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Abstract
Objective To determine how frequently 10 low-value
services highlighted by Choosing Wisely are done and
what factors influence their provision.
Methods This is a retrospective cohort study using
routinely collected health data from five linked data sets
from 2012 to 2015 in the Canadian province of Alberta
to determine the frequency with which 10 low-value
services were provided.
Results Between 2012 and 2015, 162 143 people
(4% of all 3 814 536 adult Albertans and 5% of the 3
423 135 who saw a physician at least once in that time
frame) received at least one of the 10 low-value services,
including 29.8% of Albertans older than 75 years (57 811
of 194 068). The proportion of adults receiving low-value
services ranged from carotid artery imaging in 0.1% of
asymptomatic adults without cerebrovascular disease,
to prostate-specific antigen (PSA) testing in 55.5% of
men 75 years or older without a history of prostate
cancer. Although age, Charlson scores and frequency
of primary care visits were associated with low-value
service provision, the directions of the association differed
across services; however, higher socioeconomic status,
increased frequency of specialist contact and higher
ratio of specialists to primary care physicians in the
patient’s region were associated with an increased risk of
receiving all of the low-value services we examined. The
low-value services which resulted in the greatest costs to
the healthcare system were cervical cancer screening in
women older than 65 without history of cervical dysplasia
or genital cancer, PSA testing in men older than 75
without history of prostate cancer and preoperative stress
testing/cardiac imaging before non-cardiac surgery.
Conclusions Even within a universal coverage
healthcare system, the proportion of patients receiving
low-value services varied widely (from <0.1% to 56%).
Increased use was associated with higher socioeconomic
status, increased frequency of specialist contact and
higher ratio of specialists to primary care physicians.

may experience at least some low-value
care each year and that this accounts for
at least 3% of total healthcare spending
(although some estimates place it much
higher)7—this is likely an underestimate
as these studies did not include downstream costs arising from false-positive
tests or detection of incidentalomas.
Wide variations between regions were
demonstrated in these American studies,
and factors such as socioeconomic status,
variable healthcare coverage and variable
access to physician services were postulated as potential reasons. However, little
empirical evidence has been published
from other countries. Thus, we designed
this study to examine the provision of
low-value services in an entire Canadian
province with an integrated universal-access, free at the point of service, healthcare system.
Methods
Design

This is a retrospective cohort study using
routinely collected health data from five
linked data sets from 2012 to 2015. Of
the more than 400 examples of low-value
services described on current Choosing
Wisely lists, we examined 10 that were
included in the initial list generated by the
American Board of Internal Medicine in
2012, have also been identified on Canadian Choosing Wisely lists, were evaluated in the six US studies cited above,
and can be identified in administrative
Introduction
data using published, validated claimsChoosing Wisely (www.
choosingwisely. based algorithms. We excluded two addiorg) and the ‘Do not do’ recommendations
tional items investigated in the US studies
from the National Institute for Health
(back imaging for non-specific low back
and Care Excellence (www.nice.org.uk) pain and vitamin D testing in patients
have focused attention on low-value care,
not at risk for metabolic bone disease) as
defined as healthcare practices providing
targeted interventions were undertaken in
minimal or no benefit to recipients. Alberta to reduce the frequency of these
Studies in the USA1–6 have demonstrated
tests during the years we studied.8 9 The
that between 2% and 42% of all patients
10 services we studied represent a mix of
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tests that would be ordered by primary care physicians
or by specialists, and our case definitions and eligibility criteria are outlined in the online supplementary
eTable.
Setting

Alberta (like all Canadian provinces) has a single-payer,
government-funded healthcare system that provides
universal access to over 4.3 million people for hospital,
emergency department (ED) and physician services
that are free at the point of care. Alberta also has a
province-wide electronic health record that provides
access to all laboratory and diagnostic imaging tests
performed on Albertans within the province. This
study received ethics approval from the Health Ethics
Research Board at xxxxxxx (details blinded) with
waiver of informed consent.
Patient involvement

