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Abstract

Purpose/introduction The objective of this study was to describe osteoporosis-related care patterns during the coronavirus
disease 2019 (COVID-19) pandemic in Alberta, Canada, relative to the 3-year preceding.

Methods A repeated cross-sectional study design encompassing 3-month periods of continuous administrative health data
between March 15, 2017, and September 14, 2020, described osteoporosis-related healthcare resource utilization (HCRU) and
treatment patterns. Outcomes included patients with osteoporosis-related healthcare encounters, physician visits, diagnostic
and laboratory test volumes, and treatment initiations and disruptions. The percent change between outcomes was calculated,
averaged across the control periods (2017-2019), relative to the COVID-19 periods (2020).

Results Relative to the average control March to June period, all HCRU declined during the corresponding COVID-19 period.
There was a reduction of 14% in patients with osteoporosis healthcare encounters, 13% in general practitioner visits, 9% in
specialist practitioner visits, 47% in bone mineral density tests, and 13% in vitamin D tests. Treatment initiations declined
43%, 26%, and 35% for oral bisphosphonates, intravenous bisphosphonates, and denosumab, respectively. Slight increases
were observed in the proportion of patients with treatment disruptions. In the subsequent June to September period, HCRU
either returned to or surpassed pre-pandemic levels, when including telehealth visits accounting for 33-45% of healthcare
encounters during the COVID periods. Oral bisphosphonate treatment initiations remained lower than pre-pandemic levels.
Conclusions This study demonstrates the COVID-19 pandemic and corresponding public health lockdowns further height-
ened the “crisis” around the known gap in osteoporosis care and altered the provision of care (e.g., use of telehealth and
initiation of treatment).

Summary Osteoporosis has a known substantial care and management disparity, which has been classified as a crisis. The
COVID-19 pandemic created additional burden on osteoporosis patient care with healthcare encounters, physician visits,
diagnostic and laboratory tests, and treatment initiations all declining during the initial pandemic period, relative to previ-
ous years.
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Introduction

Osteoporosis is one of the most common chronic diseases,
afflicting over 200 million people worldwide [1]. Accord-
ing to the International Osteoporosis Foundation, among
those aged at least 50 years, 1 in 3 women and 1 in 5 men
will experience an osteoporotic fracture in their lifetime
[2-5]. Worldwide, osteoporosis is estimated to cause 8.9
million fractures annually; of which, hip, forearm, and ver-
tebral fractures are the most common fracture sites [6].
In Canada, the prevalence of osteoporosis is projected to
increase in the coming years with a growing and aging
population [7]. According to the Public Health Agency of
Canada (PHAC), fractures associated with osteoporosis
are a main public health concern causing significant mor-
bidity, mortality, and costs [7].

Although osteoporosis is a prevalent disease, there has
been a substantial care and management disparity, which
has been classified as a crisis [8, 9]. The Fragility Frac-
ture Network initiated a global call to action to improve
care of people presenting with low-energy fractures [10].
According to the PHAC 2020 report focusing on trends
in incidence of osteoporosis diagnoses and fracture rates
between 2000/01 and 2015/16, osteoporosis diagnoses
decreased over time, while fracture rates remained stable
[7]. Furthermore, among those who had an osteoporosis-
related fracture, less than 20% of individuals received an
osteoporosis diagnosis, bone mineral density (BMD) test,
or an osteoporosis-related medication prescription within
1 year, despite effective therapy being widely available [7].
This evidence suggests that patients and care providers are
not aware or taking appropriate action to deal with the dis-
ease underlying their fracture, i.e., osteoporosis, and this
has the potential to lead to under management of patients
with low-energy fractures.

