, use of new medications and nutritional supplements were also 

surveyed during monthly follow-ups.  
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Anthropometric measurements 

Height, weight, waist and hip circumferences were measured at each visit using standard 

practices. Standing height was measured to the nearest 0.1 cm using a wall-mounted stadiometer 

(Seca 242), and weight was measured to the nearest 0.1 kg in light clothing without shoes (Tanita 

TBF-310; Tanita Corp.). Waist circumference was measured to the nearest 0.5 cm at the 

midpoint between the lower costal margin and the iliac crest according to Health Canada 

guidelines (330). Hip circumference was measured to the nearest 0.1 at the level of the 

symphysis pubis and the greatest gluteal protuberance based on the protocol followed by Health 

Canada, the Canadian Standard Test of Fitness, 3
rd

 Edition (331). 

Vascular measurements 

Peripheral resting blood pressure was measured using the automated BpTRU device 

(BpTRU Medical Devices Inc.), according to the Canadian Hypertension Education Program 

guidelines (332). Arterial stiffness assessments were performed with the participant in a supine 

position after 10-minute rest in a quiet, temperature (20±1°C) and humidity (60±5%) controlled 

environment (Vascular Health Unit, McGill University Health Centre, Director: Dr. 

Daskalopoulou – co-author). Applanation tonometry (SphygmoCor, AtCor Medical) was used to 

measure carotid-femoral pulse wave velocity (cfPWV), the gold standard measurement assessing 

central arterial stiffness, as well as carotid-radial PWV (crPWV), which is a measure of 

peripheral stiffness. Specifically, cfPWV and crPWV were measured in triplicates (and averaged 

out) using a high-fidelity micromanometer on the tip of a hand-held tonometer (SPC-301; Millar 

Instruments), which was applied over the carotid and femoral (or radial) arteries, and a 3-lead 

electrocardiogram. To minimize variability between replicate measurements, we discarded PWV 

measures that had consecutive readings with a difference that was >0.5 m/s (333). PWV 
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measures with individual-site (carotid or femoral) electrocardiogram (ECG)-pulse transit time 

standard deviations greater than 5% and overall standard deviation greater than 10% were 

discarded and the measurement was repeated. PWV with a heart rate difference between the 

carotid and femoral site of more than or equal to 5 beats per minute were also rejected, and the 

measurement was repeated. Only high-quality measurements were accepted. After measuring the 

distance between the recording sites, the PWV was calculated [PWV=distance (m)/transit time 

(s)] (334-338). To minimize the effect of the circadian cycle, assessments were performed at the 

same time in the morning at each visit (see Supplementary Table 3.1). 

Biomarkers 

Fasting blood samples were collected between 7.00 and 10.00 hours at baseline and final 

visits to minimize any variation owing to biological rhythms of most biomarkers. Ionized 

calcium was analysed within 30 minutes of sampling at the Division of Biochemistry at the 

Montreal General Hospital (MGH) with the ABL 800 series blood gas analyzer (Radiometer 

America), with an intra-individual % CV of 2.8% based on internal quality controls for ionized 

calcium. Remaining blood samples were separated into plasma and serum fractions, and stored at 

-80°C until further analysis. Measurements of total cholesterol, high-density lipoprotein 

cholesterol (HDL-C), triacylglycerol (TAG), apolipoproteins A1 (apo-A1) and B (apo-B), and 

high sensitivity C-reactive protein (hsCRP) were performed with a Synchron LX Systems 

(Beckman Coulter Inc., California, USA) at the end of the trial period in one single batch at the 

MGH. The intra-assay % CV was 0.7% for total cholesterol, 0.6% for TAG, 1.5% for HDL-c, 

0.9% for apo-A1, 1% for apo-B, 0.9% for hsCRP. Low-density lipoprotein cholesterol (LDL-C) 

was calculated using the Friedewald equation (339). Plasma total 25-hydroxy vitamin D 

(25(OH)D) and PTH concentrations were measured using an autoanalyzer (Liaison, DiaSorin, 
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Ontario, Canada) with an intra-assay coefficient of variation of 4.1% and 3.6%, respectively. All 

25(OH)D and PTH measurements were performed at the School of Dietetics and Human 

Nutrition of McGill University, which participates in the international Vitamin D External 

Quality Assessment Program (http://www.deqas.org) and obtained a certificate of proficiency for 

2011-2015 (Director: Dr. Weiler – co-author). Accuracy of the methodology for vitamin D 

assays was assessed by the use of the National Institutes of Standards and Technology (NIST) 

Standard Reference Material (SRM 972a, Level 1 and Level 2). Accuracy of Liaison controls 

were 94.4-100.4% for 25(OH)D and 96.5-97.8% for PTH. 

Online feedback survey 

Following completion of this pilot trial, all participants were invited to complete an 

online feedback survey “Participation in Pilot Calcium Study: Feedback Survey” anonymously 

using the Lime Survey application (http://www.limesurvey.org). The survey aimed to evaluate 

the acceptability of the trial interventions, participant satisfaction with the dietary modifications, 

supplement regimen, trial visits and procedures, as well as monthly contacts with the dietitian. 

The survey included an open-ended question for the participants’ feedback on the strengths and 

limitations of the trial design. 

Statistical analyses 

Summary statistics were computed for baseline characteristics, presented as mean and 

standard deviation for normally distributed continuous variables, or count and percentage for 

categorical variables. Chi-squared test was used to test for differences in proportions. 

Independent student t-tests were used to compare the differences in mean intakes of dietary 

calcium and vitamin D at 1-6 months, 7-12 months, and at 12-months between the two 

intervention groups. Independent student t-tests were also used to compare the differences in 

http://www.deqas.org/
http://www.limesurvey.org/
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blood pressure, anthropometric measurements, physical activity, vascular and bone biomarkers at 

12 months and over time. Within and between-group differences over time in cfPWV were 

examined using repeated measures ANOVA, as per intention-to-treat analysis. Due to the 

exploratory nature of the trial and small sample size, no multiple-testing correction was 

performed (340). Significance was set at P<0.05.  All statistical analyses were performed using 

the statistical software package SPSS version 22 for Windows (SPSS Inc.).  

3.3 Results 

The Consolidated Standards of Reporting Trials (CONSORT) flowchart depicting 

participant selection process is demonstrated in Figure 3.1. Thirteen women were enrolled in the 

trial between July 2012 and February 2013 at a mean age of 63.2 (SD 6.6) years, BMI of 24.6 

(SD 2.9) kg/m
2
, systolic blood pressure 111.1 (SD 13.0) mmHg, and diastolic blood pressure of 

71.3 (SD 10.1) mmHg. Seven participants were randomised to the CaSuppl group and 6 

participants to the CaDiet group. In total, 3 participants withdrew from the trial and 1 was lost to 

follow-up. Dropout rates were similar between groups. Of the 4 participants who did not 

complete the trial, 1 withdrew from the trial when her family doctor initiated her on anti-

hypertensive medication within 2 months following randomisation; her blood pressure at 

randomisation was within normal limits. We were unable to ascertain her blood pressure as she 

did not return for on-site visits and we were unsuccessful in contacting her physician.  

No differences in baseline characteristics were observed between the two groups in age, 

anthropometric variables, physical activity level, nutrient intake including calcium and vitamin D, 

or vascular variables (Table 3.1). The only statistically significant difference between groups 

was a higher reported family history of stroke in the CaSuppl group (P=0.03).  

In all, nine participants completed all telephone follow-ups and on-site visits. Dietary 
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data derived from the multiple-pass 24-hour recalls indicated that both the CaSuppl group and 

the CaDiet group participants were within 20% of their calculated calcium intake target over the 

trial period (94-113% and 96-116%, respectively). The calculated average dietary calcium intake 

from the multiple-pass 24-hour recalls indicated that the CaSuppl group had significantly lower 

mean intakes (480 (SD 292) mg/d at 1 month, 400 (SD) mg/d at 6 months and 600 (SD 93) mg/d 

at 12 months) than the CaDiet group (1380 (SD 437) mg/d at 1 month, 1269 (SD 188) mg/d at 6-

months and 1019 (SD 323) mg/d at 12 months) (P<0.05, Figure 3.2). During the 12-month 

intervention, the CaSuppl group had a significantly lower intake of dietary vitamin D at 6 months 

(1.54 v. 11.8 µg) (P<0.05). The 12-month average total calcium intake (dietary + supplemental 

calcium) in the CaSuppl group was 1124 mg/d v. 1242 mg/d in the CaDiet and we found no 

significant differences (P=0.13). When we compared the usual dietary calcium intake data 

derived from the Harvard-Willett FFQ, there was a significant between group difference at 12-

months (P=0.04). However, the mean dietary calcium intake was 761 (SD 277) mg/d in the 

CaSuppl group and 1187 (SD 232) mg/d in the CaDiet group. Mean dietary vitamin D intakes 

derived from the FFQ method at 12-months were 3.42 (SD 1.50) µg/d and 10.43 (SD 4.28) µg/d 

in the CaSuppl and CaDiet groups, respectively. Overall adherence rate to calcium supplements 

was 85% in the CaSuppl group and adherence rate to vitamin D supplements was 98% in both 

groups. None of the participants reported adverse events from supplements. 

We found no significant differences in body weight, BMI, waist circumference, waist-to-

hip ratio or physical activity level between the intervention groups at 12 months and no 

significant within-group change over time was observed (P>0.05). 

Following the 12-month intervention, no significant differences in blood pressure or 

vascular health biomarkers were found between groups or within-groups over time (Table 3.2). 
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We observed that the systolic blood pressure was higher in the CaSuppl group compared to the 

CaDiet group at 12 months, though not reaching statistical significance (P=0.05). Systolic blood 

pressure values were normal in both groups at 12 months. Similarly, we observed a mean 

increase of 8.6 mmHg in diastolic blood pressure in the CaSuppl group v. a mean increase of 1 

mmHg in the CaDiet group, but the between group change over time was not statistically 

significant (P=0.07); diastolic blood pressure values were normal in both groups at 12 months.  

Arterial stiffness measurements were completed with a mean duration of less than 45 minutes 

with each participant at each visit without adverse reactions. No between-group differences in 

cfPWV or crPWV were observed over time (Figure 3.3). A significant increase in crPWV was 

observed between 6 and 12 months in the CaDiet group (P=0.03). 

Plasma lipid concentrations did not differ significantly between the CaSuppl and CaDiet 

following the 12-month intervention (Table 3.2). No significant difference in change over time 

between groups was observed with the exception of HDL-C, for which there was an increase of 

0.20 mmol/l in CaSuppl and a decrease of 0.15 mmol/l in CaDiet (P=0.02). Levels of apo-A1, 

apo-B, and hsCRP did not differ significantly between intervention groups. No between group 

differences at 12 months were observed in markers of bone health, including ionized calcium, 

25(OH)D, PTH, and phosphate. There was a decrease in ionized calcium of 0.03 mmol/l 

(P=0.007) and an increase of 0.57 pmol/l in PTH (P<0.001) between baseline and end of trial in 

the CaDiet. A mean decrease of 3.70 nmol/l in 25(OH)D level was also observed in the CaDiet 

group, but this was not statistically significant (P= 0.33) (Table 3.3). 

Responses from the online survey (n=8) showed that all participants found the adherence 

to daily supplementation easy. While only 25% of the CaDiet group reported having difficulty 

meeting the daily dietary calcium target of 3 portions of dairy and alternatives, all of the 
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participants from CaSuppl group found it challenging to adhere to the dietary restriction of 1 

small portion of calcium-rich food a day. Reasons provided by CaSuppl participants 

encountering difficulties included “not being able to eat some favorite foods” or had to “reduce 

some of the regularly consumed foods significantly”. One participant felt that “it was difficult to 

measure some foods” to adequately report the portion consumed during telephone follow-ups. 

Overall, all participants felt adequately informed on how to modify their intake of dietary 

calcium from the baseline nutritional education session and the monthly follow-ups. 

3.4 Discussion 

Our pilot trial demonstrated the feasibility of conducting a large-scale randomised 

controlled trial to estimate the effect of supplemental calcium as compared to dietary calcium on 

vascular and bone health in postmenopausal women. In particular, we demonstrated that the 

combination of an initial in-person nutritional counselling session and monthly telephone follow-

ups was effective to ensure participant adherence to the dietary aspects of the trial protocol. 

Participants felt that the monthly contacts with the dietitian were efficient to help them maintain 

the proper dietary calcium intake throughout the trial. In addition, we were able to demonstrate 

the feasibility in conducting the visits and comprehensive set of vascular tests without adverse 

reactions or unforeseen problems. 

Preliminary results from this pilot trial did not show any differential effects of calcium 

supplementation as compared to dietary calcium on arterial stiffness nor on vascular health 

biomarkers. There was a significant increase in crPWV from 6 to 12 months in the CaDiet group. 

These observations may suggest an increase in peripheral stiffness, but have no clinical 

significance on aortic stiffness, which is the gold standard of arterial stiffness (341). It is 

noteworthy that the values of vascular health markers (cfPWV and blood pressure) were well 
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within normal limits in our study group, at all time points (342, 343). However, the results have 

to be interpreted with caution given the small sample size. 

The rigorous design of our trial differentiates it from other randomised controlled trials 

that investigated the effect of calcium supplements on vascular and bone health. None of the 

previous trials controlled for dietary intake of calcium despite the reported administration of 

1000 to 1200 mg/d of elemental calcium to treatment groups (11, 98, 316, 344, 345). In our trial, 

a dietitian evaluated baseline calcium and vitamin D intake and provided early nutritional 

education to each participant at the initiation of the trial to ensure a total daily intake of 1200 mg 

calcium either from dietary sources alone or predominantly from calcium supplements. The 

regular monthly follow-ups allowed close monitoring of protocol adherence and further 

counseling to ensure adherence to the trial protocol. We observed a high compliance of 85% to 

calcium supplements, while comparable trials reported compliance rates between 59% and 85% 

(11, 98, 316, 344, 345). We also observed that the rigorous design of our pilot trial was effective 

in helping achieve the target dietary calcium in each group at monthly follow-ups.  However, the 

CaSuppl average dietary calcium intake estimated from the Harvard-Willett FFQ at 12-months 

was above the assigned calcium target (761 v. 450 mg/d). This observed difference may be a 

result of over-reporting by one participant during the final visit. Given the small sample size, the 

mean value is expected to be influenced by one single result. Furthermore, a calcium-focused 

FFQ may likely be less challenging conceptually for the participant, reduce the respondent 

burden, and increase the accuracy of dietary calcium intake. Milk and dairy products were most 

often consumed by the participants in this feasibility trial to meet their intervention targets. 

Although the Harvard-Willett FFQ includes a section to assess the intake of milk and dairy 

products, it does not discriminate soft or semi-soft cheeses from firm or hard cheeses. Similarly, 
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this semi-quantitative FFQ does not include calcium-rich items that are currently commonly 

consumed, such as Greek yogurts, beverages enriched with calcium, canned salmon with bones, 

pizza, and mixed dishes prepared with milk or dairy products. Given the popular consumption of 

these listed items by the participants in our feasibility trial, a short comprehensive calcium-

focused semi-quantitative FFQ may improve the estimation of usual dietary calcium intake, and 

likely decrease respondent burden.  

Thus far, observational and ancillary studies have investigated the possible relationship 

between calcium supplements and cardiovascular events following the publication of a meta-

analysis of calcium intervention trials (8) and a secondary analysis of the Women’s Health 

Initiative (WHI) calcium/vitamin D supplementation study’s dataset (9). More specifically, 

Bolland et al. demonstrated an increased risk of myocardial infarction in individuals who 

received calcium supplements alone (8) (hazard ratio [HR] 1.31, 95% CI 1.02-1.67) or with 

vitamin D (9) (HR 1.21, 95% CI 1.01-1.44) based on self-reported and verified myocardial 

infarctions. In contrast, a recent meta-analysis of published and unpublished data from 

randomised controlled trials of women only by Lewis et al. demonstrated an absence of 

increased risk of coronary heart disease (RR 1.02, 95% CI 0.96-1.09) or all-cause mortality 

(relative risk [RR] 0.96, 95% CI 0.91-1.02) from calcium supplements with or without vitamin D 

in elderly women (14). Yet, the evidence remains conflicting, which may be due to the primary 

investigated endpoint of randomised controlled trials not being related to cardiovascular risks 

and an oversight on the assessment of dietary calcium intakes (12-14, 102, 346).  

Observational studies suggest an association between higher serum calcium 

concentrations and carotid artery plaque thickness (347), increased risk of myocardial infarction 

and stroke (348) in older men and women. An increase in total serum calcium level of 0.1 
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mmol/l has been reported to be associated with 23% higher odds of abdominal aortic 

calcification in postmenopausal women (349). Furthermore, it has been previously shown that 

ionized calcium concentrations increase acutely following supplementation with 1000 mg of 

calcium supplement (350, 351), though whether these observed changes are maintained with 

chronic calcium supplement use is unknown. Reid et al. speculate that the increase in serum 

ionized calcium concentrations may lead to a sequence of events contributing to the acceleration 

of vascular disease by calcium supplementation. They hypothesised that the pathogenic pathway 

leading to progressive arterial calcification is via a loss of inhibition of mineralisation due to 

increased complexing of ionized calcium with pyrophosphate (101), reduced inhibition of 

arteriosclerotic signaling in vascular smooth muscle cells due to decreased PTH levels (102), and 

increased binding to calcium-sensing receptors on vascular smooth muscle cells and platelets 

(101). Increased arterial stiffness and impaired endothelial vasodilator function resulting from 

high circulating levels of ionized calcium associated with calcium supplementation could also 

lead to vascular damage (102). However, Burt et al. examined the acute effect of 1000 mg of 

calcium citrate on arterial stiffness in adults 50 years of age and older and found no significant 

change in PWV 3 hours following supplementation (351). 

Arterial stiffness, as measured by the ‘gold-standard’ cfPWV, is an overall indicator of 

vascular health and is strongly associated with the development of atherosclerosis at different 

sites of the arterial system and cardiovascular disease and events (319, 320, 352, 353). An 

increase in cfPWV by 1 m/s corresponds to an adjusted risk increase of 14%, 15% and 15% in 

total cardiovascular events, cardiovascular mortality, and all-cause mortality, respectively (352). 

Using this gold standard measure, dairy food intake has been shown to have a favorable effect on 

arterial stiffness, as well as overall cardiovascular profile and reduced mortality (74, 75, 77, 354). 
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However, the evidence regarding the effect of calcium in the form of supplements on arterial 

stiffness is less consistent. When administered to healthy volunteers, calcium citrate (single oral 

dose of 1000 mg, measurements at times 0, 60, 120 and 180 minutes) was observed to cause an 

acute increase in total and ionized calcium (by an average of 0.10 and 0.06 mmol/l, respectively) 

and a decrease in PTH (351). However, the acute increase in calcium was associated with 

reduced arterial wave reflection, which in the long-term may reduce cardiovascular risk (352). In 

an acute loading cross-over trial, 600 mg of calcium citrate and 600 mg of calcium from dairy 

products did not produce any differential effect on arterial stiffness in young healthy subjects 2 h 

after each challenge (355). In our pilot trial, calcium supplements did not affect blood pressure, 

cfPWV, or crPWV differently than dietary calcium throughout the 12-month intervention.  

The effect of calcium supplementation on serum lipids is inconsistent in the literature. 

Some studies report that supplemental calcium may cause beneficial changes in circulating lipids 

(356, 357), whereas several studies found no effect (358-361). In contrast, calcium 

supplementation as compared to placebo for 12 months improved the lipid profile in a 

randomised controlled trial of postmenopausal women, and this improvement was still observed 

at the 3-year follow-up (362). Dairy foods have been reported to have either neutral or beneficial 

effects on blood lipid profile (29-32). In contrast, supplemental calcium in the form of calcium 

carbonate did not exert such an effect on blood lipid concentrations (361). Herein, we observed 

an increase in HDL-C in the supplement intervention group but no other change in blood lipid 

profile.  An increase in HDL-C concentration following calcium supplementation has been 

reported in the literature (356, 363, 364), and may likely be a result of the complexing of fatty 

and bile acids by calcium in the intestinal tract (356, 365). 
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Although our trial provides enough information to ascertain the feasibility of a larger 

randomised controlled trial, it is limited by its small sample size and therefore prevents 

conclusions regarding effects of the calcium interventions on vascular parameters. Although we 

experienced a dropout rate of 30% (4/13 participants), in keeping with other randomised 

controlled trials of calcium interventions (344, 362, 366), there were no differential dropout rates 

between the trial groups. Motivational interviewing techniques and participant satisfaction 

should be emphasized immediately following intervention initiation to improve participant 

retention as this pilot trial shows that the first months were critical times for dropout. An 

adequately powered clinical trial is warranted to effectively elucidate the effect of supplemental 

calcium on vascular health in postmenopausal women, and is currently underway by our group 

(ClinicalTrials.gov number, NCT01731340). Given that we have modified the procedures based 

on the online feedback survey of participants after the completion of the pilot trial, we anticipate 

a lower dropout rate in our ongoing randomised controlled trial. 

In conclusion, the findings of this 12-month pilot trial indicate that both diet 

modifications and supplemental interventions were associated with high compliance and 

tolerance, demonstrating the feasibility of the interventions. Although limited by a small sample 

size, the results suggest that following this 12-month intervention, supplemental calcium does 

not exert a different effect than dietary calcium on vascular or bone health markers in healthy 

postmenopausal women. Nevertheless, the current state of uncertainty warrants further research 

to assess the effect of supplemental versus dietary calcium on the development of cardiovascular 

disease and whether this effect is mediated through established cardiovascular markers. In this 

context, results of an adequately powered randomised controlled trial will facilitate the 

development of public health recommendations regarding calcium supplementation. Building on 
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our findings of the feasibility of the trial interventions, a randomised controlled trial is currently 

ongoing by our group. 
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Table 3.1 Baseline characteristics of thirteen participants by intervention group  

(Mean values with standard deviations; number of participants and percentages) 

Characteristics 

CaSuppl 

 (n=7) 

 

CaDiet 

(n=6) 

  
Mean SD 

 
Mean SD 

 
P 

Age (years) 65.0 4.2 
 

60.8 8.5 
 

0.26 

Caucasian (n, %) 4 (57.1) 
 

5 (83.3) 
 

0.31 

Menarche age (years) 13.0 1.4 
 

12.5 1.87 
 

0.59 

Menopause age (years) 49.3 5.8 
 

47.5 6.8 
 

0.62 

BMI (kg/m
2
) 24.6 2.8 

 
24.6 3.33 

 
0.10 

Waist circumference (cm) 80.8 8.4 
 

81.7 8.11 
 

0.85 

Hip circumference (cm) 97.8 7.9 
 

98.6 2.4 
 

0.80 

Waist to Hip ratio 0.83 0.03 
 

0.83 0.07 
 

0.98 

Blood pressure 
       

     Systolic (mmHg) 114 16 
 

108 8 
 

0.38 

     Diastolic (mmHg) 70 13 
 

73 5 
 

0.71 

Arterial stiffness 
       

     cfPWV (m/s) 7.68 1.4 
 

7.87 2.2 
 

0.85 

     crPWV (m/s) 7.67 0.8 
 

8.16 1.4 
 

0.43 

iCalcium (mmol/l) 1.26 0.3 
 

1.27 0.3 
 

0.56 

25(OH)D (nmol/l) 60.2 25.2  63.4 36.0  0.85 

PTH (pmol/l) 3.30 1.18  2.62 1.19  0.33 

Family history (n, %) 
       

     Osteoporosis 4 (57.1) 
 

2 (33.3) 
 

0.39 

     Coronary artery disease 4 (57.1) 
 

2 (33.3) 
 

0.39 

     Stroke 4 (57.1) 
 

0 
 

0.03 

     Dyslipidemia 3 (42.9) 
 

5 (83.3) 
 

0.14 

     Hypertension 3 (42.9) 
 

5 (83.3) 
 

0.14 

     Diabetes 3 (42.9) 
 

2 (33.3) 
 

0.73 

Physical activity (MET-min/week) 3320 1502 
 

6044 6150 
 

0.33 

Dietary intake (per d)* 
       

     Energy (kJ) 10496 2717 
 

9471 2378 
 

0.49 

     Calcium (mg) 1054 317 
 

1170 127 
 

0.42 

     Vitamin D (µg) 15.6 10.2 
 

12.3 2.22 
 

0.47 

CaSuppl, Calcium Supplement group; CaDiet, Calcium Diet Group; cfPWV, carotid-femoral pulse wave velocity; crPWV, carotid-

radial pulse wave velocity; iCalcium, ionized calcium; 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone; MET-min/week, 

Metabolic Equivalent minutes per week. 
*Dietary data derived from the Harvard-Willett semi-quantitative food frequency questionnaire. 
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Table 3.2 Changes in blood pressure and vascular health biomarkers from baseline to the end of the trial (12 months) 

(Mean values and standard deviations) 

 

CaSuppl 

(n=5) 
 

CaDiet 

(n=4)     

 Baseline  12 months  Baseline  12 months  
P (CaSuppl v. 

CaDiet at 12 mo) 

P (∆CaSuppl v. 

∆CaDiet)   Mean SD  Mean SD  Mean SD  Mean SD  

cfPWV (m/s) 8.25 1.09  8.70 1.80  8.71 2.08  7.30 1.10  0.24 0.16 

crPWV (m/s) 7.45 0.82  7.60 0.90  8.55 1.45  8.60 0.90  0.13 0.93 

SBP (mmHg) 113.6 18.8  125.0 15.0  103.8 6.8  104.0 9.0  0.05 0.10 

DPB (mmHg) 67.4 14.1  76.0 14.0  70.8 5.1  70.0 6.0  0.46 0.07 

Cholesterol (mmol/l) 5.39 1.02  5.78 0.51  6.14 0.38  6.10 0.84  0.50 0.38 

TAG (mmol/l) 0.93 0.56  1.22 0.87  0.88 0.28  0.80 0.38  0.40 0.20 

HDL-c (mmol/l) 1.78 0.77  1.98 0.81  1.99 0.53  1.84 0.41  0.76 0.02 

LDL-c (mmol/l) 3.19 0.98  3.25 0.61  3.00 1.95  3.90 1.04  0.28 0.27 

Apo A1 (g/l) 1.31 0.75  1.76 0.33  1.65 0.35  1.59 0.28  0.45 0.11 

Apo B (g/l) 1.04 0.33  1.07 0.26  1.17 0.24  1.20 0.32  0.55 1.00 

hsCRP (mg/l) 1.68 1.71  0.76 0.49  0.33 0.15  0.38 0.24  0.19 0.21 

cfPWV, carotid-femoral pulse wave velocity; crPWV, carotid-radial pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood pressure; TAG, triacylglycerol, HDL-c, high-density 
lipoprotein cholesterol; LDL-c, low-density lipoprotein  cholesterol; Apo, apolipoprotein; hsCRP, high-sentivity C-reactive protein 

∆ before and after intervention comparisons 
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Table 3.3 Changes in ionized calcium, 25(OH)D, and PTH from baseline to the end of the trial (12 months) 

(Mean values and standard deviations) 

 

CaSuppl 

(n=5)  

CaDiet 

(n=4)     

 Baseline  12 months  Baseline  12 months  
P (CaSuppl v. 

CaDiet at 12 mo) 

P (∆CaSuppl v. 

∆CaDiet)   Mean SD  Mean SD  Mean SD  Mean SD   

iCalcium (mmol/l) 1.25 0.04  1.26 0.03  1.28 0.03  1.25 0.03  0.65 0.06 

25(OH)D (nmol/l) 54.1 26.6  63.6 13.9  82.8 22.0  79.1 25.4  0.28 0.23 

PTH (pmol/l) 3.50 1.33  2.89 0.72  2.27 0.29  2.84 0.29  0.93 0.06 

Phosphate (mmol/l) 1.30 0.16  1.27 0.11  1.23 0.26  1.29 0.17  0.86 0.49 

iCalcium, ionized calcium; 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone. 
∆, Before and after intervention comparisons 
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Supplementary Table 3.1 Methods: schedule of visit and follow-up assessments* 

 
Baseline 1- to 5-month† 6-month 7- to 11-month† 12-month Post-trial 

On-site visit ● 
 

● 
 

● 
 

Telephone follow-up 
 

● 
 

● 
  

Dietary education ● ● ● ● ● 
 

Questionnaires 
      

     Medical history ● 
     

     IPAQ ● 
   

● 
 

     FFQ ● 
   

● 
 

     24-hour recall ● ● ● ● ● 
 

     General health status 
 

● ● ● ● 
 

     Feedback survey 
     

● 

Anthropometry ● 
 

● 
 

● 
 

Vascular assessments 
      

     Blood pressure ● 
 

● 
 

● 
 

     Arterial stiffness ● 
 

● 
 

● 
 

Blood samples ● 
   

● 
 

IPAQ, International Physical Activity Questionnaire; FFQ, food frequency questionnaire. 
*See methods for details of the procedures 

†Assessments were completed at monthly intervals. 
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Figure 3.1 Consolidated Standards of Reporting Trials (CONSORT) Diagram depicting the 

flow of participants. 
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(a) 

 

  

(b) 

 

 

 (c) 

 

 

Figure 3.2 Mean energy (a), dietary calcium (b) and dietary vitamin D (c) intake over time. Values are shown as means, with 95% CI represented by 

vertical bars. Mean value was significantly different from that of the CaDiet: * P<0.05, ** P<0.01. , CaSuppl; , CaDiet. 
 

 

* 

* 

** 

** 
** 
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(a) 

 

(b) 

 

Figure 3.3 Change in arterial stiffness markers, (a) carotid-femoral pulse wave velocity (cfPWV) (Ptimexintervention = 

0.16) and (b) carotid-radial pulse wave velocity (crPWV) (Ptimexintervention = 0.93), over time. Data shown as mean and 

95% CI. , CaSuppl; , CaDiet. 
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Bridge Statement 2 

In Chapter 3, results of the 12-month feasibility study demonstrated high adherence and 

tolerance to both dietary modification and supplemental interventions. These results confirm the 

feasibility to conduct a larger scale RCT of a similar design in healthy postmenopausal women. 

However, the FFQ used in the feasibility study was limited in the range of milk and milk 

products available, such that it did not discriminate different types of cheeses with varying 

calcium content. The FFQ also did not adequately reflect the current food supply of calcium-rich 

foods in Canada, which reduce the accuracy of the estimated calcium intakes. As described in 

Chapter 2, FFQs need to be population-specific with regards to their geographical and cultural 

characteristics as well as the food supply to more accurately interpret the relationship between 

the nutrient intakes and health outcomes. 

Therefore, Chapter 4 aimed to assess the relative validity of a 51-item semi-quantitative 

FFQ to estimate dietary calcium intake among postmenopausal women living in the Greater area 

of Montreal, Quebec, Canada. This tool was designed for use in the main RCT described in 

Chapter 6.  
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CHAPTER 4  

Manuscript 2: Development and Validation of a Calcium-Focused Food Frequency 

Questionnaire 
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Abstract 

Given the lack in a valid biomarker to assess dietary calcium intake (dCai), reproducible 

estimation of usual dCai is crucial for better understanding of its interaction with health 

outcomes in specific populations. This study tested the hypothesis that a calcium-focused food 

frequency questionnaire (FFQ) may be used to estimate dCai of women ≥50 years residing in a 

multicultural environment (Montreal, Canada). One hundred and eight women (age, 63.1±7.7 

years; 98% postmenopausal) completed the FFQ twice and 4 nonconsecutive 24-hour recalls 

(24HRs) over 1 month. Medians of dCai were compared by Wilcoxon signed rank test. 

