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MINI ABSTRACT

Calcium use was common and remained high among women on osteoporosis therapy.  Use of 

calcium-supplemented pharmacologic therapy increased from 65.1% to 76.0% in these women 

(mean follow-up: 27.5 months).  Over 12 months, calcium discontinuation was fairly similar 

among women using calcium only (23.7%) and women supplementing pharmacologic therapy 

with calcium (22.5%).  
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ABSTRACT

Purpose  Calcium has an important role in bone health.  This study describes calcium use and 

persistence in a postmenopausal osteoporosis treatment cohort.

Methods  Subject-reported calcium use was analyzed for 3,722 participants of the Prospective 

Observational Scientific Study Investigating Bone Loss Experience (POSSIBLE USTM) who used

calcium either as their sole osteoporosis treatment (calcium only) or to supplement 

pharmacologic osteoporosis therapy (supplementers).  Descriptive analyses were conducted.  

Kaplan-Meier methods were used to estimate the probability of discontinuing with calcium 

therapy, and logistic regression was used to assess associations (age-adjusted odds ratios) 

between healthy behaviors and calcium use.

Results  At entry, there were 711 calcium-only subjects and 1,960 of 3,011 subjects on 

pharmacologic osteoporosis therapy also supplementing with calcium (supplementers).  The 

percentage of supplementers increased from 65.1% to 76.0% during follow-up (mean: 27.5 

months).  During the first 12 months on study, the probability of calcium discontinuation was 

23.7% (95% confidence interval [CI], 20.7−27.0) among calcium-only subjects and 22.5% (95% 

CI, 20.7–24.5) among supplementers.  Supplementers who discontinued pharmacologic therapy

were more likely to discontinue calcium than supplementers who continued pharmacologic 

therapy (34.9% versus 14.8%).  Overall 54.2% of calcium-only subjects who discontinued 

calcium and 42.3% of supplementers who discontinued calcium resumed calcium use during 

follow-up.  Regular exercise was positively correlated with calcium use at study entry.

Conclusions  Calcium supplementation in pharmacologically treated subjects increased over 

time.  Persistence with calcium was high.  Discontinuation of pharmacologic osteoporosis 

therapy was associated with an increased likelihood of discontinuing calcium use.

Keywords  Calcium – Discontinuation – Persistence – Postmenopausal osteoporosis
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Introduction

Calcium has a key role in the continuous cycle of resorption and reformation that occurs 

naturally in human bone.  In postmenopausal women, resorption typically outpaces bone 

formation, in part because lower estrogen levels increase the breakdown of bone while 

simultaneously decreasing the absorption of calcium [1-3].  This imbalance between the two 

components of the bone remodeling process impacts both bone mineral density and bone 

quality, and increases the risk of osteopenia, osteoporosis, and fragility fracture.  

The National Health and Nutrition Examination Survey (NHANES) has estimated total calcium 

intake, based on dietary sources and use of calcium supplements, in various demographic 

groups in the United States (US) [4].  These data, collected through household interviews, 

provide information on dietary behaviors and supplement use during the previous 30 days.  In 

addition, a 24-hour recall questionnaire is administered to collect subject-reported dietary intake 

and use of supplements [5, 6].  While this approach provides the data necessary to compute 

point estimates of total calcium intake and the prevalence of calcium supplementation that can 

be projected to the national population, the cross-sectional design of NHANES precludes 

evaluation of persistence with calcium supplements over time.

Despite the known bone benefits of adequate calcium intake and the known physiological 

changes that predispose postmenopausal women to inadequate serum calcium levels, relatively

little is known about the use of calcium supplements among women treated for osteoporosis.  

The current study sought to describe calcium use as either the sole postmenopausal 

osteoporosis therapy (calcium only) or in conjunction with a pharmacologic osteoporosis agent 

(supplementers) in the Prospective Observational Scientific Study Investigating Bone Loss 

Experience (POSSIBLE USTM) osteoporosis treatment cohort.
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Methods

Data source and study population 

From October 2005 to January 2007, 5,015 postmenopausal women who were receiving 

calcium and/or pharmacologic osteoporosis therapy for bone loss were enrolled into the 

POSSIBLE US™ by134 primary care physicians across the US.  All subjects provided informed 

consent in this Institutional Review Board approved longitudinal cohort study.  At a routine visit 

with the primary care physician, each subject received prescriptions or recommendations for 

one or more of the following osteoporosis treatments as part of their usual medical care: oral 

bisphosphonate (alendronate/alendronate sodium with cholecalciferol, risedronate/risedronate 

with calcium, ibandronate), oral or transdermal postmenopausal estrogen (PME), teriparatide 

(rhPTH(1-34)), calcitonin, raloxifene, or calcium with or without vitamin D. 

