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Abstract All hip fracture (HF) subjects are candidates for

calcium and vitamin D (CaD) supplementation. Up to 50%

of HF older adults present with secondary hyperparathy-

roidism (HPTH) resulting from hypovitaminosis D on

hospital admission. To investigate the patterns and predic-

tors of persistence with CaD supplementation in the elderly

after HF, we considered all patients aged 70 years or older

who were discharged alive after surgical repair of HF in the

period of 1 year from an Orthopaedic Unit. Baseline char-

acteristics of the subjects and osteoporosis treatment

prescribed at discharge were retrieved from medical record

review. A telephone interview at 6 months evaluated whe-

ther patients were currently taking CaD supplementation.

Nonpersistence was defined when subjects ceased therapy

within 6 months. Univariate and multivariate models were

applied to determine the relationship between 6 months

persistence with CaD and the variables collected: age, living

situation, prescription of a bisphosphonate, baseline walking

ability, number of drugs used, presence of dementia, number

of active clinical issues at discharge (ACIs), discharge

location, and being referred to a center for metabolic bone

diseases (preplanned visit) at discharge. Of 428 subjects

enrolled, 117 were excluded for different reasons (incom-

plete data, no therapy, death). A total of 311 subjects were

discharged with a prescription of CaD (calcium 1,000 mg,

cholecalciferol 800 UI, once daily) and were considered for

the analysis. At 6 months, only 114 patients (36.7%) were

currently taking CaD supplementation. In a univariate

analysis, the following variables were significantly related

with persistence: absence of dementia, prescription of a

bisphosphonate, six or fewer drugs being used (drugs used

B6), two or less ACIs (B2 ACIs) at discharge, ability to walk

without aid at baseline, being discharged home, and being

referred to a preplanned visit. In a multivariate model, the

prescription of a bisphosphonate at discharge (OR 3.178,

95% CI 1.477–6.836, P = 0.003), a preplanned visit (OR

1.953, 95% CI 1.066–3.514, P = 0.03), the absence of

dementia (OR 1.877, 95% CI 1.021–3.451, P = 0.043), and

B6 drugs used (OR 1.842, 95% CI 1.066–3.182, P = 0.029)

remained the most significant predictors of persistence with

CaD. In HF elderly, who are at high risk of hypovitamino-

sis D and HPTH, persistence with CaD supplementation is

very low. The enrolment in a postsurgical program for the

management of bone disease can significantly increase

persistence. Moreover, factors related to the complexity of

older adult patients (polypharmacotherapy, dementia) seem

to be particularly important in compliance with prescribed

drugs.
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Introduction

Hip fracture (HF) accounts for about 10% of all osteopo-

rosis-related fractures [1]. About 6–10% of HF patients

sustain a second HF within 4 years from the first [2, 3].

Incidence of a second HF tends to rise during the 8 months
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following the first HF, peaking at 8 months and then

tapering off [3]. Johnell et al. [4] demonstrated that a prior

HF is a significant risk factor not only for subsequent HF

but even for spine and forearm fracture. Therefore, patients

with severe osteoporosis who sustain HFs are candidates

for osteoporosis therapy.

Vitamin D deficiency and secondary hyperparathyroid-

ism (HPTH) are frequently present in the elderly, especially

in patients with HF [5]. It has been recently reported that

approximately 50% of HF patients acutely admitted to an

orthopaedic unit presented with HPTH secondary to hypo-

vitaminosis D at the time of hospital admission [6]. Vitamin

D deficiency and secondary HPTH lead to an increase of

bone turnover, which is usually associated with bone loss,

primarily cortical [5]. Thus, secondary HPTH has been

proposed as the principal mechanism whereby hypovita-

minosis D could contribute to the pathogenesis of HF [5, 6]

Consequently, calcium and vitamin D (CaD) are regarded as

an essential first-line strategy in the management of osteo-

porosis, particularly in HF subjects, either alone or in

combination with other therapies [7].

After prescription of an osteoporosis treatment, adequate

persistence is required to reduce fracture risk [8, 9]. Adami

et al. [10] demonstrated that in patients not taking, or with

poor compliance to, CaD supplements there was an

increased risk of inadequate clinical response to osteopo-

rosis drug therapy, defined as the occurrence of a new

fragility fracture while on treatment. A number of studies in

the past few years examined risk factors for poor persistence

with osteoporosis medications, mainly focusing on dosing

regimens, cost of medication, and drug-related side effect

[8]. Moreover, only one study evaluated factors that sig-

nificantly influence the discontinuation of treatment after

HF, including comorbidity as a potential cause of nonper-

sistence [11]. There is, however, an increasing awareness

that nonpersistence with a prescribed therapy in the elderly

may be related to more complex and ‘‘comprehensive’’

aspects than in younger adults [12]. The problem largely

arises because there are a number of factors (e.g., poly-

pharmacotherapy, disability in activities of daily living,

dementia) that characterize the frail older adult and which

may influence the compliance to prescribed drugs.

