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ABSTRACT
Background: Non-medical switching (NMS) is defined as switching to a clinically similar but chemi-
cally distinct medication for reasons apart from lack of effectiveness, tolerability or adherence.
Objective: To update a prior systematic review evaluating the impact of NMS on outcomes.
Data sources: An updated search through 10/1/2018 in Medline and Web of Science was performed.
Study selection: We included studies evaluating ≥25 patients and measuring the impact of NMS
of drugs on ≥1 endpoint.
Data extraction: The direction of association between NMS and endpoints was classified as
negative, positive or neutral.
Data synthesis: Thirty-eight studies contributed 154 endpoints. The direction of association was
negative (n = 48; 31.2%) or neutral (n = 91; 59.1%) more often than it was positive (n = 15; 9.7%).
Stratified by endpoint type, NMS was associated with a negative impact on clinical, economic, health-
care utilization and medication-taking behavior in 26.9%,41.7%,30.3% and 75.0% of cases; with a
positive effect seen in 3.0% (resource utilization) to 14.0% (clinical) of endpoints. Of the 92 endpoints
from studies performed by the entity dictating the NMS, 88.0%were neutral or positive; whereas, only
40.3%of endpoints from studies conducted separately from the interested entity were neutral or
positive.
Conclusions: NMS was commonly associated with negative or neutral endpoints and was seldom
associated with positive ones.
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Introduction

Non-medical switching is typically defined as a change in a
patient’s medication to a clinically similar but chemically
distinct (i.e., not a bioequivalent generic) medication for
reasons apart from lack of clinical effectiveness, tolerability
or adherence [1,2]. An underlying cause of non-medical
switching involves formulary changes aimed at decreasing
the acquisition cost of prescriptionmedications. While such
practices will likely result in decreased costs of procuring
the target medication, non-medical switching has been
associated with unintended consequences [3]. A prior sys-
tematic review of 29 studies (published prior to November
2015) evaluating ambulatory patients suggested non-med-
ical switching was frequently associated with a negative
impact on clinical and economic endpoints, overall
resource utilization (not just target medication acquisition
costs) and patient adherence or persistence to their pre-
scribed medication regimens [3].

Since the publication of this prior systematic review, a
great deal of attention has been paid to the consequences
of non-medical switching by medical and patient advocate
organizations and state legislatures [4–7] and new studies/
data have been generated and published [8–18]. Both the
Cochrane Handbook for Systematic Reviews of
Interventions [19] and the methods guide for the Agency
for Healthcare Research and Quality (AHRQ) Evidence-
based Practice Center program [20] remark on the impor-
tance of updating of a systematic review as new evidence
becomes available. Therefore, we performed an update of
the prior systematic review with the aim of further evaluat-
ing current knowledge of the impact of non-medical
switching on clinical and economic endpoints, resource
utilization and medication-taking behaviors.
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Materials and methods

Preparation of this report was in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [21]. The goal of this
guideline is to facilitate the transparent reporting of
systematic reviews and meta-analyses to assess the
benefits and harms of a health-care intervention.

Search strategy

We performed an updated systematic literature search
from November 2015 (end date of prior systematic litera-
ture search) through 1 October 2018 in Medline and Web
of Science (WoS) using the same search strategy as the
prior review (Table 1). WoS was selected as a second
literature source to maximize capture of abstracts from
major medical and managed care meetings. The search
was limited to human studies in the English language
and excluded case studies, editorials and review articles.
Bibliographical database searches were augmented by
manual searches of the reference sections of relevant stu-
dies (‘backward citation tracking’) and a review of the first
500 results of a Google Scholar search.

Study selection

Two investigators screened citations and assessed eligible
studies for inclusion in duplicate with disagreement recon-
ciled through discussion and consensus. Studies were
included in this review if they were real-world studies
performed in the USA (US), included ≥25 patients and
evaluated the impact of non-medical switching of prescrip-
tion drugs on at least one endpoint of interest. For the
purposes of this review, non-medical switching was
defined as switching to a chemically distinct but clinically
similar medication for reasons other than lack of clinical
efficacy or response, adverse effects or poor adherence.
Outcomes of interest for this review included clinical

(i.e., any measure of patient health including patient satis-
faction), economic (i.e., medical or treatment costs, exclud-
ing index drug costs), resource utilization (i.e., office or
emergency room visits or hospitalizations) and medica-
tion-taking behavior (i.e., adherence, persistence or discon-
tinuation). Studies evaluating the impact of simple brand to
generic substitution, changes in dosage form or route of
administration or evaluating temporary (i.e., in-hospital)
non-medical switches were excluded.