At the routine visit, each subject completed a written self-administered baseline questionnaire to

report demographic characteristics and lifestyle behaviors, osteoporosis medication use, 

treatment satisfaction (Treatment Satisfaction Questionnaire for Medications [7] [TSQM, 

Quintiles, Inc., Research Triangle Park, NC, USA]) and treatment-related side effects, and 

health-related quality of life (EuroQolEQ-5D™ [8] [EuroQol Group, Rotterdam, The 

Netherlands]).  Follow-up questionnaires, mailed to subjects every 6 months after study entry for

up to 3 years, collected the same information and also asked about the occurrence of on-study 

fractures.  Physicians provided relevant medical history for each enrolled subject at study entry, 

with updates provided from routine visits during the follow-up period.  Additional details of the 

POSSIBLE USTM study design, subject recruitment, and data collection have been reported 

previously [9].  This study included all subjects who had completed at least one follow-up 

questionnaire.

Self-reported use of calcium and pharmacologic osteoporosis therapy
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On each questionnaire, subjects were instructed to complete a separate medication use page 

for each osteoporosis medication used during the previous 6 months.  Each medication page 

provided 12 tick boxes (one for each month of the year) and subjects were asked to mark all 

months during the last 6 months in which they used a specified osteoporosis medication.  

Subjects used specific medication codes for each approved pharmacologic osteoporosis 

therapy marketed during the study period.  Since calcium use was also of interest, a separate 

medication code was provided for reporting use of the risedronate formulation that includes 

calcium.  The data collection forms also provided a code for reporting calcium with or without 

vitamin D.  This wording did not allow us to isolate vitamin D supplementation in the study 

cohort; thus, for simplicity, we use the term “calcium” to report these results.

The monthly medication use data were analyzed to identify discontinuations of calcium and 

pharmacologic osteoporosis therapy.  Discontinuation was defined as the reported nonuse of 

the baseline osteoporosis medication (ie, calcium or pharmacologic osteoporosis therapy) for 3 

or more continuous months with the discontinuation date set to the first month in this period of 

nonuse.  These definitions were also used previously to assess medication persistence in the 

POSSIBLE US™ cohort [10].  Here we use the term discontinuation to encompass 

discontinuations that were part of medication switches.

The primary analyses reported are based on the data obtained from the subset of subjects from 

the POSSIBLE US™ cohort who at or shortly after study entry reported either using calcium 

alone or using calcium to supplement a pharmacologic osteoporosis therapy.  An additional 

analysis reports the initiation of calcium use in subjects who were using only prescription 

pharmacologic osteoporosis therapy at study entry.

Statistical analysis
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For reporting purposes, subjects were classified into the following three groups using self-

reported medication use:  subjects who reported using calcium as their sole osteoporosis 

therapy at or within 2 months of study entry (calcium only); subjects who reported 

supplementing pharmacologic osteoporosis therapy with calcium or using a pharmacologic 

osteoporosis therapy that included calcium as part of the formulation at or within 2 months of 

study entry (supplementers); subjects who reported using only pharmacologic osteoporosis 

therapy at or within 2 months of study entry (pharmacologic only).  This approach provided 

subjects a maximum of 2 months in which to initiate any osteoporosis therapies prescribed at 

the study enrollment visit. 

Descriptive statistics were assessed for key demographic and clinical characteristics at study 

entry.  Characteristics were compared between subjects in the calcium-only group and subjects 

who used a pharmacologic osteoporosis agent with or without calcium supplementation 

(combined population), using t-tests for continuous data and chi-square tests for categorical 

data.  

We examined utilization patterns for subject-reported calcium use among calcium-only subjects 

and supplementers.  Kaplan-Meier methods were used to estimate the probability of persisting 

with calcium during the first 12 months after study entry.  For these analyses, subjects with no 

evidence of a medication discontinuation or switch were censored at the date of therapy 

augmentation (addition of another agent to the index regimen described above), loss to follow-

up, death, or end of the observation period, whichever came first.

Persistence with calcium was assessed separately for calcium-only subjects and 

supplementers.  Among supplementers, subjects who discontinued pharmacologic osteoporosis
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therapy in the first year on study were identified, and then the percentage of subjects who 

continued using calcium after discontinuing their pharmacologic osteoporosis therapy was 

determined.  For all subjects who discontinued calcium use in the first year on study, all 

available follow-up data were used to determine whether they resumed calcium use later in 

follow-up.  Restart results are presented separately for calcium-only subjects and for 

supplementers.  In this latter group, the percentage of subjects who re-initiated calcium therapy 

after discontinuing both calcium use and pharmacologic osteoporosis therapy was determined. 

Finally, a multivariate model was constructed to examine associations between calcium use and

the three markers of healthy behavior for which data were obtained at study entry: subject 

reported not smoking, healthy body mass index (BMI; 18.5–24.9 kg/m2) based on physician-

reported weight and height, and subject-reported regular physical activity/exercise.  This model 

estimated unadjusted and age-adjusted odds ratios and 95% confidence intervals (CIs) for each

of these three health behaviors.