Reproducibility and relative validity of the FFQ were assessed by Spearman correlation (rs) and 

Cohen’s weighted kappa (κw). Agreement was further assessed by cross-classification by 

quartiles, Bland-Altman plot, and sensitivity and specificity analyses. The median (interquartile 

range) dCai estimated by the FFQ and 24HRs were 723 (524-1033) mg/d and 854 (666-1068) 

mg/d, respectively (P<0.001). The FFQs had a strong correlation (rs=0.72, P<0.001) and 

moderate agreement (κw=0.55). The FFQ and 24HRs were moderately correlated (rs=0.65, 

P<0.001). Cross-classification showed moderate agreement (κw=0.42), with 85% of the 

participants classified into identical or contiguous quartiles and 2.8% into extreme opposite 

quartiles. According to the Bland-Altman plot, the FFQ underestimated dCai with a bias of 99 

mg/d (95% limits of agreement, -677 to +480 mg/d). Sensitivity and specificity of identifying 

intakes <1000 mg/d were 90% and 57%, respectively. This FFQ is a useful tool to discriminate 

dCai <600 and ≥1000 mg/d in postmenopausal women, and to rank dCai in epidemiological 

studies. 
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4.1 Introduction 

The benefits of adequate calcium and vitamin D intakes, from dietary and supplemental 

sources, in the prevention and management of osteoporosis have been established (6, 18, 313, 

314, 317, 367). In addition to its role for optimizing skeletal health, sufficient calcium intake is 

also associated with reduced risks of developing chronic diseases such as hypertension and colon 

cancer (368, 369). Current Dietary Reference Intakes established by the Institute of Medicine for 

calcium for women 51 through 70 years of age include the Estimated Average Requirement 

(EAR) (1000 mg/d) and the Recommended Dietary Allowance (1200 mg/d) (370). In Canada, 

mandatory fortification of foods with calcium for adults is limited to meal replacement products 

and nutritional supplements (371). Under the Food and Drugs Act of Health Canada, voluntary 

fortification with calcium is permitted for some foods, including flour, plant-based beverages 

(e.g., soy beverage), and orange juice (371, 372). Although plant-based beverages and orange 

juice fortified with calcium are calcium-rich foods, major sources of dietary calcium in the 

Canadian diet consist mainly of dairy products including milk, cheese and yogurt (3). Calcium is 

also present in large amounts in some other nondairy foods including canned salmon with bones, 

tofu prepared with calcium, and dark leafy greens (373). 

Accurate assessment of calcium intake from dietary sources is used to determine an 

individual’s supplemental requirements in clinical practice and in population surveillance. 

According to the 2004 Canadian Community Health Survey, more than 80% of women 50-70 

years of age did not meet the calcium EAR from their dietary intake, and approximately a third 

of those who used supplements had a total calcium intake below the EAR (3). The adjusted 

average intake was estimated from 1 single 24-hour recall (24HR) using the Software for Intake 

Distribution Estimation Program (Iowa State University, 1996). This method provides a reliable 
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estimate of the usual dietary calcium intake of a group but not the usual intake of individuals 

(374). In the research setting, clarification of dietary calcium intake of individuals is crucial for 

interpreting and for comparing the role of dietary and supplement calcium on health outcomes 

over the longer term. Hence, valid dietary instruments for measuring dietary calcium intake of 

individuals are fundamental for advancing research in these areas. 

Given the lack of a biologically valid biomarker of calcium intake, assessment of dietary 

calcium intake can be estimated by the use of dietary questionnaires, including repeated 24HR, 

food records, or food frequency questionnaires (FFQs) (375). No dietary assessment method is 

considered a “gold standard”. However, the choice of the dietary assessment method is 

dependent on factors related to the study design, its objectives, target population, and resources 

(304). The FFQ is commonly used in nutritional epidemiology to rank or to compare nutrient 

intakes among individuals (304), and presents considerable advantages in terms of its practicality 

and cost-effectiveness (376). A calcium-focused FFQ would enable the inclusion of regular and 

specially fortified foods, resulting in an improvement in estimation of usual intakes of the 

nutrient. Furthermore, a calcium-focused FFQ requires less time to complete than a 

comprehensive FFQ, thus being less burdensome for the respondents and the researchers.  

Many studies have evaluated the relative validity of FFQs to assess dietary calcium 

intake (377-383). However, FFQs may perform differently because of cultural, geographic, and 

demographic variations, as well as differences in food supply (384). Moreover, we could not 

identify a calcium-focused FFQ suitable for nutrition intervention studies that has been validated 

specifically in middle-aged and older Canadian women. The Canadian Multicentre Osteoporosis 

study (CaMOS) has developed a semiquantitative FFQ designed to estimate usual dietary 

calcium intake over the previous 12 months of Canadians between the ages of 16 and 24 years 
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and ≥25 years (311, 385). The relative validity of their dietary assessment tool for estimating 

dietary calcium intake has not yet been evaluated. 

We hypothesized that a semiquantitative calcium-focused FFQ adapted from the CaMOS 

FFQ could be used to estimate usual dietary calcium intake in women ≥50 years old from 

Montreal, Canada. The modified FFQ was designed for the purpose of estimating dietary 

calcium intake of postmenopausal women in a randomized controlled trial that aims to assess the 

effects of supplemental calcium as compared with dietary calcium on vascular and bone health 

markers (ClinicalTrials.gov number, NCT01731340). This study’s objectives are to test the 

hypothesis by evaluating the relative validity of the calcium-focused FFQ in comparison with 

four 24HR and the reproducibility in comparison with a second FFQ after a 1-month interval. 

4.2 Methods and materials 

4.2.1 Participants and study design 

Community-dwelling women ≥50 years of age from the greater Montreal area (Quebec, 

Canada) were recruited via flyers and newspaper advertisements from April to September 2014. 

Women were excluded if they were unwilling to attend the baseline visit or planned to travel 

within the next month. Women were screened for eligibility through an initial telephone call and 

eligible participants were invited to attend a baseline visit at the study site. More specifically, 

participants attended 1 visit at the study site (Montreal General Hospital) and participated in 3 

telephone interviews. Sociodemographic information and anthropometric measurements were 

also collected at baseline. Participants completed a first FFQ (FFQ1) at the initial visit in person. 

A second FFQ (FFQ2) was completed 1 month later by telephone with the participant at home. 

The participants also completed a 24HR at the initial visit, and then at 1 week, 2 weeks and 1 

month over the telephone. All dietary assessments were completed with a registered dietitian 



77 

 

within 1 month ±1 week. We aimed to recruit 100 participants because this sample size falls 

within the reasonable range for validation studies to provide a power of 80% with a correlation 

coefficient in the range of 0.5 to 0.7 according to Willett (312). 

This study was conducted according to the guidelines laid down in the Declaration of 

Helsinki, and all procedures involving human subjects were approved by the McGill University 

Health Centre Research Ethics Board. Written informed consent was obtained from all 

participants.  

4.2.2 Development and administration of the FFQ 

The questionnaire was adapted from the self-administered CaMOS semiquantitative FFQ, 

which was designed to estimate the dietary calcium intake of Canadians between the ages of 16 

and 24 years and ≥25 years (80, 311). Given that self-administered FFQs may be challenging 

conceptually for participants and may potentially limit the usefulness of the data collected, we 

used an interviewer-administered calcium-focused FFQ to reduce the respondent burden and to 

increase the accuracy of the estimated dietary calcium intake. Following a literature review and 

with the collaboration of 2 nutrition researchers with expertise in nutrient intake assessments, the 

CaMOS FFQ was expanded to include new food items and food categories that consist of 

calcium-rich foods typically consumed by our target population (e.g., Greek yogurt, evaporated 

milk, condensed milk, mixed dishes made with cheese) as well as dietary sources of vitamin D 

that are available in Montreal, Quebec (386-388). The content validity of our 51-item FFQ was 

first assessed by 2 expert dietitians and then pilot tested with 4 female volunteers. Recommended 

changes were incorporated into the final version of the FFQ which was subsequently translated 

into French and back translated to English to ensure accuracy (Supplemental Material). We 

also randomly selected 20 additional female volunteers to assess the interrater agreement prior to 
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the first administration of the FFQ with participants of the main study to evaluate the relative 

validity of the tool. To assess the interrater agreement, 2 registered dietitians administered the 

FFQ to the 20 volunteers. These participants completed the FFQ twice, once at the initial 

encounter with 1 of the 2 dietitians and the second time with the other dietitian within a period of 

a week. During the completion of the FFQ, the volunteers were asked about the frequency (never, 

or times per month/week/day, as appropriate) and the usual portion size of consumption of the 

foods included in the FFQ during the previous month. Although food sources of vitamin D were 

included in the FFQ, the validity of the FFQ to assess dietary vitamin D intake is not included 

here. 

Participants recruited for the FFQ validation component completed the FFQ with 1 of the 

2 study dietitians and were asked about the usual frequency of consumption of the foods 

included in the FFQ during the previous month (e.g., “How frequently did you drink milk during 

the past month?”). The usual portion size consumed was asked separately for each item to 

enhance reporting accuracy (e.g., “When you drank milk during the past month, how much did 

you usually drink each time?”). An additional question was included at the end of the FFQ to 

capture calcium-rich foods that were not included in the questionnaire. For instance, the dietitian 

asked the participant whether there were foods that they had consumed at least once per week 

over the past month but not captured in the food list. The dietitian would verify the calcium 

content of the food per serving and then record it at the end of the FFQ if the food had greater 

than 50 mg of calcium per serving. Food models were used as visual aids to help participants 

estimate portion sizes during the first administration of the FFQ at the baseline visit.  
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4.2.3 Measurements 

4.2.3.1 Anthropometry 

Anthropometric measurements were performed in light clothing and without shoes at the 

baseline visit. Standing height was measured to the nearest 0.1 cm using a wall-mounted digital 

stadiometer (Seca 242; Seca, Hamburg, Germany) and weight was measured to the nearest 0.2 

kg using a body composition analyser (Tanita TBF-310; Tanita Corporation, Arlington Heights, 

IL, USA). 

4.2.3.2 Four 24HR as a reference method to evaluate the relative validity of the FFQ 

The relative validity of the FFQ was evaluated against 4 nonconsecutive 24HR (24HRs) 

to capture the day-to-day variation in calcium intake while minimizing the burden imposed on 

the participants (375). All 24HRs were performed by a registered dietitian using the multiple-

pass technique (329). Participants were asked to provide a complete list of foods they ate the day 

before the initial visit and the day before each scheduled telephone follow-up. Detailed 

instructions were provided to the participants during the initial visit to describe portion sizes, 

brand names, and recipes. A portion size guide with examples of visual cues using common 

household items was also provided as a handout to help participants estimate quantities and 

portion sizes during telephone interviews. This guide was adapted from a portion control guide 

available online (www.fns.usda.gov) (389). 

4.2.3.3 Calculation of nutrient intakes  

Intake data from each 24HR were entered into the Nutritionist Pro software version 5.2.0 

(Axxya Systems, Stafford, TX, USA) to determine the nutrient content of food items using the 

Canadian Nutrient File 2010b database by Health Canada (373). Nutrient content of foods that 

were not available in the database was determined by verification of food labels, contact with 
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food manufacturers, or estimation from ingredient content by the study dietitian. The average 

calcium intake estimated by the 24HRs of each participant was calculated and used in the 

statistical analyses. An automated Microsoft (Redmond, WA, USA) Excel 2010 spreadsheet was 

created to tabulate the FFQ data. Averaged values of the calcium content of each item on the 

FFQ were obtained from the Canadian Nutrient File 2010b database and entered into the 

worksheet. Reported frequencies and quantities were entered, and the average daily dietary 

calcium intake for each item and the daily total were automatically calculated.  

The contribution of dietary calcium from dairy and nondairy foods according to the FFQ2 

was calculated. Dairy foods were further subdivided as fluid milk, cheese, and yogurt. Nondairy 

sources of calcium included in the analyses were plant-based beverages fortified with calcium 

and dark leafy green vegetables. 

4.2.4 Statistical analyses 

Normal distribution of the data was tested using the Shapiro-Wilk Test (390). Summary 

statistics were computed for baseline characteristics and presented as means and standard 

deviations (SDs) for normally distributed data, as medians and interquartile ranges (IQRs) for 

nonnormally distributed data, or as counts and percentages for frequencies. Interrater agreement 

was measured by calculating the intraclass correlation coefficient and 95% confidence intervals 

(95% CI) (391). In view of non-normally distributed intake data, Wilcoxon signed rank tests 

were used to compare the differences in calcium intakes between the FFQ1 and FFQ2, and 

between the FFQ2 and 24HRs. The Spearman rank correlation coefficient was calculated to 

measure the strength of the relationship between FFQ1 and FFQ2 for reproducibility (327). The 

nonparametric Spearman rank correlation was also calculated to measure the relationship 

between the FFQ2 and 24HRs. Although this does not provide an appropriate evaluation of 
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relative validity, the correlation coefficient is useful to compare with those reported in other 

validation studies (312).  

To assess the relative validity of the FFQ to the four 24HR, calcium intakes derived from 

the FFQ2 were compared with the amount estimated by the 24HRs to cover the same period of 

time (i.e., the previous month). Calcium intakes estimated by the FFQ2 and 24HRs were first 

classified into quartiles to optimize the number of observations per category while being able to 

capture the small differences between groups (392). Cross-classification analysis was performed 

to determine the ability of the FFQ to rank calcium intakes by identifying the proportions of 

individuals correctly classified into the same, adjacent, or opposite quartiles (393). To test the 

relative agreement between FFQ2 and 24HRs adjusted for the amount of agreement that would 

be expected by chance, weighted Cohen’s kappa (κw) defined with linear weights was calculated 

(393, 394). Values of κw >0.80 indicate very good agreement, between 0.61 and 0.80, good 

agreement; between 0.41 and 0.60, moderate agreement; between 0.21 and 0.40, fair agreement; 

and <0.20, poor agreement (395). 

Bland-Altman plot analysis was performed and used as a graphical method to quantify 

the agreement of calcium intake as measured by the FFQ2 and the 24HRs (396). The means of 

the FFQ2 and 24HRs for each participant were plotted against the difference (FFQ2 – 24HRs) 

between each pair of observations. The mean difference and 95% limits of agreement (the mean 

difference ± 1.96 SD) were calculated to quantify the bias and the range of agreement between 

the 2 methods, respectively (397). To determine a clinically meaningful level of significance, a 

cutoff of 100 mg/d was applied for systematic bias, which is equivalent to approximately the 

amount of calcium that is usually found in a third of a standard serving of dairy food (383). 
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Sensitivity and specificity of the FFQ were calculated by first classifying dietary calcium 

intake as above or below the EAR for calcium for women >50 years of age based on estimated 

calcium intakes from the FFQ2 and 24HRs. Sensitivity was defined as the proportion of subjects 

with an intake below the EAR (i.e., <1000 mg/d) according to the 24HRs that also fell short on 

the FFQ. Specificity was defined as the proportion of participants with an intake above the EAR 

(i.e., ≥1000 mg/d) according to the 24HRs who also had estimated intakes above the EAR on the 

FFQ. The positive predictive value was calculated as the proportion of those who fell below the 

EAR on the FFQ whose 24HRs were <1000 mg/d. The negative predictive value was calculated 

as the proportion of those with an intake ≥1000 mg/d on the FFQ and 24HRs. A P value <0.05 

was considered statistically significant. Statistical analysis was performed using the software R 

version 3.1.1 and the statistical software package IBM (Armonk, NY, USA) SPSS Statistics 22.0.  

4.3 Results 

In total, 115 women were enrolled in the study between April and December 2014. Six 

participants withdrew from the study because of loss of interest, and 1 participant did not 

complete the FFQ2 because of unavailability. Thus, 108 participants with complete FFQ and 

24HRs data were included in the analysis. The flowchart depicting the selection process of 

participants is detailed in Figure 4.1. Participants had a mean age of 63.1 (SD 7.7) years and 

body mass index of 26.9 (SD 6.4) kg/m
2 

(Table 4.1). Median daily dietary calcium intake 

estimated from the FFQ1 (895; IQR 619-1165 mg/d) was higher than the daily intake estimated 

from the FFQ2 (723; IQR 524-1033 mg/d) (P<0.001). The median daily dietary calcium intake 

estimated from the 24HRs (854; IQR 666-1068 mg/d) was also significantly greater than the 

daily intake estimated from the FFQ2 (P<0.001) (Table 4.2). The time required to complete the 

FFQ was typically less than 30 minutes. 
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4.3.1 Evaluation of the relative validity of the FFQ 

 The intraclass correlation coefficient to examine interrater agreement of the FFQ (n=20) 

between 2 interviewers was 0.93 (95% CI 0.82-0.97). In the study sample, the FFQ1 and FFQ2 

had a Spearman rank correlation coefficient of 0.72 (P<0.001) and moderate agreement 

(κw=0.55). The Spearman rank correlation coefficient for FFQ2 and the 24HRs was 0.65 

(P<0.001) and the 2 assessment methods had moderate agreement (κw=0.42).  

Dietary calcium intakes were divided into quartiles to evaluate the ability of the FFQ to 

rank women into the same quartiles of intake as estimated by the four 24HR (Table 4.3). Cross-

classification into quartiles showed that 85% of the women were classified into the same or 

adjacent quartiles, and 2.8% were classified into extreme quartiles (quartile 1: <619 mg/d; 

quartile 4: >1165 mg/d) of the FFQ and 24HRs, an indication of extreme misclassification of 

dietary calcium intake in the FFQ. The Bland-Altman plot demonstrated that the FFQ had a 

systematic bias of underestimating dietary calcium intake by approximately 99 mg/d (SD 295 

mg/d) with 95% limits of agreement ranging from -677 to 480 mg/d (Figure 4.2).  

The FFQ demonstrated 90% sensitivity for classifying participants with calcium intake 

below the EAR, and 57% specificity for classifying participants with intake above the EAR. Its 

positive predictive value for the proportion of participants with dietary calcium intake below the 

EAR was 80%. Its negative predictive value for the proportion of participants with dietary 

calcium intake above the EAR was 75%. The distributions of the estimated dietary calcium 

intakes according to the FFQ2 and the 24HRs are shown in Figure 4.3.  
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4.3.2 Calcium contribution from foods 

The main food sources of calcium and their contribution to dietary calcium intake 

according to the FFQ2 are presented in Table 4.4. Dairy products provided a median 

contribution of 75% (95% CI 72-79%) of daily dietary calcium intake for women who reported 

consumption of milk, cheese, or yogurt. Of the 108 participants, 31% (n=33) reported 

consumption of plant-based beverages fortified with calcium which provided a median 

contribution of 15% (95% CI 6-23%) of dietary calcium intake in this subset of participants. 

4.4 Discussion 

We have developed an FFQ to estimate dietary calcium intake in women ≥50 years of 

age living in a major urban city in Canada. Our findings confirm the hypothesis that the FFQ 

may be used to estimate the usual dietary calcium intake of this specific population group. More 

precisely, the 51-item calcium-focused FFQ could identify relatively low from relatively high 

dietary calcium intakes in a cohort of women who were predominantly postmenopausal. 

Furthermore, we observed that the median usual dietary calcium intake estimated by the FFQ 

was below the EAR of 1000 mg/d from food sources alone, which is consistent with the 

population-based data (3).  

This FFQ demonstrated good reproducibility as noted by the high correlation coefficient 

for the FFQ1 and FFQ2 that were administered 1 month apart. We observed a different median 

intake between the FFQs (lower estimated dietary calcium by the FFQ2), which could explain in 

part the moderate agreement. The difference in the estimated dietary calcium intake between the 

first and second administration of the FFQ may be attributed to various factors. First, participants 

might have overestimated the portion sizes or over reported the frequency of consumption during 

the completion of FFQ1 at the baseline visit as a result of response bias, such as social 
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desirability, by responding in a manner consistent with expected norms (310, 398). Second, 

increasing familiarity with the methods and portion sizes following their first administration of 

the FFQ could have reduced the self-report biases (399). The mode of administration on FFQ1 

and FFQ2 could also have had a potential impact on the responses. However, results obtained 

from an in-person administration of the FFQ have been shown to be comparable to those 

obtained by telephone administration of the FFQ (400, 401). We cannot compare our 

observations with similar studies because reproducibility and repeatability are not commonly 

assessed in most FFQ validation studies (384). Nonetheless, we observed a correlation 

coefficient that is higher than that for repeat administrations of the FFQ in a time interval of 1 

month or less (r=0.67) and between 1 to 6 months (r=0.70) (402). 

Although the median estimates of dietary calcium intake from the FFQ2 and 24HRs were 

significantly different (723 versus 854 mg/d, P<0.001), dietary calcium intake derived from the 

FFQ2 was moderately correlated with intakes derived from the 24HRs (rs=0.65, P<0.001). Our 

findings are similar to those in the literature, which report correlation coefficients in the range of 

0.29 to 0.90 (377, 379, 382, 388, 403-409). Montomoli et al. reported the highest correlation 

coefficient (r=0.90) between a 15-item FFQ and 14 days of food record with 206 Italian women 

between the ages of 25 and 75 years (382). The use of food records in this study may have 

confounded their results because completing food records may lead to changes in food intake as 

the respondents become more aware of their diet (410). We used four 24HR as the reference 

method to minimize respondent burden and to reduce possible alteration in food intake 

secondary to anticipation of scheduled telephone calls. Nonetheless, our FFQ had a higher 

correlation coefficient (rs=0.65) with the 24HR method than other FFQ validation studies in 

postmenopausal women of other ethnic backgrounds. The reported correlation coefficients in 
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studies that assessed the relative validity of the FFQ against the 24HR method ranged from 0.29 

to 0.64 (379, 405, 411).  

Very few studies in women examined the agreement between the FFQ and a reference 

method using κ statistics. The range for κw reported in the literature is between 0.20 and 0.75 

(379, 404, 407). In our study, agreement between the FFQ2 and 24HRs was moderate (κw=0.42), 

which was in line with another study that was conducted in older women. Satalic et al. evaluated 

the validity of their FFQ against a single multiple-pass 24HR in 333 Croatian postmenopausal 

women and reported a κw of 0.43 (379). In our study, the agreement between the FFQ and 

24HRs as demonstrated by the Bland-Altman plot is stronger than other studies that have 

evaluated the relative validity of calcium-focused FFQs in postmenopausal women (systematic 

bias range: 121-221 mg) (379, 388, 405). Although our results showed that the systematic bias 

was more evident for higher intake levels, this was expected as variability increases with higher 

levels of calcium intake. Agreement between the FFQ and 24HRs can be improved by 

comparing the average FFQ estimates (FFQ1 and FFQ2) in lieu of using only FFQ2 to reduce the 

effect from interindividual variation over time. We chose not to use the average estimates 

because the data collected from FFQ1 did not reflect the same time frame as the four 24HR and 

FFQ2. Still, our FFQ underestimates dietary calcium intake by a relatively small amount that is 

<100 mg/d, which is equivalent to approximately one-third of a serving of milk or milk 

alternatives, or 10% of the EAR. This level of underestimation by the FFQ likely misclassified 

some individuals into adjacent quartiles in the cross-classification analysis. Although there were 

some misclassifications, only 2.8% of the participants were classified into the opposite extreme 

quartiles by the FFQ. Because of its semiquantitative nature and high sensitivity, our FFQ is a 

useful dietary assessment tool to rank dietary calcium intakes in epidemiological studies. 
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Milk, cheese, and yogurt accounted for a calcium intake that was approximately half of 

the EAR (median=541 mg/d) and contributed to 75% of the dietary calcium intake of participants 

who reported consuming dairy products. Of the 108 women in our study, only 1 participant 

reported not to have consumed milk or dairy products. Although similar data from Canada are 

not currently available, the contribution of calcium from dairy foods that we observed in our 

study is very similar to what was reported in the 2009-2010 US National Health and Nutrition 

Examination Survey (412). Consumption of alternative beverages to milk, such as soy and 

almond beverages fortified with calcium and vitamin D, was reported by approximately one-

third of the participants and only contributed the equivalent of 15% of the EAR among those 

who consumed these products. Although these milk alternative beverages are not the primary 

source of dietary calcium among women in our cohort, the inclusion of both dairy and nondairy 

sources of calcium-rich food items in the FFQ is important to capture a better estimate of total 

dietary calcium intake and to accurately rank intakes in epidemiological studies. 

The present study has several strengths. First, our FFQ is composed of food items with 

relatively important dietary calcium contribution in postmenopausal women from Montreal, 

Canada, according to a recently published study in this specific population (386). In addition to 

cultural and geographic variations, FFQ items must also be adapted to include trending calcium-

rich foods to accurately reflect dietary calcium in this specific population. Second, in addition to 

the use of correlation coefficients, our study included different and relevant statistical analyses to 

evaluate the relative validity of the FFQ including κ statistics, Bland-Altman analysis, and the 

sensitivity and specificity analyses (383, 396). Finally, the design of our study allowed us to 

evaluate the relative validity, reproducibility and sensitivity of the FFQ in identifying women 

with dietary intakes below the EAR for calcium, which are critical characteristics of a valid FFQ 
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(413). The quantitative information on the relative validity of the 51-item calcium-focused FFQ 

substantially enhances the interpretation of any study investigating the effect of dietary calcium 

interventions on health outcomes (312). This study also has limitations. The sample was 

predominantly composed of postmenopausal white women with a high level of education. 

Although the participants were recruited from one geographic region, a large variety of 

multicultural foods including tofu, Italian dishes made with cheese, Greek style yogurt, and 

nondairy sources of dietary calcium, are easily accessible in the major urban city. We have 

included these foods in our FFQ because they have been observed to be commonly consumed 

items by postmenopausal women in Montreal, Canada (386). Volunteer bias may have also been 

present, thus potentially limiting the generalizability of the findings to the general Canadian 

women (310). Our findings may not be applicable to populations that abstain from consumption 

of dairy foods because 99% of the study participants consumed dairy foods. However, our FFQ 

included nondairy sources of calcium-rich foods to capture the contribution of dietary calcium 

intake from nondairy alternatives in individuals who avoid dairy. Of all the nondairy calcium 

sources included in our FFQ, fortified plant-based beverages contributed the most dietary 

calcium (15%) in participants who reported consumption of these beverages. There are also 

potential limitations related to the dietary intake recorded by the 24-hour dietary recall 

instrument. Because both the FFQ and 24HR methods rely on memory and perception of serving 

sizes, weighed food records may be a better reference method to improve the accuracy of the 

estimated intake (312). We chose the repeated 24HR method to reduce respondent burden and to 

maximize participant retention. To minimize the distortion of portion sizes using the 24HR 

method, we provided portion size tools to participants at the initial visit with the dietitian to help 

participants properly estimate portions sizes. We also collected 4 nonconsecutive days of dietary 
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recall. Although they were completed on weekdays only, Nelson and Bingham (414) 

demonstrated that a 3- to 4-day 24-hour recall randomized to weekday variations provided 

minimal differences in nutrient intake from seven 24 hour dietary recalls.  

In summary, we accept the hypothesis that the 51-item semiquantitative FFQ may be 

used to assess usual dietary calcium intake in this population. The FFQ is a useful tool to 

discriminate low (<600 mg/d) and high (>1000 mg/d) dietary calcium intake in postmenopausal 

women and to rank dietary calcium intake for epidemiological studies. To ensure the 

generalizability of our findings, the FFQ should be evaluated in a larger and more diverse 

population of women ≥50 years old across Canada. 
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Table 4.1 Characteristics of participants 

Characteristics Means ± SD 

Age (y) 63.1 ± 7.7 

Postmenopausal (n, %) 106 (98.1) 

White (n, %) 97 (89.8) 

BMI (kg/m
2
) 26.9 ± 6.4 

Retired (n, %) 62 (57.4) 

Level of education (n, %) 
 

     High school or less 38 (35.2) 

     Pre-university 26 (24.1) 

     University 44 (40.7) 

Smoking history (n, %) 
 

     Smoker 5 (4.6) 

     Ex-smoker 46 (42.6) 

     Never  57 (52.8) 

Alcohol consumption (n, %) 
 

   >9 drinks per week 9 (8.3) 

   1-9 drinks per week 77 (71.3) 

   None 22 (20.4) 

Season of first visit (n, %)
a
  

   Summer 78 (72.2) 

   Winter 30 (27.8) 

n=108. Data are means and standard deviations. 

BMI, body mass index; SD, standard deviation.  
a
 Summer season (May to October); Winter (November to April) 

 

  



91 

 

Table 4.2 Average daily energy intake estimated by the 24HRs and dietary calcium 

intakes estimated by the FFQ and 24HRs 

Characteristics Medians IQRs 

Energy intake (kJ/d)
a
 7368 6200-8429 

Dietary calcium intake (mg/d) 
 

     FFQ1
b
 895* 619-1165 

     FFQ2
c
 723 524-1033 

     24HRs 854* 666-1068 

Data are presented as medians and IQRs . 

24HRs, 4 nonconsecutive 24-hour recalls; FFQ, food frequency questionnaire; IQR, 

interquartile range. 
a 
Energy intake estimated by the 24HRs. 

b 
FFQ1 reflects usual dietary calcium intake of the previous month before the baseline visit. 

c 
FFQ2 reflects usual dietary calcium intake of the previous month before the final follow-up. 

* Estimated dietary calcium intake significantly higher than that estimated from FFQ2, 

P<0.001.  
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Table 4.3 Cross-classification (%) of dietary calcium intake into quartiles by the FFQ2 

and 24HRs with weighted κ statistics 

Method of 

dietary 

intake 

assessment 

FFQ 

Q1 Q2 Q3 Q4 
Same 

quartile 

Same ± 

adjacent 

quartile 

Opposite 

quartile 
κw 

24HRs 59.2 33.3 33.3 55.6 45.4 85.2 2.8 0.42* 

24HRs, four nonconsecutive 24-hour recalls; FFQ, food frequency questionnaire; Q1, quartile 1; 

Q2, quartile 2; Q3, quartile 3; Q4, quartile 4. 

* Weighted kappa (κw) statistic P<0.001 indicates moderate agreement. 
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Table 4.4 Main food sources of calcium as assessed by the FFQ2 by categories of calcium-rich foods 

 
   

Intake (mg/d)
b
 

 
Contribution (%)

b
 

Food 

No. of  

consumers 

% of  

participants  
Medians 95% CI 

 
Medians 95% CI 

Dairy 107 99 
 

541 463-591 
 

75 72-79 

     Fluid milk 99 92 
 

218 160-273 
 

29 23-37 

     Cheese 103 95 
 

105 83-151 
 

17 14-20 

     Yogurt 94 87 
 

100 75-128 
 

13 9-16 

Fortified plant-based beverages
a
 33 31 

 
136 48-169 

 
15 6-23 

Dark green leafy vegetables 103 95 
 

19 14-23 
 

3 2-4 

n=108 

FFQ2, food frequency questionnaire completed at 1 month. 
a 
Plant-based beverages fortified with calcium and vitamin D. Soy beverages not fortified with calcium are not included. 

b 
Intake and contribution of dietary calcium were calculated among participants who reported consumption of the food item in the 

past month. 
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Figure 4.1 Flowchart of participants.  

  
164 assessed for eligibility 

49 excluded  

 8 did not meet inclusion criteria 

o Age <50 y (n 3) 

o Unable to attend visit (n 5) 

 41 declined to participate 
 

 

6 lost to follow-up 
1 missing FFQ2 

108 analyzed 

115 eligible 
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Figure 4.2 Bland-Altman plot assessing the agreement between the FFQ2 and the 24HRs 

for estimating dietary calcium intake in women ≥50 years of age. 
 

 

FFQ2 indicates food frequency questionnaire completed at 1 month; 24HRs, 4 nonconsecutive 24-hour 

recalls. Difference in dietary calcium intake = FFQ2 – 24HRs.  

Mean dietary calcium intake = (FFQ2 + 24HRs)/2. SD = 295 mg/d. 
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Figure 4.3 Distribution of dietary calcium intake assessed by the FFQ2 (A) and the 24HRs 

(B) in comparison to the EAR for women >50 years of age.  

FFQ2 indicates food frequency questionnaire completed at 1 month; 24HRs, 4 nonconsecutive 

24-hour recalls; EAR, Estimated Average Requirement. Solid line represents the EAR (1000 

mg/d) for women >50 years old.  

  

(a) (b) 
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Supplemental Material. The 51-item food frequency questionnaire 

How often (on average) have you eaten the following items during the past month? 