Practitioners have been urged to focus on improving
secondary fracture prevention, since these patients are
at highest risk for a future fracture. In Canada, only the
provinces of Alberta and Ontario have formal government-
supported fracture prevention action plans and combined,
contain 83% of Canada’s fracture liaison services despite
only having 50% of the country’s population [11, 12]. In a
Canadian study from Ontario focusing on the primary ver-
sus secondary fracture prevention gap, among patients who
were identified as potentially at elevated risk for fracture,
62% did not complete BMD testing. The most common
reasons for not receiving a BMD test were that physicians
intended to order a BMD test at a later date, physicians
did not think BMD testing was necessary, or the patient
refused [13]. Furthermore, among those patients with
BMD tests, only 29% had completed 10-year fracture risk
scores, and for patients with high fracture risk scores, 37%
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did not receive clinical guideline recommended osteoporo-
sis medications [13]. Furthermore, a real-world evidence
study conducted in five European countries prior to the
coronavirus disease 2019 (COVID-19) pandemic exam-
ined osteoporosis medication patterns among new users
[14]. They observed oral bisphosphonates and denosumab
as the most common treatments prescribed for patients
with osteoporosis, and a large proportion of patients stop
treatment without starting any other new treatment there-
after [14], further providing evidence of insufficient ongo-
ing osteoporosis care and management.

With significant strains to the healthcare system in 2020
due to the COVID-19 pandemic, it was anticipated that
osteoporosis care would be deprioritized, thus creating an
even wider gap in care and management. A retrospective
analysis of global google analytics data conducted between
February and April 2020 found that compared to February
2020 numbers, the number of daily sessions on the FRAX®
website for online fracture risk assessments fell 23.1% on
March 2020 and 58.3% on April 2020 [15]. Furthermore, a
global survey of healthcare workers from 53 countries focus-
ing on the impacts of the COVID-19 pandemic on osteo-
porosis care reported an increase in telemedicine consulta-
tions, and delays or interruptions in care and management,
including BMD testing, supply of osteoporosis medications,
and parenteral medication delivery [16]. Specifically, 43%
of clinicians reported difficulty in administering appropri-
ate medication and only 29% of patients were able to obtain
a dual-energy x-ray absorptiometry (DXA) scan for BMD
testing as recommended [16]. Prior to the COVID-19 pan-
demic, alendronate, one of the most prescribed oral bispho-
sphonates for osteoporosis, reported increased prescription
uptake by new users in 2019 in Europe. However, after the
COVID-19 pandemic lockdowns started on March 2020,
rates of new use of alendronate rapidly decreased, with only
some recovery to pre-pandemic levels after the initial lock-
down (June to September 2020) [17]. Although limited, ini-
tial evidence has shown that osteoporosis care and manage-
ment may have been deprioritized because of the COVID-19
pandemic priorities and response. Additional research, par-
ticularly from a Canadian population-based perspective, will
help to understand the impact of the COVID-19 pandemic
on osteoporosis care and management in a Canadian setting.

The objective of this study was to describe changes in
osteoporosis-related care patterns including patients with an
osteoporosis-related healthcare encounter, physician visits,
diagnostic and laboratory test volumes, and treatment pre-
scription dispense patterns during the COVID-19 pandemic
in Alberta, Canada, relative to the three-years preceding.
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Methods
Study design

This study used a repeated cross-sectional study design,
using three-month periods of population-level adminis-
trative health data from the entire province of Alberta,
Canada, between March 15, 2017, and September 14, 2020
(Supplementary Fig. 1).