Initial analyses of the distributions of key variables suggested a high level of data completeness,

and, therefore, missing data were not imputed.  All statistical analyses were conducted using 

SAS version 9.1 software (SAS Institute Inc., Cary, NC, USA). 

Results

Data were analyzed for 3,722 subjects from the POSSIBLE US™ cohort who reported 

osteoporosis monotherapy at or within 2 months of study entry (Fig. 1).  At study entry, 711 of 

these subjects reported using calcium as their sole osteoporosis therapy (calcium only) and 

3,011 subjects reported using pharmacologic osteoporosis therapy, of whom 1,960 (65.1%) 

reported also using calcium at study entry (supplementers) and the remainder (1,051) used only

pharmacologic agents (pharmacologic only).  Compared with subjects using pharmacologic 
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osteoporosis therapy (n=3,011), calcium-only subjects were younger, more likely to be 

overweight or obese, more likely to have either no osteoporosis diagnosis or a physician-

reported diagnosis of osteopenia (all p<0.0001), and less likely to have had a prior fragility 

fracture (i.e., fracture after age 50, p=0.004) (Table 1).  The specialty distribution of enrolling 

physicians also differed between subjects using calcium only and those using pharmacologic 

osteoporosis therapy (p<0.0001) (Table 1).  Mean (SD) follow-up was 27.5 (10) months.

The percentage of supplementers increased to 76.0% (2,287/3,011) over the follow-up period as

pharmacologic therapy users added calcium to their treatment regimens.  Supplementers 

reported concurrent calcium use in 83.6% of the months that pharmacologic osteoporosis 

therapy was used (83.3% for subjects using bisphosphonate therapy, 84.8% for subjects using 

non-bisphosphonate therapy).  However, concurrent use of calcium and pharmacologic therapy 

only occurred in 64.1% of all follow-up months due to discontinuations of pharmacologic 

therapy, calcium supplementation, or both.

Over 12 months of follow-up, calcium discontinuation was fairly similar among calcium-only 

subjects and supplementers.  Overall, 76.7% calcium-only subjects and 75.2% supplementers 

continued using calcium during this period (Table 2).  Among supplementers who discontinued 

the pharmacologic osteoporosis therapy used at study entry (n=981), 34.9% also stopped using 

calcium.  By contrast, only 14.8% of supplementers who continued pharmacologic osteoporosis 

therapy discontinued calcium.  The population attributable risk (34.9% minus 14.8%) indicates 

that the supplementers who discontinued their pharmacologic osteoporosis therapy had a 20% 

greater likelihood of also discontinuing calcium.  The proportion of supplementers who 

discontinued both the pharmacologic osteoporosis agent reported at study entry and calcium 

was 34.0% among subjects who used bisphosphonates and 36.9% among those who used 

other pharmacologic osteoporosis therapies.
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Since the duration of follow-up varied in the study population, Kaplan-Meier methods were used 

to estimate the probability of discontinuing calcium use during the first 12 months on study.  

Based on evaluation of 8,232 subject-months, calcium-only subjects had a 23.7% (95% CI: 

20.7–27.0) probability of discontinuing calcium.  Supplementers (22,464 subject-months) had a 

similar (22.5%; 95% CI: 20.7–24.5) probability of discontinuing calcium.  Among subjects who 

stopped using calcium for at least 3 months, 54.2% (90/166) of the calcium-only subjects and 

42.3% (206/487) of the supplementers resumed calcium use before the end of follow-up.  

Among the subjects who used pharmacologic osteoporosis therapy only (i.e., no calcium use) at

entry, 46.5% (489/1,051) discontinued the pharmacologic osteoporosis therapy reported at 

study entry, and of those subjects, 26.4% (129/489) later began using calcium. 

Based on age-adjusted odds ratios and 95% CIs, self-reported regular exercise was the only 

one of the three healthy behaviors examined (i.e., not smoking, healthy BMI, exercise) that was 

positively associated with calcium use at study entry (Table 3).  The age-adjusted point estimate

suggested that subjects who reported not smoking were also more likely to have used calcium, 

but this difference was not statistically significant.

Discussion

A variety of effective therapies with different modes of administration and mechanisms of action 

are available for both the prevention and treatment of osteoporosis [11].  In addition to 

pharmacologic osteoporosis therapy, research suggests that calcium supplementation (with or 

without vitamin D) has an important role in management of osteoporosis since inadequate 

calcium intake increases the risk of osteopenia and osteoporosis [12].  Overall in our study 
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population, 71.8% (2,671/3,722) of subjects reported calcium use at study entry, either as their 

sole osteoporosis therapy (n=711) or as supplemental to pharmacologic therapy (n=1,960).