The present study investigated factors related to the

complexity of older adults potentially associated with

nonpersistence with CaD supplementation in a cohort of

428 HF elderly enrolled in a postsurgical follow-up pro-

gram after hospital discharge.

Methods

We considered all women aged 70 years and older, con-

secutively discharged with a prescription of calcium and

cholecalciferol (CaD3), from one Acute Orthopaedic Ward

within the same hospital in the period of 1 year (2004),

after surgical repair of a nontraumatic HF. Patients with a

major trauma, or metastatic or Paget disease of the bone,

and already receiving an antiosteoporotic treatment or CaD

supplements at the time of hospital admission were

excluded.

Baseline prefracture and in-hospital characteristics of

the subjects were retrieved from medical record review.

The surgeon was responsible for the treatments prescribed

at discharge (including the antiosteoporotic drugs) and for

the choice of referring the women to a center for metabolic

bone diseases at discharge.

The present investigation was performed using baseline

and follow-up data from a project originally designed to

evaluate functional recovery and 6-month survival in older

adults after HF. Thus, as a part of the follow-up program,

all patients received at 6 months a telephone interview to

assess survival status, functional recovery, and the type of

antiosteoporotic drugs used. Nonpersistence was defined as

the condition of a patient who ceased following the pre-

scribed therapy with CaD3 within 6 months from discharge

[13]. The following variables from medical records were

tested in an univariate analysis as potentially associated

with persistence with CaD3: age, living situation (living

alone, living with relatives), living in institution (yes or

no), discharge destination (home, institution), premorbid

(2 weeks before hospital admission) walking ability (walks

without aid, walks with aid), number of drugs other than

those for osteoporosis prescribed at discharge, prescription

of a bisphosphonate associated with CaD3 supplementation

at discharge, presence of cognitive impairment (defined as

a Short Portable Mental Status Questionnaire score \8),

number of active clinical issues (ACIs) at discharge and

being referred to a center for metabolic bone disease at

discharge (preplanned visit, yes or no) [14, 15]. All the

independent variables, except for age, were expressed as

dichotomic, with the categories selected on the basis of

their clinical significance or distribution (median).

The dependent variable was the continuation of the

CaD3 therapy, expressed as a binary value, at 6 months.

We first analyzed bivariate association between the out-

come and each of the independent variables by

nonparametric Kruskal–Wallis test. Then, all the covariates

significantly associated with persistence were retained for a

logistic regression analysis.

All comparisons were two-tailed, and significance was

set at P \ 0.05. Odds ratios (ORs), 95% confidence inter-

vals (CIs), and P values were calculated using standard

formulae. Statistical analysis was performed using SPSS

for Windows.

The hospital’s ethics committee reviewed and approved

the study protocol. When the subjects were too confused to
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understand the informed consent process, proxy consent

was obtained.

Results

Of the 428 subjects initially considered for the study, 8

subjects (1.9%) were discharged without a prescription of

calcium and cholecalciferol and were therefore excluded

from the study. Of the remaining 420 patients, 109 had

incomplete data (20 subjects) or died within 6 months (89

subjects) and were consequently excluded from the anal-

ysis. Overall, 311 patients who were prescribed CaD3

supplementation (calcium 1,000 mg ? cholecalciferol 800

UI in a single combined daily dose) at discharge, alone or

in combination with a bisphosphonate (46 patients, 14.8%),

were included in the final analysis.

Mean age (±SD) was 83.7 ± 6.8 years (range, 68–100).

Only 35 women (11.3%) were living in an institution at the

time of fracture; of the noninstitutionalized patients (276),

95 lived alone and the others with relatives. The mean

number (±SD) of drugs other than those for osteoporosis

prescribed was 6.8 ± 2.0 (range, 2–16; median, 7), and at

discharge, the patients presented a mean (±SD) of

2.2 ± 1.4 ACIs (range, 0–6; median, 2).