Data sources and outcomes of interest

The study population represents Alberta residents
aged > 50 years with osteoporosis-related healthcare
resource utilization (HCRU) and treatment utilization
during each cross-sectional period. Outcomes of inter-
est included patients with osteoporosis-related healthcare
encounters and resource utilization, including physician
visits, hospital- and ambulatory care-based BMD diagnos-
tic tests, vitamin D and red cell distribution width (RDW)
laboratory tests, and osteoporosis-related medication dis-
pensations. RDW tests, although not specific to osteopo-
rosis care, were assessed as a more generic comparison to
further validate the trends observed for other outcomes.
Patients with an osteoporosis healthcare encounter were
identified based on the presence of diagnostic codes for
osteoporosis (733.0 X from the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) or M80 or M81 from the International Statistical
Classification of Diseases and Related Health Problems,
10th Revision, Canada (ICD-10-CA)), extracted from the
Discharge Abstract Database (DAD), National Ambulatory
Care Reporting System (NACRS), or Practitioner Claims
datasets. Osteoporosis-related physician visits were iden-
tified based on the presence of the diagnostic code of
osteoporosis from the Practitioner Claims dataset. Phy-
sician visits were stratified by general practitioner visits
and specialist practitioner visits (details provided in Sup-
plementary Table 1). Both in-person and telehealth (i.e.,
remote) physician visits (which were introduced in March
2020) are captured within the administrative data. BMD
test volumes were identified using the Canadian Classifica-
tion of Health Interventions (CCI) code 3.WZ.70 extracted
from the DAD and NACRS datasets, representing a sub-set
of BMD tests in the province since community-based or
private clinics BMD test volumes are not included in the
administrative health data. Laboratory test volumes were
extracted from the Alberta Precision Laboratory (APL)
dataset. Osteoporosis-related treatment prescription dis-
penses included oral bisphosphonates, intravenous (IV)
bisphosphonates, denosumab, romosozumab, teriparatide

(including biosimilars), and raloxifene. Treatments were
defined using Drug Identification Numbers (DINs) from
the Pharmaceutical Information Network (PIN) dataset
(Supplementary Table 2). Diagnostic tests, laboratory
test volumes, and treatment prescription dispenses were
captured at the population level, not specific to those with
osteoporosis. The Population Registry dataset was used to
restrict the HCRU outcomes to individuals > 50 years of
age. AHS geographic zones were extracted from the DAD,
NACRS, and Practitioner Claims datasets at the time of
service for all other HCRU outcomes. AHS geographic
zones were then collapsed into urban (Edmonton, Calgary)
and rural (Central, North, South) categorizations. For an
overview of the Alberta Health administrative datasets, see
Supplementary Table 3.

To facilitate access to the current information from the
health system, this study was conducted using “open year”
administrative health data that has not undergone the addi-
tional checks and validations implemented once the system
closes these datasets and prepares them for research use.

Data analysis

Outcomes were assessed in 3-month periods to capture
seasonal variation in osteoporosis-related care patterns, as
well as varying public health measures in the first 6 months
of the COVID-19 pandemic in Alberta (March 15, 2020
to September 14, 2020; Supplementary Figure 1). In the
first 3-month period of the COVID-19 pandemic (March
15, 2020 to June 14, 2020), a Public State of Emergency
was declared in Alberta, Canada, resulting in temporary
lockdowns/closures and in particular, limited laboratory
services [18], closure of community-based imaging ser-
vices, cancelation/postponement of elective surgeries [19],
restrictions around prescription days supply (e.g., limiting
to 30-day supply) [20], and the introduction of telehealth
visits (including ICD codes for telehealth visits) (Supple-
mentary Figure 2).

Descriptive statistics were calculated to summarize the
frequency of osteoporosis diagnostic codes and resource use
and compare the change in outcome during the pandemic
3-month periods to the weighted average of the control years
3-month periods (2017/18-2019/20). In addition, outcomes
were depicted visually to show increasing or decreasing
trends over the study period. Treatment utilization was ana-
lyzed as the number of patients on each treatment per period
based on the days supply. Treatment prescription dispenses
were analyzed as treatment initiations and treatment disrup-
tions. Treatment initiation was defined as any new osteo-
porosis-related prescription dispensed in each three-month
period with no prior osteoporosis-related prescription dis-
pensed in the prior 1.5 years. Treatment disruptions in each
3-month period were defined as a gap in treatment dispenses
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after the days’ supply plus 60 days. This definition was
selected in order to measure systemic disruptions in treat-
ment utilization. The days’ supply for oral bisphosphonates,
romosozumab, teriparatide, and raloxifene was based on the
days supply within the PIN dataset. For IV bisphosphonates
and denosumab, the days’ supply data within PIN was not
reflective of the duration of treatment effect; therefore, the
days’ supply was set at 365 days for IV bisphosphonates
and 182.5 days for denosumab, based on published literature
[21]. The June to September COVID-19 2020 period was
excluded from the treatment disruption analysis due to a lack
of sufficient follow-up to assess disruptions.

