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Background: Limited studies have systematically reviewed the literature to identify and
compare the various database methods and optimal thresholds for measuring medication
adherence specific to adolescents and adults with asthma. In the present study, we aim to
identify the methods and optimal thresholds for measuring medication adherence in popula-
tion-based pharmacy databases.

Methods: We searched PubMed, Embase, International Pharmaceutical Abstracts (IPA),
Web of Science, Google Scholar, and grey literature from January 1, 1998, to March 16,
2021. Two independent reviewers screened the studies, extracted the data, and assessed the
quality of the studies. A quantitative knowledge synthesis was employed.

Results: Thirty-eight (38) retrospective cohort studies were eligible. This review identified
20 methods for measuring medication adherence in adolescent and adult asthma adminis-
trative health records. Two measures namely the medication possession ratio (MPR) and
proportion of days covered (PDC) were commonly reported in 87% of the literature included
in this study. From the meta-analysis, asthma patients who achieved adherence threshold of
“0.75-1.00” [OR: 0.56, 95% CI: 0.41 to 0.77] and “>0.5" [OR: 0.71, 95% CI: 0.54 to 0.94]
were less likely to experience asthma exacerbation.

Conclusion: Despite their limitations, the PDC and the MPR still remain the most common
measures for assessing adherence in asthma pharmacy claim databases. The evidence synth-
esis showed that an adherence threshold of at least 0.75 is optimal for classifying adherent
and non-adherent asthma patients.

Keywords: medication adherence, adherence measures, asthma, adherence thresholds, meta-

analysis, administrative health databases, review

Introduction
Achieving targeted clinical outcomes—asthma control, reduced asthma exacerbation
and improved lung function — in asthma patients require a certain degree of medication
use. Medication adherence evaluates the degree to which patients use their medications
as prescribed by their healthcare providers.'* While adherence to treatment is essential
to optimize the benefits of therapy, nonadherence has been associated with poor clinical
outcomes, increased healthcare cost and low quality of life.* > Medication adherence in
adult asthma patients ranges from 30% to 70%° ® and these estimates differ by country,
age, sex, and ethnicity.’

Several methods have been developed to measure medication adherence and the use
of records on prescribed medications to indirectly estimate adherence has gained
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prominence due to increasing availability of electronic health
records and administrative data.'®'" The accurate evaluation
of medication adherence in large populations using adminis-
trative data is important for assessing medication effective-
ness, identifying risk factors associated with suboptimal
adherence as well as introducing effective interventions for
improving adherence.'*'* However, the use of administra-
tive and pharmacy claim databases—have several shortcom-
ings including incomplete, or missing data and inability to
confirm if patients actually ingested their acquired
medication.'*'> Nonetheless, these adherence measures
could reflect real-life setting'> and improve clinical outcomes
if the database captures complete coverage of prescribed
medications and refill medication history.'?

Using administrative data, researchers and clinicians are
often faced with a dilemma of choosing an appropriate
adherence measure from a wide range of measures and
approaches in the literature.'® In particular, the availability
of different adherence measures and their variations com-
monly used in estimating adherence to asthma medications
often worsen the plight of researchers in this area. While
some investigators have consistently reported common meth-
ods for measuring adherence, a wide variety of threshold
classification exist.'"'”"'® Two of the most widely used
adherence measures that could be estimated from adminis-
trative data are the medication possession ratio (MPR) and
proportion of days covered (PDC), which estimates the pro-
portion of the time a patient has medication available.'' The
PDC and MPR adherence rate data can be reported as con-
tinuous or converted to a dichotomous measure when a
patient attains a certain degree of compliance. To identify
patients who are adherent to their medication using these
measures, a threshold of ‘>0.80" is conventionally used
regardless of the clinical contexts; nonetheless, the threshold
may differ across medication therapeutic classes or disease
condition.'"'® There is no ideal threshold for measuring
adherence to prescribed medications and the selection of
arbitrary cut-off value/threshold is of great concern to
researchers since there is lack of pharmacological basis
underlying decision to choose cut-off values.''** In addition,
several studies have proposed and used disease-specific mea-
sures to assess adherence to medications among patients with
various conditions including asthma.'®?' Thus, it remains
unclear which adherence measure would be appropriate to
assess adherence to asthma medications in patient population
already known to have high non-adherence rates.

To our knowledge, limited studies have systematically
summed up the evidence around adherence measures to

identify an appropriate measure for patients with adoles-
cent and adult asthma. In addition, there is dearth of
studies that have identified an optimal adherence threshold
for the appropriate adherence measure and their associa-
tion with clinical outcomes in adolescents and adults with
asthma. In view of this, we aim to systematically review
evidence in extant literature to identify and compare var-
ious methods for measuring medication adherence; opti-
mal thresholds for assessing adherence to medications and
their association to targeted clinical outcomes in adoles-
cents and adults with asthma.

Materials and Methods

We followed the recommended checklist, the Preferred
Reporting Item of Systematic Reviews and Meta-
Analyses (PRISMA)?* to conduct and report the compre-
hensive systematic review of the selected studies. The
protocol of this review was registered in PROSPERO
with registration number CRD42020168922.

Literature Search and Search Strategy

The search strategy was developed by the author (MA-B) in
consultation with a Health Science Librarian at the Faculty of
Medicine, Memorial University of Newfoundland. We per-
formed a comprehensive search in PubMed, Embase,
International Pharmaceutical Abstracts (IPA) and hand
search in Google Scholar, Web of Science, grey literature
(thesis, unpublished papers), ResearchGate and other
research platforms. The authors started the exhaustive search
on February 1, 2020, and ended on February 5, 2020, and was
subsequently updated up to March 16, 2021. The search
included articles published from January 1, 1998, to March
16, 2021. The search criteria comprised “MeSH” terms in
PubMed, “Emtree” in Embase, keywords and a combination
of “MeSH” terms and Keywords and finally “Emtree” and
Keywords. MeSH terms used for the search were (“medica-
tion adherence”[Mesh]), and (“Asthma”’[Mesh]). Keywords
used included (prescription[tiab] OR medication[tiab] OR
puffer[tiab] OR “inhaled corticosteroid”[tiab]) AND (adher-
ence[tiab] OR compliance[tiab] OR filling[tiab] OR dispen-
sing[tiab] OR dispensed[tiab] OR filled[tiab]) AND
(“Asthma”[Mesh] OR asthma][tiab]). Our search focused on
human studies and was limited to studies involving asthma
patients aged 12 years and older. Additionally, studies pub-
lished in English language were included in this review. We
manually screened the reference lists of the relevant studies
to identify additional articles. Also, content experts were
contacted to inquire about other related studies. The final
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search strategy in all the research databases is summarized in
the Supplementary Material in Table S1.

Study Eligibility and Selection

Two reviewers (MA-B, KOB) independently screened the
titles and abstracts yielded by the three bibliographic data-
bases for eligibility at the initial stage. The Rayyan software
(a free web and mobile app reference manager)* was used to
expedite the initial screening of the abstracts and titles.
Further, Rayyan was used to remove duplicates and sort
inclusions and exclusions of the retrieved abstracts. Any
disagreement in the selection of the studies was resolved by
consensus or arbitration by an independent researcher. After
their relevance was assessed, selected articles were further
screened. Studies were eligible for inclusion if they met the
following criteria: a) included individuals 12 years and older
with physician diagnosis of asthma; Physician diagnosis of
asthma was defined as any diagnosis based on ICD codes for
asthma in claim/administrative databases as well as pre-
scribed asthma-related medications; b) using population-
based administrative claim databases; c) studies reporting
claim databases medication adherence measures for asthma;
d) studies published from January 1, 1998, to March 2021; e)
articles written in English and f) studies published only on
humans.

Quality Assessment and Risk of Bias

The reviewers independently assessed the risk of bias and
quality assessment of the included studies. We adopted the
Joanna Briggs Institute checklist*® to evaluate the risk of
bias of the cohort studies. Using the checklist, we assessed
the quality of the individual studies based on 10 domains
(see Table S2 in the Supplementary Material). Any dis-
agreement that arose from the assessment of the risk of
bias of the studies was resolved by an arbitrator (third
reviewer). Further, we determined the confidence in the
evidence of studies included in the meta-analysis using the
Grading of Recommendations, Assessment, Development
and Evaluations (GRADE).*®

Data Extraction

The reviewers used a standardized spreadsheet based on
some generic items and relevant information to indepen-
dently extract the following data: (a) Study ID or author’s
name, (b) study population, (c) study design, (d) name of
the administrative database, (e) location, (f) outcome
assessed/study objectives, (g) medication adherence mea-
sures/related measures, (h) definition of the measure, (i)

Strength and weaknesses/limitations of the measures, and
(j) estimated rate of adherence measured/study results. The
data extraction process was simultaneously performed by
the reviewers (MA-B and KOB). We resolved the dis-
agreements in the data extraction by mutual agreement.

Evidence Synthesis

A priori, we anticipated significant variations particularly in
study design and objectives of studies included in this review.
This could introduce heterogeneity and impact on conclu-
sions drawn from our evidence synthesis. To mitigate the
impact of heterogeneity on evidence synthesized, two sepa-
rate approaches — quantitative and narrative — were used to
synthesize evidence from retrieved studies. Specifically, we
presented outcome data which were practicable to quantita-
tively combine in a meta-analysis. We used narrative/quali-
tative synthesis for data with significant heterogeneity and
impracticable to combine in a quantitative synthesis. This
was done to ensure that, sound and solid conclusions could
be made from the evidence gleaned from the various studies
included in our systematic review.

Qualitative/Narrative Data Synthesis

We conducted a narrative synthesis of studies meeting the
inclusion criteria. Narrative synthesis is an approach to the
systematic review and synthesis of findings from multiple
sources which primarily uses text to summarize and explain
the findings of the synthesis.”® It is used when statistical
meta-analysis is not feasible particularly due to substantial
methodological and clinical heterogeneity between studies
identified.?® This study sought to find appropriate adherence
measures and further determine the optimal adherence
threshold for adults with asthma using administrative data.
Thus, this narrative synthesis focused on adherence mea-
sures reported in the various claims/administrative data-
bases and study findings were grouped by type, definition/
equation, cut-off values or thresholds determination of med-
ication adherence measures.

Quantitative Data Synthesis

The main summary measure for the quantitative synthesis
was the odds ratio (OR). Review Manager, version 5.4,
and Comprehensive Meta-analysis (CMA) software’s were
used to analyze data for the quantitative synthesis. We
employed the random effects model to synthesize the
available evidence due to the suspected between study
heterogeneity. The effects estimates were synthesized
using the generic inverse variance method to estimate the
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contribution of each study (expressed in weights) to the
pooled effect. Meta-regression was conducted to investi-
gate the source of the between-study heterogeneity. The
authors performed a publication bias check by using the
‘Orwin’s fail-safe Ns’, Egger’s regression test and Funnel

plot.

Results

Identification of Studies

The database search generated a total of 7268 citations
(PubMed = 2456, Embase = 4479, IPA = 321, and addi-
tional searches from other sources = 12) [see Figure 1].
Duplicate studies were removed using the Rayyan web app
reference manager leaving 2756 records. The titles and
abstracts of the 2756 records were screened for relevance.
After the screening, we retrieved and downloaded 70

based on the study’s inclusion and exclusion criteria. The
remaining 38 retrospective/prospective cohort studies met
the inclusion criteria for this review. The flow diagram in
Figure 1 summarizes studies identified and excluded at
each stage of the review.

Study Characteristics

The general characteristics of the 38 included articles are
presented in Table 1. Most of the studies (n =
retrospective  cohort  studies
data.'*!>18:212755 Three studies employed a retrospective
design with prospective assessment*~*° and two other
studies conducted by Bidwal et al'® and Vaidya et al’’ were

33) were

with pharmacy claims

retrospective in design with cross-sectional assessment of
medication adherence without follow-up. All 38 articles
were published between 2010 and 2020. More than half of
the studies were conducted in North America (USA = 23,

articles for full text review and finally excluded 32 studies  Canada = 5)'%!5:19:21:26-30.32-34.38.41.43.45-48.50-52.55-60 e
PubMed Embase International Additional records
— — Pharmaceutical — identified through other
s n=2456 n= 4479 Abstracts n=321 sources, n=12
=
2
=
R
5 Total (N) = 7268
=)
I Records excluded
— (N = 2686)
Records after duplicates removed
(n =2756)
o Wrong population
E (n=1589), Ineligible
o ¥ database & self-reported
5 survey database (n=1087),
2] Records screened _| Protocols/ abstracts/no full
(n=2756) 7| text (n=10),
Full-text articles
2 assessed for eligibility »| Full-text articles excluded
) (n=70) (total, N =32)
=)
o Wrong/ineligible
outcomes/employed wrong
Studies included in database (n=32)
qualitative synthesis
(n=238)
Cohort studies (n=38)
°
]
E]
S Studies included in
£ quantitative
synthesis/Meta-analysis
(n=7)

Figure | Flow diagram depicting article inclusion and exclusion along with reasons.

https:

984

Dove!