Patients were not involved in this research project but
are involved in various Choosing Wisely groups.
Data sources

This study used five administrative databases: (1) the
Discharge Abstract Database, which records the admission date, discharge date, most responsible diagnosis
and up to 25 other diagnoses and procedures for all
acute care hospitalisations; (2) the Ambulatory Care
Database, which records all patient visits to hospital-based physicians’ offices or EDs with coding for
up to 10 conditions; (3) the Physician Claims Database, which tracks all physician claims for services and
includes up to three diagnoses per encounter; (4) the
Laboratory and Diagnostic Imaging Databases, which
track all outpatient laboratory and imaging tests done
in Alberta; and (5) the Alberta Health Care Insurance
Registry, which includes patient postal code (permitting adjustment for neighbourhood level proxies of
socioeconomic status). Every individual in Alberta has
a unique personal health identifier, and these numbers
were used to link between data sets; only de-identified
data after linkage were available to the investigators.
Study cohort

We identified all Albertans aged 18 years or older
presenting to a healthcare provider at least once
between 2012 and 2015.
Covariates

We identified comorbidities for each patient using
the ICD-9 and ICD-10 codes from the Discharge
Abstract Database for any hospitalisations, any ED
visits and any outpatient visits in the 2 years prior to
and including the index visit. The validity of diagnoses captured in these data sets using two hits in the
outpatient/ED records and/or one hit in the Discharge
Abstract Database has been established in Alberta.10
McAlister FA, et al. BMJ Qual Saf 2018;27:340–346. doi:10.1136/bmjqs-2017-006778

Outcomes

Our primary outcome was the proportion of patients
receiving at least one of any of the 10 low-value
services during the 3 years we studied. We used the
operational case definitions employed in the US
studies, which were based on the Current Procedural
Terminology codes and patient diagnoses based on
the ICD-9 and ICD-10 codes present in all healthcare
databases (the Discharge Abstract Database, the Ambulatory Care Database and billing claims) in all three
study years (online supplementary eTable). Of note,
one of the US criteria was colorectal cancer screening
for patients older than 85 years; while we examined
that, we also evaluated the frequency of colorectal
cancer screening for patients older than 75 years, as
current Alberta guidelines only advocate screening for
patients younger than 75 years (website last accessed
9 February 2017, http://www.
topalbertadoctors.
org/
download/1009/colorectal_guideline.pdf). Cost estimates were obtained from Alberta Health Services
Data Integration Measurement and Reporting and
reflect the costs incurred by the payer (Alberta Health
Services) for each service (patients do not pay user fees
in Alberta).
Statistical analysis

In addition to reporting the frequency with which each
low-value service was provided over the three study
years, we determined the proportion of the population who would be ‘at-risk’ for that service (defined by
age and clinical status) to determine the rate that each
low-value service was provided per 1000 person years
in Alberta. We explored our data per Alberta region
(based on the patient’s home address, not the address
where service was provided) using eight a priori defined
regions (defined by Alberta Health Services independent
of this study—two large metro centres with populations
in excess of 1.2 million each, five regional centres with
catchment areas exceeding 100 000 each, and the rural
population). We used data from the College of Physicians
and Surgeons of Alberta and Alberta Health Services to
define the ratio of specialists to primary care physicians in
each region. We used the administrative billing claims to
determine the frequency (and type) of physician contacts
in the 12 months prior to the provision of each of the
low-value services. We performed multivariate logistic
regression to examine the association between provision
of each low-value service and patient age, sex (except
for low-value services that were sex-specific), Charlson
comorbidity score, region of residence, frequency and
type of physician contacts in prior 12 months, median
household income (based on the patient’s residence) and
the specialist:primary care physician ratio in each region.
SAS V.9.4 was used for all statistical analysis.
Results
Between 2012 and 2015, 162 143 people (4% of all
3 814 536 adult Albertans and 5% of the 3 423 135
341
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Table 1

