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Abstract

Objectives: The use of inhaled corticosteroids is the standard maintenance therapy in asthma therapy and as adjunct
therapy in moderate to severe chronic obstructive pulmonary disease. A dose-related increase in fracture risk is associated
with inhaled corticosteroid use; there is an inverse relationship between bone mineral density and duration and cumulative
dose of inhaled corticosteroid. Adequate intake of calcium and vitamin D are cornerstones of osteoporosis prevention. The
objectives are to assess whether the proportion of patients receiving inhaled corticosteroids are taking calcium and vitamin
D; the association between long-term inhaled corticosteroid use and abnormal bone mineral density or fractures; and how
many qualified patients received bone mineral density scans.

Methods: Patients who filled a prescription for inhaled corticosteroids at selected community pharmacies across Alberta
were recruited for a survey of their osteoporosis prevention activities.

Results: A total of 256 patients from |12 community pharmacies were included. The average age was 60+ |7.4years with
65% female. There were 21%, 51%, and 28% of patients on high, medium, and low dose inhaled corticosteroids, respectively.
Only 17% of patients >50years old received recommended calcium and vitamin D supplementation and 87 (73%) of the
qualified patients received bone mineral density scan.

Conclusion: Osteoporosis prevention in inhaled corticosteroid users is currently poorly addressed. More promotion is
needed to raise pharmacist awareness of the risks of inhaled corticosteroids.
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Introduction

Inhaled corticosteroids (ICSs) are widely accepted for their
potent anti-inflammatory effects in the lungs and low sys-
temic activity.! The use of ICSs is the standard maintenance
therapy in the management of asthma.? It is also widely used
(though only recommended as an adjunct therapy) in patients
with moderate to severe chronic obstructive pulmonary dis-
ease (COPD).? Moderate doses of ICSs are considered highly
effective in controlling inflammatory symptoms with mini-
mal serious side effects such as those associated with sys-
temic absorption.*

It is well recognized that oral corticosteroid therapy is a
risk factor for osteoporosis.’ Although ICS products are
designed to deliver the drug particles to the lung, systemic
side effects may result from the portion of administered cor-
ticosteroid that is systemically absorbed from the upper res-
piratory tract and through the lung vasculature during
administration. Approximately 10% to 60% of ICS dose is

delivered directly to the lung and the rest is partially systemi-
cally absorbed. The amount of drug delivered to the lung
depends on both the choice of corticosteroid and the inhala-
tion device. The remaining 40% to 90% of the drug may be
deposited in the pharynx where it can be swallowed and ulti-
mately become systemically available.®” Nevertheless, it has
been shown that there is a dose-related increase in risk of
fracture with high-dose ICS use.!*%814 In addition, there is
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an inverse relationship between bone mineral density (BMD)
and the cumulative dose and duration of ICS therapy in
patients with asthma.>!4-17 A meta-analysis including obser-
vational studies in older patients with COPD and asthma
found an increased fracture risk among patients who use
high doses of ICS.10

Corticosteroids-induced osteoporosis results from sup-
pression of bone formation while bone resorption is pro-
moted.!1¢  Adrenal androgen suppression may also
predispose post-menopausal women to bone loss in the
presence of oral corticosteroids.'® ICS-induced osteoporo-
sis is increasingly important due to the fact that many
patients who develop COPD are at an older age, both con-
ditions being independent risk factors for osteoporosis.
Also, these individuals may be receiving ICSs as part of
their maintenance long-term therapy. Moderate or high
doses of ICS are associated with increased risk for effects
on the bones.!8 A recent study showed that long-term low-
dose ICS use increases the rate of BMD loss in patients
with COPD.!” A meta-analysis of 21 randomized control
trials showed that vitamin D plus calcium is more effective
than no therapy or calcium alone in preventing decreases
in lumbar spine BMD in oral corticosteroid-induced osteo-
porosis.2® Wong et al.’ recommend that patients who
require high dose of ICS for long term should consider
receiving osteoporosis prophylaxis. Supplements of cal-
cium and vitamin D have been shown to prevent corticos-
teroid-induced osteoporosis effectively.#?? The Canadian
Osteoporosis  guidelines recommends that patients
>50years old should consume calcium 1200 mg and vita-
min D 800-20001U per day.2!:2 Also, patients =65 years
old should receive an annual BMD.?!