Treatment guidelines and product packaging for pharmacologic osteoporosis medications often 

recommend that calcium and vitamin D supplements be used in conjunction with the 

pharmacologic osteoporosis agent [13].  This recommendation is based on the fact that 

osteoporosis clinical trials have generally been conducted in subjects who were receiving 

adequate levels of calcium and vitamin D, and in general, women with osteoporosis have an 

increased risk of presenting with calcium and/or vitamin D deficits [14, 15].  In the POSSIBLE 

US™ cohort, a considerable proportion of pharmacologically-treated subjects were not using 

calcium during their time on study.  However, it was encouraging to see that the percentage of 

pharmacologically-treated subjects supplementing with calcium increased from 65.1% to 76.0% 

during follow-up.  

Studies report that the frequency with which calcium supplements are co-prescribed for subjects

receiving pharmacologic osteoporosis treatment varies [14, 16].  Surveys of primary care 

physicians in the US who participated in the National Osteoporosis Risk Assessment (NORA) 

study indicated that calcium supplementation was recommended to 87% of postmenopausal 

subjects (age 50 and older) in 1998 and to 90% of subjects in 2006 (p=0.0006) [16].  By 

contrast, in a study of postmenopausal women in France who initiated osteoporosis treatment 

between May and August 2010, 51% received a co-prescription for calcium (with or without 

vitamin D) [14].  An additional 26% of these women were co-prescribed vitamin D only.

The probability of persisting on calcium therapy during the first 12 months on study was over 

75% both in subjects who were using calcium only and in supplementers.  This is considerably 

higher than the persistence rates reported in the literature for pharmacologic osteoporosis 
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therapies [10, 17], including the 66% (95% CI: 64%–68%) 12-month probability of persistence  

with pharmacologic osteoporosis therapies previously reported for the POSSIBLE US™ cohort

[10]. 

Few studies have reported persistence with calcium only.  An Italian study reported that among 

1,680 postmenopausal women treated with calcium (with/without vitamin D), 14.3% 

discontinued within 6 months, an additional 5.4% discontinued between 6 and 12 months, and 

2.9% discontinued after 12 months (median follow-up: 14 months) [18].  A multicenter cross-

sectional study in Spain examined persistence in subjects age 45 years and older who had 

received a prescription for calcium plus vitamin D at least 1 year earlier [19].  Among these 

subjects, women using calcium for a variety of conditions including osteoporosis, 27.7% had 

discontinued by the time the cross-sectional study was completed.

In the present study, supplementers who stopped using the pharmacologic osteoporosis therapy

reported at study entry were less likely to continue using calcium compared with subjects who 

persisted on the pharmacologic osteoporosis therapy reported at entry (85.2% versus 65.1%).  

This finding suggests that whatever factors may predispose a patient to discontinue prescription

osteoporosis therapy may also influence persistence with calcium therapy, although we were 

not able to explicitly test this hypothesis because data on reasons for discontinuation were not 

adequately captured.  On the other hand, over one-quarter of the subjects who discontinued a 

pharmacologic-only regimen initiated calcium use later during follow-up, which suggests an 

interest in pursuing osteoporosis treatment in some form.

Data from NHANES III (2003–2006) indicate that more than half of women over age 70 and 

women age 51 to 70 years have dietary calcium intakes below the then recommended levels for

their respective age and sex groups [4].  In NHANES III, 67% of women age 51 to 70 and 65% 
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of women age 70 and older reported using calcium supplements, with these supplements 

providing an average of 578 mg/day and 608 mg/day, respectively.  Even with these 

supplements, only an estimated 39% of women older than age 50 achieved the recommended 

calcium intake.  Despite these disappointing results,  the use of calcium supplements by women

age 60 and older has increased over time: 28.2% (1988–1994), 53.8% (NHANES, 1999–2002), 

and 61.0% (NHANES, 2003–2006) [20].

In the POSSIBLE US™ cohort, 72% of women used calcium, which is higher than the 64% 

reported for osteoporosis subjects with earlier data in NHANES from 1999–2002 [21].  This 

difference may reflect the specific recruitment of calcium users into POSSIBLE US™, or the 

overall increased use of calcium supplements over time reported by older women who 

participated in NHANES.

Regular exercise was the only health behavior evaluated that was correlated with calcium use in

our study cohort.  This finding is important since other research suggests that physical activity 

and calcium intake may have synergistic bone benefits.  A Greek study, for instance, posits a 

complementary effect on bone mass for regular physical activity and adequate calcium intake, 

with increased bone stiffness in the active post- and premenopausal women compared with 

their sedentary counterparts [22].

Despite general agreement that calcium is important to bone health, current clinical 

recommendations are still mixed.  The Institute of Medicine recently conducted an assessment 

of data on calcium (reported in 2008) and concluded that calcium provided significant bone 

benefits, especially for postmenopausal women [23].  Results from a large-scale calcium/vitamin

D supplementation trial conducted within the Women’s Health Initiative (WHI) demonstrated that

supplementation had the potential to increase bone mineral density and to reduce hip fracture 
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risk among women who were adherent to therapy and who had been taking supplements for 5 

years or longer [24].  The Agency for Healthcare Research and Quality’s comparative 

effectiveness review of osteoporosis therapies reported that the evidence demonstrating 

reductions in nonvertebral fracture with calcium monotherapy was moderately strong, with 

strong evidence for the role of calcium therapy in reducing hip fracture risk [25]. 