Data abstraction

Two investigators, through use of a standardized tool,
independently abstracted all data with disagreements
resolved by discussion. The following data were sought
from each study: first author’s last name, year of publica-
tion; medication(s) switched; primary disease state; data
source; duration of follow-up; data required for validity
assessment (including whether the study was performed
by the entity responsible for/dictating the non-medical
switch; Appendix 1); funding source; whether disease sta-
bility prior to the switch was adequately demonstrated;
endpoint type (clinical, economic, health-care utilization,
medication-taking behavior); and direction and statistical
significance of association between non-medical switching
and each reported endpoint(s).

Validity assessment

The internal validity of the included studies was assessed
using an adapted version of the Newcastle–Ottawa Scale
(NOS) (Appendix 1) [22]. A total of eight items within four
domains (selection of study group, comparability of study
group, ascertainment of exposure and ‘other’) were evalu-
ated. Under the domain ‘other’, we assessed whether stu-
dies were performed separately from the entity responsible
for dictating the non-medical switch. If a study satisfactorily
met a criterion, a star (*) was assigned for that item; other-
wise a minus sign (-) was noted. Each study was assessed
by two investigators independently, with disagreements
resolved through discussion and consensus.

Data synthesis

The direction of the association between non-medical
switching and each individual endpoint identified within
included studies was classified as negative, positive or
neutral. An association was deemed ‘negative’ if the non-
medical switch reflected a worsening of the endpoint and
was statistically significant. For example, endpoints reflect-
ing decreased adherence, worsened clinical outcomes,
increased health-care utilization or increased costs were
deemed negative. ‘Positive’ associations were those in

Table 1. MEDLINE search strategy.
‘medication conversion’ OR ‘drug conversion’ OR ‘non-medical switch$’
OR ‘nonmedical switch$’ OR ‘non-consented switch$’ OR ‘therapeutic
switch$’ OR ‘therapeutic interchange’ OR ‘therapeutic substitution’ OR
‘drug substitution’ OR ‘nonmedical switcher$’ OR ‘generic switch$’ OR
‘switcher$’ OR ‘non-medical reason’) AND (‘Adherence’ OR
‘compliance’ OR ‘persistence’ OR ‘medication discontinuation’ OR
‘drug utilization’ OR ‘quality of life’ OR ‘patient satisfaction’ OR ‘drug
cost$’ OR ‘medication cost$’ OR ‘drug spending’ OR ‘medication
spending’ OR ‘drug acquisition cost$’ OR ‘medication acquisition cost
$’ OR ‘healthcare cost$’ OR ‘health care cost$’ OR ‘cost saving$’ OR
‘medical resource$’ OR ‘healthcare services’ OR ‘health care services’
OR ‘resource utilization’ OR ‘resource use’ OR ‘emergency room visit$’
OR ‘emergency department visit$’ OR ‘ER visit$’ OR ‘ED visit$’ OR
‘economic consequence$’ OR ‘clinical impact’ OR ‘disease activity’ OR
‘effectiveness’ OR ‘side effect$’ OR ‘adverse effect$’ OR ‘outcome$’ OR
‘total cost$’ OR ‘pharmacy cost$’)
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which the endpoint improved in a statistically significant
manner. For example, endpoints reflecting increased
adherence, improved clinical outcomes, decreased health-
care utilization or decreased costs were deemed positive. If
no statistically significant relationship was observed
between the switch and the endpoint, the direction of
association was deemed ‘neutral’. In all cases, the p-value
used to conclude statistical significance was based on each
study’s defined p-value. Statistical significance was not
reported for three usable endpoints from 2 studies; thus,
we independently analyzed the data to estimate a p-value
[12,23]. When studies reported overlapping endpoints (e.g.,
any hospitalization versus disease-specific hospitalization),
the most disease-specific endpoint was included. If a data-
point was reported by a study in both a continuous and
dichotomous way (e.g., hemoglobin A1c value versus
attainment of goal hemoglobin A1c [11]) the continuous
endpoint was preferentially used as it provides a higher
level of information. We did not evaluate economic end-
points that included the change in index (for non-medical
switching) medication costs in the overall analysis, but did
report these costs separately.