Food item 
 Servings per 

Serving size 
Never month week day 

Milk fortified with calcium to drink  

 
 ______ ______ ______ 

 

0 ml 

 

(0.5 cup) 

(1 cup) 

(1.5 cups) 

Milk fortified with calcium in cereal 
 ______ ______ ______ 

 

 
 

(0.25 cup) 

(0.5 cup) 
(1 cup) 

Milk to drink  

 
 ______ ______ ______ 

 
 

 

(0.5 cup) 
(1 cup) 

(1.5 cups) 

Milk in cereal 
 ______ ______ ______ 

 

 

 

(0.25 cup) 

(0.5 cup) 

(1 cup) 

Milk/Cream in tea/coffee 
 ______ ______ ______ 

 

 
 

(1 tbsp) 

(2 tbsp) 
(4 tbsp) 

Alternative milk to drink – fortified with 

calcium 
( oy,  almond,  rice,  hemp, oat) 

 ______ ______ ______ 

 
 

 

(0.5 cup) 
(1 cup) 

(1.5 cups) 

Alternative milk in cereal – fortified with 

calcium 
( oy,  almond,  rice,  hemp, oat) 

 ______ ______ ______ 

 

 
 

(0.5 cup) 

(1 cup) 
(1.5 cups) 

Alternative milk in tea/coffee – fortified with 

calcium  
( oy,  almond,  rice,  hemp, oat) 

 ______ ______ ______ 

 

 

 

(1 tbsp) 

(2 tbsp) 

(4 tbsp) 

Soy beverage to drink – not fortified with 

calcium 
 ______ ______ ______ 

 
 

 

(0.5 cup) 
(1 cup) 

(1.5 cups) 

Soy beverage in cereal – not fortified with 

calcium 
 ______ ______ ______ 

 

 

 

(0.25 cup) 

(0.5 cup) 

(1 cup) 

Evaporated milk 
 ______ ______ ______ 

 

 
 

(1 tbsp) 

(3 tbsp) 
(0.5 cup) 

Sweetened condensed milk 
 ______ ______ ______ 

 
 

 

(1 tbsp) 
(2 tbsp) 

(4 tbsp) 

Milk desserts – homemade 
(ex: tapioca, rice pudding) 

 ______ ______ ______ 
 

 

(0.5 cup) 

(1 cup) 

Milk desserts – prepared/pre-packaged 
(ex: tapioca, rice pudding) 

( 1 small container = 113 g) 

 ______ ______ ______ 

 

 
 

(0.5 cup) 

(1 cup) 
(small) 
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Food item 
 Servings per 

Serving size 

Never month week day 

Milk desserts – homemade (with fortified 

alternative milk)  
 

 ______ ______ ______ 

 

 

 

(0.5 cup) 

(1 cup) 

 

Milk desserts – prepared/pre-packaged (with 

fortified alternative milk)  
 (ex: tapioca, rice pudding) 

(1 small container = 112 g) 

 ______ ______ ______ 

 
 

 

(0.5 cup) 
(1 cup) 

(small) 

Cream soups prepared with milk  

 
 ______ ______ ______ 

 

 
 

(0.5 cup) 

(2/3 cup) 
(1 cup) 

Cream soups prepared with alternative milk – 

fortified with calcium 
 

 ______ ______ ______ 

 

 

 

(0.5 cup) 

(2/3 cup) 

(1 cup) 

Ice cream, ice milk or frozen yogurt 
 ______ ______ ______ 

 

 

 

(0.5 cup) 

(1 cup) 

(1.5 cups) 

Greek yogurt 
(plain or flavored) 

(1 small container = 100 g) 
 ______ ______ ______ 

 60 ml 

 125 ml 
 200 ml 

 250 ml 

 1 container 

(0.25 cup) 

(0.5 cup) 
(0.75 cup) 

(1 cup) 

(small) 

Yogurt to eat or drink  - regular 
(plain or fruit flavored) 

(1 small container = 100 g) 
 ______ ______ ______ 

 60 ml 

 125 ml 
 200 ml 

 250 ml 

 1 container 

(0.25 cup) 

(0.5 cup) 
(0.75 cup) 

(1 cup) 

(small) 

Cottage cheese 
(1 small container = 113 g)  ______ ______ ______ 

 

 
 

 1 container 

 (0.5 cup) 

 (0.75 cup) 
(1 cup) 

(small) 

Fresh, soft or cream cheese 
(brie, camembert, goat, ricotta, feta) 

 ______ ______ ______ 
 

 

 

(0.5 oz) 

(1.0 oz) 

(2.0 oz) 

Firm or processed cheese 
(including in sandwich or mixed dish) 

(blue, fontina, cheddar, Swiss, gouda, colby, edam, 

provolone, brick) 

 ______ ______ ______ 

 14 g 

 
 

(0.5 oz) 

(1.0 oz) 
(2.0 oz) 

Hard cheese 
(gruyère, romano, parmesan) 

 ______ ______ ______ 
 
 

 

(1 tbsp) 
(2 tbsp) 

(3 tbsp) 

Pizza 
(medium 12”, 1/8 = 1 slice, approx. 100 g) 

 ______ ______ ______ 
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Food item 
 Servings per 

Serving size 

Never month week Day 

Pasta with cream or cheese sauce 
 ______ ______ ______ 

 

 

 

(1 cup) 

(1.5 cups) 

(2 cups) 

Lasagna 
(1 piece = 7.5 cm x 9 cm) 

 ______ ______ ______ 
e 

 
 

 

Pasta stuffed with cheese 
(ex. tortellini, ravioli) 

 ______ ______ ______ 
 
 

 

(1 cup) 
(1.5 cups) 

(2 cups) 

Oranges 
(1 fruit = 1 medium sized fruit) 

 ______ ______ ______ 
 

 

 

 

Orange juice – fortified with calcium 
 ______ ______ ______ 

 

 
 

(0.5 cup) 

(2/3 cup) 
(1 cup) 

Canned salmon or sardines with bones 
 ______ ______ ______ 

 
 

 

(1 oz) 
(2 oz) 

(3 oz) 

Salmon – canned or fresh without bones 

 
 ______ ______ ______ 

 

 

 

(2 oz) 

(3 oz) 

(4 oz) 

Other fish 
 ______ ______ ______ 

 

 
 

(2 oz) 

(3 oz) 
(4 oz) 

Broccoli – cooked or raw 
 ______ ______ ______ 

 
 

 

(0.25 cup) 
(0.5 cup) 

 (1 cup) 

Dark leafy greens – cooked 
(bok choy, kale, gailan (chinese broccoli), collards, 

dandelion or beet greens, spinach) 

 ______ ______ ______ 

 

 

 

(0.25 cup) 

(0.5 cup) 

 (1 cup) 

Dark leafy greens – raw  
(bok choy, kale, gailan (chinese broccoli), collards, 

dandelion or beet greens, spinach) 

 ______ ______ ______ 

 

 
 

(0.25 cup) 

(0.5 cup) 
 (1 cup) 

Dried (or canned) beans or peas 
(navy, pinto, kidney, chick peas, lentil, etc.) 

 ______ ______ ______ 
 
 

50 ml 

(0.25 cup) 
(0.5 cup) 

 (1 cup) 

White bread, buns, rolls, bagels, pita, tortilla 
 ______ ______ ______ 1 serving = 

1 slice 

½ bagel 

½ pita 

Whole wheat bread, buns, rolls, bagels, pita, 

tortilla 
 ______ ______ ______ 1 serving = 

1 slice 

½ bagel 

½ pita 
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Food item 
 Servings per 

Serving size 

Never month week day 

Pancakes, waffles 
(1 small piece = 10.2 cm diameter) 

 ______ ______ ______ 
 

 

 

 

Tofu, firm 

(prepared with calcium sulfate) 
 ______ ______ ______ 

 

25 ml 
 

(0.25 cup) 

(0.5 cup) 
 (1 cup) 

Tofu, silken 
 ______ ______ ______ 

 
 

 

(0.25 cup) 
(0.5 cup) 

 (1 cup) 

Almonds 
 ______ ______ ______ 

 

 

 

(2 Tbsp) 

(0.25 cup) 

(0.5 cup) 

Margarine 
 ______ ______ ______ 

 

 
 

(1 tsp) 

(1 tbsp) 
 (3 tbsp) 

Egg, large (with yolk) 
 ______ ______ ______ 

 
 

 

 

Liver or liver pâté 
 ______ ______ ______ 

 

 

 

(2 oz) 

(4 oz) 

(6 oz) 

Deli meat 
(salami, bologna, luncheon meat) 

(1 slice = 1 oz) 

 ______ ______ ______ 

 

 
 

 

 
 

Meat 
(pork, poultry, beef, sausage, bacon) 

 ______ ______ ______ 
 
 

 

(2 oz) 
(4 oz) 

(6 oz) 

Energy bars 
(ex: Cliff, Luna bars, SlimFast, PowerBar) 

(small bar = 48g, large bar = 60 g) 

 ______ ______ ______ 

 

 

(small) 

(large) 

 

Meal replacement drink  
(ex: Ensure, Boost, etc.) 

(1 bottle = 235 ml) 

 ______ ______ ______ 
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Are there any other foods not mentioned above that you usually eat at least once per week? 

Other foods that you usually eat at least once per week Usual serving size Servings per week 

(a)   

(b) 
  

(c) 
  

(d) 
  

(e) 
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Bridge Statement 3 

The results of the FFQ validation study in Chapter 4 demonstrated that the 51-item 

calcium-focused FFQ was a suitable tool to discriminate low intakes (<600 mg) from high 

intakes (>1000 mg/d) of dietary calcium in postmenopausal women living in Montreal. This tool 

can be used in epidemiological studies investigating the effect of dietary calcium on health 

outcomes to estimate usual dietary calcium intake in postmenopausal women. 

Consistent with other studies and national survey data, findings from the validation study 

in Chapter 4 showed that milk and milk products are the highest contributors of dietary calcium 

intake, providing a median calcium intake of 541 mg/day (95% CI 463-591). When broken down 

into individual dairy products, milk, cheese and yogurts contributed 29%, 17% and 13% of total 

calcium intake, respectively. Conventional dietary guidelines recommend milk and milk products 

altogether, but emerging evidence suggests that FMPs, which include cheese and yogurt, and 

non-FMPs may have varying effects on body composition, CVD and diabetes (46). More 

precisely, FMPs may be associated with reduced CVD risk, whereas the association between 

milk intake and risk of all-cause and cardiovascular mortality have been supported by mixed 

findings (41, 47, 84, 88). It has been hypothesized that FMPs may exert more benefits on bone 

health than non-FMPs. Findings from a 2017 meta-analysis reported an association between 

higher intakes of yogurt and cheese and reduced risk of hip fractures in both men and women 

combined (415). However, given the sex difference in risk of fractures and osteoporosis, further 

clarification of the relationship between dairy foods, categorized as fermented and non-

fermented, and bone health markers in postmenopausal women is needed. Chapter 5 is a 

systematic review and meta-analysis designed to examine the association between FMPs and 

bone health indicators in postmenopausal women.  
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CHAPTER 5 

Manuscript 3: Systematic Review and Meta-Analysis 
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Abstract 

Milk and milk product consumption is positively associated with bone mineral density 

(BMD). Emerging evidence suggests that fermented milk products (FMPs) may have specific 

benefits on skeletal health. We conducted a systematic review and meta-analysis to assess the 

effect of FMPs on bone health indicators in postmenopausal women given their increased risk for 

osteoporosis and fragility fractures. Electronic databases were searched for randomized 

controlled trials (RCTs), prospective cohort and case-control studies that examined the relation 

between FMPs and bone health outcomes (fracture incidence, BMD, BMD T-score, percent 

change in bone turnover markers) in postmenopausal women. Two reviewers independently 

conducted abstract and full-text screenings and data extractions. Risk of bias was assessed using 

the RoB 2.0 tool and the Newcastle-Ottawa scale for interventional and observational studies. 

Pooled relative risks (RR) were obtained using a random-effects model by the Dersimonian-

Laird method. Three RCTs, 3 prospective cohorts and 3 case-control studies met the inclusion 

criteria. Results of the meta-analysis of 3 cohort studies (n=102,819) suggest that higher yogurt 

consumption was associated with reduced hip fracture risk (pooled RR: 0.76; 95% CI: 0.63, 0.92, 

I
2
=29%), but no difference in hip fracture risk was found between higher and lower cheese 

consumption (pooled RR: 0.89; 95% CI: 0.73, 1.10, I
2
=0%). Case-control studies revealed that 

cheese intake had either a null or protective effect against osteoporosis (BMD T-score ≤-2.5). 

Daily yogurt or cheese intervention (<2 months) decreased bone resorption marker 

concentrations, but had no effect on bone formation markers. In postmenopausal women, of the 

FMPs studied, only greater yogurt consumption was associated with a reduced risk of hip 

fracture compared to low or no intake. Daily cheese intake may be associated with higher BMD 

T-scores, but evidence was limited. Additional and longer-term trials examining these 

relationships are warranted.  
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5.1 Introduction 

Osteoporosis and osteoporotic fractures are public health concerns, especially in older 

women. This skeletal disease, characterized by low bone mass and micro-architectural 

deterioration of bone tissue, affects approximately 200 million women globally (56, 416, 417). 

Although age-related bone loss affects both men and women, the decline of bone mass is 

accelerated at menopause when bone resorption exceeds bone formation (418). Moreover, 

fracture rates are higher in elderly women than in men, an increased risk that is not only a result 

of predisposed genetic differences between the sexes, but is also attributable to other factors 

affecting the preservation of bone mass in later adulthood. 

For instance, reaching maximal peak bone mass by early adulthood, physical activity, and 

adequate nutrition are major factors that affect the retention of bone mass across the lifespan. 

Amongst the bone-building nutrients, calcium, an important component of bone, plays a primary 

role in osteoporosis prevention as a modifiable factor that helps reduce bone loss. Findings from 

a systematic review on dietary calcium intake among adults showed that women generally have a 

lower average calcium intake than men (419). Furthermore, national surveys from North 

America indicated that over 80% of women ≥ 50 years have a dietary calcium intake that falls 

below the current Recommended Daily Allowance of 1,200 mg/day (3, 4, 58). To reduce the 

global burden associated with osteoporosis, optimizing calcium intake is necessary. Although 

calcium can be found in many foods, milk and milk products such as yogurt and cheese are 

valued as good or excellent sources of calcium (62, 420). 

Evidence from observational studies and randomized controlled trials (RCTs) has shown 

a positive association between milk or total milk product intake and bone mineral density (BMD) 

(421-423). Reduced fracture risk is the key clinical outcome sought in bone health interventions, 
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and yet the impact of milk and milk product consumption on fracture risk, including risk of hip 

fracture, remains unclear (424-426). Milk, yogurt and cheese have similar yet distinct nutrient 

profiles that vary in part due to the fermentation process. Fermented milk and fermented milk 

products (FMPs), also known as cultured milk products, are milk products prepared by lactic 

acid fermentation (427). The bacterial cultures in cheese are less active than those found in some 

yogurts in which live bacteria remain active postconsumption. Results from a large cohort study 

reported an inverse association between FMP consumption and the fracture risk in middle-aged 

and older women and, in contrast, high milk intake was associated with greater fracture risk (40). 

Michaëlsson et al. (40) proposed that the higher content of D-galactose found in milk compared 

to FMPs may act as a prooxidant and promote inflammation based on the positive association 

between milk intake and markers of oxidative stress (urine 8-iso-PGF2α) and inflammation (IL-

6), whereas the probiotic content of FMPs may exhibit antioxidant and anti-inflammatory 

properties that can benefit bone health. Urine 8-iso-PGF2α and serum IL-6 have previously been 

shown to be negatively associated with BMD and stimulate bone resorption, respectively (428, 

429). Moreover, emerging evidence suggest favorable effects of probiotic supplementation on 

bone health and reduction in proinflammatory cytokines such as TNF-α and IL-1β (300, 301). 

Although robust data in humans demonstrating these effects are lacking, these findings are of 

possible public health interest given that dietary guidelines often recommend milk and milk 

products collectively yet probiotics are only found in FMPs.  

Recently, Bian et al. (415) conducted a meta-analysis to examine the association of 

different types of milk products on hip fracture risk in men and women and found that yogurt 

and cheese consumption, but not milk consumption, was associated with reduced fracture risk. 

However, whether the observed associations differed between men and women was not explored 
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in their study. In view of the higher prevalence in osteoporosis and greater fracture incidence in 

postmenopausal women than in older men (416, 417), it is important to examine the relation 

between FMP intake and various bone health indicators in postmenopausal women specifically. 

The purpose of this systematic review is to summarize the evidence on the association of FMP 

consumption on skeletal outcomes and bone health indicators in postmenopausal women.  

5.2 Methods 

This review was registered on the International Prospective Register of Systematic 

Reviews in 2018 (PROSPERO) as CRD42018085232, and reported according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations (430).  

Literature search 

A literature search in Embase Classic+Embase (1947-present, OvidSP), MEDLINE 

(1946-present, OvidSP), PubMed (1946-present, PubMed), CINAHL Plus (1937-present, 

EBSCOhost) and the Cochrane Central Register of Controlled Trials (CENTRAL, the Cochrane 

Library) was conducted up to January 9 2019 for studies of FMP consumption and bone health 

indicators. An expert librarian was consulted to generate a list of keywords and MeSH terms to 

conduct the search (Supplemental Methods). Searches were not limited by year of publication 

and no language restrictions were applied. The reference list of all included studies and nutrition 

research journals were hand searched individually to identify additional studies eligible for this 

systematic review. Abstracts of conference proceedings and gray literature were excluded. 

Study selection 

We included RCTs, prospective cohort studies, and case-control studies that examined 

the relation between FMP consumption and a bone health outcome in postmenopausal women or 

women ≥55 years old. Studies evaluating the consumption of FMPs were considered in this 
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systematic review regardless of the type, frequency or dose of FMP, or the method of assessment 

of FMP intake. All studies that compared the consumption of FMPs to that of non-FMPs, low 

consumption, no consumption or placebo were included. Studies that included a combination of 

milk product intake were included only if it was possible to quantify the intake of fermented and 

non-FMP intake. Studies with mixed interventions were excluded.  

Studies were included in this systematic review if they reported on 1 of the following 

outcomes: 1) incidence of vertebral or non-vertebral fractures; 2) percent change from baseline 

in BMD of the lumbar spine, the total hip, or the femoral neck. Studies that reported a percentage 

change in bone mineral content of any site, BMD T-score of the lumbar spine, total hip, or 

femoral neck, and bone turnover markers were also included in this review. The relative 

percentage change in BMD following the intervention was a primary outcome of interest (431-

435). Although forearm BMD has been suggested as an alternative when BMD of central sites 

cannot be measured, the BMD of this peripheral site was not included. as our scoping search 

yielded no prospective data. Currently, dual-energy x-ray absorptiometry (DXA) is the gold 

standard assessment for measuring BMD and predicting fracture risk in the clinical setting. BMD 

can also be classified and expressed as a T-score, which is the difference between a patient’s 

BMD and that of a young adult reference population expressed in standard deviation (SD) scores 

from the reference (436). Individuals with T-scores of ≤-2.5 meet the World Health 

Organization’s criterion for diagnosing osteoporosis (437, 438). We included bone turnover 

markers as secondary outcomes of interest because these predict the rate of bone loss as well as 

the risk of fragility fractures, independently of BMD (439-444). Changes in bone turnover 

markers also occur rapidly in response to osteoporosis treatments and are associated with 

fracture reduction (445). Studies that reported a change in bone formation markers [osteocalcin, 
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bone-specific alkaline phosphatase (BSAP), procollagen type 1 N-terminal propeptide (P1NP), 

procollagen type 1 C-terminal propeptide] or bone resorption markers [tartrate-resistant acid 

phosphatase 5b (TRACP 5b), pyridinoline, deoxypyridinoline, C-terminal telopeptide of type 1 

collagen (CTX), N-terminal telopeptide of type 1 collagen (NTX)] were included. 

Data extraction 

Study selection, data extraction and quality assessment were performed independently by 

two reviewers (AMO and KK) and disagreement was resolved by consensus or in consultation 

with a third reviewer. The following information was extracted for each study: name of first 

author, year of publication, country or region where the study was performed, study design, 

duration of the study, sample size, recruitment and study completion rates, participant 

characteristics (age, ethnicity, level of education, smoking status, osteoporosis status, medication 

use, dietary intake of FMPs and non-FMPs, calcium and/or vitamin D supplementation, physical 

activity level), effect estimates of outcome measurements, and variables adjusted for in the 

multivariate models of each study. In observational studies, only the lowest and highest levels of 

intake were extracted.  Authors were contacted to obtain information on missing or unreported 

data. When no response was received from the author, then the study was excluded from this 

review. 

Risk of bias and quality assessment 

Risk of bias in RCTs was assessed using the Cochrane Risk of Bias Tool 2.0 (RoB 2.0) 

(446). Each component was categorized as “low risk”, “some concerns”, or “high risk”. 

Methodological quality of observational studies was assessed using the Newcastle-Ottawa Scale 

(447). High-quality items were awarded 1 star, and the highest quality studies were awarded up 

to 9 stars. Studies with 0–3, 4–6, and 7–9 stars were considered as low, moderate, and high 
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quality, respectively. We used the Grading of Recommendations Assessment, Development and 

Evaluation (GRADE) approach to assess the quality of evidence across studies for each outcome 

(448). 

Data synthesis and analysis 

Relative risks (RRs) from each study were combined using a random-effects model based 

on the Dersimonian-Laird method in pooling estimates to minimize problems of heterogeneity 

(449). Heterogeneity was evaluated using both Cochran’s Q test and I
2
 statistics. The I

2
 statistical 

test was performed to complement the Cochran’s Q test given that the latter test has low power 

to detect true heterogeneity when the number of studies is small, while the former test does not 

depend on the number of studies (450, 451). A significant Q value (P-value <0.05) or an I
2
 value 

>50% was considered a considerable level of heterogeneity. When considerable heterogeneity 

was observed, reasons for heterogeneity were explored in subgroup analyses. Meta-regression 

analysis can be considered if the number of studies included exceeds 5 to explore the sources of 

variability. Due to the limited number of studies, meta-regression analysis was not performed. 

Meta-analyses were performed using the ‘metafor’ package of the R software (http://r-

project.org/, version 3.1.1). 

5.3 Results 

Search results 

The PRISMA flow diagram illustrating the flow of articles through the search and 

selection process is shown in Figure 5.1. The initial search yielded 1028 articles, and after 

removing 510 duplicates, 518 articles were identified for title and abstract screening. The 

selection process yielded 37 potentially relevant full-text publications, of which we contacted 7 

authors to obtain missing information and 4 responded (452-455). One study with a missing 

http://r-project.org/
http://r-project.org/
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effect estimate for 1 of their subgroups of participants was included in our narrative review (456). 

Two studies were excluded due to no response (457) and unsuccessful contact with the 

corresponding authors (458). Following full-text review, we identified 9 studies of FMP intake in 

postmenopausal women that reported on hip fractures (n=4), BMD T-scores (n=2), and bone 

turnover markers (n=3). There was no study with vertebral fracture as an outcome. 

Hip Fractures 

Yogurt consumption 

No RCTs examined hip fracture, or any type of fragility fractures, as an outcome. 

Evidence from 3 prospective cohort studies indicate that the highest level of yogurt consumption 

compared to the lowest intake category was associated with a reduced risk of hip fracture (Table 

5.1). Data on hip fractures in women ≥55 years old from the Framingham Original Cohort (453) 

and the Swedish Mammography Cohort (452) were obtained from the authors to meet the 

inclusion criteria of this review. A total of 469 women (mean age 77±5 years) from the 

Framingham Original Cohort were included in this review, with 76 women sustaining an incident 

hip fracture during a mean follow-up of 11.6 (range 0.04-21.9) years. Intake was assessed at 

baseline with a semi-quantitative food frequency questionnaire. The association of any yogurt 

intake (>0 serving/week; 1 serving = 240 mL) on hip fracture risk as compared to no yogurt 

intake was not significant (RR: 1.12; 95% CI: 0.66-1.95) (453). In the Nurses’ Health Study, 

80,600 postmenopausal women (mean age 54 [range 34-60] years) were followed for a mean 

duration of 20.8 years, during which a semi-quantitative food frequency questionnaire was 

administered 9 times during the follow-up period. No significant association between yogurt 

consumption and hip fracture risk in postmenopausal women was observed (459). Michaëlsson 

et al. (452) found a 29% reduced risk of hip fracture in the subcohort of 21,750 Swedish women 



113 

 

(mean age 63±5 years) who reported a higher consumption of FMP (≥2 servings/day of yogurt 

and soured milk; 1 serving = 200 mL) than those who were nonconsumers at baseline (RR: 0.71; 

95% CI: 0.63-0.79). The meta-analysis of 3 prospective cohort studies resulted in a RR of 

incident hip fractures of 0.76 (95% CI: 0.63-0.92; P-heterogeneity = 0.25, I
2 

=29%) (Figure 5.2).  

Cheese consumption 

Two prospective cohort studies and 1 case-control study examining the association 

between cheese intake and hip fractures were identified (Table 5.2). Cheese intake was not 

associated with hip fracture risk in postmenopausal women. In the case-control study, which 

included 241 cases of women [median age 64 (range 45-74] years) hospitalized for a hip fracture 

and 719 controls, there was no association (odds ratio [OR]: 1.0; 95% CI: 0.7-1.5) of hip fracture 

in women with lower cheese intake (<4 portions/week) compared with women with higher 

cheese intake (>6 portions/week) (460). The amount of cheese per portion was not specified. 

Evidence from the Framingham Original Cohort showed no association between cheese intake 

(>1 serving/week) and hip fracture risk (RR: 0.73; 95% CI: 0.46-1.15) (453). In the Nurses’ 

Health Study, cumulative consumption of 1 serving/day (28 g of hard cheese or cream cheese, or 

120 ml of cottage or ricotta cheese) over the study period was not associated with hip fracture 

risk as compared to <1 serving/week of cheese (RR: 0.94; 95% CI: 0.74-1.17) (459). The meta-

analysis of the combined findings from the 2 prospective studies yielded a pooled RR of incident 

hip fractures of 0.89 (95% CI: 0.73-1.10) for the highest cheese intake category compared with 

the lowest cheese intake category (Figure 5.3), with no evidence for heterogeneity (P-

heterogeneity = 0.33, I
2 

= 0%). 

Osteoporosis as defined by BMD T-score of ≤ -2.5 

Two case-control studies examined the relation between yogurt/sour cream and cheese 
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intake and BMD T-score ≤-2.5 in postmenopausal women (Table 5.3). Grgurevic et al. (461) 

investigated factors related to osteoporosis in postmenopausal women in Serbia (461). Cases 

included postmenopausal osteoporotic women with a BMD T-score ≤-2.5 at the lumbar spine 

and controls were age-matched (±2 years) postmenopausal women (mean age 64±9 years) with a 

normal BMD (lumbar spine T-score >-1.0). Yogurt and sour cream were surveyed as 1 category 

and there were no associations between daily consumption of yogurt and sour cream with the 

diagnosis of osteoporosis (461). In the same study, daily cheese consumption was associated 

with lower odds of osteoporosis than no daily cheese consumption (OR: 0.36; 95% CI: 0.15-0.89) 

(461). In the other study, Keramat et al. (456) assessed the risk factors for osteoporosis in 

postmenopausal women from Iran (mean age 56±6 years) and India (mean age 56±8 years). 

Cases, who were postmenopausal women with a BMD T-score ≤-2.5 at the lumbar spine and/or 

the total hip, were matched with controls from the same countries by age in 10-year age groups 

(456). Daily cheese consumption of ≥30 g/day was associated with lower odds of osteoporosis 

when compared to consumption of < 30 g/day in Iranian women (OR: 0.5; 95% CI: 0.3-0.9), but 

not in Indian women (no effect estimate was provided by the authors). None of the studies 

included in this review reported on the association of FMP consumption and change in BMD 

over time.  

Bone turnover markers 

All 3 RCTs reported the effect of either yogurt or cheese interventions on different bone 

turnover markers (Table 5.4). Heaney et al. (462) conducted a cross-over randomized trial to 

examine the effect of yogurt compared to a nonnutritious snack on urinary NTX. The authors 

reported a significant reduction in urinary NTX (-8.2 nmol bone collagen equivalents/g 

creatinine, P<0.03) following 7-11 days of intervention of 3 servings of yogurt daily when 
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compared to the consumption of a jelled fruit-flavoured snack. The amount of yogurt per serving 

was not specified. Bonjour et al. (463) investigated the effect of 2 servings/day of 100 g of plain 

cheese made from skimmed milk and fortified with vitamin D and calcium compared to no 

intervention over 6 weeks in 71 postmenopausal women (mean age 57±4 years). There was no 

significant change from baseline or difference at end of the study between the intervention and 

control groups in serum osteocalcin, P1NP, BSAP or CTX. However, there was a significantly 

greater decrease in TRACP 5b in the intervention group as compared to the control group (-0.64 

U/L vs. -0.34 U/L, P=0.011). Johnson et al. (455) investigated the effect of 85 g of processed 

cheese compared with no processed cheese on osteocalcin concentrations in older women (mean 

age 73±7 years). Following a 2-month intervention, there were decreases in serum osteocalcin 

concentrations in both groups (-3.7 ng/L compared with -1.8 ng/L), but there were no differences 

in changes between groups (P=0.52).  

Risk of bias and quality assessment 

One of 3 trials was considered to be at low risk of bias (462). The other 2 trials had some 

concerns for bias arising from the lack of information on the allocation sequence and 

concealment of allocation (455, 463) (Supplemental Table 5.1). The methodological quality of 

the prospective cohort studies was rated as high quality (Supplemental Table 5.2).  One case-

control study was identified as of high methodological quality (461), whereas the 2 other case-

control studies were identified as of moderate quality (456, 460) (Supplemental Table 5.3). The 

overall quality of evidence according to the GRADE approach for all outcomes was rated as 

“very low” (Table 5.5). The main reasons for downgrading the evidence on hip fracture risk and 

BMD T-score were inconsistency in FMP exposure in observational studies and high risk of bias 

in case-control studies related to the selection of controls not representative of the general 
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population of postmenopausal women. Evidence on bone turnover markers was downgraded due 

to high risk of bias arising from unclear allocation concealment and inconsistency in the reported 

markers in RCTs.  

5.4 Discussion 

In this systematic review and meta-analysis of prospective cohort studies, we found that a 

higher yogurt intake was associated with a 24% reduction in the risk of hip fracture in 

postmenopausal women when compared with no yogurt intake. Higher cheese consumption may 

be associated with reduced risk of hip fractures. However, we did not observe a significant 

association as our analysis was restricted to 2 studies. Similarly, limited evidence is available to 

confirm whether FMP intake is beneficial for other skeletal outcomes such as BMD, BMD T-

score and bone turnover markers in postmenopausal women. In a recent meta-analysis of 4 

cohorts of men and women, yogurt (RR 0.75, 95% CI: 0.66-0.86) and cheese consumption (RR 

0.68, 95% CI: 0.61-0.77) associated with a reduced risk of hip fracture (415). In contrast to their 

study, we did not include the same studies because 1 study did not stratify their results by sex 

(464) and results from another were not stratified by age (40), and we identified an additional 

study that examined the relationship between FMP intake and hip fracture risk in 

postmenopausal women (459). Results from our analysis suggest a protective association of 

yogurt, but not cheese, with hip fracture risk specifically in postmenopausal women. Our study 

therefore adds to the literature on the potential benefits of yogurt consumption on bone health in 

postmenopausal women, although the low quality of evidence is low. 

Findings from a case-control study that we identified during the selection process suggest 

that paneer, a form of cottage cheese, was associated with a reduced risk of hip fracture in Indian 

men and women (OR 0.152, 95% CI: 0.031-0.741) (458). The lack of association observed in our 
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analysis for cheese intake and hip fracture risk may possibly be explained by the relatively small 

number of studies (n=2) and incident fracture events to detect an association specifically in 

postmenopausal women. Although the heterogeneity of the studies was low, the distributions of 

yogurt and cheese intake levels in each cohort were dissimilar. For instance, women from the 

Swedish cohort (452) had higher intakes of FMP than women from the Framingham Original 

Cohort (453) and the Nurses’ Health Study (459), as demonstrated by the reported highest intake 

levels (≥2 servings/day of soured milk or yogurt compared with >0 serving/week and ≥5 

servings/week of yogurt, respectively). There may be a threshold effect of FMP intake on hip 

fracture risk, but this remains to be confirmed. Future studies must consider a standardized 

approach to the allocation and assessment of FMP serving sizes. 