Frequency of low-value services in Alberta between 1 April 2012 and 31 March 2015

Patients receiving each low-value
service (n)
1. PSA testing for men 75 or older with no
history of prostate cancer (n=55 603)
2. Routine cancer screening (breast, cervical,
colon, prostate) in dialysis patients 75 years or
older (n=211)
3. Cervical cancer screening for women over
65 with no history of cervical dysplasia or
genital cancer (n=43 855)
4. BMD testing within 2 years of prior scan
(n=31 616)
5. Hypercoagulability testing in patients with
first DVT/PE (n=744)
6. Preoperative coronary CT scan or cardiac
stress tests before non-cardiac surgery
(n=7259)
7. Colorectal cancer screening in people
75 years or older (n=3692)
7a. Colorectal cancer screening for people
85 years or older (n=137)
8. Homocysteine testing without B12 or folate
testing or history of B12/folate deficiency
(n=10 499)
9. Carotid artery imaging but without history
of stroke or TIA (n=2698)

Denominator
(number of
Albertans in
each defined
population)

Count
(per
1000
at-risk
person
years)

Rural

p Value for
comparison
across
regions

100 227

428.4

55.5

58.4

53.2

55.5

54.5

<0.001

1073

148.8

19.8

17.6

22.3

14.0

21.8

0.11

279 116

67.5

15.7

17.9

17.0

12.8

12.4

<0.001

271 854 with a
BMD test
21 311

39.6

11.6

12.8

11.3

11.0

10.2

<0.001

13.9

3.5

9.0

0.1

3.5

2.7

<0.001

Five
All of
Metro
Metro regional
Alberta Edmonton Calgary centres

698 683
undergoing
non-cardiac
surgery
218 882

4.1

1.0

0.8

0.6

2.2

1.3

<0.001

6.1

1.7

2.6

0.8

1.2

1.8

<0.001

45 577

1.1

0.3

0.5

0.1

0.1

0.4

<0.001

2 585 832

1.7

0.4

0.4

0.6

0.1

0.3

<0.001

3 162 394
adult Albertans
without history
of stroke or TIA
74 060

0.3

0.09

0.06

0.03

0.08

0.23

<0.001

1.6

0.5

0.2

0.3

0.4

1.2

<0.001

10. Carotid artery imaging for patients
with syncope but no history of stroke or TIA
(n=352)
BMD, bone mineral density; PSA, prostate-specific antigen.

who saw a physician at least once in that time frame)
received at least one of the 10 low-value services we
studied, including 29.8% of Albertans older than
75 years who saw a physician at least once (57 811
of 194 068). There was reasonably high correlation
within patients (r=0.54, p<0.0001)—in other words,
the same patients often had multiple low-value investigations done. There was also a gradient across socioeconomic quintiles, with those in the highest quintile being more likely to receive at least one of the 10
low-value services than those adults in the lowest socioeconomic quintile (5.7% vs 4.6%, p<0.0001).
Of the 10 low-value services we examined, prostate-specific antigen (PSA) testing in men 75 years
or older without a history of prostate cancer was
the most commonly done (55.5% of at-risk population tested within the three study years, and 428 tests
per 1000 person years at risk), and carotid artery
imaging in asymptomatic patients without a history
of cerebrovascular disease was least often done (0.1%
of at-risk population over the three study years, and
342

Percentage of ‘at-risk’ people receiving this low-value
care at least once in the 3 years

0.3 tests per 1000 person years at risk) (table 1). The
provision of low-value services varied significantly
across eight regions defined by postal codes (table 1),
but was not consistently higher in any one region.
This basket of low-value services accounted for
$32 186 765 in spending over the 3 years studied
(table 2). Taking into account the frequency of each
test, the size of the at-risk population and the individual
unit cost, the low-value services which resulted in the
greatest costs to the healthcare system in our province were cervical cancer screening in women older
than 65 without history of cervical dysplasia or genital
cancer ($18.1 million), PSA testing in men older than
75 without history of prostate cancer ($5.5 million)
and preoperative stress testing/cardiac imaging before
non-cardiac surgery ($5.2 million).
In our multivariable regression models, we found
that higher socioeconomic status (using our proxy of
median neighbourhood income for the patient’s residence), increased frequency of specialist contact and
higher ratio of specialists to primary care physicians in
McAlister FA, et al. BMJ Qual Saf 2018;27:340–346. doi:10.1136/bmjqs-2017-006778
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Table 2

