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ABSTRACT

Objective To categorise patient-reported outcome
measures (PROMs) into their propensity to detect
intentional and/or unintentional non-adherence to
medication, and synthesise their psychometric properties.
Design Systematic review and regression analysis.
Eligibility Medication adherence levels studied at
primary, secondary and tertiary care settings. Self-reported
measures with scoring methods were included. Studies
without proxy measures were excluded.

Data sources Using detailed searches with key
concepts including questionnaires, reliability and validity,
and restricted to English, MEDLINE, EMBASE, CINAHL,
International Pharmaceutical Abstracts, and Cochrane
Library were searched until 01 March 2022. Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses 2020 (PRISMA-2020) checklist was used.

Data analysis Risk of bias was assessed via COnsensus-
based Standards for the selection of health Measurement
INstruments (COSMIN-2018) guidelines. Narrative
synthesis aided by graphical figures and statistical
analyses.

Outcome measures Process domains [behaviour (e.g.,
self-efficacy), barrier (e.g., impaired dexterity) or belief
(e.g., perception)], and overall outcome domains of either
intentional (I), unintentional (Ul), or mixed non-adherence.
Results Paper summarises evidence from 59 studies of
PROMs, validated among patients aged 18-88 years in
America, the United Kingdom, Europe, Middle East, and
Australasia. PROMs detected outcome domains: intentional
non-adherence, n=44 (I=491 criterion items), mixed
intentionality, n=13 (I=79/UI=50), and unintentional, n=2
(UI=5). Process domains detected include belief (383
criterion items), barrier (192) and behaviour (165). Criterion
validity assessment used proxy measures (biomarkers,
e-monitors), and scoring was ordinal, dichotomised, or
used Visual Analogue Scale. Heterogeneity was revealed
across psychometric properties (consistency, construct,
reliability, discrimination ability). Intentionality correlated
positively with negative beliefs (r(57)=0.88) and barriers
(r(57)=0.59). For every belief or barrier criterion-item,
PROMs’ aptitude to detect intentional non-adherence
increased by B=0.79 and 3=0.34 units, respectively
(R?=0.94). Primary care versus specialised care predicted
intentional non-adherence (OR 1.9; CI 1.01 to 2.66).
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= While the processes leading to the final classifica-
tion can be subjected to individual interpretation of
the items’ construct and consequences to treatment
default, the twofold approach to first, classify ev-
ery PROM item, and second, to classify the overall
PROMs into outcome domains depending on the
dominance of item type, demonstrated good inter-
rater reliability.

= Using regression analysis of process and outcome
domains, some insights were gained on the rea-
sons for non-adherence. However, for future stud-
ies, further analysis with greater sample sizes are
recommended.

= The process domains of behaviour (habitual), barrier
(tangible impediment), or belief (mindset) were not
only difficult to assess by means of self-reported
outcome measures, but were also revealed as the
real challenges to fostering adherence.

= While we had juxtaposed scores against proxy mea-
sures, as with any self-reported data, limitations
existed with the accuracy of recall and fair reporting
of events.

Conclusions Ten PROMs had adequate psychometric
properties. Of the ten, eight PROMs were able to detect
total, and two PROMs were able to detect partial
intentionality to medication default. Fortification of
patients’ knowledge and iliness perception, as opposed to
daily reminders alone, is most imperative at primary care
levels.

INTRODUCTION

The act of taking medication is deemed fitting
when it is done in accordance to instructions
given by healthcare professionals. In general,
the patient is instructed to take an accurate
dose, at a predetermined time interval. Poor
medication adherence poses a serious and
expensive challenge to patients and health-
care systems. The Centers for Disease Control
estimated that each year, the death of 125,000
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persons in the USA alone was caused by treatment failure
for chronic diseases and default in taking prescribed
medications regularly and accurately. In addition, $300
billion USD (approx. £228 billion) was spent on hospital-
isation, emergency admissions and clinic visits."

Intentional and unintentional non-adherence are
usually distinguished by patients’ medication-taking
conduct, which is influenced by, firstly, processes such as
pre-emptive thoughts or behavioural aspects, which even-
tually lead the patients to take their medication (e.g.,
to get better, habitual, or due to medication stock avail-
ability). Secondly, medication-taking conduct is distin-
guished by the outcome or action, i.e., patient ended
up forgetting, skipping a dose, changing the amount, or
delaying the time at which a medication should be taken,
or did not take medication on purpose.” As the nature of
instructions for medication-taking is often complex and
varied depending on an individual’s pre-existing medical
conditions and concomitant medications, the criteria
for adherence assessment are also subjective. Ideally,
an adherence measure is developed to detect common
predictors that may influence adherence for a diseased
population.

Existing measures have commonly explored forgetful-
ness as an obstacle to adherence and subsequently iden-
tified instances where forgetting may be more frequent,
such as, when away from home, during weekends, or
when travelling for work.” Intuitively, many measures
also explored psychosocial aspects, such as, attitudes and
perceptions associated with belief (e.g., their medica-
tion is not working, they do not need to take ‘too much
of” the medication). Nevertheless, users have critiqued
that although such patient-administered questionnaires
addressed specific obstacles to medication adherence,
they were disease-specific, and hence had limited use in
the general clinical care setting.* In addition, the vulner-
able older adults, who most require the assessment, were
often excluded from the surveys as they presented with
visual or cognitive impairment, and could not communi-
cate effectively.

Several self-reported adherence measures, such as the
Morisky scale,” were established to screen for the possi-
bility of missed doses or timings, and have been widely
incorporated in clinical practice because of their ease
of use. However, measures that assess only the instances
of non-adherence offer little insights into the myriad of
possibilities contributing to such misconduct, such as, the
lack of motivation or specific difficulties encountered that
could impact one’s adherence.® To the best of our knowl-
edge, this is the first systematic review that characterises
patientreported outcome measures (PROMs) of medi-
cation non-adherence, and distinguishes between inten-
tional and unintentional causes. For the purpose of this
review, intentional non-adherence is defined as instances
when a patient is in a conscious and aware state of mind,
and subsequently decides against following the recom-
mendations of healthcare professionals.” The patient
is mindful of his or her decision, and had consciously

weighed the pros and cons of adhering to treatment.
Unintentional or sporadic non-adherence, in contrast to
intentional causes, is consequential to a passive process
i.e., unlikely associated with one' s implicit judgement.”
Patients can unintentionally non-adhere to their medica-
tion, i.e., when forgetful, careless, or have limited physical
dexterity.

The aim of the systematic review was to critically appraise
and synthesise PROMs in order to categorise their data
into intentional and unintentional non-adherence to
medication for chronic illnesses. The scope of this review
is threefold: first, to establish studies where the level of
non-adherence to medication was scored using validated
and published self-reported measures (where adherence
was reported, the scoring was reversed); second, to cate-
gorise each of the measure’s items/criteria (adherence
related) to one of the three process domains: behaviour,
barrier or belief, and to one of the three outcome domains:
intentional, unintentional, or mixed; third, to categorise
every measure into intentional, unintentional or mixed,
based on the dominance or leading domain of its crite-
rion item.

The term, ‘medication-taking conduct’ shall be used
henceforth, and is defined as whether or not a patient is
capable of taking medication in a manner judged to be
congruent with the governing norms.

METHODS

Design

This review was developed and reported considering the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 (PRISMA-2020) checklist’ (check-
list in online supplemental appendices 1 and 2) and in
accordance with the COnsensus-based Standards for
the selection of health Measurement INstruments 2018
(COSMIN-2018) guideline for systematic reviews of
PROMs'’ (see section on assessment of methodological
quality). The protocol for this systematic review is avail-
able at https://doi.org/10.5061/dryad.8cz8w9gsq.

Search strategy

The search strategy was aimed at retrieving articles
published in the English language, on validated patient-
reported outcomes, which were direct reports from
patients about their medication-adherence status. Grey
literature was excluded from the search criteria. The
following databases were searched from January 1980
until 1 March 2022: MEDLINE (EBSCO), EMBASE
(EBSCO), CINAHL (EBSCO), International Pharma-
ceutical Abstracts (EBSCO) and the Cochrane Library.
We combined three groups of keywords: those relating
to patientreported outcomes (e.g., self-report$, patient-
report$), those relating to conformity towards instruc-
tions pertaining to medication taking (e.g., complian$,
adheren$, non-adheren$, poor adherence) and those
relating to psychometric measures of adherence (e.g.,
validity, reliability, construct, instrument). The full
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strategy is available in online supplemental appendix 3.
In the MEDLINE query strings, for example, we used
free texts and keywords, and expanded the medical
subject headings terms. The search terms included in the
search strategy were agreed by two experts in the field of
chronic illnesses (clinician) and COSMIN psychometric
properties (biostatistician). The sensitivity search filter
developed by Terwee et al'' was adapted and used on all
the databases. All selected records were uploaded and
managed within EndNote X20 (Clarivate Analytics, Phila-
delphia, PA, USA).

Eligibility

Initially, the items for each measure were generated and
content validity assessed. The research must measure
what it claims to have measured, i.e., the construct of
each measure must be valid for the data to be valid.
Subsequently, the scale was constructed, the questions
pretested, survey administered, number of items reduced
and the number of factors the scale captured was studied.
During the evaluation phase of the scale, the number of
dimensions, reliability and validity were assessed.

We report on the types of validity measured in the
quantitative studies. For example, whilst one study
described the process of developing the measure’s scale,
other studies assessed the reliability and validity in various
settings. In such cases where several studies used the same
PROM, attempts were made to select the study in which
the PROM was first featured or developed and validated.

Additionally, the following criteria were considered:

Inclusion criteria

1. Articles describing patientreported and validated
medication non-adherence measures development
and/or validation.

2. Each item/criterion/subscale of a measure is guided
by a statement or close-ended question. If the question
is open-ended, the response is dichotomised.

3. At least two psychometric properties (reliability and/
or validity) were assessed.

4. Included a proxy measure (employed a direct or in-
direct method to correlate adherence level with that
evaluated by the measure).

Exclusion criteria

1. Articles where the scoring method or criteria for dis-
tinguishing the level or type of non/adherence could
not be sourced.

2. Studies published only as abstracts or protocols.

3. PROMs’ items consisting of open-ended questions
which were without a method of rating or scoring the
adherence measure. This is because without the spec-
ification for scoring (for example, an answer of ‘yes’
carried one mark, towards the sum score), an overall
assessment of adherence, i.e., poor, moderate or good,
could not be performed.

4. Translation from an original English version into a dif-
ferent language.

All titles and abstracts were independently screened
by two reviewers, MLF and KMS. To identify relevant
papers, the reference lists for articles that met the inclu-
sion criteria were then reviewed. The reviewers were
trained and a pilot with 30 papers was performed to
guarantee an inter-reviewer agreement (until a kappa
score of >0.75 was attained). Reasons for exclusions
at the full-text screening process were recorded and
discrepancies at any stage were resolved through discus-
sions or a third reviewer consulted (KAMI) to reach a
consensus.

A PRISMA flow chart summarises the process of selec-
tion (figure 1).

Data extraction and tabulation

Two reviewers (MLF and KMS) independently extracted

the following data, where available, from the included

articles:

» General characteristics of the study setting (year of
publication, age, country).

» Characteristics of disease or condition: disease or
condition studied, characteristics of the diseased
respondents.

» PROMS’ characteristics: methods of administration,
availability of electronic administration, response
scale, domains, scoring, number and type of items,
proxy measures of adherence (indirect and direct
methods).

» Quality assessment of the psychometric properties
of the PROMs (statuses on reliability and validity of
measure,/instrument).

Data from each study were tabulated using a stand-
ardised and pretested Word data collection form which
was used for the purpose of achieving reliable inter-rater
scores (online supplemental appendix 4). The corre-
sponding author of the included articles was contacted
via email for clarification or to request for additional
information on any missing or unclear data. For the
purpose of reporting, all terms related to adherence,
such as compliance and concordance, were standardised
and reported as adherence.

Data synthesis and analyses

Eligibility criteria

» Characteristics of participants: patients with chronic
diseases and/or require drug therapy, including but
not limited to recipients of renal transplants.

» Characteristics of the proxy measures: used another
direct (e.g., biomarkers) or indirect (e.g., pill count,
electronic monitors) method in addition to adminis-
tering the PROM.

» Characteristics of the criterion items: statements,
open or close-ended questions that can be binary
coded, for example, medium and high adherence
(adherent) versus low adherence (non-adherent).

» Characteristics of the process: analyses of primary
data and coded into ‘behaviour’, ‘barrier’ or ‘belief’.
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Figure 1

» Characteristics of the outcome: analyses of primary
data and coded into ‘intentional (I)’, ‘unintentional
(UI)’ or ‘mixed (I/UI)’ non-adherence.

ltem classification (binning)
Items within outcomes and process domains were classi-
fied as follows:

(I) Outcome domains: intentional, unintentional
or not reported, and (2) process domains: behaviour,
barrier or belief.

Guided by the Medication Adherence Model® and
the Health Belief Model," items which were phrased to
incorporate an objective reasoning or a predetermined
consequence of a medication-taking decision were classi-
fied as intentional. An example of an item is, ‘Did you take
less than the amount prescribed when you started to feel
an unpleasant side effect?’

We classified items as behaviour when the medication-
taking conduct was attributed to one’s own respon-
sibility. Where instructions on timings, doses and
frequencies are adhered to, this behaviour was habitual
and reflected self-efficacy, self-management skills, moti-
vation, social support and discipline. An example of an
item is, ‘I was careful not to miss a dose’. A tangible
barrier comprised items addressing physical or practical

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for the systematic review.
CINAHL, Cumulative Index to Nursing and Allied Health Literature.

aspects, for example, impaired manual dexterity,
visual impairment, holidays, weekends, storage issues,
prescription refills, cost and difficulty remembering,
i.e., forgetting. Belief comprised items driving implicit
judgements of the treatment or necessity beliefs—
for example, perceptions, past negative experiences,
knowledge on dosing, not taking when feeling better
or taking only when feeling worse, trust and confidence
in healthcare providers or the system. Online supple-
mental appendix 5 enlists the methods used to classify
the PROMs’ items.

To ensure that the binning process was exhaustive,
two independent reviewers (MLF and KMS) evaluated
every PROM item for possible inclusion into any one
of the three outcome and process domain catego-
ries depending on the nature of each criterion. The
supplemental questions to the index question, for
example, subquestions which explored reasons for
‘Did you forget to take your medication?’, such as ‘Did
you forget to take when on holiday?—intentional (1)’
were identified as an additional item, which was then
assigned to a domain.

In the final data synthesis, MLF and KMS inde-
pendently assigned each PROM an overall category
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of either intentional (I), mixed of intentional and unin-
tentional (1/UI) or wunintentional (UI) depending on
the coded items’ dominant or leading domain. Items
of studies which aimed at measuring adherence (vs
non-adherence) were reverse worded and scored. Any
discrepancies were resolved via discussions or via a
third reviewer (KAMI).

Assessment of methodological quality

MLF and KMS performed the quality assessment of the
psychometric properties of the PROMs independently
using the COSMIN guidelines.'” Each PROM’s develop-
ment and its nine psychometric properties were assessed
as ‘doubtful’, ‘inadequate’, ‘adequate’, ‘good’ or ‘very
good’. In addition, we used Terwee et als'' psychometric
quality criteria to assess and rate each criterion as ‘posi-
tive (+),” ‘indeterminate (?)’ or ‘negative (-)’. In this
review, we included PROMs which assessed and described
a minimum of two psychometric properties.

Patient and public involvement
Patients or the public were not contacted nor involved in
this study.

Statistical analyses

Kolmogorov-Smirnov test was used to test normality
and subsequently the Spearman rank correlation was
used to assess the correlation between outcome domain
variables and process domains. Associations between
measures’ increased intentionality (dependent vari-
able) and their increasing behaviour or barrier or
belief criterion items (independent variables) were
studied in regression analyses. Type of patient care
(dichotomous variable—primary care vs specialised
care) was included in a logistic regression model, while
the number of behaviour, barrier or belief criterion
items (continuous variables) was included in linear
regression models. Regression models were adjusted
for age. Results from the logistic and linear regression
analyses are presented as an OR and standardised beta
coefficients (B) with 95% Cls, respectively. The level of
statistical significance was set at p<0.05. The statistical
analysis was performed with SPSS (version 24, SPSS
Inc., Chicago, 147 IL, USA).

RESULTS

Search results and study characteristics

In total, 31,960 articles were retrieved from the five
databases (figure 1). After removing duplicates, a
further 28,600 articles were excluded based on the
titles and abstracts (online supplemental appendix
6). Six hundred twenty relevant articles were iden-
tified from the reference lists. Hence, 3660 articles
remained for full-text review. These articles were scru-
tinised against the paper’s inclusion and exclusion
criteria. At this stage, 3601 articles were eliminated.
In the span of four decades, i.e., from January 1980

through to March 2022, a total of 59 PROMs relevant
to adherence were extracted—one from each of the
remaining articles (n=59).

In instances where a number of studies utilised the
same PROM, subsequent reporting for that PROM
was based on the initial study in which the measure
first appeared. As for methodological quality, the
studies fulfilled the inclusion criteria of adequate
description of at least two psychometric properties,
for example, its content, construct, structural validity
and/or reliability. Criterion validity was achieved
by all included studies. This is because studies on
PROMs that were juxtaposed against another stan-
dard or proxy measure were included, which meant
that the studies included presented a correlate, i.e.,
a corresponding indirect or direct method employed
in parallel with the PROMs to assess adherence. For
instance, the pill count method, using an additional
PROM, or data mining from medication possession
ratio or from a medication events monitoring system,
or direct measurements of biomarker plasma levels
were undertaken.

The studies were conducted across regions of North
and South America, Europe, Australasia, and in 16
countries, i.e., the USA (24), the United Kingdom (8),
Canada (4), France (3), the Netherlands (3), Spain
(3), Malaysia (2), Australia (2), China (1), Brazil (2),
Hungary (1), Switzerland (2), Belgium (1), Germany
(1), Romania (1) and Turkey (1). The respondents’
ages ranged from 18 to 88 years. The respondents
included organ transplant recipients or patients
receiving specified treatments for chronic conditions
such as retroviral or cardiovascular diseases, kidney
and endocrine disorders, ophthalmic conditions,
gout, psychiatric illnesses or oncology. They were
attending doctor appointments either at their general
practice, or within secondary or tertiary care settings,
or visiting primary healthcare facilities (community
pharmacies, optometry services). Additionally, several
patients were admitted from the emergency depart-
ments or hospitalised after surgery.