Clinical Epidemiology 2021:13


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(panunuo))

“(#00°0 = d ‘%0€ sA %88)
dnoud ewyase paylieaun
a3 03 paJedwod

dnou3 ewiyase paylisA
ay3 ul §O| 03 ddUdJIBYpE
Jo 1.4 Jay3ly & punoy

Apnis ay3 ‘DQd 8uisn

‘uonedipaw jo asn

J0U S90p UOnE|NdRd

DQdd 410} pasn suonedipaw
pasuadsip aduis
PSIBWISII9A0 US3q dARY

pIno> asuaJaype SnuQg

*UOIBIND[ED SY3 O} pasn
sem uondwiepad yoes
40} (sqaq) sesop Ajrep
pauyep ay] ‘paquidsa.d
SeM UONEBJIPaW JO asn
Ajrep Suiwnsse ‘pa1dajj0d
uonedipaw jJo Junowe
31 uo paseq uonedIpaw
01 ssadde pey udned

® sAep jo a8ejuaduad

auy se pauysp >Ad

ole K4

21uld jusnedino
ay1 Aq paquidsaad
suones|paw
J3jj043u0d

Jo suondiiosaud
pawaspau

7 Jo wnuiuiw

® se pauya( (|
‘pasn

9J9M S2UNSBIW OM|

‘uondwiapau
/adua13ype

uonesIpajy

“leWUsg
‘uadeyuador
‘lendsoH
3ualqadsig

e oD
ausneding

Asoreadsoy

‘(umipaw pasuadsip
uo eyep Jeak-suo
pa123||0D) sonsnelg
3onpo.d [eUIP3|y

jo Ansi3ay ysiueg

Apmas
paseq-1a1siSau

aAndadsoney

"POLIIUSPI SU9M $OSBD
BLWIYISE PAYLIBA | /]| JO
|e301 \y “poliad Jeak-auo
® 3ulnp ewyjse pazdadsns
® YaMm pauuaged sauaned

00€ JO Sp40d3. [e2IP3|y

1518 32 g

(1000 > d

pa3snipe ! 4€0 SA 9p1°0)
VS/d4 Pue (1000 > d
paisnipe Gp€°0 SA £55°0)
4/@ snsdaA |A/44 403 DAd
ueaw Jay3iy Apuedyiusis

‘SMSIA
auapedu; Sulnp a3esn
uonedIpaW IpN|PUL J0U
$90p DAd 3y ‘oS (T
‘uonedipaw

a1 jo asesn jo
UONBWLIJUOD 3IBJIPUl JOU

saop uondiiasaad pajjy

‘poliad juswaJnseaw

ay3 ul sAep 03 suopedIpaw
BUWILISE JO SABp

PoJ9A0D JO OpEd BY) S

pauyaq “eaep Suisuadsip

uopedIpaw Xapul
Yam dduaisistad
PUe 8'0< DAd
Pue §°0z DAd
Buinsiyoe syuaned
Jo uonuodoud
papnjoul swodno
Asepuodag
JCRITENCIT1
uonedIpaW

SEM dwWodlno

BIR(] Swie|D ueld
YaeeH |, VIADI wouy
UOIIBWLIOJUI JUBW]|OIUD

pue ‘eep swiep

Apn3s 31040d>

“(€01L = 6E€€+¥9LE=Y)
9107 ‘0€ dun( pue 4107 ‘|
Auenue[ usamiaq TvS/d4
10 4/ ‘IA/H4 Yam Adesayy
vav1/sDl uneniul

J9p|o puE sueak g| ewyise

punoy Apmas ay | ® 1o} wrep jo asn ay] (| uo paseq paiendjed DAd oad Asewrad ay) | sereas panun Adew.ieyd pue [ed1pajy 2A>adso.IaY | JO SISOUSEIP LM SIUBNE] | [B 39 |[949AY
saunseapy
syinsay Apms ay3 jo suoneywI] sa.nseajy paje|oy S9A1323(q0 aseqejeq YieoH (ewypsy
/pa4nseajy dduIdYpy SISSIWBIAA poylap/inseay [aouaaaypy | Apnig/passassy aAnRAISIUIWPY 3INPY 40 JudIS3A|opY)
Jo ey pajewnysy pue yiSua.nng ay3 jo uoniuyaqg uonesipajy awomnQ uonesor] Jo awreN adA] Apmig uonendog aoyny

s3uipui4 Apmg jo AJewwng | 3|qeL

985

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Asamoah-Boaheng et al

%1799

SEM 91 9DUDI9YpRUON]

'%€'8 SE S[enplAlpul
Suowre a1es 3dUBIBYPE

*anbjuyda asia.d yam
sJaeyul paquasaad JBy)
pasn Ajjen3de sjusned
JayIaym wayuod o1

asn aq jouued 2duIdYpE

JO aunseaw AJepuodas

‘pasuadsip
sisiuo3e g-e3aq Sunde
-1J0ys pue suonesipaw

gl

|0.3u0d 3y Jo wins
ay1 Aq papialp pasuadsip
suoied|paw J3||oJ3uod

jo wins = YWV (T

“ddW

93ndwod 03 auemiyos

SVYS Pasn sJoyine ay |
‘suonda.ip uondiidsaad
pue Auenb pasuadsip
Uo paseq UoPEdIPAW Yoed
10y paaejnojed = A|ddns Aep
uonedipaly 3y ‘poriad
JUSWIINSBIW Y3 JO pUD
oy |aun ||y Aiddns 3saiy
wo.y awn ay3y Aq papiap
s||y uonesipaw o A|ddns

sAep ays jo wns ay3

‘sauaned ewyise

ul jo;3uod 3enbape
pue 329y9 dnnadesayy
® JO uopedipul

ue s| 2Jay3 ey3
suesw 31 uayl ‘g0
AWV UE J| (YY)
olnjeJ uonedipaw
rUISY (T

(80

2 YdW) @3uasaype
uopedipaw

[ewndo .o Ing (0
> YdW) M7 (50

Z YdW) Y3y-wnipajy
:9J9M pasn ploysaiyl
YdI ‘suonesipaw

J3]|0.3u0d

*95UaJ3ype
anoaduw
03 sai3a3ea3s

:$9jed dduaJdype

810 21D

yaeaH Anunwwod)
woJy uonedIpaw
BLIYISE paulelqo
oym eaep siuaned

10e.X2 03 pardope sem

‘e1Rp
|BUONDDS-SS0UD

wouy Apnas

‘POpN|OUl BJ9M S||ya
uopesipaw SulAl@daL

sauaned ewyise Juasisiad

1Iny punoy Apnas ay | ® S| Y2IYM YdIN PYL se pa3g|ndfed = YdW (| 'WIYISE 10} YdIW (] uonedIpay vsn MBIIAS. 1IBYD D103 aAndadsonsy 3NPE |T] 0 (B30I Y | [e39 emplg
123lgns yoes
Joy poriad yauow-g| Iey3
Sulnp pasuadsip suaasiued
Jo uonuodoud sAneNWND YdW
Alyauow ay3 se pauyop s||ya. J9jeyul Jo
sem xapul paiy3 ay] (¢ | Awden3au jo sunsesw
‘sswod3no snnadessyy ‘(pszijeaidsoy skep—g9¢) |e 39 essIng (g
yam pazeosse A|Suoaas /(4234 aya ul uonedIpaW INO-pa :(z *saeaf 7 jo poliad
aJow s xapul IO mnoyum skep jo (e 3 B 10} SPI0J31SOd1140d
-pa|4 1BY3 pa3uswndop J4aquinN]) = INO-Pa (7 | 4ourels Aq pasodo.d) pa[eyur jo aesn yum
sey sa1pms (g ‘(pezijendsoy [e30] -pajy (| ewiyIse Suipnjou; saseasip
‘suonedipaw Sulureiqo skep jo Jaquinu Ajowreu aunsesw SousJaype (sp4o2a. Auozeaidsaud dluoayd
ul suoneLieA dlposide -69¢)/(pasuadsip A|ddns Auaendau ||ya. & pue ploJ21502110d 11y, uondiidsaud UM J3PJO puE SIedk G9 |, UISURISLIYD
01 SANISUSS 3q 10U Aew 8nup jo skep jo uaquinu ‘saxapul uoissassod pajeyul VSN 2Yy3 ul 8ujureuod) aseqerep Apmis | paSe synpe Jsp|o Ge§| JO pue
9q Aew [e30] -paj Y] (| [2303) = @30l -Pay (| uonesipaly (£) @24y wJ93-3uo] S91BIS UDADS /Sp402a. wiepP-OWH aAndadsonay | [e3o1 & papnul Apms ay | ueuysLpjeg
saanseapy
sy|nsoy Apnag ay3 jo suonejIWLI] saJnsesj paje|oy saARRIqO aseqejeq Y3jeoH (ewyysy
[Pa4nses}y dua43Yypy [SOSSOWBIAA POY3dp/eanseajy [oousJaypy | Apnig/passassy QARRAISIUIWLIPY 3INpY 40 3UaIs3|0pY)
30 93eYy pajewnnsy pue y33ua.i3s ay3 jo uonuyeq uoiedIpap awod3nQ uoped0T] Jo sweN od4) Apms uope|ndog Joyany

‘(panunuo)) | ajqeL

13

Clinical Epidemiology 2021

https:

986

Dove!


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(ponunuod)
‘uopg|nded
Qdualaype
'seh $9-T| uonedIpaw
uiyam pase asoyy Suowre ul pasn pue ‘p9129]|0d a4aMm (AnsiBau

pap.Joda.d sem Adeandde

$.40328} UoId34I0d

uonedIpaw) pajad

|eraueIsqns e 9|iym dojaAsp ‘pamojje ‘BpEURD) wouy suondisaad §o)
‘sueaf | |- pade ssoyy ‘PaMOl[e s||ya. s||ya. Jo Jaquinu 23g9nd 997 jo 3|dwes puodas
Buowre A|ddns jo skep ay3 10} 9dUBP.IOOUOD pue A|ddns sdep | ul sepeweyd ‘SPI0J315021340d p3[eyul & pue sapewJeyd of
SU3 JO swIRY Ul AdeJndde ‘A|ddns skep ays jo Aodeandoe Aunwwod o} soseqeiep swie|d Apnas | ay3 ui padols uondiidsaud
9)BJSPOW B SBM U3y N 10} @dURpIOdUOD) oY) jenjeAs O] or uondussaud 39gand aAndadsoney | [euidlio $D| 80| | Jo) B3R gsl® 32 stelg
*(%0€ st mo|) ewyise
Yyum sauaned Suowe mo|
AJaA 3q 03 pajuswndop
U23q SeyY dUISYpE
aunseaw 03 DQd 8uisn (g
‘saseqelep aApeJIsiUlWpE
ut pasn suuaized
Buiquiasaud oy asnlpe
Dddd Y3 ‘splom Jayio u]
‘suJened Suiquidsaad a2ual|D ¥l 9p
Burioyip Jo 3unodde osfe spm3,| 4nod sesuuog
DAdd YL "3sn Ajrep .o} sap uonexojdxy
s§D)| jo Buiquidsaud-uou jo 39 9dUBUAUIERY
3|NsaJ B S q PO Ydiym ays pue ((QWVY)
Ddd Yam padnsesw ‘poriad Apmas ays Sulinp | *DQd jo uonesyipow 23gand Np 3Ipefe|]
‘AjPARdadsal usym siuaned o3 paquidsaud Addns skep ® sl DAdd 9ouaJBype ddueINSSY |opaISey *91q1812 949M sJeak GH—8|
‘9%1'8| PUE %9°7§ 49m | paanquie sduaisype-uou |e303 ay3 03 pasuadsip (DAdd) paisrod Sswaned ays) 29gand pade ewyise jo sisoudelp
Ddd Pue DAdd uesw ay1 9Y3 40} 3UNOdJE O3 pasn Aiddns sAep |eaon sy jo skep paquioso.d Jo aunseaw Jo saseqeiep yijedy “Apnas 1104od Yum siusned sAreu
‘Apnas aeaf auo e 3unng 9q p|nod DAdd @yl (| oneJ a3 se pauyep DAdd jo uonuodouy | mau e dojpasp of epeuR) SANEJISIUILUPE OM| aAndadsouiay -SDI 061+ J0 10Yod 4l® 39 stelg