Results with sample sizes < 10 were not reported to
align with Alberta Health privacy standards. All analy-
ses were conducted in SAS® version 9.4 and figures pro-
duced using Tableau online version 2021.3. Research eth-
ics board approval was obtained from the Health Research
Ethics Board of Alberta — Community Health Committee
(HREBA-CHC).

Results
Osteoporosis-related healthcare encounters

An overall slight increase in the number of osteoporosis-
related healthcare encounters was observed over the study
period with declines observed during the winter months,
aligned with seasonal variations. However, during the initial
3-month period (March to June 2020) of the COVID-19 pan-
demic, large declines were also observed (Fig. 1; Table 1).
When comparing the COVID-19 March to June 2020 period
to the weighted average from the control March to June
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Fig.1 The number of patients with osteoporosis-related healthcare
encounters in Alberta, Canada, by 3-month control and COVID-
19 periods. Abbreviations: COVID-19, coronavirus disease 2019;
Dec, December; Jun, June; Mar, March; Sep, September. Note: The
urban zone was defined as Calgary or Edmonton Alberta Health Ser-
vices geographic health zones, while the rural zone was defined as
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periods, there were 14% fewer patients with osteoporosis-
related healthcare encounters in the 2020 COVID-19 period.
When comparing the June to September periods, the 2020
COVID-19 period had 18% more patients than the weighted
average from the control periods. When stratified by urban
and rural zones, and initial decrease in the March to June
2020 COVID-19 period (— 17% vs — 19%) was observed in
the number of patients with osteoporosis-related healthcare
encounters following by an increase in the June to Septem-
ber 2020 COVID-19 period (17% vs 6%) with the inclusion
of telehealth visits, relative to the weighted average control
periods, respectively.

Practitioner visits, BMD tests, and laboratory test
volumes

Reductions in HCRU for physician visits, laboratory
tests, and hospital- and ambulatory care-based BMD tests
were observed during the March to June 2020 COVID-19
3-month period, relative to the weighted average control
period (Figs. 2 and 3 and Table 1). General practitioner
and specialist visits rebounded in the June to September
2020 COVID-19 pandemic period, with 24% and 39%
greater visits than observed in the same June to September
pooled average control periods; however, the type of visits
altered with the introduction of telehealth visits. Prior to
March 2020, all visits were in person, whereas telehealth
visits accounted for 2,825 (45%) and 390 (39%) of gen-
eral and specialist practitioner visits in the March to June
2020 COVID-19 3-month period, respectively. Similarly,
in the June to September 2020 COVID-19 3-month period,
3016 (33%) and 497 (36%) of general and specialist prac-
titioner visits were conducted via telehealth (Fig. 2). The
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Central, North and South Alberta Health Services geographic health
zones. Note: Osteoporosis-related healthcare encounters include vis-
its/admissions to the hospital, ambulatory care (including emergency
department and outpatient), and practitioner claims as represented by
an osteoporosis diagnostic code for the visit reason
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Table 1 Osteoporosis-related healthcare encounters, osteoporosis-related practitioner visits, BMD diagnostic test volumes, laboratory test vol-
umes, and treatment patterns in Alberta, Canada, by weighted 3-month control and COVID-19 periods