Evidence synthesis

Many of the PROMs were predominantly intentional
followed by mixed intentionality and unintentional.
These 59 PROMs yielded a total of 740 items/criteria
that were related to adherence. Of those items, 572
were intentional in nature, 90 were unintentional and
78 did not report. Tables 1-3 depict the process and
outcome domains assigned to individual criterion
items, as well as the overall categorisation of each
measure.

Outcome measures

Each measure or instrument was grouped into one
of the three PROMs of non-adherence categories:
table 1-intentional, I (n=44 of 59 instruments)’ ® *5%;

or table 2—mixed, 1/UI (n=13 of 59 instruments)55_67; or

Fahrni ML, et al. BMJ Open 2022;12:057868. doi:10.1136/bmjopen-2021-057868


https://dx.doi.org/10.1136/bmjopen-2021-057868
https://dx.doi.org/10.1136/bmjopen-2021-057868

Open access

panuiuo)

$)00|q [BIONOS
Buyiem Jo Buiaup
‘Buipea) se yons 1Ay
uo jJoedw| pue s}osye
opls umouy ,sbnip

uolyeoIpaW 8y}
Ynm uonoesies jualyed

(uonoeysiyes

suiebe pesodexnr (sheme pue skemje pue Jeoueldwoo Yopaq buijesy usym
(es-€€ 1sowle ‘Ajlensn=| pue uolyedIpeW “JOOHH/ paddoss -2) jolleg
obuel) y'gg :obe ues|N 86°0-¢."0=eydfe uayo Aplej=g ‘sawl} Moy 7@y ul suoieywl| pue ‘(ssajeie0 -|) Jnoineyeg alleuuonsanp
uoisuapadAy Jeinoo syoequol) <«  e=g ‘Ajpsel=p ‘esop Aue S}08Y0 OpIS PLINSEs ‘(Bumebioy - |) JoLueg (T0LNOD) ANligeas|o] 4o}
Jo ewoone|b s|bue ADUS]SISUOD [BUJIOIUI  SSIW JOU PIP |=G SI9YM) 9oualeype Jaybiy=(g 9oualeype :@0ualeype suoledIps dlweyydo 9, VSN
-uedo yum syusiied < 1U9||90X9-0}-PO0L) 9|eos uayI wiod-g pUE 1) $0100S JoUBIH  possesse sWel gL JO i uo suonsenb | =papodai jou ‘g=| Jo uosuedwo) ey /661 ‘[e 10 Joqueg ¥
[Juoseal Aue
suoissiwpe Aousblowe Jo} uoleoIpaw ainssaid
pue sjuswaInseaw poojq ybiy JnoA Buixey
ainssaid poojq SSs|w Jane noA oq, (es1om/1en9q Buljesy
Jsuiebe pesodexnr :uopsenb UiG 8y peppy < usym suoljeoipaw
dnoub jusiaype aiow uofisenb Yy [euiblio ayy Buiddoys-g) Jelleg
ul 'L | ¥8'6G 9Bk ueaw Jo Buipiom sy} 0} epew ‘(.¢uoseas
‘dnoJb jusieype sse) ul L2'0=eyde SUOIEOlIPOW JOUIN Aue 1o} uolesipaw
G'LLFL PG obe ues s,yoequoi) e 18 Aystop INoA ssiw Jane noA
Kouabiaws pue ‘Aouslsisuoo [euselu| L=ou ‘{p=sak Ag padojenap swayl o(Q, Juswabeuew-jas
Kousbun anisuspedAy Jo Aupijea aAnolpaid ‘mol-ybiy (S L L=U) uaiaype sso| ¥ Y} WoJj paALep ‘ssojaJe0-g) Jnoineyeg OVIN
20UBPIOUI UM SIUsliEd < @ JUS4INOUOD POOY) 9|eOS pasiwoloydlq  Jo (£8=U) Juaiaype aI0N aufeuuonsenb wey-g ‘(Bumebioy-|) leureg  g=papodai Jou ‘z=| 10 8[80S TON PRUIPON ¢, VSN ‘266 ‘/8 18 BBUS €
Sjuswainsesw
ainssaid poo|q
jsuteBe pesodeixnr
(e9-97)
G :(dOI) ebe uepaN 19°0=eydpe asiom (asiom/1en0q Buljesy
|eydsoy Buiyoesy abie| s,yoequoi) JO Jayaq Buigay usym usym suofealpaw
€ JO SoIu||o juanedino ‘Rouslsisuoo [eusalu| L=0u {p=soA suoneolpsw Buiddoys Buiddoys-g) Jelleg
2 Ul uoisuapadAy Aupirea aanoipaid ‘mol-ybiy @ousleype pue ssejeled ‘Bumebio] ‘(ssejeseo-|) Jnoineyeq OVYIN 40 9[eas (TOIN) VSN
yum sjuaned Q JUS1INJUOD POOL) 9|eos pasiwoloydlq MO] ‘wnipaw ‘ybiH alleuuonsenb wel-y ‘(Bumebioy - |) JoLreg |=papodai Jou ‘g=|  BUIAST PUB UdaIL) ‘ANSUOIN ‘9861 ‘e 18 MjsuoN 2
9|eog Buley ouyelyohsd
Joug ay} Aq painseaw
Se ‘syeam g Jano abueyo ueye)] Jou JI wiey ou
[eoluljo pue ajeas (Aepy op ||IM puUe aduaJayIp
® UajiNg UBA) Wway-Q | OU seyew uolnedlpaw
e jsuiebe pasodexnr Yo19q |99} 90UO
8'0LFLcy €6'0=_ydie SuoneodIipaw psau jou
‘o[ewsy obe uesN s,yoequol) Op ‘Suol}edIpaLW ae)}
8°ZLF0 01 ‘AouslsIsuod [eusolu| 0] [ednjeuun ‘Y0IS usym
:alew abe ueapy < 28'0=Au|Iqeljas Auo axe} ‘uoneaipaw
uolNyIsul [ejusw I1sojei-isal o L+=0u Buyey Jeye aiquwoz (010 ‘@siom
e je eluaiydoz|yos yum Ajigeral pue Aupijea ‘g+=sah ‘Moj-ybly  suoleOIpPaW JO SIaSNel e oyl Buliesy 63 J0 Japaq Buijeay usym (va) , EPEUED
pesoubelp sjuelied <« JUBUIWILIOSIP POOY) 9/eos pasiwoloyolq [EUOISED00 O} [EN)iQeH  8JfeuuOnsenb Wel-0g < Bunie dois-og) Jolleg oe=l AKioyuanul spnimy bnig ‘e861 ‘e o ueboH L
S9)e[24109 ‘YOI (Aupijen io/pue Buli09s Jo poyle N aouasaype JONIISUO0D WY (uondaoisad) (papodauou ‘In ) juswnisui/eaiud  Anunood ‘eak Yoyiny ON

10 gsS¥(s1eaA) ,obe ‘Bunies

Aunqena.) ‘sanaadoad
ouBWoYdAsd

-uou jo uonesyisse|n

Jo119q 10 (uqey)
Jnoineyeq ‘(jeonoead)
sJauJeq ulewop way

‘ainseaw ssa20.d

Swia)l [eUOUBUILN
J0 [euonuaul

30 Jequinu
‘aInseaw swooINQ

/Bune./aeos/INOHd

SG-vL 9§

SWwa)l £6G ‘seiNsesW G JO =U—oedusaloype-uou (|) jeuonusiul Jo SINOYd

I SlqeL

-2021-057868

10.1136/bmjopen

12:2057868. do

Fahrni ML, et al. BMJ Open 2022



Open access

panuiuo)

9ouel|dwoo jo sbunes

JaJed pue s|aAs| Winiyy|
jsuiebe pesodexnr
LLI+6'CE (UBSN o

swoydwAs

ayl|-sisoyoAsd yum

sJay1o ‘eluaiydoziyos
uum AofeN <

1unoo
Iid 3surebe pesodelxny
9'gG=obe ues\
pasijeuolin}isul-uou
J1 seoeweyd
g urpayniosy o

9]e0S BWOS
SUSS 8y} pue NvYH
‘Odl 1surebe pssodeixnp
9'69-G°Gyy :abues aby
(oo fequsy
Ayredoswoy) seoinos
Areyuswidwoo pue
(Aoewueyd Ajunwiwod)
olyredo|e wouy ared
Bunyess sjusied jo
dnoib payolew v
s|eydsoy
0 sjuanedul (syusidioal
sisAjelpowaey) [eua.
PUE [esIpaW [esausb
‘oBIpJEO PUE SOIUID
[endsoy wouj suoIpuod
e1yoAsd pue sejagelp

AA

G/ 0=eydpe
s,yoequoid
‘AouL)lsIsuo9 [eusaiu| «

1USJUOD PUE JUBUILULIOSIP
poob ‘Aypien annolpaid
PUE JUBLINOUOD POOL)

@oualaype-uou
olpeJods, 10}
IAISUSS %06

peY UseIos |[eoY o
9oualaype-uou
Jeadau, Jo}
Aunyisuss %001
—-9%08 Pey susaIog
Jollog pue uswibay

AypifeA JueUILLOSI]

Aupiren aanoipaid
PUE JUBLINOU0D

S3[BOS 9SNJaN0
pue wuey [esausb yioq
Jo} s8109s Jaybly pey
10 Areyuswa|dwod 8y}
Buipusyie sjuaied ‘8100s
SuIB2U02-o110ads Jaybily
pey sa|dwes ouyelyoAsd
PUE OljBLIYISE 8U]} ‘8100S
Aysseosu-oyoads
Jaybiy pey dnoib
onaqelp ayy Ay

|=ou ‘p0=sok Juaiaype
:a[e0s pasiwoioyoiq -uou o juaiaypy

junowe paquosaid ay}
Japun Jo JON0 %6 L—% |
)oo}=olpeJods ‘junowe
paquosaid 8y} Jepun

10 JaN0 9407 ISes)| 18
yooj=1eadai :Buiquosaid
oluoiv9Id SINIIN 0}
Buipioooe yeem ised

Ul @oUaJaype-uou Jo
adA] —sJaLueq Jaleg
‘slalleq

|[e0a. Jo 9ouUsIBYpPE-UOU
[enualod Joj usalos
aAusod pajeoipul

| Z 2109S 9AISOd

(z—0=obue)
8]eos ey Juiod-1

“uyesy

ulelurew o} uolyedipaw

0} aI8ype 0} paau

sjuaned pajuasaidai

a[eos AysseosN-oi10adg

8y} ul $2109s YBIH

‘siseq Jejnfai e uo

uoljeolpaw Buiel usym

Injurey Ajlenusiod aiem

SUOI}OBaI SI9NPE 1By}

uoljou 8y} pajussaidal

9]e0s SUIBOU0D-OII0adg

8y} ul $8109s YBIH

‘uoneolpawl

10 uondaoiad aaizebau

02 O v |[eJano ue juesw
wouyy Buibue) sai00s 9[eos [eJaus-DING

Bumeb juaneid Yaies|o

aJreuuonsanb Way-0|

ysiBBn|s/paury /paiom

/[BAnjeuun |98} ‘esiom
Buyjesy usym dojs pue

(es1om/1en19q Buijesy
usym suoljeosipaw
Buiddoys-g) Jelleg
‘(ssolaJeo-|) Jnoineyag
‘(Bumabioy -|) Jouieg

OIS Uaym e} ‘YoIs

aJe sybnoyy “6°3

AA

(paquosaid

uey} Sesop ei1xe aye}
‘Junowe paqguosaid
2y} aseasoap ‘Adesayy
1dnusyul Jo doss |)
Bupiaquswa) saNolyl
|enuajod noge

U92I0g |[e0dy Wal-g
(¢noA siayjoq

11 yonw MOH) sainjesy
BWOSIaY}0qg pue S}0aye
Bnip noge syse jeyy
U92I0g Jaljog Wal-g
(zd e

Buey ssiw noA pip
sawil} Auew MOH) }eam
1sed 8y} Ul uonesIpaw
yoea 300} Asy; moy
sjuaned syse jey}
U9aI0g Uswibay way-g
9oualaype 0} sIaLLeq
PUE 80UBJIBYPE USIOS
0} aireuuonsenb wal-

wuey [esousb

pue 8snJano [eseusb
‘9’1 ‘o[eos [eJausn-DING
{SUJoU02-ol10ads
‘Ayssaoau-oyyoads

'l ‘9|eos oy10adg

(¢) Joueg
‘(2) anoineyeg

-ONG S9BoSaNS 7
uolesIpaw
JO uonejussaidal

(8) sway [essush
{(01) sway oyoads

(SHVIN) aeos buney
9ouaJlaypy uonedIpsin

aJreuuonsany
uoieoIpal Joug

(o) aareuuonsand

‘000 /& #o uosduwioy |

‘666 ‘I8 }o peisiens

12:2057868. doi:10.1136/bmjopen-2021-057868

‘BUWIYISE YUM Sjualled < Yum ajeas payI ulod-g ul s8109s JaybiH anNuBoo Wwey-gL (g1) o119 auIoIpa|A INOge sjalleg ‘UBWIUISAN PUB SUIOH
S9)eJa4109 ‘HOI (Auip1jen io/pue Buli09s Jo poyls N aouasaype 1ONJISU0D WY (uondaoiad) (papodaiiou ‘In ‘) jJuswnsul/el91Id  Anunod Yeak Yoyiny ON
10 as¥(sieaf) obe ‘Bumag Aupgenja.) ‘sanuadoad -uou Jo uoneoyisse| Joljeq Jo (Jgey) swal [euonuauun /Bune.i/sjeos/INOYd

oL}aWOYdAsd anoiAneyaq ‘(jeonoead) 10 [euonuajul
SJaLleq :ulewop Wway 10 Jaquinu

‘ainseawl Ss920ld  ‘@inseawl awodINQ

penuiuod | 9|qeL

Fahrni ML, et al. BMJ Open 2022



Open access

panuiuo)

SW3W Buisn Junoo

|id ysurebe pssodexnp
2/-86 :abuels aby
slendsoy ¢

AA

L2°0=eyde

s,yasequoid
.>oc®~w_wcoo [eussiu| A
Aigeres

yonw
Kian eaibe=y ‘2a1be=¢
‘oaube J,uop=g ‘||e 1e

(uoneoen uo

‘SoAljeUIa)[e Ou
‘suoneoipaw Buiye}
Jaye swajqoid Jemay
“Japinoid aseoyiesy

(Aoeolye

1O %0€|/108)J2 SSISAPE O}
anp/asiom/ianaq Buljssy
usym suoljesipaw Joye
/Buiddoys “spinoid
ursni-G|) Jolleg
‘(spuaxaam

IS0 SS3|9IBY/BUl|[OAEL}
‘uondwnsuod jo

ases Jo} A|jeoibarens

10 spsem ABojoyewnayJ poob ‘AypieA jusuod 9aibe j,uop=| aieym Pousloype Ul (Jes) pue) isni “6'3 paJo}s pue pasn (61- HOD) ABojojewnayy 2zSPUBLIBYIeN
ayy Je syueneding puE JUBUIWLIOSIP POOY) 8[eos peyiulod-fy  poob Jo Alojoejsiesun  eureuuonsenb wel-6L < Jasiueblo-) Jouieg ¥=IN ‘GL=|  areuuonsenp soueldwo) ‘€002 ‘1B 18 ey oq Ll
yiuow Buipsoaid
U} Ul UsXe) sesop
J0 uojpodoud ayy
10} SYA=3SOASVA
‘uaye) A|lenjoe
S9S0p 8y} 0}
porejos Yed 1si4 SVA UO g pue sesop
|oAS] YNY [edIA (a1eos onel) SYA J0 Bujwy uo suonsenb
pue junoo (id ‘SWIN B pUE 9[BOS LaXI  :ued puooes
suiebe pesodexnr (3soasv) Aupi julod-G :sjewloy :SVA uo uonsanb (uoneanow
Go-g| :ebuel 8By g IUSIUOD PUE JUBLILILIOSIP asuodsel om| | pue sesop buissiw uo “UaWILIWIOD
1ulo 3sijeroads oygnd poob ‘(way |) Aupien (L=0u {p=s9A) Jueseype  suopsenb G :pedisiy “Juswabeuew (I9SVIN) Aiojuanul poday
wouy s}Npe pejosjul-AIH - aAoIpaid 8)eIopPOA :9[e0s pasiwoloydiq -UOU 10 Jusleypy  SBWBY} g UM SWel Z| < -jJl9s-g ) Jnoineysg Zl=paypodel JON -jj@S 8ousieypY UOHBIIPBIN 3N ‘200T /8 78 Usem oL
(ssa| @e} 0}
oploap ‘SsiW 0} apIosp
‘asop Ja)e ‘papasu
ONg pue AuejnBbai osn ‘onsesai se usym asn ‘uoljeoipaw
Od| 1suiebe pesodexnr Gg'o=eydpe ‘PIOAE ‘SSO| 9¥E] ‘SSIW oAIesal desy ‘ued
sieah $8-9| :ebues abe s,yoequoi) (uayo Aien=| pue 0} 8pIoap ‘sss|yieaiq JI pIOAE -Q) Jallog
{1'g¥¢ 61 :obe US|\ < ‘AouLlSISUOD [euselU| USlo=g ‘SaW}owos=¢g uaym asn ‘Buiey doys ‘(Juswabeuew
SOIUIIO BLIYISE Aupijea annolpaid  ‘Ajpsei=1 Yanau=g aiaym) aoualaype ‘osop Joyfe ‘Bunebio} o -J|es -g) Anoineyag Z=pauodal (6-SHVIN) 8|eos Hoday 0N 2002
peseqg-Ajunwwo) PUE }ONJ}SUOD POOY) o|eos uay|I wiod-g Jaybiy=saio00s JoybiH aufeuuonsenb wey-6 o ‘{(Bumebioy - 1) JoLieg J0U ‘L=IN ‘9=| 90uaJIaypYy UoIEoIPaN ‘UBWIUISAN PUB SUIOH 6
(uondaoiad
SNje}s OIWouU0I80100S ‘apnyne ‘ebpajmous
(9ouaiaype ‘asn Bnup J pue ‘SellIpIgIOWOoD ‘10ale
UOI}eJ]uaou0d -uou Jo siojolpaid Joyoaje ‘uondeasad 9sJanpe -9¢) Jolleg
|d ewse|d pue [aA9] YNY Buoss se payuapl ‘sapnype ‘ebpajmous ‘(uoneanow
|edin JsureBe pasodeixnp < SO|geLIBA 8U} UO SNO0) ‘snjeys [eolbojoyohsd ‘poddns ‘@ouspluod
B2-12 0} DVINJ ‘@Ininy Joy (eaubesip AjBuoss ‘poddns [ejoos ‘sjoaye -J|es -g|) Jnoineyag
:ebuel) O :obe UBSN o  PeIsebbns Joyine) sway 0} 9a16e A|Buosys wouy 9sJonpE ‘@ouaiaype ‘(olydesBowapoloos
aseo-Aep sq|y lendsoH Y} Jo Jley Jo} Aypijen Buibuel) ajeos pay I jusseype  -uou jo Aouenbay “63 ‘pejosyje aulnos g=papodal alleuuonsenp aoualaypy 20Ul
uolig ul pajjoiud slusiied « aAnoIpaid a1esepoN juiod-g Jo juiod- -uou Jo Jusseypy  afeuuopnsenb wel-19 /1ayv -gi) seureg j0U ‘cL=IN ‘g¢v=I uolneoIpa| usied ‘100z ‘e 3@ Buong 8
S9)e[24109 ‘YOI (Aupijen 1o/pue Buli09s Jo poylo N Qouasaype JONJISUOD WY (uondaoisad) (papodauou ‘In ) juswnJisui/eaiud  Anunod ‘Yeak Yoyiny ON
10 gsS¥(s1eaA) ,obe ‘Bunies Aungenas) ‘senuadoad -uou Jo uonesyisse|n Jo119q Jo (Jgey) sway |euonuaUIUN /Buneu/sjess/NOHd
olBWoYdAsd Jnoineyeq ‘(jeanoead) 10 |euonjuajul
SJalEq UIBWOP Wy 10 Jaquinu
‘aINseaw SS9%0id  ‘adnsesw awoodnQ
penujuoy | @|qeL