987

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Asamoah-Boaheng et al

‘uonedipsw Jisyl yim
jueldwod se uaas aq [Im
siuaned may ey os aulod

Ho-1nd a3 3uneas)s 4Aq

“e1ep

souaisissad pue Apmas

(sp40d24 3uaned

BLIYISE DIUOJIID[D WOy

selq ay3 393..100 03 paLi ay3 ul shep jo usquinu uredg ®IEP ISIA [BDIUID pUB Apms (€17T=Y)
sioyane 3y | (€007 OHM o3 JO JBY) O3 UonEDdIPIW ‘euojadeg 9sBQRIEP SABR.ISIUIWLPE BERERTT [T 3ue303 YaV1/SDI YIm
€107 2214d) spsemdn UaAI8 & Joj paljddns skep soueldwod ‘s|eIousIssy Aoewiieyd) pue pa3ea.s sausned ewiyise
paselq aq 03 pajuawndop JO Jaquinu ay3 jo oned uones|paw SI9AIDS siuaned onewyise aAndadsonau Jo saLnsiSau [es1paw
u23q sey YdiW a3 se pauyap Sem YdiW NEIN BUIISY BuO[EpEY Jo saLnsi3au [ed1paly V | 2y pamairas sioyane a3y |, [e 39 Eqleq
‘uonENURUOISIP
03 JWn o} sisAeue
[eAIAINS Ja19—ue|dey aya IN ‘auAd
Buikojdwis Aq pauiwiazep @SUonN|og 3.4emM3os
sem dduaIsIsIag (g J12qdwe)) weadoud jood
"%001x (SIIY Ise| pue sy 8ulpaod3d [ed1uld SYd-3
adod usamiIaq skeq) + (A|ddns adod Y3 YIM uoneuIpIo0d “(papnpul
yam sauaned 1oy (1000 uonedIpaw Jo sAep [e303) pue ewyise ul JomIsN 9J9M BWIISE YaIM Ss3uszed
> d uosiiedwod ‘skep g5z =YdIW ‘Al[ednewayiel Yyam sauaned u [ea1unD padeuely ££1°01) Adeaayy pajeyur
—86) sAep G| | pue Bwyise ‘pe3ga.) awn [eI0) saideJayy pajeyul skemary A9)[eA yaio4 PaAIdad oym ddOD
yam sauaned .oy (skep a3 Aq papiaip papiro.d ‘saidesayy Yam aduaisisiad 3N ‘puepods (SHN) 931A495 YajesH Apmis Jo ewyise pasoueiq
$81-05 4Ol sAep 06 Ajddns uonesipaw jo skep paeyul yaum pue 2duUs.Iaype PSTTIN |euoneN aya wouy aAndadsonad uenisAyd yum siusney sle 3
Sem 1] UBIpSW |[BISAQ AN | 2ys jo wns ayd = YdW (| 95Ud3s1SI3d “YdIN sJedwo) Y104 SHN aseqeep Suiqridsaud v v papnpaur Apnas ay | Aoarod
‘9seqeRIEp (SIUSWEDIPIW
s3] NS sa3uUUOp 3p
aa1s139y) payaJ ay1 pue
‘uondiiosaud ‘aseqerep suondiidsald
‘PIPUSWIWIODA dE auo 3sB3| uonesIpaly 'synpe
‘pasN sI dlu3dW dUAIBYPE Asepuodas pue Asewrud 1€ pa||ly oym s123lgns (ODWVY) 22920 807 Y3 UO 3q ||Im sndo4
Asewnid e usym | jo aunsesw pajesSsiul uy Ul DQd Uo paseq sem NP SIPE[EW-IJURINSSE,| T10T PUe 007 Usamiag
%8'TS JO ded ddUAIBYPE 'S3NPE Ul UORBWINSIDA0 ‘sypuow Jl3BW ddUIIBYpPE SPI0.9350213.100 op 2139y 3y (gavd) Apnas 2JBYD [BDIPSW dISY3 Ul
01 paJedwod %9'9¢ |ennuBIsqns o1 pes| Z1 uiyum Adew.eyd e 1e Asepuodag :(g pajeyul uegolg ay3 ds3y aandadsoud | uondudseud gOH| suo yum
9q 01 punoyj sem sinpe pIno> aunseaw anbiun | uondusaad s aya Sul Jl439W ddUBIBYpPE 01 2duaJaype ‘epeue) 40 aJleuow|ng iues pue S)Npe QT PUe udJp|iyd
ul 2duaJaype HAd Suisn B Se D(d JO ash ay] = 9duaJaype Asewriyd Aaewg () Suissassy 29q9nd US s9UUOp Ip 2.15189Y aAndadsonsy 861 Yyaoq papnju| ¢5le 39 stelg
saansespy
synsoy Apnmag Y3 jo suonezIWIT] saanses| paje|oy saARdRIqO aseqeieq Y3jeoH (ewiyysy
/PJnses}y dua4vYypy [SOSSOWBIAA POY3ap/oansesy [odousuaypy | Apnig/possassy SARRAISIUIWLIPY 3INpY 40 3U9Isd|0pY)
Jo 93ey pajewnnsy pue y33ua.iys ay3 jo uonuyaq uonedIpap awo33nQ uoped0] jo sweN ad4) Apms uope|ndog Joyany

"(penunuo)) | dlqeL

13

Clinical Epidemiology 2021

https:

988

Dove!


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(ponupuon)

'9%08< JO SHO-INd pJepuels
a1 3uikojdwia uanye dn
-MO||0} YIUOW-9 33 ISAO
9duaJaype Aloidesnes

pey siusned ayy

(Aapiqereae
uonespaw

%08% JO so-and

suones|paw
BUWIYISE J3]|0.0U0D

01 2dudJaype

aseqeiep 3uisuadsip

Apnas 3104od

‘EIRP ||yOd JIR YD
Suipnpour uone.np yauow
-Z1 ® ul ewyse Suideuew
10} SUOIIEIIPAW I9||0.3UOD

PaAladaa oym sauaned

10 %91—| APrewixoiddy YdW ‘Dad pJaepuels) YdW ‘Odd JO [9A9T] VSN ‘yen Aoewaeyd Aunwwod 2Andadsouy €617 paulwexa Apmas ay | I® 39 ueysay
(0sd)
's1030ey uoneUIqUIOd
suleseq Joj Sunsnlpe (LSRN
Jayye USIA Q3 padeed ‘poriad jusunes.n /31euoirdoud
-BWYISE JO SPPO ay3 a1 ul sAep jo Jaquinu aya suosednny ‘BLILISE JO sisoudelp
Ul UoNINPaJ %0 | B YuM o1 porsad Juswnes.n, ayr Yum dduaJaype pue D54 jo suondiidsaud
Pa3eIDOSSE Sem ddUDIBYpPE Sulnp sAep patanod, jo usamiaq sisAjeue OMI YIIm (saeak
ul 3uswaAo.dwi Jaquinu [e303 3y3 jo oned 9seqeIr(] J1IUD |euipmiduo| 0=93e ueaw) sauaned
%ST Yoo Buinsiydy AN | 9y3 se paewnss sem YdW NEIN a3 Buissassy vsn usned $OLIBIRYY aAndadsonsy | £06‘T1 PapnpUl Apmas sy 5I® 3 ®RQ
‘salpnis
J3U30 YaIM JUS3SISUOD
y3noje Aeniq.e
*92uaJaype pood sem pardope a1ed Jo 50 = YdW>
yum sauaned Suowe asop -INd 95uaJaype 3y 'asn | dduasaype Jood pue (|50
(SDO) sp10421s0d1I0d | S| SIBWINSAIBAC 01 |yl —/£°0 “ddIW) 92ua.iaype
|eJO Ul UoRINPa. I33E.I3 SI SIYy| 30U IO 9N SEM | DIBIPIWLIAIU| ‘G20 < YUdIW ‘wasAs Buisuadsip
B SBM 949y "ddUdJI3ype UOREJIPAW 33 JOYIBYM | SEB PIULSP SBM dUSJSYypE Asew.reyd [eidsoy -dn-mo||o4
SD| 4ood yum %g| Ap23.ip 2ansesw jou poo9 usquinu pa3adxa suaned pue ‘waisAs 3uipiodal aAndadsoud ‘Papnjoul auaMm [/°€G
pue 3sn 2dudJIaype )| S90p 31 92Uy pue panssi Aq papialp uonduisaud V3S ul sswodno dO ‘sp40d3y aJe) [ed07] pue | jo aSe ueaw yum] sauaned
poos yum siusned ayy uondissaud jo uonsuny uo panssi §D)| Jo sasop ‘spJ023y aJe) AJewwing quawssasse | (y3s) ewyise dyjiydouisos ol® 32
40 %89 punoy Apmis ay| ® se passaJdxs s YdW JO Jaquinu ay3 = YdW NEIN 9duaIaype $D)| SN Buipnpul s934n0s SHN aAndadsonsy 249A3s (]6) auo-AuIN ruOdUY.Q

989

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Asamoah-Boaheng et al

‘Ajpandadsaa ‘g o=d
pue |0'0=d (%T L+
PUE %gp+) S3I0Y0d
y10q ul e D4 uesw

u1 JuswaAo.adwi Juedyiusig

-28e49A02 uonesipaw

o skep jo 8ununod
3|qQnOp JO JUEBPIOAY (T
‘pasn

aJe suopesipaw ajdinjnw
JUBIIWIODUOD BJ9YM
S3SED Ul Yd|Al SE Yons
$9.UNSEAW JOYIO UBYD Y
JO 21BWIISS SANBAIISUOD

sJow e iodad DQd

(90

—0T'0) sem ploysaiy
9duUBJIaYpE MO| YUM ‘DQAd
ﬁO_Lwa juswiauanseaw

ays ui skep ays Aq papiAIp
uopIedIpaW BUWIYISE

Jo sAep pasanrod ay jo

anfea 3uanonb aya st Dad

(DQd) patanod

skep jo uonuodo.y

‘sojed
uopezijendsoy
pue aduaJaype
uonedpaw

Uo suonuaAJIUI

40 3123y3

(IvdMmNDT]
BlUBA|ASUUDY
ISOAA
MaN/[eided
431y pue
Vd3S) SOOW
sele)
YiesHlawy
paseq
-BIUBA|ASUURY

om|

‘BWIYISE Jo sisouSelp
Asewiad yum saaquisw

pledIpa) jo aseqereq

‘dn-mo||o4
JB3A QU0 yum
Apn3s 31040d>
aAndadsoual

w.e om|

'SJ9]|0J3u0d BWISE
Jo} sjjy uonduidsaud

pue (xx'g6 ‘6

-aDl) ewyise jo sisouSelp
Asewud e aney ey
SWIEPD SI9qISW PIedIpa)y

685€ Papnjour Apmas oy |

05l 3@ 49Z]2D

(10000 > d 1671

sA 0£°7) sy uondiidsaud
pue (10000 >

d %8| SA %§°€7) 3oyod
(1d@-4W) Jareyul Jopmod
AJp ® ySnouya passalep
9le0.n) SUOSEIDWO||

ay1 ul Jaysiy Apuesyiudis

sem 2duaJaype ‘(d4)

‘saJanseaw

J3Y10 UBY)  plIOM-[BDI,,
ay3 jo aAneIUSsadal
aJow 3q p|nod

pue 2An23lqo si yoseoudde
wrep ay3 Suisn sduaIaype
0 yoroudde siya Uorsmon
‘paquiasaad

se juaned ays Aq udje
SEM UONEBJIPaW 10U JO

J2UI9YM AJLI9A 01 NdIIp

‘SWIED J20SIUED YgYS pue
suofrequadexa Sunenfead
Aq siya paJnseaw Apmas
3y :josauod ewyIsy (g
SP10.1935021402

|edo oy uondudsaud

® JO UONEJIPAW pazI|Ngau
paAl@dau sjuaned

ya1ym ui usiA Jusnedino
ue Jo ‘woou Aduadiawa
Ue Ul JUsWIEDID
‘uonezijeadsoy padinbau
Jey) aposida ewyise ue
:SUOIBQUIEXD BULIYISY (T
'sep G9¢ Sem ased

SIY3 Ul YdIym ‘skep xapul
-1sod jo Jaquinu [e303 Sy3
Aq puey uo uonesipaw
pey sjuaned sAep

Jo Jaquinu 3y Suy

P
Aq pargnofed sem :DAd

‘poriad xapui-asod sy

‘swiep

J31s1ued (VgVs)
1siuose-zg Sunde
-110ys SUONEqJaIEXD
Aq painseaw sem
|o43u0d BWYISY (T
‘1>0dad

sp.oda. pajnpayds
se uonduiosaud

54 03 Ajiqeuy)

*|= DAd Sp4oda4 Ino

unJ 01 uonedpaw
pa|npayds ay3 aJ04eq
4o uo uondusaud

8uyyey "DAd

Iy uonduidsa.d

351 JI9Y3 UO paseq
91ep Xapul ue paudisse
pue aseqeep ay3 wo.y
BUWISE plIw Jo sisouSelp

Yum saeak gz—t| pade

sreuoidoad suoseonn|y sI 31 ‘spJodau Adew.reyd 8urinp suonduidsa.d pue sjjiy uondiidsaad aseqeep sisAjeue swie|d s3npe 3unoA pue synpe
ays 03 paJedwod ‘poriad [ed1paw Suisn adusIYpY Jo Jaquinu [e303 Aq pa.nseaw |o43uod BwyISE HITLRIERIILAL 9Andadso.3al 3|qiBi2 769 Papnjaul SRS
xapul 3sod ay3 ung uonesipaly Sunenoed uj 9ouaJaypy (| puE 2dUaIBYpPY sa181g panun SARERAISIUIWPY v pue pazAjeue Apmis ay | uewpaLl4
saunsesapy
synsay Apmig ay3 jo suonelI] saunsesaly paje|ay saA3I3IqO aseqejeq Y3jesH (ewiyysy
[P3Jnsesly duIYpy SOSSIDEIAA poy3ay/aansespy [3duaiaypy | Apnig/passassy sApessIuIpY 3INpY 40 juads3|opy)
Jo 9jey pajewnnsy pue y38usays ay3 jo uoniuyag uopedIpaly swoxno uopedoT] Jo sweN adA| Apn3s uoe|ndog Joyany

‘(panunuo)) | ajqeL

13

Clinical Epidemiology 2021

https:

990

Dove!


