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IMPORTANCE Evidence comparing the consequences of Choosing Wisely recommendations
across health systems or with the consequences of recommendations plus policy change
is lacking.

OBJECTIVES To compare changes in the use of 2 low-value laboratory tests after the release of
Choosing Wisely recommendations across 3 health care jurisdictions and changes associated
with a related policy change.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study was a population-based
interrupted time series of adult patients (aged 18-64 years) who had primary care visits
between January 1, 2010, and June 30, 2015, or established hypothyroidism between
January 1, 2012, and June 30, 2015, across 3 health care delivery jurisdictions: Ontario,
Canada; the US Veterans Health Administration; and the US employer-sponsored insurance
market. Data analysis was performed from March 21, 2018, to October 31, 2019.

EXPOSURES A December 2010 payment policy change that eliminated reimbursement of
vitamin D screening in Ontario, Canada, and the subsequent release of Choosing Wisely
recommendations against low-value use of vitamin D tests in February 2013 and
triiodothyronine tests in October 2013 in the United States and both tests in October 2014
in Canada.

MAIN OUTCOMES AND MEASURES Relative marginal effects (RMEs) comparing low-value
testing rates after the release of Choosing Wisely recommendations with rates expected
based on prerelease trends and the associated change in low-value vitamin D testing after
the 2010 payment policy change in Ontario, Canada.

RESULTS Of 54 223 448 total persons, 28 504 576 (52.6%) were female, with 17 895 458
persons (33.0%) aged 18 to 34 years, 11 101 985 (20.5%) aged 35 to 44 years, and 25 226 005
(46.5%) aged 45 to 64 years. The December 2010 policy eliminating reimbursement for
low-value vitamin D screening in Ontario, Canada, was associated with a 92.7% (95% CI,
92.4%-93.0%) relative reduction in such screening. Corresponding Choosing Wisely
recommendations were associated with smaller reductions: 4.5% (95% CI, 2.6%-6.3%) in
Ontario, 13.8% (95% CI, 11.8%-15.9%) for US Veterans Health Administration, and 14.0%
(95% CI, 12.8%-15.2%) for US employer-sponsored insurance. In contrast, low-value use of
triiodothyronine testing did not change significantly in Ontario, Canada (RME, 0.3%; 95% CI,
–1.4% to 2.0%) or the US Veterans Health Administration (RME, 0.7%; 95% CI, –4.7% to
6.4%) and increased (RME, 3.0%; 95% CI, 1.6%-4.4%) for US employer-sponsored insurance.

CONCLUSIONS AND RELEVANCE In this study, marginal reductions in the use of 2 low-value
laboratory tests were associated with the release of related Choosing Wisely
recommendations but a greater reduction in low-value vitamin D screening was associated
with a previous payment policy change implemented in Ontario, Canada. These findings
suggest that recommendations alone may be insufficient to significantly reduce use of
low-value services and that pairing recommendations with policy changes may be more
effective.
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N umerous cross-sectional studies have established that
low-value services, commonly defined as tests, treat-
ments, or procedures providing minimal benefit rela-

tive to cost or risks of harm,1,2 are prevalent and costly in both
the United States and internationally.3-10 However, less atten-
tion has been given to how and why the use of low-value ser-
vices changes over time and whether there are significant dif-
ferences by system or country in response to recommendations
for reducing low-value care.11-13

Studies of trends in performance of low-value services are
particularly relevant considering ongoing efforts to better align
medical evidence with practice. For example, the Choosing
Wisely initiative has partnered with medical professional so-
cieties since 2012 to develop and promote recommendations
about low-value services that should be discontinued.14,15

Choosing Wisely has since expanded to more than 20 coun-
tries, including Canada.2,16 Yet, despite increasing awareness
of this campaign,17 available evidence on the consequences of
these recommendations suggests that they are associated at
a regional or national level with modest reductions in the use
of low-value services.11,12 In contrast, changes to payers’ poli-
cies and targeted interventions in health systems have been
associated with significant reductions in the use of specific low-
value services, including population-based screening for vi-
tamin D deficiency.18-22 Given that Choosing Wisely is now
an international campaign, there is need and opportunity to
better understand how to improve the broad uptake of Choos-
ing Wisely recommendations and to assess whether some
countries and health care systems are more successful in this
objective. In particular, to what extent uptake of recommen-
dations can be enhanced through specific policy changes
or motivated by attributes of health care systems should be
assessed.