Recent studies conducted in general practice showed that
physicians do not use prophylaxis or treatment in patients
receiving ICS with or without risk factors for osteoporosis in
the community setting.2425

Objectives

The primary objective of our study is to investigate whether
patients with asthma and /or COPD treated with ICS are tak-
ing calcium and vitamin D supplements in the community
setting. The secondary objectives are to (1) assess the num-
ber of patients receiving long-term ICS treatment that had an
abnormal BMD scan or fractures on any ICS dose (long-term
treatment defined as =4years); and (2) determine many
patients who were qualified to receive an annual BMD scan
actually received one. After an exhaustive literature search,
we were unable to find any study that assessed prevention
and monitoring of osteoporosis in ICS users.

Setting

The study was conducted in community pharmacies in Alberta,
Canada.

Method

The University of Alberta Health Research Ethics Board
approved the study.

All patients who filled a prescription for an ICS at 12
selected community pharmacies in Alberta were screened for
the study. Since the Health Information Act of Alberta only
permits access to patient information by custodians of the
clinical records or their delegates, community pharmacies
were included in the study if a pharmacy student are
employed as a student pharmacist. The student pharmacists
approached all patients receiving a prescription for ICS if
they met the inclusion criteria. After receiving written or ver-
bal patient consent, the student pharmacist then administered
the questionnaire, which included patient demographics, ICS
dose, indication for use, duration of use, and any osteoporo-
sis prophylaxis or treatment. Risk factors for osteoporosis
such as comorbidities, smoking, alcohol consumption,
height, weight, self-reported history of fragility fracture, and
lack of exercise were also assessed. Self-reported BMD scan
history was also recorded. The questionnaire was conducted
either in person or over the phone.

Inclusion criteria. Patients 19years or older who have
been using ICS for a period of 3 consecutive months or
longer in the past 12 months were included in the study.

Exclusion criteria. Patients who had difficulty speaking
English or who had medications given by a caregiver
(proxy for cognitively impaired) were excluded.

Since there is no available study on the topic to determine
a sample size, we had to make certain assumptions based on
the Nielsen et al.>* study. Each pharmacy has an estimate of
about 100 patients on ICS. Assuming that 75% of patients
are not taking vitamin D and calcium supplement, with a sig-
nificance level set at 0.05, the estimated sample size is 290.

Statistical analysis

Data were analyzed in SPSS version 22. String variables
were recoded into binary numerical variables reflecting their
original variables. Multivariate analysis was used to deter-
mine statistical difference (p<0.05) between the patients
receiving long-term (=4years) and short-term ICS and the
association of bone loss or self-reported fragility fracture.

Results

A total of 256 patients were recruited from 12 different com-
munity pharmacies across Alberta from April 2012 to May
2013. Over 90% of patients approached by the student phar-
macists agreed to participate in the study. The overall average
age of patients was 60+ 17.4years with 65% females. The
demographic distribution of the patients is presented in Table
1. The patient age ranged from 23 to 95 years (Figure 1).
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The classifications of high-, medium-, and low-dose ICS
are based on the equipotent daily dose for each ICS accord-
ing to the Global Initiative for Asthma (Table 2).2 There were
60 (23%), 133 (52%), and 63 (24%) of the patients using
high-, medium-, and low-dose ICS, respectively. A total of
173 (68%) and 192 (75%) of ICS users were taking calcium
and/or vitamin D supplementation, respectively. Out of 175
patients >50years old, only 2 (2%), 7 (8%), and 3 (7%) of
the patients were taking recommended calcium supplemen-
tation of =1200mg a day; 27 (60%), 56 (64%), and 22 (51%)
of the patients were taking recommended vitamin D supple-
mentation between 800 and 2000 IU for high-, medium-, and
low-dose ICS, respectively. Only 4 (9%), 19 (22%), and 30
(17%) of patients >50years old met both the recommended
daily intake of calcium (=1200mg) and vitamin D (800 and
2000 IU) supplementation.

Table I. Demographics.