Outcomes March—June June—September
Control COVID-19 (2020) % Change (95% CI) Control COVID-19 (2020) % Change (95% CI)
(2017- (2017-
2019) 2019)
N patients with osteoporosis- 7,805 6,683 —14% (- 14%,—15%) 17,7144 9,166 18% (17%., 19%)
related healthcare encoun-
ters
Osteoporosis practitioner visits
General 7,211 6,266 —13% (= 12%,—14%) 7,293 9,018 24% (23%, 25%)
Specialist 1,095 995 -9% (—7%,—11%) 1,008 1,392 38% (34%. 42%)
Diagnostic and laboratory test volumes
BMD 1,065 562 —47% (—43%,—52%) 1,068 798 —25% (—22%,—28%)
Vitamin D 1,191 1,034 —-13% (=11%,—15%) 1,085 2,078 92% (86%. 97%)
RDW 209,849 133,490 —36% (—36%,—37%) 197,459 179,639 —9% (=9%,—9%)
Number of patients initiating*
Oral bisphosphonates 3,619 2,073 —43% (—41%,—45%) 3,653 3,137 —14% (—13%,—15%)
IV bisphosphonates 150 111 —26% (—18%,—36%) 141 183 30% (21%, 40%)
Denosumab 198 129 —35% (=27%,—44%) 173 229 33% (24%, 42%)
Proportion of patients with a treatment disruption
Oral bisphosphonates 14.8 14.8 0% (0%, 0%) 14.6 NA NA
IV bisphosphonates 10.3 12.3 22% (2%, 19%) 9.2 NA NA
Denosumab 8.7 11.9 41% (8%, 112%) 7.8 NA NA

COVID-19, coronavirus disease 2019; BMD, bone mineral density; NA, not applicable; NR, not reported; RDW, red cell distribution width.
*Patients initiating an osteoporosis treatment without having received any osteoporosis treatment in the previous 1.5 years. Note: treatment dis-
ruptions from the June to September 2020 period are not available at this time due to insufficient follow-up to identify treatment gaps of days’

supply + 60 days

total number of in-person visits remained lower in June to
September 2020 (GP visits = 6,002; specialist visits = 895)
than in the weighted average of the control periods (GP
visits =7,293; specialist visits = 1,008).

Notable decreases of 47% were observed for BMD test
volumes in the March to June 2020 COVID-19 period;
however, unlike other HCRU, volumes remained 25% lower
when comparing the June to September 2020 COVID-19
period to the weighted average control period. Vitamin D lab
test volumes saw smaller decreases of 13% in the March to
June 2020 COVID-19 period and then a substantial increase
of 92% for the June to September 2020 COVID-19 period.
RDW test volumes, a more generic laboratory test, followed
a more similar pattern to the BMD tests, with a 35% decrease
in the March to June period and remaining 9% lower in the
June to September COVID-19 2020 periods (relative to the
weighted average control years).

Treatment outcomes
Overall utilization of osteoporosis-related medication

dispenses are presented in Fig. 4. Oral bisphosphonates
remained relatively stable throughout the control periods and

minimal changes were observed between the control periods
and the 2020 COVID-19 periods. An increasing pattern was
observed in IV bisphosphonates and denosumab utilization
across the control periods, as well as the 2020 COVID-19
periods. However, IV bisphosphates had a decrease in use
in the initial March to June 2020 COVID-19 period, before
continuing in the upward pattern.

Reduced rates of treatment initiation (i.e., initiation of an
osteoporosis treatment with no prior receipt of any osteo-
porosis treatment in the prior 1.5 years) of oral bisphos-
phonates (—43%), IV bisphosphates (—26%), and deno-
sumab (—35%) were observed during the March to June
2020 COVID-19 period, relative to the weighted average
of the March to June control period (Table 1). In the June
to September 2020 COVID-19 period, oral bisphosphonate
treatment initiations reduced by 14%, while IV bisphospho-
nates and denosumab treatment initiations increased by 30%
and 33%, relative to the weighted average control period,
respectively.

The proportion of patients with treatment disruptions
of greater than 60 days increased slightly in the March to
June 2020 COVID-19 period for IV bisphosphonates and
denosumab relative to the weighted average of the March
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Fig.2 The number of osteoporosis-related general and specialist practitioner visits in Alberta, Canada, by 3-month control and COVID-19 peri-
ods. Abbreviations: COVID-19, coronavirus disease 2019; Dec, December; Jun, June; Mar, March; Sep, September

to June control period (Table 1; IV bisphosphonate: 2.1%
increase; denosumab: 3.2% increase). Across the control
period, the proportion of patients with treatment disruptions
had a slight declining trend; therefore, when considering the
percent change in the proportion of patients with treatment
disruptions year over year, the March to June 2020 COVID-
19 period saw a total increase of 8.7% relative to the March
to June 2019 period (Fig. 5).