The present study addressed these challenges by longitu-
dinally examining use of low-value laboratory testing—
specifically, vitamin D screening and triiodothyronine (T3) level
testing—across 3 jurisdictions: government-funded health
coverage in Ontario, Canada (CA-Ontario); Veterans Health
Administration (VHA) coverage provided to eligible US mili-
tary veterans (US-Veterans); and the US employer-sponsored
insurance market (US-Commercial). Choosing Wisely cam-
paigns in the United States and Canada endorse recommen-
dations against both population-based vitamin D screening (be-
cause screening is not associated with improved outcomes)23-25

and T3 level testing for monitoring among patients with es-
tablished hypothyroidism (in favor of thyroid-stimulating
hormone level tests alone). Furthermore, a 2010 policy in
Ontario, Canada, consistent with the aforementioned Choos-
ing Wisely recommendations and following an earlier
recommendation from an advisory committee, eliminated re-
imbursement for population-based vitamin D screening sup-
ported by the government-sponsored health plan.26,27 How-
ever, similar payment policy changes were not implemented
in the United States for vitamin D screening or in either coun-
try for T3 level testing. By examining rates of vitamin D screen-
ing and T3 level testing, which both have contemporaneous
recommendations but only 1 with a payment policy change,
across 3 jurisdictions, we sought to help clarify how policies,

recommendations, and systems of care are associated with the
use of low-value services at regional and national levels.

Methods
Study Design and Data Sources
We conducted a retrospective cross-sectional study of admin-
istrative claims data to examine the use of low-value vitamin
D screening and T3 level testing across CA-Ontario, US-
Veterans, and US-Commercial. Specifically, we compared
low-value utilization rates of the target services among all
beneficiaries aged 18 to 64 years using population data for
CA-Ontario and US-Veterans and a large claims database for the
US-Commercial population. Use of VHA data for this study was
approved by the institutional review board of the Veterans Af-
fairs Ann Arbor Healthcare System, with a waiver of informed
consent and Health Insurance Portability and Accountability
Act authorization because of the impracticality of consenting
millions of patients and the minimal risk presented by this
study. Use of Marketscan Commercial Claims and Encounters
Research data28 was approved as not regulated by the institu-
tional review board of the University of Michigan Medical
School; and use of administrative data from Ontario, Canada
was approved under §44 of the province’s Personal Health In-
formation Protection Act, which does not require review by a
research ethics board. Data analysis was performed from March
31, 3018, to October 31, 2019.

In Ontario, Canada, medically necessary services, as
detailed in the schedule of benefits, including physician vis-
its and laboratory blood work are covered with no out-of-
pocket costs to patients under the publicly funded Ontario
Health Insurance Plan (OHIP), which is run by the provincial
government.29 The OHIP pays for primary care physician
visits by either fee-for-service or capitated payments (which
cover visits and care coordination but not diagnostic or
screening tests or procedures), whereas specialists receive
fee-for-service payment.30 For outpatient laboratory tests,
OHIP contracts with a network of community laboratories
that receive fee-for-service payments for tests performed,

Key Points
Question Did use of low-value blood tests for vitamin D and
triiodothyronine levels change after implementation of a payment
policy change or Choosing Wisely recommendations in Canada or
the United States?

Finding In this cross-sectional study of administrative claims
data, a greater reduction in low-value vitamin D screening was
associated with a payment policy change and related
recommendations in Ontario, Canada, compared with Choosing
Wisely recommendations in both Canada and the United States.
Reductions in low-value triiodothyronine level testing after
relevant recommendations were not observed.