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(ponupuon)

*s3nsaJ Apnas
a3 uo 1d9y3 JuedyIudIs

® sey eiep uonduosaud uo

“(e1qerRAR

SEM UuonjedIpaw auo
1SB3)| B JI PaJdA0D
kep :2ad) Dad (€
‘sjuade

JUDIBYPIP SSOUDE Yd N

a3eaaAe paaySiapA (T

CRITENENT1]

-uou sjyuaned

‘(seqeaep

SN1d MOV) eep

“Apmas

saeak gp'Gg Jd a3e ueaw

paseq 9oUlJaYpE dUnsesaw YdW (1 2Jnseaw 1oy swiefd oydads-1uaned o1 aAndadsonas | yum Apmas aya ur papnpul
o1 poysaw Jendn.ed e jo :Aq paJnsesw sem poyiaw dy1dads paYul| syauow 7| JoAo /sisA|eue eyep SJOM BUIYISE YIIM ele 3
9sN SY3 IO UOMIIBS dY | N DAd “YdW | (V¥N) 9dususype-uoN ® jo 1oedwi sy Aurwion) Pa129||0d BaEp AJRwlly Asepuodas sauaned 9op Jo [303 v >poasp.aeH
‘dn-moj|o}
Jo uone.np ay3 Aq papIAIp
potiad dn-mojjo} ays Jo
pua ay3 03 31Bp X3pUl Y3
wo.y pasuadsip 0z 1M 40
‘011 4W ‘05/001 DSd 404
suondunsaud jo dequinu
a3 @3 |yad vy (T
‘uondusaud
yons 3Ise| Y3 uo sAep jo
Jaquinu aya pue dn-mojjo}
Bulnp uondiissaud
AN W %1°€ Yons 3se| pue 3sayy sy "(dW)
01 pasedwod %7 sem |> 4oB3 UO uoRBWIOUI U2aM13q SAep Jo Jaquinu 3)BO.N} BUOSEIDWOW
S 40} 1e4 ddUBIBYPE paiiddns Aanuenb | sy jo wns aya Aq papiAy “Adesayy 4o (Ds4) smysig
ay3 Ueak Jad ed pue skep ay3 Aq pajjdwi potiad dn-mojjo aya J9||03u0d 03 'IA 81ipg |oJa1aw(es
Jlya4 3y3 Buisn dduaIaype | Ueyl 93eSOP JUSISYIP B IB | Pud BY3 O dIBP XIpUl BYY 95Ua.J3Ype {51500 (8007 Jaqwadeg pue 8rigg|9reuoido.d
o4 YW U %11 suonedIpawW U9yl asn o3 wo.y pasuadsip 0ZZ4W pue uonezinn 01 4007 AJenue[ wouy SuosednN|) 340w Jo
03 patedwod %7'/7 sem paonaasur auom sauaned | a0 0 [4IN ‘05/001 DSH I1e | “Adessya usjjosauod o3 sJedy3feay 19583Bp SWIE|D 9dUBJNSUl T pue 9pod dnsoudep WD
DS4 40} 3B 9dUISYPE ay3 i (seiq Ajpsemdn uo paijddns skep-Adesoyy 90UdJaYpE dJnsesw pa3gjRl-BLIYISE ey a3ue7) aseqereq Apnas 3104od -6-dDl 2y 8uisn ewyise
ay1 “YdW Suisn 4dessyy Jo A|pJemumop) seiq JO Jaquinu 3y Jo wns 03 pasn aJam ‘uonequadexa Slewyduag aue) aAndadsoual ue yum syuaned £g87'g| FLEE]
SDJ 03 @>udJaype Jo4 | 2q PNO Yd|A JO dBWNST | Y3 se parend[ed YdIW (| SIE [[IJo4 PUB YdIW BLIYISE JO disiy VSN | padeuey [euoneN S|DHI v | 2191315 papnppur Apmas sy eJemiSeH
'33ep Xapul S1ep Xapul Buwyise
BLIYISE J93E SYuoW 7| sausned a3 Joye Jeak
UIJIIM SUOREDIPIW BWYISE 354y ay3 3ulnp sAep dn
||e ssoude (94°( uelpaw) -MO|[0} JO Jaquinu 33 Aq ‘BLIYISE
99°0 PUe sygy] pue PapPIAIp s3nup ygy pue dueldwod £00T ©3 7007 Apms 9.49A8S O 91BJIPOW YIM
sSD)| 404 (4]°0 ueIpaWw) §D)| 404 Aiddns Aep jo wins uonedIpaW Wo.j 9seqelep pledipajy] aAn>adsoaad siuaned /]6'667 JO (€302
€70 249M YW 23eloAy N 94l “ddIW VaVvI-Pue-sDI YUdW Vav1-pue-so| vavi/sol vsn a3es BNy uedKINIEl v B pa3d9js sdoyne sy |

991

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Asamoah-Boaheng et al

(%€'8T F %L85)
auiaseq e §O| ueyy

|0J913WIes 03 9dUDIBYPE

‘poyraw
2ouaJaype % 3uisn

SE Pale|Nd[ed UM

40 91ed 1aySiy B sem auay | SDI pue [oJa3wWies ‘9duaIaype MIIAL
“Adeasys §D| paquiasaud y30q pue ‘suofe Jusned pJodaJ swirep
10y s|jya. uondiiosaad %001 x |oJa19Wies ‘auofe uo uawia. Adew.eyd pue ‘ewiyISE
03 s9jed dUBIBYPE (paqudsaad uopesipapy/ Sp10.13350213.400 uonedIpaw 4By [edIpaW JO sisouSeIp yum ‘294
10948 10U pPIp SD| @Y1 03 Pa||ya4 uonedIpaly) | PaJeyul 4oy 9dUSISYPE | © O3 [OJ9IdWIes JO VSN aAndadsoual a3e ueaw yum siuaned el 3
|oJ933WIes JO UonIppe 3y | AN = ddUaIBYpPY % JOo @ea 3y | uonIppe jJo s3] ‘elosauully e1Ep swie Adewaeyy " 65 Papnpul Apmis ay | Aemoy|y|
‘Aj9Andadsal ‘ewyise
SJ9ASS pue jeISpOW
ur (80£°0 ©3 581°0)
T9€°0 Pue (1£6'0 ©3 LOL'0 s40108) Apmas
1D %56) 8780 40 SYO Sistd Auew |euol1eAIdsqo
passnlpe pamoys (0Z7'0>) YIMm pajeldosse paseq ‘uolsn|pul 4oy 3
UdIW Mo| 03 paJedwiod ‘uoneq.adexs 9seqEIEp 240Y0D -uone|ndod aJom sjuened ewise
(05°0 2 ¥dW) YdW YBIH UN Apmas a3 ul pasn YdW ddW BUpSY ©a.10y| (anog | 3|dweg [euoneN ued.Io)| dpimuoneN 3INpE € | ‘TT 4O [B301 V g[8 39 Buey|
'skep Qg ueyy
aJow jo ded e Inoyum
Pamauaua Ajsnonupuod
Adeaays Suioduo
a3 jo suondiidsaud
Suiaey se pauyep
Sem d2UIsISI™g (T
080
> YdI se UUCN__n_EOU
-uou pue %08 X YdWW St
pauysp sem sdueldwor *(skep ‘SUONeqI9EXD (OWVY
‘syuanred juaisisiad 'SUONEDIPIW 1S3 %001 ‘poriad dn mojjop | (g = deduswiesn jo JER RN 23q, and Np 3Ipefe|]
pue sauaned jueldwod ayy Ajlen3oe syuaned Jayzaym ays unp uonesipaw 9ouasqe) 9dudisistad pue sduaJiaype ddueanssy,| ap 313, ay) '0107 PUe |00 Usamiaq
10} uoneqJadexs JO SPpo a3jueJens J0u saop aya Aq paJanrod PUE {0802 usami1aq S9SEQRIEP SANR.ISIUIWPE Apnis BWUYISE JO sisoudelp

pa3snipe ay3 ul uondnpad saJnseaw ddusistad sAep jo a8eausdad | yo-Ind yum “Ydii Aq UONEIDOSSE W.IS) epeuR) 9duRJNSU| YIeaH 14oyod 9j3uis YaIm saeaf 7| a8e
uedYIUSIS SEM B43Y | PUE YdIW dY3 Jo asn ay] | Sy3 se parendfed ydial (| paJnsesw 9duaJaypy 8uo| Buissassy 23gand |e1dUIAOId 29GaND [euoneasasqO | ‘siuened 971'6| Jo [OIY |, e 3D EjiRwWS|
saansespy
synsoy Apnmag Y3 jo suonezIWIT] saanses| paje|oy saARdRIqO aseqeieq Y3jeoH (ewiyysy
/PJnses}y dua4vYypy [SOSSOWBIAA POY3ap/oansesy [odousuaypy | Apnig/possassy 3INpY 40 3U9Isd|0pY)
jo ajey pajewnysy pue y33ua.iys uonedIpap awo33nQ uoped0] jo sweN ad4) Apms uope|ndog Joyany

"(penunuo)) | dlqeL

13

Clinical Epidemiology 2021

https:

992

Dove!


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(ponunuod)
*P10.19150211.100
9dUaIaypeUOU pa[eyul yum Apms usWIER.] S|
9duaJaypeuou UdW = %08 > | 3uswiea.y ewyise Jopiroad 921Au9S YjesH sAndadsonad pa3enIul oYM ISp|o pue
Jusunes.s) 03 YdIN = 08°0 > YdIW “ddI YdIN “YdIW usJaype 03 ddUaIBYype ureds | ®euojepeg sy jo spJodad ‘leuoneAIasqo sJeaf g| sauaned ewise LR
paJaype siusned jo %0'|§ N JUaJ3Ype = ‘08'0 2 YUdIW = ‘%08 2 YdIW “dd 9)eWINSd O] ‘euojodeg [e2IpaW 21U0.1323[3 uy | pasouSelp pawyuod g€ | JBUIR|-SBIDIS
aune.dll| Auoreaidsau
sy ul pjoysauya
pJepuels Aseaiqle
ue se pakojdws usaq | *Adessys $H| o3 sdusIBypE
SeY %08 < YUdW JO 30O-3nd> | P3.J9pISUod s 080 < UdIN
ay1 ‘pakojdwa usaq aAey ‘(esop D] paquidsaud ‘aseqelep (dyvH!) ‘aseqelep
95Ua.J3YpE UoNEdIPaW uo paseq) suonduidsa.ud ‘UONEBQIIIEXD ‘(pueay) a|doay |eay ul ewiyasy WDdO 242 wo.y paynuspl
‘BLWIYISE JO SUONEG.IDIEXD Jo uoniuyap Joy SDI jo Jequinu BWUYISE pUR uJaylioN SuidjaH ol a4am suondiissaud
9SBAUD9P IM PRIBIDOSSE SaN[eA JJO-INd JO AIdLIBA pa3dadxa ays Aq pa 9duaIaypeUOU pUE ‘S9[BAA Sy pue aseqereq S| 2Jow 4o T yaum
J0u sem Adeaayr S| | SpIM E 1Byl pare.IsSUOWSP panssi suondiidsaad SD| usamiaq ‘puep3odg (4DdO) Yoeasoy Apnas 1104od Japjo pue sieak g| pade
01 PaJaype oym siuaney SARY SJ3YDIRISDI ISIY | SO Jo Jaquunu ay3 yYdIW AdW diysuonejey ‘pueidul) SN aJe) juaned wnwndo [eoroisiH | (§61£=u) swusned ewyisy ,¢le 39 1deg
3duUapidUIl ‘uonejndod
uolreq.adexa Apnis a1 paw.ioy (d4)
BWUYISE pUR ajeuoidoud suosesnnyy Jo
‘suoneq.adexs aseqeep (4I) S3804N) SUOSEISWO
xapul-3sod Surinp Jo Jaquinu 9dUBJNSUI [RIDISWWOD Apmis YIIM JUSLWIIBS.Y Pa3EIIUl
90UaJ3Ype dJnsesw ueaw g4 Jo ® Wo.y aseqerep aAndadso.aul oym (saeak G9—7| pasde) sele 1@
N N oad 01 pasn sem DAd | dIW 01 dduaIdypy vsn swiepd Adewieyq v syuaied ewyise €909 weujeIRARN|
‘swirepd
Vavs z aaey o1 A
SJOW SAWN /96| d9M ‘sjuase
(050 2 DAd) suoneatpaw (050 2 Dad ‘090 dN3sad o asn pue
a3 01 3usIBype 2 Dad ‘040 2 DAd ‘080 ‘uoiiequadexs Jo
a1am oym sauaned ‘(0570 2 DAd) pasn yo-1nd Dad 3sM ‘uonedipaw Apnis BLILISE JO
> DQd) sausned juaisype ‘uonedIpawW J3J|0J3u0d J9]|0J3U0d BUWIYISE eIRp aAndadsouzal sisouselp Auewiid B yam ol 3
-uou a3 03 patedwo) WN | wa=a-3uo| rwiyse 03 DAd odad 01 2dUdIBYpY VSN ‘sexal SWIE|D pIedIpaly sexa] v | swened gz)z€ jo w103 v BAOUIIEL