Higher yogurt consumption may also be a marker of a healthy lifestyle as it has been 

shown to be a reflection of long-term healthy lifestyles and dietary patterns which are positively 

associated with bone health (465, 466). Findings from prospective cohort studies suggest that 

yogurt consumers are generally more physically active, smoke less, and consume less alcohol 

(467, 468). Frequent yogurt consumers have also been suggested to have overall healthier eating 

behaviours and diet quality than infrequent consumers (465). Since such lifestyle characteristics 

have been shown to be protective against osteoporosis (469), it is uncertain whether the observed 

reduction in risk of hip fracture from the cohort studies is the result of the metabolic effects of 

yogurt or that of a healthier lifestyle. 

The association of yogurt intakes and BMD was investigated in 4310 Irish men and 

women >60 years old (470). Laird et al. (470) found that BMD at the total hip and femoral neck 

in women were higher among those with the highest yogurt intake (>1 serving/day) compared 

with the lowest intake (<1 serving/week). This study was not included in our review as a result of 
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its cross-sectional design. We identified 1 case-control study in relation to daily yogurt 

consumption and osteoporosis (BMD T-score ≤-2.5) which reported no association (461). Biver 

et al. (471) investigated the association of FMP (included yogurts, fresh cheese, “petit-suisse” 

cheese, quark, and kefir) consumption on bone microstructure and BMD in 482 healthy 

postmenopausal women followed over 3±0.5 years. This study was not included in our analysis 

because the associations between FMP intake and BMD were reported as correlations and we 

were unable to compare extreme FMP intake levels. Nonetheless, similar to the previously 

mentioned study by Laird et al. (470), Biver et al. (471) found that regular (≥1 serving/day) and 

occasional consumers of FMPs (1-6 servings/week) had higher BMD T-scores at the lumbar 

spine and the total hip than non-consumers (<1 serving/week) at baseline. They observed an 

attenuated age-related cortical bone loss in FMP consumers, independently of total energy, 

calcium or protein intake, and found no association in milk or ripened cheese consumers. 

However, the authors found no relationship between FMP intake and the percentage annual 

change in BMD at the spine or total hip. Although we were unable to include studies that 

examined the association between kefir consumption and bone health indicators, we identified an 

RCT that investigated the effect of kefir-fermented milk on BMD during the full-text screening 

stage of the study selection process. Tu et al. (457) compared the short-term effect of kefir-

fermented milk to unfermented raw milk on BMD of the spine, femoral neck, and total hip in 40 

osteoporotic men and women. The average BMD increased in both groups at the end of the 6-

month intervention but the changes were not significantly different between the 2 groups. Biver 

et al. (471) speculate that the benefits of FMP may be involved in the cortical microstructure 

instead of the mineralization process, but this remains to be investigated. Their study is the first 

to investigate the association of FMP consumption on changes of bone microstructure in 
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postmenopausal women and provides data to support the hypothesis that FMP may have specific 

metabolic effects linked to bone health compared to non-FMPs.  

The association of cheese intake and BMD or BMD T-scores is less clear. In the Trinity 

Ulster Department of Agriculture Ageing Cohort Study, cheese intake was not associated with 

BMD in older women (470). Case-control studies included in the present review showed that 

cheese intake had either a null or protective effect against osteoporosis. The mixed findings may 

be explained by the difference in level of cheese intake and dietary patterns between the 

population groups, or the possibility of no effect to detect. The classification of all cheeses as 1 

category in these studies may have also influenced the results, considering the large variety of 

types of cheese that differ in their fermentation process as well as their nutrient profiles.  

Few RCTs were included in our systematic review and consisted of short-term 

interventions that examined the effect of an FMP on selected bone turnover markers. Daily 

yogurt intervention decreased the concentration of a bone resorption marker, urinary NTX, but 

the observed effect may be a result of a higher intake of calcium and protein from consuming a 

fruit-flavored yogurt during the intervention phase compared to the jelled fruit-flavored snack, 

which mainly provided carbohydrates, during the control phase of the trial (462). Nonetheless, 

the inverse association between FMP consumption and bone resorption markers have previously 

been reported in large cross-sectional studies (470, 471). In our review, cheese interventions did 

not have an effect bone formation marker concentrations (455, 463). One study demonstrated an 

effect of cheese on reducing bone resorption (463). Although TRACP 5b was significantly lower 

following a daily intervention of 200 g of soft cheese, it is challenging to differentiate whether 

the observed decrease in concentration of the bone resorption marker was the effect of cheese 

itself or the effect of the added calcium and vitamin D in the cheese. Moreover, whether the 
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observed reduction in bone resorption markers in the RCTs is clinically important or would be 

sustained over longer periods is unknown.  

Emerging research on the cross-talk between gut microbiota and bone indicates that the 

gut microbiota has a major influence on bone mass and bone health. Estrogen deficiency and 

intestinal dysbiosis increase gut permeability, which leads to an increased production of pro-

inflammatory cytokines such as TNF-α, IL-6 and, IL-1ß by immune cells in the subepithelial 

compartments of the intestine (472). Inflammation has well been documented to accelerate bone 

loss as a result of the stimulation of osteoclast formation and increased bone resorption (473). 

Experimental models in germ-free mice indicated that modulation of the gut microbiota with 

probiotics can alter intestinal permeability, influence pro-inflammatory cytokines and receptor 

activator of nuclear factor kappa-B ligand (RANKL) activity in the intestine and bone, leading to 

a decrease in osteoclast activity (471, 474). Preclinical investigations have also shown that the 

probiotic Lactobacillus reuteri ATCCPTA 6475 (L. reuteri 6475), although not usually found in 

FMPs, prevented femur and vertebral trabecular bone volume loss and increased femoral bone 

density in ovariectomized mice (475, 476). Findings from a 12-month double-blind, placebo-

controlled study of the probiotic L. reuteri 6475 in 90 women 75-80 y with low BMD 

demonstrated reduced loss of tibia total volumetric BMD in the intervention group (477), 

whereas there was no difference in the markers of inflammation (C-reactive protein and TNF-α). 

Given that FMPs are predominant sources of different strains of probiotics in the diet, 

investigation into the effect FMP on a wider panel of pro-inflammatory cytokines including 

TNF-α, IL-6, IL-1ß, and RANKL may provide a better understanding of the mechanism of action 

of FMP on skeletal health in postmenopausal women.  

The present study has some limitations. For example, we were unable to compare the 
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effect of FMP and non-FMP on bone health indicators in postmenopausal women. The question 

regarding whether FMPs exert more beneficial effects than non-FMPs on bone health remains 

unclear. Moreover, cheeses and yogurts were surveyed as 2 generalized groups in the included 

observational studies. Given that cheeses are produced from a variety of fermentation processes 

and that live cultures are not found in all cheeses, there is a possibility that each variety may 

contribute to bone health differently. Different types of cheese were used in the included RCTs, 

such as soft plain cheese (463) and processed cheese (455), resulting in a challenge to compare 

outcomes across studies considering the dissimilarities in the preparation and processing of the 

cheeses as well as their different nutrient profiles. Similarly, none of the identified studies in our 

review specifically examined the strains of probiotics found in yogurts, or other types of FMP 

such as Greek-style yogurts or kefir, which have higher protein content than yogurt. Hence, 

comprehension of the beneficial contribution of live bacteria and that of the food matrix in FMPs 

on bone health, in combination or separately, requires further exploration. Our study was also 

limited by the difference in categorization of intakes and lack of detail on serving sizes from 

some studies, which made it difficult to compare the results across studies. Hence, our analysis 

primarily considered the highest compared with the lowest exposure category of FMP. Another 

limitation would be recall bias related to the differential reporting of FMP intake between cases 

and controls in case-control studies. For example, cases may recall lower intake of FMP than 

controls when reporting their past food intake and hence introducing bias to the effect estimate. 

Finally, we did not include studies that reported data on volumetric BMD by peripheral 

quantitative computed tomography because of the different parameters of bone and use of 

appendicular sites and we wished to consider measurements used in clinical practice. In addition, 

most of the studies included in this systematic review are observational studies and causal 
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relations cannot be inferred. Further research is required to confirm our findings and to provide 

more robust evidence on the potential role of each type of FMP on bone health in 

postmenopausal women.  

Conclusion 

Evidence from prospective cohort studies suggest that greater consumption of FMP in the 

form of yogurt is associated with a reduced risk of hip fracture in postmenopausal women 

compared with low or no intake, albeit the quality of evidence is very low. Daily cheese 

consumption may be protective against osteoporosis, but more studies are required to confirm 

this association. From a public health perspective, more rigorously designed RCTs are required 

to guide dietary guidelines regarding whether to promote FMPs over milk products overall for 

bone health in postmenopausal women.   
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Table 5.1 Characteristics of studies that examined the association between yogurt consumption and hip fractures in postmenopausal women
1
 

   n cases      

Author 

(reference) 

Design 

(Cohort name) 

N Total  Highest 

intake 

group 

Lowest 

intake 

group 

Age, y Duration 

of follow-

up, y 

Intake categories2 

 

RR 

(95% CI) 

Adjustments 

Sahni et al. 

(453)3 

Prospective 

cohort 

(Framingham 

Original 

Cohort) 

469 76 19/113 57/356 77 ± 4.8 11.6 None vs. 

>0 serving/wk 

 

1.12  

(0.66-1.91) 

Age, BMI, height, total energy 

intake, current smoking, 

calcium supplements, vitamin D 

supplements 

Feskanich et 

al. (459) 

Prospective 

cohort 

(Nurses’ Health 

Study) 

80,600 2138 32/49  

p-y 

668/560 

p-y 

54 

(range: 

34-60) 

20.8 None vs. 

≥5 servings/wk 

 

0.77  

(0.53-1.12) 

Age, follow-up cycle, total 

energy intake, calcium and 

vitamin D from non-dairy foods 

plus supplements, protein from 

non-dairy foods, retinol from 

supplements, vitamin D, 

caffeine, alcohol, milk during 

teenage years, BMI, height, 

physical activity, smoking, use 

of postmenopausal hormones, 

use of thiazide diuretics, 

furosemide-type diuretics and 

oral steroids, and diagnoses of 

cancer, diabetes and 

cardiovascular disease, milk and 

cheese intakes. 

Michaelsson 

et al. (452) 3 

Prospective 

cohort 

(Swedish 

Mammography 

Cohort) 

27150 4,777 451/ 

41 p-y 

1446/ 

136 p-y 

63 ± 5.2 22 None vs. 

≥2 servings/d 

 

0.71  

(0.63-0.79) 

Age, BMI, height, energy 

intake, alcohol intake, milk and 

cheese intake, fruit and 

vegetable intake, red and 

processed meat intake, 

education, cohabitating status, 

physical activity, smoking 

habits, ever use of antioxidant-

containing supplements, 

Charlson’s weighted 

comorbidity index. 
1 p-y, person-years (in thousands). 
2 Intake categories: Sahni et al. (453), 1 serving = 1 cup or 240 mL. Feskanich et al. (459), 1 serving = 1 cup or 240 mL. Michaelsson et al. (452), yogurt and sour milk were assessed together, 1 serving 

= 200 mL. 

3 Data for postmenopausal or women ≥55 years only were obtained from authors. 
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Table 5.2 Characteristics of studies that examined the association between cheese consumption and hip fractures in postmenopausal women
1
 

   n cases      

Author 

(reference) 

 

Design 

(Participant 

characteristics) 

n Total  Highest 

intake 

group 

Lowest 

intake 

group 

Age, y Duration 

of follow-

up, y 

Intake 

categories2 

 

OR/RR 

(95% CI) 

Adjustments 

Tavani et al. 

(460) 

Case-control 

(hospitalized 

patients) 

960 241 --- --- 64 

(range: 

45-74) 

--- <4 portions/wk 

vs. 

>6 portions/wk 

OR: 1.0 

(0.7-1.5) 

Age, education, BMI, smoking 

status, total alcohol consumption, 

and estrogen therapy 

Sahni et al. 

(453)3 

Prospective 

cohort 

(Framingham 

Original Cohort) 

469 76 36/259 40/210 77±4.8 11.6 ≤1 serving/wk 

vs. 

>1 serving/wk 

RR: 0.73 

(0.46-1.15) 

Age, BMI, height, total energy 

intake, current smoking, calcium 

supplements, vitamin D 

supplements 

Feskanich et 

al. (459) 

Prospective 

cohort (Nurses’ 

Health Study) 

80,600 2138 279/261 

p-y 

126/112 

p-y 

54 

(range: 

34-60) 

20.8 <1 serving/wk 

vs. 

≥1 serving/d 

 

 

RR: 0.94 

(0.74-1.17) 

Age, follow-up cycle, total energy 

intake, calcium and vitamin D 

from non-dairy foods plus 

supplements, protein from non-

dairy foods, retinol from 

supplements, vitamin D, caffeine, 

alcohol, milk during teenage 

years, BMI, height, physical 

activity, smoking, use of 

postmenopausal hormones, use of 

thiazide diuretics, furosemide-

type diuretics and oral steroids, 

and diagnoses of cancer, diabetes 

and cardiovascular disease, milk 

and cheese intakes. 

1 p-y, person-years (in thousands). 
2 Intake categories: Tavani et al. (460), portion size was not described by the authors. Sahni et al .(453), cheese intake was calculated as the combined intake of cottage/ricotta cheese (1 serving = 0.5 cup 
or 120 mL) and American cheese (1 slice or 1 oz or 28 g) and other cheeses. Feskanich et al. (459), cheese intake was calculated as the combined intake of hard and soft cheeses (1 serving = 1 oz or 28 

g), and cottage/ricotta cheese (1 serving = 0.5 cup or 120 mL).  

3 Data for postmenopausal or women ≥55 years only were obtained from authors.  
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Table 5.3 Characteristics of studies that examined the association of fermented milk product consumption (cheese or yogurt) with bone mineral density 

T-score
1
 

Author 

(reference) 

Study 

population 

Age, y Study 

period 

Bone health outcome Cases,  

n 

Controls, 

n 

FMP Intake 

categories 

 

OR 

(95% CI) 

Matched/Adjusted 

variables 

Grgurevic et 

al.  

(461) 

Outpatients 64±9.0 

 

2006-2007 BMD T-score ≤-2.5 

(lumbar spine) 

100 100 Yogurt, 

sour 

cream 

No daily 

consumption 

vs. 

Daily 

consumption 

NR2 NR 

Grgurevic et 

al. (461) 

Outpatients 64±9.0 

 

 

2006-2007 BMD T-score ≤-2.5 

(lumbar spine) 

100 100 Cheese No daily 

consumption 

vs. 

Daily 

consumption  

0.36  

(0.15-0.89) 

Body weight < 65 kg, 

thin constitution in 

childhood, history of 

previous fracture, 

family history of 

fracture, age at 

menopause < 47 y, 

fish consumption 

Keramat et 

al. (456) 

Outpatients 

(Iran) 

57±6.6  

 

 

2002-2005 BMD T-score ≤-2.5 

(lumbar spine and/or 

total hip) 

178 185 Cheese 

 

<30 g/d vs.  

≥30 g/day 

0.5 

(0.3-0.9) 

Age, height, and 

weight 

 Keramat et 

al. (456) 

Outpatients 

(India) 

58±7.8 

 

 

2002-2005 BMD T-score ≤-2.5 

(lumbar spine and/or 

total hip) 

203 151 Cheese 

 

<30 g/d vs.  

≥30 g/day 

NR3 

 

Age, height, and 

weight 

 1 BMD, bone mineral density; FMP, fermented milk product; NR, not reported. 
2 No data was available for the effect estimate. Grgurevic et al. (461) reported that daily consumption of yogurt/sour cream was no long significantly (P>0.05) associated with osteoporosis in multiple 

forward conditional logistic regression. The unadjusted OR for daily yogurt/sour cream consumption was 0.45 (0.25-0.82).   
3 No data was available for the effect estimate. Keramat et al. (456) reported the OR as ‘non-significant’ (P>0.05).   
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Table 5.4 Characteristics of randomized controlled trials that assessed the impact of fermented milk product (cheese or yogurt) consumption on bone 

turnover markers
1
 

Author, 

(reference) 

n Participant 

characteristics 

Age, y Design 

 

Intervention2 Control 

 

Duration Bone 

formation 

markers  

Bone 

resorption 

marker 

Reported results 

Heaney et 

al. (462) 

29 All white; usual 

calcium intake 

<600 mg; BMI: 

27.3±3.9 kg/m2 

61±4.3 Cross-

over 

3 servings/d of 

fruit-flavored 

yogurt  

(n=29) 

3 servings/d of 

jelled fruit-

flavored snack 

(n=29) 

7-11 days N/A NTX -8.2 nmol BCE/g 

creatinine (22% 

lower than control) 

           

           

Bonjour et 

al. (463) 

71 Postmenopausal 

≥3 y; usual 

calcium intake 

<600 mg; BMI : 

22.9±2.5 and 

23.1±2.2   

 

57±3.9 Parallel 200 g of 

skimmed-milk, 

soft, plain cheese  

(n=36) 

Usual diet  

(n=35) 

6 weeks BAP, OC, 

PINP 

CTX, 

TRACP 5b 

Significant decrease 

in TRACP 5b in 

both groups and the 

decline was greater 

in the treated group 

vs the control group 

(-0.64 vs. -0.34; P = 

0.011) 

Johnson et 

al. (455)3 

46 Usual calcium 

intake >1000 

mg/d 

73±7.0 Parallel 85 g of processed 

cheese  

(n=23) 

No processed 

cheese  

(n=23) 

2 months 

 

OC N/A No difference in 

change of OC 

concentrations 

between groups 

1 BAP, bone alkaline phosphatase; BCE, bone collagen equivalents; CTX, C-terminal telopeptide of type I collagen; FMP, fermented milk product; N/A, not available; NTX, N-telopeptide of type I 
collagen; OC, osteocalcin; PINP, procollagen type I propeptides; TRACP 5b, tartrate-resistant acid phosphatase 5b. 
2 Intervention: Heaney et al. (462), serving size of yogurt was not specified by the authors. Bonjour et al. (463), 2 x 100 g of skimmed milk, soft, plain cheese fortified with 1.25 µg vitamin D and total 

calcium content of 200 mg per 100 g. Johnson et al. (455), as shown in the table.  

3 Data for female participants were obtained from authors. 
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Table 5.5 GRADE assessment of the quality of evidence for fermented milk product consumption  on bone health outcomes in postmenopausal women
1
 

FMP Outcome Study design, n Risk of bias Inconsistency Indirectness Imprecision Publication bias Quality 

Yogurt Hip fracture 3 prospective 

cohort studies 

Not serious Serious 

inconsistency3 

No serious 

indirectness 

No serious 

imprecision 

Undetected2 Very low 

 BMD T-score ≤ -2.5 1 case-control 

study 

Serious4 Not relevant5 No serious 

indirectness 

No serious 

imprecision 

Undetected2 Very low 

 Bone turnover 

markers 

1 RCT Not serious Not relevant5 Serious 

indirectness6 

Serious 

imprecision7 

Undetected2 Very low 

Cheese Hip fracture 2 prospective 

cohort studies 

Not serious Serious 

inconsistency8 

No serious 

indirectness 

Serious 

imprecision9 

Undetected2 Very low 

 BMD T-score ≤ -2.5 2 case-control 

studies 

Serious10 Serious 

inconsistency11 

No serious 

indirectness 

Serious 

imprecision12 

Undetected2 Very low 

 Bone turnover 

markers 

2 RCTs Serious13 Serious 

inconsistency14 

Serious 

indirectness15 

Serious 

imprecision16 

Undetected2 Very low 

1 BMD, bone mineral density ; FMP, fermented milk product, RCT, randomized controlled trial. 
2 Publication bias: There were less than 10 studies for each outcome.  
3 Serious inconsistency: Although statistical tests suggested no heterogeneity across studies, there was inconsistency in exposure comparisons in the highest intake categories across all 3 studies (i.e., > 0 

serving/week vs. ≥ 5 servings/week vs. ≥ 2 servings/day). 
4 Serious risk of bias: The controls were hospital patients which are not considered representative of the general population of postmenopausal women. 
5 Inconsistency category not relevant: Only one study reported on this outcome. 
6 Serious indirectness: The comparison used in this study was not a milk product and had a very different nutrient profile than the intervention, which would have influenced the outcome. 
7 Serious imprecision: Small sample size.  
8 Serious inconsistency: Although statistical tests suggest no heterogeneity across studies, there was inconsistency in exposure comparison in the highest intake categories (i.e., > 1 serving/week vs. ≥ 1 

serving/day).  
9 Serious imprecision: The optimal information size is met, but confidence interval overlaps no effect and the confidence interval did not exclude important benefit (i.e., lower bound of confidence 

interval = 0.73, so > 25% for largest plausible effect).  
10 Serious risk of bias: Missing data and potential confounders not adjusted for in the study by Keramat et al. (456), and the controls were hospital patients in the study by Grgurevic et al. (461) which are 
not considered representative of the general population of postmenopausal women.  
11 Serious inconsistency: The effect size is missing for one of the sub-populations by Keramat et al. (456) and we deduced that the confidence intervals would have less overlapping. 
12 Serious imprecision: Large confidence interval. 
13 Serious risk of bias: Unclear allocation concealment in the two studies and imbalance in vitamin D status at baseline between study groups in one study. 
14 Serious inconsistency: The two studies reported on different bone turnover markers and the interventions were different across studies. 
15 Serious indirectness: The comparison used in the two studies was a usual diet, which did not allow a direct comparison to the intervention and would have influenced the outcome. 
16 Serious imprecision: Small sample size
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Figure 5.1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

flow diagram of studies through the review process for to the selection of studies for the 

systematic review and meta-analysis of studies of fermented milk product consumption and 

bone health in postmenopausal women. 

 

  



 

Page 129 of 292 

 

Figure 5.2 Random-effects (RE) model meta-analysis of prospective studies on yogurt 

consumption (highest vs. lowest intake levels) and risk of hip fractures in postmenopausal 

women. 
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Figure 5.3 Random-effects (RE) model meta-analysis of prospective studies on cheese 

consumption (highest vs. lowest intake levels) and risk of hip fractures in postmenopausal 

women
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Supplemental Methods 

Search strategies by electronic database to retrieve literature 

Database: MEDLINE 

1. exp Cultured Milk Products/  

2. Milk/ and (ferment* or culture*).tw,kf.  

3. Dairy Products/ and (ferment* or culture*).tw,kf.  

4. (ferment* adj3 (milk or dair*)).ti,ab,kf.  

5. (cultured adj3 (milk or dair*)).ti,ab,kf.  

6. (yoghurt or yogourt or yoghourt or yogurt or zabadi).ti,ab,kf.  

7. cheese*.ti,ab,kf.  

8. (buttermilk or butter-milk).ti,ab,kf. 

9. (koumis* or kumis* or kumys).ti,ab,kf.  

10. kefir.ti,ab,kf.  

11. acidophilus milk.ti,ab,kf.  

12. viili.ti,ab,kf.  

13. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12  

14. Bone Density/  

15. ((bone adj3 density) or osseous density or (bone adj3 content)).ti,ab,kf.  

16. exp Osteoporosis/  

17. osteoporo*.ti,ab,kf.  

18. exp Fractures, Bone/  

19. fracture*.ti,ab,kf.  

20. exp Bone Remodeling/  
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21. (bone and (remodeling or remodelling or re-modeling or re-modelling)).ti,ab,kf.  

22. (bone adj2 (loss or lost or resorpt*)).ti,ab,kf.  

23. (bone turnover or bone turn-over).ti,ab,kf.  

24. Osteocalcin/  

25. (osteocalcin or (bone adj3 carboxyglutamic) or bone ajd3 carboxy-glutamic or (bone adj3 

GLA)).ti,ab,kf.  

26. Alkaline Phosphatase/  

27. ((bone adj3 alkaline phosphatase) or BAP or BALP or BSAP).ti,ab,kf.  

28. (((N-terminal propeptide or N-terminal pro-peptide or amino-terminal propeptide or amino-

terminal pro-peptide) adj3 (type 1 collagen or type I collagen)) or PINP or P1NP).ti,ab,kf.  

29. (((C-terminal propeptide or C-terminal pro-peptide or carboxy*-terminal propeptide or 

carboxy*-terminal pro-peptide) adj3 (type 1 collagen or type I collagen)) or PICP or 

P1CP).ti,ab,kf.  

30. (hydroxyproline or hydroxy-proline or PYD).ti,ab,kf.  

31. (deoxypyridonoline or DPD).ti,ab,kf.  

32. (((C-terminal or carboxy*-terminal) adj5 (type 1 collagen or type I collagen or collagen type 

1 or collagen type I)) or CTX).ti,ab,kf.  

33. (((N-terminal or amino-terminal) adj5 (type 1 collagen or type I collagen or collagen type 1 

or collagen type I)) or NTX).ti,ab,kf.  

34. ICTP.ti,ab,kf.  

35. Tartrate-Resistant Acid Phosphatase/  

36. ((tartrate-resistant acid phosphatase or TRACP) adj2 (5b or type-5)).ti,ab,kf.  

37. ((bone or skelet*) adj3 health).ti,ab,kf.  
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38. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 

30 or 31 or 32 or 33 or 34 or 35 or 36 or 37  

39. 13 and 38  

40. Animals/ not (Animals/ and Humans/)  

41. ((animal or animals or canine* or cat or cats or dog or dogs or feline or hamster* or mice or 

monkey or monkeys or mouse or murine or pig or pigs or piglet* or porcine or primate* or 

rabbit* or rats or rat or rodent* or sheep* or veterinar*) not (human* or patient*)).ti,jw.  

42. 40 or 41  

43. 39 not 42 

Database: Embase 

1. exp fermented milk product/ 

2. Milk/ and (ferment* or culture*).tw,kw. 

3. Dairy Product/ and (ferment* or culture*).tw,kw. 

4. cheese/ 

5. (ferment* adj3 (milk or dair*)).ti,ab,kw. 

6. (cultured adj3 (milk or dair*)).ti,ab,kw. 

7. (yoghurt or yogourt or yoghourt or yogurt or zabadi).ti,ab,kw. 

8. cheese*.ti,ab,kw. 

9. (buttermilk or butter-milk).ti,ab,kw. 

10. (koumis* or kumis* or kumys).ti,ab,kw. 

11. kefir.ti,ab,kw. 

12. acidophilus milk.ti,ab,kw. 

13. viili.ti,ab,kw. 
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14. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 

15. exp bone density/ 

16. ((bone adj3 density) or osseous density or (bone adj3 content)).ti,ab,kw. 

17. exp osteoporosis/ 

18. osteoporo*.ti,ab,kw. 

19. exp fracture/ 

20. fracture*.ti,ab,kw. 

21. bone remodeling/ 

22. (bone and (remodeling or remodelling or re-modeling or re-modelling)).ti,ab,kw. 

23. osteolysis/ 

24. (bone adj2 (loss or lost or resorpt*)).ti,ab,kw. 

25. bone turnover/ 

26. (bone turnover or bone turn-over).ti,ab,kw. 

27. osteocalcin/ 

28. (osteocalcin or (bone adj3 carboxyglutamic) or (bone adj3 carboxy-glutamic acid) or (bone 

adj3 GLA)).ti,ab,kw. 

29. alkaline phosphatase bone isoenzyme/ 

30. ((bone adj3 alkaline phosphatase) or BAP or BALP or BSAP).ti,ab,kw. 

31. (((N-terminal propeptide or N-terminal pro-peptide or amino-terminal propeptide or 

aminoterminal propeptide) adj3 (type 1 collagen or type I collagen)) or PINP or P1NP).ti,ab,kw. 

32. (((C-terminal propeptide or C-terminal pro-peptide or carboxy*-terminal propeptide or 

carboxy*-terminal pro-peptide) adj3 (type 1 collagen or type I collagen)) or PICP or 

P1CP).ti,ab,kw. 
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33. (hydroxyproline or hydroxy-proline or PYD).ti,ab,kw. 

34. (deoxypyridinoline or DPD).ti,ab,kw. 

35. (((C-terminal or carboxy*-terminal) adj5 (type 1 collagen or type I collagen or collagen type 

1 or collagen type I)) or CTX).ti,ab,kw. 

36. (((N-terminal or amino-terminal) adj5 (type 1 collagen or type I collagen or collagen type 1 

or collagen type I)) or NTX).ti,ab,kw. 

37. ICTP.ti,ab,kw. 

38. acid phosphatase tartrate resistant isoenzyme/ 

39. ((tartrate-resistant acid phosphatase or TRACP) adj2 (5b or type-5)).ti,ab,kw. 

40. ((bone or skelet*) adj3 health).ti,ab,kw. 

41. 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 

31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 

42. 14 and 41 

43. (Animal experiment/ or experimental animal/) not Human/ 

44. ((animal or animals or canine* or cat or cats or dog or dogs or feline or hamster* or mice or 

monkey or monkeys or mouse or murine or pig or pigs or piglet* or porcine or primate* or 

rabbit* or rats or rat or rodent* or sheep* or veterinar*) not (human* or patient*)).ti,jx. 