The overall frequency in which non-medical switch-
ing was associated with a negative, neutral or positive
impact on all endpoints was reported as percentages.
As with the prior systematic review, each included
study was classified into one of the two ‘non-medical
switching’ categories based on whether disease stability
prior to the switch was demonstrated. Category (A)
consisted of studies in which patients were demon-
strated to have stable or well-controlled disease;
whereas, Category (B) studies did not attempt to docu-
ment this. The definition of stable or well-controlled
disease varied across included studies but generally
required patients to meet objective, disease-specific
endpoints (e.g., laboratory values or vital signs) or not
requiring supplemental resource utilization (e.g., emer-
gency room visits or hospitalizations) within a defined
period prior to the non-medical switch. The frequencies
of each type of endpoint were stratified by the direction
of association, non-medical switch category (A or B) and
endpoint type. Additional stratified analyses were per-
formed to determine if there was a time trend in the
number and results of non-medical switching studies
(2015–2018, 2010–2014, 2005–2009, 2000–2004), if the
results (frequency in which endpoints were negative,
neutral or positive) varied by duration of study follow-
up (<6 months versus ≥6 months) or between studies
performed by the entity responsible for/dictating the
non-medical switch (to assess the potential for report-
ing biases). For all stratified analyses, the direction of
the association between non-medical switching and
each individual endpoint was again classified negative,

positive or neutral via the definitions utilized in the
summary of the overall results.

Results

Study characteristics

The initial search strategy yielded 3,177 citations and an
additional 14 citations were manually identified (Figure
1). After screening and full-text assessment, 38 studies
(11 studies added based on the updated search) with a
total of 260,256 patients (median: 591; range: 31–
102,076) and a median follow-up of 6 months (range:
0.5 to 18 months) were included in our review (Table 2)
[8–18,23–49]. A total of 26 studies (68.4%) were pub-
lished between 2000 and 2014, while 12 (31.6%) were
published between 2015 and 2018. A majority of stu-
dies (n = 23; 60.5%) assessed the impact of non-medical
switching in cardio-metabolic disease including hyper-
tension, hyperlipidemia or diabetes, followed by
immune-mediated conditions (n = 5; 13.2%), acid sup-
pression (n = 3; 7.9%), psychiatric disorders (n = 2; 5.3%)
and other miscellaneous other conditions (n = 5;
13.2%). The largest proportion of studies acquired
data through chart review (n = 16; 42.1%), followed
by claims (n = 9; 23.7%), claims with integrated electro-
nic health records (n = 7; 18.4%) and other methods (n
= 6; 15.8%). Twenty (52.6%) studies were externally
funded. According to non-medical switch categories A
(patients with stable/well-controlled disease) and B
(patients without documented stable/well-controlled
disease), there were 11 (28.9%) and 27 (71.1%) studies,
respectively. A total of 25 (65.8%) studies were per-
formed by the entity responsible for/dictating the
non-medical switch.

Validity assessment results

Upon validity assessment using the NOS, only 4 of the
38 studies were given a minus sign in >1 evaluated
item, suggesting a lower risk of bias in most included
studies (Appendix 2). One study in category B relied on
patient self-report for the ascertainment of the non-
medical switch and was not awarded a star for this
item [12]. Three studies (one in category A and two in
category B) were unmatched and were not given a star
for comparability of study population. Three studies (all
in category B) did not meet criteria for low risk of bias
within one of the endpoint domains because they uti-
lized either a subjective outcome and/or the duration
or completeness or follow-up were inadequate. Finally,
25 studies were not awarded a star because they were
performed by the entity dictating the non-medical
switch.
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Endpoint level results

The 38 included studies reported 154 eligible endpoints
(64 added based on updated search). The most fre-
quent outcome type was clinical (n = 93; 60.4%), fol-
lowed by resource utilization (n = 33; 21.4%), economic
(n = 24; 15.6%) and medication-taking behavior (n = 4;
2.6%) (Table 3). Nearly 40% (n = 65) of outcomes were
from studies published between 2015 and 2018. Forty-
nine (31.8%) of the endpoints came from category A
studies (i.e., those requiring patients to have stable/
well-controlled disease). Two-thirds of endpoints were
from studies that followed patients for ≥6 months (n =
97; 63.0%) and more than half were from a study per-
formed by the entity dictating the non-medical switch
(n = 92; 59.7%). Qualitatively, the direction of associa-
tion was negative (n = 48; 31.2%) or neutral (n = 91;
59.1%) more often than it was positive (n = 15; 9.7%).