-2021-057868

10.1136/bmjopen

12:2057868. do

Fahrni ML, et al. BMJ Open 2022



Open access

panuiuo)

sjuswainseaw ainssaid
poo|q dluljo uesw

2}9 ‘}S00 B} JOAS)BYM
awi} uo uonduosaid
||} Se yons sysey
1no Aueo ueo syusied
JUSPLUOD MOY puE 0}
‘@ouewopad [enxes
Bunosye Jo presje
‘Wway} uo Juspuadap
Buiwooaq Jo prese
‘aoe|d ojignd uy
‘sioquiaw AjIWe) ypm
uaym ‘swoydwAs aney
JOU Op USYM ‘SHOM
wio} )| swoy yoeq
uaym ‘Asuouw Jo jo| e
1500 A8y} Uaym ‘s}oaye
apls awos asned Ay}
uaym ‘ajif JO Isel 8y}
Jo} wayy Buiey inoge
AJiom usym ‘puiwsi o}
BUO OU S| dI8Y} UsyMm
‘SLOM J& Uaym ‘awoy
Je Asnq uaym a3i|

(13109 Buljeay UBYM B)E}

jsufebe pesodexne SUOISED00 JUBJBHIP UO ‘J00))0 9sIONpE -2) Jalleg
9'21¥6°'8S suoleoipaw ainssaid ‘(Roeoiye
‘821 ¥.'GG :9be ues)\ G6'0=eyde poo|q &y} ued sjusied -J|es ‘uoneAnow
ase0 Arewnd uequn s,yoequoi) (Aidde jou juspyuoo moy “6'3 o ‘1384 Juswabeuew
u| saseyd [eluenbes ‘AOUBISISUOD [BUISIU| «f S8OP=f PUE Ins Alan=g Jnoineyaq -J|8s -f) Jnoineyeg
2 Ul uoisuapadAy yym Ajjigerel poob Asp ‘alns yeymawos=g yjeay jo Jojoipaid e se ‘(uoneoipaw 0y
sjuaiyed ueouaWy ANpI[EA JUSJUOD  ‘BINns |[e 1B Jou=| d1aym) Jusieype  Aoeoiye-jes Buunsesw $S9008 9|A}sayl|/aUnNol (S3ASVIN) @leos Aoeoiyg »2¥SN
-ueolyy Aloeinquy pue aAnoIpaId poos o[eos payI Julod-¢ -Uou Jo Jusieypy  aiieuuonsenb wey-9z < /1aV -02) Jeueg 92=| -J|oS eouaIeypY UoNeDIPBN  ‘€00g ‘/e 1o eabepabo el
yjuow
1Se| 8y} Buunp
swel) swiy e se skep s||id [edinosaanue
0g Buipaoaid ayj 0} 2I0W IO BUO
pelisjos uonsenb 1se o Bunfe) pessiw peH
sAep  Buipaosid yiuow 1se| ayy
sy} Buunp @ouaieype Buunp suolesIpaw
-UoU SSasSe 0} pasn [eJINOJ}BIIIUE JO
aiem suopisenb z 2I0W 10 8UO JO
sAep  Buipaosid s||id Jamay 9xe) 0}
sy} Buunp uonesIpaw anieniul 8y Buiiel
0} @ouaJaype Jejnbas sAep
8y} pasadwey aney J Buipsoaid sy}
2392°0=eydje (Rep BIW Jey) suolenyis Buunp pessiw siild <
peoj [edIA ul ebueyo s,yoequoi) Buipsoaid ayy uo s 10} S|00} |[BOBI-paple Kep erewnynuad
jsujebe pesodeixne o ‘AouL)sisuod [eusBll| 18U} JO 94 G UBY} S10W se pesn suoisenb ¢ 8y} pessiW S|iid <
6¢°gFcy obe ues\ peo| [eJIA Buey passiw Buiney sAep ayewiynuad Kep Buipaoaid
Apnis paseaioul 108}9p papodas Asy ‘ewiy pue Buipsoaid 8y} pessiw s|ild <
[eurpnybuoj aAoadsoud 0} Aunisuss mo (0246 jJuBWINSEAW BUO }SED| 8y} uo passiw (u) (ypuow 3se| sy} Buunp
e ul pajedioed woy AiBuosns oy eaibesip Je 1o} ‘}| Juslaype-uou) s||id [edinoaanue uoljesIpaW [eJInoJiaIIuE UOIEDIPSN [eJINOLRAIUY
SOIUI|O INOJ WOJY auo Ajuo yum Aypiea KiBuons wouy Buibues) Jaeype peyiodel sjuslied <« 840w 1o 8uo AjLelodwsy 0} douaIBYpY Buissessy £;EPBUBD
sjuaned pejosjui-AlH aAnoIpald ayenbepy o[eos payI Julod-g -Uou 0 jJuaiaypy aireuuonsenb wey-9 Buie) dojs -g) Jeuseg  G=papodas jou ‘L=| aileuuonsen papodey-jles ‘€002 ‘e 18 uIpon) 2L
S91e[94409 ‘YOI (Aupijen io/pue Buli109s Jo poylo N aouasaype 1ON4ISU0D WY (uondaoisad) (pspodaaou ‘In ) juswnJsul/eoiud  Anunod ‘eak Yoyiny ON
10 gs¥(s1eaA) ,obe ‘Bunies Angenal) ‘senuadoad -uou Jo uonesyisse|n Jaljeq Jo (yqey) swsayl [euonuajuiun /Bune./sjesos/INOHd
olBWoyYdAsd Jnoineyeq ‘(jeanoead) 10 |euonuajul
sJalleq ulewop way 10 Jaquinu
‘ainseawl ssa00id  ‘@inseaw awoonQ
penupuod | 8|qeL

12:2057868. doi:10.1136/bmjopen-2021-057868

Fahrni ML, et al. BMJ Open 2022



Open access

panuiuo)
Asuow jo poys
uaym diyjs ‘suoneolpaw
e} 0] usaym/moy
1Noge puelsiapun 3,uop
/pasnjuoo ‘passaidap
uaym sasop Buissiw
‘s10e)e apis aghew
8JdY3 yuIy} usym
uonoalfel /po0b |98}/umo} Jo
yelb Jsurebe pesodeixny 1IN0 UBYM Sasop
EYLF6L VS Buiddiys ‘Buidjey are
‘L'yLFees obe ues 16'0=eyde sjuessaiddnsounwiwi (sesop
Adeisayy s,yoequoi) oaibe 11 |19} J0UUeD ‘Aep pue ‘Aousnbaly ‘oaye
juessasddnsounwiwiy ‘Rouslsisuoo [eusolu] AiBuoss=g 0} eaibesip Jad Aousnbaiy pue 9sJIanpE -| |) jalleg
uo pue jue|dsuel} Aupien yuaunouod  AjBuouis=| wouy Buibues jualaype sosop Auew 00} “6'3 “(o1wouoo801008 (sgl)) e[eos Jerueg Adessy | ,2¥SN
JUBMIBPUN OYM SJUBIEd <  PUE JONJISUOD 8}eI8POIN o[eos ey wiod-g -Uou 10 Jusleypy  @ileuuonsenb wey-gl < “av -g) Jeuieg SIE] juessaiddnsounwiw] ‘500g ‘/e 1@ wjoysiyn 9L
anoidwi
ued soijoyoAsdiue eyl
JapJosIp o1joyoAsd e
Buiney pue Aoewureyd
/lendsoy ayy wouy
suoneoipaw bupeb
wa|qo.d ou ‘Buipabioy
€9'0=eyde ‘suoleo|paw el (eBpajmou|
IvQ isureBe pesodeixnr s,yoequoi) 0} Jaquiawiai sdjay ‘J08}Jo 9sIaNpPE -¢€) Jollog
L'Z1L¥.G 9be ues|N o ‘Aousisisuod [eusoul 9a.be Aj@19|dwoo=g 0} 1ey} wayshs e Buiney ‘(uonennow
1uljo Aungeles eaibesip Aj@1e|dwoo=| ‘uonesijeydsoy wouy ‘90UaplU0I-1) (ainag) syeleg
AneiyoAsd 1e syusizedino a|gejdaooe ‘Aypien wouy Buibues ajeos juaseype  jusnaid Joneq |98} “6'3 Jnoineysg pue saouan|ju| UoIyedIpalN 22¥SN
Jep|o pue pabe-s|ppIN 10NJ3SuU09 8jgedesoy ey Julod-g -Uou Jo Jualaypy sweyg ‘{(Bumebioy - 1) JoLieg 1=IN ‘2= Jo uonenjend Jeug ‘400g ‘e 1 Jepjog Sl
Bunje} uonesipaw
Ul 90USPLUOD pue
88-8| :ebuei oby 9DUSBIUSAUOD ‘UoIOUN)
£1¥G°0G :06e uesN [eluUsW pue uonouNy
(siseuosd pue 0} Ayjige pue yyesy
auesbiw ‘uoisuapadAy leaisAyd yum Bunspaiul (eBpajmou
‘losaysajoyo ybiy Gg'o=eydpe 6o ‘s1o9)e apis yum ‘J08}J 9sIBNPE -) Jolleg
‘sejaqelp | adAy s,yoequoi) aouaadxa ‘Bupel ‘(uoneAow ‘e@dousplu0d
‘uolssaidap Jofew ‘Aouslsisuod [eusdlu| (oreos uolesipaw Buipsebas -) Jnoineysg (NDS.L) uoneaipsy
‘ewyjse ‘siuype) Aupijen 1onJisuoo oljel) SYA E 10 9[eos Jualaype uonoeysies “63 ‘(20UsIUBAUOD Jo} areUUOlSaNYD VSN
sdnolf jusned g pue Aynigeljel poon  peI julod-2 Jo julod-g -uou Jo juaisypy swel vl “1av -¢) seureg 145 uofoeysiies juswiiesi| ‘7002 ‘/e }e uosuiy 4"
S9)eJa4109 ‘HOI (Auip1jen io/pue Buli09s Jo poyla N aouasaype 1ONJISU0D WY (uondaoiad) (papodaiiou ‘In ‘) jjuswnsul/eld1Id  Anunod Yeak Yoyiny ON
10 as¥(sieaf) obe ‘Bumag Aupgenja.) ‘sanuadoad -uou Jo uoneoyisse| Joljeq Jo (Jgey) swal [euonuauun /Bune.i/sjeos/INOYd
oL}aWOYdAsd anoiAneyaq ‘(jeonoeuad) 10 [euonuajul
SJsuIeq UIBWIOP Wy 10 Jaquinu
‘aInseaw SSa%0id  ‘ednsesw swoodnQ
penupuoyd | 8|qeL

-2021-057868

i:10.1136/bmjopen

12:2057868. do

Fahrni ML, et al. BMJ Open 2022

10



Open access

panuiuo)
SVA‘c¥Hed o
peo| [edin syeam ON /S®A (SHoam
AIH 1surebe pesodexnr  1sed sy} Ul sasop 1SB| 8U} Ul SINoY < 1o}
£'8Fp L :obe uBsN ON/S3A :SVA 40 9%G6> Bujel < @eiul Bnip ou jo poued
soojoeid ayeaud JBABU ‘yjuow shep gz © aney noA piq (g) pue
pasijeloads Jo sjepdsoy B 90UO 399M puodss  snolaaid auy ul (g< $SHOOM 1 1SB| U} Ul
pajeloosse ‘sanuad Kians 9ouo oam B 10 g ‘| ‘o) sesop 9sop e ss|w oA pip (OV-SOHS)
AIH Bunedioied jo Aupiren saanoipaid 90UO ‘Y9aM B 80U0 passiWw Jo sws} uj usyo MOH (1) i Hed « (JuswabeurWw- suolseny aousIsypy gy PUBLIOZIMS
SoJulo woy sjusieding PUE JUBLNJUOD POOY) LBy} 810w ‘Ajlep :Bulwi]  pauyep edusieUpY «  ©dURIBYPE UO SWisll Z < J|es -g) Anoineysg Z=pauodai JoN ApniS LoYoD AIH SSIMS ‘9002 ‘/e 19 Sse|n 02
(uoneoipaw
SW3IN PUe Sp10dal SPJEMO} UOISIONE
421 Aoewueyd ‘ONG ‘abpajmouy| ‘enneusie
sy Jsuiebe pesodexnr (HVYNIN) e} PINOM ‘9SIOM IO
G/-GG :ebuel by o UoljEDIPSW SPIEMO} Jenaq Buljeay usym
spuepsyieN uolsiane pue aujdiosip Buiey dois -g|) Jelleg
8y} ul suoibal g 1O %0€]| ‘UoNEOIPSW pue ‘(@nsun ‘auidiosip
woJy [eu} [evluljo 8'0-€9'0=eydje aJeoU}esy SpJemo} pue ‘poddns Jo yoe|
pasiwopuel e jo ped s,yoequoi) aaIbe A|lejo}=/ 0} opnype oAlusod “B'3 o ‘SSefesed -g) Inolneyeg (HVNIN) 8areuuonsanyd
pue uoisuapadAy Joy ‘AoussISUOD [euldlu| o SaiBESIp A|le1o}=| aseym jualaype aouaiaype ‘(e1fasay Asnq uojsuapadAH ul 8dusiBypy osSPUBLIBUYION
uopedIpaW Lo sjusiied < AupifeA Jusbienuoo poon 5[eos payI julod-2 -UOU 10 Juslaypy  UOHEDIPSW UO SWel 6| < ‘Buiabio) -¢) Jelueg 2=IN ‘21=1 Wo841N oUISeR|N ‘9002 ‘/e 19 S|9ZI9M 6l
(poow uo
Buipuadap Bujye} doys
Yopinoid aseoyiesy yum
uonoeysies -91) Jalleg
poow pue ‘(Apouys
SHYN olA1sayl| }Ins 0} sebueyo MOJ|0} - |) InOIneySg
suiebe pesodexnr 6'0-S'0=eyde 9)ew ‘suoljeslpawl ‘(suonduosaid
sieak s,yoequoi) UO UOISNJUOD ‘SIBLLIE] 1jo4 ‘aunnos
1'8¥|"|/ :obe US|\ < ‘AoudisISUOD [eusslu| Ajpwalxe=g |eoisAyd ‘sjeleq /obelo)s/sebueyo
saseas|p Bun| oluoIyd AWliIGel2)  PUE |[B JE Jou=| alaym Waseype /eousliedxe 63 9)A1s8y)| ‘uoISNjUOD (ogg) aareuuonsenp BlRAsnY
Yum sjuaped Aojeinquy < pue AypifeA poos o[eos payI Julod-g -UOU 10 Juleypy  SOUBIBUPE UO SWel GZ < ‘Buiebioy -g) Jeleg 2=IN ‘e2=1 Jinoineyag pue sjeljeg ‘000¢ ‘[e 1o 9b100) 8l
('} J0 N0 196 NOA yeym
10} 8|qNOJ} YoNW 00} S
uoneoipaw AJH Bunel,
69) s10}0€} [BUIPNINE
(€) pue (,¢uoneolpaw
[edin0J}aai3ue UO USa(q
noA aney buoj moH,,
“6°9) Bulwiy uswibal
uoneoIpaw (g) ‘(,¢ouwn
yoes e} 0} NOA payse
sauelp Japinoid JnoA sey
uoljeslpaw pue SNIIN %00l ¥ s|id Auew moH,, “68) (jeqinos2aue
‘S|oA9) [elINOJ}RIIUE paddeo pue abejusased suonduosep uawibal 0} 9oue)s|sal
wnJas ‘podal-yes unod B Sk passaldxe Sem uoleolpaw () :surewop uo abpajmous|
|d ysurebe pasodeyxnp < 9ouaJaypy "pequosaid € .¢(uoneoipaw siyy) ‘siopino.id aseoyyeay
1'8¥9/'g¢ obe uesly uoljesIPaW JO SISOP 0 9S0p B Ssiw NoA ‘[eAIn0J}RIIUE UO
Ssolulo 8y} Aq papIAIp use} pIp sawi} Auew moy paoe|d senjea -G) jolleg
AIH G ¥e pa1onpuod awi 8y} |[e=g SUOI}eOIPaW JO SESOP ‘shep 2/g 1sed ayp ‘(lennonanue Buney
suolebsaaul ‘SOWI}OWOS=g ‘DuI} 8} Ay} Jo uonoel4— Jano, ‘skep /1o g Jo} poddns ‘Aoeoiye
|eojuljo [euipnyBuol IPI[eA JONJ}SUOD  JO suou=| woly Buibuel jusiaype uiyum Bumebioy “63 o -J|8s -{) Jnoineyag Adesayy
anjoadsoid g pUB UoLIB}IO POOY) 9[eos uayI ulod-g -UOU IO Judieypy  9oudieype Uo swa)l g« ‘(Buimebioy -g) Jolleg  g=papodal Jou ‘g=|  [JIAOJBIUE O} SoUIBYPY 62VSN ‘9002 ‘/& 1o N JAn
S9)e[24109 ‘YOI (Aupijen io/pue Buli09s Jo poylo N aouasaype JONJISUOD WY (uondaoisad) (papodauou ‘In ) juswniisul/eaiud  Anunod ‘Yeak Yoyiny ON
10 gsS¥(s1eaA) ,obe ‘Bunies Aungenal) ‘senpuadoad -uou Jo uonesyisse|n Jo119q Jo (Ngey) sway |euonuauIUN /Buneu/sjess/NOHd
olBWoYdAsd Jnoineyeq ‘(jeanoead) 10 [euonjuajul
sJauJeq ulewop way J0 Jaquinu
‘ainseaw Ssa00id  ‘@inseaw awoonQ
penujuoy | @|qeL