993

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Asamoah-Boaheng et al

‘pus
a3 3e snjduns Buiurews.
3U31 puB MOpUIM 33
UIYIIM JOAOALIED SE [|oM
SE MOpUIM UONBAISSQO
ays ojul vy

3y sJapISUOd poylaw
puodss a3 ‘| VWD

3Y] "MOPUIM 33 UIyIIM
uondiussaud Jo Suisuadsip
35114 Y3 03 MOPUIM

SU3 JO 1J4BIS B3 USIMIDG
potsad ay3 3unodde

O3ul B} J0U SIOP YIIYM
2dd 3y pajjed osje s
(Poypaw 351y 343) VWD
:uoneauswadwi D (T
*asop ul sadueyd

pue s1onpoud uaiayip

usamiaq 3ulyolms Jo

‘0802 1l VWO
pue ‘08'0 2 IVWD
SEM 3DUBIBYPE 10}

IVIWD -0} ploysa.ya
sy ‘uoneusws|dwi

(1VWD) Auliqejreay

(VWD)
Aijiqejieae
uonesipaw
snonupuod
Aq parewnss

2oUaJBYpE §D)|

paynusp!
aJam (sJeak g6 ‘o8e

uesw) sjuaned 3|

*9dudJaype aAn3dsaur suondiiosaad uonesIpaly paseq-yg sem TT6'E| 4O [0 & e U]

-uou Jo 3dudJdype SD| 2AIss9INS snonupuo) pue swooino Asewrd (@yDdo) “Adeaays | pareniul pey
Jo 93ed 03 parejad JO sa1Ias & s pauyap (ssuansisaad) yidua) sy ‘usened aseqele Yd.easoy Apnis 110yod oym ewyase pasouselp «l® 3
Ajjeay1dads 30U synsay N :9posida juaunesd) (| oposide jusunead) 9duaIaypE S| SN aJe) Jusned wnwindo [eanI03s1y W/ uenisAyd yam senpiaipu| UIS.I9AN0S

saansespy

synsoy Apmas Y3 jo suopejwI] saanses| paje|oy saARd3IlqO aseqejeq Y3jeoH (ewiyysy

/PaJnses)y dua4vYypy /SOSSOWBIAA POY3Iap/oansesay [odusuaypy | Apnig/possassy sARRAISIUILIPY 3INpY 40 3uas9|opYy)
Jo 33eYy pajewnysgy pue y38ua.nng ay3 jo uonuyaq uonedIpap awod3nQ uoiedo Jo sweN adA] Apms uone|ndog Joyny

‘(penunuod) | alqeL

13

Clinical Epidemiology 2021

https:

994

Dove!


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(ponupuon)

'Uo[1eqIIIEXD
Buppuaiadxa
JO pooyi||1| J9ss3| Buiaey

se syuaped juedwod

‘uolysey
Apwn aerudoudde ayy ul
paqudsaud se suonesipaw
Jiaya 3upjel auom

sauaped aya Jaypaym
A3Urersad yam sulw.Isp
01 9|qe aq 03 9|qissodu;
31 SOYBW 31 3B SI YdIW JO
v

‘suoned|paw

J3[eyur o asn azelidoadde
199))3. Aew ddUSJ3Ype U0}
SJnsesw e se sajed ||yad

PU® YdW JO 3sh a3 eyd

‘Wel) W pd

Ul suoedIpawW Jo Jaquinu
Y31 aya Buisn si auaned
a3 JBYISYM uonEWLIOUI

sapiaoad aunseaw siy|
‘%001 40 | = YdW

“ddIW Wwnuwixew Jo4 Apnis

ayx ul sAep jo Jaquinu ayy
+ (uopesipaw JejnonJed

® 4oy paljddns skep

‘uondiiosaud

| Aluo yum

suaned o3 paJedwod
uey3 jueldwod

aJow se payissep
a4am suondiuosaad

T Ise9) 38

yum sauaned :saujod
}0-3nd [eUONIPPY
-9oueljdwod Joy Axoud

B S pasn sem YdIW

yoea Joj suondriosaud
Jo Jaquinu

pue ‘(aduasaype

J0j Jo-Ind ay3

se Yd Jo 3jnuadiad

sjuaned cpewyise
Ul UOIBGUIIEXD
pue asueldwod
uonesipaw
UaaMIaq

uonelosse

(uonew.oyur 8uljjiq pue
Y3eay aAneIuSsaIdal

A|[euoneu e suieauod)

sisA|eue
Apnas 310yod

3Andadsouau

91€g=u

sem (+ §9) Ajuapja aya pue
8ET'19=U sem saeaf (49
—g|) A4o3a3ed 93e 3npe
ay3 u sausned Jo daquinN
‘PApNJaul pue paynuspl
2J9Mm saeaf gZs Jo a8e
ueaw yum suonduiosaud
uonedIpaW 3|00

Yyam pue sauaned

aJow punoy Apnis ay | Pa1BdIpUI SJ9YdJEaSDY J0 Jaquinu 3yd) = YdW Y157 aya Suisn) Yd oy Buluwexy vsn 9SEQEIEP SILIB|NJBY] v BWYISE £4/'/6 JO [0 Y oplB 32 U1
‘9d5ua.Iaype
SJnseaw 03 aunseaw
Axoud & pasn :Hqd
“Adeasys aya
JO UONEBNUNRUODSIP 03 dWN
SY3 puE 31EPAUSUNEDI
X3pul 3Y) UIIMIDG BWN (4WY)
|B301 3y :95UdISISIA (T of3eJ uonesipaw
‘(porsad BWYISE B3 ®Iep swiep ‘paynIuapI
uoI3BAI9SqO S223[gNs yoes AWV pue ‘sdudisisiad Adew.eyd pue ‘[esipsw SJ9M JUBWI[0IUD
Jo ya8ua) + (uondudsaud pue 2dua3sisiag (g ‘@dusJaype “9uawijodua 3ujureauod snonuRuod Yuow
§02Dade® pa||y uo paseq Adjiqe|ieAe 80 2Dad ‘S0 2 JO saunsesw 9SEQEIEP YDJBISdU Apnas 110yod -G | 33| 38 YaIM Jap|o
paAsIyde [A/44 uo sauaned uonedIpaw Jo skep jo DQd uesw) aunsesw Sswened ewyise Auaezanidoud e ‘oseqeieqg aAndadsouzal pue s.ueaf g| siuaned LRt
0 uopodoud auedyiudis v N Jaquinu [&303) = DAd (I 2duataype-Oad (| Surredwon vsn YoJeasay wmdo Vv | ewyise 3npe |Ge6 [B301 Y pJojuelg

995

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

*syuaned

BUWIYISE Ul 3OUBIBYPE

13

Clinical Epidemiology 2021

UONEDIPW JO S|9A3| [ENIDE
aY3 BUIWIRIBP 03 uolNned
Yam pasn aq pjnoys

Ydd 3Y3 3eys papnjpuod
sdoyine ay| ‘pood

3q 031 paJeadde srLsw
siy3 jo uoisaud aya

U9AIMOH "dUnseaw ayy 001 (4dd) asn '010T ©3 £661

Jo Adeandoe ays 3a.dJsaul x ([eada3ur ayy ur skep jo oned uoissassod | §D| 01 IdUAIAYPE potiad ay3 wouy saeak

3WI JIAO dUIAYPE 01 YNJIYIP U sHjew | JaquinN]) + (Jeak Jepusjed uondiidsaud [enuue swened ewyse aseqeiep (QydD) Apmas 110yod G9 pue 7| usamiaq pade

ur sadueyd Bulunseaw yo1ym ezep Suiqriosaud Sulnp paquiasaud ay3 Aq paunsesw sem | Jo aunseawl [enuue Suljereq Yodeasay aAndadsouau siuaned ewyise 8¢/ ‘76T

ul |nyasn 1 Ydd Ayl ay1 pakojdws Ydd Yyl sAep jo 1aquinN)) = Ydd SD| 01 @dusIBYpY Suidojersg SN 9o13dR.y [RDIUID v papnjoul Apms ay | MLECREVCTE
0802
PU® 05°0< DAd
yum siuaned
o uonuodoud
Pue DAd
:249M $9ANDB3Iqo
(100070 > d) W4 Asepuodag ‘uonejndod Apnis aya
/d@8 404 (0'86-5°05) 6'SL Svav/sol O3ul uoisnppul oy 9
PUE |A/34 103 (0°001-9'19) J0 @dud3sissad aseqeiep Apmis 31040> SJoM W1/ddad Pu® |A/4d
768 sem D(d (e8ued sJedwod 03 sem (NIHL) >omisN sAndadsoslal Suneniul syusned ewyise B3
9|nJenbuasiul) ueipsly N 2ouaasisuad pue Dd souassistad pue DQd aAndalqo Asewiig N Juswanoadw) yeaH v INpe /7EP JO [BI03 JI9IBSPAAS
saansesapy
sy|nsoy Apnag Y3 jo suonejIWLI] saJnsesj paje|oy saARRIqO aseqejeq Y3jeoH (ewyysy
/P3J4nses)y Idua43Yypy [SOSSOWBIAA POY3dp/oansesajy [odusuaypy | Apnig/passassy 3INpPY 40 3UaIs3|0pYy)
J0 93ey pojewnysy pue y33ua.i3s ay3 jo uonuyeq uonedIpa awo33nQ uoped01] Jo sweN od4) Apms uope|ndog Joyany

Asamoah-Boaheng et al

‘(panunuo)) | ajqeL

Dove!

https:

996


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(panunuo))

'SE€0

sem sanLioulw ay3 Suowe
9Jed 9Y1 pUE ‘suBdLIBWY
uedLyy ay3 uowe

L£°0 ‘92'd 93ym ay3
Suowe g¢°0 St [9A9] YdIW

a8euaAe pamoys Apnis ay |

uspiroad auedyesy
J1I9Y3 Aq papuswiwodal
SE way) el 30U pIp Inq
suonespaw J1IvY pa||y
sauaned auaym saduelsul
9q p|nod aJay | "pardadxs
SB POAI9daJ UonEDIpIW
paquasaud Jisya

pasn sjuaned Jayiaym
wyuod 03 3|qe J0u 4o
24NSUN 949M SI3YD.IBISD

18w siya Suisn

'ST0 SEM YdIN uelpaw
3yl 'SDJ 03 JuaJtaype
Pa.3pISUOD 343M YdIN
UBIPSW 3Y3 SAOQE S[9A3|
YdW ‘SDI 03 3uaJaype
-UOU 3J9M HO-IND YdI
UBIP3W 3Y3 MO[2q S|DA3|
9duaJaype yam siusped
BLILISY 'S|9AD] OMI

o3Ul 9dUSIBYpE 3ZI1033Ed
03 Pasn Sem Y|4 UBIpaW
9y| ‘paren[eAd skep

Jo Jaquinu [e103 a3 Aq
papialp A|ddns jo uaquinu
|e303 3y se Juaned

4oed 1) PaUlIP SeMm YdIA

S|9A3| @dUdJIaYypE
9z|Wol0YdIp O3 pasn

sem Wdin VB3l

BwISE
Juansissad yum
s3npe ut (ssD|)
SP10.4315033.103

pajeyu

03 @duaJaype Ay
Yyam sapiedsip

S1UYId pue [eded

Buiuiwasiag

vsn

®IEp 4107-€10C
(Sd3W) Aenung jouey
sunmpuadx3 [esipaly

Apms
|eUOD3s-5S04D
‘aAndadsoual

v

BUIYISE
uaasissad yum Japjo
1ed

pue s.eaf g| ‘su

4T papnpur Apnas ay |

PELECRALIN

997

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Asamoah-Boaheng et al

‘SuoREdIpaW J3||0J3U0d
-[enp uo sjusned

rwyIse 3uowe Surieys
1500 JO [9A3] paseaJoul pue
suonedpaw 03 AdUIBYpE
-uou Jo ysii uisea.oul