When stratified by outcome type, non-medical switch-
ing was associated with a negative impact on clinical,
economic, health-care utilization and medication-taking
behavior outcomes in 26.9%, 41.7%, 30.3% and 75.0% of
cases, respectively; and a positive effect was seen in only
3.0% (resource utilization) to 14.0% (clinical) of outcomes

(Figure 2-I). Only seven studies reported index drug costs
and the effects were negative, neutral and positive in
two, one and four studies, respectively.

When analysis was restricted to category A studies
(patients with stable/well-controlled disease), 28
(57.1%) and 21 (42.9%) had a negative and neutral
direction of association (Figure 2-II). Non-medical
switching was not positively associated with any out-
come in category A studies. Most clinical outcomes had
a negative direction of association (n = 13; 72.2%). All
medication-taking behavior outcomes (n = 2; 100%),
half (n = 9) of all resource utilization outcomes and
36.4% (n = 4) of economic outcomes were negative.
Out of a total of 105 outcomes in category B (patients
without documented stable/well-controlled disease),
the direction of association was negative for 20
(19.0%) outcomes, neutral for 70 (66.7%) outcomes,
and positive for 15 (14.3%) outcomes (Figure 2-III). The
majority of clinical and resource utilization outcomes
were neutral (n = 50; 66.7% and n = 13; 86.7%, respec-
tively). Half of mediation taking behavior outcomes
(n = 1) and 46.2% (n = 6) of economic outcomes were
negative.

Figure 1. Flow Diagram of Study Selection Process*.
*”Not a study” refers to a citation that was excluded because it was not a primary literature source (e.g., review articles, editorials)
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A greater proportion of endpoints from studies pub-
lished between 2015 and 2018 were negative when
compared to outcomes from studies published before
2015 (35.4% versus 28.1%; Figure 3-I). Endpoints from
studies with a duration of follow-up ≥6 months were

also more frequently negative (35.1% versus 23.2% in
studies with <6 months of follow up; Figure 3-II). Nearly
90% of endpoints from studies performed by the entity
dictating the non-medical switch were neutral or posi-
tive; whereas, only 40.3% of endpoints from studies not
conducted by the entity mandating the switch were
neutral or positive (Figure 3-III).

Discussion

In this updated systematic review, non-medical switching
continued to be frequently associated with negative out-
comes. Less than 10% of endpoints had a positive direction
of association. Among the subset of studies including
patients with stable/well-controlled disease, non-medical
switching was most frequently associated with negative
clinical endpoints, and non-medical switching was not
positively associated with any endpoint in this subset.

Most endpoints in the present systematic review
were from studies performed by the same entity dictat-
ing/requiring the non-medical switch. Of these out-
comes, ~90% were neutral or positive, while the
majority of endpoints in studies conducted separately
from the entity dictating the non-medical switch were
negative. This suggests the possibility of reporting
biases, as studies showing an intervention are not ben-
eficial are less likely to be published. Future studies
evaluating non-medical switching should be performed
by researchers unrelated to the entities mandating the
switch to remove such potential biases.

Table 3. Overall sub-classification of outcomes.
Outcome sub-classification n (%)

Non-medical switch category
Category A (stable/well-controlled disease) 49 (31.8)
Category B (no requirement for stable/well-controlled
disease)

105 (68.2)

Type
Clinical 93 (60.4)
Economic 24 (15.6)
Resource utilization 33 (21.4)
Medication taking behavior 4 (2.6)

Disease State
Cardio-metabolic 95 (61.7)
Immune-mediated disorders 23 (14.9)
Human immunodeficiency virus 10 (6.5)
Acid suppression 9 (5.8)
Othera 17 (11.0)

Publication Year
2015-2018 65 (42.2)
2010-2014 28 (18.2)
2005-2009 19 (12.3)
2000-2004 42 (27.3)

Follow-upb

≥6 months 97 (63.0)
<6 months 56 (36.4)

Entity conducting study
Performed by entity dictating non-medical switch 92 (59.7)
Not performed by entity dictating non-medical switch 62 (40.3)

aOther included chronic obstructive pulmonary disease (n = 6), psychiatric
(n = 5), age-related macular degeneration (n = 3), hormone replacement
therapy (n = 2), pain (n = 1).

b Duration of follow-up was not reported for one outcome.