11

12:2057868. doi:10.1136/bmjopen-2021-057868

Fahrni ML, et al. BMJ Open 2022



Open access

penuiuo)

elep ||yl Aoeweyd

suiebe pssodexnr
8'9%01 :obe uBON
Apmg siesn Brug ((%001) syuow
uoi3oa(u] Jennoouep sAemje=g pue (%Gz>) 9 1SE| 8Y} Ul Uoijeodipaw
8y} Ul pajjoius Aupirea Alleuoiseooo=| aiaym) jualaype Buney jo Aousnbaly (yuswebeuew aouassype 4sBPEUED
sjuened pejosjui-AlH aAnoIpaid a1esspoy a[eos uay|I iod-g -uou Jo Jualaypy way 8fuIS -J|es -1) Jnoineyag |=payodal JoN 1HVYVH pauodal-jjos ‘8002 /& 19 L1ay| 9z
SWAN (%001-%0)
suiebe pssodexnr (%001L-%0) yjuow jsed ay} ul usyey
6G-1¢ :obues abe yuow 3sed ayy ul jusied sasop jo uorpodoid sy}
{1°'6FE v :0be uBSN 26°0=eydpe ay} Ag usye} sesop SSOSSE 0} SYA Wel-|
SOIUID yyesy s,yoequoli) Jo uorpodoud ayy pue (Aue J1 ‘esop paonpai
[eusw oljgnd wouy ‘AouslsISUOD [BUIBIU| o  Upuow | jsed Jeno sse) pue ‘yiuow e ui ‘kep (uoneaow
J9PIOSIP SAI}OBHE0ZIYOS Ayjigeljal jus|j@oxa 300} J0 8} JoU pIp B Ul passIW Sasop JUSWUHLILWOD
pue ejuaiydoziyos ‘Aupiren snnoipaid  jusijed sAep jo Jequinu juaiaype Jo Joquinu) swel £ ‘Juswabeuew (s4va) a/eos
Um sueneding PUE JUBLINJUOD POOL) :9|BOS [BUILUON -uou Jo Jualaypy swel -J|es -f) Jnoineyag p=pauodai JoON Bupey sousieupy Jolig VSN ‘8002 ‘[ 1o AlieAg sg
1unoo
Iidl ysurebe pesodelxnr uoseal yym Apsnl ‘you Ji
09< pobe %S ‘Aousnbaly paquosald
sanisuspadAy Aupirea L=ou ‘p=soA jualaype ay} Buimojjoy Apons welizeig
ased Alewld aAnoIpeid eelepolN :9[e0s pasiwoloydiq -uou Jo Jualeypy way o|buis 19SIp -1) JnoIABYSg L=| 9oualeype uo podai-jles /002 ‘e 18 opeid %4
(xons
Jo |\ ‘yresp gHO) $S8| J0 BWi}
SJUSAS IB|NOSBAOIPIBD au} JO %G/ paquosaid
Jsuiebe pesodexnr (owiny sy} SE suoljeolpawl
LL¥9 :obe ues|N Jley uey} ssa|=G pue  Bupjel=souaiaype-uoN Kouanbayy paquosaid
aHo s} 8y} JO [[e=| aiaym) ‘ualeype oy} Bumoyjoy ARoHlS 9oualsype pepodal
a|qels yum sjusleding o Aupliea eanoipaid poon [eos ey julod-g -uou Jo juslsypy woyl o|puIS o (euldIdsIp - |) Jnoineyeg L= -}|os Jo ainsesw Wa-9lbuIS YSN ‘2002 ‘[2 10 1UeD €C
(uoneoipaw
SpJeMO} 10040
asIanpe ‘abpajmou|
‘eAljeuIs}[e ‘©SIoM IO
9[eas AYsUoN Japaq buljgay usaym
jsuteBe pesodeixne Buiyey doss -7) jolleg
$'01F8°€9 :abe uesy < ‘(eundiosip ‘poddns
SUOI}IPUOD 68°0=eyde (yuaplyuoo Alen=g pue suolneolpaw paquosald [el00s ou -g) Jnoineyag
PIQIOWOD JBY}10 pue s,yoequol) JUSPIJUOD JBYMBWOS= 0} Buusype ui Aoeolye ‘(unnou ‘@ousiuaAUOOUl (SINV3S) oeos
(@HD) eseesIp peay ‘Aous)sISuoo [eutaiu| « '1USpYUOO Jou=| aisym) jualaype -Jjos “6°9 ‘@ousiaype “uawijuiodde 0} deay s uoneoipal areudoiddy
A1euoioo yum sjuelied <« AHPIfeA JoNJIsuod poon o|eos payI wiod-g -Uou Jo Jualaypy Uo |z woy swel gl < Xy |11} -p) JoLieg eL=l Joy Aoeo3-4eS UL L, ¥SN ‘2002 ‘[e 10 Jessly 22
9s0op auo
[on9] YNY 1SE9| JB PassiW awi}
AIH 1surebe pesodexne 1SE| ‘passiw asop |
9'8¥|°0F :o0e ues\ 1se9| 1e yeam Jad shep
VSN au1 Jo Jaquinu abesane
noybnoiy} sewwesboid ‘aw} uo Buryey Aynouyp
9@oualaype g| jJo ‘AdeJay [elinonaaue
uoljen|ens 9}Is-SsoIo shep / ised ayp %08> PUB %66-%08 O sainsesuw g Jo (wns) (Juswabeuew Xapu| 8oualaypy
aAnoadsoud ‘[euipnybuol ul auou ‘may AJan ‘jey ‘06001 Se pasuobaieo aysodwoo e 63 -J|8s -g) Jnoineyag (3sSv9) uonenjeag poddng VSN
eulsjuedioied «  ANpieA 8Anolpeid poon  noge ‘jsow ‘e Buiwil |ons] 8ouaIaypy aureuuonsenb wey-¢ ‘(nouyip -|) JeLseg  g=papodai jou ‘| =| 90UBJaYPY JO} JaJUBD  ‘900Z /B 19 JawIsyuue 1z
S9)e[24109 ‘YOI (Aupijen io/pue Buli09s Jo poyla N aouasaype JONJISUOD WY (uondaoisad) (papodauou ‘In ) juawniisui/eaiud  Anunood ‘eak Yoyiny ON

10 gS¥(s1eaA) ,abe ‘Bunies

Aunqenja.) ‘sanaadoad
oLBWoYdAsd

-uou jo uoneosyissen

Jo119q 10 (uqey)
Jnoiaeyaq ‘(jeanoead)
sJauJeq ulewop way

‘alnseaw ssa920.d

Swia)l [euonuAUILN /Bune.i/ajess/Nodd
J0 [euonuajul
10 Jaquinu

‘ainseaw awo21nQ

panupuod | 9|qeL

-2021-057868

i:10.1136/bmjopen

12:2057868. do

Fahrni ML, et al. BMJ Open 2022

12



Open access

panuiuo)

peoj [edIA ul sbueyd
1suiebe pasodeixnp
1G-8| :ebuel aby
uonosUl

AA

anlyebau Joy | snuiw

¢noA 1oy

Buisiom aie axe) nok
1y} \IH 404 sauloipsw
sy} aAsljeq nok og
¢9e) 0} piey ale
SaUIDIPaW INOA 1By} [93)
noA oQ ¢ Juswysiund,
B sem A|H Buiney
1ybnoy} Jana noA aneH
uoljeAilow (9) pue
paisyia} Ajg3e|dwod (q)
‘9oueplone/soueldadoe
(e) :suonsanb

(ewbns ‘sjesinonainue
uo abpajmou|
‘siepinoid areoyyesy
‘S[eJINOA}RIIUB UO
paoeld sanjea -9|) Jalleg
‘(luswabeuew

-J|8s ‘uoleAlow
‘poddns -7) inoineysg
‘(eunnou

AIH 10} Juswyessy Aupien aanoipaid  pue aAllsod Joy yuew | jualaype 0 salobaled ¢ ‘Aynoiyp [eaisAyd Adeisayy VSN
Bupyess syuened < pUE UOLIS}IO POOL) ppe-aAnebau/aAINSOd -Uou 0 Juaisypy swey 0g ‘abeJos -/) Joleg 0€=| [eJIAOARIIUE O} BOUBIBYPY ‘6002 ‘e 19 uebbng 0
sjuswainsesw ainssaid (esiom
poo|q pue soualsype Jo Janeq Bulesy usym
421 UolyedIpa suoneoipaw Buiey 0} Bunyey doss -g) Jelleg
‘aleas AysuoN 9ouaIaype () ‘e|npayos ‘(uononuysul moj|joy
suiebe pesodexnr 18'0=eyde uo suopduosaid o} Ayjige ‘eundiosip
€01¥,'¢9 :9be ues)\ s,yoequoi) Jo Buiyai 1o Bu ‘sse|eied -¢) Jnolneysg
o1UIj9 ‘Rousisisuod [eusslu| < 8y} 0} 9oUsIBYpE ‘(1509 ‘@ous|usAUODU
ased Arewnd e Buipuspe Aupiren saanoipaid |le= O} suou=| alaym jualaype (e) :so[eosans ¢ “quawjuiodde 0} desy (SINHY) 8[e9S suoneaipa|y VSN
QHO yum syusiied pue uoLs}IO POoD) 8[eos ey Julod-1 -uou 1o juaisypy 8[eds way-zl o -/) Jorreg L=IN L= pue sj|ijay 0} 8doualsypy ‘6002 ‘/e Jo luefediiy| 62
paquosaid
SE suoljeslpaw JNok
|le @e} 0} Ayjiqe JnoA
SWAN ejey,, :A1jiqe pue
suiebe pesodexnr (uajjeoxa f swayy paquosaid
(e1qe|rene —io00d Asan) paquosaid 10}00p INOA sk Ajjoexa
10U gS) zv :ebe ues)\ SE SUOIjed|paL e e} SUOIeOIPaW INOA 83e)}
aoloeud o} Aige (€) {(%001-%0) 0} 8|qe NOA aiem awiy
S9SEaSIP SNOIodUI paquosald se Apoexe 8y} Jo abejusiad yeypn,
ojeAud e pue a)ued SUOIBOIPSLW dXe) O} :abejuased | jowi sy}
[edIpaw dlwepeoe 9|qe 81oMm BWl} 8y} JO |[e suolyes|pa oK (e
ue u| paseq aopjoeld abejuaoiad (g) ‘ewiy ey} NoA piq, Aousnbayy
[esouab e ‘anued yyeay 8y} |le=9 O} awWl} 8y} Jo yiuow | ised) swel ¢
Ayunwiwoo e ‘saljued auou=| :Aousnbauj (1) (passiw sasop
[edIpaw dlwepeoe 10} 919UM B[e0S HoYI 0 Jaquinu :skep / pue (JuswpWWod
woJy S[elinoljainue Aupifea aanoipaid juiod-g uo pajel pue Jaseype shep ¢ 1sed) swel z ‘Juswebeuew alleuuonsenb soualaype
uo syusied « pue juaBienuod poon 9[e0S [eulWwou Yjog -Uou 0 Juaiaypy aireuuonsenb wey- Jls -G) noineysg  p=papodal jou ‘L=|  [eJIAOARIIUE papodal-)|eS 22VSN ‘8002 ‘/8 38 N7 82
uoljesipa
ay} jo [enssiul Buisop
SW3IN PUe DVY-SOHS 84} 4O %0G+sInoy g
jsurebe pesodexne o 10} 93EjUl UOIEDIPaW OU
pajuasaid :sAepijoy Bnip (g) pue
jou :ebe uBs\ paquosaid sasop (B0}
|eydsoy Aysieniun skep 0g 8y} yum pasedwod uaxey
€ Je dn pamoj|oy Jad sAep aiow Jo | Jo  sesop jo abejusosad sy}
AdeJayy [esinoneanue %00 UBY} SS9| Jayyie :9ouaiaype (|) se pauyep sasop pue Aousnbaiy (yuswabeuew (O1H3) aareuuonsand SEs_m_wm_
Uo synpe aAlIsOd-AlH <«  AupIleA Juaunduod Jood :9[BoS [BUIWON SEeM 90UBJBYPE-UON  UO 8lleuuonsenb wel-z « -J|8s -g) Jnoineyeg Z=papodai JoN juswieal] A|H ueadoing ‘800z /e 1o sdweyoseq 12
S9)e[24109 ‘YOI (Aupijen io/pue Buli09s Jo poylo N aouasaype JONJISUOD WY (uondaoisad) (papodauiou ‘In ) juswniisui/eaiud  Anunod ‘Yeak Yoyiny ON
10 gsS¥(s1eaA) ,obe ‘Bunies Aungenal) ‘senpuadoad -uou Jo uonesyisse|d Jo119q Jo (Ngey) sway |euonuauIUN /Buneu/sjess/NOHd
olBWoYdAsd Jnoineyeq ‘(jeanoead) 10 [euonjuajul
sJalleq ulewop Wway 10 Jaquinu
‘ainseawl Ssa00id  ‘@inseaw awoonQ
penujuoy | |qeL

13

12:2057868. doi:10.1136/bmjopen-2021-057868

Fahrni ML, et al. BMJ Open 2022



Open access

panuiuo)

SHYIN

1suiebe passodeixnp
|°/¥F89 :9be ues|\
AKouabe yong

e AQ pa1inJoai SUoIIpPUOD
21UOJYD IO} SUOIEDIPaW
Buineoas Auep| o

AA

sjuenBeoonue

[BI0 Yum pajeal}
sjuaijed Ag pansiyoe
Ajrenb uopenbeoonue
1suiebe pasodeixnp
£'6F/ ¢/ :obe uesw

- seonoeld |eisushb
[BIOASS WO} UONE||LqL.
[eLie yum sjusiied

AA

9|eos AysLO
suiebe pesodexnr
¥'6S
‘Bjwak|ola)sa|oyoladAy
{/°8p rewyise :obe ues|N
410q Jo suoljesipaw
9oUBUSIUIBW BLUYISE
JO suoljesipaw
BuLlaMO|-|0J8)S8|0YD
Buiyie} siesn jeuieiu|

sjuswieal) sy
pue uoissaidep piemoy
Sapn}Ije aINseaw 0}
aJreuuonsenb podai-yes
L9y B pue ‘quawieal)
S}l pue uoissaidap jo
359} 8bpa|mouy DO
:pe1e|dwo9 sjuawnJlsul
2 ‘(sjuawiyeasy sy
pue uoissaidep
SpJeMO} Sapnye
pue abpajmous))
Aoeuay| uoissaidep
jsutebe pesodeixne
9'L 172G obe ues)\
sueroisAyd
Awey Jisyy Aq sjesisjel
Buimojjoy [eydsoy
Ayisianiun je syusnedino

Aunqeries pue Aupijea
JUBUIWILIOSIP POOY)

2g'0=eydpe
s,yoequoi)
‘Rousisisuod [euselu|
Ayjigeljas pue
AYpI[eA 3on1ISuod poos)

6'0-8'0=eydpe

s,yoequoi)
‘Aoussisuoo [euselu| <
Agerjel ejqeydeooe
‘Aupiren aanoipald g
JUB1INDUOD 8)EISPOIN

99°0=eyde
s,yoequoi)
‘RousisIsuod [eusell| <
Aungeral
9|gejdeooe ((sa100s
apnype pue abpsjmous
UM paje|aliod
|oA8| 9oualaype)
Aupife enijoipaid

L=ou {p=sak
‘mo-ybiy
s[eos pasiwoloydiq

salbe

ABuosys=¢ pue saibesip
ABuosys=| aieym

8[eos ey Julod-1

BWl} 8y} JO |[e=G 0} swl}
8y} JO BUOU=| BI8YM
o[eos peyI julod-g

asn jo Aousnbaiy
pabueyo Janau ‘Aep
Kians swiy swes sy}
Apoexs axe) ‘pjnoys
ey} |[e usxe) eAey
‘@)e} Jou pIp ‘paddois
‘Juswiow Jaje| e je
aye} ‘Bumeblio) 63
swieyl g}

sseype
-uou Jo Juaiaypy

AA

() siaLueq payejal
-wa)sAs areoyyesH

() sioLeq

90UBJaYpE [BUORUSIUIUN
() sioLeq
pajejal-uonesipay

(g) siaLLreq

90UBJaYpPE [eUOHUSIU|
swieyl |

Jslaype
-uou Jo Juaisypy

AA A A A

ssau|nyabioy

‘ANjIqe|iene ‘suoieolpaw

aldyinw ‘yeijeq
‘Juewabeuew “6'3

90UBJIeYpPE UONEDIPaW
O} pojejal swey G| o

sseype
-uou Jo Juaisypy

SyeaMm 4
ay} Buunp suoissiwo
asay} ||e Jo Aue jo
Kouenbeyy syy einses)y
9SI0M
JO Jayaq Buijgay usym
suoneolpsw Buiddoys
@ousleype pue ssejesed ‘Bumebio]

(10300p Uy 38N} -G) yolleg
‘(luswabeuew

-4es -1 |) Jnoineyeg
‘(Iyoa xy ‘swioy

wouj Aeme -g) JaLeg

(eBpajmou
‘asiom/ianeq Buijesy
usym suoljesipaw
Buiddoss -2) yelieg
‘(sseaie0 -) unoineyag
‘(3500 ‘sabus|ieyo
‘Buinebioy -¢) JaLueg

(Aoeoyye Juswiyealy ‘ysniy
Jepinoid areoyyeay
‘SUOIEOIPAW JUSLINJUOD
O Jaquinu ‘syoaye

epis ‘epnine -g) jolleg
‘(oddns ‘uswabeuew
-J|8s -g) Jnoineyeg
‘(eunnou ‘Ayexep
leaisAyd ul seBus|jeyo
‘sse008 -g) Jollieg

(esiom/1en0q Buijesy
usym suoljesipsw
Buiddoss -g) joleg

‘(ssejaJeo -|) Jnoineyag

/=papodaijou  (SYINOId) 8[edS douaIeypy ,,SPUELIBUION
‘b=IN /=1 uonedIPaIA dNisl|iqeqoid 8yl ‘5102 Je 18 addapy| o
(0gv) aareuuonseny ,/AuBULBD
vI= Jalileg souslaypy ‘6102 ‘8 19 JOIINN =
(SYVIN) 8[e0S suoseay
Gl= 0UBJRUPY UOBIIPOIN  ,vSN ‘P10 ‘/2 38 1uun .