Total cost of low-value services in Alberta between 1 April 2012 and 31 March 2015
Total number
performed

Low-value service
1. PSA testing for men 75 or older with no history of prostate cancer
2. Routine cancer screening (breast, cervical, colon, prostate) in dialysis patients 75 years or
older
3. Cervical cancer screening for women over 65 with no history of cervical dysplasia or genital
cancer
4. Bone mineral density testing within 2 years of prior scan
5. Hypercoagulability testing in patients with first DVT/PE
6. Preoperative coronary CT scan or cardiac stress tests before non-cardiac surgery
7. Colorectal cancer screening in people 75 years or older
7a. Colorectal cancer screening for people 85 years or older
8. Homocysteine testing without B12 or folate testing or history of B12/folate deficiency
9. Carotid artery imaging but without history of stroke or TIA
10. Carotid artery imaging for patients with syncope but no history of stroke or TIA
PSA, prostate-specific antigen.

the patient’s region were associated with an increased
risk of receiving the low-value services we examined.
In table 3 we present the results for the two services
accounting for the greatest costs to the Alberta Healthcare system (PSA testing and cervical cancer screening)
and the two services with frequencies which differed
the most between regions (overly frequent bone mineral
density (BMD) testing and carotid artery imaging).
While some low-value services (such as PSA testing
in elderly men or cervical cancer screening in elderly
women) were less common in older patients, those
with higher Charlson scores or those who saw their
primary care physician more often, other low-value
services (too frequent BMD testing or asymptomatic
carotid artery imaging) were more commonly done
Table 3

Cost per test ($)

Total cost ($)

128 818
479

43
284

5 539 174
136 036

56 512

320

18 083 840

32 242
887
8849
4035
147
13 546
2946
361

75
41
586
669
669
31
345
345

2 418 150
36 367
5 185 514
269 415
98 343
419 926
1 016 370
124 545

in these same patients. As expected, higher Charlson
scores were correlated with increased frequency of
physician visits (r=0.44, p<0.001).
Discussion
We found that a basket of 10 low-value services
(chosen because they have been studied in USA settings
and represent a mix of services within the purview of
primary care or specialist physicians) were frequently
provided in our province, with substantial variation
between tests and regions but without a consistent
pattern of overuse in patient subgroups defined by
age or comorbidity burdens. However, higher socioeconomic status, increased frequency of specialist
contact and higher ratio of specialists to primary care

Multivariate logistic regression of low-value services in Alberta between 1 April 2012 and 31 March 2015
Cervical cancer screening
for women over 65 with
Bone mineral density
PSA testing for men 75 no history of cervical
testing within 2 years
or older with no history dysplasia or genital
of prior scan
cancer
of prostate cancer

Age
Male sex

aOR
95% CI
0.95
0.95 to 0.96
No referent

aOR
95% CI
0.86
0.86 to 0.86
Not applicable

Charlson score

0.88
0.86
0.87 to 0.88
0.85 to 0.87
Median neighbourhood income
1.18
1.46
(highest quartile vs lowest quartile) 1.13 to 1.23
1.42 to 1.51
Total number of primary care
0.99
0.995
physician contacts in prior 1 year
0.99 to 0.99
0.994 to 0.997
Total number of specialist contacts 1.003
1.004
in prior year
1.002 to 1.004
1.003 to 1.005
Specialist/Primary care ratio in
7.79
2.51
patient’s region of residence
5.127 to 11.29
1.87 to 3.36
aOR, adjusted OR; PSA, prostate-specific antigen; TIA, transient ischaemic attack.
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aOR
95% CI
1.02
1.02 to 1.02
0.40
0.38 to 0.42
1.02
1.01 to 1.03
1.14
1.10 to 1.19
1.008
1.007 to 1.010
1.006
1.005 to 1.007
3.95
2.87 to 5.44