Characteristics Numbers (%)

Male 89 (35)
Female 167 (65)
Asthma 172 (67)
COPD 58 (23)
Asthma and COPD 24 (9)
Other 2(1)
Family history of osteoporosis

Yes 55 (22)

No 201 (78)
History of osteoporosis

Yes 40 (16)

No 216 (84)
Smoking status

Yes 49 (19)

No 207 (80)
Patients >50years old 175 (68)
Patients =65 years old 120 (47)

COPD: chronic obstructive pulmonary disease.

There were 165 patients on long-term (=4 years) ICS of
whom 38 (23%) and 21 (13%) had abnormal BMD and self-
reported fragility fractures, respectively (Table 3). There was
no statistical significance in the high-dose and medium-dose
group with respect to bone loss or fractures.

Patients who had bone loss on BMD scan had a high risk
of fracture with the odds ratio of 1.37.

Calcium and vitamin D supplementation

Although the doses vary extensively, overall a total of 173
(68%) and 192 (75%) of ICS users were taking calcium and/
or vitamin D supplementation, respectively. Tables 4 and 5
summarize patient calcium and vitamin D daily intake. Out
of 175 patients >50years old, only 2 (2%), 7 (8%), and 3
(7%) of the patients were taking recommended calcium sup-
plementation of 1200 mg a day; 27 (60%), 56 (64%), and 22
(51%) of the patients were taking recommended vitamin D
supplementation between 800 and 2000 IU for high-,
medium-, and low-dose ICS, respectively (Table 6). Only 4
(9%), 19 (22%), and 30 (17%) of patients >50years old met
both the recommended daily intake of calcium (=1200mg)
and vitamin D (800 and 2000 IU) supplementation. Patients
were more than twice as likely to meet vitamin D supple-
mentation requirements set by Health Canada and the
Canadian osteoporosis guidelines than calcium supplemen-
tation requirements regardless of ICS dose.

BMD scan

In terms of BMD scan, 87 (73%) of patients =65 years old
received an annual scan as recommended (Table 7).

Discussion

ICSs are intended to exert their effects locally in the bron-
chial airway. However, studies show that ICSs are systemi-
cally absorbed and cause cortisol suppression.?® Similar to

& Males

Number of Patients

19-30

31-40 41-50 51-60

Age

61-70

i Females

71-80 81-90 90-100

Figure 1. Age—sex distribution. This figure shows the distribution of genders of the participation in each age group.



SAGE Open Medicine

Table 2. Estimated dose equivalencies for inhaled
corticosteroids for adults.?

Table 5. Self-reported daily vitamin D intake.

ICS >2000 2000 >800[Uand 800IU <800 None
Drug Dose potency IU (%) IU (%) <2000 1U (%) (%)  IU (%) (%)
Beclomethasone pMDI Low: <200-500 pg/day High 2(3) 3(5 29 48) 1@ 8(13) 17(28)
(HFA) Qvar® Moderate: >500-1000 yg/day ~ Medium 24 (18) 2 (2) 49 (37) 4(3)  25(19) 30 (23)

High: >1000-2000 pg/day Low 9(14) 2(3) 20 (48) 3(5) 11 (17) 17(27)

Budesonide DPI
Pulmicort Turbuhaler®

Low: 200—400 pg/day
Moderate: >400-800 pg/day
High: >800-1600 pg/day
Low: 80—160 pg/day
Moderate: >160-320 pg/day
High: >320-1280 pg/day
Low: 100-250 pg/day
Moderate: >250-500 pg/day
High: >500-1000 pg/day

Ciclesonide pMDI
Alvesco®

Fluticasone DPI or pMDI
plus spacer Flovent
Diskus®, Flovent HFA®

pMDI: pressurized metered-dose inhaler; DPI: dry powder inhaler.

Table 3. Duration of ICS and abnormal bone mineral density or
fractures.

ICS >4years BMD Hx <4years BMD Hx p value

potency abnormal fracture abnormal fracture

(%) (%) (%) (%)
High 37 8(22) 4(ll) 18 5(28) 2 (l1) 0.760
Medium 81 21 (26) 14 (17) 52 10 (19) 10 (19) 0.660
Low 43 9 (20) 3(7) 21 3(149 29 0.149

ICS: inhaled corticosteroid; BMD: bone mineral density.