Meaning The findings suggest that recommendations alone may
be insufficient for reducing use of low-value services at a national
or regional level.
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subject to a global cap on spending.31 For CA-Ontario, claims
for eligible outpatient care were identified from OHIP data-
bases. For US-Veterans, data were sourced from a population
of active VHA patients, defined here as those with at least 2
visits to VHA facilities in the previous 2 years. Estimates for
the US-Commercial market were based on the Marketscan
Commercial Claims and Encounters Research database,
which consists of health care claims from a national cross-
section of individuals with employer-sponsored health
insurance, including employees, spouses, and dependents.
Estimates based on Marketscan data were poststratified to
reflect the broader US employer-sponsored insurance mar-
ket in terms of age, sex, census region, and employer
relationship.28 In addition to identifying services claimed,
each database also contains demographic information,
including age, sex, and health region.

Vitamin D Screening
Population-based screening for vitamin D deficiency absent
high-risk conditions warranting aggressive monitoring and
treatment (eg, metabolic disorder, renal disease) has not been
found to be associated with improved outcomes. In February
2010, the Ontario Health Technology Advisory Committee
(OHTAC) published an evidence-based analysis and recom-
mended against testing serum vitamin D levels in average-
risk individuals.26 The OHTAC is charged with making rec-
ommendations to Health Quality Ontario, which then decides
which services should be publicly funded. As a result, the
government-sponsored health plan in Ontario, Canada, elimi-
nated reimbursement to laboratories for population-based
vitamin D screening, a policy change that resulted in labora-
tories no longer processing vitamin D screening tests and
that signaled to primary care clinicians to stop ordering the
screening tests. The change to the governing regulation was
posted and advertised in November 2010 and took effect in
December 2010.27 Subsequently, both Choosing Wisely USA
and Choosing Wisely Canada endorsed recommendations
against population-based vitamin D screening.23-25 To mea-
sure rates of low-value vitamin D screening, we identified all
claims for an outpatient primary care visit occurring between
January 1, 2010, and June 30, 2015, per jurisdiction using
procedure codes for evaluation and management visits and
similar OHIP fee codes.32,33 We excluded visits involving ben-
eficiaries with 1 or more claims containing a diagnosis code
potentially justifying vitamin D testing as appropriate (eg,
metabolic disorder, malabsorption syndrome) during the pre-
vious year. We derived exclusions from existing Ontario Min-
istry of Health policy and other guidelines,21,27 taking an
inclusive approach to construct a measure emphasizing
specificity over sensitivity in identifying low-value tests. The
most common reason for exclusion was renal disease
(eTable 1 in the Supplement). For beneficiaries with multiple
qualifying visits per month, we selected only their first visit.
Among qualifying visits, we identified those followed by a
low-value (ie, 25-hydroxy or 1,25-dihydroxy) vitamin D test
within 30 days. Rates were then expressed as the number of
qualifying visits with a subsequent vitamin D test per 100
qualifying visits in a month.

Triiodothyronine Testing
Triiodothyronine testing used for monitoring patients with es-
tablished hypothyroidism is not recommended. Recommen-
dations endorsed by both Choosing Wisely USA (October 2013)
and Choosing Wisely Canada (October 2014) affirm that use
of a more appropriate test, thyroid-stimulating hormone level,
is favored.34,35 To calculate rates of low-value T3 testing be-
tween January 1, 2012, and June 30, 2015, we identified ben-
eficiaries with established hypothyroidism during this pe-
riod. Consistent with the Chronic Conditions Data Warehouse34

definition, we reviewed up to 3 years (January 1, 2009) to iden-
tify beneficiaries with 2 or more outpatient claims or a single
inpatient claim with a hypothyroidism diagnosis. Beneficia-
ries were included in the measure denominator beginning the
month after hypothyroidism was first established and re-
mained eligible for the denominator for 3 years after each quali-
fying hypothyroidism diagnosis if they also remained eligible
for services. We expressed monthly rates of low-value T3
testing as the number of beneficiaries receiving T3 testing per
100 eligible beneficiaries with hypothyroidism.