45. 43 or 44 

46. 42 not 45 

Database: PubMed 

(("fermented milk"[Text Word] OR "fermented milks"[Text Word] OR "fermented dairy"[Text 

Word] OR "cultured milk"[Text Word] OR "cultured milks"[Text Word] OR "cultured 

dairy"[Text Word]) OR (yoghurt[Text Word] OR yogourt[Text Word] OR yoghourt[Text Word] 
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OR yogurt[Text Word] OR zabadi[Text Word]) OR (cheese*[Text Word]) OR (buttermilk[Text 

Word] OR "butter-milk"[Text Word]) OR (koumis*[Text Word] OR kumis*[Text Word] OR 

kumys[Text Word]) OR (kefir[Text Word]) OR ("acidophilus-milk"[Text Word]) OR (viili[Text 

Word])) AND (("bone density"[Text Word] OR "bone mineral density"[Text Word] OR "bone 

mineral content"[Text Word] OR "osseous density"[Text Word]) OR (osteoporo*[Text Word]) 

OR (fracture*[Text Word]) OR ("bone remodeling"[Text Word] OR "bone remodelling"[Text 

Word] OR "bone re-modeling"[Text Word] OR "bone re-remodelling"[Text Word]) OR ("bone 

resorption"[Text Word] OR "resorption of bone"[Text Word] OR "bone loss"[Text Word] OR 

"bone lost"[Text Word]) OR ("bone turnover"[Text Word] OR "bone turn-over"[Text Word]) 

OR (osteocalcin[Text Word] OR "bone gamma-carboxyglutamic acid-containing protein"[Text 

Word] OR "bone gamma-carboxyglutamic acid protein"[Text Word] OR "bone GLA"[Text 

Word]) OR ("bone alkaline phosphatase"[Text Word] OR "bone specific alkaline 

phosphatase"[Text Word] OR BAP[Text Word] OR BALP[Text Word] OR BSAP[Text Word]) 

OR ("N-terminal propeptide of type 1 collagen"[Text Word] OR "N-terminal pro-peptide of type 

1 collagen"[Text Word] OR "N-terminal propeptide of type I collagen"[Text Word] OR "N-

terminal pro-peptide of type I collagen"[Text Word] OR "amino-terminal propeptide of type 1 

collagen"[Text Word] OR "amino-terminal pro-peptide of type 1 collagen"[Text Word] OR 

"amino-terminal propeptide of type I collagen"[Text Word] OR "amino-terminal pro-peptide of 

type I collagen"[Text Word] OR PINP[Text Word] OR P1NP[Text Word]) OR ("C-terminal 

propeptide of type 1 collagen"[Text Word] OR "C-terminal pro-peptide of type 1 collagen"[Text 

Word] OR "C-terminal propeptide of type I collagen"[Text Word] OR "C-terminal pro-peptide 

of type I collagen"[Text Word] OR "carboxy-terminal propeptide of type 1 collagen"[Text Word] 

OR "carboxy-terminal pro-peptide of type 1 collagen"[Text Word] OR "carboxy-terminal 
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propeptide of type I collagen"[Text Word] OR "carboxy-terminal pro-peptide of type I 

collagen"[Text Word] OR "carboxyl-terminal propeptide of type 1 collagen"[Text Word] OR 

"carboxyl-terminal pro-peptide of type 1 collagen"[Text Word] OR "carboxyl-terminal 

propeptide of type I collagen"[Text Word] OR "carboxyl-terminal pro-peptide of type I 

collagen"[Text Word] OR PICP[Text Word] OR P1CP[Text Word]) OR (hydroxyproline[Text 

Word] OR hydroxy-proline[Text Word] OR PYD[Text Word]) OR (deoxypyridinoline[Text 

Word] OR DPD[Text Word]) OR ("C-terminal of type 1 collagen"[Text Word] OR "C-terminal 

of type I collagen"[Text Word] OR "C-terminal of collagen type 1"[Text Word] OR "C-terminal 

of collagen type I"[Text Word] OR "carboxy-terminal of type 1 collagen"[Text Word] OR 

"carboxy-terminal of type I collagen"[Text Word] OR "carboxy-terminal of collagen type 

1"[Text Word] OR "carboxy-terminal of collagen type I"[Text Word]  

OR "carboxyl-terminal of type 1 collagen"[Text Word] OR "carboxyl-terminal of type I 

collagen"[Text Word] OR "carboxyl-terminal of collagen type 1"[Text Word] OR "carboxyl-

terminal of collagen type I"[Text Word] OR CTX[Text Word]) OR ("N-terminal of type 1 

collagen"[Text Word] OR "N-terminal of type I collagen"[Text Word] OR "N-terminal of 

collagen type 1"[Text Word] OR "N-terminal of collagen type I"[Text Word] OR "amino-

terminal of type 1 collagen"[Text Word] OR "amino-terminal of type I collagen"[Text Word] 

OR "amino-terminal of collagen type 1"[Text Word] OR "amino-terminal of collagen type 

I"[Text Word] OR NTX[Text Word]) OR (ICTP[Text Word]) OR ("tartrate-resistant acid 

phosphatase"[Text Word] OR "tartrate resistant acid phosphatase"[Text Word] OR "TRACP-

5b"[Text Word] OR TRACP5b[Text Word] OR "TRACP type 5"[Text Word] OR "TRACP 

type-5"[Text Word]) OR ("bone health"[Text Word] OR "skeletal health"[Text Word])) 
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Database: Cumulative Index to Nursing and Allied Health Literature 

S43 S39 NOT S42  

S42 S40 OR S41  

S41 TI ((animal OR animals OR canine* OR cat OR cats OR dog OR dogs OR feline OR 

hamster* OR mice OR monkey OR monkeys OR mouse OR murine OR pig OR pigs OR piglet* 

OR porcine OR primate* OR rabbit* OR rats OR rat OR rodent* OR sheep* OR veterinar*) 

NOT (human* or patient*))  

S40 (MH "Animals") NOT ( (MH "Animals") AND (MH "Humans) )  

S39 S13 AND S38  

S38 S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR 

S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR 

S35 OR S36 OR S37  

S37 (AB ((bone OR skelet*) N3 health) OR (TI ((bone OR skelet*) N3 health))  

S36 (AB ((tartrate-resistant acid phosphatase OR TRACP) N2 (5b OR type-5)) OR (TI 

((tartrate-resistant acid phosphatase OR TRACP) N2 (5b OR type-5)))  

S35 (MH "Tartrate-Resistant Acid Phosphatase")  

S34 (AB (ICTP) OR (TI ICTP))  

S33 (AB (((N-terminal OR amino-terminal) N5 (type 1 collagen OR type I collagen OR 

collagen type 1 OR collagen type I)) OR NTX) OR (TI (((N-terminal OR amino-terminal) N5 

(type 1 collagen OR type I collagen OR collagen type 1 OR collagen type I)) OR NTX))  

S32 (AB (((C-terminal OR carboxy*-terminal) N5 (type 1 collagen OR type I collagen OR 

collagen type 1 OR collagen type I)) OR CTX) OR (TI (((C-terminal OR carboxy*-terminal) N5 

(type 1 collagen OR type I collagen OR collagen type 1 OR collagen type I)) OR CTX))  
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S31 (AB (deoxypyridonoline OR DPD) OR (TI (deoxypyridonoline OR DPD))  

S30 (AB (hydroxyproline OR hydroxy-proline OR PYD) OR (TI (hydroxyproline OR 

hydroxy-proline OR PYD))  

S29 (AB (((C-terminal propeptide OR C-terminal pro-peptide OR carboxy*-terminal 

propeptide OR carboxy*-terminal pro-peptide) N3 (type 1 collagen OR type I collagen)) OR 

PICP OR P1CP) OR (TI (((C-terminal propeptide OR C-terminal pro-peptide OR carboxy*-

terminal propeptide OR carboxy*-terminal pro-peptide) N3 (type 1 collagen OR type I collagen)) 

OR PICP OR P1CP))  

S28 (AB (((N-terminal propeptide OR N-terminal pro-peptide OR amino-terminal propeptide 

OR amino-terminal pro-peptide) N3 (type 1 collagen OR type I collagen)) OR PINP OR P1NP) 

OR (TI (((N-terminal propeptide OR N-terminal pro-peptide OR amino-terminal propeptide OR 

amino-terminal pro-peptide) N3 (type 1 collagen OR type I collagen)) OR PINP OR P1NP))  

S27 (AB ((bone N3 alkaline phosphatase) OR BAP OR BALP OR BSAP) OR (TI ((bone N3 

alkaline phosphatase) OR BAP OR BALP OR BSAP))  

S26 (MH "Alkaline Phosphatase")  

S25 (AB (osteocalcin OR (bone N3 carboxyglutamic) OR bone N3 carboxy-glutamic OR 

(bone N3 GLA)) OR (TI(osteocalcin OR (bone N3 carboxyglutamic) OR bone N3 carboxy-

glutamic OR (bone N3 GLA)))  

S24 (MH "Osteocalcin")  

S23 (AB (bone turnover OR bone turn-over) OR (TI (bone turnover OR bone turn-over))  

S22 (AB (bone N2 (loss OR lost OR resorpt*)) OR (TI (bone N2 (loss OR lost OR resorpt*)))  

S21 (AB (bone AND (remodeling OR remodelling OR re-modeling OR re-modelling)) OR 

(TI (bone AND (remodeling OR remodelling OR re-modeling OR re-modelling)))  
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S20 (MH "Bone Remodeling+")  

S19 (AB (fracture*) OR (TI (fracture*))  

S18 (MH "Fractures+")  

S17 (AB (osteoporo*) OR (TI (osteoporo*))  

S16 (MH "Osteoporosis+")  

S15 (AB ((bone N3 density) OR "osseous density" OR (bone N3 content)) OR (TI ((bone N3 

density) OR "osseous density" OR (bone N3 content)))  

S14 (MH "Bone Density")  

S13 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12  

S12 (AB (viili) OR (TI (viili))  

S11 (AB ("acidophilus milk") OR (TI ("acidophilus milk"))  

S10 (AB (kefir) OR (TI (kefir))  

S9 (AB (koumis* OR kumis* OR kumys) OR (TI(koumis* OR kumis* OR kumys))  

S8 (AB (buttermilk OR butter-milk) OR (TI (buttermilk OR butter-milk))  

S7 (AB (cheese*) OR (TI (cheese*))  

S6 (AB (yoghurt OR yogourt OR yoghourt OR yogurt OR zabadi) OR (TI (yoghurt OR 

yogourt OR yoghourt OR yogurt OR zabadi)))  

S5 (AB (cultured N3 (milk OR dair*)) OR (TI (cultured N3 (milk OR dair*)))  

S4 (AB (ferment* N3 (milk OR dair*)) OR (TI (ferment* N3 (milk OR dair*)))  

S3 (MH "Dairy Products+") AND ( TX ( ferment* OR culture*) )  

S2 MH "milk" AND TX ( ferment* OR culture* )  

S1 (MH "Cultured Milk Products+")  
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Database: Cochrane Central Register of Controlled Trials 

#1 (ferment* near/3 (milk or dair*)):ti,ab,kw   

#2 (cultured near/3 (milk or dair*)):ti,ab,kw   

#3 (yoghurt or yogourt or yoghourt or yogurt or zabadi):ti,ab,kw   

#4 cheese*:ti,ab,kw   

#5 (buttermilk or butter-milk):ti,ab,kw   

#6 koumis* or kumis* or kumys:ti,ab,kw   

#7 kefir:ti,ab,kw   

#8 acidophilus-milk:ti,ab,kw   

#9 viili:ti,ab,kw   

#10 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9  

#11 ((bone near/3 density) or osseous density or (bone near/3 content)):ti,ab,kw   

#12 osteoporo*:ti,ab,kw   

#13 fracture*:ti,ab,kw   

#14 (bone and (remodeling or remodelling or re-modeling or re-modelling)):ti,ab,kw   

#15 (bone near/2 (loss or lost or resorpt*)):ti,ab,kw   

#16 (bone turnover or bone turn-over):ti,ab,kw   

#17 (osteocalcin or (bone near/3 carboxyglutamic) or (bone near/3 carboxy-glutamic acid) or 

(bone near/3 GLA)):ti,ab,kw   

#18 ((bone near/3 alkaline phosphatase) or BAP or BALP or BSAP):ti,ab,kw   

#19 (((N-terminal propeptide or N-terminal pro-peptide or amino-terminal propeptide or 

amino-terminal propeptide) near/3 (type 1 collagen or type I collagen)) or PINP or 

P1NP):ti,ab,kw   
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#20 (((C-terminal propeptide or C-terminal pro-peptide or carboxy*-terminal propeptide or 

carboxy*-terminal pro-peptide) near/3 (type 1 collagen or type I collagen)) or PICP or 

P1CP):ti,ab,kw   

#21 (hydroxyproline or hydroxy-proline or PYD):ti,ab,kw   

#22 (deoxypyridinoline or DPD):ti,ab,kw   

#23 (((C-terminal or carboxy*-terminal) near/5 (type 1 collagen or type I collagen or collagen 

type 1 or collagen type I)) or CTX):ti,ab,kw   

#24 (((N-terminal or amino-terminal) near/5 (type 1 collagen or type I collagen or collagen 

type 1 or collagen type I)) or NTX):ti,ab,kw   

#25 ICTP:ti,ab,kw   

#26 ((tartrate-resistant acid phosphatase or TRACP) near/2 (5b or type-5)):ti,ab,kw   

#27 ((bone or skelet*) near/3 health):ti,ab,kw   

#28 #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 

or #24 or #25 or #26 or #27  

#29 #10 and #28 
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Supplemental Tables 5.1-5.3 
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Supplemental Table 5.1 Risk of bias assessment of included randomized controlled trials
1
 

References Domain A Domain B Domain C Domain D Domain E Overall 

risk of bias 

Heaney, 2002 

(462) 
Low Low Low Low Low Low 

Bonjour, 

2012 (463) 
Some 

concerns 

Low Low Low Low Some 

concerns 

Johnson, 

2005 (455) 
Some 

concerns 

Low Low Low Low Some 

concerns 
1 
Domains: (A) bias arising from the randomisation process, (B) bias owing to deviations from intended 

interventions, (C) bias owing to missing outcome data, (D) bias in measurement of the outcome, (E) bias in 

selection of the reported result. The overall risk of bias grade was calculated by assessing the five domains [A–

E]. 
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Supplemental Table 5.2 Methodological quality of prospective cohort studies included in the systematic review using the Newcastle-

Ottawa Scale
1
 

First author, 

publication 

year 

(reference) 

Selection  Comparability  Outcome  

Representativeness 

of the exposed 

cohort 

Selection 

of the 

unexposed 

cohort 

Ascertainment 

of exposure 

Outcome 

of 

interest 

not 

present 

at start 

of study 

 Control for 

important 

factor or 

additional 

factor
2
 

 Assessment 

of outcome 

Follow-

up long 

enough 

for 

outcomes 

to occur 
3
 

Adequacy 

of follow-

up of 

cohorts
4
 

Total 

quality 

scores 

Sahni, 2014 

(453) 
    

 
 

 
   9 

Feskanich, 

2018 (459) 
    

 
 

 
-   8 

Michaelsson, 

2017 (452) 
   - 

 
 

 
   8 

1
 A study could be awarded a maximum of one star for each item except for the item Control for important factor or additional factor. 

2
 A maximum of 2 stars could be awarded for this item. Studies that controlled for calcium and vitamin D supplement use received one star, whereas studies that 

controlled for other important confounders (smoking, hormone replacement therapy or energy intake) received an additional star. 
3
 A cohort study with a follow-up time ≥5 years for incident hip fractures or ≥2 years for change in BMD was assigned one star. 

4
 A cohort study with a follow-up rate >90% was assigned one star. 
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Supplemental Table 5.3 Methodological quality of case-control studies included in the systematic review using the Newcastle-Ottawa 

Scale
1
 

First 

author, 

publication 

year 

(reference) 

Selection  Comparability  Outcome  

Adequate 

definition 

of cases 

Representativeness 

of cases 

Selection 

of 

control 

subjects 

Definition 

of control 

subjects 

 Control for 

important 

factor or 

additional 

factor
2
 

 Exposure 

assessment 

Same method 

of 

ascertainment 

for all subjects 

Non 

response 

rate 

Total 

quality 

scores 

Tavani, 

1995 (460)  
  - - 

 
 

 
-   5 

Keramat, 

2008 (456) 
    

 
- 

 
-  - 

5 

Grgurevic, 

2010 (461) 
  -  

 
 

 
   8 

1
 A study could be awarded a maximum of one star for each item except for the item Control for important factor or additional factor. 

2
 A maximum of 2 stars could be awarded for this item. Studies that controlled for calcium and vitamin D supplement use received one star, whereas studies that 

controlled for other important confounders (smoking, hormone replacement therapy, or body mass index) received an additional star. 
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Bridge Statement 4 

Results from the systematic review and meta-analysis presented in Chapter 5 suggest that 

yogurt may be protective against hip fracture risk, but the overall quality of the evidence was 

very low. Based on the few RCTs included in the systematic review, FMP interventions 

significantly reduced markers of bone resorption (455, 462, 463). The observed benefits of FMPs 

on skeletal health outcomes require further clarification. Similarly, the underlying mechanism of 

the potential protective effect of FMP on CVD and related mortality has not been rigorously 

examined in experimental settings in humans (47, 478). There is considerable evidence showing 

that inflammation plays an important role in vascular calcification and bone remodeling. Taken 

together, modulation of inflammatory mediators may explain the protective effect of FMP 

consumption on vascular and bone health outcomes, but further investigational studies are 

warranted. 

 The Calcium Study, an RCT led by our research group, was designed to provide an 

evidence-based approach to answer the question regarding the impact of calcium 

supplementation on vascular and bone health in healthy postmenopausal women. The Calcium 

Study had a similar design to the pilot trial described in Chapter 3, with the addition of a control 

arm and the use of the calcium-focused FFQ as described in Chapter 4. The RCT examined the 

differential effect of supplemental versus dietary calcium on composite endpoints of arterial 

stiffness and arterial thickness, and found no detectable differences in carotid-femoral pulse 

wave velocity or cIMT at the end of the 12-month intervention compared to the control arm. 

However, a 12-month intervention might not be long enough to detect subclinical changes 

between the treatment arms. In contrast, changes in circulating biomarkers associated with CVD 

risk have been reported following short-term nutrition interventions (43, 45, 292, 479-483). Thus, 
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using the data from the Calcium Study, Chapter 6 investigated the effect of calcium, either from 

dietary sources alone or predominantly from supplemental sources, on selected inflammatory and 

bone biomarkers over 12 months as compared to the control group. 
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CHAPTER 6 

Manuscript 4: Randomized Controlled Trial 
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Abstract 

The benefits and risks of supplemental calcium require clarification. This study aimed to 

examine the short-term effect of calcium at the Recommended Dietary Allowance (RDA) level, 

either from dietary calcium alone or in combination with supplemental calcium on biomarkers 

implicated in vascular and bone health. Healthy postmenopausal women (n=121, BMI >19 <35 

kg/m
2
) were randomized to 1 of 3 groups for 12 months: CaSuppl (750 mg supplemental calcium 

+ 450 mg dietary calcium + 800 IU vitamin D supplement [vitD] daily), CaDiet (1200 mg 

dietary calcium + 400 IU vitD daily), or Control (400 IU vitD daily). Baseline and 12-month 

measurements included plasma cytokines, serum high-sensitivity C-reactive protein (hsCRP), 

ionized calcium (iCa), 25-hydroxyvitamin D (25(OH)D), parathyroid hormone (PTH), sclerostin, 

and the bone turnover markers (BTMs) bone-specific alkaline phosphatase and cross-linked C-

telopeptide of type I collagen. Anthropometric measurements were also assessed. Linear mixed 

models were used to examine between and within-group differences over time. Linear 

regressions were performed to assess the association between different types of dairy products 

with biomarkers at baseline and at 12-months. One hundred and six (87.6%) participants 

completed the study. At 12-months, there were no between or within-group differences in hsCRP, 

interleukin-6, adipokines, iCa, PTH, or sclerostin. In contrast, BTMs decreased over time in both 

intervention groups, whereas 25(OH)D increased in all groups. BMI and percent body fat 

increased at 12-months in CaDiet only (P=0.04 and P=0.03, respectively). Overall dairy intake, 

total or by type, did not associate with inflammatory markers or BTMs. However, yogurt intake 

associated positively with 25(OH)D and serum sclerostin at baseline. In healthy postmenopausal 

women, after 12 months, calcium at the RDA level from either dietary or supplemental intakes 

did not affect inflammatory biomarkers but decreased markers of bone turnover. Whether intakes 

exceeding the RDA are implicated in vascular health remains uncertain. 
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6.1 Introduction 

The current Recommended Dietary Allowance (RDA) for calcium is 1200 mg/day for 

women >50 years old to mitigate the rapid loss of bone mass at the time of menopause, and to 

counter the effect of aging on bone loss after the age of 70 years (370). The North American diet 

provides a variety of foods rich in calcium, including milk, milk products, and some non-dairy 

foods (3, 484). Yet, calcium intake from food sources among postmenopausal women is often 

below the RDA (estimated to average 800 mg/day in North America) and supplemental calcium 

is often recommended (3, 4, 485).  

Higher calcium intakes from dietary or supplemental sources are associated with reduced 

rates of bone loss and fracture in older adults (367, 454, 486, 487). However, an increased risk of 

cardiovascular disease (CVD) and cardiovascular events associated with calcium 

supplementation have been reported. Increased rates of myocardial infarction (RR 2.12, 95% CI 

1.01-4.47) were reported in healthy postmenopausal women who received 1 g/day of elemental 

calcium in a 5-year randomized clinical trial (RCT) compared to placebo (98). Similarly, meta-

analyses from the same authors demonstrated an increased risk of myocardial infarction 

associated with calcium supplementation alone (HR 1.31, 95% CI 1.02-1.67) (8) or with co-

supplementation of vitamin D (HR 1.21, 95% CI 1.01-1.44) (9). Other reports documented 

opposite or null results with doses of supplemental calcium that ranged from 0.5 g/day to 1.6 

g/day (10-15). Total calcium intake from dietary and supplemental sources in these studies often 

exceeded the RDA and approached the Tolerable Upper Intake Level (UL, 2000 mg/day). 

Although rarely achieved from food sources alone, total calcium intake above the UL has the 

potential to cause hypercalcemia and promote calcification of vascular and soft tissues (370). 

By contrast, higher dietary calcium intakes alone are generally associated with a lower 
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prevalence of CVD, and calcium intake from milk and milk products are mostly associated with 

cardio-protective benefits or no association with CVD risk (33, 34, 83, 85, 488, 489). However, 

findings from a large cohort of Swedish women suggest that for every 200 g of milk consumed, 

there was an increased risk of all-cause mortality (adjusted HR 1.15, 95% CI 1.13-1.17) and 

cardiovascular mortality (adjusted HR 1.15, 95% CI 1.12-1.19) (84). In contrast, fermented milk 

product (FMP) intake, such as yogurt and cheese, was associated with lower rates of mortality 

(84). This suggests that the complex nutrient matrices of different dairy foods may have varying 

properties, such as pro- and anti-inflammatory effects on health (40). Findings of a recent meta-

analysis of 29 prospective cohort studies did not show an association between total dairy nor 

milk consumption with total mortality, coronary artery disease or CVD (41). Nonetheless, FMP 

consumption was associated with a modestly lower risk of total mortality and CVD (41). Thus 

far, emerging evidence suggests that FMP may be associated with lower CVD risk compared to 

non-fermented milk (46).  

Although the mechanism by which supplemental calcium could increase cardiovascular 

risks remains speculative, the development of coronary artery disease has been suggested (101, 

490). Inflammation may be involved as it plays a central role in the pathogenesis of 

atherosclerosis and aortic calcification (108-110, 491). Elevated circulating inflammatory 

markers have been shown to be associated with coronary arterial calcification, CVD and 

mortality (113-116). Furthermore, biomarkers involved in bone mineralization are also 

associated with CVD (241, 256-258, 492-494). However, important knowledge gaps remain 

concerning the underlying mechanisms through which supplemental calcium may exert adverse 

effects on cardiovascular health due to a lack of RCT designed to address this question. 

To gain understanding into the underlying associations between calcium and vascular risk, 
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we used the biochemical data obtained from a 1-year RCT designed to estimate the effect of 

dietary calcium as compared to supplemental calcium on surrogate markers of vascular health in 

healthy postmenopausal women. Our objective was to examine whether calcium intake through 

different forms (supplemental versus dietary) has differential effects on selected inflammatory 

and bone biomarkers in healthy postmenopausal women. Secondary objectives were to assess the 

effects of supplemental and dietary calcium on body composition. The third objective was to 

examine the relationship between individual milk products and the selected inflammatory and 

bone biomarkers.  

6.2 Methods 

Participants 

Healthy postmenopausal women (2 or more years since last menstrual period) ≥50 years 

of age without any known chronic disease were recruited through posters and local newspaper 

advertisements in the greater Montreal (Quebec, Canada) area from January 2014 to November 

2017. Exclusion criteria were established to avoid including women with clinical or subclinical 

vascular impairment due to cardiovascular risk factors or CVD. Specifically, women who were 

smokers within the last 5 years were excluded, as were those who had a BMI <19 or >35 kg/m
2
, 

history of diabetes, pre-eclampsia, hypertension, atrial fibrillation or atherosclerosis. Participants 

who had used hormonal therapy (excluding vaginal preparations) in the last 3 years, medications 

to treat hypertension or hypercholesterolemia, or medications known to affect bone metabolism 

within the past 12 months were excluded. Those with a 10-year absolute risk of major 

osteoporotic fractures >20 %, computed using FRAX
TM

 without bone mineral density, were also 

excluded (321). During screening, if potential participants were taking nutritional supplements 

that contained calcium and/or vitamin D, they were asked to stop the supplement intake for 2 
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months prior to participation (washout period).  

Study design  

This was a 12-month RCT (ClinicalTrials.gov ID: NCT01731340). Participants were 

initially randomly allocated to 1 of 3 parallel groups by permuted block size of 9 (1:1:1) on the 

day of the baseline visit. Due to strict eligibility criteria, recruitment rates were low, and thus the 

randomization ratio was subsequently (October 27, 2015) changed to 4:4:1 to increase 

enrollment to the intervention arms. As of November 22, 2016, randomization to the control 

group was discontinued, and newly enrolled participants were randomized to either one of the 

two intervention groups by permuted block size of 6 (3:3:0). The protocol was amended 

accordingly to reflect both changes in the allocation ratio.  

A web-based randomization algorithm was used to generate permuted block 

randomization and the allocation sequence was concealed. Participants were informed of their 

group assignment in person at the end of their baseline visit by the research dietitian, who was 

aware of the result of the randomization. Outcome assessors were blinded throughout the study 

and participants were asked to not reveal their treatment allocation to research staff at follow-up 

visits.  

The interventions were as follows: Calcium Supplement group (CaSuppl): 750 mg 

calcium citrate supplement (Ci-Cal) + 450 mg from food sources + 800 IU vitamin D supplement 

(Euro-D 800) daily; or Dietary Calcium group (CaDiet): 1200 mg of calcium from food sources 

+ 400 IU vitamin D supplement (Euro-D 400) daily; or Control group: ad libitum diet + 400 IU 

vitamin D supplement daily for 12 months. All supplements were purchased from Euro-Pharm 

International Canada Inc. (Montreal, Quebec). Interventions for CaSuppl and CaDiet were 

designed to meet the RDA for calcium at 1200 mg/day and vitamin D at 600-800 IU/day. 
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CaSuppl participants were instructed to limit their intake of calcium-rich foods, particularly milk, 

milk products and alternative calcium-rich foods, to one small portion per day (providing 

approximately 150 mg/portion). Participants randomized to CaDiet were instructed to increase 

their intake of calcium rich foods to 3 portions per day (providing approximately 300 

mg/portion). While few foods naturally contain vitamin D, the CaDiet intervention supplies 

approximately 400 IU of dietary vitamin D from fluid milk and plant-based beverages enriched 

with calcium. To balance vitamin D intakes across groups, a higher dose of vitamin D 

supplement was provided to CaSuppl participants to compensate for a lower intake from dietary 

sources. Foods were considered rich in calcium if they provide ≥100 mg per recommended 

serving sizes as per the 2007-2019 Canadian Food Guide (63): fluid milk (300 mg per 250 ml), 

yogurt (189-257 mg per 175 g), cheese (100-426 mg per 50 g), plant-based beverages enriched 

with calcium (300 mg per 250 ml), canned fish with bones (179-212 mg per 75 g) and tofu 

prepared with calcium (302-525 mg per 100 g). An additional 300 mg of dietary calcium from 

other foods, such as vegetables and grains (322), were taken into consideration in the design of 

the study interventions to meet the RDA.  

Assessments 

Anthropometric measurements 

All assessments were performed in the fasted state following a 12-hour overnight fast. 

Height, weight, percent body fat, and waist and hip circumferences were measured at each visit 

using standard practices. Standing height was measured to the nearest 0.1 cm using a wall-

mounted stadiometer (Seca 242, Seca, Hamburg, Germany). Weight and percent body fat were 

measured using bioelectrical impedance analysis (Tanita TBF-310; Tanita Corporation, 

Arlington Heights, IL, USA) to the nearest 0.2 kg and 0.1%, respectively, in light clothing 
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without shoes. Waist circumference was measured at the end of a normal expiration at the 

superior border of the iliac crest to the nearest 0.5 cm using a nonflexible body measuring tape 

over the skin (495, 496). Hip circumference was measured to the nearest 0.1 cm at the level of 

the symphysis pubis and the greatest gluteal protuberance (331). 

Demographic characteristics, physical activity and health survey 

Medical history, medication and nutritional supplement use were reviewed at the baseline 

visit. The long-form International Physical Activity Questionnaire (IPAQ) was administered at 

baseline, 6-months and 12-months to estimate physical activity level in the last 7 days (325, 326). 

General health status, use of new medications and nutritional supplements were also surveyed 

during monthly telephone follow-ups. 

Dietary assessment and compliance 

We have previously developed and validated a calcium-focused 30-day semi-quantitative 

food frequency questionnaire (FFQ) (497). The 51-item FFQ had a high inter-rater agreement 

(intra-class correlation coefficient 0.93, 95% CI 0.82-0.97) and a systematic bias of 

underestimating dietary calcium intake by approximately 99 ± 295 mg/day. The FFQ was 

administered by the research dietitian at baseline, 6-months and 12-months to determine usual 

dietary calcium and vitamin D intake. Participants were asked about the frequency of 

consumption (never or times per month/week/day, as appropriate) of the items included in the 

FFQ during the previous month (e.g., “How frequently did you have yogurt during the past 

month?”) followed by a question about the usual portion size consumed to enhance reporting 

accuracy (e.g., “When you had yogurt during the past month, how much did you usually have 

each time?”). Reported frequencies and quantities were entered in an automated Microsoft Excel 

2010 spreadsheet (Redmond, WA, USA) and the average daily dietary calcium intake for each 
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item and the daily total dietary calcium intake were automatically calculated. The Canadian 

Nutrient File 2010b database was used to calculate the average values of the calcium content of 

each item on the FFQ (484).  

Multiple-pass 24-hour recalls were administered at each on-site visit and at each monthly 

telephone follow-up (329). Participants were asked to recall all foods and beverages they 

consumed during the day before each visit and before each scheduled telephone follow-up. 

During the initial visit, participants received detailed instructions and a portion size guide 

(www.fns.usda.gov) adapted to the Canadian context with examples of visual cues using 

common household items to help them estimate quantities of food during telephone interviews 

(389). Intake data from each 24-hour recall were entered into the Nutritionist Pro software 

version 5.2.0 (Axxya Systems, Stafford, TX, USA) to calculate intakes of dietary calcium, 

vitamin D and energy using the Canadian Nutrient File 2010b database maintained by Health 

Canada (484). Nutrient content of foods that were not available in the database were determined 

by verification of food labels or estimated by the study dietitian. Nutrition data were audited for 

transcription accuracy and assumption consistency.   

Dietary calcium intake data obtained from the monthly follow-ups were used to monitor 

adherence to the dietary interventions. Participants received feedback from the research dietitian 

at the end of each follow-up and received further guidance as needed. Supplementation 

compliance was assessed by participant-reported tablet count during monthly follow-up calls and 

by verification of reported tablet count upon return of supplement bottles at 6- and 12-month 

visits. Compliance with the trial interventions was defined as an average total calcium intake 

within 20% of target, as per intervention assignment (e.g., 1200 ± 240 mg in CaDiet), and use of 

calcium supplements ≥80%. Health status and adverse events, including cardiovascular, 
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musculoskeletal, renal and gastrointestinal adverse events were also monitored at each monthly 

follow-up. 

Biomarkers 

Fasting blood samples were collected between 07:00 and 11:00 hours at baseline and at 

the 12-month final visits to minimize potential diurnal variation of the biomarkers. Ionized 

calcium was analyzed within 30 minutes of sampling at the Division of Biochemistry at the 

Montreal General Hospital (MGH) using the ABL 800 blood gas analyzer (Radiometer Canada, 

London, Ontario, Canada), with an inter-assay percent coefficient of variance (CV) of 5%. The 

remaining blood samples were separated into plasma and serum fractions and stored at −80°C 

until further analysis. Serum hsCRP was measured using Beckman AU5800 (Beckman Coulter 

Diagnostics, Brea, CA) at the MGH with an inter-assay CV of 11.5%. Serum cross-linked C-

telopeptide of type I collagen (CTX) was measured by electrochemiluminescence immunoassay 

(cobas e-411, Roche Diagnotics, Mannheim, Germany) with an inter-assay CV of 8%. Serum 

25(OH)D, intact 1-84 PTH and bone-specific alkaline phosphatase (BSAP) concentrations were 

measured at McGill University in the School of Human Nutrition. Serum 25(OH)D 

concentrations were measured using the LIAISON Total 25(OH)D assay (DiaSorin Inc, 

Stillwater, MN, USA). The intra- and inter-assay CVs were <5% and the accuracy was 91-93% 

for the National Institutes of Standards and Technology Standard Reference Material (NIST) 

972a Level 2 Vitamin D metabolites in frozen human serum. This laboratory participates in the 

DEQAS (Vitamin D External Quality Assessment scheme) program and obtained a certificate of 

Proficiency for 2015-2016, which reflects that 75% or more of the reported results fell within 

25% of target values. PTH concentrations were measured using the LIAISON 1-84 PTH assay.  

The intra-assay and inter-assay CVs were <8.0% and the accuracy was between 93-113% for 
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DiaSorin 1-84 PTH Controls. BSAP concentrations were measured using the LIAISON BAP 

Ostase assay. The intra-assay and inter-assay CVs were <8.5% and the accuracy was between 

81-100% for DiaSorin BAP Ostase Controls. Serum sclerostin was measured using an enzyme-

linked immunosorbent assay (ELISA) according to the manufacturer’s instructions (Human 

Sclerostin HS EIA kit, TECOmedical group, Sissach, Switzerland) with an inter-assay CV of 

7.4% and an accuracy of 95-111%. Plasma IL-6, total adiponectin, high molecular weight 

(HMW) adiponectin and leptin were measured using ELISA (R&D Systems, Minneapolis, MN, 

USA). The inter-assay CVs and accuracy were 7.3% and 80-106% for IL-6, 6.2% and 69-107% 

for total adiponectin, 4.6% and 78-87% for HMW adiponectin, and 0.5% and 84-93% for leptin. 

Controls were within the ranges as per the manufacturer’s specifications for each ELISA assay 

and assay accuracy were calculated using the mid-range of manufacturer specifications for 

controls for all biomarkers with the exception of 25(OH)D.  