Figure 2. Direction of Outcomes in All Studies and Stratified by Non-medical Switch Categories*.

*Panel I = all studies; II = category A studies; III = category B studies
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In addition to the data from studies included in this
systematic review, surveys suggest both clinicians and
patients view non-medical switching in a negative fashion
[12,50–52]. In a survey of 569 clinicians, 77% stated that, in
their opinion, it was common for the newmedication to be
less effective after a non-medical switch [50]. Nearly one-
half of the clinicians also expressed concern regarding an
increased risk of side effects with the newmedication; with
37% of clinicians reporting the need to start a newmedica-
tion to alleviate side effects they believed to be caused by
the non-medical switch. Finally, persistence to the new
medication was also a concern, with ~44% of respondents
reporting at least one patient needing to switch back to
their original medication. A survey of 143 patients per-
formed by a special commission established by the
Massachusetts Legislature reported on patients’ impres-
sions of non-medical switching; with 70% of respondents
reporting decreased effectiveness, 86% reporting worse
side effects and 48% reporting having to try multiple med-
ications before finding an alternative that worked after a
non-medical switch [51]. Nearly all (94%) of respondents
noted they were in favor of legislation that would prohibit
insurers from financially pressuring them to switchmedica-
tions for non-medical reasons.

Non-medical switching has been addressed in gui-
dance documents and position statements by medical,

legislative and patient advocate organizations [1,2,4–
7,51,53–55]. An American Medical Association (AMA)
policy on standards for drug formularies and therapeu-
tic interchange strongly discourages non-medical
switching for ambulatory patients with chronic diseases
[1]. The AMA has also endorsed a set of prior authoriza-
tion and management reform principles [4]; which
includes a principle aimed at lessening the negative
impact that unanticipated formulary changes could
have on patients’ access to medication. This principle
states that when a medication is removed from formu-
lary after the beneficiary enrollment period is over, it
should be covered for the duration of the benefit year;
which at a minimum provides a buffer period for
patients experiencing a non-medical switch. Reports
initiated by state legislatures have also addressed non-
medical switching [5,51]. A 2018 report to the
Massachusetts Legislature by a commission formed to
study medication switching concluded that for patients
on stable medication regimens, unplanned changes can
result in harm (e.g., physical, psychological and financial
distress) [51]. Patient advocate organizations have
released position statements on non-medical switching
[6,7,53–55]. One such example, the National Diabetes
Volunteer Leadership Council, emphasized their disap-
proval of the practice of non-medical switching and has

Figure 3. Direction of Outcomes Stratified by Study Subsets.
NMS = non-medical switching panel I = Stratified by publication year; II = Stratified by follow-up*; III = Stratified by whether entity performed the
non-medical switch*Duration of follow-up was not reported for one outcome.
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called for patients with well-controlled diabetes to be
allowed to continue the medications that allow them to
achieve adequate glycemic control [53].

Though this paper reports on an update of a prior
systemic review, the present findings should not be
undervalued. Both Cochrane Collaboration and
AHRQ’s Evidence-based Practice Center Program
recommend that authors evaluate the need to update
a systematic review based on several factors, includ-
ing stakeholder impact (e.g., importance to guideline
developers or policy makers) as well as the amount
and impact of new information [19,20,56,57]. Of note,
more than 40% of the endpoint data included in our
updated systematic review were from studies pub-
lished between 2015 and 2018; meaning the updated
review added a substantial amount of new data to
the previously conducted review [3]. Moreover, the
rate of publication of studies evaluating non-medical
switching appears to be increasing; as have the num-
ber of guidance documents and position statements
on the topic [4–7,51,53–55]. This suggests the topic is
considerably important to multiple stakeholder and
decision-making groups. It is also worth noting that
endpoints evaluated from studies published between
2015 and 2018 were more frequently negative as
compared to earlier studies (i.e., 35% versus 28%).
Therefore, it seems prudent to continue to closely
monitor the literature describing the consequences
of non-medical switching.