Table 4. Self-reported daily calcium intake.

ICS >1200mg 1200 mg <1200 mg None
potency (%) (%) (%) (%)
High 5(8) 2(3) 33 (55) 20 (34)
Medium 16 (12) 8 (6) 70 (53) 39 (29)
Low 10 (16) 3(5) 26 (41) 24 (38)

ICS: inhaled corticosteroid.

Mathioudakis et al.,'? our study suggests that long-term low-
dose ICS use could possibly lead to bone loss and fracture.
We failed to show statistical significance. We were not able
to detect a difference in the high-dose groups possibly
because only 29% of the patients received a BMD scan. It is
unclear why there is no difference in the medium-dose
groups even though more than 50% of the patients received
a BMD scan.

This is the first study of its kind to report clinically
important research in osteoporosis prevention in ICS users
in community pharmacies. In our study, only 30 (17%) of
patients >50 years old received recommended intake of both
calcium and vitamin D supplementation. Although most
patients were able to report the amount of vitamin D and
calcium consumed through dietary sources, patient recall
may not be reliable. Therefore, it was unclear whether some

ICS: inhaled corticosteroid.

Table 6. Self-reported daily calcium or vitamin D intake for
patients >50years old.

ICS Calcium Calcium No Vitamin D Vitamin  No

potency =1200mg <1200 calcium (800-2000 D <800 vitamin
1U) 19) D

High 2(2) 28 (62) 10(22) 27 (60) 7(16) 1124

Medium 7 (8) 46 (53) 20 (23) 56 (64) 16 (18) 14 (l6)

Low 3(7) 3(7) 14 (33) 22(51) 8(19) 11(26)

ICS: inhaled corticosteroid.

Table 7. Bone mineral density of =65years old.

ICS Fracture  No BMD BMD Not
potency fracture abnormal normal done
High 5 (15) 28 (84) 11 (33) 8(24) 14(42)
Medium 12 (20) 48 (80) 23 (38) 25 (42) 12 (20)
Low 8 (30) 19 (70) 11 (40) 9(33) 7(206)

ICS: inhaled corticosteroid; BMD: bone mineral density.

patients may have adequate dietary calcium and vitamin D
consumption and possibly did not require additional
supplementation.

More patients were taking adequate doses of vitamin D
supplementation than calcium. Tablet size and possible side
effects such as constipation may have affected adherence to
calcium. In addition, there is concern with cardiovascular
adverse events related to high-dose calcium. Meta-analyses
evaluated supplemental calcium and vitamin D and their
effects on reduction in fractures and bone loss.!$2728 In
addition, recently, there has been a debate among many
practitioners whether calcium is associated with cardiovas-
cular disease. A meta-analysis has shown that calcium sup-
plementation of =1000 mg a day has <1% risk of myocardial
infarction.2%30

Study limitations

Because of the strict Health Information Act of Alberta, the
study encountered challenges. To conduct this study in a
pharmacy, the student pharmacists must be an employee of
that pharmacy to access patient information as a surrogate
custodian of the patient’s health data. As a result, the selec-
tion of pharmacies in our study may not represent all phar-
macies in Alberta.
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A possible limitation of the study is the subjective patient
reporting of dictary intake of calcium and vitamin D. Another
limitation is that the BMD scans were patient reported and
only pharmacy students with access to the electronic health
records (Netcare®) were able to verify the information for
BMD scans. Subsequently, not all BMD scan reports were
consistently confirmed from health records. Although the
estimated sample size was 290 patients, we had to terminate
the study after 256 patients as we were not able to recruit
more patients even though we had pharmacy students recruit-
ing patients from 12 different pharmacies.

Conclusion

Osteoporosis prevention in ICS users is poorly addressed.
Most patients over 50 years old treated with ICS are not receiv-
ing an appropriate total dose of calcium and vitamin D for
osteoporosis prevention. Almost 73% of patients =65 years
old received a BMD scan. Future study with a large sample
size and including objective measures of bone loss (BMD)
and radiographic vertebral or skeletal fracture is needed to
identify the risk of osteoporosis and prevent bone loss and
fracture from long-term ICS use.
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