After 6 months, only 114 patients (36.7%) were cur-

rently taking CaD3 supplementation. As shown in Table 1,

in a univariate analysis several variables were significantly

related with persistence: absence of cognitive impairment

(P \ 0.001), number of drugs used B6 (P = 0.013), pre-

scription of a bisphosphonate at discharge (P \ 0.001),

ACIs B 2 at discharge (P = 0.005), premorbid ability to

walk without aid (P \ 0.001), being discharged home

(P = 0.003), and being referred to a preplanned visit

Table 1 Univariate analysis:

factors associated with

persistence with calcium and

vitamin D in elderly after hip

fracture

Preplanned visit, being referred

to a center for metabolic bone

disease at discharge; Baseline,

at the time of hospital admission

or (in the case of walking

ability) in the 2 weeks before

fracture; Number of drugs,

number of drugs other than

those for osteoporosis

prescribed at discharge; Active

clinical issues, number of active

clinical problems present at

discharge; Cognitive

impairment, Short Portable

Mental Status Questionnaire

score \8

CaD calcium and vitamin D

supplementation, SD standard

deviation

Variables Sixth month P value

Discontinuation of CaD Persistence with CaD

Number of subjects 197 114 NA

Age (years ± SD) 84.2 ± 6.5 82.7 ± 7.1 0.076

Bisphosphonate at discharge

No (%) 182 (69) 83 (31) 0.000

Yes (%) 15 (33) 31 (67)

Preplanned visit

Yes (%) 37 (44) 48 (56) 0.000

No (%) 160 (71) 66 (29)

Cohabitation (baseline)

Alone (%) 53 (55) 42 (45) 0.097

With relatives (%) 118 (65) 63 (35)

Living in institution (baseline)

Yes (%) 26 (74) 9 (26) 0.106

No (%) 171 (62) 105 (38)

Walking without aid (baseline)

Yes (%) 156 (59) 107 (41) 0.000

No (%) 41 (87) 7 (13)

Discharged home

Yes (%) 57 (60) 38 (40) 0.003

No (%) 140 (65) 76 (35)

Number of drugs

B6 (%) 87 (58) 76 (42) 0.013

[6 (%) 110 (69) 50 (31)

Active clinical issues

0–2 (%) 103 (58) 45 (42) 0.005

C3 (%) 94 (71) 38 (29)

Cognitive impairment (baseline)

No (%) 99 (53) 87 (47) 0.000

Yes (%) 98 (78) 27 (22)
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(P \ 0.001). Age was at the limit of significance

(P = 0.076), whereas institutionalization and living situa-

tion (cohabitation or living alone) were not significant. In a

multivariate logistic regression analysis (Table 2), includ-

ing all significant variables of univariate analysis and age,

the prescription of a bisphosphonate at discharge (OR

3.178, 95% CI 1.477–6.836, P = 0.003), a preplanned visit

(OR 1.953, 95% CI 1.066–3.514, P = 0.03), the absence of

cognitive impairment (OR 1.877, 95% CI 1.021–3.451,

P = 0.043) and drugs used B6 (OR 1.842, 95% CI 1.066–

3.182, P = 0.029) remained the most significant predictors

of persistence with CaD3.

Discussion

In this study, we examined patterns and factors, poorly

evaluated in previously published reports on this topic

(such as walking ability, polypharmacotherapy, cognitive

impairment, and being referred to a center for metabolic

bone diseases), potentially associated with persistence with

calcium and cholecalciferol supplementation in a cohort of

elderly women, discharged alive after surgical repair of a

nontraumatic HF [11–13]. The issue appears relevant,

taking into account that combined CaD supplementation is

an essential component in the management of osteoporosis,

particularly in subjects with HF who frequently (up to

50%) present secondary HPTH and hypovitaminosis D at

the time of hospital admission [6, 7]. Moreover, compli-

ance with CaD has a key role in optimizing clinical

efficacy of antiresorpive agents, as it has been recently

demonstrated that poor compliance to CaD supplementa-

tion or persistence of secondary HPTH over the period of

treatment may increase the risk of inadequate clinical

response to a bisphosphonate [10, 16].

In the present nonintervention observational study, more

than 95% of the subjects were discharged with CaD3

supplementation, while only 15% received a bisphospho-

nate associated with CaD3 (Table 1). The number of

subjects treated with some antiosteoporotic drugs was

much higher compared to previous reports, even though

only a very small proportion of women received a bis-

phosphonate [8, 9]. As expected, at 6 months more than

one-half of the patients had ceased the antiosteoporotic

treatment prescribed at discharge. Such a proportion of

nonpersistence is similar to that found in the general pop-

ulation and in another study carried out in HF patients [8, 9,

17].

The univariate analysis demonstrated that medi-

cal, functional, and sociodemographic characteristics

(premorbid walking ability, cognitive function, polyphar-

macotherapy, discharge location, and ACIs) usually linked

with the frailty phenotype are important variables related to

persistence with CaD3 [18, 19]; age, living situation,

and premorbid institutionalization demonstrated no

relationship.