Ethics 

The present trial was conducted according to the guidelines laid down in the Declaration 

of Helsinki. Ethics approval was granted by the McGill University Health Centre Research 

Ethics Board (GEN-11-231). Written informed consent was obtained from all participants. 

Sample size calculation 

This paper is a secondary analysis of the RCT and the sample size was based on the main 

outcome of the RCT (498). With an anticipated loss to follow-up of 20% based on previous 

calcium studies (11, 98, 316, 344, 366), a sample size of 60 participants per group was calculated 

based on published data on the effect of dairy food intake on arterial stiffness to detect a 10% 

change in cfPWV with 80% power after a 12-month intervention. (74). No specific power 

calculation was performed for the present analysis. 
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Statistical analysis 

Statistical analyses were performed based on the intention-to-treat principle which 

included data from all participants. In order to examine the robustness of the results to 

assumptions made in the primary analysis, complete case analyses were also performed for 

primary and secondary outcomes (499).  

Data were audited and tested for normality using the Shapiro-Wilk test (390). Non-

normally distributed data were log-transformed. If log-transformed data remained non-normally 

distributed, then a non-parametric test was performed. Summary statistics were computed for 

baseline characteristics, presented as mean values and standard deviations for normally 

distributed continuous variables, medians and interquartile ranges for non-normally distributed 

variables, or as counts and percentages for categorical variables. The χ2 test was used to assess 

for differences in proportions. One-way analysis of variance was used to compare baseline 

differences between groups. Linear mixed models were used to analyze between-group 

differences over time in biomarkers and anthropometric measurements with Tukey post-hoc tests. 

Fixed effects included group, time-point and their interaction, whereas random effects included 

the subject variable to account for variation that is due to individual differences (500). 

Associations between total milk products, milk, yogurt and cheese intake, and selected 

inflammatory and bone biomarkers at baseline and 12-months were assessed using separate 

linear regression models. Multiple covariates and potential confounders were considered in the 

linear models: age, BMI, 25(OH)D, PTH, physical activity, and the assigned treatment group 

(501-507). All baseline linear models were adjusted for age and BMI and other relevant 

covariates that may influence the dependent variable based on previously published evidence 

(508-511). Models for HMW adiponectin, total adiponectin, and leptin were further adjusted for 
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25(OH)D, and physical activity. Models for BSAP, CTX and sclerostin were further adjusted for 

25(OH)D, physical activity, and PTH. Models at 12-months were further adjusted for the 

assigned treatment arm. Significance was set at P<0.05. All statistical analyses were performed 

using the R statistical program version 3.6.1 and additional R packages ‘lme4’ (512) and 

‘lmerTest’ (513). 

6.3 Results 

Demographic characteristics and adherence 

One hundred and twenty-one healthy postmenopausal women were randomized between 

March 2014 and November 2017 (Figure 6.1). Mean age was 60.4 (SD 6.0) years and the 

average BMI and waist circumference were 25.7 (SD 4.0) kg/m
2 

and 90.5 (SD 10.4) cm, 

respectively. Fifteen participants withdrew from the study of whom 9 were from CaSuppl (19%), 

4 from CaDiet (8%) and 2 from the Control arm (8%).  

No differences in baseline characteristics were observed among the 3 groups in terms of 

age, anthropometric measurements, dietary calcium intake, vitamin D intake, alcohol 

consumption, smoking history, and use of calcium and/or vitamin supplements prior to trial entry, 

except for physical activity (Table 6.1). Median physical activity level was lower in CaDiet 

(median 38.2 (IQR 20.5-57-5) MET-hr/week) compared to Control (median 60.4 [IQR 35.8-88.2] 

MET-hr/week), P=0.0245). There was no seasonal effect on the recruitment rate among groups, 

and 25(OH)D concentrations (mean 65.8 [SD 20.3] nmol/L) were balanced among groups at 

baseline.  

Overall, 106 participants completed all the telephone follow-ups and on-site visits. 

CaDiet had a higher average energy intake compared to CaSuppl at 1-6 months (1839 [SD 326] 

kcal vs. 1538 [SD 297] kcal, P=0.009) and at 7-12 months (1816 [SD 340] kcal vs. 1514 [SD 
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315] kcal, P=0.008). Dietary data derived from the multiple-pass 24-hour recalls indicated that 

36 (95%) CaSuppl participants were within 20% of their target total calcium intake over the 12-

month period that ranged between 387-660 mg/day (median 526 [IQR 488-586] mg/day). In 

CaDiet, 42 (95%) adhered to the CaDiet protocol with an average dietary calcium intake that 

ranged between 992-1416 mg/day (median 1218 [IQR 1122-1292] mg/day). Adherence rate for 

calcium supplement use was 97.4%, and ranged from 97.4-100% for vitamin D supplement use 

across the 3 groups. Calcium and vitamin D intakes by source are presented in Table 6.2. 

Participants from each group reported adverse events including constipation (n=24), joint pain 

(n=60), nausea (n=26), abdominal pain (n=27), muscle pain (n=60), palpitations (n=3). Three 

women reported having sustained a fracture during the study. No cardiovascular adverse events 

were reported. 

Selected inflammatory and bone biomarkers 

At baseline, there were no differences in hsCRP, IL-6, total adiponectin, HMW 

adiponectin, or leptin among groups (Table 6.3). At 12-months, no between-group differences or 

significant change over time were observed. PTH concentrations were all within the normal 

clinical range but slightly higher in Control compared to CaSuppl (P=0.0106) and CaDiet 

(P=0.0107) at baseline (Table 6.3). Ionized calcium was higher in Control compared to CaDiet, 

though serum ionized calcium levels were well within the normal clinical range in all 

participants. At 12-months, no between-group differences were observed. A decrease in BSAP at 

12-months was only observed in CaSuppl (P=0.005) whereas a decrease in CTX was observed in 

both CaSuppl (P=0.003) and CaDiet (P=0.002). No change in PTH over time was observed, and 

25(OH)D increased at 12-months in all three groups (P<0.0001). There were no between-group 

differences at any time point or within-group differences over time in serum sclerostin levels. 
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We also explored models with age, BMI, and physical activity as covariates, but these variables 

were not included in the final regression models as they did not alter the results after adding 

group, time-point, and their interaction as fixed effects. Similar results were obtained when the 

analysis was restricted to the complete cases. 

Body composition  

No differences in BMI, body weight, percent body fat, waist circumference or hip 

circumference were seen among groups at baseline or at 12-months (Table 6.4). In CaDiet, there 

was an increase in BMI at 12-months from baseline (26.1 [SD 4.4] kg/m
2 
vs.

 
25.8 [SD 4.2] kg/m

2
, 

P=0.04), body weight (68.0 [SD 11.5] kg vs. 66.7 [SD 10.8] kg, P=0.01), and percent body fat 

(35.4% [SD 6.3] vs. 34.5% [SD 6.2], P=0.03). Similar results were obtained when the analysis 

was restricted to complete cases.  

Association of milk product intake with selected inflammatory and bone biomarkers  

At baseline, cheese consumption (median 4.2 [IQR 2.2-6.6] servings/week) was higher 

than milk (median 3.4 [IQR 0.4-6.1] servings/week; P=0.006) and yogurt consumption (median 

3.3 [IQR 1.1-5.5] servings/week; P= 0.01). At 12-months, the overall intake of milk (median 2.0 

[IQR 0.6-6.0]), yogurt (median 2.3 [IQR 0.5-5.0]) and cheese (median 3.2 [IQR 1.1-5.2]) were 

not different (P=0.40). Figure 6.2 depicts the distribution of intake of total milk products, milk, 

yogurt and cheese by group at baseline and at 12 months. Total milk products, milk, yogurt, and 

cheese intakes were not associated with inflammatory biomarkers (Table 6.5), except with log-

transformed total adiponectin (ß=0.017, P=0.01) at baseline. However, the results were not 

significant in the adjusted model. There was a positive association between total milk product in 

the unadjusted model (ß=0.73, P=0.004), yogurt (ß=1.36, P=0.01), and cheese (ß=01.23, P=0.02) 

intake with serum 25(OH)D at baseline, and these associations remained significant in the 
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adjusted models for total milk product and yogurt intake. Total milk product was positively 

associated with sclerostin (ß=0.2, P=0.03) at baseline. Yogurt consumption was also positively 

associated with serum sclerostin at baseline in both unadjusted (ß=0.6, P=0.02) and adjusted 

models (ß=0.6, P=0.01). No significant relationships were observed at 12-months overall. We 

did not perform analyses to examine the association between alternative sources of calcium-rich 

foods (eg. plant-based beverages fortified with calcium, tofu prepared with calcium) with the 

selected biomarkers due to the overall very low consumption of these foods by participants in 

our study.  

6.4 Discussion 

We investigated the impact of calcium from dietary and supplemental sources at the RDA 

level on selected inflammatory and bone biomarkers in healthy postmenopausal women. The 

RDA level was chosen to conform to current dietary guidelines, in contrast to other studies in 

which calcium intake from elemental calcium and dietary intake combined approached or even 

exceeded the UL for calcium (11, 12, 98, 316, 344, 366, 514-522). In our study, calcium from 

dietary sources alone, or in combination with 750 mg of supplemental calcium, did not affect 

serum hsCRP, or plasma IL-6, adiponectin or leptin. The main effects observed were an increase 

in serum 25(OH)D across all trial arms and a decrease in bone turnover markers in the 

intervention arms. The increase in serum 25(OH)D can be explained by the high adherence to the 

study supplements. BSAP concentrations decreased in CaSuppl, whereas CTX concentrations 

decreased in both intervention arms and no change was observed in Control. The observed 

decrease in bone turnover markers is consistent with other interventional studies of dietary or 

supplemental calcium intervention in postmenopausal women (486, 523-525). Our findings 

suggest that the effect of dietary and supplemental calcium at the RDA level have similar effects 
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on bone turnover in vitamin D sufficient healthy postmenopausal women, and may signify a 

beneficial skeletal action as bone turnover may be increased in postmenopausal women and 

contribute to the development of osteoporosis (526). 

We did not find significant differences between arms at baseline or over time in IL-6, 

hsCRP, adiponectin or leptin. Furthermore, we did not observe any significant associations 

between individual milk product intake and the selected inflammatory markers. IL-6 has been 

implicated in adverse cardiovascular health during the initial stages of atherosclerosis 

development and elevated levels may directly reflect vascular inflammation and endothelial 

injury (140, 527). On the other hand, elevated leptin concentrations are generally associated with 

the pathogenesis of hypertension and arterial stiffness (151, 528). Few trials have investigated 

the effect of calcium supplementation (≤1 year duration) on inflammatory markers and found no 

effect on circulating inflammatory biomarkers (291-294). Our findings are also consistent with 

RCTs of short-term milk or supplemental interventions in postmenopausal women (43, 293, 294, 

529, 530). In a small 12-week non-randomized trials (n=39), daily supplementation with 1000 

mg calcium and 800 IU vitamin D had no effect on CRP or IL-6 and other circulating cytokines 

in healthy postmenopausal women (529). Similarly, an RCT in healthy postmenopausal women 

(n=116) reported no change in CRP level after 1 year of daily supplementation with 1000 mg 

calcium (294). In women with intermediate cardiovascular risk (n=117), daily intake of 500 mL 

of semi-skimmed milk did not affect the hsCRP levels after a 12-month intervention (531). 

FMPs may exhibit anti-inflammatory effects resulting in decreased levels of pro-inflammatory 

cytokines (300-302), but we were unable to examine these inferred effects due to the relatively 

low consumption. Nonetheless, our findings suggest that dietary calcium or supplemental 

calcium at the level of the RDA does not affect inflammatory markers in healthy postmenopausal 
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women. 

An increase in serum ionized calcium concentration has been speculated as one of the key 

mechanisms accelerating vascular calcification by calcium supplementation, via a loss of 

inhibition of mineralization due to increased complexing of ionized calcium with pyrophosphate 

and reduced inhibition of arteriosclerotic signaling in vascular smooth muscle cells due to 

decreased PTH levels (101). Higher serum calcium concentrations have been associated with 

carotid artery plaque thickness (347) and increased risk of myocardial infarction and stroke (348) 

in older adults. In our study, serum ionized calcium concentrations were slighted decreased at 

12-months in CaSuppl and Control, but the concentrations remained within normal clinical 

ranges and no differences between or within the intervention arms were observed. We also 

observed no differences in serum PTH or sclerostin concentrations between or within arms over 

time, and both biomarkers play a crucial role in bone metabolism and mineralization. Findings 

from trials of supplemental calcium also do not support the speculated mechanism (13, 532). A 

6-month randomized feeding trial with high calcium diets from either dairy or calcium carbonate 

to reflect intake at the UL level in Ossabaw miniature swine could not demonstrate worsened 

indices of cardiovascular function or arterial calcification compared to the control group fed an 

atherogenic diet (532). Findings from an ancillary study found no increase in carotid intima 

media thickness following 3 years of calcium carbonate supplementation at 1.2 g/day compared 

to placebo in elderly women >70 years (13). This body of evidence indicates that calcium, 

regardless of the source, does not promote vascular calcification.  

An inverse association between calcium intake and body weight have been reported in 

observational studies (533-535), but the relationship between dairy product intake and body 

composition is supported by mixed findings (536). Calcium supplementation trials have not 
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demonstrated a reduction in body weight or fat mass in postmenopausal women (537-540). We 

observed an increase in BMI, body weight and percent body fat in CaDiet at 12-months. The 

observed weight gain of 1.3 kg (1.9% gain) over 1 year was not clinically significant (541). In 

comparison to previous studies that demonstrated body weight reduction as a result of dairy 

interventions, participants in our study did not follow a hypocaloric regimen (542). In our study, 

no dietary advice other than ways to adjust their intake of calcium-rich foods was provided. As a 

result, participants in CaDiet likely added calcium-rich foods into their diet instead of 

substituting for other foods given that physical activity did not change over time. However, we 

were unable to capture a statistically significant increase in energy over time to confirm this 

assumption because we only performed one single 24-hour recall at baseline. Nonetheless, we 

did not observe a significant change in inflammatory cytokines at the end of the study that would 

have been expected with clinically significant weight gain (543, 544). Moreover, similar results 

were reported in an RCT that assessed the impact of increasing fluid milk intake (skim or 1% 

milk fat) to 3 servings/day, without other dietary advice, on energy and nutrient intake, and body 

weight and cardiovascular risk factors in healthy adults 55 to 85 years of age (545). The 

intervention group gained 0.6 kg more than the control group that maintained a usual diet with 

<1.5 dairy servings/day, but blood pressure decreased over time in both groups and plasma lipid 

levels were unchanged or remained within the normal range. 

The consumption of milk and milk products in the entire study sample was relatively low 

at baseline (~1 serving/day). Total and individual milk products did not associate with 

inflammatory markers or bone health markers, with the exception of serum 25(OH)D and 

sclerostin. It was interesting to observe a positive association between total milk product and 

yogurt intake, but not fluid milk, with 25(OH)D concentrations at baseline. There is a mandatory 
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fortification of fluid milk, but not for other dairy products, with vitamin D in Canada. We also 

found a weak albeit positive association between yogurt consumption with serum sclerostin at 

baseline. Sclerostin reduces bone formation and stimulates bone resorption (268, 269), and 

higher sclerostin levels have been associated with lower bone mineral density, increased fracture 

risk (277), as well as increased cardiovascular risks (546, 547), though the evidence for bone 

health outcomes is mixed. This may be due to the limited number prospective studies, lack of 

repeated measurements of sclerostin, use of different assays, and heterogeneity in population 

groups studied. On the other hand, studies have shown the benefits of yogurt on bone health (415, 

471, 548) and vascular health (85, 478, 549). Thus far, studies have shown a lack of association 

or lack of an effect of dairy intake and supplemental calcium with sclerostin levels in 

postmenopausal women (275, 550, 551), though there is currently a paucity of published 

research exploring this relationship. The observed positive association between yogurt intake and 

serum sclerostin in this study should be interpreted with caution given the cross-sectional nature 

of the analysis and the relatively low intakes of dairy foods overall at baseline. There is 

insufficient evidence to indicate whether interventions of calcium in the form of supplement or 

the diet have an effect on sclerostin levels in postmenopausal women and this warrants further 

research. 

Our work has several strengths, including the rigorous design. The early education 

intervention by the research dietitian 1 week following randomization and subsequently on a 

monthly basis resulted in high adherence. Specifically, the monthly follow-ups ensured 

understanding and reinforced compliance to the study protocol as evidenced by the high 

adherence in all arms. The use of our validated calcium-focused FFQ to complement dietary 

intake data collected with the 24-hour recall is also a strength of this study. We performed 
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sensitivity analyses to assess the robustness of the results from the intention-to-treat analysis by 

assessing bias that could arise from difference between women who did and did not complete the 

trial (499).  

Although our trial was limited by its small sample size and short duration of the 

intervention, we observed changes in bone turnover markers following a 12-month intervention 

in a highly adherent group of postmenopausal women. Our trial was unable to fully compare the 

effect of supplemental and dietary calcium given that dietary calcium is integrated in all study 

arms and the two sources of calcium are not mutually exclusive because a typical diet provides 

approximately 300 mg calcium from foods like vegetables and grains (322). However, our trial 

interventions reflected a more realistic and practical approach to meet the RDA from dietary and 

supplemental sources of calcium. Lastly, our results cannot be generalized to groups other than 

healthy postmenopausal women. We elected to recruit healthy postmenopausal women as in our 

main trial we sought to understand the mechanism underpinning the effect of calcium 

supplementation versus dietary calcium on vascular health.  

In conclusion, calcium intake at the level of the RDA from either diet alone or combined 

with supplemental sources had no detectable effect on selected inflammatory and bone 

biomarkers in healthy postmenopausal women. This study adds to the body of evidence 

supporting the hypothesis that calcium intakes that meet current dietary recommendations, 

regardless of the source, do not pose a cardiovascular risk in healthy postmenopausal women in 

the short term. Whether exceeding the recommended intakes is implicated in vascular health, 

especially in women with predisposed vascular risks, warrants further research.
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Table 6.1 Participant characteristics at baseline 

 CaSuppl CaDiet Control 

Characteristics (n = 47) (n = 48) (n = 26) 

Age (y) 60.5 ± 6.0 60.5 ± 6.2 59.8 ± 5.7 

Menopause age (y) 51.0 (48.5, 53.0) 50.0 (46.0, 53.0) 51.0 (50.0, 53.0) 

Ethnicity, White (n, %)* 43 (91%) 43 (90%) 25 (96%) 

BMI (kg/m
2
) 25.9 (23.7, 27.2) 24.9 (22.8, 28.1) 23.3 (21.3, 28.5) 

Waist circumference (cm) 90.9 ± 9.4 90.8 ± 10.6 89.3 ± 11.8 

Hip circumference 104.0 (101.1, 110.0) 101.3 (97.0, 107.0) 100.0 (96.0, 106.8) 

Waist-to-hip ratio 0.86 ± 0.06 0.88 ± 0.06 0.88 ± 0.07 

Percent body fat (%) 36.3 ± 5.8 34.5 ± 6.2 33.6 ± 7.3 

Physical activity (MET-hr/week) 40.0 (27.2, 69.1)
a,b

 38.2 (20.5, 57.5)
a
 60.4 (35.8, 88.2)

b
 

Ex-smoker (n, %) 22 (46%) 23 (48%) 16 (62%) 

Calcium (mg/d)†  839 (620, 1037) 828 (635, 1079) 789 (506, 994) 

Vitamin D (µg/d)†  6.1 (4.5, 7.8) 5.7 (3.8, 7.8) 4.9 (3.5, 6.5) 

Alcohol consumption (n, %)    

   None 5 (11%) 4 (8%) 2 (8%) 

   < 9 drinks/week 34 (72%) 39 (81%) 21 (81%) 

   ≥ 9 drinks/week 8 (17%) 5 (10%) 3 (12%) 

Data are presented as mean ± SD or median (IQR) or n (percentage). 

BMI, body mass index; CaSuppl, Supplemental Calcium group; CaDiet, Dietary Calcium group. 

† Calcium and vitamin D intakes were assessed from the calcium-focused food frequency questionnaire to reflect usual intake of the past month. 

* Non-white includes Black (n = 4), Hispanic (n = 6) and Asian (n = 0). 
 a,b Different superscripts denote significant differences between groups (P=0.0245). 
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Table 6.2 Intake of calcium and vitamin D from dietary and supplemental sources by group over the 12-month study (per protocol)
1
  

 
CaSuppl 

(n=36) 

CaDiet 

(n=42) 

Control 

(n=24) 

Sources 
Calcium 

(mg/d) 

Vitamin D 

(IU/d) 

Calcium 

(mg/d) 

Vitamin D 

(IU/d) 

Calcium 

(mg/d) 

Vitamin D 

(IU/d) 

Diet
a
 398 (316, 474) 147 (114, 187) 1039 (948, 1166) 281 (230, 339) 673 (511, 901) 176 (133, 279) 

Supplements
b
 725 (708, 742) 790 (779, 797) 0 390 (380, 398) 0 395 (388, 399) 

Total
c
 1123 (1056, 1188) 930 (899, 969) 1039 (948, 1166) 673 (628, 720) 673 (511, 901) 568 (529, 662) 

Data are presented as median (IQR). 
1 Calcium and vitamin D intakes of participants who completed the study are presented (n=102) and excluded data from participants who did not adhere to the study 

interventions. One CaSuppl participant who had <80% adherence to study supplements and another CaSuppl participant who exceeded the assigned calcium target of 

450 mg/day (median 575 [IQR 452-864] mg/day) were excluded. Two women in CaDiet who had an average calcium intake >20% of their assigned target over the 

study period were also excluded (median 1423 [IQR 1380-1565] mg/day; median 1471 [IQR 1427-1591] mg/day). 
a Dietary data were derived from the calcium-focused semi-quantitative food frequency administered at 6 months and 12 months. 
b Amounts of each nutrient derived from study supplements were calculated based on calculated adherence. 
c Total intake of each nutrient was the sum of the diet and supplements. 
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Table 6.3 Differences among groups for inflammatory and bone health biomarkers at baseline and at 12 months in mixed models 

 CaSuppl CaDiet Control 

 Baseline 12-month Baseline 12-month Baseline 12-month 

 (n = 47) (n = 38) (n = 48) (n = 44) (n = 26) (n = 24) 

Vascular biomarkers 
      

   hsCRP (mg/L) 1.00 (0.55, 2.15) 1.00 (0.52, 1.80) 1.35 (0.47, 2.65) 1.00 (0.50, 2.40) 1.00 (0.62, 2.08) 1.20 (0.50, 2.80) 

   IL-6 (pg/mL) 1.98 (1.57, 2.42) 1.92 (1.57, 2.29) 1.71 (1.57, 2.67) 2.20 (1.57, 2.87) 1.83 (1.56, 2.37) 2.16 (1.57, 2.62) 

   Total adiponectin (µg/mL) 10.8 (7.5, 13.4) 11.1 (8.2, 14.4) 9.1 (6.1, 13.1) 8.5 (6.4, 12.8) 13.0 (7.6, 16.3) 12.8 (7.3, 16.2) 

   HMW adiponectin (µg/mL) 8.2 (5.8, 11.0) 7.6 (6.4, 10.0) 6.4 (4.6, 8.6) 5.9 (5.1, 10.1) 7.8 (5.5, 9.9) 7.1 (6.2, 10.4) 

   Leptin (ng/mL)  17.6 (9.9, 25.3) 20.9 (11.7, 29.0) 18.2 (12.1, 27.0) 18.1 (11.4, 33.4) 11.2 (6.2, 31.7) 12.2 (7.0, 35.6) 

Bone biomarkers 

   iCa (mmol/L) 1.24 ± 0.05
a,b

 1.20 ±  0.05
*
 1.22 ± 0.05

a
 1.20 ± 0.05 1.26 ± 0.03

b
 1.23 ± 0.05

*
 

   PTH (pmol/L) 2.6 (2.3, 3.2)
a
 2.4 (2.1, 2.8) 2.9 (2.2, 3.2)

a
 2.7 (2.1, 3.2) 3.2 (2.8, 4.2)

b
 3.0 (2.6, 3.8) 

   25(OH)D (nmol/L) 67.9 ± 20.5 80.1 ± 16.7
*
 65.4 ± 19.1 73.2 ± 14.9

*
 62.6 ± 22.3 71.7 ±  19.0

*
 

   Phosphate (mmol/L) 1.21 ± 0.10 1.18 ± 0.12 1.20 ± 0.12 1.19 ± 0.12 1.18 ± 0.09 1.18 ± 0.14 

   BSAP (µg/L) 14.6 (12.2, 17.4) 12.1 (9.9, 13.7)
*
 13.4 (10.5, 16.1) 12.8 (10.4, 15.0) 12.7 (11.3, 16.3) 12.4 (10.5, 15.5) 

   CTX (µg/L) 0.58 ± 0.17 0.48 ± 0.18
*
 0.58 ± 0.21 0.49 ± 0.14

*
 0.53 ± 0.15 0.50 ± 0.14 

   Sclerostin (pmol/L) 29.9 ± 8.8 30.8 ± 8.8 31.7 ± 8.8 30.8 ± 8.8 32.1 ± 9.7 32.1 ± 10.6 

Data are unadjusted mean ± SD or median (IQR). 

25(OH)D, 25-hydroxyvitamin D; BSAP, bone specific alkaline phosphatase; CaSuppl, Supplemental Calcium group; CTX, cross-linked carboxyl-terminal peptide; CaDiet, Dietary 

Calcium group; HMW adiponectin, high molecular weight adiponectin; hsCRP, high-sensitivity C-reactive protein; iCa, ionized calcium; IL-6, interleukin-6; PTH, parathyroid hormone.  

a,b Different superscripts denote significant differences at baseline compared to Control (CaSuppl: PTH (P=0.0106); CaDiet: PTH (P= 0.0107), iCa (P=0.0042)). 
* Denotes significant within group differences at 12-months from baseline (CaSuppl: BSAP (P=0.005), CTX (P =0.003), 25(OH)D (P<0.0001), iCa (P=0.0006); CaDiet: CTX (P 

=0.002), 25(OH)D (P<0.0001); Control: 25(OH)D (P<0.0001), iCa (P=0.04)). 
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Table 6.4 Differences among groups for anthropometric measurements at baseline and at 12 months in mixed models 

 
CaSuppl CaDiet Control 

 
Baseline 12-month Baseline 12-month Baseline 12-month 

 
(n = 47) (n = 38) (n = 48) (n = 44) (n = 26) (n = 24) 

Anthropometry 
      

   BMI (kg/m
2
) 26.0 ± 3.4 25.8 ± 3.8 25.8 ± 4.2 26.1 ± 4.4

*
 25.1 ±4.4 25.7 ± 4.7 

   Weight (kg) 68.3 ±  9.9 68.7 ± 11.4 66.7 ± 10.8 68.0 ± 11.5
*
 65.3 ± 11.5 66.9 ± 12.1 

   Waist circumference (cm) 90.9 ± 9.4 90.9 ± 11.1 90.8 ± 10.6 91.9 ± 11.1 89.1 ± 11.7 90.3 ± 12.5 

   Hip circumference (cm) 105.5 ± 7.3 105.4 ± 7.7 102.8 ± 7.6 103.7 ± 8.0 101.5 ± 7.8 102.4 ± 8.3 

   Waist to hip ratio 0.86 ± 0.06 0.86 ± 0.06 0.88 ± 0.06 0.88 ± 0.06 0.88 ± 0.07 0.88 ± 0.07 

   Percent body fat (%) 36.3 ± 5.8 36.1 ± 6.9 34.5 ± 6.2 35.4 ± 6.3
*
 33.5 ± 7.1 34.8 ± 8.1 

Data are unadjusted mean ± SD. 

BMI, body mass index; CaDiet, Dietary Calcium group; CaSuppl, Supplemental Calcium group. 
* Denotes significant differences within CaDiet at 12-months from baseline for BMI (P=0.04), weight (P=0.01), and percent body fat (P=0.03). 
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Table 6.5 Association of total milk product, milk, yogurt or cheese with selected inflammatory and bone biomarkers at baseline and at 12 

months 

 Baseline 12-month 

 
Unadjusted model 

 

Adjusted model
1
 Unadjusted model 

 

Adjusted model
2
 

Milk product 

(servings/wk)
3
 

ß ± SE P  ß ± SE P ß ± SE P  ß ± SE P 

log hsCRP           

     Total 0.009 ± 0.013 0.48  0.006 ± 0.011 0.55 -0.008 ± 0.013 0.55  -0.016 ± 0.014 0.28 

     Milk 0.024 ± 0.023 0.30  0.013 ± 0.019 0.52 -0.006 ± 0.027 0.81  -0.022 ± 0.022 0.32 

     Yogurt -0.021 ± 0.047 0.65  0.001 ± 0.023 0.96 -0.061 ± 0.034 0.08  -0.051 ± 0.028 0.07 

     Cheese 0.005 ± 0.026 0.84  0.010 ± 0.022 0.66 0.002 ± 0.037 0.95  0.031 ± 0.030 0.30 

log IL-6           

     Total -0.002 ± 0.004 0.63  -0.003 ± 0.004 0.46 0.003 ± 0.007 0.12  0.0003 ± 0.005 0.96 

     Milk 0.007 ± 0.009 0.42  0.005 ± 0.008 0.57 0.013 ± 0.012 0.29  -0.001 ± 0.008 0.95 

     Yogurt -0.006 ± 0.010 0.58  -0.006 ± 0.010 0.53 0.020 ± 0.015 0.20  -0.003 ± 0.011 0.77 

     Cheese -0.026 ± 0.028 0.34  -0.009 ± 0.010 0.36 0.015 ± 0.016 0.33  0.006 ± 0.011 0.60 

log HMW adiponectin           

     Total 0.009 ± 0.013 0.48  0.006 ± 0.011 0.55 -0.008 ± 0.013 0.55  -0.016 ± 0.014 0.28 

     Milk 0.021 ± 0.012 0.09  0.020 ± 0.012 0.08 -0.002 ± 0.012 0.84  0.003 ± 0.013 0.84 

     Yogurt 0.022 ± 0.016 0.17  0.008 ± 0.015 0.60 0.015 ± 0.015 0.31  0.023 ± 0.017 0.16 

     Cheese 0.025 ± 0.014 0.08  0.012 ± 0.014 0.39 0.005 ± 0.015 0.75  0.014 ± 0.018 0.43 

log Total adiponectin           

     Total 0.017 ± 0.007 0.01  0.012 ± 0.007 0.09 0.003 ± 0.007 0.64  0.011 ± 0.009 0.22 

     Milk 0.018 ± 0.012 0.13  0.015 ± 0.011 0.18 -0.004 ± 0.012 0.75  0.006 ± 0.013 0.65 

     Yogurt 0.024 ± 0.013 0.07  0.009 ± 0.013 0.49 0.015 ± 0.015 0.30  0.031 ± 0.016 0.06 

     Cheese 0.024 ± 0.013 0.07  0.011 ± 0.013 0.41 -0.004 ± 0.015 0.77  0.008 ± 0.018 0.64 

log Leptin           

     Total -0.001 ± 0.010 0.94  0.002 ± 0.007 0.82 -0.0002 ± 0.010 0.99  0.007 ± 0.010 0.49 

     Milk 0.029 ± 0.017 0.09  0.018 ± 0.013 0.15 0.035 ± 0.018 0.06  0.027 ± 0.015 0.07 

     Yogurt -0.022 ± 0.020 0.29  -0.016 ± 0.015 0.31 -0.040 ± 0.023 0.09  -0.032 ± 0.019 0.10 

     Cheese -0.020 ± 0.020 0.32  -0.003 ± 0.015 0.84 -0.017 ± 0.024 0.49  0.015 ± 0.020 0.46 
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25(OH)D           

     Total 0.73 ± 0.25 0.004  0.67 ± 0.25 0.009 0.45 ± 0.22 0.04  0.34 ± 0.21 0.11 

     Milk 0.44 ± 0.41 0.35  0.42 ± 0.47 0.37 0.64 ± 0.41 0.12  0.64 ± 0.39 0.10 

     Yogurt 1.36 ± 0.53 0.01  1.32 ± 0.53 0.01 0.42 ± 0.53 0.43  0.35 ± 0.51 0.49 

     Cheese 1.23 ± 0.52 0.02  1.03 ± 0.52 0.05 0.005 ± 0.57 0.99  -0.32 ± 0.54 0.55 

log PTH           

     Total -0.004 ± 0.004 0.34  -0.003 ± 0.004 0.55 -0.006 ± 0.004 0.10  -0.004 ± 0.004 0.24 

     Milk -0.012 ± 0.007 0.10  -0.013 ± 0.007 0.09 -0.011 ± 0.007 0.12  -0.008 ± 0.007 0.23 

     Yogurt 0.002 ± 0.009 0.85  0.006 ± 0.009 0.54 0.007 ± 0.009 0.42  0.01 ± 0.009 0.24 

     Cheese -0.003 ± 0.008 0.76  0.001 ± 0.009 0.90 -0.004 ± 0.010 0.67  -0.001 ± 0.010 0.89 

log BSAP           

     Total -0.010 ± 0.006 0.07  -0.008 ± 0.005 0.16 -0.002 ± 0.005 0.67  -0.0001 ± 0.006 0.99 

     Milk -0.009 ± 0.010 0.39  -0.008 ± 0.010 0.40 -0.007 ± 0.008 0.43  -0.0001 ± 0.009 0.99 

     Yogurt -0.023 ± 0.012 0.06  -0.017 ± 0.011 0.13 -0.003 ± 0.011 0.78  -0.003 ± 0.011 0.79 

     Cheese -0.010 ± 0.011 0.37  -0.004 ± 0.011 0.69 0.003 ± 0.011 0.76  0.003 ± 0.012 0.80 

CTX           

     Total -0.001 ± 0.002 0.75  -0.001 ± 0.002 0.74 0.002 ± 0.002 0.29  0.003 ± 0.003 0.26 

     Milk -0.001 ± 0.004 0.82  0.001 ± 0.004 0.79 -0.0004 ± 0.004 0.91  0.002 ± 0.004 0.67 

     Yogurt -0.002 ± 0.005 0.65  -0.003 ± 0.005 0.54 0.007 ± 0.004 0.12  0.007 ± 0.005 0.19 

     Cheese 0.0002 ± 0.005 0.97  -0.002 ± 0.006 0.70 0.005 ± 0.005 0.31  0.002 ± 0.005 0.69 

Sclerostin           

     Total 0.2 ± 0.1 0.03  0.2 ± 0.1 0.06 0.1 ± 0.1 0.21  0.2 ± 0.1 0.18 

     Milk 0.2 ± 0.2 0.35  0.1 ± 0.2 0.56 0.2 ± 0.2 0.31  0.2 ± 0.2 0.35 

     Yogurt 0.6 ± 0.2 0.02  0.6 ± 0.2 0.01 0.2 ± 0.3 0.53  0.2 ± 0.3 0.43 

     Cheese 0.2 ± 0.2 0.30  0.2 ± 0.2 0.49 0.3 ± 0.3 0.35  0.2 ± 0.3 0.48 

25(OH)D, 25-hydroxy-vitamin D; BSAP, bone specific alkaline phosphatase; CTX, cross-linked carboxyl-terminal peptide;  HMW adiponectin, high molecular weight 

adiponectin; IL-6, interleukin-6; PTH, parathyroid hormone. 
1 Separate models for each milk variable at baseline for IL-6 were adjusted for age and BMI. Models for HMW adiponectin, total adiponectin, and leptin were adjusted for age, 

BMI, 25(OH)D, and physical activity. Models for BSAP, CTX and sclerostin were adjusted for age, BMI, PTH, 25(OH)D, and physical activity. Models for PTH were adjusted for 

age, BMI,and physical activity. Models for 25(OH)D were adjusted for age, BMI, PTH, and physical activity.  
2 Models at 12 months were further adjusted for the assigned treatment group from the models used at baseline. 
3 Total milk product intake equaled the sum of the numbers of servings of milk, yogurt and cheese. Serving size for each item: milk (250 ml), yogurt (175 g), cottage cheese (250 

ml), other cheese (50 g). 
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Figure 6.1 Consolidated Standards of Reporting Trials (CONSORT) diagram depicting the flow of participants. CaSuppl, Supplemental Calcium group; 

CaDiet, Dietary Calcium group. 
a
 On October 27 2015, the randomization ratio was changed from 1:1:1 to 4:4:1 due to low recruitment rate. 

b
 On 

November 22 2016, the randomization into the Control group was discontinued due to low recruitment rate and the randomization ratio was changed 

from 4:4:1 to 3:3. 