Carotid artery imaging
but without history of
stroke or TIA
aOR
95% CI
1.01
1.01 to 1.01
1.06
0.97 to 1.14
1.07
1.04 to 1.10
1.30
1.15 to 1.47
1.006
1.003 to 1.010
1.005
1.003 to 1.008
1.22
0.71 to 1.79
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physicians in the patient’s home region were all associated with an increased risk of receiving these low-value
services in Alberta. Although our finding that 5% of
adults who had seen a physician at least once received
low-value care seems lower than the 8%6 to 11%5
reported in the USA, we only examined 10 services
(compared with 165 and 286 in the US studies). Our
finding that low-value care was provided at least once
to 30% of Albertans over age 75 mirrors reports from
the USA of 25%–42% in Medicare beneficiaries—
again we only examine 10 services while the Medicare
studies included another 16 services, which we could
not reliably extract from administrative records.2 3
Five of the low-value services we examined (PSA
screening, asymptomatic carotid artery screening, too
frequent BMD testing, cancer screening in elderly dialysis patients and hypercoagulability testing after first
venous thromboembolic event) were done substantially more often in Alberta than in the USA, and
three (colon cancer screening in the elderly, carotid
artery imaging after syncope and homocysteine testing
for cardiovascular screening) were less frequently
performed.2 It is interesting to note that both highcost and low-cost services are in the higher-than-USfrequency and the lower-than-US-frequency groups.
Despite being done within a universal healthcare
system with no financial barriers to care, our findings
mirror studies from the USA demonstrating substantial
variation across regions in frequency of low-value care
and high correlation within patients (same patients
getting multiple low-value investigations or therapies).2 11–13 Although we were not able to examine
provider factors, American studies have reported high
correlation within physicians (same physician ordering
same low-value investigations or therapies for multiple
patients independent of patient factors).2 11–13 While
American studies have suggested that low-value care
is more commonly provided in areas with higher
specialist to primary care ratios, these areas also
had higher per capita healthcare spending, reduced
access to primary care and lower physician concentrations.1 3 12 Thus, our data extend those findings by
demonstrating a similar association within a universal
healthcare system with no financial barriers to care on
the patient side or financial incentives to order tests
on the provider side. Akin to data from the USA,6 we
found that low-value services were more commonly
provided to more advantaged individuals, despite
Alberta having a universal-access, no-user-fee healthcare system.
Although none of the low-value services we investigated cause direct harm, they may indirectly confer
harm by initiating a diagnostic cascade that will lead to
excess costs and may carry risk if false-positives lead to
provision of unnecessary therapy. An analysis of 135
Choosing Wisely recommendations revealed that for
40% increased costs were cited as the reason for inclusion on the list, while 49% were included because they
344