By contrast, in 2013, the US Preventive Services Task Force recommended against 

supplementation with ≤ 1,000 mg of calcium and ≤ 400 IU of vitamin D3 for postmenopausal 

women, and also noted that the evidence regarding higher dose levels was inadequate to make 

a recommendation for or against supplementation [13].  In particular, although a 12% reduction 

in hip fracture rate observed for the postmenopausal women (age 50 to 79 years) in the WHI 

cohort who were supplementing with 1,000 mg of calcium daily was statistically significant, the 

US Preventive Services Task Force did not consider this effect large enough to recommend 

calcium supplementation at this level for primary prevention of fractures in postmenopausal 

women.  This recommendation was given despite the statistically significant 21% reduction in 

hip fracture rate that was reported among calcium supplementers in the WHI cohort who were 

age 60 and older, and the statistically significant 30% reduction in hip fracture rate among 

women who were compliant with calcium supplementation [26].

Risk benefit is a consideration in decisions to prescribe calcium supplementation for 

osteoporosis patients, and several studies have examined the safety of calcium 

supplementation, in terms of the risk of cardiovascular disease (CVD) or events [27-34].  

Results of those studies have been mixed.  Some studies [27-31, 34], including an analysis of 

data collected in the Women’s Health Initiative (WHI) randomized controlled trial [29] and a 

meta-analysis of 15 randomized controlled trials including the WHI [27], have reported 

associations between calcium supplementation and increased risk of CVD and related events, 
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such as CVD-related deaths in men only, [34] and myocardial infarction.  By contrast, a recent 

analysis of NHANES III data examining the safety of calcium supplementation found no 

association between dietary or supplementary calcium intake and risk of CVD-related death

[35].  Furthermore, when the WHI trial data were combined with data from over 93,000 

postmenopausal women who had approximately 8 years of follow-up in the WHI observational 

cohort study, calcium supplementation had no apparent effect on the risk of CVD or CVD-related

events (e.g., myocardial infarction, stroke) [32].

Results from our study should be interpreted within the limitations of this study.  First, the 

POSSIBLE US™ cohort includes only postmenopausal women who were treated for bone loss 

by their primary care physician and were receiving osteoporosis medications.  The women in 

this cohort represent a selected population of women identified for osteoporosis treatment and 

who were willing to participate in an observational study.  These women may differ 

demographically and clinically from postmenopausal women in general, and may also exhibit 

different health-related behaviors.  Although the original POSSIBLE US™ paper concluded that 

the women in this cohort are demographically similar to women treated for osteoporosis in the 

US, they may not be representative of women with postmenopausal bone loss overall or of 

women treated for bone loss in other countries where osteoporosis treatment guidelines and 

product labeling may differ.  Secondly, since very large calcium supplements are now provided 

over-the-counter, studies of calcium use must rely on patient self-report.  Our reliance on 

subject-reported medication use for this study may result in overestimation of the proportion of 

subjects using and/or persisting on calcium therapy.

In summary, utilization of and persistence with calcium was high in this cohort of 

postmenopausal women who were receiving osteoporosis therapy.  Discontinuation of 

pharmacologic osteoporosis therapy was associated with an increased likelihood of 
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discontinuing calcium use.  A number of subjects who entered the study on a pharmacologic 

osteoporosis agent appeared to have switched to calcium only during follow-up.  In addition, the

proportion of women who used calcium to supplement pharmacologic osteoporosis therapy 

increased during follow-up.

Acknowledgments

The authors would like to acknowledge the other members of the POSSIBLE US™ Steering 

Committee:  Barbara Lukert, Robert Rubin, and Anna Tosteson.  We would also like to thank 

Aalok Nadkar and Patrick Ventura for their assistance in analyzing the data, and Mandy Suggitt,

of Amgen Inc., who provided editorial assistance.  

Conflict of interest

Funding for this study was provided by Amgen Inc.

EBC, RWD, TG, MH, and RRR previously received remuneration from Amgen Inc. for 
participation in the POSSIBLE US™ Steering Committee.

SWW has received consulting fees from Amgen Inc.

BS is an employee of Amgen Inc. and own Amgen Inc stock and/or stock options.

17



Statement of Human Rights 

All procedures were in accordance with the ethical standards of the institutional and/or national 

research committee and with the Helsinki declaration. Informed consent was obtained from all 

participants in the study.