 

 

  

674 assessed for eligibility 

553 excluded 

 386 Met exclusion criteria 

o 105 Use of anti-hypertensive or lipid-lowering medications  

o 65 Use of bone medications 

o 36 Premenopausal 

o 34 Use of HRT 

o 19 BMI <19 or >35 kg/m2 

o 127 Other reasons  

 167 Declined to participate 

0 Lost to follow-up 

9 Discontinued intervention 

 9 withdrew consent 

47 Allocated to CaSuppl intervention 

 19 Randomized before Oct 27 2015 

 15 Randomized between Oct 27 2015 and Nov 21 2016 

 13 Randomized after Nov 21 2016 

47 Received CaSuppl intervention 

0 Lost to follow-up 

4 Discontinued intervention 

 4 withdrew consent 

 

48 Allocated to CaDiet intervention 

 20 Randomized before Oct 27 2015 

 15 Randomized between Oct 27 2015 and Nov 21 2016 

 13 Randomized after Nov 21 2016 

48 Received CaDiet intervention 

 

121 randomized 

 61 Randomized before Oct 27 2015 into 1 of 3 groups (1:1:1) 

 34 Randomized between Oct 27 2015 and Nov 21 2016 into 1 of 3 groups 

(4:4:1)a 

 26 Randomized after Nov 21 2016 into 1 of 2 intervention groups (3:3)b 

 

Enrollment 

26 Allocated to Control (no intervention) 

 22 Randomized before Oct 27 2015 

 4 Randomized between Oct 27 2015 and Nov 21 2016 

 0 Randomized after Nov 21 2016 
26 received no intervention 

0 Lost to follow-up 

2 Discontinued intervention 

 2 withdrew consent 

 

47 included in primary analysis (intention-to-treat) 

38 included in secondary analysis (complete cases) 

48 included in primary analysis (intention-to-treat) 

44 included in secondary analysis (complete cases) 

26 included in primary analysis (intention-to-treat) 

24 included in secondary analysis (complete cases) 

Follow-Up at 12-month 

Allocation 

Analyzed 
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Figure 6.2 Consumption of total milk products, milk, yogurt and cheese by group at baseline and at 12 months. 

 
Data are medians (solid line) and interquartile ranges (range of box) of the number of servings per week of milk, yogurt and cheese at 

baseline (A) and at 12-months (B). The whiskers show the maximum and minimum values. Intakes were estimated using a 30-day 

calcium-focused semi-quantitative food frequency questionnaire. Data of 121 participants are presented for baseline (CaSuppl n=47, 

CaDiet n=48, Control n=26) and those of 106 participants are presented for 12-months (CaSuppl n=38, CaDiet n=44, Control n=24). 
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CHAPTER 7 

 

Discussion 
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7.1 Main outcomes and hypotheses 

The overall goal of this thesis was to: (1) assess the feasibility of controlled dietary and 

supplemental interventions to test the effect of supplemental calcium as compared to dietary 

calcium on vascular and bone health outcomes in healthy postmenopausal women; (2) develop 

and evaluate the validity of a calcium-focused food frequency questionnaire (FFQ) to estimate 

usual dietary calcium and vitamin D intake of Canadian postmenopausal women; (3) investigate 

the association of fermented milk product (FMP) with bone health indicators in postmenopausal 

women or women ≥50 years; and (4) examine the effect of calcium, either from the diet alone or 

predominantly from the supplements, at the Recommended Dietary Allowance (RDA) level, on 

selected inflammatory and bone health biomarkers in healthy postmenopausal women. The 4 

original papers presented in this thesis (Chapters 3-6) allowed for appropriate investigation of the 

objectives listed above and contributed to advances in research regarding the relationship 

between calcium supplementation and vascular risk. This chapter highlights the major findings 

pertaining to each research question of this thesis and includes a discussion on the limitations of 

this research work, as well as important considerations as related to future research and public 

health policies. 

Hypothesis 1: Feasibility study 

It was hypothesized that high compliance to diet modifications and supplemental 

interventions would be achieved through monthly nutritional counseling, and the dietary 

intervention would associate with better outcomes such as reduced arterial stiffness, blood 

pressure, and blood lipid profile.  

 Study 1 (Chapter 3) examined the feasibility of controlled dietary and supplemental 

interventions for 12 months through monthly nutritional counseling with a dietitian. The 
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interventions required the participants to either increase their consumption of calcium-rich foods 

to 3 servings/day, or to restrict it to 1 small serving/day with daily calcium supplementation. 

Over the trial period, both intervention arms were compliant with the assigned study 

interventions as shown in Figure 7.1 (dietary adherence rate: CaSuppl 94-113% and CaDiet 95-

116%; adherence rate to calcium supplement 85%, adherence rate to vitamin D supplement 98%). 

None of the participants reported adverse events from the dietary modifications. Preliminary 

results from this pilot trial did not show differences in selected surrogate markers of 

cardiovascular disease (CVD), body composition or serum biomarkers between groups.  

During the study design phase, the potential challenges that may arise from the dietary 

and supplemental interventions were considered. These interventions may be demanding for 

some individuals, especially those who have a strong preference for milk and milk products and 

randomized into the supplemental group, as well as those with a usual low calcium intake who 

would need to increase their consumption of calcium-rich food if randomized to the food-based 

intervention group. To ensure adequate adherence to the allocated intervention, all participants 

received one-on-one counseling from a dietitian at the baseline visit and then on a monthly basis 

during their telephone follow-ups. The overall high adherence to both study interventions 

demonstrated the feasibility of the study design.  
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Figure 7.1 Monthly mean dietary calcium intakes by group. Data are means with standard 

deviations.  
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Results from the post-study survey indicated that participants felt adequately informed on 

how to modify their intake from the baseline nutritional education session and monthly follow-

ups (Appendix 1 and 2). However, as predicted during the design phase of the study, restriction 

to 1 small serving/day of calcium rich food represented as a challenge from the start of the trial 

for some participants. Some women also experienced difficulties with measuring and estimating 

the quantity of food consumed. Information sheets and educational tools were subsequently 

created for the main randomized controlled trial (RCT) to reduce the burden on the participants 

and to ensure low attrition rate (Appendix 3). 

The administration of the Harvard-Willett FFQ (552) may have also been conceptually 

challenging for participants due to its length and inclusion of foods from all food groups. 

Although the Harvard-Willett FFQ includes a section on milk and dairy products, it did not 

include some commonly consumed calcium-rich foods in the market place such as Greek yogurts 

or mixed dishes prepared with milk products. Moreover, it did not discriminate the types of 

cheese which have varying calcium content. Thus, a short comprehensive calcium-focused FFQ 

may improve the estimation of usual calcium intake and likely decrease respondent burden. 

This pilot trial was also designed to assess the overall feasibility of the study design and 

to explore the effects of supplemental calcium and dietary calcium on selected markers of 

vascular and bone health. The exploratory findings suggest that in healthy normotensive 

postmenopausal women there are no differential effects between the two sources of calcium on 

vascular or bone health markers. The rigorous design of this trial differentiates it from other 

previous RCTs that investigated the effect of calcium on vascular or bone health outcomes. 

Other than the regular contacts between the dietitian and the participants, the interventions were 

specifically designed to provide a total calcium intake that conforms to the RDA for healthy 
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women >50 years. Conversely, previous trials reported administration of 1000-1200 mg/d of 

elemental calcium on average to treatment arms (11, 98, 316, 344, 345). Moreover, a surrogate 

marker of CVD, carotid-femoral pulse wave velocity, was explored as the primary outcome of 

the study. This represented a novelty because no previous research work, including the RCTs 

found in the previously published meta-analyses, has examined cardiovascular outcomes as the 

primary variables (8, 14, 99).  

Despite its small sample size and exploratory nature of its design, this study contributed 

preliminary evidence on the differential effects of supplemental calcium versus dietary calcium 

on markers of vascular and bone health in postmenopausal women. To our knowledge, this was 

the first RCT that aimed at comparing the effect of the two sources of calcium on markers of 

vascular health as primary variables.  

Study 1 ascertained that nutritional counseling at baseline and subsequently on a monthly 

basis to be effective at ensuring high compliance to study protocol, demonstrating the feasibility 

of the interventions in a larger RCT. Although limited by its small sample size, the findings of 

this feasibility study suggest that dietary calcium alone or in combination with supplemental 

calcium, at the RDA level, do not exert differential effects on the selected vascular or bone 

health markers in healthy postmenopausal women. Evidence from an adequately powered RCT 

is required to confirm these findings and to facilitate the development of public health 

recommendations regarding calcium supplementation.  

Hypothesis 2: Calcium-focused food frequency questionnaire validation study 

It was hypothesized that the semi-quantitative calcium-focused food frequency 

questionnaire would be in agreement with the reference method in the assessment of dietary 

calcium intake. 
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 Study 2 aimed to develop and evaluate the validity of a calcium-focused FFQ to estimate 

usual dietary calcium intake of postmenopausal women in Montreal. This FFQ was designed for 

the purpose of estimating dietary calcium intake of postmenopausal women in a RCT (Study 4). 

We hypothesized that a semi-quantitative calcium-focused FFQ adapted from the Canadian 

Multicentre Osteoporosis Study (CaMOS) FFQ could be used to estimate usual dietary calcium 

intake in women ≥50 years old from Montreal, Canada. This study's objectives were to test the 

hypothesis by evaluating the relative validity of the FFQ in comparison with four 24-hour dietary 

recalls, and its reproducibility in comparison with a second FFQ after a 1-month interval.  

The original CaMOS FFQ was expanded to include calcium-rich foods that were reported 

to be regularly consumed by postmenopausal women based on results from Study 1 as well as 

major dietary sources of vitamin D. Women in this study had a median usual dietary calcium 

intake of 854 mg/d (IQR 666-1068), which is consistent with the population based data (3). 

Contribution of dietary calcium from dairy sources was 75%, which is very similar to the 

patterns derived from national health surveys (67). In contrast to the Harvard-Willett FFQ, the 

FFQ in Study 2 included separate questions for different types of each individual milk product. 

This allowed a better estimation of calcium intake considering that, for example, hard cheeses 

provide more calcium than soft cheeses per serving. 

Although the FFQ demonstrated good reproducibility (rs=0.72, P<0.001), the estimated 

calcium intake from FFQ1 was significantly higher than FFQ2. There may be different sources 

of response bias as FFQ1 was administered in person whereas FFQ2 was completed by telephone. 

Nonetheless, the 51-item calcium-focused FFQ had a moderate agreement with the reference 

method (κw=0.55). This was in line with another validation study of a calcium-focused FFQ that 

was conducted in Croatian postmenopausal women (553). The relative agreement between the 
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FFQ and the 24HRs was within the range reported in similar studies in women (379, 404, 407). 

The FFQ underestimated dietary calcium intake by a relatively small amount (<100 mg/d) that 

would be equivalent to approximately one-third of a serving of Milk and Alternatives according 

to the 2007-2019 Canada’s Food Guide. This level of underestimation could misclassify some 

individuals into adjacent quantiles, but only 2.8% of the participants in this study were 

misclassified into extreme quartiles.  

  The 51-item semi-quantitative FFQ is a useful tool to estimate dietary calcium intakes in 

postmenopausal women. The quantitative information on the relative validity of the 51-item FFQ 

substantially enhances the interpretation of the data pertaining to calcium intake from the 

Calcium Study (Study 4) to investigate the effect of dietary calcium interventions on health 

outcomes. 

Hypothesis 3: Systematic review and meta-analysis of fermented milk products on bone 

health 

It was hypothesized that fermented milk product consumption would associate with more 

benefits to bone health, such as greater bone mineral density, lower incidence of fragility 

fractures, and lower levels of bone turnover markers. 

In Study 3, a systematic review and meta-analysis was conducted to examine the 

association between FMPs with bone health outcomes in postmenopausal women. Three RCTs, 3 

prospective cohorts, and 3 case-control studies were included in the review. Data from 

prospective cohort studies suggest that higher yogurt consumption was associated with reduced 

hip fracture risk. However, no association between cheese intake and hip fracture risk was found. 

This may be due to the relatively small number of studies and incident fracture events to detect 

an association. With the exception of the null effect of cheese, the results of this meta-analysis 
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are consistent with the findings of another meta-analysis that examined the relationship between 

milk product consumption and hip fracture risk (415). Case-control studies revealed that cheese 

intake had either a null or a protective effect against osteoporosis, but no association was found 

with yogurt consumption. RCTs of FMPs were generally short-term (<2 months), but all 3 

included studies reported a reduction in bone resorption markers. In line with previous 

observations, the inverse association between FMP consumption and bone resorption markers 

has previously been reported in large cross-sectional studies (470, 471). The classification of all 

cheese as 1 category in these studies may have also influenced the results, considering the large 

variety of types of cheese that differ in their fermentation process as well as their nutrient 

profiles. 

The overall quality of evidence was very low due to the limited data available and most 

studies were of observational design. Although the results related to the protective effect of 

yogurt consumption on hip fracture risks are consistent with those of another report (415), it was 

evident that the Swedish Mammography Cohort had a major influence on the significance of the 

effect estimate (452). Taken into consideration the dietary and genetic differences between 

cohorts from different countries, the beneficial effect of yogurt requires further investigation in 

interventional studies. As the proposed mechanism underlying the beneficial effect of FMP may 

be the modulation of inflammation, investigation in changes of a panel of inflammatory markers 

would help fill the knowledge gap related to the health effects of FMPs.  

Although the results of this study were unable to compare the benefits of FMP versus 

non-FMP on bone health indicators, the findings are consistent with the hypothesis of the 

varying health benefits of each dairy product as a result of their distinct nutrient matrices. Only 

greater yogurt consumption was associated with a reduced risk of hip fracture compared with 
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low or no intake. Daily cheese intake may be associated with higher BMD T-scores, but 

evidence was limited. These results add to the literature on the potential benefits of yogurt 

consumption on bone health in postmenopausal women, although the quality of evidence is low. 

Additional and longer-term trials examining these relations are warranted to guide dietary 

recommendations regarding the benefits of FMP on bone health. 

Hypothesis 4: Effect of calcium on selected inflammatory and bone biomarkers 

It was hypothesized that the dietary calcium intervention would be associated with a 

more favourable effect on markers of inflammation and bone health markers than a calcium 

intake predominantly derived from supplements. 

 In the final manuscript (Chapter 6), the effect of calcium at the level of the RDA, either 

from dietary sources alone or predominantly from supplements, on selected markers of 

inflammation and bone metabolism was investigated in healthy postmenopausal women. As part 

of a 12-month RCT, blood samples were collected at baseline and at the 12-month final visit. 

At 12 months, neither of the 2 interventions caused a change in the selected inflammatory 

markers hsCRP, IL-6, adiponectin or leptin, and there were no between-group differences. There 

were also no association between individual milk product intake and the selected inflammatory 

markers. These findings are consistent with those from other RCTs of short-term supplemental 

calcium and dairy interventions (43, 291-294, 529, 530). This body of evidence provides strong 

evidence to refute the hypothesis of supplemental calcium inducing inflammation as part of the 

underlying mechanism causing CVD. Although milk, yogurt, or cheese intakes were not 

associated with markers of inflammation, the intakes (<3 servings/day) were too low to draw 

strong conclusions. 

Serum 25-hydroxyvitamin D [25(OH)D] significantly increased in all study arms as 
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expected due to the high adherence with study supplements. The observed decrease in serum 

CTX in both treatment arms and lack of change in the control arm indicates that supplemental 

and dietary calcium at the RDA level have similar effects on bone turnover and exert beneficial 

skeletal actions by decreasing bone resorption. Although these findings may be limited to 

vitamin D sufficient healthy postmenopausal women, these results are consistent with other 

interventional studies of dietary or supplemental calcium intervention in postmenopausal women 

(486, 523-525). BMD measurements were not included as outcomes in this trial because a 

significant change after one year of calcium and vitamin D supplementation would be unlikely. 

Most osteoporosis therapies do not cause large increases in BMD and repeated BMD 

measurements sooner than 18-24 months following intervention are not recommended (554). 

However, the addition of a baseline BMD measurement may identify women with undiagnosed 

osteoporosis, considering that most cases of osteoporosis are often diagnosed following a 

fracture (555). Data on baseline BMD could allow further exploration into the interaction 

between the nutrition interventions, BMD, inflammatory biomarkers and markers of bone 

metabolism. 

An increase in serum ionized calcium, PTH, or sclerostin concentrations would support 

the speculated mechanism of vascular calcification induced by calcium supplementation. 

However, there were no between-group differences in these markers at 12 months. Few studies 

have investigated the potential mechanism of vascular calcification and their findings also did 

not support this hypothesis. A recent animal study designed to examine whether a high 

consumption of calcium similar to human calcium intake at the Tolerable Upper Intake Level 

(UL), as supplemental calcium (in the form of calcium carbonate) or as non-fat dairy, led to an 

acceleration of vascular calcification in Ossabaw miniature swine after 6 months (532). This 
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animal model possesses similarities to humans in lipid metabolism (556), and also has a genetic 

predisposition to develop metabolic syndrome and coronary artery disease when fed an 

atherogenic diet for several months (557, 558). The investigators were unable to detect an effect 

of high calcium diets from either supplemental or dietary sources on coronary artery calcium 

deposition in their animal model. Thus, their findings do not support the hypothesis that calcium 

supplementation increases the cardiovascular risk through the acceleration of calcium deposition 

in the coronary arteries. An ancillary study was conducted to examine the effect of 1.2 g of 

elemental calcium as calcium carbonate daily or a matched placebo on carotid intima-media 

thickness (cIMT) and carotid atherosclerosis in elderly women >70 years (13). Following 3 years 

of supplementation, no adverse effect of calcium supplementation on cIMT or atherosclerosis 

compared to placebo was observed, both before and after adjusting for baseline cardiovascular 

risk factors. Preliminary findings of the Calcium Study, the main RCT as described in Chapter 6 

and led by our research group, also did not detect differential effects on surrogate markers of 

vascular health and atherosclerosis, measured as carotid-femoral pulse wave velocity (cfPWV) 

and cIMT, respectively (498). Taken together with the findings presented in this thesis, the 

current body of evidence indicates that calcium intake at the RDA level and below the UL, 

regardless of the source, does not increase the risk of vascular calcification over 1 year.  

 In terms of changes in body composition, the CaDiet arm displayed an increase in body 

weight, BMI, and percent body fat at 12 months. Although the observed weight gain was not 

considered as clinically significant, this result contradicts with the evidence derived from dairy 

intervention studies. Most of these studies have shown body weight reduction and increase in 

lean body mass following dairy interventions compared to control (559, 560). However, those 

interventions were usually combined with hypocaloric regimens to promote weight loss. In our 
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study, participants were instructed to increase their intake of dietary calcium by including 3 

servings/day of calcium-rich foods, and milk and milk products were the main contributors. It is 

possible that the observed weight gain and increase in BMI and percent body fat in the CaDiet 

arm resulted from an increase in energy intake from adding calcium-rich foods into the diet 

instead of substituting for other foods. Energy intake was higher in the CaDiet arm compared to 

the CaSuppl arm throughout the study, but the difference (~300 kcal/day) was not excessively 

more. Due to the limited data on dietary intakes before the trial, we were unable to compare the 

usual dietary intake prior to the trial to the overall intake during the study to assess whether 

energy intake has increased in the CaDiet arm. 

Overall, this study adds to the body of evidence supporting the hypothesis that calcium 

intakes that meet current dietary recommendations, either from the diet alone or combined with 

supplements, do not influence markers of inflammation healthy postmenopausal women. 

Whether exceeding the recommended intakes poses a cardiovascular risk, especially in 

individuals with predisposed vascular risks and chronic systemic inflammation, requires further 

investigation. Nonetheless, as per the current guidelines, calcium requirements should first be 

met through the diet in order to benefit from a variety of bone-building nutrients, and 

supplements should be considered when intake from the diet is insufficient. 

7.2 Strengths and limitations 

This thesis provided a comprehensive understanding on the differential effects of 

supplemental and dietary calcium on selected markers involved in inflammation and bone 

metabolism in healthy postmenopausal women. Study 4 was part of an RCT that was designed to 

estimate the effect of supplemental calcium versus dietary calcium on surrogate and subclinical 

markers of CVD. This RCT was the first trial investigating the effect of the two different sources 
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of calcium compared to a control group on vascular endpoints as primary outcomes. In addition 

to the controlled nutritional interventions designed to meet the RDA for calcium, the use of 

objective markers was also a strength of the study. 

To quantify usual dietary calcium intake, Study 4 used a 30-day 51-item calcium-focused 

FFQ that was designed and validated in postmenopausal women. This interviewer-administered 

FFQ required less time to complete than the Harvard-Willett FFQ which was used in the pilot 

trial. Although the calcium-focused FFQ was unable to estimate usual energy intakes, it captured 

the intake of calcium from trending calcium-rich items that were not included in the Harvard-

Willett FFQ. In Study 2, several statistical methods were used to evaluate the relative 

reproducibility, validity, sensitivity and specificity of the FFQ, which are important 

characteristics of a valid FFQ but not commonly performed in other validation studies. 

Considering the relatively low gross misclassification into extreme quartiles and that systematic 

bias was relatively low, the results suggest that the calcium-focused FFQ is a valid tool to 

discriminate low and high dietary calcium intakes in postmenopausal women and to rank dietary 

calcium intake in epidemiological studies. These results support its use in the RCT, in which 

participants were following a low or high dietary calcium intervention. 

  In Study 3, different tools were used to evaluate the risk of bias and methodological 

quality of interventional and observational studies (446, 447). Furthermore, the Grading of 

Recommendations Assessment, Development, and Evaluation (GRADE) approach was used to 

assess the overall quality of evidence across studies for each outcome (448). Although the meta-

analysis was unable to directly compare the effect of FMP with non-FMP on bone health, the 

findings were consistent with the literature suggesting benefits of FMP in human health, 

including bone and vascular health, though the mechanisms warrant more clinical research. The 
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emerging evidence highlights the need to consider each type of dairy product separately in order 

to provide high-level evidence to guide changes in dietary recommendations.   

Study 4 was an RCT, which is considered as the gold standard for evaluating 

interventions. It was designed, conducted and reported according to the CONSORT statement 

guidelines for multi-arm parallel-group RCTs (561, 562). Allocation sequence was unpredictable 

and the random assignment to study arms reduced selection bias at trial entry. The inclusion of 3 

trial arms allowed the comparison of calcium intake predominantly from supplements to calcium 

from dietary sources alone or no intervention. This was the first study with such a design and 

allowed a better understanding of the differential effects of the different sources of calcium. The 

assessment of multiple serum and plasma biomarkers to capture the potential effect of the 

interventions on inflammation and bone health was also a strength of Study 4. Although serum 

and plasma inflammatory markers reflect many tissues other than vascular and bone tissues, 

several trials have investigated the effect of anti-inflammatory agents on non-cardiovascular 

inflammatory diseases and on incidence of cardiovascular events, suggesting a causal role of 

inflammation on CVD. For instance, the IL-6 receptor blocker tocilizumab increased HDL 

particle concentrations in patients with rheumatoid arthritis compared to placebo (147). 

Recurrent cardiovascular events were significantly lowered in patients who had residual 

inflammation after myocardial infarction following the treatment with canakinumab, a human 

monoclonal anti-IL-1ß antibody (563). Colchicine, an anti-inflammatory treatment for gout, was 

found to be effective for secondary prevention of CVD (564). More trials are currently ongoing 

(148, 565), suggestive of the important role played by individual inflammatory markers on the 

pathogenesis and progression of atherosclerosis.  

There is currently limited research examining the effect of calcium or dairy interventions 
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on serum sclerostin. Sclerostin is recognized as an inhibitor of bone formation but the 

significance of circulating sclerostin related to bone health and vascular calcification remains 

poorly understood. Different immunoassays have been used to measure sclerostin concentrations 

in the literature, resulting in significant inter-assay differences according to the immunoassay 

used due to varying capacity of the assays to detect the intact molecule and additional fragments 

of sclerostin (270). To date, there is no consensus on which assay to use. As such, data from 

Study 4 may guide future studies that choose the same method to measurement serum sclerostin 

concentrations. 

Monthly follow-ups allowed participants to receive direct feedback from the dietitian and 

helped reassure the study participants throughout the study period. In general, participants are 

prone to adhere poorly to their assigned intervention due to study fatigue or because the 

intervention is genuinely difficult (566). Building on the observations from Study 1, regular 

contacts with the dietitian in Study 4 helped improve the participants’ understanding on how to 

increase or decrease their dietary calcium intake and on how to estimate portion sizes. The 

nutritional counseling may partially explain the higher compliance rate of 95% than those 

reported in other calcium intervention studies (11, 98, 316, 344, 345). 

This research work was not without limitations. The FFQ was validated in predominantly 

highly educated postmenopausal women of white descent. Despite the study being conducted in 

a multi-ethnic urban city in Canada, the generalizability of the findings from Study 2 requires 

further evaluation. More importantly, the findings from Study 4 cannot be generalized to other 

groups, such as premenopausal women, men, the frail elderly, patients with liver disease, or 

patients with CVD or osteoporosis. CVD and osteoporosis often develops or exists in the context 

of multi-comorbidity and frailty that would thereby influence the inflammatory process (567). A 
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major limitation of the RCT was its small sample size, which was estimated based on the 

primary vascular outcome (i.e., cfPWV) and not biomarkers of inflammation. Thus, the trial was 

unlikely adequately powered to determine a real effect or robustly claim the absence of an effect 

(568). Using data from previous reports, 671 participants would be required in each arm to detect 

a mean difference of 0.15 mg/L in hsCRP, or 466 participants per group to detect a mean 

difference of 2.35 ng/L in sclerostin concentrations to obtain a power of 80% with α set at 0.05 

(43, 275).  

Diverse recruitment methods were employed to maximize participant enrolment and the 

recruitment period was extended and took place from January 2014 to November 2017. 

Participants were recruited through posters, local newspaper advertisements, presentations in the 

community, and media interviews. Despite the recruitment efforts, recruitment rate remained low. 

Nonetheless, 106 participants completed the study with an attrition rate of 12.4%. Although 

larger trials may not be feasible, alternative populations from other countries as well as higher 

risk groups should be considered to confirm our findings. 

Nutrition research involving the assessment of self-reported dietary intakes is prone to 

inaccuracies due to under- or over-reporting. For instance, in Study 2, the estimated calcium 

intake from FFQ1 was significantly higher than the intake estimated from FFQ2. Response bias 

by responding in a manner consistent with expected norms could not be ruled out (310, 399). To 

maximize reporting accuracy, participants were provided with resources to help them estimate 

the amounts of food consumed in Study 2 and Study 4. Furthermore, at the end of each telephone 

follow-up in Study 4, immediate feedback was provided to the participant using motivational 

interviewing techniques to enhance their motivation and commitment to adherence to the study 

intervention (569).  
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Although milk and milk products were the predominant sources of dietary calcium 

consumed in Study 4, some participants abstained from dairy consumption and relied on fortified 

plant-based beverages and tofu to meet their assigned calcium targets. The analyses could not be 

stratified by sources due to low intakes of calcium from non-dairy sources. Similarly, given that 

participants were restricted to their source of dietary calcium, the consumption of individual 

dairy product was relatively low to allow a thorough assessment of their individual effect on the 

selected biomarkers. Finally, the inability to blind the participants and the dietitian from the 

allocations was another potential limitation. 

7.3 Future directions 

 This thesis has provided evidence to support the safety of calcium supplement use to 

meet the RDA in healthy postmenopausal women, yet some questions remain unanswered. 

Contrary to most calcium intervention studies, the dosage of 750 mg/day required the 

participants to limit their dietary calcium intake to 450 mg/day. This was observed to be a 

challenge as this involved a restriction of some preferred foods. Nonetheless, due to the lack of 

RCTs, studies with a similar design to the one presented in this thesis should be conducted in 

women with predisposed vascular risks or older frail adults with sarcopenia to examine the effect 

of calcium on inflammatory and surrogate markers of vascular health.  