U99MIDq PIAIISGO SEM

‘pasn aJe

SPIOYSD4Y3 JUSISYIP USYM
S3|NS3. SY3 Ul UOnELIBA
ploAe p|nod 3uiod yo-nd
oy se uelpaw ays Suisn
24n3ed9))|

QY3 Ul sJaydIeasal Auew
Aq pasn uaaq sey (080
40 £°0) YdW 30 Ploysa1y3
AJeaigae uy “aaniea)|
a1 ul suones|paw
uonduinsaud o1 adualsype

Bulunseaw 1oy ploysauyy

'081 Aq potiad

dn-mojjo} Yauow-9 ay3
3urnp A|ddns uonesipaw
Jo sAep jo Jaquinu ay3

Jo Jaquinu aya Sulpiaip Aq
YdIW paandwod Apnas siy |
‘dnou8

juaJaype ssa| Jo dnoud
JUSJBYpE dJoW JBLIR
ojul syuaned aziio8a1ed
o1 auiod yo-1nd ay3

SE 195 SEM Yd|A UBIpaW
3y (VY17 40 vavl

pue §D)|) suonedpaw
J9][|0J3U0D [BNPIAIPUL

10} saN|eA Yd|\| dSeaAe
ay1 8ulpuly Aq suonesipaw
J3||0a3u0d-[enp

10} YdIW Y2 paandwod
sJoyIne ay| -dwely

swn payads e ul skep
Jo Jaquinu ay1 Aq papiAIp
paiiddns suonesipaw

uaAIg € Jo sAep jo Jaqunu

s3n.p Jajj0.0u0d

(sauaned

padJnsul Ajoaealid Joy
swied 3nup uondiosaud
pue [esipaw pred

8uluieauod) soseqerep

(dn
-MO||0} Yam)
Apms 1404od

aAndadsouau

papn|ul a4aM suedh /TTE

Jo 98 uesw yYum siuaned

uopeIosse JuedyIusls v [eap! ou sI d4aY | ay1 se paignded YdW NN [SEERIENENT IV vsn UBISIDYJE|\ JBISPO|N v BWILISE /pp| JO [BI03Y | [B 30 BAPIEA
saJnseapy
synsay Apms ay3 jo suoneWI] saunsesajy paje|oy s9A13I3Iq0 aseqejeq YjeoH (ewpsy
/paJnseajy 3duaidYypy [SISSIWBIAA poy3ap/eanseapy [auauaypy | Apnig/passassy 3INpY 40 Ju3IS3|0pY)
Jo ey pajewnysy pue yiSua.ng ay3 jo uoniuyaqg uonesipajy awomnQ uonesor] Jo swreN adA) Apmig uonendog aoyny

‘(panunuod) | alqeL

13

Clinical Epidemiology 2021

https:

998

Dove!


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

(panunuo))
(VH11+vav pue
‘VYLT+SDI ‘Vav 1+
SD|) saidesayn
“4dessyy uopeuIquod
ay1 01 aduaJaype syuaned pue ‘(qewnziewo | Adesays jo ad10yd>
Pa3e21pUl 080 < YdIW ‘aul|iAydoayy pue uonesipaw
‘Pasn sem uonedipaw ‘[vy11] 3siuoBerue J3jj043u0d ‘papnpul
yoes awn jo s8erusdsad J01dadad auslnoyns| rwipse Jowd aJam ygv1/SD| 1o} wiep
'sdnou3 omy ay3 uo paseq | O3 ‘vav ‘SOl se 03 @duaJaype Aoewueyd ssow Jo | yum

93 U2IMIDQ JE|IIS SEM

Adeaays Js|j0.3u0d Jo asn

0 wouy Buiduea paindwod

SEM 2UNSEIW Yd N

yons saidessyrouows

10} YdIAl passasse

swaned usamiaq

uopeOosse

aseqere YoJeasay

sisA|eue

aAnsadsouau

sseaf 9-7| pase suaned
ewyse (D54 §£6'LT

snoias.ud o3 9dusJsypy paaysSiom ausodwod vy Apmas ay3) YdW a3 Bunenjeay VSN pa3eaSaiu| adedyaesH v | Pue D49 90/6) jo B30 ¥
sJeah T Jaro
uone.np SaWo2IN0 pajea.
pue a8esop ‘“Aanuenb jo -BUIYISE pUE
‘loJ3uod BwWyISE siseq ay3 uo uondiissaud ejusws|d
urewop dsi jo aAndIpa.d a3 Aq patsnod skep jo SD| usamiaq (@¥Ddo) Apnmis
30U sem [eAJaaul Supadaud %66 01 %] wouy saSues | o8eiusduad ayr se pauysp aduaIaype diysuonea. oseqere YoJeasay aAndadso.au papnjoul a4am sauaned LR
sy ur uoneauswa|dwi g uoneuswa|dwi §D| uoneuswa|dwi §O| Juoneuswaidwi §3) ay3 3unednsaaul SN aJe) juaned wnwndo v BWIYISE T/H°0] JO [€301 VY 190|AIIA
‘poyzow
pooy1] wWnwixew
Buisn (susenned Suisuadsig
3wl J9A0 ‘89) sali0129fen
JusWILRIY 03 BDUDIBYPE JEJIWIS YIIM S[ENPIAIPUL
‘%€| Se papaodal 40 @sunod [euipnBuo| | ewyse jo sdnoud/siasnpd
Sem 9ouaJaype pood pue 3y3 INOqe uonewWL.IoUI SaIUSPI IS4y 19D YL
%8G sem aduaJaype Jood apiaoad 01 3jqeun 3uiaq '91Bp-X8pul WOo.y uone.Inp sauaned ewyise
‘9,8 SEM SN [BUOSEDS ‘%07 10 DAd jo suonenwi| JBaA | J3A0 19D ur susened aseqerep (Sgd) awayds ‘paynuap!
sem asn judlsisuad-uou | ays swodIA0 U pue DAd ay1 Suisn pajewnsa (W1gD) adualaype syyouDg [edlN9dRWLIRYY Apms 1404od SJ9Mm BwWYISE JO sisouselp
Jo 3.4 9Y) ‘satioIRfen 01 POYISW SANEBUIIE sem DA4 vav1/sol Suijepow Auo3dsleny JO sosAjeue [euoneu ay3 sAndadsonad YaIm D4 vavi/sol jo LR
9duaJaype Jo4 ue st 199 ayl 03 ddUBJIBYpE SIuBlEy paseq-dnoun Aao1dafes) BlleSNY BIA PIZIPISQNS Bl[eaIsNy Vv | s4asn mau 790¢ Jo Ea03 Y uarog UeA

999

https:

13

Clinical Epidemiology 2021

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Asamoah-Boaheng et al

‘suoijeq.Jadexe Jo Ijed

‘BWIYISE JO sisoudelp
Asewad Jayye spam

T ulyum pasuadsip

suoneqJadexs jJo

$°0€ Jo 93e ueaw yum

Y31y yam mo| 3q 01 gy 11} Splo.J91s0d1310d 9jed puR YaV1F Apmis | sjusned ewyise juisisiad
F SD| 03 3384 ddUIIBYpPE |edo se pauysp | SD| 03 dusaype oseqeIep WaisAs sAndadsonad YIIM ‘9GZS papnpaul ol8 30
punoy Apnas ay| N oad :uoneq.adexy DAd Suissassy | ysn “loneq sJedy3fesH pare.danu) v pue paynuspl Apms sy 3JOIDPOOAA
‘uemisAyd
® Aq panunuodsip
‘9d2uaJaype SEM UONEJIPAW € USyMm
-uou uopedIpaW paseJoduodul pue poliad
$D| 03 9|qeanquine UONBAIDSQO YdB3 JO pud *(Apnas 3usaund a3 (3YIHAAYS) Auduyae
SJ9M SUOIEGIIIBXD pue 3uluuiSaq sy yum Joy poliad uopeAalssqo 'uoneqIIeXd aoey Aq suondeisu|
BWYISE JO %7 PaIBWINSD paddejiano Ajjen.ed sy Yauow-9 Suirow u1 uonRdNpaJ Apnis JiwousSodeuLieyy
uy ‘UOIIBqIaIEXD uondiiosaud asnedaq ® ‘Ol) UONIBAISSQO JO sAep Y3IM pajerdosse awn aAndadsoual pue sadA1ousyy ewsy
ul uononpaJ Yyum | sisiyj sjiyed uondiiosaad Jo Jaquinu oY1 Aq papiAIp sem (S2'0<ddIW) J9A0 9dURIBYpE eIep wied Adew.eyy JApnas j0 Apms a3 ui (§'pe=a3e
P93BIDOSSE SeMm ddUdJaype (pa1eJ0ud) .oy Aiddns skep aAngnwn> ueyl 2.0}, ‘a.nsesaw (sD1) se8ueyd Yyum paxjul] Apmas | 140yod ewyise ueaw) saeak 97| 1olE
%S/ UeYl dJ0wW SuIASIYdY pa3unodde poylaw Jidy | oy se pajewnsy paeed YdiW Surinses|y vsn JYIHddVS wouy ®ieq aAndadsoud v pase syuedidnaed ggz
saansespy
synsoy Apnmas Y3 jo suonezI saanses| paje|oy saARd3lqO aseqejeq Y3jeoH (ewiyysy
/PJnses)y dua4Yypy /SOSSOWBIAA POY3Iap/oansesy [odusuaypy | Apnig/possassy SARRAISIUIWLIPY 3INpY 40 3uaIs9|0pYy)
Jo 93ey pajewnnsgy pue y3dua.nng ay3 jo uoniuyaq uonedIpap awod3nQ uoped0] jo sweN adA] Apmig uonendog Joyyny

"(penunuo)) | diqeL

13

Clinical Epidemiology 2021

https:
Dove!

1000


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

‘syuaped
JUDJ3ype 93 ueyl Asod

SJ0W sem Jedy3eay

350 32241p
pue uonezian
sJedy3feay
uo Aduanbauy

uoneqJadexs

saseqeiep

‘BUWIYISE 949A3S
pue ewyse jo sisouselp
yum (saeak g0 '/p=

93e ueaw) Jop|o pue saeak

Suaned juasaype (080 pue 2duaJaype epeur) SAIREBIISIUILUPE 3dUBJINSU| Apnas 340yod Z| swuened 9|76 papnpul
-uou ay3 4eak AIsAs Jo4 N YdW 1[B49A0 | 2 YdIW) UdIW IIB42AO 0 10edw) 29gand YyaeaH 29gand uoneAlasqO uonejndod Apnis ay | |8 32 Bueyz
‘suonedipaw pasuadsip
JI9Y3 %001 s[enplAlpul
JayIaym aulwIRIep
03 3NdIYIp U sHjewW
95Uay pue JJu0.IdIR ‘Y Y3 jo
UB UO paseq 2Jom SdLIRW | 3ep ays ueys uondiidsaud odad
9duaIaypE BY) B 3Byd 384y 3y jo 33ep paisnipe ues}y (¢
108} 9Y3 Sem uoneIwWI| SY3 uo paseq S3ep X3pul (520 2 >ad
uowwiod auQ (g ue jo asn ay3 pakojdws pue ‘5/°0 > DAd
uep Ya1ym DAad passnipy (g S PaziWoIoydIp)
Buisuadsip uonesipaw ‘uondusaud 2ad passnipe (g
Ajuo 3uisn ueys Jayred Jo uoisiaoad uaye souassistad
9DUaJBYPE JO dUnsesw skep 08| pPue | £ UsaMISq a3ers-Ajres :(7
91eJNOE dJ0W B SE Wiep pue sAep Qg ulyam ERICREN1
'sgD| Buisn ueyy A3y 1BYM BUIWIIBP paj|y suondusaug (7 Aaewg () BWYISE
sygav1/SDl PUe syy 1T 01 s||y pue sJaplroad 'sAep Q€ UIYIM P3|y Sem ‘paIpMIs aJaMm Joj suonedipaw SdomIsN (Tvad) saeah /¢
10} @duaaype paroadui wo.y suondiiosaad uondussaud sy ou 4o | way1/SDl ‘YY1 ‘SDI J9||03u0d saseasiq Sun pue Apms 1404od Jo 98 uBSW YIM BLIYISE
papJ0oda4 Apms aya UO ©IBp PAUIQWOD B | JISYISYM PIUILLISISP SBAA | JO Ydes uo duasaype 03 2dUaJaype BLIYISY Ul SSOUSANDAY] sAndadsonad Juaasistad yum syuaned
‘aunseaw e se Hd Suisn | pakojdwsa sioyane ay] (| :9dua.aype Asewlld (| JO saunsesw (§) Jno4 Suriedwon VSN Vv | 7$9'69 papnppur Apmas sy 1B 39 DA

1001

https:

13

Clinical Epidemiology 2021

Dove!


https://www.dovepress.com
https://www.dovepress.com

Asamoah-Boaheng et al

Dove

remaining articles were mostly performed in FEurope
(Netherlands = 2, United
Kingdom (UK) = 8, Germany = 1 and France = 1) and one

1, Denmark = 1, Spain =

study each were conducted in South Korea (n = 1) and
Australia (n = 1).1827:33:38.3941444651.55.56.63-65 Tpe sty dy
population consisted of 1,001,662 adolescents and adults
with physician diagnosis of asthma in any population-based
administrative database. More than one-third (n = 13) of the
studies observed adherence and clinical outcomes (ie, asthma
exacerbation, emergency room visits) simultaneously-
14,15,17,18.28.30.31.34.37404548.56 11 (hroo studies assessed
the association between medication adherence and cost of
asthma.*>**>7 The occurrence of the targeted clinical out-
come was assessed from 12 months to 10 years.