18



References

1. Breslau NA (1994) Calcium, estrogen, and progestin in the treatment of osteoporosis. 
Rheum Dis Clin North Am 20:691-716

2. Gallagher JC, Riggs BL, DeLuca HF (1980) Effect of estrogen on calcium absorption 
and serum vitamin D metabolites in postmenopausal osteoporosis. J Clin Endocrinol 
Metab 51:1359-1364

3. Heaney RP, Recker RR, Stegman MR, Moy AJ (1989) Calcium absorption in women: 
relationships to calcium intake, estrogen status, and age. J Bone Miner Res 4:469-475

4. Bailey RL, Dodd KW, Goldman JA, Gahche JJ, Dwyer JT, Moshfegh AJ, Sempos CT, 
Picciano MF (2010) Estimation of total usual calcium and vitamin D intakes in the United 
States. J Nutr 140:817-822

5. Centers for Disease Control and Prevention (2012) National Health and Nutrition 
Examination Survey. 2009 - 2010 Data Documentation, Codebook, and Frequencies 
Dietary Supplement Use 24-Hour: Individual Dietary Supplements. 
http://www.cdc.gov/nchs/nhanes/nhanes2009-2010/DS1IDS_F.htm Accessed 13 August 
2013

6. Centers for Disease Control and Prevention (2012) National Health and Nutrition 
Examination Survey. 2009 - 2010 Data Documentation, Codebook, and Frequencies, 
Dietary Supplement Use 30-Day: Total Dietary Supplements. 
http://www.cdc.gov/nchs/nhanes/nhanes2009-2010/DSQTOT_F.htm Accessed 13 
August 2013

7. Atkinson MJ, Sinha A, Hass SL, Colman SS, Kumar RN, Brod M, Rowland CR (2004) 
Validation of a general measure of treatment satisfaction, the Treatment Satisfaction 
Questionnaire for Medication (TSQM), using a national panel study of chronic disease. 
Health Qual Life Outcomes 2:12

8. Brooks R (1996) EuroQol: the current state of play. Health Policy 37:53-72

9. Barrett-Connor E, Ensrud K, Tosteson AN, Varon SF, Anthony M, Daizadeh N, Wade S 
(2009) Design of the POSSIBLE UStrade mark Study: postmenopausal women's 
compliance and persistence with osteoporosis medications. Osteoporos Int 20:463-472

10. Tosteson AN, Do TP, Wade SW, Anthony MS, Downs RW (2010) Persistence and 
switching patterns among women with varied osteoporosis medication histories: 12-
month results from POSSIBLE US. Osteoporos Int 21:1769-1780

11. Rachner TD, Khosla S, Hofbauer LC (2011) Osteoporosis: now and the future. Lancet 
377:1276-1287

12. US Food and Drug Administration Guidance for industry: food labeling: health claims; 
calcium and osteoporosis, and calcium, vitamin D, and osteoporosis. 
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformatio
n/LabelingNutrition/ucm152626.htm Accessed 3 August 2013

13. Moyer VA (2013) Vitamin D and calcium supplementation to prevent fractures in adults: 
U.S. Preventive Services Task Force recommendation statement. Ann Intern Med 
158:691-696

19

http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/LabelingNutrition/ucm152626.htm
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/LabelingNutrition/ucm152626.htm
http://www.cdc.gov/nchs/nhanes/nhanes2009-2010/DSQTOT_F.htm
http://www.cdc.gov/nchs/nhanes/nhanes2009-2010/DS1IDS_F.htm


14. Reymondier A, Caillet P, Abbas-Chorfa F, Ambrosi V, Jaglal SB, Chapurlat R, Schott AM 
(2013) MENOPOST--calcium and vitamin D supplementation in postmenopausal 
osteoporosis treatment: a descriptive cohort study. Osteoporos Int 24:559-566

15. Ringe JD, van der Geest SA, Moller G (2006) Importance of calcium co-medication in 
bisphosphonate therapy of osteoporosis: an approach to improving correct intake and 
drug adherence. Drugs Aging 23:569-578

16. Weiss TW, Siris ES, Barrett-Connor E, Miller PD, McHorney CA (2007) Osteoporosis 
practice patterns in 2006 among primary care physicians participating in the NORA 
study. Osteoporos Int 18:1473-1480

17. Kothawala P, Badamgarav E, Ryu S, Miller RM, Halbert RJ (2007) Systematic review 
and meta-analysis of real-world adherence to drug therapy for osteoporosis. Mayo Clin 
Proc 82:1493-1501

18. Rossini M, Bianchi G, Di Munno O, Giannini S, Minisola S, Sinigaglia L, Adami S (2006) 
Determinants of adherence to osteoporosis treatment in clinical practice. Osteoporos Int 
17:914-921

19. Castelo-Branco C, Cortes X, Ferrer M (2010) Treatment persistence and compliance 
with a combination of calcium and vitamin D. Climacteric 13:578-584

20. Gahche J, Bailey R, Burt V, Hughes J, Yetley E, Dwyer J, Picciano MF, McDowell M, 
Sempos C (2011) Dietary Supplement Use Among U.S. Adults Has Increased Since 
NHANES III (1988–1994).  NCHS Data Brief, no 61. Hyattsville, MD, pp 1-8