(Swv) oleos ,,EPEUED ‘0102

Se pajeal) sjuslied « JUSLINOUOD 8}eJapo|\  MO|-UBIY :8[eos [BUILLON MO] ‘wnipaw ‘ybiH alleuuonsenb wel-y ‘(Bumebioy - |) JoLreg |=papodai jou ‘g=|  8oualeypY Juessaidepiuy ‘0]B|0IA\ pUE [aLgen) Le
S9)e[24109 ‘YOI (Aupijen io/pue Buli09s Jo poylo N Qouasaype JONJISUOD WY (uondaoisad) (papodauou ‘In ) juswnJisui/eaiud  Anunod ‘Yeak Yoyiny ON
10 gsS¥(s1eaA) ,obe ‘Bunies Aungenal) ‘senpuadoad -uou Jo uonesyisse|n Jo119q Jo (Jgey) sway |euonuaUIUN /Buneu/sjess/NOHd
olBWoYdAsd Jnoineyeq ‘(jeanoead) 10 |euonjuajul
sJauJeq ulewop way J0 Jaquinu
‘ainseawl ssa90id  ‘@inseaw awoonQ
penujuoy | @|qeL

-2021-057868

i:10.1136/bmjopen

12:2057868. do

Fahrni ML, et al. BMJ Open 2022

14



Open access

panuiuo)

alleuuonsanb piain
1suiebe pasodeixnp
L/—-1g :2buel aby
juswpedsp
AKousbisws [eydsoy

AA

8/'0=eydje
s,yoequoi)
‘Rousisisuod [euselu| <
AjIpifeA yonisuod
pUE JUSJUO0D POOY)

| pue g usemiaq
oljel ay) se passaidxa
SEM 8109S [BUl}—
sah=y ‘seh Joyjei=g
‘jou Jsyjel=g ‘ou=|

wis)sAs pue

siopinoid aseayyesy

Ul 92USPIUOD ‘SSIOM

10 Janeq 18} ‘poob

UBL} WJey aiow pip

‘uswiBal Juswieas)

Yum sanss| ‘xy [|ya4

jou pip ‘Bumebio) “63

(suoseas wayshs
aJedy)eay pue
Japinoid areoyyeay
J19s) 9oUalBypPE
-UOU J0} SUOSEd)
uo suolsenb

[euoiippe g —

suonsenb xepulg -

souslBype

(woyshAs

‘siopinoid areoyyesy
Ul 92USPIUOD ‘SSIOM
/1eneq 1184 -6 1) Jolled
‘(luswabeuew

-J|9s -€) Jnoineysg
‘(o1 xy

‘Buinebioy -g) JeLueg

aireuUonsaND (OYSYD)
SUOIIPUOY 81INJY 40} 8|edS

20UBId

e Buninsuoo syuened < alaym 8[eos [BUIPIO Juassype Alybly ‘mo noqe swel vz g=papodal jou ‘| g=| 90UsIBYpY [BqO[D Y| ‘6102 ‘e 19 dIsisIsNg 8
2[eas 1O 26'0=eydpe
suiebe pesodexnr s,yoequoi) (esiom/1enaq Buijesy
08-8| :obe obuel 9By g ‘Aousisisuod [eulol| uaym Bupey paddoys
lendsoy Awjiceljal 1se184 ‘as0p ‘s}0aye apls
© JO Juswpedap asessip —1s8} pue Aous}sisuod ‘abpajmous| -9g) Joleg
21U0JYD Y} 0} SHSIA dn [BUJISIUI JUS|[9OXS ‘90usIaype JInolAeYaq pue Jaljeq (ssejoue0 ‘Juswabeuew
-Moj|o} wis}-Buo) 1dey {A)IpIeA 1oN1sU0d 3-v suondo DO uonedlpaw sjuened ayy  ‘eBpsjmouy seinsesiN < -J|8s -1) Jnoineysg 5[BOS 90UBJYPE UOIEDIPSL
ouM aMD UM syushed < pUE JUSJUO0D POOY) :9[e0s [eUILION JoNaq ‘s2109s JaybiH swel |g o (usnioBio}-|) JoLueg 2=IN ‘62=1 UISISOM\ PUB 8SBUIUD Y o, BUIYD ‘610T /2 39 UeL 1€
(odig “Ss8u||l ue 8AeyY | ey}
‘INVd ‘DING) @ouaIsype oW spulwal )l esnesad,
papodai-jes yum pue pue aWi} JOAO BAIIOBYS (epnune
2iNseaw Josewolq e $59| 8W099( Jybiw Bnip Jopinoid areoyyeay
Jsuiebe pesodexnr Y} quIy} | esneosgq, ul 3snJy ‘uondeoiad
9'1L9 ‘Inob ‘ BUIDIPAW B} JO S}0Y0 ‘Aoeolyje JusLyeas}
'2'29 “ABojoouo z'9g €6'0=eydje 8y} 0} eAlIsuss s| Apoq ‘abpajmoun -g1) Jalleg
‘uoisuspadAy :ebe ues)N s,yoequoin oaibe ABuoss=g Aw asneoag, ‘. Apoq Aw (yuswabeuew
(ynob pue ‘Aousisisuoo [euselu| < ‘oaube=y ‘lesinou=g Ul S[EDIWBYD 81| },Uop -J|8s -|) Jnoineyeg
ABojoouo ‘uoisuspadAy) Aupiren ‘aalbesip=g ‘eaibes|p | @sneoagq, ‘)l pesu (3s00 ‘snpayos
SO|UI|0 Juslzedino aAnoIpald ajelepowl ABuosys=| ateym jualaype Alleas |y ees ol, “6'3 ‘90UBJUSAUODU| (SVNI) @[eos N
JUBJBYIP € WO Sjusied < pUE JONJ}SU0D PooL) o[eos payI Julod-g -UOU 10 Jusleypy  SoUBIBYPE UO SWell 2z < -¢) Jolueg 22=| @ouaIeypY-UON [euoiusiu| ‘8102 ‘[B }8 UBLUUIBA 9e
aJreuuonsenNy
uaping juswieal] ()
pue a[eas Aysuol (1)
‘oouasaype sjuaned jo
Bunes s,uedisyd (g)
‘lojewl}s3 eouaisypy
au} (¢) (gpuawnasul ni SJ01Je 9|npayds (9)
(1) 3surebe pasodexnr pue sasop Buiddiys (p)
(9°02-6"2h) ‘skepijoy B6nip (o) {(uoou
1'6G :(dDI) obe ueipaly 1e ““6°9) asop Ajiep e jo (ssejose0
s|eydsoy (210w Jo sAep UOISSIWO Oljews)sAs } ‘Juswabeuew
AjIsiaAlun Jo syun ased 9 /—9) SaWIoWos 0} JaAaN Qoualeype (9) ‘6nup ayy jo -J|8s -g) Jnoineyeg
pue seopjoeid [essuab g Ayliqeljal 1se104-1s8) pue ‘wesboyoid Aq Jood Asen 4ood  uonenunuoosip Ale3 (e) ‘(Buyebioy ‘spusdeam ¢,@0uel
ul sjusiied 8ANOBSUOD o ANPIEA JONASUOD POOS)  PBISISSE 8[BOS [BUIWION ‘ajesepow ‘poob ‘ybiH swens /Repijoy -g) Jouseg  g=papodas Jou ‘Z=| |00} SOUSIBYPE ZOIMBIIOPIS ‘QLOZ ‘B 18 ZOIMBIIOPIS se
S9)e[24109 ‘YOI (Aupijen io/pue Buli09s Jo poylo N aouasaype JONJISUOD WY (uondaoisad) (papodauou ‘In ) juswniisul/eaiud  Anunod ‘Yeak Yoyiny ON
10 gsS¥(s1eaA) ,obe ‘Bunies Aungenal) ‘senpuadoad -uou Jo uonesyisse|n Jo119q Jo (Ngey) sway |euonuauIUN /Buneu/sjess/NOHd
olBWoYdAsd Jnoineyeq ‘(jeanoead) 10 [euonjuajul
sJauJeq ulewop way J0 Jaquinu
‘ainseaw Ssa00id  ‘@inseaw awoonQ
penujuoy | @|qeL

15

12:2057868. doi:10.1136/bmjopen-2021-057868

Fahrni ML, et al. BMJ Open 2022



Open access

panuiuo)

IVIN-H isurebe
pesodexn [YIN-d <
(69-29)
€9 :(4O|) obe ueipsN
SOIUIO 81eD
Arewud peseq-Aieipey
ul pajjolus pue jusbe
olweeoA|bodAy [eio

¢/ '0=eydie
s,yoequoid
‘Aous)sisuoo [eusaiu| «

oalbe
AiBuosis=g 0} 9aibesip

SWa)l / | =S¥e9Mm g
1sed 8y} Joj pajoalp se
suoljesipaw Bunyey Jou
10} (s)uoseal pue swayl
/=Ja112q /abpajmous|

iswaey g=eousieupy «
(6-IvIN-d)

(Aoeoiyoe ‘@siom

/1en8q Buljes) usym
Bunyey paddoys ‘Buisop
Japinoid aseoyyeay
yum diysuonees
‘aBpajmouw -0 1) Jolleg
‘(pe10auIp sk aiow

/SS9] 9¥E} -€) INoINBYSg
‘(suononusul

1noge pasnjuod ‘Aoeaud
10 yoe| ‘syuswiulodde

900 JaY}0 }S00

(IVIN-H)

juswiniisu| eoualsypy
uoneaIpa
-leuoissejo.id aieoylesH
B pue (YN

auo 1ses| 1e Buyes ‘iNag Apiea 1onisuod ABuoss=| aseym 9ouaJaype Japeq 9ouaiaype papodal ya1 Xy ‘Burebioy -d) Juswinijsu| 8ouaiaypy seisheley
Unm pesoubelp sjusied < PUE JUS}UOD POOY) 9[eos ey wiod-g sa]eOIpUl 8109S JaybBIH -juened uo swey 9z < ‘aunnol -g|) Jeuieg  g=pauodai Jou ‘yg=| uoleoIpa|N-lusied ‘020z ‘e 1@ yon 872
swiayl
Jay1o Joy saibesip
AjBuons=y 0} aaibe yuow
AlBuons=| wouy 1sed ay} Jono aulipaw
o[eos poyI ulod-7 uonuanaid Aiepuooss o}
(owny ays Jrey 9oUBlaYpe pUE BUlNOI
uey} sse| ‘awl} sy} Ajrep oyl saudIpaw
Jley noge ‘awiy 8y} Bunyy ‘sieLueq [eonoeid
8-SYININ 1O Jsow ‘ewi} 8y} Jo ‘sauIoipaw Jnoge (s100y0 opIs pue
jsuiebe pesodexnr |l Aeau ‘ewiy sy} SUJ92U0D ‘SauloIpaw Buisop uo abpajmouy
6°01¥G°0, obe uBBN 10 |[e) yuow ised UIM uonoejsies >0€| 4opaq 3o} usym
SOIUIID J& SJUaAS oy} ul paquosaid se pue Buipuelsiapun ae] J0U pIp -2) Jolleg
Q@HD o uonuanaid U E} SEM BUIDIpaW ‘SOUIOIPAW JUBLIND ‘(Ayuerxep alreuuonsanb
Aiepuooas Joy auroipaw UOBd Ua}o MOy IO} jualaype suonoss 9 |eaisAyd ‘Buipebioy (spawA) suioipaw
Yum paquosaid siuened « Aypijen 80By PoOYH)  BjE0S LAY Julod-G -uou Jo juaisypy swel vl o Xy [1e1 -2) Jouseg L=IN ‘eL=1 Buixey jo sousuadxe AN | MN ‘0202 /2 1o queuy oy
s8jeqelp Jo
Aujgndeosns pue
Kuanes paneoiad -
uoddns
[e100s pue Aoeolye
-Jjos paneoIad -
SIBlIEQ PaAIROISd  — (eBpajmouy| Buisop jo
ddIN pue SAVIS Koeolye 30B| ‘S1084J3 BpIS JO Jes)
jsujebe pesodexnr PUE S1S00 ‘spyeuaq ‘@oueolyiublis ayy e9s
8'01¥2'LG :9be ues)\ 16'0=eyde 9l suoneolpaw 10U pIp Ieneq )8} uaym
(soulo pue s,yoequoli) Jo Ajnn panigosed - a¥e} JoU pIp -p) Jelleg
s[eydsoy o1ignd) ased ‘Aouslsisuod [eusdlu| oaibe Jnoineyaq ‘(Moddns
Arepuooss pue Arewud Aigeral yus|j@oxa ABuosys=| 0} eaibesip Buiiey-uonesipal — |e100s ‘Juswabeuew (LVVYINAIN)
0} pajussaid oym —poob ‘Aupijen 1oniisuoo AjBuons=g aiaym @oualaype Japaq 1S]ONAISUCD G -J|es -9) Jnoineyag |00] JUBWISSISSY 8oUIBYpPY ocBIsAeRN
Se}eqelp YuM sjuslied PUE JUS}UOD POOL) o[eos Uy iod-G  pajeoipul s8109s JayBiH swenzl <« ‘(IlIyed xy -g) Joieg  g=papodal Jou ‘6=| uoneoipa|\ eisAefe|y ‘020g ‘e 18 yereH 68
S9)eJa4109 ‘HOI (Auip1jen io/pue Buli09s Jo poyla N aouasaype 1ONJISU0D WY (uondaoiad) (papodaiiou ‘In ‘) jjuswnsul/eld)Id  Anunod Yeak Yoyiny ON
10 as¥(sieaf) obe ‘Bumag Aupgenja.) ‘sanuadoad -uou Jo uonesyisse| Joljeq Jo (Jgey) swal [euonuauuN /Bune.i/sjeos/NOYd
oL}aWOYdAsd anoiAneyaq ‘(jeonoeuad) 10 [euonuajul
SJsuieq UlBWOP Wy 10 Jaquinu
‘aInseaw SSa%0id  ‘ednsesw swoodnQ
psnuinuod | sjqeL

-2021-057868

i:10.1136/bmjopen

12:2057868. do

Fahrni ML, et al. BMJ Open 2022

16



Open access

awooIno papodal-jusiied ‘SNOHd ‘2Ileuuonsenp aousIaypy UOIESIPSIA UsEd ‘OVIN HoNaIyul 9sea10id ‘|d ‘8INSes|y UOIBAIOY JUslEd ‘Y ‘Olle] Uoissessod Uoieolpall ‘Ui ‘o[eds aousiaypy UoieoIpaln A)SLION ‘SYINIA ‘Uoioelu
OdI ‘ey1] 10 Alfenb pajejei-yieay “JODYH ‘Adelay ] [esinonainuy aAnoY AIYBIH ‘LHYVH ‘Sniijjow se1egelp ‘N ‘eseasip Asupiy d1uoiyo ‘a0 ‘elreuuonsany uondaosad ssauj|| Joug ‘Odid B

80l040 aidiINW ‘DN

[2ULOIISOND 90USJBYPY UOIEDIPBIA ‘DVIN ‘eifeuuoliseny uondadiad ssau

*3[B0S 9nBOJeUY [BNSIA ‘SYA ‘0[E0S UOHEDIPSIA O} 80UaIBUpY PanodeY ‘INVY ‘sainseaw

pseooAW ‘|| ‘Wwa)sAs BuLiojuOW SjusAS UoledIpaW ‘SINJIA ‘suonsanb

| Allep Jo salAROE “IaY

‘swie)l ggL=INolAeyag ‘GE | =Jallieg ‘9ze=joljeg ‘aousiaype se papiodes pue pasipJepuels s| soueldwod “6'e ‘eousiaype o) pajeles Swisl |1
‘payiodal Jou 1o 9BUEl ‘UBIPSW Se papodal aiom SeNnjeA BWOS,
(Aue y1) papioda JON 10/PUE [BUOHUBIUILY JSPUIBLISI BY) PUE [BUO/LSIU| 8C] O) S1e SW.)I S} JO %0E< ‘[BUONUSIU| SE PaIYISSE|D 8q O} SINSESW € Joo
‘swe)l /9=paiodal JON ‘GE=SWall |N ‘eUoRUSIUILN ‘LEL=SWaY | ‘[BUOHUBILI ‘6S JO fy=U ‘SBINSESW JO JagquINN