Target Population
Our analyses began in January 1, 2010, for vitamin D and Janu-
ary 1, 2012, for T3 based on the availability of Marketscan data
used to assess rates for the US-Commercial population and the
need for a 1-year review period to establish eligibility for vita-
min D level testing and a 3-year review period for T3 tests. We
further limited our analyses to extend only through June 30,
2015, because of the October 2015 transition from Interna-
tional Classification of Diseases, Ninth Revision to Interna-
tional Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) diagnosis codes in the United
States. Although earlier adoption of ICD-10 in Ontario led us
to specify measures using both code sets, we intended to limit
the potential confounding associated with changes in diag-
nostic coding between the use of low-value testing and the re-
lease of Choosing Wisely recommendations. We summarize the
coding systems used in eTable 2 in the Supplement.

Statistical Analysis
We identified low-value vitamin D and T3 tests within each
jurisdiction and quantified these as monthly rates per 100
eligible events (ie, qualifying visits or persons at risk for the
vitamin D and T3 measures, respectively). We then indepen-
dently modeled monthly counts of each low-value test per ju-
risdiction (ie, 6 unique time series) in a multivariable quasi–
Poisson regression with the number of eligible beneficiaries
as an offset using generalized estimating equations to ac-
count for overdispersion and autocorrelation. Each model in-
cluded seasonal effects for calendar month and segmented log-
linear time trends, which were allowed to differ by strata based
on age (18-34 years, 35-44 years, 45-64 years), sex (male or
female), health region (4 per jurisdiction), and, for US-
Commercial only, relationship to employer (employee or de-
pendent). The resulting 24 total strata per time series (48 for
US-Commercial) were used to specify clusters in the general-
ized estimating equations models. Log-linear time trends were
segmented to allow assessment of changes after the release of
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Choosing Wisely recommendations in the United States (vi-
tamin D in February 2013 and T3 in October 2013) and Canada
(both October 2014), and the vitamin D policy change in Canada
(December 2010). Differential trends for 2010 were included
(post hoc) in models for the 2 US jurisdictions to improve model
fit. Generalized estimating equations model parameters and
variances were estimated using SAS, version 9.4 (SAS Insti-
tute Inc).

Primary outcomes were the relative marginal effects
(RMEs) and absolute marginal effects of the Choosing Wisely
recommendations during the postrecommendation periods
within each jurisdiction.36 The absolute marginal effects of the
recommendations are the differences between the observed
rates after exposure and those expected based on prior trends,
whereas the RMEs express these differences as a percentage
of the expected postexposure rates. Because each of these mea-
sures were aggregated across demographic strata and time, we
used the delta method to obtain SEs for constructing 95% CIs
and significance tests. For the US-Commercial population,
jurisdiction-level aggregates used poststratification weights
derived from the Medical Expenditure Panel Survey.28 The
weights are distributed with the data set and described in an
accompanying user manual.

As a secondary outcome, we compared pre- and postrec-
ommendation trends. Strata-level trends in the regression mod-
els described above capture the relative rate of change for each
low-value measure within strata. To summarize the relative rate
of change within each jurisdiction and period, we estimated
the average annual percentage change (AAPC) by first com-
puting monthly jurisdiction-level estimates using a weighted
average of model predictions, forming year-over-year rate ra-
tios for each month, averaging, and then transforming from
the ratio to percentage change scale. We also expressed juris-
diction-level trends on the absolute scale using average mar-
ginal effects. To compare pre- and postrecommendation trends,
we used ratios of estimated AAPC values, interpretable as rela-
tive risk ratios. Marginal effects, AAPC, and AAPC ratios were
computed using R, version 3.4.4 (R Foundation for Statistical
Computing). Additional details are available in the eMethods
in the Supplement.