Our systematic review has several limitations worthy of
discussion. Due to methodological characteristics of
included studies, it cannot be ruled out that some ‘neutral’
findings would have been found to be significant if study’s
internal validity were improved. For example, the median
follow-up duration (i.e., 6 months) for studies in the review
might not be long enough to capture the most important
endpoints, especially for the many cardio-metabolic con-
ditions. While decreased control of surrogate endpoints (e.
g., hemoglobin A1c, blood pressure, cholesterol levels)
might be assessable within 6 months of a non-medical
switch, the impact of switching on final health outcomes
(e.g., microvascular complications of diabetes, myocardial
infarction, stroke) would likely take >6 months to manifest
[58]. This hypothesis is further supported by the fact that
endpoints from studies with follow-up ≥6 months in our
systematic review were more frequently negative. In addi-
tion, many studies may not have been adequately pow-
ered to show statistical differences for all endpoints
assessed, and thus, would be classified as ‘neutral’. For
these reasons, additional and more rigorous research into
the impact of non-medical switching is warranted. Next,
endpoints with a large magnitude of effect received the
same weight as those with a smaller magnitude of effect,

and endpoints were not valued upon their corresponding
clinical significance. Results were not combined statistically
in a meta-analysis due to differences in the types (e.g.,
clinical, economic, resource utilization or medication-tak-
ing behavior) and definitions of endpoints; which would
be expected to result in substantial heterogeneity if stu-
dies were meta-analyzed. We were also not able to assess
endpoints in specific disease state categories, as studies
assessed a heterogeneous set of conditions resulting in
small study/endpoint numbers. Lastly, ~70% of included
studies did not provide strong clinical data to demonstrate
patients truly had stable/well-controlled disease. This lim-
itation may bias our results towards more neutral or posi-
tive outcomes.

Conclusion

Non-medical switching in ambulatory patients was com-
monly associated with either negative or neutral outcomes
and was seldom associated with positive ones. Among the
subset of studies conducted by groups that performed/
dictated the non-medical switch, outcomes were mostly
neutral and positive. For this subset of studies, the possibi-
lity of reporting bias cannot be excluded. Non-medical
switching was associated with mainly negative effects on
clinical outcomes in patients with stable/well-controlled
disease.
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Appendices

Appendix 1.

Modified Newcasttle-Ottawa Quality
Assessment Scale for Evaluation of the Impact
of Non-Medical Switching

Note: A study can be awarded a maximum of one star (*) for each
numbered item within each category for a maximum of eight
stars (*)

Selection
1) Representativeness of the ‘non-medical switch’ cohort

a) truly representative of the average patient with [disease
state] in the community *

b) somewhat representative of the average patient with
[disease state] in the community *

c) selected group of users e.g., nurses, volunteers
d) no description of the derivation of the cohort

2) Selection of the comparator/non-switch cohort (i.e.,
patients who continued therapy or patients prior to the
switch)
a) drawn from the same community as the non-medical

switch cohort *
b) drawn from a different source
c) no description of the derivation of the non-switch cohort

3) Ascertainment of non-medical switch
a) secure record (e.g., patient chart or electronic health

records) *
b) structured interview *
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c) assumed due to patient selection criteria
c) written self-report
d) no description

Comparability
1) Comparability of cohorts on the basis of the design or analysis

a) study matched non-medical switch and non-switch
patients or performs multivariable regression analyses *

Outcome
1) Assessment of outcome

a) independent blind assessment *
b) record linkage *
c) self-report
d) no description

2) Was follow-up long enough for outcomes to occur
a) yes *

3) Adequacy of follow up of cohorts
a) complete follow up – all subjects accounted for *
b) subjects lost to follow up unlikely to introduce bias – small

number lost (10%) OR description provided of those lost *

c) follow up rate <90% and no description of those lost
d) no statement

Other
1) Entity conducting study

a) Study conducted by entity not involved in the non-medical
switch (i.e., the entity did not dictate the switch)*

Appendix 2.
Modified Newcastle-Ottawa Quality
Assessment Scale Results by Non-medical
Switch Category

Studies were given a star (*) or minus sign (-) in each
domain if they were determined to have high or low qual-
ity, respectively.
NMS = non-medical switch
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Figure 1. Modified Newcastle-Ottawa Quality Assessment Scale Results by Non–medical Switch Category
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