In view of this, the various asthma databases employed
were of great interest in this review. As reported in
Table 1, majority of the administrative databases used
were pharmacy claim databases capturing patients’ medi-
cal records, prescription refills and records of drugs dis-
pensed. Notable among them were the pharmacy claim
databases from the IQVIA™ Health Plan Claims Data,
Danish Registry of Medicinal Product Statistics, HMO-
Quebec Health
databases, Maintenance et

claim records/database, Provincial

Insurance administrative
Exploitation des Donnees pour I’Etude de la Clientele
Hospitaliere (MED-ECHO), Québec prescription claims
databases, Optimum Patient Care Research Database
(OPCRD), Administrative insurance claims database,
Medstat MarketScan database,

Research Datalink (CPRD).

and Clinical Practice

Measures of Medication Adherence

The assessment of medication adherence varied across studies.
This review identified 20 different metrics used in measuring
medication adherence in asthma patients. Some of the reported
measures were medication possession ratio (MPR), proportion
of days covered (PDC); Continuous Measure of Medication
Acquisition (CMAQ), proportion of prescribed days covered
(PPDC); Persistence with inhaled therapies; Continuous
Medication Availability (CMA), Refill Rate, Annual
Prescription  Possession Ratio  (PPR);  Group-Based
Trajectory Modelling (GBTM) and others (see Tables 1 and
2). The MPR and PDC were commonly reported as the pri-
mary measures of medication adherence. Thus, approximately
87% of the included studies reported the use of both PDC and
MPR as the main/primary metrics for asthma patients’ medi-
cation adherence in the long term. Specifically, 20 studies
(53%) employed MPR and 13 (34%) used PDC as a measure

of medication adherence. The majority of studies chose a fixed
time-frame for the refill interval than using the last refill as the
endpoint for the refill interval and did not exclude the last
refill in the estimation of MPR. Additionally, some
studies'*?!2475255  adopted multiple asthma adherence
metrics (specifically: Med-Total and MPR; MPR and persis-
tence; PDC and MPR; Prescription fills and PDC; Refilling
and PDC; and MPR and persistence metric). Modifications of
the two commonly reported measures (MPR and PDC) were

also reported. Blais et al**

developed the annual proportion of
prescribed days covered (PPDC) method as a modification of
the PDC measure. The PPDC has the ability to account for
prescribing patterns used in the administrative databases. A
number of studies reported the continuous measure of avail-
ability as adherence metric which is an MPR calculated across
multiple refills.>”*' Hardstock et al** and Visaria et al*® com-
pared the weighted average MPR and adjusted MPR to other

measures in identifying non-adherent asthma patients.

Definition/Equation of the Adherence Measures
There was variation in the definition and calculation of the
two commonly reported adherence measures — MPR and
PDC. With regards to the MPR-related measures, the
denominator of the MPR formula varied from study to
study. For instance, the majority of the studies estimated
MPR as the sum of the days’ supply for medication fills
divided by the time from the first supply fill until the end of
the measurement period.'>*’!* Similarly, MPR was cal-
culated in other studies as the sum of days of medication
supply divided by the total time treated or evaluated.’>’
Other adherence calculations of MPR adopted a fixed
denominator within the year representing the days between
the first and the last refill. In a study by Martin et al,>* MPR
was computed as the sum of the number of days’ supply of
inhaled corticosteroids (ICS) divided by 365 days and multi-
plying the overall expression by 100% to provide an adher-
ence percentage value. Measures such as the Med-Total,
Medication Refill Adherence (MRA), and Continuous
(Multiple Interval Measures of) Medication Availability
(CMA 4 and 7) used formulae similar to MPR definitions.
The MPR fixed interval is generally applied for asses-
sing seasonal use of medication as well as for assessing
medication use in patients with allergies.® The MPR takes
a range of positive values from 0 inclusive through to “at
least 1”. A zero MPR denotes no adherence, while an
MPR value of 1 measure optimal adherence. In some
extreme cases, an MPR above one shows that the patient
took more than prescribed medication, while MPR value
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Table 2 Distribution of the Adherence Metric Reported by the Included Studies

ID | Adherence Metric and Related Measures Number of Reference
Studies
| Medication possession ratio [MPR] (weighted average MPR, adjusted MPR, 22 [14,18,19,27,29,31-33,37,38,40,43,45,49,
MPR using CMAq4 and CMAq 7) 52,55-57,60,62,64,65]
2 Proportion of days covered [PDC]- (mean adjusted PDC, adjusted PDC) 14 [15,21,29,30,33,35,36,42,47,48,50,51,53,59]
3 Medication total [Med-Total] (proposed by Steiner et al) | [52]
4 Medication Out [Med-Out] | [52]
5 Suissa et al measure of regularity of inhaler refills | [52]
6 Continuous Measure of Medication Acquisition (CMAgq7), (CMAq4), | [63]
(CMAq7)
7 Asthma medication ratio (AMR) 2 [19,21]
8 Proportion of prescribed days covered [PPDC] | [54]
9 Concordance for days’ supply | [58]
10 | Concordance for the refills allowed | [58]
Il | Monthly cumulative proportion of canisters dispensed | [52]
12 | Persistence with inhaled therapies/early-stage persistence (ie, Length of 6 [14,21,39,42,47,55]
treatment episode)
13 | Refill rate | [32]
14 | Percentage (%) adherence method | [34]
I5 | Continuous Medication Availability [CMA] | [39]
16 | Annual prescription possession ratio (PPR) | [41]
17 | Group-based trajectory modeling [GBTM] | [44]
18 | ICS implementation/adherence | [46]
19 | Primary adherence metric 2 [47,53]
20 | Prescription fills | [15]

below 1 indicates less than prescribed medication within a
specified period.®’

Similar to MPR, there were variations in calculation of
PDC-related measures in majority of studies estimating the
PDC as a quotient value of the days covered divided by
the days in the measurement period. It was also estimated
as the percentage of days a patient had access to medica-
tion depending on the amount of medication obtained. A
fixed interval PDC was calculated as the ratio of the
number of days a patient had medication on hand to the

total number of  post-index (ie, 365
days), 1521:29.30.33.35.36.42.47.50.51.53.59

days

Three studies assessed medication adherence using the

CMA measure with slight variations in formulae.'”**°

The CMA was calculated as the cumulative days’ supply
obtained over a series of intervals divided by the total days
from the beginning to the end of the time period in the
study. The overall average of all participants’ CMA pro-
vided the adherence value of the entire time period of the
study and evaluates the relationship of adherence and drug
effect. It has been suggested that the CMA and MPR as
well as Medication Refill Adherence (MRA) provide iden-
tical adherence measuring power.'’%%>

The AMR was calculated as the ratio of units of
controller medication to the sum of units of controller
medication and rescue medication. Two studies—Bidwal
et al'” and Stanford et al*' —assessed medication adher-
ence with the AMR metric and further evaluated the
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impact of treatment groups on adherence among adults
with persistent asthma.

Six studies assessed persistence as another measure of
medication adherence which was estimated as the total
time between index treatment/date and time to disconti-
nuation of the therapy.”'***’> Several variations in cal-
culation of persistence were reported among included
studies.'#?13%4247:35 While drug persistence was calcu-
lated based on prescriptions filled within 30 days and
between 31 and 180 days after provision of prescription

in some studies,”"‘z’55

others estimated persistence based
on the absence of treatment gap “>30' days.'* Table 1
gives a detailed description of the formulae and equations
for the remaining adherence methods.

Multiple

Medication Gaps (CMG) measures were used in only

The Continuous, Interval Measure of
one study®® to assess level of adherence and the impact
of treatment on adherence. According to Williams et al,
the CMG was obtained by dividing the total number of
days in treatment gaps by the duration of the time period
of interest in order to recognize any time intervals without
drug exposure. Any negative value was set to 0. The CMG
essentially calculates nonadherence values for cumulative
periods without considering the possibility of early refill or
overfill."”

Adherence Measures and Cut-Off Value (Threshold)
In this review, studies used various cut-off values or
thresholds to estimate level of medication adherence
among adolescents and adults. For MPR, the cut-off values
or thresholds for good/high medication adherence ranged
from “>0.75 to >1.00" (See Table S8 in the Supplementary
Material). Adherence metrics identified in this review were
commonly categorized into two or more levels during
assessment and for testing associations with study out-
comes. The cut-offs or thresholds distinguish adherence
and nonadherence or adherence from partial adherence.
Categorizing adherence metrics into two distinct levels
(adherence vs non-adherence) was common observation
among most of the studies. Among studies which dichot-
omized adherence score, ten (10) assessed adherence using
MPR, seven (7) with PDC, two (2) assessed adherence
with AMR and one (1) employed the CMA measure. An
arbitrary cut-off value or threshold of ‘>0.80" was com-
monly employed in most of the studies for both MPR and
PDC.'*!19-3738:4549 The adherence cut-off value for AMR
measure reported in this review was >0.50.">*' Four stu-
dies categorized adherence metrics into three or more

categories. They were either categorized based on arbitrary
cut-offs/thresholds or around suitable quintiles of the

1' set the cut-

adherence scores. A study by Bidwal et a
off point for good adherence at MPR > 0.80, medium at
MPR > (0.5-0.80) and low at MPR < 0.5: compared to
D’Ancona et al’® study with adherence levels; good adher-
ence (MPR > 0.75), intermediate (MPR: 0.74-0.51) and
poor (MPR < 0.5). Good adherence cut-off value for the
PDC ranged from at least 0.50 to 0.80 and considered any
value <0.5 as non-adherent. Three studies estimated adher-
ence thresholds by computing median and 75th percentile

40.43.57 and the values above the

of the adherence scores
medians denoted good or high adherence cut-off value. In
the same vein, adherence scores >1 denoted optimal and
excess adherence [see Tables S3 and S8]. Only two studies
assessed adherence and the impact of treatment groups or
covariates on it as a continuous variable.>%* Thus,

researchers did not set adherence cut-off.

Adherence Threshold Determination
Several methods were used to model or link clinical out-
comes and adherence rates or determine adherence rates
and their determinants in the retrieved articles. Seven
studies used descriptive and unadjusted analytical methods
to link the various clinical outcomes and adherence
rates.?%32°1:33:43658 The remaining studies employed a
wide range of statistical methods to determine the adher-
ence cut-offs as well as link the adherence rates to targeted
clinical outcomes. The statistical methods ranged from
simple to more advanced adjusted regressions. Logistic
regression analyses (binary and multivariate) were used
to assess the association between adherence and a range
of clinical outcomes including asthma hospitalizations,
emergency department (ED) visits and asthma exacerba-
tion in some of the studies,'®-3!36-37:40:55

Studies using logistic regression compared the odds
ratio of different adherence rate groups for asthma related

1431 or intu-

ED visit or for asthma-related hospitalization
bation or all-cause hospitalization'* or short acting-beta 2
agonist (SABA) use'**” or asthma exacerbation.*” A com-
bination of advanced statistical approaches such as pro-
pensity score with various survival analysis, and
multivariate generalized linear models were used in exam-
ining association between adherence thresholds and var-
ious targeted outcomes (see Table S9).