Results
Sample Characteristics
For the vitamin D measure, we identified 363 915 220 qualify-
ing primary care visits from 50 824 135 unique individuals
between January 1, 2010, and June 30, 2015, with 7 245 271
(2.0%) visits associated with a low-value vitamin D screening
test. For the T3 measure, we examined 76 671 630 person-
months of follow-up from 3 399 313 unique patients with
hypothyroidism and identified 1 904 815 (2.2%) low-value T3
tests. Of 54 223 448 total persons, 28 504 576 (52.6%) were
female, 17 895 458 persons (33.0%) aged 18 to 34 years,
11 101 985 (20.5%) aged 35 to 44 years, and 25 226 005
(46.5%) aged 45 to 64 years. Detailed demographic informa-
tion for each jurisdiction appears in Table 1 and eTable 3 in
the Supplement.Ta
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Low-Value Vitamin D Screening Rates
In early 2010, rates of low-value vitamin D screening were simi-
lar across all 3 jurisdictions. Between January 1, 2010, and June
30, 2010, there were 2.25 (US-Veterans), 2.17 (CA-Ontario), and
2.07 (US-Commercial) low-value vitamin D screening events
for every 100 qualifying primary care visits. However, rates of
low-value screening subsequently diverged with rates of 4.36
(US-Veterans), 0.61 (CA-Ontario), and 2.40 (US-Commercial)
from 2014 to 2015. Trends are depicted in the Figure.

The large reduction observed in Ontario may have been as-
sociated with anticipation of the December 2010 payment
policy change to halt reimbursement of population-based vi-
tamin D testing. When comparing January and November 2011
with the corresponding months in 2010, this intervention was
associated with relative reductions of 92.7% (95% CI, 92.4%-
93.0%) and 67.2% (95% CI, 66.3%-68.1%), respectively. The for-
mer estimate shows changes associated with all events in 2010
leading up to the December policy change, and the latter par-
tially discounts this estimate for the effects of the earlier Feb-
ruary 2010 recommendation that would later lead to the policy
change. After this decrease, rates of low-value vitamin D screen-
ing trended upward in CA-Ontario but subsequently re-
mained below 2010 levels.

Excluding changes associated with the December 2010
policy change in Ontario, low-value use of vitamin D screen-
ing trended upward in all jurisdictions before the release of
Choosing Wisely recommendations on February 13, 2013
(United States), and October 29, 2014 (Canada) (eTable 4 in the
Supplement). However, in the postrecommendation periods,
the annual relative rates of growth decreased from 30% to 25%
for CA-Ontario, from 17% to 8% for US-Veterans, and from 6%
to −3% for US-Commercial. As a result, during the postrecom-
mendation periods, there were fewer than expected low-
value screenings in all jurisdictions: 4.5% (95% CI, 2.5%-
6.3%) fewer for CA-Ontario, 13.8% (95% CI, 11.8%-15.9%) fewer
for US-Veterans, and 14.0% (95% CI, 12.8%-15.2%) fewer for
US-Commercial (Table 2). Additional details on trends are avail-
able in eTable 4 in the Supplement.

Compared with the 92.7% reduction (2.1 fewer tests per
100 visits) in rates of low-value vitamin D screening in On-
tario associated with the December 2010 policy change elimi-
nating reimbursement for such screenings, estimated reduc-
tions associated with Choosing Wisely recommendations were
small. Although the relative rate of change slowed in CA-
Ontario and among US-Veterans, these decelerations were as-
sociated with absolute marginal effects of –0.03 (95% CI, –0.04
to –0.02) screenings per 100 visits in CA-Ontario and –0.68 (95%
CI, –0.79 to –0.56) screenings per 100 visits for US-Veterans,
with the small effect in Ontario potentially reflecting the al-
ready low baseline after the earlier payment policy change. Al-
though a small absolute decrease was observed for the
US-Commercial population, the estimated total marginal ef-
fect for the low-value screening rate was –0.41 (95% CI, –0.45
to –0.37) tests per 100 visits.

Low-Value T3 Testing Rates
Although Choosing Wisely recommendations against popu-
lation-based screening for vitamin D levels were associated

with modest reductions in the rate of growth for low-value test-
ing, comparable recommendations against T3 testing among
patients with established hypothyroidism (on October 16, 2013,
for the United States and October 29, 2014, for Canada) were
not associated with changes in CA-Ontario (RME, 0.3%; 95%
CI, –1.4% to 2.0%) or US-Veterans (RME, 0.7%; 95% CI, –4.7%
to 6.4%) and were associated with a small increase for the US-
Commercial population (RME, 3.0%; 95% CI, 1.6% to 4.4%)
(Table 2).