9|eog (uoneoipaw
AoeJel yiesH sejeqelq JONO J9Ip ‘aledy)esy
suiebe pesodexnr ul 1SN} ‘UolIpuUoD Jo
G'6F9'vS obe uesN 9ousnbasuod ‘g uo
[exdsoy e £0=eydie abpa|mouy —p) Jlleg
0 sojuljo ABojounoopuy s,yoequoin ‘(AeinBai aey ‘exejul
pue seseas| [eulaiu| ‘Aouslsisuoo [euselu| oalbesip Albuons=g Juswiyeal} uoljeolpaw ‘sa|nNpayos sny|lo selegelq
oy 0} Bunuesaid AupljeA joniisuod  ‘eeube Ajbuosis=| aieym aoualeype |\Q g dA} 0} @oualeype ‘ulnsul Joj awir} Usym || odA ur Juswieal] ey} «AONL 2202
NQ Yum syuslied PUE JUS}UOD POOY) 9|eos ey wiod-g Jood ‘ejesepow ‘poon) papodal-jjos wey-0g SNOIXUE —€) INOIABYSg /=] 0} 9ouel|dwo) 1o} 8|eos ‘lesAeg pue ewAeg a4
[[eleTR (eliydooew.eyd)
9oUBlaYPY ZOIMBINIOPIS uoljesipaw Jo
suiebe pesodexnr sjoadse oAlsod -
(sJepJosIp [ejusW JBY}0 (elqoydooew.eyd) (qusroynsul
10} 09 L=U) ¥ LFG v uopes|psw Jo / Poo3sIspuUNn 84 jou
pue (eluaiydoziyos sjoadse anneboN - PINOD uolEeWIOUI
Jo} gLg=u) :suoljesipaw “Yoquosaid ul 3snij ou
2L¥2 Ly obe ues)y Juawyesas} oidosoyohsd 0} paje|al alom ‘9ouanbasuoo Yyym
SuoIpuUod oujelyoAsd oalbe A|lejo1=9  spsemoy Jeljeq Jebuosis (swey g) sefeosqns g wejun ‘Aessedsuun Juswieal] oueIyoAsy
Jayio pue eluaiydoziyos Ajjigeljel pue ‘ealbesip A|le10)=| aioym B 9)BO|pUl 9|BOSONS *9|e0s sjoljeqg yieay ‘abpajmou| ‘suopjoelalul uo aJleuuolsend) 4,gUedS ‘1202
Uum sjuaedin0 o AHPIEA JONJISUOD PooL) 9|eos ey iod-9 4oeo Uo $8109s JaybiH papoda-jos wey-/ | /¥08)48 8pIs -g) Jolleg 8=| sjolleg yieaH jusned ‘le jo senang se aq [
(qusronsul
Amuep! pue / Poojsiepun a4 jou
9|04 [euoIssajo.d ‘[e1oos PINOO uoleW.IOUI
pue saouanbasuod Yaquosaid ul }sniy ou
noge sjaljeq ‘@ouanbasuod yum
deng3y wejun ‘Aressadsuun
SIW3IN Aq unoo |id ‘abpajmous| ‘suoljoelaiul
jsuleBe pesodexnr 1Noge sjeljeq /109))0 apls -g) Jaljog
(sseah Gg-p| :0bBuel) ‘suoljows ‘@duanjjul ‘(esop e ssiw 0}
1'91F€G" |G obe ues|y < (e1qe1deooe) |e1oos ‘@bpajmous puslul/exe) 01 uoiuslul
(sauebins 2'0< uoneeLod Wwey ‘S90IN0SAI PUB }XS}UOD ou -g) Jnoineyeg
pue sajoew.eyd) z/,'0=eyde |EJUSWIUOIIAUS PapN|oul ‘(1on1BoIRD WO}
Bumes jusiyedino s,yoequoi) oaibe pUB }JoMBWEI} Ulewop poddns ou ‘el Ajiep ul
Y} Ul uoneiul ‘AouslsIsuod [eusdlu| A|Buosis=g 0} ai6eSsIp Qoualeype [eoneloay} || Jo 0L ajelodiooul 03 noIIp (volLoig)
oljoique aiojeq Ajpiea yonisuod ABuoss=| aseym -uou jo aaibap Jaybiy ul 8JoMm swiejl-slueg ‘Bumebioy ‘mojlems @ouaJaypy 2 1jue wus| egPUBLOZIMS
pessesse sjualied <« PUE JU8}UOD POOL) o|eos ey Wiod-G  pajeolpul $8109s JaybiH swayl G| 0} Aynoiyip -1) JoLueg si=l -Joys [eJQ 0} Sieleg ‘L2og ‘e jo beey v
S9)e[24109 ‘YOI (Aupijen io/pue Buli09s Jo poylo N aouasaype JONJISUO0D WY (uondaoisad) (papodauou ‘In ) juswnisui/eaiud  Anunood ‘eak Yoyiny ON

10 gsS¥(s1eaA) ,obe ‘Bunies

Aunqenja.) ‘sanaadoad
ouBWoYdAsd

-uou jo uonesyisse|n

Jo119q 10 (uqey)
anoineyeq ‘(jeonoead)
sJauJeq ulewop way

‘ainseaw ssa820.d

Swig)l [eUOUBUILN

J10 |euonuajul
10 Jaquinu

‘aanseaw awoo1nQ

/Bune./aeos/INOHd

panupuod | a|qeL

17

12:2057868. doi:10.1136/bmjopen-2021-057868

Fahrni ML, et al. BMJ Open 2022



panuiuo)
J10 Jepeq Buigsy uaym
suoleoipaw Buiddols
‘auioipaw diys ‘syid
L'eL¥e65=(c 40 Ino unJ ‘paiy
[euy) obe ues|y o uonduosaud 186 01 (es10m
€' GFe L=(L ¥/°0=eydre sjuawiulodde Buissiw J0 Jopaq Bui@sy uaym
[euy) ebe ues|\ o s,yoequoi) ‘@ye] 0} Jou apIo8p puiddoss -1) Jel10g
s|eu} ‘Aousysisuod <« ‘(ssaloled
[eojul|o ejesedes [eulsiu] <« 9G—17 | =S8109s [e}0| $9[eOSONS € Ul SWayl -1) Jnoineyag
2 Ul pajjoiua Ajigelal aAiolpaid  (Jansu=| pue awli} 8y} JO BWOS=¢ ] 40 ued se 1onpuod ‘(sjuswiuiodde a|eog Adeiay |
uoisuauadAy PUE 10NJ}SU0D ‘awl} 8y} JO }sow=¢ ‘@wl} 8y} jualaype Bupfel-uoneosipaw ssiw ‘Buinebioy ainssaid poo|g ybiH 0} ,6VSN
UM synpy o ‘JUSJUOD PO0Y)  [[e=} BIeYM) B[BIS LioI] ujod-f, -Uou Jo juaisypy O} pojejal swel 9 « ‘21 XY -p) JoLieg Z=IN ‘=1 doueldwog auog-|IiH ‘0002 ‘e to Wiy g
junowe juasedde Jo s)oaye (Aoeoiye Jo xoe|/10010
Ajlenes ewiyise £6°0=eydie paquosaid 8y} Ul pue  8SISAPE 0} 8Np Jo}[e 9SJoApE O} aNp/aSIOM
jo Buiyes ueoisAyd s,yoequoi) sawif} paquosald sy} /Buiddoys ‘esiom /1e9neq Buljesy usym
jsulebe pesodexnp ‘Aoussisuod Je Jajeyul J1I8y} pasn pue Jeyaq buljesy suolesIpaw Joje
Jap|o [euiou| o JO BUIDIPAW J1dY} Y00} uaym suoneolpaw /Buiddoss -01) Jeleg
Jo oG pabe %/ <« Aujqeral L=0u {p=soA sjualied Jayleym — ‘(ssoleled
SOoIUIo pue Aypiea moj-ybiy ooualeype  ssojased ‘Bujebiod o -1) Jnoineyeg (SYING) oJeoS @ousiaypy 9sVSN V661
oseasIp Aleuow|nd « JUBUIWILIOSIP POOY) 9|eos pasiwoioyolq MO| ‘wnipsw ‘YbiH aireuuonsenb wey-zL <«  ‘(Bumebio) -|) Jeuieg p=IN ‘8=l uoneolpap syooig ‘lejo sxoolg |
S9)e|aLI00 (Aupiea BuLi0os Jo poyla i\ 9ouaiaype-uou JONJISUOD Wd} (uondaouad) (papodaljou juswinJ}sul/ed|Io Anunod oN
‘HOI 40 asF(s1eak) 1o/pue Ayjiqerjal) J0 uoneoyisse|n Jo119q 4o (108) ‘I ‘1) sway /Bunel /o|eds/INOHd  “eak Joyiny
«obe ‘Bumes ‘saipadoad Janoineyaq ‘(jeonoead |euonuajuiun

olBWoYoAsd

/leoisAyd) sianueq
‘ulewop way
‘ainseaw ssa20.d

10 [euonuajul
J0 Jaquinu
‘ainseaw
awooINQ

19-6G

SWwell gg| ‘seinsesw GG JO g =U—adualoype-uou (|n/|) /euonusiuiun/euoiuaiul paxiw Jo SNOYd g @lgeL

)
7
o
3]
3]
®©
c
[
o

o

Fahrni ML, et al. BMJ Open 2022;12:€057868. doi:10.1136/bmjopen-2021-057868

18



panuiuo)

8[eog Aoeoly3-4eS
[SEINEIER NIIENETS)
8y} pue pue Saly

MO|[EMS 0} pJey
S| Jo peq sajse; |
JI UBAS UOlBDIPBaW
Aw Buiyey oy
pajwwod we | -
‘paquosaid
se uoljeolpaw Aw
Buiyey Aw jo Aem
ayruiieb sbulyy -
‘auIoIpaw Aw
noge suois|oep
Bupfew ul
ajedioiped o} sw
sjuem Japinoid
jeoipaw A\ —
"}l 8.y 03 18610}
1snl | ‘uoneoipaw
Aw aye)} 01 Juem
|ybnoyy ueng -
‘uofeolIpaw
Jo asop Apes
Aw 3003 | 41
Buusquiawal
awli} piey e aney
| ‘uoousaye sy u| -
JUBWIHWWOD
‘Juswabeuew-yos
“ignop-y|es ‘e|npayos
0} Buidesy jo Jesy

/AIH Yim suosiad G6'0 Pue G8'0 ‘9ouaJaype 1SISSE O}
J0o} )17 Jo Ajenp usamieg eyde Japinoid aseoyyeay
[euoisuawipiyN|A s,yoequoi) JO JUSWIBA|OAUL
Jsulebe pesodexny ‘Aoussisuod ‘}09)40 9SIOAPE INOQE
8'g¥ |7 :0be ues| o [eusolu] < JO100p WJojul 0}
S2.3U89 [BDIpaW JO Ajjqeljas 1ebuoy ‘suonduosaid 5 VSN
/pue suolesiuebio 9|qe}deooe 0} pooh (owm ayp [I4o1 0} ‘©Xe} 0} (8) Jol0g ‘0002
90IMes SAlY ‘Ayp1jeA 1onsuoo JO |[B O} 8w} 8} JO SUOU WO Juaiaype buipebioy “6'3 o ‘(g) Jnoineyeg (IvY) Aojuanu] ‘lleay
JOSlUBID) <« PUE JUSJUOD POOL) Buibue.) ejeos peyI julod-2 -UOU J0 Juaieypy aileuuonsenb wey-gz <« ‘(21) Joureg  zL=IN ‘9L=I apNHNY 8ousIByYpPY puesime] ¢
S9)e|a1100 (Aupijea BuLI09s Jo poyla |\ 9ouaiaype-uou JONJISUOD Wd} (uondaouiad) (papodalijou jJuswinJisul/erd|Io Anunod oN
‘HOI 40 as¥(sieak) .1o/pue Ayjiqerjal) J0 uoneoyisse|n Jo119q 4o (108) ‘I ‘1) Swiay /Bunel /o|eds/INOHd  “eak Joyiny
«obe ‘Bumes ‘saipadoad Jnoineyaq ‘(jeonoead |euonuajuiun

olBWoYoAsd

/leoisAyd) sianueq
‘ulewop way
‘ainseaw ssa20.d

10 [euonuajul
J0 Jaquinu
‘@inseaw
awooINQ

panunuoy gz a|qeL

19

Fahrni ML, et al. BMJ Open 2022;12:057868. doi:10.1136/bmjopen-2021-057868



panuiuo)

(ewyise) swoono
[eolul[o pue spiodal
Aoeuureyd jsurebe
pasodeixnp
19-1¢ :9bues aby
90IFIeh
:obe ues|\ <«
asonoeid
do [edniwes e
wouy sdnoub jusiyed
jusIaype-uou
pue juaisype Joj
a1 jo Anenb pue
SHSIA 810 BUWU}SE
ps|inpsyosun <«

AA

SNAN
1suiebe pasodeyxnp
6°/F8°Ge :obe ues|y

s|eydsoy

AA

Aupirea
J0ONJISU0D pue
UOLIB}LIO POOY) o

G/ 0=eydre
s,yoequoun
‘Aousisisuod
[euisiu]
Aynqerjes
poob ‘paysijgeisa

A@1g|dwod

Buiddoys sased awos ul ‘s|ans)
woldwAs 0} asuodsal ul ABajens
JI8Y} PaLIBA OYM 9SOU}=pajoaiip
woldwiAs () ‘lunowe paonpal
e 1e 1ng Apenbal uoneosipaw
300} oym 8soy}=6Buisop moj

(g) “Yjoam Jad suoiseso0

alow Jo oM} Uo 30604 oym
asoyi=bumabioy (g) ‘Aenbas
uoleoIpaW ey} 8)e} oym
sjualied=Jejnbai (|) :sao0bareo
 0Jul Pap0oo asuodsay

sieak g snoinaid
2y} Jano abesop
papusWILWLODd)
JO 8IoW 0 %Gz
Bunyel=e1enbepe
Jusiaype
-Uou Jo juaisypy

syjuow
¢ 1sed ay} Buunp
sAep uoljeoipaw
-uou [e}0} Jo
sAep g< J0 oam
1sed ay} Joano

Janeq buiesy

uaym Buiyel dois ‘|es)

| moy uo Buipuadsp

‘)1 @SN 0} Jayeym

Aep yoes aprosp

‘papuUBIIODaI UBY}Y

ss9| Inq Aenbal axel

‘Buiey Jou Joj uoseal

urew pue Aouanbaiy
Bumebio) “6'3 o
alleuuonssnb weay-9

syjuow ¢ 1sed ay}
JOAO |[E 1B suIdIpaWw
Aue &y} J0u pIp sAep
Auew moy ‘pusseem
1sed ay} Jono axel
J0U pIp ‘esiom

(+emeq

Buijea) usym paddols
‘asop Jass9| -g) Jalleg
‘{(Roeolye-j|es ‘ssajaied
-g) Anoineyag
‘(eunnos/1avy
‘Bumebioy -g) Jouieg

|=pauodal
10U ‘2=IN ‘=l

alleuuonssnp)
as() UoNeoIPs
BWUYISY JO SuIdEed

AN
‘5002
‘le}o seneal) 9

JO saJpusonnw Aupien aaoipaid passiWw Sasop g< < 198} JI Buyey dois (1) Jo1129 (OVINS) ooureds
69 wouj siuaied pue 1U8LINdU0D L=0u ‘p=soA Jualeype  ‘ssojaied ebio) “6'3 ‘(1) Jnoineyag Z=peuodal aireuUONSONY) BoUBIBYPY ‘2002
po1osjuUI-AIH <« Jusu0n :9[e0S pasiwoioyolq -UOU JO JusJIaypy  aileuuolisanb wey-9 o ‘(p) Joureg 10U ‘2=IN ‘2=I uolneoipay padwis ‘lejoeqouy G
sauIoIpaW
uonoalal-nue ‘Bupey
0} 1sn(pe 0} }NoIp
1 pul ‘pasu jou op
MUly} S8WIBWOS
6/.'0=eyde ‘Asnq uaym axe}
AKoeoiye-jjes s,yoequoi) 0} 106104 ‘o)E} 0}
jsuiebe pesodexnp ‘fousysisuod 19610} sawBwos
SyIFC Sy [euidiu] o ‘oxe}jouop “63 o
:obe ues|\ <« Aunqeraa swiayl
lendsoy a|geidaooe (o046 ¢ 40 ued se 1onpuod (1) so1199
Buiyoesy e 18 ‘paysi|geisa AiBuosys 0} saibesip A|Buoiis jualaype Bupjel-uoneosipaw ‘(1) Jnoineysg |=payodal (03x1) sareuUOnSEND  (MN ‘2002 ‘B
paJslsiBal syjuened < Auplea jusuod wouy buibuel) sjeos payi] ulod-g -uou Jo jualsypy O] pajejel swel G ‘(g) Joureg 10U ‘2=IN ‘2=I s}oa)g Juedsuel]  jo uuewebaliz
sajela4109 (Aupijea BuLI09S Jo POyl 9ouaJsaype-uou 19NJ1SU0D Wd) (uondaouad) (papodaliou juswinJisul/erd|Id Anunod oN
‘HOI 1o as=(sieah) 1o/pue Ayjiqelja) J0 uoneoyisse|n Jolleq 1o (1oB)  ‘In ‘) swan /Bune. /oleds/NOHd  “eak Joyiny
«obe ‘Bumes ‘sanuadoud JnoiAeyeq ‘(jeanoead |euonuajuiun

odWoYdAsd

/IevisAyd) siarLueq
Iulewop way
‘ainseaw ssa90.d

Jo [euonuajul
Jo Jaquinu
‘ainseaw
awooInQ

penuiuod g 9|qeL

)
7
o
3]
3]
®©
c
[
o

o

Fahrni ML, et al. BMJ Open 2022;12:€057868. doi:10.1136/bmjopen-2021-057868

20



Open access

panuiuo)

9sop passiw
JO} suoseal
uosway gl -

(sesop passiw)