were felt to potentially increase risk for patients.14
Others15–18 have pointed out that Choosing Wisely
lists generally have not, at least to this point in time,
focused on commonly used high-cost procedures, and
certainly we found that some of the Choosing Wisely
items were infrequently done (such as homocysteine
testing for cardiovascular screening or carotid imaging
for asymptomatic patients). Thus, one may well question why these tests even need to be listed by Choosing
Wisely, or should organisations be instead highlighting
more commonly ordered services?
Choosing Wisely initially focused on encouraging
conversations between patients (informed by educational materials created by Consumer Reports) and
their physicians, but we clearly need to move beyond
that to a new era of active interventions. A recent
study4 reported that only two of seven low-value
services declined (and only marginally) after the
launch of Choosing Wisely, leaving a ‘persistent
disconnect between publicizing examples of waste
and achieving value-based care in practice’.19 A
recent analysis from the English National Health
Service demonstrated that despite an explicit focus on
reducing six operative procedures deemed low-value,
only the three lowest cost procedures were significantly reduced.20 The quality improvement literature
is rife with studies demonstrating practice variations
and evaluating various knowledge translation strategies to modify physician behaviour, but most have
focused on enhancing the adoption of new interventions into healthcare and very few have addressed
de-implementation or abandonment of interventions
shown to be harmful or to have poor cost-effectiveness
ratios.21 22 It has long been known that passive knowledge transfer strategies, such as creating and disseminating clinical practice guidelines (or, in the context
of this study, Choosing Wisely lists), have little or no
effect on clinical practice and that active and multifaceted knowledge implementation strategies are needed
to change practice, although the effects are often
modest.21 23 Moreover, despite concerns otherwise, it
does not appear that patient demands or preferences
are a major driver of low-value service provision nor
an obstacle to reducing low-value service usage,3 24 and
the assumption that patients derive reassurance from
normal test results is not necessarily true.25
Limitations

Although we used literature-based definitions for
claims-based measures of low-value care, validation
against a gold standard of clinical appropriateness is
needed to make definitive statements about whether
a test/procedure/therapy is indicated or not as this
depends on the clinical context. Indeed, we would not
want to see a 0% rate of low-value service provision as
this would mean that sometimes these investigations
or therapies are not being provided when they would
likely be appropriate. In this context, it is worth noting
McAlister FA, et al. BMJ Qual Saf 2018;27:340–346. doi:10.1136/bmjqs-2017-006778
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that rates of low-value care do not need to be risk-adjusted since by definition they are unlikely to yield
clinical value for any patient.
We likely undercaptured screening tests since we
were using administrative claims data rather than actual
clinical encounter data (such as an electronic medical
record)—chart audits comparing actual screening rates
with those captured in administrative claims confirmed
that for some screening tests (such as cervical cancer
screening), the undercapture rate in Alberta may be
as high as 30% (C Cook, PhD, Director of Evaluation
for Chinook Primary Care Network, Alberta Health
Services, personal communication, 2016). Of note,
this rate is actually lower than a report from the USA,
where up to 40% of patients received laboratory and
imaging services outside their home health maintenance organisation (and thus not captured in its electronic records).23 However, the direction of this bias
serves to strengthen our findings since it would have
led to an underestimate of the prevalence of low-value
care. We were unable to examine the frequency for
all 400+ items on the Choosing Wisely lists as many
cannot be determined from administrative data.26
Conclusion
While much of the literature exploring the frequency
of low-value care has been done in the USA, our
study proves that the issue is just as relevant in integrated single-payer healthcare systems with universal
coverage/access such as the Canadian province of
Alberta. Although the measures we chose to examine
only represent a small proportion of all potential
low-value services, they do touch on multiple clinical areas. As recently pointed out by Newton and
colleagues,27 92% of national clinical performance
measures for outpatient care focus on underuse,
thereby ‘fostering a culture of more is better and
inadvertently encouraging overuse’. We believe that
illustrating the extent to which low-value services are
provided even in an integrated healthcare delivery
system with universal coverage/access and no user
charges at the point of care is a first step. Akin to
studies in the USA, we found that higher socioeconomic status, increased frequency of specialist contact
and a higher ratio of specialists to primary care physicians in regions were associated with an increased
risk of receiving the low-value services we examined,
while the associations with age, Charlson scores and
frequency of primary care visits were inconsistent.
Future studies need to develop performance measures
and explore active knowledge translation interventions to promote deintensification in some areas of
medicine.28
Median neighbourhood income was calculated using
each patient’s home postal code. The specialist/primary
care ratio is a continuous variable provided by Alberta
Health Services for each region studied—we assigned
this to each patient based on their home postal code.
McAlister FA, et al. BMJ Qual Saf 2018;27:340–346. doi:10.1136/bmjqs-2017-006778
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