Romosozumab, teriparatide (including biosimilars),
and raloxifene prescription initiations and disruptions had
sample sizes < 10 across the three-month periods and were
therefore not reported.

Discussion

While patients with osteoporosis-related healthcare encoun-
ters have slightly increased in 3 years prior to the COVID-
19 pandemic, this study observed notable reductions in the
number of patients with osteoporosis-related healthcare
encounters in the first 3-month period (March to June 2020)
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of the COVID-19 pandemic, when public health lockdowns
were implemented. The COVID-19 pandemic also impacted
the management of patients with osteoporosis as observed
by reductions in HCRU including physician visits, hospital-
and ambulatory care-based BMD tests, laboratory tests, and
osteoporosis treatment initiations and disruptions.

The current study revealed a slight increasing pattern
in the number of osteoporosis-related healthcare encoun-
ters reported in each period throughout the control years.
While a low number of patients with osteoporosis-related
healthcare encounters was observed during the March to
June 2020 period of the COVID-19 pandemic when lock-
down measures were implemented, this appear to rebound
once lockdown measures were removed in the June to Sep-
tember 2020 COVID-19 period, with the inclusion of tel-
ehealth visits, accounting for 33-36% of healthcare visits.
Similar patterns were observed across the study periods in
the number of patients with osteoporosis-related healthcare
encounters when stratified by rural versus urban region.
Interestingly, this study reveals a higher number of patients
with osteoporosis treatments dispenses than patients with
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Fig.3 The number of vitamin D laboratory tests and BMD tests in Alberta, Canada, by 3-month control and COVID-19 periods. Abbreviations:
COVID-19, coronavirus disease 2019; Dec, December; Jun, June; Mar, March; Sep, September

osteoporosis-related healthcare encounters in each period.
This pattern supports the evidence suggesting a lack of
application to assess patients for a diagnosis of osteoporo-
sis, which may result in the general undermanagement of
the disease as a whole.

There was an overall trend observed during the study
period of stable specialist visits and increasing general prac-
titioner visits including telehealth visits, revealing a pos-
sible shift in the management of patients with osteoporosis
in Alberta. As anticipated, large reductions were observed
in the number of global physicians visits during the first
COVID-19 pandemic period. This aligns with the changes
in health care measures implemented in Alberta on March
2020 [18-20, 22]. In addition to the lockdown measures,
these reductions may also be due to lack of personal protec-
tive equipment (PPE) measures in place to enable in-person
visits, hesitancy for patients to visit specialists practicing
within hospitals, and the practical implementation of tel-
ehealth visits. Laboratory and diagnostic test utilization were
also stable across the control period with major reductions
in test volumes observed during the March to June 2020

COVID-19 period. The reduction in laboratory services
can be attributed to public health guidance recommending
cessation of routine testing for stable community patients
[18]. BMD testing remained at reduced volumes in the June
to September 2020 COVID-19 period, relative to the con-
trol periods. As a note, the BMD test volumes are based on
BMD tests captured in hospital and ambulatory care settings
(including emergency care and outpatient visits) across the
province; therefore, changes in the use of BMD testing in
community-based and private clinic settings, which repre-
sents the majority of BMD testing, were not captured in
this study.