PEO] [BJIA PUB SNTIN 8'0< eyde 9oUaJIaYpE [elsIp
Buisn junoo |id s,yoequoi) pue juedal (esiom/1en9q Buijesy
Jsulebe pesodexnp ‘Aouslsisuod uoswelg - usyMm suolesdipaw
(22-0g :9buel) [euou| o 2oualaypy Jo Buiddoss -v) jolleg
6¢ :obe uea|N <  AupIEA (1ONIISUOD) sajejali0) sulleseq, ‘(uoneanow
vsn aAloIpasd pue pue ,SuoledIpa ‘uawebeuew
8y} ul sHuUN S[euL Juabienuod (ueyo=| pue sawiEWOS=g [edinos1eY-1luY 0} -J|os -2) Jnoineyeg JUSWINIISU| 82UBIBYPY
[eolullD Salv ol ul ‘Juelu0d poob ‘Alosei=g Janau=y aioym) Juaiaype @oUaIaYpY, :S18S g ‘(po1oaye G=pauodal (9510vY) dnoun sjeu). +9¥SN ‘0002
pajjolus sluaned « ‘Aljigeljas us|jeox3 9[eos JayI Julod- uo payey -UOU JO JuaIeypy aileuuolsenb wey-/| < @unnos gy -9) Jeuieg jou ‘9=|N ‘9=| [eolullD SAIV NPy~ ‘e 1o Aeusey) 6
Jaquosaid
Suonduosaid yym
Buipuelsiepunsiw
‘Buljjim J0u ‘S)UBAS
9SJaApE ‘opniny <«
(1) sor0g -
9oUaJeype-uou {5l0)
Joj suoseal g|. 8y} Xy [|l}o4
syuow Jo Aue seyoads ‘90D UIyUM Jou
€ 1SB| PUEB Yjuow }se| ‘Seem ‘(ebeyjusoied SJ9U30 Jo 9ouasaid
1se| 8y} Buunp paaJasqo jou paniesqo ‘suoljeoipaw
SUOI}IPUOD 8¥BjUl 10} SUOSEaY ‘{7 SUOIHPUOD &¥elul) J9Y10 yum
% ‘Yoom SUOI}IPUOD 8)Ejul Use|o ‘puaseam
1se| 8y} Buunp paaiasqo jou 8} 9AJI8sqO 0} /sAepijoy ‘aunnou
9JOM SUOIIPUOD 8¥ejUl Jey} Sawl} pa|re} juaned ayy ‘ebio) AlIdwis o
8y} 0} pJebai yum souaieypy ‘¢ sewl} Jo Jaquinu - Joureg -
% ‘syjuow ¢ ise| pue (eBejusoied Jayye ‘esooyd
yiuow 1se| ‘yeam ise| ay} buLnp 9ouaJIeype) ‘@ouaJleype-uou
SINAIN ‘[eA8) 92USJaYpPE-UOU U0} SUOSEaY ‘g uolesIpaw 8y} JOJ UOSEal 89U} 0}
ewse|d qunod |id % ‘Syuow o) 0} pa|ie} awi
Jsulebe pesodexnp € 1SB| PUE Yjuow }se| ‘Seem juaned ayy uo uoleslpaw
0L¥g¢ :obe ues|\ o Aupien 1se| 8y} Bulnp passiw sasop sewl} Jo Jaquinu  — oy} Buiney JoN o coureds
sjualedino JUSLINDUOD 8y} 0} pJebas yum souaieypy * | Juaiaype :soxapul Jo sedAl z o (oundiosip (avy3s) aireuuonsand 2002 ‘le 1o
pajosjuI-AIH <« poon o 8|9S [BUIWON -Uou Jo juaiaypy swel z <« -1) Jnoineyeg L=IN ‘1= oouaJeypy Hodey-}@S OudION-ZOun\ 8
(uoneoipaw
Aue axe}
SN Apsey |)
jsuiebe pesodexnp |=papoda.
€0L¥6°L9 jou
:obe ues|\ {(KiBuimouyun
19DY ue ul paj|oJud Aupiea ABuimousjun /K IBuimouyy)
saonoeld 4o annoipasd Jo AjBuimous AlBuimousjun e=In/I
wouy uoisuapadAy ajelepowl ‘sawl} oi1oads 1e /ABuimouy| ssiw | o  }(ewn swes
pajjouooun ‘Aypirea MO|=9 pue }08ped=| jualaype Buiey ssiw 63 (Juswebeuew oy} e ayey (OYSY) a4reuuonseny 2N ‘9002
UM Sjualjled «  }U9IUOD pooy) Joym a[eos peyIT julod-g -UOU JO Juaiaypy 9oudIeype Uo Swiall 9 -jJ|os -g) Jnoineyag  sAeme |) g=| podey-j|og aoualeypy ‘e 1o Jepeoiydos L
S9)e|aLI00 (Aupiea BuLI09s Jo poyls i\ 9ouaiaype-uou JONJISUOD Wd} (uondaousad) (papodaljou juswinJisul/ed|Io Anunod oN
‘HOI 40 as¥(s1eak) .1o/pue Ayjiqerja.) J0 uoneoyisse|n Jal1eq 4o (30B) ‘N ‘) swan /Bunel /o|eds/INOHd  “eak Joyiny
«obe ‘Bumes ‘saipadoad Jnoineyaq ‘(jeonoead |euonuajuiun

olBWoYoAsd

/leoisAyd) sianueq
‘ulewop way
‘ainseaw ssa20.d

10 [euonuajul
J0 Jaquinu
‘ainseaw
awooINQ

panunuoy gz a|qeL

21

Fahrni ML, et al. BMJ Open 2022;12:057868. doi:10.1136/bmjopen-2021-057868



)
7
o
3]
3]
®©
c
[
o

o

panuiuon
HdN Pue SVA
isurebe pssodexnr < (62£°0-21°0)
1'2L¥8°09 suolje[@.i00 (e1oEAIW
:obe ues|\ < [e10}-Way 32IS IO B Jou ‘9siom/ieneq
uolo8yul ‘,98°0=eydpe Jeyeq Bulesy usym Buijesy ‘uonoippe
ADH 40} S|edinlue s,yoequoi) paddois ‘uonoippe Jo Jesy ‘Auew 00}
Bunoe-joaiip ‘Aoussisuod ‘s109ye apis ‘Aluenb ‘S}I0M @Ins Jou
Buryey yuswyredep [eusolu] < .uayo JNOQE paLIOM ‘s109))0 apIs -9) Jollog (av
ABojoisyusolsed Aian, 0} Jansu, woly Jo eaibe ‘paddiys ‘auioipaw jo ‘(Arep jou “yobio} -ADH) SNJIA O siuyedaH ,gElueWoy
s,Jexdsoy e 1U81U0D pue AypleA AiBuosss, 0} eaibesIp AlBuoss, juaiaype  ino uei ‘yobioy 63 ‘paddiys -g) Jnoineyag J0} sjuaby Bunoy ‘1202 ‘e e
jesjuelled <«  1USLINDUOD PooY) woly Buibues sjeos peyi ulod-G -UouU Jo Juaieypy aireuuolisenb wey-g L ‘(yoo1s ou -|) JeLueg =N ‘2=I -10941Q 0} @oUdIBYPY  BOI0NS-NaIN gL
100
pue Bunjiom sem )
Uiyl 1, Upip 8snedaq
paddois 1o paddiys
‘paquosaid uey sso|
uae) ‘Moj[ems o} (40m 3, upIp
ooualeype pJsey ‘Aep e sauloipaw aulolipaw Yapinoid
pauodai-jjos Auew 00} 9] 0} aJ1eoy}eay ul }sni}
Jsulebe pesodexny aABY “JUBIUSAUODUI ‘Buisop - | 1) Jolleg
8'€1¥G6'2S Gg'0=eyde s| Aep e 90uo uey} ‘(woddns
:obe ues|\ s,yoequoi) alow Buney ‘Aem ayy JO 32E| - 1) Jnoineyeg
sajegelp pue ‘Aoussisuod Jansu, 0} Moam ul s}eb |oyoole Jo ‘(1s00 ‘Buisop
uolssaidep ‘ewyise [eusolu] < 1SB| 9y} Ul, Wouy Jo 2albesip asn ‘auldipaw Jo N0 ‘MO|[EMS O} pJey ||
JO} suoljes|paw Aupiien  AjBuons, oy ,@aibe A|Buosys, wouy juasaype  ued ‘yobioy isnl 673 sabus|jeyo ‘Bumebioy (02-)SYV) 0g-9b6pajmouyy 997SN ‘8002
uo sjuslied «  }USLNDOUOD POOL) BuiBuel ejeos peyi Julod-g -UouU Jo Juaieypy aireuuolisenb wey-0z ‘xy [|Ijo4 -g) JoLueg 8=IN ‘ZL=I UHM SHIBIS 9oualaypy ‘o uyeH ||
Juswabeuew-jos
pue Jenaq Buiesy
uaym Bupyel dois (1oneq Buljesy usym
‘Buijjenesy uaym ‘Asnq Buiey dois -p) Jeleg
SINAN G6'0=eydpe suolenys Jo Ajalen ‘(uswabeuew
jsulebe pesodexnp s,yoequoi) B Japun suoljeolpaw -J|os -1) Jnoineyeg
¥'2L+1G :obe ues|N o ‘AouslsIsuod anisuspedAy-nue ‘(kepijoy
saoloeld a1ed [euiou| o paquosaid 0} aieype ‘Buijjoaes) usym (4-S3SVIN) uoisiney
Arewnd Buipusne Aupiea aIns Ajowalixe=y 0} aIns |e je jualaype 0] 90ouUsplyuUod “H'3 o ‘“Asng “6°9 ‘suoienys -9|e0g Aoeow3-41es VSN ‘8002
soAlsuoLedAH <« aAIoIpald pooY)  Jou=| 8I1aym 8[eas payIT Julod-1 -Uou Jo juaieypy aileuuolsenb wel-gL < Buibus|eyo -g) JeLueg 9=IN ‘8=l 9ouaJaypy UOIBDIPSIN ‘B 18 Zepueulaq  Qf
S9)e|aLI00 (Aupiea BuLI09s Jo poyls i\ Qouaiaype-uou JONJISUOD Wd} (uondaousad) (papodaljou juswinJ}sul/ed|Io Anunod oN
‘HOI 40 asF(s1eak) .1o/pue Ayjiqerja.) J0 uoneoyisse|g jal1eq 4o (30B) ‘N ‘) swan /Bunel /o|eds/INOHd  “eak Joyiny
«obe ‘Bumes ‘saipadoad Jnoineyaq ‘(jeonoead |euonuajuiun

olBWoYoAsd

/IeoisAyd) sianueq
‘ulewop way
‘ainseaw ssa20.d

10 [euonua}ul
J0 Jaquinu
‘ainseaw
awooINQ

panunuoy  z a|qeL

Fahrni ML, et al. BMJ Open 2022;12:€057868. doi:10.1136/bmjopen-2021-057868

22



7]
(7]
(V)
o
o
(1]
=

*9|e0g anbojeuy [ensiA ‘S ‘UOIBIASP piepuE)ls ‘gS ‘uoiduosaid Xy

‘lel} paj|0Jju0D pasiWopuel ‘| DY ‘sainsesll swooino papodai-juaiied ‘SNOYJ ‘Ol uoissassod uonedipawl ‘dd|Al {WaisAs Bulio)uow JUsAs uoljedipaw ‘SINJIA Jeuoiiioeid [essush do ‘ANjenuspyuod Jo ajou10 ‘D09 Bulall Ajiep Jo saiiAloe “1ay
'swi)l gg=INoIABYSg ‘vG=Jallog ‘9G=Jallieg ‘(s|euoissejoid aseoyyesy Aq uonuaniaiul pajefie) aAeY UBD UDIUM UIBLLOP E) fa/jeq Se pasLIobayed si Wal 8y} 48//eq JO Jol./eq WOJj JoMSUE SUO 8S00yD 0} pajoadxe s| jusiied e usymt

‘(@0134nS pjnom Hgey anoiduwi

0} SPoY}aW BulpusLILLIODSI IO PAPSSU S| UOIUSAIS)UI SNOLISS SI0W B JBYISYM JoUUN) SSOSSE 0} [eUOISSa)0id 8180y} eay) [euoijuaiu| e pastiobajed si wal sy} ‘(;19610) nok pip * AiBuimousiun 4o AjBuimousy, “6:9) | PuUe | yioq saljoads wey Usymt
‘papodai jou Jo abuel ‘Uelpaw Se papodal ajom SanfeA awos,

‘IN SWaH %0E< ‘| SWdY %0e< o'l Juasaid 8 0} 84e SWSY |N PUE | JO PEOUE[E] B ‘PaXIW Se PalISSE|D 8 0} 8INSeal  J0} ‘SWa)l g=par/odal JON ‘0S=|N ‘[euonuauIun ‘6/=| ‘[BUCHUSIU] ‘6G JO §L=U ‘Sainsesw Jo JaqunN

(sway

a|npow M8} YlIM Sa[eos

ewolaA aidiynip Joy} a|qerdeooe
alleuuonsenp a4 ale G0
Jo Ajlenp ay} pue punoJe senjea
2100 alleuuolsand) eydpe reyy
a)17 jo Aueng pauoniuaw ng

jsuiebe pesodexn anjeA moj 8y}
(1)) steah 229 pabpaimouyoe

23

(HOI) o6k uelpe <« sioyne)
Yiuow | 1ses| je Jo} Ly 0=eydie
Joje|npowounwiwl s,yoequoi)
ue yym pajeal} ‘AouslsIsuod (ruswiyeasy paydnuisiul BWOJRAN
pue ewojaAw [eulsiu] <« ‘@slom/Iepeq a|diyNIN yum syusned
yum pasoubelip paysi|geisa Yols/1eneq buljesy Buiesy -q) jaleg J0} Si0je|npowounwW|
‘soJul|o Jusnedino Aupijen juabianuod Janau, 01 ;shkemje, juaseype ‘j06i0y ‘ssojosed 63 ‘(ssololed joaunses|\ lizeig ‘1202
je sueled <« pue jonJisuod woly Buibuel ajeos peyi ulod-g -Uou Jo juaieypy  aJleuuonsenb wiel-, «  ‘10BIoj -g) Jnoineysg 2=IN ‘s=| 9oUaJaypy Juswieal| ‘lejoeIBAIS €|
S9)e|aLI00 (Aupiea BuLI09s Jo poys i\ Qouaiaype-uou JONJISUOD Wd} (uondaoiad) (papodal jou jJuswinJ}sul/e a0 Anunod  oN
‘dol 10 gs=(sieah) uo/pue Ayjiqelja.) J0 uoneoyisse|d jaleq 4o (10B) ‘N ‘) swan /Bune. /aledas/NOHd  “eak uoyiny
«obe ‘Bumes ‘saiadoud Jnoiaeyaq ‘(jeonoead |euonuajuiun
ol}BWOoYoAsd /IeoisAyd) sianueq Jo jeuonuajul
‘urewop wayl Jo Jaquinu
‘ainseaw ssad0.d ‘ainseaw
awooInQ

panupuo) g aqeL

Fahrni ML, et al. BMJ Open 2022;12:057868. doi:10.1136/bmjopen-2021-057868



)
7
o
3]
3]
®©
c
[
o

o

*UOIIEINGP PJEPUE)S ‘(S ‘SAINSESW SWO0IN0 papodai-jusiied ‘SNOHJ ‘elgeoljdde jou ‘wN ‘einssaid poojq dg
‘(s)way |=Jolieg ‘g=jolleg ‘G=InoiAeyag ‘9ousIaypE Se papodal pue pasipiepuess si aoueldwod <63 ‘@ousiaype o} pajelal sws} ||y,

“(Aue

}1) papiodal Jop 10/pUe [2UOUSIUJ JOPUIBLISI Y} PUE [2UOUSIUIUN 8] 0} 81e SWaY SH JO %0S< ‘[eUOIIUIUIUN SE PAIHISSE[O 8q 0} SINSESW € 0} 'SWa)| g=papioda. JON ‘Z=SWa}l | ‘[euonualul ‘G=SWwa}l | ‘[eUORUBIUIUM ‘6G JO g=U ‘Sainsesw Jo JaquinN

2oueswnalID

Je|noiped e
SENETEET=EYE] uanib pouad
winJas paseaJloul W} yjuow-¢g
pue uonosfel yelb B JOAO
‘SUOI}BIUSOUOD 18 0=eydre (poquosaid
juessaiddnsounwiwii s,yoequoi) /PasIApE Se .uoseal
wnies ‘sajel ‘Aouslsisuod snwijjoioe} Jo Aue Joy - ssjw
9oualaype ‘plodal [eusolu] o awli} 8y} jJo upodsool1o pue asJom }/d} NoA
|1424 ysurebe A 90G<=C pue awi} J18y} Bupyey asneoaq dojs ‘Bupyel (esJ0M JO Jonaq
pasodexnp poob ‘AlpIleA 8y} JO %05-%Lg=D 10U Se paulep jnoge ssajaled Buljesy usym dois -g) Jalleg
L' F2'2G :obe uea|y o JU.INdU0D ‘awI} 8y} Jo 9ouULaleYpPe UON <« ‘aye} 03 j06.0}, ‘(Juswabeuew (SVLI) Wwawnasu|
sjuaidioal pue }oNJISU0d  9%02-% =g ‘(duou) jualaype :ueyo moy “6'3 <  -J|S ‘ssojaled -g) Jnoineyeg Z=payodal aoualeypy Adessy) VSN ‘G002
jueidsues) uebi0 9]eJopON  OWI} U} JO %0=y  -UOU IO Jusieypy alleuuonsanb wel-G « ‘(10b104-1) JoLIRG Jou ‘1=| ‘2=IN anissaiddnsounwiw| ‘e j8 wioysiyn 4
|04u090 aInssaid poojq
1suiebe pesodexnp
dnouf jusieype-uou (pouad
8y} Ul 6'8F/ 91 pue pPapuLdIXa JO LOYS IO}
dnoub juasaype sy} ul 9)E} 0} JOU BpIodpP
¥/ F6'8Y :obe ues| o jualaype Jo “}ebu0y Ajyusnbauy
uoisuapadAy Se paljisse|o ‘1ob10} sewipwos
J0} Bulusalos ays aJom Aep Aiane ‘196104 A|[euOISED20)
Jom Buunp eienols suojjesipaw Juswabeuew
pue Arebuny ‘euisny Bunpfey eq -J|os ‘Aoeolye-yes
:S8lIUN0D ueadoing 0} pawie|o sjuaned “6'3 o
[esjuad ¢ ul seakojdwe Ajligeras uo |=ou {p=s8A oym sjuelied <« suonsenbgns (1) Jol0g9
Je|jod an|q Buowe podai ou ‘Aupiren :9[eos juaiaype ¥ sey way yig ‘(ssejaseo ‘uswabeuew go/EBUNH ‘5002
soAIsusledAH < IUBUILLIBIOP POOY) pasiwojoydiq -uou Jo Jualaypy ‘Swall 6 40 Y18 « -J|es g) Jnoineyag 1= ‘e=IN aJreuUONSaNY 8ouUdIBYPY ‘/e 18 Jopo4 1
sajela4109 (Aupyien  Burioos Jo poydN ~oouaiaype-uou 19N41SU0D Wd)| (uondaouad) sway juswinJsul/erd|Io Anunos ON
‘as=(s1eaf) abe ‘bumas .1o/pue Ajjiqel|a.) Jo uonesyisse|n Ja112q 10 (108) Jnoireyaq papodai jou /Buneu /a1eas/INOHd “eak Joyiny
‘sanuadoad ‘(leonoeuad /jeaisAyd) ‘(1) reuonuaqul
o}dWOoYdASd sJalieq :ulewop way ‘In Jo Jequinu
‘ainseawl ssa20.d ‘ainseaw
awooInQ

69 89

SWwsll @ ‘seiNsesW GG JO g=U—adualaype-uou (|N) jeuonusiuiun 1o SNOYd € 8lgeL

Fahrni ML, et al. BMJ Open 2022;12:€057868. doi:10.1136/bmjopen-2021-057868

24



3

Open access

Table 4 Associations between PROMs increasing propensity to detect an intentional non-adherence outcome and type of

patient care, and the process domains

Type of patient care—primary
care (general practice,
community pharmacy and
optometry versus specialised

care) Belief criterion items Barrier criterion items Behaviour criterion items
Standardised Standardised Standardised
OR 95% ClI Pvalue beta Pvalue beta Pvalue Dbeta P value
Increase in the *1.9 1.01t02.66 0.044 *0.79 <0.001 *0.34 <0.001 0.087 0.62
detection of
intentional non-
adherence
*p<0.05.
PROMs, patient-reported outcome measures.
table 3—unintentional, Ul (n=2 of 59 instruments).®® % PROM characteristics

Of the total 572 intentional criterion items, I=491,
I=79, and I=2 were split into the intentional, mixed
intentional/unintentional, and in the wunintentional
categories, respectively. Of the total 90 unintentional
criterion items, UI=35, UI=50, and UI=5 were splitinto
the intentional, mixed intentional/unintentional, and in
the unintentional categories, respectively. Finally, addi-
tional n=67, 9 and 2 items were not reported within each
category.