For propensity score with survival analysis, log rank
statistics generated two adherence groups that separated

most significantly either by shifting the threshold and
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comparing the resulting dichotomized adherence groups or
risk of discontinuation.”’>® Adjusted Poisson regressions
were employed to determine adherence thresholds or cut-
offs and their associations with targeted clinical outcomes

. . 4549
in two studies.™

Meta-Analysis for Threshold Determination

In addition to the narrative/qualitative synthesis, we per-
formed meta-analyses to quantitatively summarize the
effect estimates [odds ratios (OR)] for asthma exacerbation
associated with specific adherence thresholds. The meta-
analysis (Figure 2) focused on the MPR adherence thresh-
olds and asthma exacerbation. The forest plot was sub-
grouped into 3 MPR adherence thresholds (“0.75-1.00,
“0.5”, and “mean/median/75th percentile of MPR value”).
Using inverse variance random effects model, we found a
significant association between achieving a ‘0.75-1.00’
range of MPR adherence thresholds and reduction in
asthma exacerbations with pooled effects estimate [odds
ratio (OR): 0.56; 95% confidence interval (CI): 0.41—
0.77]. The pooled effect size was heterogenous across
the included studies with I* = 74%. Similarly, achieving

an MPR adherence threshold of “0.50 or more” was asso-
ciated with lower risk of asthma exacerbations [OR = 0.71,
95% CI = (0.54-0.94)] with I* = 65%. In summary,
patients who achieved an adherence threshold between
‘0.75 and 1.00" reduced their risk of exacerbation by
44% compared to those with a cut-off value less than 0.75.

Further, we employed meta-regression to identify the
source of the between study heterogeneity. We identified
“differences in adherence thresholds”, “different study
locations”, and ‘“varied study durations” as the main
sources of the study heterogeneity in the meta-summary
analysis (See Tables S4 and S5 in the Supplementary
Material).

Publication Bias

The Eggers test recorded a t-statistics of 0.0096, Egger’s
regression intercept of 0.051 with 95% confidence limits
of (—12.04 to 12.15) indicating no substantial publication
bias in this review (See Table S6). The study was limited
to smaller number of studies included in the meta-analysis
for estimating the pooled effect of asthma exacerbation
among adherent and non-adherent asthma patients. Thus,

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 MPR threshold: [0.75-1.0]
Ismaila et al (2014) -0.734 00444 121% 0.48[0.44,0.52] -
Bidwal etal (2017) -0.3857 1.0042 1.0% 0.68(0.09, 4.87] R
Delea et al (2008)_ED -0.3857 01176 106% 068 [0.54, 0.86] -
Subtotal (95% ClI) 23.6% 0.56 [0.41,0.77] <
Heterogeneity: Tau?= 0.04; Chi*= 7.7, df = 2 (P = 0.02); F= 74%
Test for overall effect: Z= 3.60 (P =0.0003)
1.1.2 Mean/Median/ 75th MPR threshold=(0.66/0.14/0.33)
Guo etal(2012) -0.2107 00128 123% 0.81[0.79,0.83] -
Stern et al (2006)_1 01165 0.0175 123%  0.89(0.86,0.92] .
Stern et al (2006) -0.0619 0.0165 123% 0.94 [0.91,0.97] "
Guoetal (2012)_1 0.4447 002 123% 1.56 [1.50, 1.62] .
Subtotal (95% Cl) 49.3% 1.01[0.78,1.31] <
Heterogeneity: Tau®= 0.07; Chi*= 784.40, df= 3 (P < 0.00001); F=100%
Testfor overall effect Z=0.10 (P =0.92)
1.1.4 MPR threshold>=0.5
Kang et al (2018)_Severe_Asthma 1.0161 03425 52%  036(0.19,0.71] —
Delea et al {2008) -0.3011 01243 10.4% 0.74[0.58, 0.94] -
Kang et al (2018)_Moderate_Asthma 01887 0.0806 115%  083(0.71,0.97] -
Subtotal (95% ClI) 27.1% 0.71[0.54, 0.94] <@
Heterogeneity: Tau®= 0.04; Chi*=5.75, df= 2 (P = 0.06), F= 65%
Test for overall effect: Z=2.40 (P = 0.02)
Total (95% Cl) 100.0% 0.79 [0.65, 0.97] ¢
Heterogeneity: Tau?= 0.08; Chi*= 1034.08, df= 9 (P < 0.00001); F= 99% ?D 0 0*1 1’[] 1El[]=
Test for overall effect: Z=2.28 (P = 0.02) ' " Adherent Nonadherent
Testfor subaroun differences: Chi*=8.49. df=2 (P=0.01). F=76.4%
Figure 2 Forest plot of the association between achieving specific MPR adherence thresholds and risk of asthma exacerbations.
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resulting in a wider confidence interval with unprecise
estimate for the Eggers test intercept. Also, the Fail-safe
N test and the funnel plot showed no substantial publica-
tion bias. (See Table S7 and Figure S1 in the

Supplementary Material).

Outcomes and Adherence Cut-Off/Threshold

The prevalence of nonadherence to asthma medications
varied with adherence cut-offs/thresholds set by retrieved
studies. Seven (7) studies reported data on adherence pre-
valence or reported some data which enabled estimation of
medication adherence prevalence. With AMR cut-off of
>0.50, non-adherence prevalence was the least and ranged
from 10.7% to 34.6% (See Table S9 for detailed estimates
studies in the
Supplementary Material). While some lower thresholds

of adherence prevalence on all 7

were associated with improved targeted outcomes of

18,2 41 1
asthma 8,29,37,41,55,6

it appears there is a trend which
shows that adherence thresholds of at least 0.50 for
MPR, PDC, CMA and AMR could result in significant
reduction in asthma-related ED visits, asthma-related hos-

pitalization, and SABA use.

Quality Assessment

Using the Joanna Briggs checklist for cohort studies, we
performed quality assessment on all 38 studies included in
the review. Overall, studies were evaluated to have a low
to medium risk of bias with good methodological quality
(see Table S2 in the Supplementary Material). Overall,
confidence in the evidence from the reviews of the quanti-
tative research ratings of the included studies was moder-
ate (see Table S2a in the Supplementary Material).

Discussion

This review provides evidence of medication adherence
measures in adolescent and adult asthma using adminis-
trative health databases. A total of 38 retrospective cohort
studies were eligible for inclusion in this review using a
stringent criterion. We observed low to medium overall
risk of bias across the included studies with a substantial
good methodological quality. Overall, a total of 1,001,662
adolescents and adults with physician diagnosis of asthma
were included in this review. The authors identified 20
medication adherence measures from the various asthma
databases. The measures were calculated using pharmacy
claims databases comprising dispensed medications and
refill records.

Data on prescription refills offer information about
possession of medication and does not necessarily provide
details of the actual use of the drug. Hence, information on
the prescription refills provide a rough estimate of the
adherence and probable overestimation of patients’
adherence.' The use of administrative data for assessment
of medication adherence has limitations which include
inability of researchers to confirm whether or not the
patients have actually ingested their prescribed medica-
tions. Also, the administrative health databases does not
always capture detailed patient data including their physi-
cal examinations, clinical outcomes and laboratory tests.'*
In spite of these limitations, adherence measured from
administrative data has widely been demonstrated to cor-
relate well with objective adherence measures and with
clinical outcomes in various disease conditions. There is
also documented evidence demonstrating concordance
between healthcare database adherence rates and rates
estimated from objective measures of adherence such as
pill counting, and electronic monitoring.***’ In particular,
adherence measured from administrative data has been
shown to improve clinical outcomes such as asthma
exacerbation and highly sensitive in predicting improved
asthma outcomes and reflects real-life situation of medica-
tion use.'' Additionally, the International Society for
Pharmacoeconomics and Outcome Research (ISPOR)
working group has proposed both the MPR and the PDC
for measuring medication compliance in claim databases
while the Pharmacy Quality Alliance (PQA) has recom-
mended the PDC as the preferred method for assessing
adherence for use in their Medicare Star Ratings.””
Moreover, the administrative electronic health databases
are easy to use, linkable to other health databases, and
inexpensive in assessing adherence to prescribed medica-
tions in patients with asthma.”"

The MPR and PDC were the two commonly reported
methods (representing 87% of the included studies). We
found some evidence of subtle distinction in the operatio-
nalization of the MPR and PDC measures. For instance,
the PDC numerator measured the sum of days of medica-
tion covered and MPR numerator measured the sum of
days of medication supplied. A cut-off value is advised for
the adherence measures in classifying patients’ as being
adherent or non-adherent.”>”® Majority of the studies
reported threshold for good adherence for the MPR-related
measures as ‘>0.8" and the PDC-related measures ranged
from at least “0.5 to (=0.80)” [See Table S3]. To identify
the optimal threshold capable of reducing important
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clinical events in asthma patients, we linked the varying
thresholds (“0.5”, “0.75—0.80” and “median/75 percentile
MPR thresholds™) to a clinical outcome of interest (asthma
exacerbation). In particular, we found significant associa-
tion between achieving MPR threshold of “0.5-1.00” and
reduced risk of asthma exacerbation. The use or choice of
thresholds between “0.75-1.00” and “>0.50" were capable
of ensuring good asthma control with a reduced asthma
exacerbation (OR: 0.56, 95% CI: 0.41-0.77) and (OR:
0.71; 95CI: 0.54-0.94), respectively. The choice of the
optimal adherence threshold was based on the cut-off
value that reduced asthma exacerbation to a larger extent.
Here, patients who achieved a threshold from “0.75-1.00
were 44% less likely to experienced asthma exacerbation
compared to adherence rates less than 0.50. Also, indivi-
duals who attained an adherence value of at least 0.5
reduced subsequent exacerbations by 29% compared to
less than 0.5. Thus, achieving an adherence threshold
within “0.75-1.00” is optimal in reducing important clin-
ical events in asthma patients.

The PDC is known to provide a more conservative
estimate of medication adherence compared to other mea-
sures in cases of concomitant multiple medication usage.*’
It is recommended for assessing medication adherence of
patients on multiple therapies as compared to the MPR
measure. This measure is also capable of avoiding double
counting of days of medication coverage when two refills
overlap. Additionally, the PDC provides a more accurate
representation of medication adherence because it elimi-
nates the possibility of being unreasonably elevated as it
does not include possibility of overlapping days such as
refilling a medication early. Major groups and institutions
including the Pharmacy Quality Alliance recommend the
use of the PDC measure for assessing medication adher-
ence of patients on multiple therapies at the same time.

On the other hand, the MPR is unable to cover multiple
therapies and it is mainly used for measuring single med-
ication use. One of the strengths of the MPR measure is
ease of accessibility and low-cost.”* Even though, the
MPR is widely used in assessing adherence in most
chronic disease medication intake, there exist some limita-
tions associated with it. The MPR is estimated as a func-
tion of prescription issued and does not directly measure
patients’ usage of the prescribed drug or medications. The
MPR measures the total days of supply of medications
from all medication records over a period for adherence
calculations. As a result, it leads to double counting the
days patients refill their medications before the previous

prescription runs out. This drawback is likely to overesti-
mate the usage of some maintenance medications such
ICS. Also, the MPR is likely to cause a downward or
upward bias,” if patients were instructed to use their
medications at a different dosage than implied by the
days and quantity of supplied information on each claim.*

A common limitation using administrative filled claim
databases for adherence calculation was the inability to
determine whether the medication was ingested by the
patient. Also, the definitions of the common methods
(namely MPR and PDC) reported by some studies differed
slightly from each other. Notwithstanding, most of the
studies reportedly used almost the same definition for the
calculation of MPR and PDC measures.

Also, adherence measures do not include medication
usage during inpatient visits and hospitalizations due to
limitations such as incomplete coverage of some data-
bases. When patients pay out-of-pocket to obtain refills
from multiple pharmacies and do not submit an insurance
claim, administrative claim databases could be incomplete
and limited.”' We believe that if the patient records in an
administrative database are complete (by accounting for
patients’ likelihood of obtaining medications from phar-
macies not captured in the database), the derived methods
can be considered to have a high sensitivity.

In choosing an adherence measure using asthma data-
bases, some general issues should be considered and
addressed. The measurement of adherence over a short
period of time is likely to be imprecise due to unplanned
circumstances—hospitalizations—which may be unrelated to

adherence. Andrade et al'* recommended adjusting for the
measure of adherence for the hospitalized patients after
determining the number

of days the patient was

hospitalized.

Conclusion

This review identified two commonly reported measures —
MPR and PDC - for measuring medication adherence in
adolescents and adults with diagnosis of asthma. Other
measures identified for measuring the various divisions
of adherence included: persistence, Multiple Interval
Measure of Medication Gaps (CMG), medication imple-
mentation/adherence and prescription fills. Using meta-
analysis, we identified an adherence threshold of at least
0.75 as optimal for achieving targeted clinical outcomes
such as reduced risk of asthma exacerbation. These mea-
sures were found to be consistently used in assessing
adherence among asthma patients in administrative claim
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databases. While we admit that adherence measures assess
medication acquisition rather than ingestion, the identified
measures were highly sensitive with a complete coverage
of patients’ medication records in the database. Despite
their limitations, the two database adherence measures are
objective and reflect medication use in real-world setting.
Future studies should investigate in detail medication
adherence thresholds (considering varying thresholds) in
relation to asthma clinical outcomes using administrative
health databases.
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