The reduction in HCRU measures observed in this study
aligns with reports from other regions. A survey of health care
providers from 53 countries revealed numerous institutions/
clinics had closures during the pandemic, or changed services
to focus on emergency care only and relied on other modes of
visits to facilitate care [16]. A greater proportion of physicians
in this survey report using telemedicine appointments for estab-
lished patients (40%) then for new patients (19%). Telemedicine
was introduced as a billing option in Alberta on March 2020,
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Fig.4 Patients on and initiating* new osteoporosis-related treat-
ments in Alberta, Canada, by 3-month control and COVID-19 peri-
ods. Abbreviations: COVID-19, coronavirus disease 2019; Dec,
December; 1V, intravenous; Jun, June; Mar, March; Sep, September.

creating this as an option for physician visits [22], likely dimin-
ishing the impact of the pandemic lockdowns on the levels of
physician visits observed. In the first 6 months of the pandemic,
telehealth accounted for 33—45% of general practitioner and
36-39% of specialist visits. The use of telemedicine may vary
by physician and patient, based on comfort with technology,
infrastructure, accessibility, and institutional mandates [23].
Joint guidance was released by numerous societies and
organizations on the management of patients with osteo-
porosis during the COVID-19 pandemic [24]. These rec-
ommendations were to limit laboratory and BMD testing
when possible and utilize telehealth and altered treatment
approaches to reduce the need for in-person visits. These
recommendations were made to facilitate social distanc-
ing practices and aligned with the Public Health measures
implemented in Alberta on March 2020 [18-20, 22]. Specifi-
cally, regarding treatment, the recommendation for patients
initiating osteoporosis medication was to initiate on oral
bisphosphate therapy via telehealth appointments [24]. For
patients currently on treatment, the recommendation was to
continue their current medication. In some cases where it
was not feasible to continue treatment with injectables, treat-
ment switches were recommended. For example, patients on

@ Springer

*Patients initiating an osteoporosis treatment without having received
any osteoporosis treatment in the previous 1.5 years. Note: the size of
the dots is indicative of the number of patients

denosumab were recommended to switch to oral bisphos-
phonates if the treatment disruption would be greater than
30 days (7 months from last administration) [24]. Alterna-
tively, for patients on IV bisphosphonates, delays of several
months would be acceptable. While the number of patients
initiating an osteoporosis treatment in the current study
decreased in the March to June 2020 COVID-19 period for
all three drugs reported, likely due to the reduced number of
physician visits during this time, initiations of IV bisphos-
phonates and denosumab were observed to be greater in the
June to September 2020 COVID-19 period, relative to the
weighted average of the same control periods. However, oral
bisphosphonates initiations remained lower during the June
to September 2020 COVID-19 period than the average of the
control periods. These initiation patterns support European
estimates of reduced initiation of oral bisphosphates that con-
tinued past the initial COVID-19 pandemic lockdown periods
[17], but are unexpected based on the recommendations. The
proportion of patients with treatment disruptions in the first
period of the COVID-19 pandemic (March to June 2020) was
fairly stable relative to the weighted average from the control
period. In some countries, self-administration of denosumab
is not in the approved product label, likely contributing to
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Fig.5 Disruptions of greater than 60 days in osteoporosis-related
treatments in Alberta, Canada, by 3-month control and COVID-19
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December; 1V, intravenous; Jun, June; Mar, March; Sep, September.

the anticipation of disruptions, and thus motivating the treat-
ment recommendations discussed above. However, in Can-
ada, self-administration has been approved [25] and many
patients may have already been trained in self-administration,
therefore, mitigating the impact of the pandemic restrictions/
lockdowns. Continued use of self-administered injectable
drugs may be a strategy to help reduce treatment disrup-
tions moving forward, outside of the pandemic, to improve
patient care. Additionally, denosumab can be administered
by pharmactists in Alberta precluding the need for physician
visits, which may also have impacted the treatment patterns
observed in this study. Lastly, many of the treatments con-
sidered in this study have long days supply; therefore, further
follow-up is likely required to better assess the impact of the
pandemic on osteoporosis treatment disruptions.