Discussion
In the 3 jurisdictions examined, Choosing Wisely recommen-
dations were associated with only limited reductions in use of

Figure. Trends in Low-value Vitamin D Screening and Triiodothyronin
Testing Rates Within Each Jurisdiction
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low-value vitamin D screenings and were not associated with
reduced use of low-value T3 testing. For vitamin D screen-
ings, the recommendations were associated with slowing of
trends toward increased overuse. The limited reductions as-
sociated with these recommendations alone are notable when
compared with the 93% reduction in low-value vitamin D
screening associated with the 2010 policy change and preced-
ing recommendation in Ontario. This finding is consistent with
the greater than 90% reduction associated with a similar in-
tervention in 2015 in Alberta, Canada, that required a special
requisition to test vitamin D levels.19 Moreover, although
screening rates increased slightly in Ontario after 2011, they
remained significantly lower than rates in the US jurisdic-
tions. For instance, in June 2015, screening rates in the US-
Veterans and US-Commercial populations were 6.05 times and
3.22 times higher, respectively, than in CA-Ontario. That is, if
low-value vitamin D screening rates in the United States were
the same as the highest regional rate in Ontario from 2011 to
2015, an average of 213 000 unnecessary screenings each year
could have been avoided among US veterans and 4.4 million
each year in the US-Commercial market. Perhaps recognizing
the potential savings and a responsibility toward resource stew-
ardship, at least 1 third-party US payer recently moved to elimi-
nate reimbursement for low-value vitamin D screenings.37

We also explored whether both absolute rates and change
in rates of overuse because of Choosing Wisely recommenda-
tions varied by jurisdiction or system. Although we found that
reductions in screening and testing owing to Choosing Wisely
recommendations were consistently small across jurisdic-
tions, relative rates of overuse of the 2 tests were not consis-
tent. In particular, vitamin D screening in the US-Veterans popu-
lation was higher than that in the US-Commercial population,
whereas T3 testing in the US-Veterans population was sub-
stantially lower than that in the US-Commercial or CA-
Ontario population. Previous studies have shown lower or simi-
lar rates of overuse in the VHA compared with Medicare.38-40

This lower rate of overuse is in part unsurprising because the
VHA is a capitated system and neither the VHA facilities nor
clinicians receive additional payments for performing labora-
tory tests. Under such conditions, focusing on saving re-
sources for the system as a whole, policies that restrict test or-
dering, and evidence-based clinical decision support and/or

other behavioral change interventions41 may better yield de-
sired decreases in low-value services.20,21 In addition, it is pos-
sible that the relatively high vitamin D screening rates at the
VHA are at least partly associated with the lower rates of cod-
ing of comorbidities, such as renal disease and vitamin D de-
ficiency, because of lack of financial incentives for complete
coding capture. Such undercoding would result in overesti-
mates in provision of low-value screening because patients ap-
propriately undergoing vitamin D testing would not be ex-
cluded from the denominator. We further hypothesized that
rates of low-value T3 testing were lower because of less fre-
quent use of bundled thyroid function testing in the VHA and
because the VHA has a higher proportion of males, for whom
low-value T3 testing is less common.

As shown in this analysis, changes in payment policies were
associated with broad reductions in use of low-value care. Of
note, the Affordable Care Act presently provides authority to
deny Medicare payments for medically unnecessary services.42

Moreover, financial incentives can be implemented at the sys-
tem, clinician, or patient levels.43 However, recommenda-
tions to reduce low-value services often rely on an understand-
ing of a patient’s complex clinical status, and payment policy
change may be too prohibitive to ensure needed services can
still be performed. Furthermore, payment policies are particu-
lar to the care delivery or insurance system. For example, pay-
ment policies that do not reimburse for delivered services may
work well in fee-for-service environments but are less appli-
cable in capitated systems. Therefore, to accelerate the broad
uptake of Choosing Wisely recommendations without pro-
moting underuse, promotion of implementation of effective
and diverse interventions22 tailored to both clinical and health
system context are needed as well as interventions with re-
gional or national policies or incentives that can be broadly but
safely applied by health care clinicians in a given region. In the
United States and Canada, for example, such collaborations
have begun at the state and province levels.44-46 For long-
term sustainability, the goal of such collaborations should be
not only to reduce specific instances of low-value care but also
to catalyze and sustain momentum toward a culture empha-
sizing the responsibility of health care institutions, clini-
cians, and patients to provide and seek high-value, evidence-
based care while avoiding low-value services.17,47