 There is a growing interest in identifying the health benefits of FMP yet there are 

currently limited published interventional trials. Study 3 made it evident that there is a need to 

further investigate the effect of individual types of dairy on bone health outcomes. Although 

measurement of areal BMD would unlikely show significant differences after 1 year of nutrition 

intervention, changes may occur in the bone microstructure as determined by peripheral 

computed tomography (pQCT). A previous study found that age-related bone loss varied 
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between the trabecular and cortical compartments in postmenopausal women, where a greater 

rate of cortical bone loss was detected between measurements of 1-year interval (570). A 

prospective cohort study of 482 postmenopausal women examined the association between FMP 

and non-FMP (i.e., milk and ripened cheese) with bone microstructure by high resolution pQCT 

(HR-pQCT) measured at baseline and at 3 years (471). Their findings suggested that FMP 

consumption is associated with attenuated loss of radius total volumetric BMD and of cortical 

bone at non-bearing bone sites, whereas milk consumption associated with attenuated loss of 

areal BMD and of failure to load at the radius (471). Taken together, further investigation into 

the effect of FMP consumption on bone microstructure in future trials is needed to generate high 

level evidence to support the hypothesis regarding the superior health benefits of FMP. 

  Similarly, more work is also required to elucidate the effect of FMP and non-FMP on 

inflammatory markers and vascular health outcomes. Accumulating evidence has revealed that 

the gut microbiota plays an important role in a large variety of disorders, including 

atherosclerosis and osteoporosis (571). Ageing and changes to gut microbiota composition 

increases mucosal barrier permeability, allowing bacteria and their products into the circulatory 

system thereby contributing to a chronic pro-inflammatory state (572). So far, the increased gut 

permeability and leakage of pro-inflammatory products has only been demonstrated in animal 

models, but dysbiosis has been associated with conditions that become more prevalent with 

ageing, such as obesity and type 2 diabetes (573). Modification of the gut microbiota with 

prebiotics and probiotics may influence the development of metabolic diseases and reduce 

systemic inflammation (474, 574). Given that FMPs are accessible dietary sources of probiotics, 

short- and medium-term interventions comparing the effect of milk, cheese, and yogurt 

separately on inflammatory and bone biomarkers can help close the knowledge gap and provide 
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high-level evidence to guide future dietary recommendations. However, long-term trials may not 

be feasible as participant fatigue to the interventions (e.g., 3 servings of milk, 3 servings of 

cheese, or 3 servings of yogurt) will be highly likely.  

7.4 Public health implication 

National health survey data indicate that women >50 years do not meet the calcium 

requirements and use of calcium supplements have decreased following the controversy 

regarding their safety. Yet, osteoporosis remains a major public health burden affecting 2 million 

Canadians, mainly postmenopausal women and the elderly (2).  

The interventions presented in this study were based on the RDA for healthy women >50 

years to maintain bone integrity by slowing the rate of bone loss. Individuals should aim to meet 

the RDA through food sources in order to benefit from the other nutrients as part of the food 

matrix, and to fill the gap with a nutritional supplement. Findings from the research of this thesis 

add to the body of evidence from intervention studies supporting the lack of detrimental effect on 

vascular calcification and its positive effect on bone turnover. Thus, given the lack of high level 

evidence demonstrating the adverse effects on the vasculature, supplemental calcium should 

remain as an option for those who are unable to meet the RDA from food sources alone. 

However, in clinical practice, it remains important to evaluate the patient’s usual dietary calcium 

intake prior to prescribing a calcium supplement.  

An important change to the Canada’s Food Guide also requires careful consideration and 

attention. As of January 2019, the Canada’s Food Guide has changed its approach to promote 

healthy eating. To make healthy eating easier for Canadians, the guide no longer recommends 

foods as food groups nor how much to eat. Instead, Canadians are encouraged to ‘have plenty of 

vegetable and fruits’, ‘eat protein foods’, and ‘choose whole grain foods’. As a result, milk and 
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milk alternatives are grouped within the protein group along with meat, pulses, legumes, nuts 

and seeds. An analysis of the nutrient content of foods depicted in the Canada’s Food Guide’s 

Snapshot showed a high probability of inadequacy, ranging up to >90%, in calcium and vitamin 

D intakes for most age and sex groups (575). Although the estimated content of calcium was 

based on a number of assumptions, these results suggest that further guidance is required by 

users of the new food guide in order to achieve the recommended intakes for calcium. 

Thus, calcium from whole foods, such as milk and milk products, should not be 

discouraged and perhaps fermented milk products should be encouraged though further research 

is needed to provide empirical evidence to demonstrate their benefits and varying effects on bone 

health and cardiovascular health. In the same vein, calcium supplements remain a low-cost and 

safe option for healthy postmenopausal women to meet the recommendations for bone health.   

7.5 Conclusions 

In summary, this thesis has shown that calcium consumption at the RDA level, from the 

diet alone or predominantly from supplements, does not have an effect on inflammatory markers 

in healthy postmenopausal women after 12 months. However, both interventions decreased bone 

turnover markers at 12 months whereas no change was observed in the Control arm. This body 

of work significantly contributes to the growing evidence supporting the safety of both 

supplemental and dietary sources of calcium in healthy postmenopausal women. Our meta-

analysis suggested that higher consumption of yogurt may be favorable to bone health, but this 

could not be confirmed in our analyses. Future nutrition trials of fermented milk products as 

compared to non-fermented milk consumption on bone outcomes, ascertained through new 

imaging modalities, such as HR-pQCT, will provide a better understanding on whether current 

recommendations require updates by promoting fermented milk products.  
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Appendix 1. Feedback Survey: Participation in Pilot Calcium Study – Questionnaire  
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Feedback Survey 

Participation in Pilot Calcium 

Study  
 
 

 

 

Feedback questions for pilot study participants 

 

 

  

 
Please check the appropriate box: 

 

 I was part of the Calcium Supplement Group 

  

 I was part of the Dietary Calcium Group  

 

 I do not know which group I was part of  
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Thank you for your participation in our pilot study. In part due to the data collected as a result of 

your one-year commitment, we received funding from the Canadian Institutes of Health 

Research to continue the study on a much larger scale. We would like to invite you to take the 

following survey to help us better understand how we could further improve the study for the 

future participants. The survey will take 15-20 minutes to complete. 

 

1. Taking supplements and following a specific diet plan every day can be an inconvenience for 

some people.  

a. Was it difficult for you to take your supplement(s) every day? 

 No 

 Yes 

 

If you answered ‘yes’, please explain the difficulties you have encountered and what we 

could do to improve in the future. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

2. Was it difficult for you to have the right amount dairy or calcium in your diet every day? 

 No 

 Yes 

 

If you answered ‘yes’, please explain the difficulties you have encountered and what we 

could do to improve in the future. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

3. Did you feel well equipped to make the food choices necessary to have the right amount of 

dairy or calcium in your diet throughout the study? 

 No  

 Yes 

If you answered ‘no’, please explain why you did not feel well equipped to make the food 

choices necessary to have the right amount of dairy or calcium in your diet throughout 

the study.  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

4. You were contacted on a monthly basis for telephone interviews during the study. When you 

were asked to describe the foods that you had eaten the previous day, did you find it difficult 

to estimate the portion size of any foods?  

 No 

 Yes 
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If you answered ‘yes’, please list a few foods for which the portion sizes were difficult 

for you to estimate. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

5. Feedback was provided to you during your monthly telephone interviews. Overall, did you 

find the feedback regarding the amount of dairy or calcium in your diet useful? 

 No 

 Yes 

If you answered ‘no’, please explain. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

6. During the study, did you consult any of the supporting documents provided to you?  

 No 

 Yes 

 

If you answered ‘yes’, please check the documents you consulted at least once.  

 

 Dairy Farmer’s calcium calculator pamphlet 

 Sample menus 

 Nutrition label reading tool 

 Newsletter 

 

If you answered ‘no’, please explain why you did not consult the supporting documents. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

7. In your opinion, what other supporting materials or communication tools would be useful for 

future participants in the study? 

a. Website 

b. Blogs 

c. Social media 

d. I don’t know what communication tools would be useful for future participants 

e. Other: ____________________________________________________ 

 

8. If a newsletter would have been sent to you every three months (with updates on the study, 

dietary tips and recipes), would you have been interested in reading it?  

 No 

 Yes 
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If applicable, please briefly describe what information you would have liked to be included 

in the newsletter. 

______________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________ 

 

9. If there was an application that you could have downloaded to your phone to help you keep 

track of the foods you ate, would you have used it? 

 No 

 Yes 

 

10.  Would you have liked to receive a text message or e-mail daily to remind you to take your 

supplement(s)?  

 No 

 Yes 

 

11. Now that the study is over, we would like to know how your current supplement use and diet 

compare to before you started the study.  

 

a. Before the study, were you taking: 

i. Vitamin D supplements?   No   Yes (specify dosage): _________ 

ii. Calcium supplements?  No   Yes (specify dosage): _________ 

 

b. Are you currently taking: 

i. Vitamin D supplements?  No   Yes (specify dosage): _________ 

ii. Calcium supplements?  No   Yes (specify dosage): _________ 

 

c. Compared to before the study, the amount of dairy or calcium in your diet has: 

 Increased  

 Stayed the same  

 Decreased 

 

If either the amount of dairy or calcium in your diet, or your use of supplements has 

changed, please explain what made you change your habits. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

12. Overall, was your participation a positive experience? 

 No 

 Yes 
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13. What did you like most about the study? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

14. What did you like least about the study? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

 

15. Would you recommend a friend or family member to participate in the study? 

 No 

 Yes 

 

16. Your comments are key to help us improve and to help our future participants in the study. 

Please let us know if there are things that we could do to improve the experience of our 

future participants. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 
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Appendix 2. Feedback Survey: Participation in Pilot Calcium Study – Results (raw data) 
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Supplement Group responses 

(n=4) 

Dietary Group responses 

(n=4) 

Total responses 

(n=8) 

Question 1: Taking supplements and following a specific diet plan every day can be an inconvenience for 

some people. Was it difficult for you to take your supplement(s) every day? 

100% answered No 100% answered No 100% answered No 

Question 2a: Was it difficult for you to have the right amount of dairy or calcium in your diet every day? 

100% answered Yes 75% (3) answered No 

25% (1) answered Yes 

37.5% (3) answered No 

62.5% (5) answered Yes 

Question 2b: Please explain the difficulties you have encountered and what we could do to improve in the 

future. 

(Suppl-2): Offer tasty substitutes e.g. I craved ice cream &, after a while, I was given a coconut milk ice cream 

substitute that was wonderful. It was food e.g. Pizza that I craved as well. No pizza tasted the way I liked without 

cheese.  

(Suppl-4): Lactose intolerant so could not have much dairy and other sources not always obtainable. In the 

beginning I had concerns that the supplements would not provide a sufficient amount. 

(Suppl-7): It was annoying to have to measure everything. Some food that I thought was too small--for example, a 

tiny container of salmon--I was later told was sufficient. Sometimes, I took too much cheddar cheese.(For the 

below question, I would say ''somewhat''. It's difficult to answer some of these questions, Yes or No. 

(Suppl-9): I love my dairy & was/am used to enjoying my cafe au lait every morning as well as yogurt, cheese /in 

lasagna, pasta, Mexican food  

(Diet-8): I already ate a lot of dairy products and on a few occasions was borderline high on my intake of calcium 

although I thought I did not take enough and was trying to add more 

Question 3a: Did you feel well equipped to make the food choices necessary to have the right amount of 

dairy or calcium in your diet throughout the study? 

75% (3) answered Yes 

25% (1) answered No* 

  participant answered "Somewhat" 

100% answered Yes 12.5% (1) answered No 

87.5% (7) answered Yes 

Question 3b: Please explain why you did not feel well equipped to make the food choices necessary to have 

the right amount of dairy or calcium in your diet throughout the study. 

(Suppl-7): See the response to the one above.  Again for the below questions, I would say, somewhat. Not totally 

''No.'' However, there was no other choice. You should give more flexibility to future participants for their 

responses. 

Question 4a: You were contacted on a monthly basis for telephone interviews during the study. When you 

were asked to describe the foods that you had eaten the previous day, did you find it difficult to estimate the 

portion size of any foods? 

100% answered Yes 50% (2) answered Yes 

50% (2) answered No 

75% (6) answered Yes 

25% (2) answered No 

Question 4b: Please list a few foods for which the portion sizes were difficult for you to estimate. 

(Suppl-2): Salad, soup ingredients for individual portions, restaurant sandwiches. 
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(Suppl-9): meat/canned tuna salad,/egg salad, green or mixed salad, rice/potatoes,dairy 

(Suppl-7): Cheeses, principally. Also some vegetables. Again, it was annoying to have to measure the amount of 

meat or fish and other foods. 

(Diet-3): berries, yogurt when dispensed from large container, cheese when cut from large block or grated, 

vegetable 

(Diet-8): Some vegetables like cucumber where it is easy to eat several slices without any notion of the portion 

size.  Also when cooking meals I always cooked for 2 people so I had to think about separating the amount of 

ingredients 

Question 5: Feedback was provided to you during your monthly telephone interviews. Overall, did you find 

the feedback regarding the amount of dairy or calcium in your diet useful? 

100% answered Yes 25% (1) answered No 

75% (3) answered Yes 

87.5% (7) answered Yes 

12.5% (1) answered No 

Question 6a: During the study, did you consult any of the supporting documents that were provided to you? 

100% answered Yes 100% Answered Yes 100% answered Yes 

Question 6b: If you answered ‘yes’, please check the documents you consulted at least once.  

Dairy Farmer's Calcium Calculator 

100% answered Yes 25% (1) answered No 

75% (3) answered Yes 

87.5% (7) answered Yes 

12.5% (1) answered No 

Sample Menus 

25% (1) answered Yes 

75% (3) answered No 

25% (1) answered Yes 

75% (3) answered No 

25% (2) answered Yes 

75% (6) answered No 

Nutrition Label Reading Tool 

50% (2) answered Yes 

50% (2) answered No 

25% (1) answered No 

75% (3) answered Yes 

62.5% (5) answered Yes 

37.5% (3) answered No 

Newsletter 

25% (1) answered Yes 

75% (3) answered No 

25% (1) answered Yes 

75% (3) answered No 

25% (2) answered Yes 

75% (6) answered No 

Question 7: In your opinion, what other supporting materials or communication tools would be useful for 

future participants in the study? 

Website 

50% (2) answered Yes 

50% (2) answered No 

25% (1) answered No 

75% (3) answered Yes 

62.5% (5) answered Yes 

37.5% (3) answered No 

Blogs 

25% (1) answered Yes 

75% (3) answered No 

100% answered No 12.5% (1)answered Yes 

87.5% (7) answered No 
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Social Media 

25% (1) answered Yes 

75% (3) answered No 

100% answered No 12.5% (1) answered Yes 

87.5% (7) answered No 

I don't know what communication tools would be useful for future participants 

25% (1) answered Yes 

75% (3) answered No 

25% (1) answered Yes 

75% (3) answered No 

25% (2) answered Yes 

75% (6) answered No 

Other (open) 

"Sharing tips with others in the study" 

"E-mail and telephone. Not everyone uses social media." 

Question 8a: If a newsletter would have been sent to you every three months (with updates on the study, 

dietary tips and recipes), would you have been interested in reading it? 

75% (3) answered Yes 

25% (1) answered No 

100% answered Yes 12.5% (1) answered No 

87.5% (7) answered Yes 

Question 8b: Please briefly describe what information you would have liked to be included in the newsletter. 

(Suppl-2): Questions from participants with answers from the related professionals. 

(Suppl-4): Conclusions to date - similar studies  

(Suppl-9): Photos of  real-sized plates of food with sample meals showing real-sized portions.   

(Diet-6): I would have liked actual info on the study - number of participants in each group, were any trends 

noticed.  Info on the tests being done such as why were these particular tests done , what was being looked for, etc,  

Recipes are always good. 

(Diet-3): the above info would be good 

(Diet-5): All the benefits of eating healthy  

(Diet-8): How the recruitement for the study went, any data obtained from an interim analysis, difficulties by other 

participants and how to overcome them, tips and success stories 

Question 9: If there was an application that you could have downloaded to your phone to help you keep 

track of the foods you ate, would you have used it? 

50% (2) answered Yes 

50% (2) answered No 

25% (1) answered Yes 

75% (3) answered No 

37.5% (3) answered Yes 

62.5% (5) answered No 

Question 10: Would you have liked to receive a text message or e-mail daily to remind you to take your 

supplement(s)? 

25% (1) answered Yes 

75% (3) answered No 

100% said No 12.5% (1) answered Yes 

87.5% (7) answered No 

Question 11a(i): Before the study, were you taking vitamin D supplements? 

75% (3) answered Yes 

25% (1) answered No 

75% (3) answered Yes 

25% (1) answered No 

25% (2) answered No 

75% (6) answered Yes 

Question 11a(i): Please specify the dosage of vitamin D you were taking. 
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(Suppl-2): 10,000 x week 

(Suppl-4): 400 IU 

(Suppl-9): 400 units daily 

(Suppl-7): None 

(Diet-6): 1000 IU - 1800 IU 

(Diet-3): None 

(Diet-5): 1 a day 400 IU 

(Diet-8): 1000 mg per day 

 

Question 11a(ii): Before the study, were you taking calcium supplements? 

75% (3) answered Yes 

25% (1) answered No 

50% (2) answered Yes 

50% (2) answered No 

62.5% (5) answered Yes 

37.5% (3) answered No 

Question 11a(ii): Please specify the dosage of calcium supplement you were taking. 

(Suppl-2): 2 x 500 daily 

(Suppl-4): 333 mg 

(Suppl-9): calcium, mg can't 

remember 

(Suppl-7): None 

(Diet-6): 500 twice a day 

(Diet-3): None 

(Diet-5): 2 per day 

(Diet-8): None 

 

Question 11b(i): Are you currently taking vitamin D supplements? 

75% (3) answered Yes 

25% (1) answered No 

100% answered Yes 12.5% (1) answered No 

87.5% (7) answered Yes 

Question 11b(i): Please specify the dosage of vitamin D you are currently taking. 

(Suppl-2): 400 IU daily 

(Suppl-4): 400 IU 

(Suppl-9): 800 units 

(Suppl-7): None 

(Diet-6): 1000 IU every other day 

(Diet-3): 400 IU 

(Diet-5): 1 a day 400 IU 

(Diet-8): 1000 mg per day 

 

Question 11b(ii): Are you currently taking calcium supplements? 

75% (3) answered Yes 

25% (1) answered No 

100% answered No 62.5% (5) answered No 

37.5% (3) answered Yes 

Question 11b(ii): Please specify the dosage of calcium you are currently taking. 

(Suppl-2): 500 1 x day 

(Suppl-4): 333 mg 

(Suppl-9): 500 units 

(Suppl-7): None 

(Diet-6): None 

(Diet-3): None 

(Diet-5): None 

(Diet-8): None 

 

Question 11c: Compared to before the study, the amount of dairy or calcium in your diet has: 

25% (1) answered Decreased 

25% (1) answered Increased 

50% (2) answered Stayed the Same 

25% (1) answered Increased 

75% (3) answered Stayed the Same 

12.5% (1) answered Decreased 

25% (2) answered Increased 

62.5% (5) answered Stayed the 

Same 

Question 11c: If either the amount of dairy or calcium in your diet, or use of supplements has changed, 

please explain what made you change your habits. 
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(Suppl-2): Decreased. Fat content 

in dairy products & realization that 

more calcium may have a negative 

effect on my health. 

(Suppl-4): Stayed the same. 

(Suppl-9): Increased. Found a bottle 

of calcium tablets from study. 

Taking 1 a day. I just love dairy but 

am not consistent in its use. Some 

days only tea with a little milk, no 

yogurt or cheese, other days a lot of 

the 3 mentioned. A matter of time, 

taste, what's in the fridge or 

cupboard...no particular reason. 

Some days I forget to take the 

supplement. 

(Suppl-7):Stayed the same. 

(Diet-6): Increased. My bad 

cholesterol dropped by 10% by 

drinking 3 glasses of soy milk daily. 

(Diet-3): Stayed the same. I decided 

to use Vit.D over the winter months 

for now as I do spend time outside 

in warmer months. 

(Diet-5): Stayed the same. I have 

learned to eat a balance of food for 

my Calcium 

(Diet-8): Stayed the same. 

  

Question 12: Overall, was your participation a positive experience? 

100% answered Yes 100% answered Yes 100% answered Yes 

Question 13: What did you like most about the study? 

(Suppl-2): Commitment to reading food ingredient  %. Ability to have arterial ultrasounds when it wouldn't be 

available during my annual general checkup. Above all, happy to donate my body for scientific research that will 

ultimately benefit all. 

(Suppl-4): Keeping track of what I ate. 

(Suppl-9): Patience & concern of the people running the study. Free supplements as I'm on a low fixed income, the 

thorough before & after testing & the opportunity to get out & about. 

(Suppl-7): Becoming more conscious of sources of calcium.  

(Diet-6): I liked the idea of contributing to women's health knowledge.   

(Diet-3): I think that studies are important in improving and hopefully bettering our health/lifestyle practices. 

(Diet-5): I learned to eat a balance of calcium foods, but I always ate very healthy 

(Diet-8): Made me more conscious of how much calcium I was taking in my diet 

Question 14: What did you like least about the study? 

(Suppl-2): Restrictions on favorite foods high in calcium. 

(Suppl-4): No individual feedback (i.e., was not made aware of how my results compared to the "norm" assuming 

that there was one) 

(Suppl-9): The early morning visits. 

(Suppl-7): Having to measure food. 

(Diet-6): Having to deal with the dietitians - they seemed to think that having the weight or size of ingredients that 

went into the dish & then the weight of portion that I ate was not sufficient info for them.  

(Diet-3): Having to remember to take my supplements and take the appropriate amt. of dietary calcium daily. It 

was challenging for me as any change in habits can be. 

(Diet-5): I liked all the study , there was nothing I didn't like  

(Diet-8): at the beginning I was not getting any feedback on how much calcium was in my diet and if I was on 

target, too low or too high 

Question 15: Would you recommend a friend or a family member to participate in the study? 

25% (1) answered No 100% answered Yes 12.5% (1) answered No 
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75% (3) answered Yes 87.5% (7) answered Yes 

Question 16: General Comments 

(Suppl-2): Hand out research proposal & related articles. Offer a buddy system or participant social network for 

support & idea sharing. 

(Suppl-9): I think you & your team did a magnificent job. However, the feedback questions should have had a 3rd 

choice: possibly or maybe or not sure, would have been more accurate in my opinion. Several of the questions 

needed that. I'm not a "black or white' type so maybe it's just me. Timing was not the best either. This is a 

particularly busy, stressful season & one more thing to accomplish can be overwhelming. After the holiday would 

have been more helpful for me. Thanks for all the care, concern  & patience you all demonstrated.  

(Suppl-7): Please pay them more money. 

(Diet-6): I think that the exact nature of what the dietitians are looking for should be explained up front.   

(Diet-3): Smart phone alerts or reminders might be helpful for those who are more techy. Scheduling visit dates or 

confirming visit calls ahead so that you can note or recall your previous food intake better. 

(Diet-5): I can't comment, I found the study very helpful 

(Diet-8): There were a lot of measurements taken during the study, as a participant I would like to know what are 

the conclusion of the study on these other parameters and do I need to change something in my diet to stay or 

become healthier. 
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Appendix 3. Educational resources developed for participants of the Calcium Study 
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Participant Information Sheet 
You have been selected by chance to be in the Dietary Calcium Group. 

For the duration of the 1-year study, we ask that you: 

 

1. Take 1 capsule of vitamin D supplement (400 IU) after your first meal of the day. 

 

2. Increase the amount of foods rich in calcium in your diet to 3 servings per day.  

 

What foods are rich in calcium? 

For the purpose of this study, foods that contain 250-300 mg of calcium per serving, or 25-30% 

of your % daily value of calcium per serving, are considered rich in calcium.  These include: 

A. Dairy  

All foods that are made from milk are considered rich in calcium, but some contain more 

calcium than others. Here is a list of dairy foods and examples of what is considered 1 serving of 

each: 

Food  Serving size Food  Serving size 

Milk ... 1 cup or 250 ml Soft cheese 
(blue, feta) 

... 50g or the size of 3 

stacked dice Plain yogurt ... ¾ cup or 175 ml  

Fruit flavoured 

yogurt 

... 
1 cup or 250 ml 

Firm cheese 
(cheddar, Swiss, Gouda) 

... 35g or the size of 2 

stacked dice 

   Parmesan cheese ... 4 Tbsp or 60 ml grated 

B. Non-dairy foods 

Some foods that are not made from milk still contain calcium either naturally or because they are 

fortified. Again, certain foods contain more calcium than others. Here is a list of non-dairy foods 

and examples of what is considered ½ serving of each: 

Food  Serving size 

Tofu (made with calcium) ... 100 g or 100 ml 

Salmon, canned, with bones ... 70 g or ⅓ of a can 

Alternative milk beverage fortified with calcium 
(soy, almond, rice, orange juice) 

... ½ cup or 125 ml 

 

Please note that the portion sizes presented are estimates. It is important to always refer to the 

Nutrition Facts table of packaged foods that are rich in calcium for more accurate 

information on their calcium content. 
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C. Other foods rich in calcium 

There are other foods that contain calcium, but the calcium content in a typical serving of these 

foods is much lower than 250-300 mg. Here is a list of other foods that contain calcium. If you 

eat more than the amount indicated per day for any of these foods, please let the research 

team know. In some cases it may be necessary to count these foods towards your servings of 

calcium rich foods.  

 

Food  Amount  Food  Amount 

Collard greens, cooked … ¼ cup  Kale, bok choy, okra, cooked … ½ cup 

Baked beans … ½ cup  Broccoli … 1 cup 

Soybeans, cooked … ½ cup  Almonds … ¼ cup 

White beans, cooked … ½ cup  Blackstrap molasses … 1 tsp 

 

What did I eat yesterday? 

 

As a participant of the Calcium study, you will be asked “What did you eat yesterday?” at least 

once a month. To help you best report the foods you eat, here are some details we would like you 

to keep in mind. 

 

1. How was it prepared?  

2. What was the brand?  

3. What was the variety? 

4. How much did you eat? 

 

Are there any tips that will help me estimate the amount of food that I ate? 

 

 Measure the amount of foods you eat often at least once. 

 Pay attention to the recipe of foods you prepare and the portion of the recipe that you ate. 

 Read the packaging, such as the container or wrapper, of packaged foods.  

 Compare the amount of food you ate to the size of common household items. 

 

 

When should I contact the research team? 

 

Please advise a member of the research team if you become ill or before you start to take any 

new medications, vitamins, or supplements. 

 

 Study Co-ordinator: Michelle Wall……………... (514) 934-1934 ext. 45742 

 Study Dietitian: Angel Ong……………………... (514) 934-1934 ext. 43715 

 

Your 1-week phone call will take place on: _______________________________ 

 

Your 6-month follow-up visit will be scheduled in: _________________________ 
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Participant Information Sheet 
You have been selected by chance to be in the Supplemental Calcium Group. 
 

For the duration of the 1-year study, we ask that you: 
 

3. Take 2 tablets of calcium supplement (250 mg each) and 1 capsule of vitamin D 

supplement (800 IU) after your first meal of the day. 
 

4. Take 1 tablet of calcium supplement (250 mg) in the evening. 
 

5. Limit the amount of foods rich in calcium in your diet to 1 serving per day. 

 
What foods are rich in calcium? 

For the purpose of this study, foods that contain 150-200 mg of calcium per serving, or 15-20% 

of your % daily value of calcium per serving, are considered rich in calcium.  These include: 

D. Dairy  

All foods that are made from milk are considered rich in calcium, but some contain more 

calcium than others. Here is a list of dairy foods and examples of what is considered 1 serving of 

each: 

 

Food  Serving size  Food  Serving size 

Milk ... ⅔ cup or 160 ml  Soft cheese 
(blue, feta) 

... 30 g or size of a thumb 

Plain yogurt ... ½ cup or 125 ml   

Fruit flavoured 

yogurt 

... ¾ cup or 175 ml  Firm cheese 
(cheddar, Swiss, Gouda) 

... 25 g or 3 tbsp diced 

 

E. Non-dairy foods 

Some foods that are not made from milk still contain calcium either naturally or because they are 

fortified. Again, certain foods contain more calcium than others. Here is a list of non-dairy foods 

and examples of what is considered 1 serving of each: 

 

Food  Serving size 

Tofu (made with calcium) ... 100 g or 100 ml 

Salmon, canned, with bones ... 70 g or ⅓ of a can 

Alternative milk beverage fortified with calcium 
(soy, almond, rice, orange juice) 

... ⅔ cup or 160 ml 

 

Please note that these serving sizes are estimates. It is important to always refer to the 

Nutrition Facts table of packaged foods that are rich in calcium for more accurate 

information on their calcium content. 
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F. Other foods that contain calcium 

There are other foods that contain calcium, but the calcium content in a typical serving of these 

foods is much lower than 150-200 mg. Here is a list of other foods that contain calcium. If you 

eat more than the amount indicated per day for any of these foods, please let the research 

team know. In some cases it may be necessary to count these foods towards your servings of 

calcium rich foods.  

 

Food  Amount  Food  Amount 

Collard greens, cooked … ¼ cup  Kale, bok choy, okra, cooked … ½ cup 

Baked beans … ½ cup  Broccoli … 1 cup 

Soybeans, cooked … ½ cup  Almonds … ¼ cup 

White beans, cooked … ½ cup  Blackstrap molasses … 1 tsp 

 
 

What did I eat yesterday? 

 

As a participant of the Calcium study, you will be asked “What did you eat yesterday?” at least 

once a month. To help you best report the foods you eat, here are some details we would like you 

to keep in mind. 

 

5. How was it prepared?  

6. What was the brand?  

7. What was the variety? 

8. How much did you eat?  

 

Are there any tips that will help me estimate the amount of food I ate? 

 

 Measure the amount of foods you eat often at least once. 

 Pay attention to the recipe of foods you prepare and the portion of the recipe that you ate. 

 Read the packaging, such as the container or wrapper, of packaged foods.  

 Compare the amount of food you ate to the size of common household items. 

 
 

When should I contact the research team? 

 

Please advise a member of the research team if you become ill or before you start to take any 

new medications, vitamins, or supplements. 

 

 Study Co-ordinator: Michelle Wall……………... (514) 934-1934 ext. 45742 

 Study Dietitian: Angel Ong……………………... (514) 934-1934 ext. 43715 

 

Your 1-week phone call will take place on: _______________________________ 

 

Your 6-month follow-up visit will be scheduled in: _________________________ 
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The effect of dietary calcium intake as compared to calcium supplementation  

on vascular and bone health in postmenopausal women 

 

Participant Information Sheet 

You have been selected by chance to be in the Usual Diet Group. 

For the duration of the 1-year study, we ask that you: 

1. Take 1 capsule of vitamin D supplement (400 IU) every morning after your first meal of 

the day. 

 

2. Continue with your usual diet. 

 

 

What did I eat yesterday? 

 

As a participant of the Calcium study, you will be asked “What did you eat yesterday?” at least 

once a month. To help you best report the foods you eat, here are some details we would like you 

to keep in mind. 

 

1. How was it prepared?  

2. What was the brand?  

3. What was the variety? 

4. How much did you eat?  

 

Are there any tips that will help me estimate the amount of food I ate? 

 

 Measure the amount of foods you eat often at least once. 

 Pay attention to the recipe of foods you prepare and the portion of the recipe that you ate. 

 Read the packaging, such as the container or wrapper, of packaged foods.  

 Compare the amount of food you ate to the size of common household items. 

 
 

When should I contact the research team? 

 

Please advise a member of the research team if you become ill or before you start to take any 

new medications, vitamins, or supplements. 

 

Study Co-ordinator: Michelle Wall……………... (514) 934-1934 ext. 45742 

 Study Dietitian: Angel Ong……………………... (514) 934-1934 ext. 43715 

 

Your 1-week phone call will take place on: _______________________________ 

Your 6-month follow-up visit will be scheduled in: _________________________   
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