While lockdown measures were implemented during the
first three months of the COVID-19 pandemic in Alberta,
the number of COVID-19 cases and hospitalizations during
this time were low. Subsequent waves of the pandemic saw
much higher cases within Alberta resulting in capacity issues
within the health system, warranting further analyses. Addi-
tional analyses are underway with data extended up to March
2021 to explore how osteoporosis-related clinical outcomes
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Total percent change in disruption rates is presented year over year.
Note: treatment disruptions from the June to September 2020 period
are not available at this time due to insufficient follow-up to identify
treatment gaps of days’ supply + 60 days

are associated with treatment disruptions. Additionally, longer
follow-up will enable greater exploration of the trends in tel-
ehealth for patint management. The impact of shifting to
telehealth on patient management and outcomes will be an
important area of research to guide policy and practice pat-
terns. Future research could also explore other osteoporosis-
related laboratory tests, including serum calcium and cre-
atinine levels. Further research focusing on these laboratory
test levels in patients with osteoporosis would be valuable to
examine since practitioners request these test values before
initiating treatment for osteoporosis to account for any con-
traindications for osteoporosis-related treatments. Lastly, other
areas for future research could compare regional differences
in care strategies for individuals with osteoporosis and their
corresponding clinical outcomes to help assess the generaliz-
ability of these findings to other regions within Canada. Such
research may help inform approaches to improve the care for
patients with osteoporosis and osteoporosis-related outcomes,
such as fractures.

Along with future research directions, several strengths
of this study should be noted. First, we used comprehensive
population-based datasets, representative of the entire popu-
lation of Alberta, Canada. Particularly, treatment patterns
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were obtained from community-based pharmacy dispensa-
tion records, which include dispensations from public, pri-
vate, and out of pocket plans. Second, the repeated cross-
sectional design utilized control periods three years before
the COVID-19 pandemic to identify trends in the outcomes
of interest. Third, examining osteoporosis-related healthcare
encounters by urban and rural residence helps highlight the
care gap in individuals, regardless of residency and account
for variation in changes in care during the pandemic that may
have occurred due to differences in COVID-19 case counts.

Although this study provided a unique opportunity to
examine osteoporosis care patterns before and during the
COVID-19 pandemic, there are limitations to consider when
interpreting these results. First, open year data was used;
therefore, the administrative data for this study had not been
cleaned and validated by Alberta Health prior to analysis.
Some outcomes of interest demonstrated increasing trends
over the control periods; therefore, the weighted average from
the control period may underestimate the percent change dur-
ing the COVID-19 periods. Due to this, outcomes were also
presented per period in figure format to depict the trends
over time and provide a more comprehensive perspective
of the potential change during the COVID-19 period. On
another note, BMD test volumes are likely underestimated
since our study only included BMD captured in hospital,
emergency department, and outpatient care facilities. Other
community-based or specialized clinics that conduct BMD
testing were not captured in the administrative data. While
treatment disruptions were captured during the March to June
2020 COVID-19 3-month period, reasons for these treatment
disruptions are not known and only based on the follow-up
data available. Therefore, it is not possible to accurately
determine if patients resumed treatments after a disruption
or if a disruption occurred based on long dosing intervals for
some treatments (e.g., denosumab and IV bisphosphonates).
Furthermore, for the treatment disruption analysis, patients
in the last study period (June to September 2020) had insuf-
ficient follow-up available to meet the threshold of 60 days
required to identify treatment disruptions; therefore, this data
was not reported. Further analysis with extended data will
help address this limitation. Lastly, the data from this study
is from the province of Alberta; therefore, may not be gener-
alizable to the rest of Canada. However, many regions within
Canada imposed similar lockdown measures so these results
are anticipated to provide relevant insights for such regions
as to the impact on patients with osteoporosis.

Conclusion
There was a known care gap in the management of osteo-

porosis prior to the COVID-19 pandemic and this evidence
demonstrates the COVID-19 pandemic and corresponding
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public health lockdowns has further heightened this “crisis.”
Understanding the impact of the COVID-19 pandemic on
this patient population is fundamental to improve care and
management of patients with osteoporosis moving forward.
Further investigation regarding acute care, treatment pat-
terns, and the use of telehealth throughout the course of the
COVID-19 pandemic is warranted; however, this data from
the initial 6 months may be beneficial for decision makers
when implementing future public health measures.
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tary material available at https://doi.org/10.1007/s11657-022-01132-7.
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