21. Stafford RS, Drieling RL, Johns R, Ma J (2005) National patterns of calcium use in 
osteoporosis in the United States. J Reprod Med 50:885-890

22. Dionyssiotis Y, Paspati I, Trovas G, Galanos A, Lyritis GP (2010) Association of physical 
exercise and calcium intake with bone mass measured by quantitative ultrasound. BMC 
Womens Health 10:12

23. Ross AC, Manson JE, Abrams SA et al (2011) The 2011 report on dietary reference 
intakes for calcium and vitamin D from the Institute of Medicine: what clinicians need to 
know. J Clin Endocrinol Metab 96:53-58

24. Cauley JA (2013) The Women's Health Initiative: Hormone Therapy and Calcium/Vitamin
D Supplementation Trials. Curr Osteoporos Rep 11:171-178

25. Levis S, Theodore G (2012) Summary of AHRQ's comparative effectiveness review of 
treatment to prevent fractures in men and women with low bone density or osteoporosis:
update of the 2007 report. J Manag Care Pharm 18:S1-15; discussion S13

26. Jackson RD, LaCroix AZ, Gass M et al (2006) Calcium plus vitamin D supplementation 
and the risk of fractures. N Engl J Med 354:669-683

27. Bolland MJ, Avenell A, Baron JA, Grey A, MacLennan GS, Gamble GD, Reid IR (2010) 
Effect of calcium supplements on risk of myocardial infarction and cardiovascular events:
meta-analysis. BMJ 341:c3691

28. Bolland MJ, Barber PA, Doughty RN, Mason B, Horne A, Ames R, Gamble GD, Grey A, 
Reid IR (2008) Vascular events in healthy older women receiving calcium 
supplementation: randomised controlled trial. BMJ 336:262-266

29. Bolland MJ, Grey A, Avenell A, Gamble GD, Reid IR (2011) Calcium supplements with or
without vitamin D and risk of cardiovascular events: reanalysis of the Women's Health 
Initiative limited access dataset and meta-analysis. BMJ 342:d2040

20



30. Li K, Kaaks R, Linseisen J, Rohrmann S (2012) Associations of dietary calcium intake 
and calcium supplementation with myocardial infarction and stroke risk and overall 
cardiovascular mortality in the Heidelberg cohort of the European Prospective 
Investigation into Cancer and Nutrition study (EPIC-Heidelberg). Heart 98:920-925

31. Pentti K, Tuppurainen MT, Honkanen R, Sandini L, Kroger H, Alhava E, Saarikoski S 
(2009) Use of calcium supplements and the risk of coronary heart disease in 52-62-year-
old women: The Kuopio Osteoporosis Risk Factor and Prevention Study. Maturitas 
63:73-78

32. Prentice RL, Pettinger MB, Jackson RD et al (2013) Health risks and benefits from 
calcium and vitamin D supplementation: Women's Health Initiative clinical trial and 
cohort study. Osteoporos Int 24:567-580

33. Wang L, Manson JE, Sesso HD (2012) Calcium intake and risk of cardiovascular 
disease: a review of prospective studies and randomized clinical trials. Am J Cardiovasc 
Drugs 12:105-116

34. Xiao Q, Murphy RA, Houston DK, Harris TB, Chow WH, Park Y (2013) Dietary and 
supplemental calcium intake and cardiovascular disease mortality: the National Institutes
of Health-AARP diet and health study. JAMA Intern Med 173:639-646

35. Van Hemelrijck M, Michaelsson K, Linseisen J, Rohrmann S (2013) Calcium intake and 
serum concentration in relation to risk of cardiovascular death in NHANES III. PLoS One
8:e61037

21



Figure legend

Fig. 1   Subject Selection
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Table 1. Characteristics of subjects at study entry by type of osteoporosis therapy useda

Calcium only
Pharmacologic

therapyb

Total number of subjects 711 3,011

Age, mean (SD), years* 61.2 (9.0) 64.6 (9.7)

Age range, min, max, years 40, 91 37, 97

Age group*

  < 45 years 6 (0.8) 17 (0.6)

  45–54 years 174 (24.5) 472 (15.7)

  55–64 years 302 (42.5) 1,070 (35.5)

  65–69 years 91 (12.8) 490 (16.3)

  70–74 years 73 (10.3) 409 (13.6)

  ≥ 75 years 65 (9.1) 553 (18.4)

Race/ethnicity

  Caucasian/White 648 (91.1) 2,728 (90.6)

  African-American 23 (3.2) 86 (2.9)

  Asian 7 (1.0) 32 (1.1)

  Hispanic/Latino 21 (3.0) 101 (3.4)

  Other 12 (1.7) 64 (2.1)

Education

  High school or less 269 (37.8) 1,206 (40.1)

  At least some college 442 (62.2) 1,805 (60.0)

BMI*

  < 18.5 (underweight) 21 (3.0) 85 (2.8)

  18.5–22.6 (normal) 88 (12.4) 658 (21.9)