Table 2. Estimated Changes in Use of Low-Value Vitamin D and Triiodothyronine Testing Rates
Before and After Choosing Wisely Recommendationsa

Laboratory Test CA-Ontario US-Veterans US-Commercial
Vitamin D

Relative marginal effect, % (95% CI) −4.5 (−6.3 to −2.6) −13.8 (−15.9 to −11.8) −14.0 (−15.2 to −12.8)

Absolute total marginal effect, tests/100 (95% CI) −0.03 (−0.04 to −0.02) −0.68 (−0.79 to −0.56) −0.41 (−0.45 to −0.37)

AAPC ratio, relative RR (95% CI) 0.96 (0.94 to 0.98) 0.92 (0.91 to 0.94) 0.92 (0.91 to 0.93)

Triiodothyronine

Relative marginal effect, % (95% CI) 0.3 (−1.4 to 2.0) 0.7 (−4.7 to 6.4) 3.0 (1.6 to 4.4)

Absolute total marginal effect, tests/100 (95% CI) 0.01 (−0.04 to 0.06) 0.01 (−0.03 to 0.05) 0.08 (0.04 to 0.11)

AAPC ratio, relative RR (95% CI) 1.01 (0.99 to 1.03) 1.03 (0.99 to 1.07) 1.04 (1.03 to 1.05)

Abbreviations: AAPC, average annual percent change, RR, risk ratio.
a The 3 jurisdictions included government-funded health coverage in Ontario,

Canada (CA-Ontario); Veterans Health Administration coverage provided to

eligible US military veterans (US-Veterans); and the US employer-sponsored
insurance market (US-Commercial).
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Limitations
Our study has several limitations. Although we attempted to
create measures that were highly specific, administrative data
lack the clinical information necessary to label with com-
plete confidence individual instances of these laboratory tests
as low-value care, nor did we examine whether rates of nec-
essary testing decreased. Moreover, because we relied on ad-
ministrative data from systems with different financial incen-
tives for medical coding, we were unable to calibrate the extent
to which absolute differences between jurisdictions were as-
sociated with differences in coding vs differences in care de-
livery. Similarly, our analysis did not separate changes in test
use from potential changes in diagnostic coding associated with
recommendation or payment policy exposures.

In addition, although an interrupted time series design is
useful for assessing associations between key events and
changes in trends, it should not be interpreted as establishing
causality. In addition, we had limited data points before the
delisting of vitamin D screening tests in Ontario, and there-
fore, there may have been secular trends in low-value vita-
min D screenings before the policy change in Ontario. In par-
ticular, we saw that reductions in screening rates began in

Ontario before the December 2010 policy change, which may
have been partially associated with the February 2010 OHTAC
recommendation and the November 2010 posting that adver-
tised the upcoming change. However, it is unlikely that this
decline began before 2010 because the OHTAC analysis re-
ported a 24-fold increase in the raw number of vitamin D tests
between 2004 and 2009. Also, although we stratified by
important demographic variables, our estimated trends are
ecological rather than at the person level and should be inter-
preted accordingly.

Conclusions
In this study, marginal reductions in the use of 2 low-value labo-
ratory tests were associated with the release of related Choos-
ingWiselyrecommendationsbutagreaterreductioninlow-value
vitamin D screening was associated with a prior payment policy
change implemented in Ontario, Canada. These findings sug-
gest that recommendations alone may be insufficient to sig-
nificantly reduce use of low-value services and that pairing rec-
ommendations with policy changes may be more effective.
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