Indeed, in a multivariate analysis a small number of

drugs used at discharge and the absence of cognitive

impairment remained, together with the prescription of a

bisphosphonate and a preplanned visit, the most significant

predictors of persistence with CaD3 supplementation.

A large number of drugs used as well as cognitive decline

are considered comprehensive parameters of functional

status, of somatic and cognitive comorbidity, that in gen-

eral are coexisting conditions in frail older adults and are

associated with negative outcomes [18, 19]. The relation-

ship between these parameters and persistence with CaD3

may indirectly indicate that those subjects with ‘‘a lower

degree of frailty’’ (absence of dementia, using fewer drugs)

are the most compliant to a prescribed drug.

Interestingly, the prescription of a more active agent

(bisphosphonate) in association with CaD3 resulted in a

higher rate of persistence with CaD3. This finding is quite

surprising and, to our knowledge, it has never being

described before. One reason of such correlation may

reside in the fact that CaD are perceived more as a simple

supplementation rather than as a true treatment. Thus, the

prescription of an agent that is regarded as a more effective

and powerful therapy in the management of osteoporosis

and secondary prevention of fractures may improve per-

sistence with CaD3 by increasing motivation of the

patients. In this case, a limitation largely arises from the

study, because we did not consider underlying motivation

and psychological features potentially related to persis-

tence that could give more insight into the interaction

between the different factors considered.

One of the most relevant findings of our data is the fact

that subjects referred to a center for metabolic bone dis-

eases at discharge showed an higher rate of persistence

with CaD3, demonstrating, in the multivariate model, about

Table 2 Variables significantly associated with 6 months persistence

with calcium and vitamin D in multivariate model

Variables

(category)

Odds

ratio

95% confidence

interval

P value

Age B84 years 0.812 0.478–1.380 0.442

Number of drugs used B6 1.842 1.066–3.182 0.029

Preplanned visit 1.935 1.066–3.514 0.030

Walk without aid (baseline) 2.130 0.853–5.320 0.105

Discharged home 1.000 1.000–1.000 0.780

Bisphosphonate at discharge 3.178 1.477–6.836 0.003

No cognitive impairment 1.877 1.021–3.451 0.043

Acute clinical issues B2 0.986 0.552–1.763 0.963

All variables are dichotomic. Odds ratios and 95% confidence inter-

vals were calculated using standard formulae

98 J Bone Miner Metab (2009) 27:95–100

123



a twofold increased probability of continuing prescribed

therapy. In this context, a similar result found in a smaller

sample by Segal et al. [17] showed an increased adherence

to CaD supplementation in elderly HF patients enrolled in a

specially designed postsurgical follow-up program. A pos-

sible explanation of this association is suggested by

Carnevale and colleagues, who found a twofold risk of

stopping antiosteoporosis medications in patients who had

not undergone a diagnostic test for osteoporosis, empha-

sizing the role of motivation and disease awareness [11].

This results highlight the importance of referring patients

who sustain a fragility fracture to centers skilled in the

management of metabolic bone diseases to improve per-

sistence with antiosteoporotic drugs. However, given the

observational nature of our study, a further ‘‘ad hoc

designed’’ randomized controlled intervention trial is nee-

ded to evaluate the cost-effectiveness and support with a

higher level of evidence the role of close follow-up mon-

itoring visit in improving compliance with prescribed drugs

and reducing subsequent fracture risk in elderly after HF.

Our study has two important strengths. First, we inves-

tigated the effects of some characteristics linked to the

complexity of older adults and with the frailty phenotype

(cognitive function, walking ability, and polypharmaco-

therapy) on persistence with CaD supplementation. These

factors frequently characterize older adults. Thus, our study

by considering this variables has faced an extremely

important aspect of pharmacological management in

elderly subjects. Furthermore, the study focused on the

persistence with calcium and cholecalciferol supplemen-

tation, independently of the use of a bisphosphonate.

Actually, several studies have highlighted the importance

of CaD supplementation during antiresorptive treatment,

for the management of osteoporosis and reduction of

fracture risk in the elderly, particularly in HF subjects,

given the high prevalence of hypovitaminosis D in this

vulnerable population [6, 7, 10].

There are several potentials limitations of the study as

well. First of all, as just pointed out, we did not consider

the effect of underlying motivation and psychological

features that could give more insight into the interaction

between the different factors considered. In addition, the

particular type of patients considered (hip fractured) limit

inferring our results to the general population. Finally, as

compared to other reports carried out in the general pop-

ulation, our sample was relatively small and follow-up time

quite limited.

In conclusion, our work demonstrates that, at least in the

elderly population, other factors than those usually con-

sidered, but related to the complexity of older adults,

influence compliance to a prescribed drug.
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