  22.7–24.9 (normal) 109 (15.3) 631 (21.0)

  25.0–29.9 (overweight) 243 (34.2) 977 (32.5)

  ≥ 30.0 (obese) 250 (35.2) 660 (21.9)

Bone loss diagnosis at study entry*

  Osteoporosis 85 (12.0) 1,322 (43.9)

  Osteopenia 373 (52.5) 1,502 (49.9)

  Other 13 (1.8) 14 (0.5)

  None 240 (33.8) 173 (5.8)

Minimum T-score (hip/spine) at diagnosis*

  Number of patients with score 491 2,649

  T-score≥ –1 110 (22.4) 206 (7.8)

  –2 < T-score≤ –1 270 (55.0) 934 (35.3)

  –2.5 < T-score ≤ –2 57 (11.6) 576 (21.7)
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Calcium only
Pharmacologic

therapyb

  –3 < T-score ≤ –2.5 26 (5.3) 473 (17.9)

  T-score ≤ –3 28 (5.7) 460 (17.4)

History of fracture since age 50* 111 (15.6) 615 (20.4)

Parental history of hip fracture 33 (4.6) 168 (5.6)

On-study fracture* 63 (8.9) 355 (11.8)

   Before age 60 31 (4.4) 108 (3.6)

   On or after age 60* 31 (4.4) 237 (7.9)

Glucocorticoid steroid use in 6 
months prior to study entry

9 (1.3) 55 (1.8)

Rheumatoid arthritis 50 (7.0) 206 (6.8)

Current smoker 73 (10.3) 270 (9.0)

No regular exercise 138 (19.4) 583 (19.4)

Number of comorbidities per subject, 
mean (SD)

2.7 (2.1) 2.7 (2.3)

Specialty of enrolling physician*

  Internal medicine 303 (42.6) 1,024 (34.0)

  OB/GYN 210 (29.5) 988 (32.8)

  Family medicine 187 (26.3) 972 (32.3)

  Other 11 (1.6) 27 (0.9)
aBased on subject-reported medication use at or within 2 months of study entry.
bWith or without calcium supplementation.
*Significant differences between calcium only and pharmacologic therapy patients, p<0.005.
Values are n (%) unless otherwise noted.
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Table 2. Discontinuation of calcium use during first 12 months on study

Total number
of  subjects

n

Subjects discontinued calcium
therapy in first 12 months on study

n (%)

Subjects continued calcium therapy
throughout first 12 months on study

n (%)

Subjects using calcium only a      711          166 (23.4)          545 (76.7)

Subjects supplementing pharmacologic osteoporosis therapy 
with calcium (supplementers)a

    1960          487 (24.9)         1473 (75.2)

Subjects who continued pharmacologic therapy throughout 
first 12 months on study

     979          145 (14.8)          834 (85.2)

Bisphosphonate usersa      700          103 (14.7)          597 (85.3)

Non-bisphosphonate usersa      279           42 (15.1)          237 (85.0)

Subjects who discontinued pharmacologic therapy in first 
12 months on studyb

     981          342 (34.9)          639 (65.1)

Bisphosphonate usersa      683          232 (34.0)          451 (66.0)

Non-bisphosphonate usersa      298          110 (36.9)          188 (63.1)

aBased on subject-reported medication use at or within 2 months of study entry.
bDiscontinuation was marked by at least 3 months of patient-reported non-use of osteoporosis medication.  
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Table 3.  Associations between healthy behaviors and calcium use at study entry

Healthy characteristics/behaviors at 
study entrya

Unadjusted odds
ratio

95% confidence
interval

Age-adjusted odds
ratiob

95% confidence
interval

Not smoking  1.08 (0.85–1.38)  1.12 (0.88–1.43)

Normal BMI (18.5–24.9 kg/m2)  0.93 (0.77–1.12)  0.94 (0.78–1.13)

Regular exercise  1.42 (1.19–1.70)  1.38 (1.15–1.65)
aNumber of subjects with non-missing responses:
Current smoking:  Yes:  343 subjects, No:  3,352 subjects
Normal BMI:  Yes:  1,486 subjects, No:  2,236 subjects
Regular exercise:  Yes:  3,001 subjects, No:  721 subjects
bAdjusted for patient age at study entry.
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Fig. 1   Subject Selection
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Total number of subjects enrolled in POSSIBLE US™
N=5,015

Subjects with follow-up data
n=4,271

 Final study population excluding subjects who reported either using multiple
pharmacologic osteoporosis therapies or no osteoporosis therapy within 2 months of

study entry
n=3,722

With calcium
supplementation at study

entry
(supplementers)

n=1,960

Pharmacologic osteoporosis
monotherapy reported within 2

months of study entry
n=3,011

Calcium use and no
pharmacologic osteoporosis

therapy reported within 2
months of study entry (calcium

only)
n=711

Without calcium
supplementation at study

entry (pharmacologic only)
n=1,051