Process measures

The process domains which affected non-adherence were
belief (383 items), barrier (192 items) and behaviour (165
items).

Correlation and regression analyses
There was a strong positive correlation between the
outcome domain, intentional (I) and the process
domains, belief (Spearman’s p=0.88, p<0.001) and
barrier (Spearman’s p=0.59, p<0.001), i.e., the
numbers of belief and barrier criterion items increased,
along with the numbers of intentional criterion items.
The results of the regression analyses are displayed
in table 4. Regression models were adjusted for
respondents’ age. There was a positive and significant
association between increased PROMs’ propensity to
detect intentional non-adherence and primary care (vs
specialised care) that patients received (OR=1.9; 95%
CI=1.01 to 2.66), i.e., a measure was 1.9 times more
likely to have detected an intentional non-adherence
event among patients who attended primary care as
compared to those attending secondary and tertiary
care appointments, or who were hospitalised at these
facilities. Similar findings were obtained for negative
beliefs and barriers encountered. For every belief or
barrier criterion item included, the PROMs’ aptitude
for detecting intentional non-adherence increased
by B=0.79 and P=0.34 units, respectively. Model
R2=0.94, i.e., 94% of variance in the outcome variable
intentional non-adherence can be explained by the
predictor variables belief and barrier.

Psychometric properties

All studies included had a minimum of two psychometric
properties assessed and described (online supplemental
appendices 6-8). With reference to validity, hypoth-
eses testing for content (including face) validity and/
or construct validity were evaluated in a majority of the
studies, 8 18 20-22 24-27 31 39 42 43 46-50 52 57 58 60 64 66 \yr ) Lo forence
to reliability, the parameter internal consistency, was evalu-
ated in 38 studies, respectively. Measurement error or cross-
cultural validity/measurement invariance was not evaluated
in any of the studies. In addition, many of the studies assessed
PROMS’ development, but they were not necessarily of good
methodological quality (for example, limited information
on data validity as described in the eligibility section) and
were hence excluded.

Defining and scoring adherence

There was heterogeneity in the term ‘adherence’ used in
the studies. First, this was evidenced in the cut-off points
used for determining level of non-adherence, for example,
‘habitual to occasional refusers of medications’,' ‘high,

. 5
medium or low adherence’,5 456 3nd ‘adherent’ or ‘non-

adherent’ 19 21 23-30 82-10 42-44 47 51 52 57-66 68-70

All PROMs that had a component of unintentional had
binomial categories of ‘adherent’ versus ‘non-adherent’.
While a handful of studies specified the score which
determined ‘high’ score'® and hence ‘highly’ adherent,
others reported that a higher score indicated better
adherence.” * % A majority of the measures (n=47 of
59 instruments) were worded as closed-ended questions
and provided responses in the form of nominal or Likert
scales; seven measures were open-ended and provided
dichotomised Yes/No scale (which ultimately yielded a
positive or negative overall score which determined level
of adherence).” '* 17 1821 3 # Geveral measures incorpo-
rated an addition of Visual Analogue Scales (VAS) 2Laba6

The measures for assessing adherence were patient or
interviewer-administered and conducted via face-to-face
interviews (real-time or virtual), telephone interviews,
questionnaires, diaries or internet surveys.
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Extent of non-adherence

Seven measures specified a time period for non-
adherence, for example, ‘Did you miss a tablet—yesterday?
last week? last month? or in the last 3 months?’ Fifteen
adherence measures specified a frequency for skipping
or missing doses, for example, ‘How many days over the
past month did you take less than prescribed?’ The time
frame specified ranged from 1 day to 12 months. Most
of the items were interpreted from measures that state
the number/amount of doses taken compared with those
prescribed for that time period. Haag et al® went on to
stratify their analysis according to level of adherence for
daily, two times per day and three times a day regimen.

Disease-specific measures

Some of these adherence scales are disease-specific and
thus explored common predictors that may influence
adherence in those diseased populations. Examples of
diseases or statuses explored were asthma,61 diabetes,
AIDS,* hypertension,57 % chronic diseases, acute oste-
oporosis, eye-related conditions,'® cardiovascular, and
organ transplant recipients.27 9

DISCUSSION

Quantification of adherence and non-adherence

Medication adherence has been defined as ‘the extent
to which patients take medications as prescribed by their
healthcare providers’,”" while its measurement is the
process of systematically assigning numbers or words to
tangible and intangible characteristics so that they can be
defined, quantified and differentiated. In our review of
59 PROMs, these self-reported measures aimed at quan-
tifying medication adherence based on the responses
from a nominal or Likert-point scale and assigning cate-
gories to the total scores. A small number of adherence
measures had taken a different approach to assigning
the ‘adherent’ category. The Medication Adherence
Questionnaire (MAQ), Morisky Medication Adherence
Scale (MMAS), Brief Medication Questionnaire, Adher-
ence Self-Report Questionnaire (ASRQ) and VAS cate-
gorised patients into levels of adherence. For example,
the MAQ and MMAS categorised the population into
high, medium and low levels of adherence whilst several
others collectively grouped respondents with medium
and low adherence scores into a broader ‘non-adherent’
class. For the Brief Medication Questionnaire, the study
population was grouped into repeat, sporadic and no
non-adherence. The ASRQ and VAS classified non-
adherence into six and seven levels, respectively, based
on the researchers’ expertise. Where reported, the most
common cut-off point for non-adherence is the score
below the corresponding point of another objective or
self-reported measure. For instance, the cut-off was the
point where it was revealed that the patients took 80% of
their medication. The MMAS cut-off points, for instance,
were selected based on the correlation with blood pres-
sure control. Other adherence measures, such as the

Drug Attitude Inventory, Adherence Attitude Inventory
and Medication Adherence Self-Efficacy Scale-Revision
first segregated the population into adherent and non-
adherent based on responses to questions about whether
medications were taken or not, and then compared the
mean scores of the two adherence measures to determine
the cut-off.

Psychometric properties

Since the publication of the inaugural study on adher-
ence in 1968, many studies aimed at understanding
factors related to poor adherence, yet they lacked crucial
perspectives on the measurement tools used to evaluate
non-adherence. The approach for combining adherence
and its measurement is complex given that adherence
impacts health-related clinical outcomes.” The analyses
of PROMs’ psychometric properties were hence essen-
tial, given the vast and multidimensional outcomes they
evaluated. To ensure construct validity, several studies
used exploratory factor analysis to ascertain that the
smallest number of factors that best represented the
items was retained.?” * % Reliability was evaluated using
Cronbach’s alpha tests for internal consistency to assess
how closely related a set of items were as a group and
this was frequently reported and often yielded values of
more than 0.7, indicating a relatively acceptable level
of internal consistency and correlation between PROM
items. In addition, the reliability of a measurement tool
in consistently reproducing the same result across several
measurements, denoted using a test/retest reliability
score, were also not regularly reported.

It is crucial to evaluate PROM in the context of eval-
uating medication-taking conduct, i.e., its construct and
structure need to be sensitive and adequately detect
aspects of medication-taking behaviour. Medication-
taking behaviours were often detected when using a
direct, indirect or a combined method. The most precise
approaches were postulated to have been direct methods,
such as directly observed therapy, biological methods,
and measurement of the level of medicine or metabo-
lite, for example, blood or urine drug concentrations.
Numerous indirect methods were equally proposed, such
as the use of clinician reports, data from rates of prescrip-
tion refills, pill counts, electronic medication monitors,
patient diaries and patient self-report measures as well as
healthcare provider-reported measures. When reporting
on aspects of PROMs’ construct, many of the studies eval-
uated its criterion and/or discriminant validity. However,
there is also a school of thought that described criterion
validity as being inaccessible for evaluation as it requires a
component of comparison with an established ‘gold’ stan-
dard. The authors synthesised the studies and deemed
proxy measures as either direct, indirect or a combina-
tion of both, as standards against which the PROMs were
validated.

In summary, the review identified 59 unique PROMs of
medication adherence. The selected 59 PROMs demon-
strated ease of administration primarily in community
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dwellers seeking services at primary healthcare facilities.
Patients who visited secondary or tertiary care outpatient
clinics, blue collar workers undergoing health screening
and patients hospitalised following emergency depart-
ment visits were end-users of the PROMs. These measures
were tested primarily on adherence to pharmacotherapy
for psychiatric disorders, and for retroviral and cardio-
vascular diseases. This was an indication that the PROMs
had good usability and credibility, and were meaningful
to be used for their targeted populations. Eight of these
outcome measures had adequate, evidence-based psycho-
metric properties, and had the aptitude to identify those
who intentionally failed to adhere to good medication-
taking conduct. They were the Compliance Questionnaire
Rheumatology,” Immunosuppressant Therapy Barrier
Scale,27 Medication Adherence Rating Scale,20 Treatment
Satisfaction Questionnaire for Medication,” Self-Efficacy
for Appropriate Medication Use Scale,” Medication
Adherence Assessment Tool,50 Patient-Medication Adher-
ence Instrument and Healthcare Professional-Medication
Adherence Instrument™ and Barriers to Oral short-Term
antibiotic Adherence™ questionnaires. Two measures
with adequate, evidence-based psychometric properties
had the aptitude to identify those who intentionally and
unintentionally failed to adhere to good medication-
taking conduct. They were the Adherence Starts with
Knowledge-20°° and Hill-Bone Scale’” questionnaires.

Intentionality (intentional and/or unintentional)

While the advantages of those psychometric proper-
ties were recognised, authors seldom weighed in on the
inherent ability of self-reports to assess intentionality. A
patient’s belief, past experiences and cognition level may
equally come into play, influencing medication-taking
conduct. Decisions by patients may be well-informed or
ill-informed driven by concerns over the benefits and
risks of their medication.”* Using theories of Planned
Behaviour and the Common Sense Self-regulatory Model
of Illness, several attempts were made to explain variation
in adherence to medication.'” A social cognition model
that aims to explain one’s intentional non-adherent
conduct was developed in 1999 by Horne'” and was
founded on the Health Belief Model™ and the Illness
Perceptions Model.”® According to Horne, adherence
to medication is based on patients’ deeply-rooted belief
concerning perceived severity of illnesses, i.e., percep-
tions and their understandings, and hence, knowledge of
the nature of the illness, and treatability.'” In the context
of adherence, belief is usually associated with intentional
non-adherence because the belief can strongly lead to an
active decision either to follow or not to follow instruc-
tions by healthcare professionals.

Self-efficacy, on the contrary, is key for habitual
non-adherence and is a term that encompasses self-
management skills, discipline and the state of being self-
sufficient.”” ® In our review, we observed more of such
terms in the later versions of the health beliefs model
to increase the explanatory power of the theory, placing

emphasis on patient accountability .”** In recent times,
during the COVID-19 pandemic, the health promotion
model is also referenced to as it emphasises self-efficacy
and purports thatjudgementabout one’s ability to success-
fully perform challenging tasks is based on four types
of criteria: (a) behavioural engagement and evaluating
performance, (b) observation of how others perform,
(c) verbal persuasion by others about one’s ability, and
(d) anxiety, fear, calm, tranquillity, or other physiological
states associated with selfjudgement of competencies.® *

When used effectively, measurement tools such as
self-reports essentially screen for these predictors (be it
one’s belief system—perceptions, experiences, knowl-
edge and trust towards healthcare professionals or one’
behaviours—self-efficacy and habits). These perspectives
are important for better understanding of the underlying
reasons contributing to non-adherence. As this review
demonstrates, distinguishing intentional from uninten-
tional non-adherence is pertinent. Only then can appro-
priate and targeted interventions be provided to the
patient.”

Limitations

Although we successfully classified each item of every
measure or instrument based on intentionality for non-
adherence, future research using a similar approach may
reveal varied findings. This is because the process of clas-
sification was largely dependent to a certain extent, on
one’s interpretation of the criterion items’ construct and
thereby the consequences of treatment default. Our find-
ings also cannot be used to ascertain the phase of medica-
tion taking, whether ‘initial, i.e., starting a recommended
medication regimen’, or ‘implementation, i.e., executing
the prescribed dosage schedule’ or ‘persistence, i.e.,
length of time on regimen before discontinuation’.** In
addition, while there is a body of evidence to suggest that
past negative experiences with the healthcare systems
were attributed to the intention to default treatment, the
key role of healthcare professionals in advocating posi-
tive habits for medication adherence remains vital. In
other words, past negative experiences could become
positive and the new experience should equally influence
medication-taking conduct.

Recommendations for best practice

Many of the studies identified PROMs of adherence
towards antiretroviral and post-organ transplant thera-
pies. End-users of these measures can easily be subjected to
stigmatisation, and as such, undergoing a series of validity
tests including cross-cultural validity, can prove beneficial
for the development of individual measure items. This
is also true for measures where the appeal, social desir-
ability and sensitivity are of concern, and yet the assess-
ment needs to be conducted without compromising the
method in which the latent trait of the measure is being
measured across cultures and populations. For instance,
as proposed by Stirratt et al,** respondents with cognitive
impairment may require other approaches such as daily
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texts, interactive voice response surveys, or computer-
assisted measures.

In addition, the testing for criterion and construct
validity was often conducted using proxy measures
as opposed to direct measures. Although our review
demonstrated the link between intentional non-
adherence and one’s belief system, and in theory,
responses to sociocognitive domains can be used as
proxy measures, we recommend further statistical
analyses, for example sensitivity and positive predic-
tive value calculations, to assess the concordance of
direct and proxy measures of individual measure items.
Despite having the advantage of producing quick
results, a PROM needs to be reliable, its results repro-
ducible, and have an ability to capture a single under-
lying aspect of behaviour, barrier, or belief, and map
that construct onto a valid measurement scale.

Our findings demonstrated that existing measures
had sufficient evidence-base and psychometric proper-
ties, and therefore, should first be used, as opposed to
developing a new measure, unless the study subjects do
not correspond with the tested population.®” Consensus
of a panel of experts is necessary for determining
criteria for scoring and cut-off for adherence versus
non-adherence. They need to consider frequency
and dose (and the allowable deviation in the amount
prescribed whenever the patient decides to lower or
increase dose), as well as determine habitual versus
occasional refusers. Additionally, developing response
items that differentiate adherence in ordinal terms
(e.g., anchored Likert rating scale), nominal or VAS
(e.g., estimated level of doses taken) may help decrease
ceiling effects. To curb recall bias, phrases like ‘during
the last weekend’ and ‘in the past 7 days (to include
one weekend)’ were preferred. A 30-day recall period,
as opposed to brief intervals, can also be considered
in view of its advantageous impact on ceiling effect
reduction.

Finally, future research could underscore the adju-
dication of measurement errors and their sources
of variability, as there is a paucity of information in
these areas. Elucidating responsiveness of PROMs and
their ability to detect changes in clinical conditions of
patients are also potential areas for psychometric char-
acteristic evaluation.

CONCLUSION

The data spanning four decades revealed that PROMs
were developed to assess medication non-adherence,
which had increasingly become more intentional. Of
the 59 studies, ten PROMs had adequate, evidence-
based psychometric properties. Of the ten, eight and
two PROMs were able to detect total and partial inten-
tionality to medication default, respectively. Measures
with matching intentionality properties will better
detect non-adherence, thereby relieving clinicians
from having to contemplate on ineffective medications

or therapeutic failure due to drug resistance. Finally,
recommendations for patients to simply use daily
reminders to consume medication should be brought to
a halt as it seems counterintuitive to tackle the premed-
itated intentional non-adherence. Instead, because our
data demonstrated a link between intentional non-
adherence and one’s belief, empowering patients with
the appropriate knowledge, helping them to better
manage their illnesses, and strengthening their trust
in medications and healthcare providers could be
more reliable impetuses to drive positive attitudes and
perceptions. However, these need to commence at the
primary care level.
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